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Slags from the iron and steel industry may be used in agriculture to correct soil acidity. Current assay 
assesses the effect of iron and steel industry´s slag, derived from stainless steel, and compares it to 
limestone as soil acidity corrective and silicon source in coffee plants. The experiment was conducted 
between December, 2012 and January, 2014 in the municipality of Machado MG Brazil, in a 4-year-old 
coffee plantation, cultivar Catuaí Amarelo IAC 30. Experimental design comprised randomized blocks in 
a 2x4 factorial scheme, with control and four replications. Treatments combined two soil acidity 
correctives, namely, stainless steel slag (“Agrosilício”) and limestone; 4 corrective doses 
corresponding to 0.5; 1; 1.5; 2 times the amount required to raise index base saturation (V%) of the 
soil´s surface layer (0  to 0.2m) by 60%. Control did not contain any soil correction. Soil samples were 
collected during the experiment at depths 0 to 0.1m; 0.1 to 0.2m; 0.2 to 0.4m; similarly, samples of 
coffee leaves, at 180 and 390 days, respectively, after the application of correctives. Stainless steel slag 
showed the same efficiency as limestone in soil acidity correction at 0 to 0.1m layer, and in providing 
Ca

2+
 to the coffee plant. Stainless steel slag does not correct soil acidity at 0.1 to 0.2 and 0.2 to 0.4 m 

layers in coffee plants within a 180 day period. Stainless steel slag increases silicon rates in the soil 
and in the coffee leaves, and increases yield when compared to limestone.  
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INTRODUCTION 
 
Since high acidity rates characterize most soils in Brazil, 
soil acidity is one of the main causes of low yield, 
regardless of the production system (Corrêa et al., 2009; 
Nogueira et al., 2013). In areas with perennial crops, 
such as coffee plantation, acidity corrective is applied on 
the soil surface, although its incorporation to the soil is 

difficult and causes phytosanitary problems to the shrubs. 
Since limestone has low water solubility and must contact 
the soil to react, in systems where it is not incorporated in 
soil the efficiency of liming and acidity correction at 
deeper layers decreases (Natale et al., 2012). The same 
authors report that liming at the soil surface, without any
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Figure 1. Climate conditions during experimental period. 

 
 
 
incorporation, provides low movement of the corrective 
towards deeper layers, which depends on time, 
fertilization and the dose of the corrective agent.  

Limestone is the main acidity corrective agent in 
agriculture and its employment in acid soils enhances a 
rise in the soil´s pH and the neutralization of Al

3+
, 

provides calcium and magnesium, and causes a greater 
development in the plant´s root system, with a greater 
efficiency in the use of nutrients and water (Raij, 2011). 
Certain industrial slags, such as iron and steel industry 
slag, may be used in agriculture to replace liming (Prado 
et al., 2003; Oliveira et al., 2010). Iron and steel industry 
slag derive from high temperature processing within the 
limestone and silicon (SiO2) reaction are present in the 
mineral iron (Deus and Büll, 2013). Approximately 6.25 
million tons of slags are annually produced in Brazil but 
their use in agriculture is still fledging (Deus, 2014). 

Since steel slags are more soluble than limestone, they 
may correct soil acidity faster and deeper when applied at 
the soil´s surface (Deus and Büll, 2013). These material 
contain silicon whose effects have been the object of 
several assays in rice (Artigiani et al., 2014), potato (Pultz 
et al., 2008), tomato (Marodin et al., 2014), bean (Deus 
and Büll, 2013), soy and corn (Castro and Crusciol, 2013) 
and sugarcane (Reis et al., 2013). However, the use of 
steel slag in agriculture is still rare in Brazil. 

The acidity in the soil inhibits the full development of 
coffee culture. Thus, many farmers resort to techniques 

in order to increase the intensity of land use (Valipour et 
al., 2015a). Irrigation is one of the most used technology 
(Valipour, 2015b), and must point out that with the recent 
climate change producers will increase their irrigated 
areas and thus lead to water resources management 
issues (Valipour, 2014a; Valipour,2014b,2014c). Current 
assay evaluates the effect of iron and steel industry’s 
slag, obtained from stainless steel, on soil acidity and as 
a source of silicon in coffee plantations. 
 
 
MATERIALS AND METHODS  
 
The experiment was conducted between December, 2012 and 
January, 2014 in the municipality of Machado MG Brazil, in a 4-
year-old coffee plantation with coffee plants, cultivar Catuaí 
Amarelo IAC 30. Figure 1 shows climate conditions (temperature 
and rainfall) during the experimental period. 

The soil of the experimental area was classified as Oxisol, 
medium texture with initial chemical routine analysis (Silva, 1999) at 
0 to 0.2 m depth layer (Table 1). Following Camargo et al. (2009), 
results of granulometry at this layer comprised: 279 g kg-1 clay; 114 
g kg-1 silt; and 607 g kg-1 sand.  

Experimental design comprised randomized blocks in a 2 x 4 
factorial scheme, with control and 4 replications, totaling 36 split-
plots. Treatments were composed of a combination of two soil´s 
acidity correctives, namely, stainless steel slag (“Agrosilício”) and 
limestone, with four doses 0.5; 1; 1.5; 2 times the amount required 
to raise soil base saturation (V%) of the surface layer (0 to 0.2m) by 
60%. No soil acidity corrective was used in control. 

The necessary amount of each corrective was calculated by the
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Table 1. Initial chemical routine analysis of layer 0 to 0.2 m of the soil in the 
experimental area.  

 

pH(CaCl2) 
Mehlich- P K+ Ca2+ Mg2+ Al3+ H+Al 

mg dm-3 --------------------------- cmolc dm-3 ------------------------------ 

4.7 14 0.6 1.7 0.9 0.2 4.8 

SB ECEC CEC V m OM P-rem 

---------------- cmolc dm-3 ------------- ------------- % ----------- g dm-3 mg L-1 

3.2 3.4 8.0 40 6 35 14 
 

H+Al = potential acidity; SB = sum of bases; ECEC = effective cation exchange capacity; CEC 
= cation exchange capacity at pH 7; V = soil base saturation index; m = aluminum saturation 
index; OM = organic matter; P-rem = remaining phosphorus. 

 
 
 
formula suggested by Raij (2011), which comprised base saturation 
required by the coffee plant, soil base saturation  of the surface 
layer (0 to 0.2m); cation exchange capacity (CEC) potential of soil 
at layer 0 to 0.2 m; and the neutralization capacity of the corrective 
(NCC). Correctives had the following chemical characteristics, 
limestone: CaO = 22%; MgO = 14%; NCC = 85%; stainless steel 
slags: CaO = 25%; MgO = 6%; silicon = 10.5%; NCC = 60%.  

Each split-plot contained 6 coffee plants with 3.0 m spacing 
between the rows and 0.8 m between the plants, in a total area of 
14.4 m2. Useful area (9.6 m2) of each split plot was made up of the 
four plants at the center of the split-plot. Soil correctives were 
applied manually in December, 2012, on the soil surface, within the 
projection of the coffee plant canopy, without any incorporation. The 
following doses C1 = 0.95; C2 = 1.90; C3 = 2.85; C4 = 3.80 t ha-1; 
stainless steel slags: E1 = 1.35; E2 = 2.70; E3 = 4.05; E4 = 5.4 t ha-

1. 
All the split-plots were fertilized uniformly according to the initial 

chemical analysis of 0 to 0.2 m layer and the intended crop yield. 
After 180 days from the application of acidity corretictive, soil 
samples at depths 0 to 0.1m; 0.1 to 0.2 m and 0.2 to 0.4 m were 
retrieved by a drill from the useful area of each split-plot. Each 
composed sample was the result of 15 simple samples from each 
depth. Routine chemical attributes (Silva, 1999) and silicon rates 
extracted by CaCl2 solution were evaluated in soil samples 
(Korndörfer et al., 2004).  

Crop treatment (weed control and spraying of pesticides) was 
applied uniformly in all the split-plots according to crop 
requirements. In June 2013, after 210 days on the application of the 
acidity correctives, the first harvest of the coffee plants was 
undertaken, by hand, within the useful area of each split-plot. The 
coffee berries of each plant were harvested and weighed. The 
grains were then dried and yield for each split-plot was calculated, 
in 60-kg bags containing processed coffee grains, following the 
study of Carvalho et al. (2006). 

On the 390th day after the acidity correctives were applied, the 
leaves of the fruitful branches from each split-plot were harvested, 
following the study of Raij et al. (1997) to calculate macro- and 
micro-nutrients (Carmo et al., 2000) and silicon (Korndörfer et al., 
2004). Results underwent analysis of variance, Tukey´s mean test 

and polynomial regression analysis. 
 
 

RESULTS AND DISCUSSION 
 
There were no significant differences (p> 0.05) between 
the two acidity correctives studied (limestone and 
stainless steel slag) with regard to changes in pH, in 
potential acidity (H+Al), in the base saturation (V) and in 
Ca

2+
 concentration in the 0 to 0.1 m soil layer rather, the 

correctives had a similar behavior in the soil when these 
factors were taken into consideration. Mg

2+
 and Si 

concentration in the soil at the 0 to 0.1m layer were 
affected differently (p<0.01) by stainless steel slag when 
compared to limestone.  Doses of the acidity correctives 
(0; 0.5; 1; 1.5 and 2 times correction requirements) 
affected significantly (p<0.01) the chemical factors 
evaluated at the 0 to 0.1 m layer. There was no 
interaction of the factors under analysis (acidity 
correctives and doses) in the chemical factors pH; H+Al; 
V; Ca

2+
; Mg

2+
 of the soil layer at a depth of 0 – 0.1m. The 

interactivity correctives x doses affected the silicon 
concentration in the soil at a depth of 0 to 0.1m. 

Corrective doses at depths 0.1 to 0.2m and 0.2 to 0.4m 
did not influence the evaluated chemical factors and 
revealed that after 180 days of application the activity of 
limestone and stainless steel slag remained restricted to 
the 0 to 0.1 m layer. Whereas mean rates of pH, H+Al, V, 
Ca

2+
 and Mg

2+
 were respectively 4.6; 5.5 cmolc dm

-3
; 

32%; 1.2 and 0.7 cmolc dm
-3

 at layer 0.1 to 0.2m,  the 
mean rates of these factors at 0.2 to 0.4 m deep were 
4.2; 5 cmolc dm

-3
; 25%; 1.0 and 0.5 cmolc dm

-3
.  

Although silicate minerals are approximately seven 
times more soluble than limestone, with great mobility in 
the soil (Alcarde and Rodella, 2003), stainless steel slag 
in current assay failed to have a greater capacity in 
correcting acidity in the soil at a certain depth, when 
compared to limestone. Results may have occurred due 
to the interval between the application correctives and 
soil sampling (180 days), the NCC of stainless steel slag 
and soil texture of the experimental area.  

Natale et al. (2012) report that the correction of acidity 
at the soil´s sub-surface layers with surface application of 
correctives in areas with perennial crops, such as fruit 
trees, may occur due to such factors as granulometry of 
the corrective agent, since the finer particles may easily 
move throughout the soil´s profile; the displacement of 
the corrective particles in the soil through canals formed 
by root decomposition; formation of pairs between bases 
(Ca

2+
 and Mg

2+
) and organic acids (RO

-
 and RCOO

-
) with 

high solubility and low molecular mass, which carry them 
to the deepest layers of the soil, besides the formation of 
other compounds, such  as  Ca(HCO3)2  and  Mg(HCO3)2; 
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Figure 2. Mean values of pH in CaCl2, saturation per base and potential acidity (H+Al) in the 
the 0 to 0.1 m soil layer, according to dose for the correction of acidity (0; 0.5; 1; 1.5 and 2 
times the need for correction). 

 
 
 

d) nitrogen fertilization which triggers the formation of 
soluble salts, such as Ca(NO3)2, that percolate through a 
descending movement of water within the soil profile. 
According to these authors, the movement of corrective 
particles within the soil profile depends on the dose used, 
the interval after application, soil type, fertilization, land 
slope and type of vegetal covering.  

Silva et al. (2004) also reported the correction of acidic 
soil at 0 to 0.1 m layer with surface application of 
limestone in coffee crops and they insisted that correction 
at the sub-surface layers of the soil only occurred 34 
months after the first application of the corrective agent 
and 13 months after the second one.  Deus and Büll 
(2013) registered that in an area with bean tillage system, 
the corrective effect of stainless steel slag was limited to 
a depth of 5 cm whereas limestone neutralized soil 
acidity at the 0 to 0.2 m layer sixty days after their 
application on the soil surface. In an assay with coffee 
crops, Melo and Sartori (2013) showed that industrial 
slag behaved similarly to limestone when correcting soil 
acidity at a depth of 0 to 0.1 m. However, the two 
corrective agents did not correct acidity at a depth of 0.1 
to 0.2 m after 90 days of application on the soil surface.  
Castro and Cruciol (2013) reported that stainless steel 
slag (Agrosilício) in a tillage system was successful in 
correcting soil acidity. It was also capable of increasing 
the soil´s base exchange rates (Ca

2+
 and Mg

2+
) at a 

depth of 0.4m, when compared to limestone, in 
assessments 12 and 18 months after the application of 
correctives on the soil´s surface.   

Further, pH linear increase occurred in base saturation  
and in Ca

2+
 and Mg

2+
 rates at 0 – 0.1 m depth with the 

surface application of stainless steel slag and limestone 
(Figures 2 and 3). According to regression equations, pH 
in CaCl2 values and bases saturation varied for the two 
corrective agents, respectively from 4.8 and 41% to 5.8 
and 76% in control treatment and in treatment with the 
highest corrective dose (Figures 2A and 2B). In other 
words, pH in CaCl2 increased by one unit and V% rates 
practically doubled in the 0 – 0.1m layer, with the highest 
level in acidity correction. 

Potential acidity (H+Al) of the soil at a depth between 0 
and 0.1m decreased linearly with doses, regardless of 
the corrective agent applied (Figure 2C).  

Nogueira et al. (2012) reported similar results in 
experiments with coffee plants in vases placed in a 
greenhouse. They registered that slug and limestone with 
doses featuring 0; 25; 50; 75; 100 and 125% of correction 
requirements increased pH and decreased potential 
(H+Al) and exchangeable acidity (Al

3+
) of clayey latosol. 

They also reported that slag had a behavior similar to that 
of limestone in the correction of acidic soil.  The effect of 
silicate slag in soil reaction is due to the neutralization of 
H

+
 and release of OH

-
 by silicate anion (SiO3

-2
) available 

in the solubilization process of the materials (Prado et al., 
2003).  

Mean increase in Ca
2+

 and Mg
2+

 concentrations in the 0 
to 0.1 m soil layer was 2.4 times when the highest slag or 
limestone dose was employed, when compared to control 
(Figures 3A and 3B). Mean concentrations of the
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Figure 3. Mean concentrations of Ca2+ (A); Mg2+ (B); Si (C) in the 0 to 0.1 m soil layer due to dose of 
acidity corrective (0; 0.5; 1; 1.5 and 2 times correction requirements). 

 
 

 
 
 

A  B 

 
 

 

Figure 4. Mean concentrations of Mg2+ (A) and Si (B) in the 0 to 0.1 m soil layer due to acidity 
correctives (stainless steel slag and limestone). 

 
 
 

nutrients varied according to dose of the corrective 
agents, or rather, from 1.2 to 2.8 cmolc dm

-3
 in the case of 

Ca
2+

 and from 0.8 to 1.9 cmolc dm
-3

 in the case of Mg
2+

, 
which CFSEMG (1999) have considered respectively 
average and good for Ca

2+
 and average and very good 

for Mg
2+

. Mg
2+

 rates in soil with limestone treatments 
averaged 20% higher than those with stainless steel slag 
(Figure 4A). Higher Mg

2+
 rates in the soil with limestone 

are due to a greater concentration of the nutrient in the 
corrective agent  (14%  of  MgO)  than  in  stainless  steel  

slag (6% of MgO). 
Silva and Coelho (2010) also reported a linear increase 

in Ca
2+

 and Mg
2+

 rates in soil when silicate slag and 
limestone were applied, in a field assay, in medium 
texture soil with eucalyptus. The authors also revealed 
that Ca

2+
 rates of the soil were similar when the two 

corrective agents (silicate slag and limestone) were 
employed, and that treatments with limestone had higher 
Mg

2+
 rates in the soil than those with silicate slag.  Linear 

increases in Ca
2+

 and Mg
2+

 rates in clayey soil  were  also 
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Figure 5. Mean concentrations of silicon in the leaf tissue of the 
coffee plant due to the acidity corrective agents used (stainless 
steel slag and limestone).  

 
 

 

reported by Nogueira et al. (2012) in an experiment with 
coffee plants and slag. 

Silicon concentration of soil increased when dose of the 
corrective agents were applied (Figure 3C), or rather, 
mean rate of silicon in the soil was 1.3 times greater in 
treatments with stainless steel slag than in those with 
limestone (Figure 4B). Stainless steel slag is not only a 
source of silicon (10.5% of silicon). Rise in the soil´s pH 
due to corrective agents increases silicon availability 
caused by decrease of the element´s adsorption caused 
by the soil´s inorganic colloids (Silva and Coelho, 2010).  
Korndörfer et al. (1999), Camargo et al. (2007), Silva and 
Coelho (2010) and Deus and Büll (2013) reported similar 
results and detected increase in c rate in the soil when 
silicate slag was applied. There were no changes in the 
nutrients concentrations in the leaf tissue of the coffee 
plant when stainless steel slag and limestone were 
applied. Mean concentrations of macronutrients were 34; 
1.4; 25; 16; 2.9 and 1.8 g kg

-1
 respectively for N, P, K, 

Ca, Mg and S. Concentrations were within range for leaf 
tissues suggested by Raij et al. (1997) for the coffee 
plant, namely 26-32; 1.2-2.0; 18-25; 10-15; 3.0-5.0; 1.5-
2.0 g kg

-1
 respectively for N, P, K, Ca, Mg and S. 

Mean concentrations of micronutrients in the coffee´s 
leaf tissue were 30; 23; 85; 146 and 22 mg kg

-1
, 

respectively for B, Cu, Fe, Mn and Zn, and were within 
range for leaf tissues suggested by Raij et al. (1997) for 
the coffee plant, namely, 50 to 80, 10 to 20, 50 to 200, 50 
to 200, 10 to 20 mg kg

-1
, respectively for B, Cu, Fe, Mn 

and Zn. Silva et al. (2004) did not report any decrease in 
micronutrient absorption in coffee plants due to the 
application of acidity corrective agents.  

There was an increase of silicon concentrations in the 
plants´ leaves by simply applying stainless steel slag, 
even though no definite behavior (linear or quadratic) was  

 
 
 
 
reported in its rates in coffee plants with doses of the 
acidity corrective agent. Mean silicon concentrations in 
coffee leaves in treatments with stainless steel slag were 
1.5 times greater when compared to those with limestone 
(Figure 5). Silicon concentrations in coffee leaves ranged 
between 2 and 3 g kg

-1
 (Reis et al., 2007), similar to 

those in current assay. 
In their tillage experiment in which stainless steel slag 

and limestone were applied on the soil surface with a 
clayey texture to raise base saturation at 70% before the 
succession culture of soybean, Congo signal grass and 
corn, Castro and Crusciol (2013) failed to report 
variations in leaf rates of N, K and S of soybean and of P, 
K and S of corn when correctives were applied. However, 
the authors registered increase in P concentrations of 
soybean leaves, N concentrations in corn leaves and in 
Ca, Mg and silicon concentrations in the two crops when 
acidity correctives were applied.  

Marques (2013) employed different percentages for 
calcium silicate and limestone to correct soil acidity and 
failed to report changes in N, P, K, Mg and Zn 
concentrations in corn leaves, but registered a linear 
increase in silicon rates in leaves with an increase in 
calcium silicate amounts applied to the soil. Lopes et al. 
(2013) did not detect any increase in silicon rates in 
roots, stem and leaves of coffee seedlings when doses of 
silicate slug were incorporated in soil used as a substrate 
for the formation of seedlings. Coffee plant yield from the 
first harvest provided a quadratic response to stainless 
steel slag and limestone doses (Figure 6A). According to 
regression equation, maximum yield (30 bags ha

-1
) would 

be obtained with the application of 1.7 times the dose 
necessary to correct the soil acidity on the soil´s surface. 
Maximum yield would be 47% greater, or rather, 10 bags 
ha

-1
 more than that obtained in control where correction 

for soil acidity was not performed. Yields in treatments 
with 1 and 1.5 times correction requirements were 
respectively 38 and 46% greater than those of control.  

Coffee plants are tolerant to acidity but not susceptible 
to Al

3+
 toxicity in the soil (Rodrigues et al., 2006). This is 

the reason why sometimes response of the crop to liming 
fails  (Raij et al., 1996) or occurs in soils with high Al

3+
 

and Mn
2+

 concentrations (Mendonça et al., 2007), which 
was not the case in current experiment. In fact, the coffee 
plant´s high yield response to the application of acidity 
correctives was unexpected. However, response may 
have occurred due to the cultivar (Catuaí) employed, with 
lower tolerance rates to soil acidity that other coffee plant 
varieties, such as Icatu (Rodrigues et al., 2006; 
Mendonça et al., 2007).  

Silva et al. (2004) also registered an increase in the 
coffee plant (cv Catuaí) yield during the first and second 
harvests, with the correction of soil acidity by limestone. 
Treatments with stainless steel slag as a corrective for 
acidity averaged a yield 20% higher, or rather, 5 bags ha

-1 
more when compared to limestone corrective (Figure 6B).  

Although the coffee plant is a species which does not
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Figure 6. Mean yield of the coffee plant according to doses (A) of acidity correctives (0; 0.5; 1; 
1.5 and 2 times correction requirements) and types of corrective (B) employed (stainless steel 
slag and limestone) 

 
 
 
accumulate silicon (Reis et al., 2007), increase in silicon 
concentrations in leaves in treatments with stainless steel 
slag as a corrective agent against acidity may have 
increased the structural rigidity of the tissues and made 
the plants less susceptible to biotic and abiotic stress 
(Ribeiro et al., 2011). It may also have maintained the 
plants´ photosynthetic rate and stomach conductance 
due to a decrease in transpiration through the cuticle 
(Pulz et al., 2008) at drought intervals during the 
experiment. This may have been the cause of greater 
coffee yield in treatments with stainless steel slag when 
compared to treatments with limestone. 

The concentration of some elements in high 
concentrations in the soil can reduce the production, so a 
technology to reduce the application of a higher blade is 
needed to dilute and percolating the excess (Valipour 
2012a, 2012b; Yannopoulos et al., 2015). 
 
 
CONCLUSION 
 
Stainless steel slag has the same efficiency as limestone 
in correcting soil acidity at a depth of 0 to 0.1m and in 
providing Ca

2+
 to the coffee plant. Stainless steel slag 

does not correct acidic soil at depths 0.1 to 0.2 and 0.2 to 
0.4m, within a 180-day period, in an area with coffee 
plants. Stainless steel slag increases silicon rate in the 
soil, in coffee leaves and increases crop yield when 
compared to rates by limestone.  
 

 
Conflict of interests 
 
The authors have none to declare. 
 
 
REFERENCES 

 
Alcarde JA, Rodella AA (2003). Qualidade e legislação de fertilizantes e 

corretivos. In:  Curi N, Marques JJ, Guilherme LRG, Lima JM, Lopes 
AS, Alvares VVH. Tópicos em Ciência do Solo. Viçosa, Rev. Bras.  

    Cienc. Solo pp. 291-334. 

Artigiani ACCA, Crusciol CAC, Nascente AS, Arf O, Alvarez RCF 
(2014). Adubação silicatada no sulco e nitrogenada em cobertura no 
arroz de sequeiro e irrigado por aspersão. Biosci. J. 30(supplemet 
1):240-251.  

Camargo  AO, Moniz AC, Jorge JA, Valadares  JMAS (2009).  Métodos 
de análise química, mineralógica e física de solos do Instituto 
Agronômico de Campinas. Campinas: Instituto Agronômico, 2009. 
(Boletim Técnico, 106). 

Camargo MS, Korndörfer GH, Pereira HS (2007). Solubilidade do silício 
em solos: Influência do calcário e ácido silícico aplicados. Bragantia 
66(4):637-647.      

Carmo CAFS, Araujo WS, Bernardi ACC, Saldanha MFC (2000). 
Métodos de análise de tecidos vegetais utilizados na Embrapa Solos. 
Rio de Janeiro: Embrapa Solos. 41 P. (Circular Técnica, 6). 

Carvalho  GR, Mendes  ANG, Bartholo  GF, Nogueira  AM, Amaral  MA 
(2006).  Avaliação de produtividade de progênies de cafeeiro em dois 
sistemas de plantio. Ciênc. agrotec., 30(5):838-843.  

Castro  GSA,  Crusciol  CAC (2013). Yield and mineral nutrition of 
soybean, maize, and Congo signal grass as affected by limestone 
and slag. Pesqui. Agropecu. Bras. 48(6):673-681.  

CFSEMG - Comissão de fertilidade do solo do Estado de Minas Gerais 
(1999). Recomendações para o uso de corretivos e fertilizantes em 
Minas Gerais- 5ª aproximação. UFV, Viçosa, Minas Gerais. 359p. 

Corrêa  JC, Freitag  EE, Büll  LT, Crusciol  CAC, Fernandes  DM, 
Marcelino R (2009). Aplicação superficial de calcário e diferentes 
resíduos em soja cultivada no sistema plantio direto. Bragantia 
68(4):1059-1068.   

Deus AC (2014). Aplicação de corretivos de acidez do solo na 
implantação de sistema plantio direto. Botucatu:Unesp. Tese 
(Agricultura). 112p. 

Deus  AC, Büll  LT (2013). Eficiência de escórias de siderurgia na 
cultura do feijoeiro em sistema de semeadura direta. Ciência Rural 
43(10):1783-1789.    

Korndörfer GH, Arantes  VA, Corrêa  GF, Snyder  GH (1999). Efeito do 
silicato de cálcio no teor de silício no solo e na produção de grãos de 
arroz de sequeiro. Rev. Bras. Cienc. Solo 23(3):635-641.   

Korndörfer GH, Pereira HS, Nolla A (2004). Análise de silício: solo, 
planta e fertilizante. Uberlândia, GPSi/ICIAG/UFU. 50p. (Boletim 
Técnico, 2). 

Lopes  UP,  Zambolim  L, Lopes UN,  Rios  JA, Duarte HSS,  Ribeiro 
JJI (2013). Silicate slag combined with tebuconazole in manage of 
brown eye spot in coffee. Coffee Sci. 8(2):221-226. 

Marques  DJ (2013). Proporções de silicato e carbonato de cálcio no 
crescimento, nutrição mineral e eficiência do uso da água por plantas 
de milho sob estresse hídrico. Lavras:UFla. Tese (Ciência do Solo), 
184p. 

 Marodin  JC, Resende  JTV,  Morales  RGF, Silva  MLS, Galvão AG, 
Zanin DS (2014). Yield of tomato fruits in relation to silicon sources 
and rates. Hortic. Bras. 32(2):220-224.     

Melo  BMR, Sartori  RH (2013). Avaliação da escória de siderurgia e do 
calcário como corretivos para cultura cafeeira. Rev. Agro. 5(1):11-18. 



550         Afr. J. Agric. Res. 
 
 
 
Mendonça  SM,  Martinez  HEP, Neves JCL, Guimarães  PTG, Pedrosa  

AW (2007). Coffee tree (Coffea arabica L.) response to limestone in 
soil with high aluminum saturation. Coffee Sci. 2(2):112-122. 

Natale W, Rozane DE, Parent LE, Parent SE (2012). Acidez do solo e 
calagem em pomares de frutíferas tropicais. Rev. Bras. Frutic. 
34(4):1294-1306.   

Nogueira  NO, Tomaz  MA, Andrade  FV, Reis EF, Brinate SVB (2012). 
Influência da aplicação de dois resíduos industriais nas propriedades 
químicas de dois solos cultivados com café arábica. Rev. Ciênc. 
Agron. 43(1):11-21.  

Nogueira  NO, Martins  LD, Tomaz  MA, Andrade  FV, Passos  RR 
(2013). Teor de nitrogênio, clorofila e relação clorofila-caroteniode 
em café arábica em solo submetido a diferentes corretivos de acidez. 
Rev. Bras. Ciênc. Agrár.  8(3):390-395.   

Oliveira KCC, Faturi C, Garcia AR, Nahúm BS, Lourenço Júnior JB, 
Joele MRSP (2010). Supplemental feeding for buffaloes with 
agroindustry by-products on silvopastoral system in Brazilian eastern 
Amazon. Rev. Vet. 21(Suppl. 1):802-804. 

Prado  RM, Fernandes  FM, Natale W (2003). Efeito residual da escória 
de siderurgia como corretivo de acidez do solo na soqueira de cana-
de-açúcar. Rev. Bras. Cienc. Solo 27(2):287-296.     

Pulz  AL, Crusciol CAC, Lemos LB, Soratto RP (2008). Influência de 
silicato e calcário na nutrição, produtividade e qualidade da batata 
sob deficiência hídrica. Rev. Bras. Cienc. Solo 32(4):1651-1659.   

Raij B (2011). Fertilidade do solo e manejo de nutrientes. Piracicaba: 
IPNI. 420p. 

Raij  B, Cantarella  H, Quaggio  JA (1997). Estimulantes. In: Raij B, 
Cantarella H, Quaggio JA, Furlani AMC. Recomendações de 
adubação e calagem para o Estado de São Paulo. 2. ed.rev.atual. 
Campinas: Instituto Agronômico, Fundação IAC.pp. 93-104. (Boletim 
Técnico, 100). 

Raij  B, Costa  WM, Igue  T, Serra  JRM, Guerreiro  G (1996). Calagem 
e adubação nitrogenada e potássica para o cafeeiro. Bragantia, 
55(2):347-355.   

Reis THP, Guimarães  PTG, Figueiredo  FC, Pozza  AA, Nogueira FD, 
Rodrigues CR (2007). O silício na nutrição e defesa de plantas. Belo 
Horizonte, Epamig. 120p. (Boletim Técnico, 82). 

 Reis  JJD, Alovisi  AMT, Ferreira JAA, Alovisi  AA, Gomes CF (2013). 
Atributos químicos do solo e produção da cana-de-açúcar em 
resposta ao silicato de cálcio. Rev. Cienc. Agrar. 36(1):3-9.  

Ribeiro RV, Silva L, Ramos RA, Andrade CA, Zambrosi FCB, Pereira 
SP (2011). O alto teor de silício no solo inibe o crescimento radicular 
de cafeeiros sem afetar as trocas gasosas foliares. Rev. Bras. 
Cienc. Solo 35(3):939-948.   

Rodrigues  LA, Martinez  HEP, Neves  JCL, Novais  RF, Medonça  SM 
(2006). Respostas nutricionais de cafeeiros Catuaí e Icatu a doses 
de calcário em subsuperfície. Rev. Bras. Cienc. Solo  30(6):985-995. 

 

 

 
 
 
 
Silva CA, Melo LCA, Rangel OJP, Guimarães PTG (2004). 

Produtividade do cafeeiro e atributos de fertilidade de latossolo sob 
influência de adensamento da lavoura e manejo da calagem. Ciênc. 
Agrotec. 28(5):1066-1076. 

Silva  FC (1999). Manual de análises químicas de solos, plantas e 
fertilizantes. Brasília: Embrapa Solos/Embrapa Comunicação para 
Transferência de Tecnologia. 270p. 

Silva JC, Coelho L (2010). Calcário e silicato aplicados em eucalipto: 
efeito no solo e na planta. Biosci. J. 26(6):919-924. 

Valipour M (2014a). Pressure on renewable water resources by 
irrigation to 2060. Acta Adv. Agric Sci: 2:32-42.  

Valipour M (2014b). Future of agricultural water management in Europe 
based on socioeconomic indices. Acta Adv. Agric. Sci. 2:1-18. 

Valipour M (2015a). Variations of irrigated agriculture indicators in 
different continents from 1962 to 2011. Adv. Water Sci. Technol. 1:1-
10. 

Valipour  M, Sefidkouhi MAG,  Eslamian S (2015a). Surface irrigation 
simulation models: a review. Int. J. Hydrol. Sci. Technol. 5:51-70 

Valipour M (2014c). Irrigation status of Americas. Acta Adv. Agric. Sci. 
2:56-72. 

Valipour M (2012a). A comparison between horizontal and vertical 
drainage systems (include pipe drainage, open ditch drainage, and 
pumped wells) in anisotropic soils. IOSR J. Mech. Civil Eng. 4:7-12. 

Valipour M (2012b).  Effect of drainage parameters change on amount 
of drain discharge in subsurface drainage systems. IOSR J. Agric. 
Vet. Sci. 1:10-18. 

Yannopoulos  SI, Lyberatos G, Theodossiou N, Li W, Valipour M, 
Tamburrino A, Angelakis AN (2015). Evolution of Water Lifting 
Devices (Pumps) over the Centuries Worldwide. Water 7:5031-5060. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 


