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Abstract

Cowpea (Vigna unguiculata) is a crop of major socioeconomic importance in Northern and
Northeastern Brazil, but its productivity is strongly constrained by infestations of the black aphid
Aphis craccivora, which causes direct damage through sap feeding and indirect losses by transmitting
plant viruses. Although insecticides are widely used, their intensive application raises concerns
related to resistance development and environmental impacts. Silicon (5i) has been investigated as a
sustainable alternative for enhancing plant resistance to biotic and abiotic stresses by strengthening
structural barriers and activating biochemical defense pathways. This study evaluated the influence
of silicon fertilization on the plant—insect interaction between cowpea genotypes and A. craccivora.
Three bioassays were conducted under greenhouse and laboratory conditions to assess aphid
preference among genotypes, the effect of silicon on insect attractiveness, and plant susceptibility
with and without silicon supplementation. Rice husk biochar and a commercial silicon source were
used as Si fertilizers. Although the landrace genotype accumulated higher silicon levels, this did not
result in reduced aphid populations or mitigation of plant damage. A negative correlation was
observed between silicon accumulation and chlorophyll content, suggesting silicon-associated
physiological adjustments under herbivory stress. Overall, under the evaluated conditions, silicon
application did not confer effective resistance against A. craccivora, indicating that its role in
integrated pest management strategies for cowpea requires further investigation.

Keywords: induced resistance; aphid herbivory; sustainable fertilization; host plant response;
integrated pest management

1. Introduction

Cowpea (Vigna unguiculata (L.) Walp.) plays a central role in food security and rural livelihoods
in Northern and Northeastern Brazil, where it is widely cultivated by smallholder farmers. In these
regions, traditional landraces are still commonly used, contributing to the conservation of genetic
diversity and locally adapted traits that are essential for crop resilience under low-input production
systems [1,2].

Despite its importance, cowpea productivity is strongly constrained by the black aphid, Aphis
craccivora Koch (Hemiptera: Aphididae), a highly adaptable and cosmopolitan pest. This species
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rapidly colonizes young plants, causing direct damage through continuous sap extraction and
indirect losses associated with the transmission of plant viruses [3]. Its short life cycle and high
reproductive rate favor explosive population growth, often leading to severe infestations. Although
chemical control remains the most common management strategy, its recurrent use raises concerns
regarding environmental contamination, disruption of natural enemy communities, and the selection
of resistant aphid populations [4]. These limitations highlight the need for alternative and
complementary approaches within integrated pest management programs.

Among the strategies explored to reduce reliance on synthetic insecticides, silicon (5i)
fertilization has received increasing attention. Although not classified as an essential element, silicon
is known to enhance plant tolerance to both biotic and abiotic stresses by strengthening cell walls and
modulating biochemical defense responses. Silicon accumulation in plant tissues may act as a
physical barrier to herbivores and, in some cases, stimulate the production of secondary metabolites
involved in plant defense. In this context, agricultural by-products such as rice husk-derived biochar
represent a promising and low-cost source of silicon, particularly for small-scale farming systems.

Several studies have reported positive effects of silicon on plant growth, stress tolerance, and
resistance to insect pests [5]. However, responses are highly variable and depend on plant genotype,
insect feeding guild, and the form and timing of silicon application. In cowpea, evidence regarding
the effectiveness of silicon against sap feeding insects such as aphids remains limited and sometimes
contradictory, especially when traditional landraces are considered.

Despite the increasing use of silicon based fertilization as a sustainable tool for pest
management, it remains unclear whether silicon supplementation can effectively modify the
interaction between cowpea genotypes and the black aphid A. craccivora, particularly in terms of
aphid preference and plant susceptibility.

This study was based on the following hypotheses: (i) silicon fertilization alters the plant—insect
interaction by reducing the attractiveness of cowpea plants to A. craccivora; (ii) increased silicon
accumulation in plant tissues decreases aphid performance and population growth; and (iii) silicon-
induced physiological changes contribute to enhanced plant tolerance under aphid herbivory.
Therefore, the objective of this study was to evaluate the role of silicon fertilization using rice husk
biochar and a commercial silicon source on the interaction between cowpea genotypes and the black
aphid A. craccivora. Specifically, we investigated aphid preference among genotypes, the effect of
silicon on insect attractiveness, and plant susceptibility under silicon supplemented and non-
supplemented conditions through a series of greenhouse and laboratory bioassays.

2. Materials and Methods

2.1. Experimental Site and Plant Material

The bioassays were conducted under controlled conditions in a greenhouse and in the Plant
Protection Laboratory at the Federal University of Piaui, Professora Cinobelina Elvas Campus (UFPI-
CPCE), located in Bom Jesus, Piaui, Brazil (9°05'04.4" S; 44°19'37.5" W). According to the Képpen
climate classification, the region presents a tropical savanna climate with a dry winter season (Aw)
[6].

Seeds of the cowpea landrace used in this study were obtained from a smallholder farmer in the
municipality of Redencdo do Gurguéia, Piaui, Brazil (9°29'10" S; 44°35'15" W).

For the genotype preference assay, eight cowpea genotypes were evaluated: six improved
cultivars supplied by Embrapa Meio-Norte (BRS Aracé, TVu, BRS Tumucumaque, BRS Guariba, BRS
Gurguéia, and BRS Novaera), one landrace collected from a local farmer (Crioulo), and one
commercial variety purchased from a local market (Canetinha). Plants of the Canetinha variety were
also used for the maintenance of the black aphid colony throughout the experimental period.

2.2. Soil Analysis
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The soil used in the experiments was collected from the experimental area of the Federal
University of Piaui (UFPI) and classified as a dystrophic Yellow Latosol according to the Brazilian
Soil Classification System [7]. Chemical and particle-size characterization was performed following
the procedures described by Teixeira et al. [8].

Sail silicon concentration was determined using the colorimetric molybdate method, as
described by Vieira and Silva [9]. The results of the soil chemical and granulometric characterization
are presented in Appendix A.1.

2.3. Rice Husk Carbonization (Biochar Production)

The rice husk used in this study was obtained from an industrial rice-processing facility. The
carbonization process was carried out in a rectangular kiln made of galvanized steel sheets.
Combustion was manually controlled and monitored until the material reached the characteristic
black coloration indicative of the desired carbonization stage.

To interrupt the thermal process, the biochar was moistened and subsequently dried under
natural solar radiation. After drying, the material was stored in sealed containers to prevent moisture
absorption. A representative sample was collected and subjected to chemical analysis following the
methodology described by Miyazawa et al. [10] to determine mineral nutrient contents. The biochar
presented a silicon concentration of 13.54 g kg'. The results of the chemical characterization of the
biochar are provided in Appendix A.2.

2.4. Bioassay 1: Preference Among Vigna unguiculata Cultivars

The assay was conducted using eight cowpea (Vigna unguiculata) genotypes: BRS Aracé, TVu,
BRS Tumucumagque, BRS Guariba, BRS Gurguéia, BRS Novaera, a landrace variety (Crioulo), and a
commercial variety (Canetinha). For comparative purposes, four genotypes with previously reported
resistance levels were included: BRS Tumucumaque, BRS Gurguéia, and BRS Novaera (susceptible),
and BRS Guariba (resistant), as described by Silva et al. [11].

Before sowing, seeds were treated with the fungicide Vitavax®-Thiram 200 SC. The genotypes
were sown in 500 mL disposable polystyrene cups, perforated at the bottom to ensure adequate
drainage and aeration. Each cup was labeled and filled with 700 g of soil. Two seeds were planted
per cup, and the plants were irrigated daily to prevent water stress.

Seven days after sowing, thinning was performed to maintain one plant per cup. Each plant
represented an experimental unit, and the experiment followed a completely randomized design in
an 8 x 7 arrangement (eight treatments and seven replicates). Irrigation was monitored twice daily
throughout the experimental period to avoid any water deficit.

At sixteen days after sowing, when plants reached the V3 growth stage, each plant was infested
with five apterous adult female aphids of Aphis craccivora, characterized by their glossy black
coloration. All insects were five days old and obtained from a previously standardized colony.
Aphids were allowed to move freely among the evaluated genotypes, characterizing the assay as a
free-choice test.

Two days after infestation (DAI), the number of live adult aphids present on each plant was
recorded, and the insects were subsequently removed. Four days after infestation, the number of live
nymphs on each genotype was quantified. Based on these data, the ratio between the number of
nymphs and the initial number of adults (nymph/adult ratio) was calculated, following the
methodology proposed by Silva et al. [12].

The evaluated variables in this bioassay were: number of adults, number of nymphs, and the
nymph/adult ratio.

2.5. Bioassay 2: Preference of Aphis craccivora for Vigna unguiculata Under Silicon Fertilization

This assay was conducted in plastic pots containing 2.5 kg of soil. Liming and base fertilization
were performed according to regional recommendations [13]. The experimental design was
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completely randomized in a 2 x 3 factorial scheme, consisting of two cowpea genotypes (the landrace
Crioulo and the cultivar BRS Novaera), three treatments (two silicon sources and a control), and ten
replicates. The cultivar BRS Novaera was selected because of its previously reported higher capacity
for silicon uptake [14].

The silicon sources used were rice husk biochar (18.5 g per pot) and a commercial silicon oxide
product (0.537 g per pot). Both sources were adjusted to supply 0.1 g of silicon per kg of soil, following
the protocol adapted from Leite et al. [14]. Prior to sowing, seeds were treated as described in
Bioassay 1.

Silicon sources were incorporated into the soil at the time of pot filling, according to the
previously determined rates. Five seeds were sown per pot, and thinning was performed seven days
after emergence, leaving only the most vigorous plant in each pot, which was considered the
experimental unit. Throughout the experiment, plants were manually irrigated twice daily, in the
morning and afternoon.

At sixteen days after sowing, when plants reached the V3 growth stage, each plant was infested
with five apterous adult female aphids of Aphis craccivora, characterized by their glossy black
coloration. All insects were five days old and obtained from a previously standardized colony.
Aphids were allowed to move freely among the evaluated plants, characterizing the assay as a free-
choice test. Two days after infestation (DAI), the number of live adult aphids present on each plant
was recorded and the insects were subsequently removed. Four days after infestation, the number of
live nymphs on each experimental unit was quantified.

In addition, leaf chlorophyll content was measured before and after infestation using a portable
chlorophyll meter (ClorofiLOG CFL 1030, Falker). After nymph removal, the first fully expanded
trifoliate leaf from each plant was collected for silicon content analysis following the methodology
described by Miyazawa et al. [10]. Aboveground plant tissues were also harvested to determine fresh
mass and dry mass after oven-drying at forced air circulation for 72 h.

The variables evaluated in this bioassay were: number of adults, number of nymphs,
nymph/adult ratio, chlorophyll content, and silicon accumulation [12].

2.6. Bioassay 3: Susceptibility of Silicon-Fertilized Vigna unguiculata (Landrace) to Aphis craccivora over
Time

This bioassay was conducted in plastic pots filled with 10 kg of soil. Liming and base fertilization
were performed according to regional recommendations [13]. A total of 36 experimental units were
established in a completely randomized design, consisting of three treatments (two silicon sources
and a control) with twelve replicates each.

The silicon sources used were rice husk biochar (74 g per pot) and a commercial silicon oxide
product (2.151 g per pot). Both sources were adjusted to supply 0.1 g of silicon per kg of soil, following
the protocol adapted from Leite et al. [14].

Seeds were treated with fungicide as described for Bioassay 1. Silicon sources were incorporated
into the soil at the time of pot preparation. Five seeds were sown per pot (Figure 1a), and thinning
was performed seven days after sowing, leaving one plant per pot, which was considered the
experimental unit. Throughout the experiment, plants were manually irrigated twice daily.

Ten days after sowing, plants were infested with ten apterous adult female aphids of Aphis
craccivora, all five days old and obtained from a previously standardized colony. Aphids were
allowed to move freely among the evaluated plants, characterizing the assay as a free-choice test
(Figure 1b).

Evaluations were carried out at 7, 14, 21, and 28 days after infestation (DAI). The following
parameters were assessed: leaf chlorophyll content (Figure 1c), aphid population level (POP), and
seedling damage (DM). Population levels and plant damage were evaluated according to the criteria
proposed by Jackai and Singh [15], using a visual rating scale from 1 to 9 for aphid population density
and from 1 to 5 for damage severity.
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Figure 1. Germination of cowpea seeds four days after sowing (a); transfer of black aphids to landrace cowpea
plants (b); and the ClorofiLOG device used for chlorophyll measurements (c).

2.7. Statistical Analysis

Data were analyzed separately for each bioassay using RStudio software (version 12.1, 2023).
For Bioassay 2, the effects of silicon treatments and cowpea genotypes on aphid biological parameters
and chlorophyll content were evaluated using a two-way analysis of variance (ANOVA). The
significance of main effects and interactions was assessed using the F-test at a 5% probability level (p
<0.05).

When significant differences were detected, treatment means were compared using Tukey’s
honestly significant difference (HSD) test at p < 0.05. Graphs were generated using SigmaPlot
software (version 15.0, Systat Software, 2022), and Pearson’s correlation analyses were performed in
RStudio.

3. Results
3.1. Bioassay 1 — Preference Among Cowpea Genotypes

Differences among cowpea genotypes were detected in relation to the number of Aphis craccivora
nymphs (Figure 2). The lowest nymph densities were recorded on the Canetinha and BRS
Tumucumaque genotypes, whereas the landrace (Crioulo) showed the highest infestation levels. In
contrast, no significant differences were observed among genotypes for the number of adult aphids,
indicating a similar initial colonization pattern across treatments.

These results suggest that, although adult aphid settlement did not vary among genotypes,
differences in nymph production were sufficient to discriminate levels of susceptibility among the
evaluated materials.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 2. Feeding preference of the black aphid (Aphis craccivora) on cowpea (Vigna unguiculata) genotypes.
Means followed by the same lowercase letters do not differ significantly according to Tukey’s test (p <0.05). Bars

represent the mean + standard error.

3.2. Bioassay 2 — Preference Under Silicon Fertilization

Silicon fertilization did not significantly affect the number of adult or nymph aphids in either of
the cowpea genotypes evaluated (Figure 3). Regardless of the silicon source applied, aphid
abundance remained statistically similar to the control treatment. However, silicon accumulation
differed between genotypes, with the landrace showing higher silicon content in plant tissues than
the cultivar BRS Novaera.

Chlorophyll concentrations measured before and after infestation also did not differ significantly
between treatments or between genotypes (Figure 4). These results indicate that, under the conditions
tested, silicon fertilization did not alter either aphid preference or the main physiological parameters

associated with photosynthetic capacity.
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Figure 3. Number of adult aphids after two days (a), number of nymphs after four days (b), nymph/adult ratio
(c), and silicon accumulation (d) in two cowpea genotypes cultivated with different silicon sources and exposed
to black aphid herbivory. Means followed by the same lowercase letters do not differ significantly according to

the F-test (p < 0.05). Bars represent the mean + standard error.
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Figure 4. Initial chlorophyll a (a), final chlorophyll a (b), initial total chlorophyll (c), final total chlorophyll (d),
and final chlorophyll b (e) in two cowpea genotypes cultivated with different silicon sources before and after
black aphid infestation. Means followed by the same lowercase letters do not differ significantly according to the

F-test (p < 0.05). Bars represent the mean + standard error.

Similarly, when data were analyzed considering silicon sources independently of genotype, no
significant differences were detected for aphid abundance, silicon accumulation, or chlorophyll-
related parameters (Figures 5 and 6). These findings reinforce that, in this experimental context,
silicon fertilization did not modify the interaction between cowpea plants and A. craccivora.
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Figure 5. Number of adult aphids after two days (a), number of nymphs after four days (b), nymph/adult ratio
(c), and silicon accumulation (d) in cowpea plants cultivated with different silicon sources and exposed to black
aphid herbivory. Means followed by the same lowercase letters do not differ significantly according to the F-test

(p <0.05). Bars represent the mean + standard error.
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Figure 6. Initial chlorophyll a (a), final chlorophyll a (b), initial total chlorophyll (c), final total chlorophyll (d),
and final chlorophyll b (e) in cowpea plants cultivated with different silicon sources before and after black aphid
infestation. Means followed by the same lowercase letters do not differ significantly according to the F-test (p <

0.05). Bars represent the mean * standard error.

A significant interaction between genotype and silicon treatment was observed for initial
chlorophyll b content (p < 0.01; Figure 7). Under control conditions, BRS Novaera exhibited higher
chlorophyll b values than the landrace. However, when silicon sources were applied, chlorophyll b
levels in the landrace increased and became similar to those observed in BRS Novaera.
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Figure 7. Initial chlorophyll b levels in cowpea plants of the landrace (Crioulo) and BRS Novaera subjected to
different silicon treatments. Means followed by the same uppercase letters among treatments and lowercase
letters among genotypes do not differ significantly according to Tukey’s test (p < 0.05). Bars represent the mean

+ standard error.

Pearson correlation analysis revealed a strong positive relationship between the number of adult
aphids and the number of nymphs, indicating that higher adult abundance was associated with
increased offspring production (Figure 8). A negative correlation was observed between the number
of adults and the nymph/adult ratio, suggesting an inverse relationship between adult density and
relative reproductive output.

Strong correlations were also detected among chlorophyll variables, particularly between
chlorophyll a, chlorophyll b, and total chlorophyll at both the beginning and the end of the
experiment. In contrast, silicon accumulation showed a moderate negative correlation with final
chlorophyll a, b, and total chlorophyll levels, indicating that higher silicon content tended to be
associated with lower chlorophyll values. No significant correlations were found between silicon
accumulation and aphid abundance, suggesting that silicon content did not directly influence aphid
population density.
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Figure 8. Pearson correlation matrix among the following variables: number of adults at 48 h, number of nymphs
at four days, nymph/adult ratio (NA), initial chlorophyll a, initial chlorophyll b, initial total chlorophyll, final
chlorophyll a, final chlorophyll b, final total chlorophyll, and silicon accumulation. Values closer to 1 indicate

strong positive correlations, whereas values closer to -1 indicate strong negative correlations.

3.3. Bioassay 3 — Susceptibility over Time

In the time-course evaluation of the landrace genotype subjected to different silicon sources,
significant effects were associated with the evaluation period rather than with silicon treatments.

Chlorophyll a and total chlorophyll decreased significantly in the fourth evaluation (Figure 9).
Chlorophyll b reached its highest values during the third evaluation and subsequently declined.
Aphid population levels increased progressively over time, peaking at the third evaluation, while
plant damage scores also increased consistently, with significant differences among evaluation dates
(p <0.05).

The increase in chlorophyll levels during the third week coincided with the peak in aphid
population and the intensification of plant damage. Nevertheless, neither rice husk biochar nor
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commercial silicon altered any of the evaluated parameters throughout the experimental period

(Figure 10).
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Figure 9. Chlorophyll a (a), chlorophyll b (b), total chlorophyll (c), aphid population level (d), and damage to

cowpea seedlings cultivated with different silicon sources and subjected to black aphid herbivory, evaluated at

7,14, 21, and 28 days after infestation (e). Means followed by the same lowercase letters do not differ significantly

according to the F-test (p <0.05). Bars represent the mean + standard error.
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Figure 10. Chlorophyll a (a), chlorophyll b (b), total chlorophyll (c), aphid population level (d), and plant damage
(e) in cowpea plants cultivated with different silicon sources and subjected to black aphid herbivory. Means
followed by the same lowercase letters do not differ significantly according to the F-test (p < 0.05). Bars represent

the mean + standard error.

4. Discussion

This study evaluated the effects of silicon on the management of Aphis craccivora in Vigna
unguiculata, focusing on resistance mechanisms (antixenosis and antibiosis) and plant physiological
responses. Although silicon treatments (rice husk biochar and commercial silicon) did not promote
significant reductions in black aphid populations or improve chlorophyll maintenance, these
outcomes can be explained by a combination of biological, environmental, and genetic factors.

Plant resistance to insects involves direct mechanisms, such as antibiosis and antixenosis, as well
as indirect defenses mediated by the attraction of natural enemies. In Bioassay 1, the statistical
uniformity observed for adult aphids suggests that the evaluated genotypes did not differ in terms
of attractiveness or suitability for adult development of A. craccivora. In contrast, variation in the
number of nymphs represents an indicator of antibiosis [16]. A plant-mediated effect on insect
biology was detected in the BRS Tumucumaque and Canetinha genotypes, which showed lower
offspring production and reduced development. The absence or low expression of antixenosis or
antibiosis, even in the cultivar BRS Guariba previously described as resistant [17,18] may be
associated with the occurrence of distinct A. craccivora biotypes.

Aphid biotypes can overcome plant resistance mechanisms through genetic adaptations [19]. In
addition, reports of A. craccivora biotypes in the African continent [20] reinforce the hypothesis that
the aphid population used in this study may differ from those against which Brazilian cowpea
varieties have shown resistance. Plant insect interactions are also strongly influenced by
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environmental factors. Genotypes previously described as resistant may exhibit susceptibility under
different environmental conditions [21]. Furthermore, the expression of resistance genes can be
inhibited by epistatic interactions, compromising plant defense [22].

Silicon is widely recognized for its ability to enhance plant resistance to biotic and abiotic
stresses. It accumulates in cell walls as amorphous silica, forming physical barriers against
herbivorous insects and microorganisms [23]. In addition, silicon may induce systemic resistance by
stimulating the production of phenolic compounds, lignin, and antioxidant enzymes [24]. However,
in the present study, the higher silicon accumulation observed in the landrace genotype in Bioassay
2 did not result in detectable benefits in aphid population control or chlorophyll maintenance.

Although some studies have demonstrated that silicon can reduce insect infestation [25],
responses vary according to plant species, insect species, application method, and experimental
conditions. For instance, lower densities of black aphid nymphs have been reported in lima bean
when silicon was applied simultaneously to foliage and soil, with the effect attributed to antibiosis-
based resistance [26]. Nevertheless, the effectiveness of silicon depends on its interaction with
hormonal signaling pathways that regulate the expression of defense-related genes [24].

Herbivory activates complex hormonal pathways, particularly those mediated by jasmonic acid
(JA) and salicylic acid (SA). JA is mainly associated with defenses against chewing insects, whereas
SA plays a central role in responses to sap-feeding insects [27]. These pathways often display
antagonistic interactions, in which the activation of one may suppress the other, thereby limiting the
effectiveness of defensive responses [28,29]. This antagonism may help explain the absence of
significant silicon effects in the present study, as SA activation induced by aphids may have inhibited
JA-dependent responses, such as the accumulation of defensive secondary metabolites.

In addition, studies have shown that silicon can influence these hormonal pathways. Stimuli that
activate the JA pathway promotes greater silicon accumulation in Brachypodium distachyon [30].
However, the predominance of SA signaling in response to sap-feeding insects such as aphids may
reduce silicon accumulation and limit its effectiveness in inducing resistance.

In Bioassay 3, which evaluated susceptibility over time, the reduction in total chlorophyll levels
during the fourth week can be attributed to the increase in damage caused by black aphid infestation,
which compromises the photosynthetic capacity of plants. Biotic stress may initially stimulate
compensatory mechanisms, such as increased chlorophyll content, but these responses tend to fail
under severe damage conditions [31]. The negative correlations observed between silicon
accumulation and final chlorophyll levels suggest that silicon may be associated with physiological
stress responses, including the reallocation of energetic resources toward defense at the expense of
photosynthesis [32]. However, the lack of significant correlations between silicon accumulation and
insect abundance indicates that, under the conditions of this experiment, silicon did not directly
influence aphid population dynamics.

The absence of significant effects of rice husk biochar and commercial silicon across all evaluated
variables suggests that, under the conditions tested, silicon did not provide additional advantages
for the management of A. craccivora. Nevertheless, it is important to consider that exposure time,
application rates, and application methods may have influenced these results.

Future studies should incorporate biochemical and molecular analyses to better understand the
interaction between silicon and hormonal signaling pathways, as well as its influence on the
production of secondary metabolites. Field experiments are also necessary to assess silicon
effectiveness under diverse environmental conditions and against different A. craccivora biotypes. In
addition, research on the effects of silicon on the attractiveness of natural enemies, such as predators
and parasitoids, may provide valuable insights into its potential role in integrated pest management
programs.

5. Conclusions

The cowpea landrace evaluated in this study proved to be susceptible to infestation by Aphis
craccivora, with no evidence of resistance mediated by antixenosis or antibiosis mechanisms. The
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application of silicon sources, including rice husk biochar and commercial silicon, did not induce
significant defensive responses against A. craccivora in any of the evaluated genotypes. Although
plants exhibited physiological adjustments to stress caused by aphid infestation, such as an initial
increase in chlorophyll levels, the landrace genotype was unable to maintain homeostasis as
herbivory damage progressed.
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The following abbreviations are used in this manuscript:

DIC Delineamento Inteiramente Casualizado
DAI Dias Apos Infestagao
Appendix A

Appendix A.1

Table A1. Caracterizagao quimica e granulométrica do solo utilizado no experimento.

pH H+Al Al Ca Mg K SB T Si
(H20) cmole dm? - - s mg kg1----
5,0 3,35 040 1,08 0,17 0,05 1,30 4,65 6,42
P Cu Mn Fe Zn m \Y% M.O  Argila Silte Areia
—————————————————— mg dm?3 -------mmm - %o g kg
6,2 0,04 18,49 137 0,04 23,5 28 10,19 219 24 757

Note: H+AL: acidez potencial; Al: aluminio; Ca: calcio; Mg: magnésio; K: potassio; SB: soma de bases; T: CTC
pH 7; Si: Silicio; P: fésforo; Cu: cobre; Mn: manganés; Fe: ferro; Zn: zinco; m: saturagao por aluminio; V: saturagao

de bases; e MO: matéria organica.
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Appendix A.2

Table A2. Caracterizagdo quimica da casca de arroz como fonte de silicio utilizado no experimento.

Ca Mg P K Si Cu Mn Fe Zn
--------- m-g kgt gkg! Mg kg
0,1 0,1 0,54 0,5 13,54 1,85 241 125 16,35
Note: Ca: calcio; Mg: magnésio; P: fésforo; K: potassio; Si: Silicio; Cu: cobre; Mn: manganés; Fe: ferro e Zn:
zinco.
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