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Abstract: In tropical regions, maintaining crop residues in the soil is challenging. Silicon (Si) may
increase the persistence of these residues in the soil, as it is a precursor to lignin, providing a gradual
release of nutrients for subsequent crops. Therefore, the objective of this study was to evaluate the
influence of different doses of calcium silicate (Ca2SiO4) (0, 1, 2, and 3 Mg ha−1) and limestone
(0, 1, 2, and 3 Mg ha−1) on the lignin content, residue decomposition, and nutrient release of four
cover crops—Pennisetum glaucum, Urochloa ruziziensis, Crotalaria spectabilis, and Cajanus cajan—at
various decomposition stages following cover crop management (0, 30, 60, 90, and 120 days). The
experiment was conducted in the field at the experimental area of the Faculty of Engineering at Ilha
Solteira-UNESP, located in the municipality of Selvíria, state of Mato Grosso do Sul, on Ferralsol.
The decomposition rate of the residues was assessed using the decomposition bag method, which
was installed after cover crop management. The concentrations of nitrogen (N), phosphorus (P),
potassium (K), calcium (Ca), magnesium (Mg), sulfur (S), Si, lignin, and cellulose were determined.
Silicate application did not affect the accumulation of nutrients by cover crops and their release into
the soil. There was no relationship between the remaining Si in the dry matter of plants and more
persistent residues. The most persistent plants had higher final dry matter lignin content. Using pearl
millet and pigeon peas resulted in more persistent residues in the soil.

Keywords: no-tillage system; low altitude Cerrado; acidity correctives; green manures

1. Introduction

Silicon (Si) is the second most abundant element in the Earth’s crust, surpassed only
by oxygen [1]. However, about 50 to 70% of Si is found in an insoluble form or as an
oxide [2,3]. Its soluble form, which is absorbed by plants, is monosilicic acid (H4SiO4),
which is typically present in poorly weathered soils, such as Inceptisols [2]. Although
it is not classified as a nutrient because it does not meet the criteria for essentiality, it is
considered a beneficial element for plants [4,5].

When Si is absorbed by plants, it accumulates in the cell wall as hydrated amorphous
silica (Si2.nH2O), resulting in a dual layer of silica–cuticle and silica–cellulose [6]. These
layers function as a barrier, aiding in conditions of biotic and abiotic stress [7]. Si supple-
mentation allows for greater rigidity of tissues and erect growth, in addition to increasing
the photosynthetic rate due to enhanced rubisco activity and decreased transpiration [8].

In tropical regions, high temperatures are significant limiting factors for production
and hinder the retention of plant residues on the soil, as the decomposition process is
intensified under these conditions [9–11]. Maintaining residues is essential for the success
of no tillage, as it promotes a range of benefits, including moisture retention, reduced erosive
processes, weed control, accumulation of organic matter (OM), and nutrient cycling [12].
Given the role of Si in plants, its supply may be an interesting alternative to help keep straw
on the soil for a longer time.
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Grasses (Poaceae), such as millet (Pennisetum glaucum) and brachiaria (Urochloa ruz-
iziensis), are characterized by high biomass production, with a carbon/nitrogen (C/N) ratio
above 30, allowing for slower decomposition of their residues [13]. Millet has a deep root
system, which facilitates nutrient cycling, especially potassium (K) and nitrogen (N), to the
surface layers of the soil more easily [14].

Still, the C/N ratio of legumes (Fabaceae), such as pigeon pea (Cajanus cajan) and
crotalaria (Crotalaria spectabilis), is below 20, and therefore, the decomposition of their
residues is faster. However, the ability to fix atmospheric N biologically through symbiosis
with bacteria is one of the significant advantages of cultivating these species. The accumu-
lation of N in the soil through biological nitrogen fixation (BNF) can reduce the need for N
fertilizers, allowing for more sustainable cultivation [13].

In light of this, the objective of this study was to evaluate the effects of calcium silicate
(Ca2O4Si) and limestone doses on lignin and cellulose contents, straw decomposition, and
nutrient release from four cover crops (P. glaucum, U. ruziziensis, C. spectabilis, and C. cajan),
which were cultivated in the field at different decomposition times.

2. Materials and Methods

The study was conducted in the field at the experimental area of the Faculty of
Engineering at Ilha Solteira (UNESP), which is located in the municipality of Selvíria, state
of Mato Grosso do Sul (20◦22′ S and 51◦22′ W at 335 m altitude). The climate of the region
is classified as Aw, tropical humid with a rainy summer and dry winter, according to the
Köppen international classification system [15]. Data on average temperature and monthly
precipitation during the experiment are shown in Figure 1.
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ment, a soil analysis was conducted to characterize the soil fertility of the experimental 
area, following the methodologies described by Raij et al. [17], with the following results: 
20 g dm3 of O.M; pH (CaCl2) 4.8; 36 mg dm3 of phosphorus (P resin); 18 mg dm3 of sulfur; 
1.3, 12, 11, and 42 mmolc dm3 of K, calcium (Ca), magnesium (Mg), and hydrogen + alu-
minum (H + Al), respectively; 37% base saturation (BS); and a cation-exchange capacity 
(CEC) of 66.3%. 

The experimental design used was a randomized block design in a 7 × 4 factorial with 
four replications. The treatments consisted of increasing doses of Ca and Mg silicate (0, 1, 
2, and 3 Mg ha−1) and dolomitic limestone (0, 1, 2, and 3 Mg ha−1), and their interaction 

Figure 1. Biweekly values of precipitation (mm) and maximum and minimum air temperatures (◦C),
collected from August 2015 to July 2016. Selvíria, state of Mato Grosso do Sul, Brazil, 2015/2016.
Source: Canal Clima, UNESP Ilha Solteira.

The soil at the site is classified as Ferralsol [16]. Before the installation of the experi-
ment, a soil analysis was conducted to characterize the soil fertility of the experimental area,
following the methodologies described by Raij et al. [17], with the following results: 20 g
dm3 of O.M; pH (CaCl2) 4.8; 36 mg dm3 of phosphorus (P resin); 18 mg dm3 of sulfur; 1.3,
12, 11, and 42 mmolc dm3 of K, calcium (Ca), magnesium (Mg), and hydrogen + aluminum
(H + Al), respectively; 37% base saturation (BS); and a cation-exchange capacity (CEC)
of 66.3%.

The experimental design used was a randomized block design in a 7 × 4 factorial with
four replications. The treatments consisted of increasing doses of Ca and Mg silicate (0, 1, 2,
and 3 Mg ha−1) and dolomitic limestone (0, 1, 2, and 3 Mg ha−1), and their interaction with
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four cover crops, U. ruziziensis, P. glaucum, C. spectabilis, and C. cajan. The characteristics
of the limestone and silicate used are described in Table 1. The subplots consisted of five
residue decomposition times (0, 30, 60, 90, and 120 days after cover crop management).

Table 1. Contents of calcium oxide (CaO), magnesium oxide (MgO), silicon dioxide (SiO2) and
relative power of total neutralization (RPTN) of the correctives used in the experiment. Selvíria, state
of Mato Grosso do Sul, 2016.

Corrective CaO (%) MgO (%) SiO2 (%) RPTN (%)

Limestone 28 20 - 80.3

Silicate 34.9 9.9 22.4 74

Soil correction (on the surface) with the doses of silicate and limestone was performed
in May 2015. The guarantees of the correctives are presented in Table 2. In March 2016,
before planting the cover crops, the area was desiccated with glyphosate (0.72 kg of active
ingredient ha−1) ten days before sowing. For the mechanical sowing of the cover crops, the
following seed quantities were used: U. ruziziensis—35 kg ha−1; P. glaucum—30 kg ha−1;
C. cajan—65 kg ha−1; and C. spectabilis—30 kg ha−1; the plot dimensions were 4 × 7 m,
totaling 28 m2. The row spacing was 0.34 m, and supplemental irrigation was used for plant
development via the pivot method. Sowing of the cover crops occurred on 18 March 2016.

Table 2. Chemical properties of the soil before installing the experiment at a depth of 0–0.20 m.
Selvíria, state of Mato Grosso do Sul, 2016.

P O.M PH K Ca Mg H + Al Al SB CEC S BS AS

mg dm−3 g dm−3 CaCl2 mmolc dm−3 mg dm−3 %

36 20 4.8 1.3 12 11 42 2 24.3 66.3 18 37 8

B Cu Fe Mn Zn Si

mg dm−3

0.20 3.8 14 33.5 0.4 7

O.M: organic matter; SB: sum of bases; CEC: cation-exchange capacity; BS: base saturation; AS: aluminum
saturation. Source: author’s elaboration.

The cover crop species were managed at the full flowering stage (60 days after sowing)
using a knife roller and left on the soil. At this stage, 5 samples were taken from each plot
using a 1 m2 frame; the residues from the inside of the frame of one sample from each plot
were removed and placed in paper bags for drying in a forced-air oven at 65 ◦C until a
constant weight was achieved to determine the dry matter (DM) ha−1 of the cover crops.

The remaining samples were placed in decomposition bags in proportions correspond-
ing to the mass produced per area by the respective cover crops. These bags were used to
assess the residue decomposition rate [18], which were installed after cover crop manage-
ment, with dimensions of 0.15 × 0.20 m, being made of nylon, with four bags placed on the
soil surface in each plot containing the previously ground DM.

During the evaluations, one decomposition bag was removed from each plot every
30 days. The remaining material was taken to the oven for drying and subsequent weighing
to quantify the remaining DM. The material was then ground for the determination of N,
P, K, Ca, Mg, and S contents, according to the methods described by Malavolta et al. [19].
The total Si was determined using the technique described by Elliott and Snyder [20] and
adapted by Korndörfer et al. [21].

The lignin and cellulose contents in acid detergent were determined following the
methodology cited by Van Soest and Wine [22], using the 72% (v/v) sulfuric acid method.
These analyses were conducted on plant material at time 0 (management time) and on
the remaining material in decomposition bags at 30, 60, 90, and 120 days after residue
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management. The contents of macronutrients, total Si, lignin, and remaining cellulose
were determined by the product of the DM amount (at each decomposition time) and the
nutrient contents in the plant residue, presented in kg ha−1.

The obtained results were subjected to the F-test, comparing the means of cover
crops and correctives using the Tukey test at 5%. For the means of corrective doses and
decomposition times, regression analysis was used, with adjustments of significant model
equations using the F-test.

3. Result and Discussion

Soil analyses at the end of the experiment are presented in Table 3, where no statistically
significant differences were found among the corrective applications for soil attributes
based on the evaluated doses. Reis et al. (2019) obtained similar results using silicate
fertilizer in Ferralsol [23]. In contrast, positive results were observed by Crusciol et al. [24].
Both limestone and silicate are characterized by low solubility, however, silicate has a
solubility that is 6.78 times greater than limestone, making it potentially more effective for
correcting subsurface fertility [25,26]. Nevertheless, Castro and Crusciol [26] showed that
the efficiency of silicate in correcting acidity in the subsurface (0–0.20 m) was only greater
one year after application.

Table 3. Chemical characterization of the area at the end of the experiment, for each amendment
dose, at depths of 0–0.20 m and 0.20–0.40 m (averages of the 4 replications). Selvíria, state of Mato
Grosso do Sul, Brazil.

T Depth (m) P (mg
dm−3)

O.M
(mg

dm−3)

PH
(CaCl2)

K
(mmolc
dm−3)

Ca
(mmolc
dm−3)

Mg
(mmolc
dm−3)

H + Al
(mmolc
dm−3)

Al
(mmolc
dm−3)

SB
(mmolc
dm−3)

CEC
(mmolc
dm−3)

BS
(%)

AS
(%)

Si (mg
dm−3)

0 0–0.20 27 27 4.9 3.5 20 19 38 1 42.5 80.5 53 2 8

0 0.20–0.40 24 24 4.9 3.5 21 19 38 1 43.5 81.5 53 2 7

1
L 0–0.20 31 26 5.3 2.7 32 24 34 0 58.7 92.7 63 0 9

1
L 0.20–0.40 22 22 5.0 3.2 20 18 38 1 41.2 79.2 52 2 6

2
L 0–0.20 35 21 5.1 2.6 23 20 34 0 45.6 79.6 57 0 8

2
L 0.20–0.40 22 20 5.2 2.8 26 22 34 0 50.8 84.8 60 0 8

3
L 0–0.20 40 23 5.0 3.5 21 20 38 1 44.5 82.5 54 2 8

3
L 0.20–0.40 25 23 5.0 2.9 32 30 34 1 64.9 98.9 66 2 8

1
S 0–0.20 25 22 4.8 2.7 17 17 42 2 36.7 78.7 47 5 8

1
S 0.20–0.40 18 20 5.1 1.8 31 29 34 0 61.8 95.8 65 0 7

2
S 0–0.20 29 23 4.9 2.5 22 19 38 1 43.5 81.5 53 2 8

2
S 0.20–0.40 42 23 5.2 4.0 28 26 34 0 58.0 92.0 63 0 8

3
S 0–0.20 38 26 5.7 3.2 47 52 25 0 102.2 127.2 80 0 8

3
S 0.20–0.40 33 23 5.2 4.4 22 22 34 0 48.4 82.4 59 0 7

Averages of the four replications of each treatment (T): 0 (0 Mg ha−1); 1 L (1 Mg ha−1 limestone); 2 L (2 Mg ha−1

limestone); 3 L (3 Mg ha−1 limestone); 1 S (1 Mg ha−1 Silicate); 2 S (2 Mg ha−1 Silicate); 3 S (3 Mg ha−1 Silicate).
O.M: organic matter; SB: sum of bases; CEC: cation-exchange capacity; BS: base saturation; AS: aluminum
saturation. Source: author’s elaboration.



AgriEngineering 2024, 6 4399

According to Herrada et al. [27], plant residues are one alternative for supplying Si,
but Si is released slowly in the soil, which is insufficient since this element can be absorbed
in relatively high amounts. When H4SiO4 is absorbed, it condenses into polymerized silica
gel, serving a structural function in tissues, and, thus, becomes immobile in the plant [6,28].
Because it is not considered a nutrient, there is little availability of silicate fertilizers on the
market. For this reason, steel slags are used as a source of Si [29].

Fonseca et al. [30] observed a significant increase in soil Si content with the application
of slag. However, this increase was not observed in the areas of this study (Table 3). The
doses of Si provided with the application of the correctives varied and did not reflect in the
differentiation between these correctives regarding Si availability in the soil. Furthermore,
it cannot be assumed that all Si contained in the material is in a readily available form.

Si values in the soil, using acetic acid as an extractor, are considered low when below
6 mg dm−3, medium between 6 and 24 mg dm−3, and high above 24 mg dm−3, with
these ranges being estimated for organic and sandy soils in Florida [31]. According to the
same authors, soils with Si levels below 10 mg dm−3 should receive silicate fertilization for
maximum yields, while soils with levels above 15 mg dm−3 do not require the element.

There was no statistical difference for the correctives and doses concerning the accumu-
lation of macronutrients, Si, lignin, cellulose and DM by the cover crops (Table 4). However,
significant differences were found among the species for the same attributes. P. glaucum
stood out with a DM accumulation of 8659 kg ha−1 in 60 days (Table 4), corroborating the
findings of Delazeri et al. [32]. The high C/N ratio of grasses favors no-tillage systems, as
their straw remains on the soil longer compared to legumes [33–35].

Table 4. Values extracted (kg ha−1) of nutrients, Si, lignin, cellulose, and DM from the cover crops
based on the surface application of correctives (lime and silicate) in different doses. Selvíria state of
Mato Grosso do Sul, Brazil.

Correctives
N P K Ca Mg S Si Lignin Cellulose DM

ns ns ns ns ns ns ns ns ns ns

Limestone 124.29 18.25 141.75 36.48 21.0 12.98 11.91 247.34 1401.74 5176.0

Silicate 118.76 18.1 132.9 33.2 19.9 13.29 11.58 235.97 1344.67 5028.0

LSD 21.67 2.91 19.14 7.15 2.75 2.35 3.71 46.16 164.91 617.0

Doses ns ns ns ns ns ns ns ns ns ns

0 Mg ha−1 124.45 16.65 137.64 34.04 21.18 12.69 13.11 261.53 1447.35 5309.0

1 Mg ha−1 124.42 19.88 142.68 36.56 20.94 15.03 10.29 230.51 1373.51 5244.0

2 Mg ha−1 128.41 19.09 147.36 35.42 21.34 13.3 12.25 241.78 1412.69 5277.0

3 Mg ha−1 106.81 17.11 121.63 33.36 18.36 11.53 11.33 232.79 1259.27 4571.0

Regression - - - - - - - - 2

N P K Ca Mg S Si Lignin Cellulose DM

Coverage ** ** ** ** ** ** ** ** ** **

P. glaucum 140.96 a 24.89 a 215.88 a 35.57 b 35.04 a 18.69 a 30.49 a 333.99 a 2593.79 a 8659.0 a

U. ruziziensis 73.04 b 12.87 b 135.06 b 20.11 c 16.65 b 8.17 c 15.00 b 105.24 c 1035.74 b 3866.0 b

C. spectabilis 141.68 a 17.71 b 114.74 bc 52.76 a 16.72 b 12.82 b 0.65 c 194.16 b 1009.41 b 4171.0 b

C. cajan 130.41 a 17.25 b 83.62 c 30.93 bc 13.41 b 12.86 b 0.83 c 333.22 a 853.87 b 3705.0 b

LSD 40.78 5.48 36.0 13.46 5.17 4.42 6.97 86.87 310.33 1161.0

CV % 35.02 31.48 27.36 40.31 26.4 35.11 61.97 37.51 23.58 24.0

Average 121.52 18.18 137.32 34.84 20.45 13.14 11.74 241.65 1373.2 5100.0
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Table 4. Cont.

Variance analysis

- N P K Ca Mg S Si Lignin Cellulose DM

Correctives 0.6 0.92 0.35 0.35 0.42 0.79 0.85 0.61 0.48 0.62

Dose 0.46 0.33 0.25 0.9189 0.37 0.2 0.72 0.76 0.39 0.27

Species 0.00 ** 0.00 ** 0.00 ** 0.00 ** 0.00 ** 0.00 ** 0.00 ** 0.00 ** 0.00 ** 0.00 **

C X D 0.94 0.71 0.9 0.91 0.86 0.97 0.81 0.7 0.81 0.94

C X S 0.86 0.73 0.9 0.88 0.89 0.65 0.79 0.99 0.9 0.95

D X S 0.17 0.97 0.27 0.8 0.14 0.93 0.87 0.31 0.81 0.61

C X D X S 0.93 0.87 0.62 0.88 0.59 0.85 0.94 0.79 0.98 0.92

Averages followed by distinct letters in the columns differ by the Tukey test at a 5% probability, where **, and ns
indicate (p < 0.01), and (p > 0.05); LSD: least significant difference; CV (%): coefficient of variation; C: correctives;
D: doses of correctives; S: species.

The C/N ratio is a key factor in the decomposition of plant residues and in the
relationship between N mineralization and immobilization through microbial biomass,
that is, the higher the C/N ratio, the slower the decomposition [36]. Additionally, the
decomposition of residues also depends on their lignin and cellulose contents [37].

P. glaucum showed higher lignin and cellulose levels compared to other cover crops
(Table 4), supporting the studies of Yadav [38] and Dresh [39]. An unexpected result was
the lignin content of C. cajan, which did not differ from P. glaucum. However, this finding
was also noted by Carvalho [40], where the lignin content of the legume (C. cajan) was 71%
higher than that of the grass (U. ruziziensis).

Regarding the N content, the crops that accumulated the most were P. glaucum, C.
spectabilis, and C. cajan, which did not differ statistically (Table 4). A different result
was found by Soratto et al. [41], who observed higher N accumulation in the legume (C.
spectabilis) compared to the grass (P. glaucum). The increase in N in the millet straw can be
explained by the large biomass produced [42,43]. For legumes, N accumulation is likely
due to their ability to perform BNF through symbiosis with bacteria [44].

The straw from legumes also stood out for its Ca content (Table 4), a result observed
by Vasconcelos [45] in plants of the same genus. However, for other macronutrients (K,
Mg, and S) and Si, millet excelled, and these results are similar to those obtained by
Soratto et al. [41]. Millet is characterized by its high nutrient cycling capacity due to its
robust root system, which can reach depths of 3.6 m, allowing for nutrient extraction from
the subsurface [27,46].

Table 4 shows that P is present in higher quantities in the straw of P. glaucum, rein-
forcing the study by Foloni et al. [47]. Studies show that due to its rapid growth and short
cycle, millet extracts considerable amounts of nutrients in a short time [41,48].

Regarding the remaining quantities of nutrients, lignin, cellulose and DM, no signifi-
cant responses were observed for the different correctives and doses used (Table 5). On
average, across the evaluated decomposition times, millet showed a greater capacity to
accumulate N, P, K, Mg, S, and Si. However, pigeon pea did not differ statistically from
millet in terms of its N and lignin contents (Table 5). According to Filho et al. [13], the
higher the C/N ratio and lignin content, the slower the decomposition of residues left on
the soil.

Based on the average of the evaluated decomposition times, about 61% of the DM
of C. cajan was still on the soil, as well as 50% of the straw of P. glaucum, which were the
cover crops with the longest decomposition times (Table 5). Lignin quantities showed little
change over time, unlike cellulose, which was released at an average of half its content in
the first 60 days of management for all evaluated species (Figure 2).
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Table 5. Remaining quantity of nutrients, lignin, cellulose, and DM (kg ha−1) in the dry matter of
cover crops, based on the tested treatments: correctives, doses of correctives, cover crops (species),
and decomposition times. Selvíria, state of Mato Grosso do Sul, Brazil.

Correctives
N P K Ca Mg S Si Lignin Cellulose DM

ns ns ns ns ns ns ns ns ns ns

Limestone 54.63 9.55 47.16 22.8 11.79 7.39 5.16 231.16 673.58 2466.0

Silicate 52.75 9.46 45.6 22.1 11.52 7.22 5.16 220.56 658.23 2430.0

LSD 4.56 0.86 4.49 1.79 0.88 0.58 0.76 16.55 42.9 139.0

Doses Ns Ns ns ns Ns Ns Ns ns * *

0 Mg ha−1 55.92 9.92 46.88 23.47 12.23 7.84 5.55 238.23 698.89 2563.0

1 Mg ha−1 53.6 9.75 47.3 22.79 11.55 7.41 5 221.3 682.28 2486.0

2 Mg ha−1 55.55 9.38 49.4 22.11 12.14 7.31 5.19 232.32 667.99 2476.0

3 Mg ha−1 49.68 8.96 41.92 21.43 10.72 6.68 4.89 211.6 614.47 2266.0

Regression - - - - - - - - 1 2

N P K Ca Mg S Si Lignin Cellulose DM

Coverage ** ** ** ** ** ** ** ** ** **

P. glaucum 62.69 a 12.89 a 76.0 a 22.16 b 18.32 a 10.11 12.23 a 306.28 a 1370.51 a 4390.0 a

U. ruziziensis 33.25 c 6.64 c 43.59 b 14.20 c 9.73 b 4.93 5.40 b 107.88 c 464.57 b 1746.0 c

C. spectabilis 52.19 b 8.49 b 29.93 c 25.10 ab 7.72 c 5.91 0.89 c 173.52 b 345.79 a 1491.0 c

C. cajan 66.64 a 10.00 b 35.91 bc 28.35 a 10.86 b 8.3 2.11 c 315.71 a 482.76 b 2.265 b

LSD 8.48 1.6 8.34 3.32 1.64 1.09 1.42 30.78 79.78 258.0

CV % 38.48 40.94 43.86 36.1 34.29 36.17 67.1 33.21 29.19 25.74

Average 53.69 9.5 46.37 22.45 11.66 7.31 5.16 225.86 665.91 2448.0

Variance analysis

- N P K Ca Mg S Si Lignin Cellulose DM

Correctives 0.4176 0.833 0.4922 0.4437 0.5476 0.5619 0.9974 0.208 0.4811 0.6118

Dose 0.2075 0.4128 0.1248 0.3137 0.0686 0.0543 0.6395 0.1178 0.0401 0.0233

Species 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Time 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

C X D 0.7915 0.6887 0.8105 0.7266 0.6678 0.5996 0.7843 0.9014 0.3702 0.6904

C X S 0.7626 0.8758 1 0.7873 0.9588 0.882 0.572 0.3902 0.9479 0.9012

C X T 0.9521 0.9989 0.5807 0.7126 0.8509 0.7613 0.9779 0.9996 0.891 0.9471

D X S 0.1583 0.869 0.28 0.2432 0.0939 0.2436 0.7618 0.7539 0.3486 0.3694

D X T 0.6285 0.1659 0.2088 0.9136 0.7215 0.0547 0.8425 0.9268 0.3313 0.2746

S X T 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

C X D X S 0.3826 0.8228 0.6021 0.4665 0.2991 0.7367 0.3923 0.2921 0.7489 0.7889

C X S X T 0.9951 0.9948 0.9957 0.9981 0.9983 0.9291 0.9915 0.9704 0.9496 0.9997

D x S x T 0.0818 0.9998 0.4206 0.8972 0.6296 0.9958 0.9796 0.6456 0.9578 0.6366

C x D x S x T 0.9998 1 0.9464 0.9999 0.9985 0.9994 0.9896 0.9993 0.9995 0.9995

(1) y = −26.755x + 706.04; R2: 0.89. (2) y = −89.834x + 2582.5; R2: 0.83. Averages followed by distinct letters in
the columns differ by the Tukey test at a 5% probability, where **, *, and ns indicate (p < 0.01), (p < 0.05), and
(p > 0.05); LSD: least significant difference; CV (%): coefficient of variation; C: correctives; D: doses of correctives;
S: species; T: decomposition time.
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Approximately 40% of Si was contained in the straw of millet and brachiaria on
average over the decomposition times; however, these were also the crops that absorbed
the most of the element (Table 5). According to Liang et al. [49], all plants contain Si in
their tissues, but the amounts vary from 0.1 to 10% of DM. Thus, plants are classified as
accumulators or non-accumulators of the element [50]. Among the accumulators are grass
species (Poaceae), while legumes (Fabaceae) are considered non-accumulators [51].
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For all cover crops, there was a sharp decrease in the K levels (Table 5). The rapid
release of this nutrient occurs because it is present in tissues in ionic form, not serving a
structural role [52,53]. In contrast, the mineralization of Ca was the slowest compared to
other nutrients (Figure 2), likely due to its role in plant tissue, primarily as a component of
the cell wall [52].

The mineralization of N was relatively rapid for all analyzed species (Figure 2). Sixty
days after management, about 55% of the N was released from the residues, a result that
may have been influenced by the local climatic conditions. P, Mg, and S showed almost
constant availability up to 90 days, with a reduction in the last period likely due to the
increase in the concentration of materials that decompose more slowly and the decrease in
the concentrations of these nutrients themselves (Figure 2).

4. Conclusions

Si did not influence the dynamics of nutrient extraction, the decomposition of cover
crops, or the maintenance of residual material on the soil.

The plants that showed the greatest persistence on the soil were those that accumulated
more lignin and had higher lignin content at the end of the decomposition period.

Pearl millet stood out for its ability to absorb and mineralize nutrients for subsequent crops.
Pigeon pea and pearl millet were the species that exhibited the most persistence in the soil.
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