
Australian Journal of Basic and Applied Sciences, 8(13) August 2014, Pages: 429-438 

 

AENSI Journals 

Australian Journal of Basic and Applied Sciences 

 ISSN:1991-8178 

 

 

Journal home page: www.ajbasweb.com 

 

 

Corresponding Author: Israel Marinho Pereira, Department of Forest Engineering, Universidade Federal dos Vales do 

            Jequitinhonha e Mucuri-UFVJM, Rodovia MGT 367 - Km 583, nº 5000, Alto da Jacuba CEP 

            39100-000, Diamantina-MG – Brazil 

            Tel: 553835351200;  E-mail: imarinhopereira@gmail.com  

Use of Organic Compound in the Recovery of a Gravel Pit and its Influence on the 

Substrate’s Chemical, Physical and Microbiological Properties 
 
1Izabel Cristina Marques, 1Israel Marinho Pereira, 1Michele Aparecida Pereira da Silva, 1Paulo Henrique Grazziotti,  2Múcio Mágno de Melo 

Farnezi 

 
1Department of Forest Engineering, Universidade Federal dos Vales do Jequitinhonha e Mucuri-UFVJM, Diamantina-MG – Brazil 
2Departament of Agronomy, Universidade Federal dos Vales do Jequitinhonha e Mucuri-UFVJM, Diamantina-MG – Brazil 

 
A R T I C L E  I N F O   A B S T R A C T  

Article history: 
Received  25  June  2014 

Received in revised form 

8 July  2014 
Accepted  25 July 2014 

Available online 20 August 2014 

 

Keywords: 

Degradation of soil, organic 

fertilization, microbial activity, 
Cerrado 

 Background: Mining activities are carried out for decades in the Cerrado, among 

which stands out the extraction of gravel which causes the soil degradation resulting in 

chemical, physical and biological characteristics that are distant from the ideal. Given 

the positive effects of the use of treated organic waste recovery in soil properties and 
growing societal concern with the exponential increase in production of these wastes. 

Objective: The present work aimed to evaluate the characteristics of the substrate 

mined from a degraded area of savanna for gravel extraction in Diamantina - MG, after 
the addition of increasing doses of compost from organic waste of textile industry. 

Results: The addition of the compound provided an increase in pH, organic matter, 

sum of bases, CTC, base saturation and nutrients (P, K, Ca2 + and Mg2 +). It caused a 
reduction of potential acidity (Al3+), exchangeable acidity (H+Al) and aluminum 

saturation. The mined substrate showed high values of  Rp indicating compression on 
the area degraded by gravel extraction, even after application of the compound. The 

addition of increasing doses of the compound promoted significant increase in CBM 

and C-CO2 to mined substrate. The qCO2 indicated efficiency of microbial biomass 
with the addition of lower doses of the compound to the substrate when compared to 

control. Conclusion: Significant changes in most chemical attributes and their 

improvement in the soil degraded by gravel extraction with the addition of compost 
from organic waste from textile industry were observed, besides positively influencing 

the soil microbial activity. 
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INTRODUCTION 

 

 The accelerated development and the search for raw materials to meet the demands of the market generate 

the intense degradation of the Cerrado areas. There is currently a concern to preserve the remaining areas and 

restore degraded areas of this biome. 

 Mining activities in the Cerrado are performed for decades, including in the region of Diamantina, Minas 

Gerais, among which stands out the extraction of gravel that is characterized by low cost and generally carried 

out without planning causing local degradation of the borrow area. 

 Gravel extraction is the removal of topsoil and consequently the place becomes devoid of organic matter, as 

well as the commitment of the seed bank that causes the decrease and, or total loss of resilience, that is, loss of 

ability of self-regeneration when their return to the previous state do not occur or occurs extremely slowly. 

 Devoid of vegetation coverage and without the organic layer ecosystems become susceptible to climatic 

conditions that promote accented erosion. The soil becomes degraded forming what is called "substrate" with 

the different soil prior to chemical degradation, physical and biological characteristics. The establishment of a 

vegetative cover on mined surfaces is the most common measure of recovery, but requires the construction of a 

soil environment that is compatible with the plant species to be used (Corrêa and Bento, 2010). 

 Currently, a large portion of the Brazilian population lives in cities with over 20,000 inhabitants, and one of 

the consequences of that population concentration is the emergence of many environmental problems associated 

with the generation of waste (Ricci et al., 2010). 
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 An alternative to solve the problem of these wastes is to send these materials for the recovery of degraded 

areas, since organic fertilizers produced by composting combined with organic matter is considered the best 

method for recovering degraded soils and substrates. Composting turns waste into organic fertilizer, contributing 

to nutrient cycling. The use of this technique in industrial waste has increased due to the pressure to recycle 

organic waste generated during the production processes (Carvalho, 2012). 

 Within the main purposes of the application of organic compost over chemical attributes of acid soils, we 

highlight the increase of pH and organic matter, the neutralization of exchangeable acidity, reduction of the 

potential acidity, increasing of the availability of phosphorus, potassium, calcium, magnesium and increasing of 

cation exchange capacity (Mazur et al., 1983) and they should provide increased organic carbon content and 

contribute to the improvement of biological and physical soil properties (Abreu et al., 2002). 

 Despite the importance of using organic compound in degraded substrates studies that provide information 

on the chemical, physical and microbiological characteristics of mined mainly substrate with the application of 

doses of organic compost are still few, especially with the use of compounds from the composting of textile 

industry with manure. 

 The objective of this study was to evaluate the chemical, physical and biological characteristics of the 

substrate mined from an area degraded by gravel extraction in the Biribiri State Park (PEB) in Diamantina - MG 

after the addition of increasing doses of compost from organic waste industry textiles. 

 

MATERIALS AND METHODS 
 

 The experiment was installed in February 2011 in a borrow area degraded by mining gravel in Biribiri State 

Park (PEB) in Diamantina-MG. The gravel area is ten acres and is located between the coordinates 0649511.86 

and 649640.24 m longitude and 7987114.81 and 7,987,250.62 m latitude (UTM) and average altitude of 1412 m 

(MELO, 2008). The PEB is in the southern Espinhaço (SdEM), where the climate regime is typically 

Mesothermal, Cwb according to Koppen's classification, characterized by mild and humid summers (October to 

April) and drier and cooler winters (June to August) and short transitions performed in the months of May and 

September. 

 The predominant vegetation around the study area is the rocky field, Candealand patches of lowland state 

forest. The predominant soils in the study area before gravel extraction were characterized as “Plintossolos”, 

according to Embrapa (2006), they are soils composed of mineral material, or presenting Plinthic, lithoplinthic 

or concretionary horizon starting within 40 cm, or within 200 cm immediately when below the horizon A or E, 

or another horizon that presents pale colors, variegated or mottled in abundant amount. 

 In this area we can observe, in some points, the absence of vegetation, erosion, gullies or some sites with 

predominantly invasive species. 

 In the area recovery techniques as transposition of topsoil and planting seedlings of species of the 

genus Eremanthussp were performed coming from the planting done by the State Forest Institute (SFI) in the 

city of Diamantina-MG. 

 The compound used in this study to organic matter is composed of organic waste from the textile 

industry. Obtained by the composting cottons weeping 2.31 m³ of oil-dirty and grease-dirty cotton cloths used in 

maintaining the machines and boiler coal chaff (waste from the textile industry),  from the fabric factory of 

Diamantina-MG and Gouveia - MG and 0.78 m³ of manure Federal University of Jequitinhonha and Mucuri 

Valleys -UFVJM. 

 The results of chemical analysis of the compound are shown in Table 1 characterized chemically according 

to the EMBRAPA (1997). The contamination has not been presented to any of the 16 hydrocarbons considered 

as priority pollutants by the United States Environmental Protection Agency - USEPA. Regarding the presence 

of the heavy metal the compound has shown: As (Arsenic) = 0 mg kg
-1

; Cd (Cadmium) = 0.01 mg kg
-1

; Ba 

(barium) = 0.01 mg kg
-1

; Pb (lead) = 0.11 mg kg
-1

; Cu (Copper) = 5.9 mg kg
-1

; Cr (chromium) = 0.4 mg kg
-1

; Fe 

(iron) = 83.2 mg kg
-1

; Mn (Manganese) = 36.8 mg kg
-1

; Hg (mercury) = 0 mg kg
-1

; Ni (nickel) = 3.4 mg kg
-1

; Se 

(Selenium) = 0 mg kg
-1

; Zn (Zinc) = 46.3 mg kg
-1

 (CARVALHO, 2012). 

 
Table 1: Chemical characterization of organic compounds from the textile industry waste in Gouveia and Diamantina - MG. Source: 

(Carvalho, 2012). 

Samples pH P K Ca Mg Al H+Al SB T T m V 

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

Compound 7 620 2.911.0 9.6 5.5 0.1 1.2 22.6 22.7 23.8 0 95 

Cattle manure 8 392 2.940.0 5.1 4.6 0.1 0.9 17.2 17.3 18.1 1 95 

pH (H2O) ratio 1:2.5 (soil: water); P and K: Mehlich-1; Ca, Mg and Al,: KCl 1 mol L-1; H + Al: calcium acetate 0.5 mol L-1 at pH 7.0; T: 

cation exchange capacity (CTC) effective; T: CTC pH 7.0; m: aluminum saturation; V: bases saturation. 

 

 The experimental design used was a randomized block design (DBC). The blocks followed the 

methodology of planting in "islands of diversity" in fan-type systematic design proposed by Nelder in 1962. 

Three fans of high diversity were implanted with a radius of 15 m and 18 º angle among the radiuses, totaling 20 



431                                                                   Israel Marinho Pereira, 2014 

Australian Journal of Basic and Applied Sciences, 8(13) August 2014, Pages: 429-438 

  
radiuses. Besides the internal boundary with a radius of 1.5 m, the model has external boundary radius of 13.5 

m, forming a complete circle with a diameter of 30.0 m. At each radius 10 graves were dug where the five 

treatments were added, and they were different doses of organic compound: 0.0, 0.5, 1.0, 2.0 and 4.0 

liters. Randomly distributed and covered in all blocks. 

 The doses of the compound were added to the soil removed after opening the pits, homogenized and placed 

back into the pit. After 12 months collect soil to chemical, physical and microbiological analyzes was made, as 

well as evaluating the resistance to penetration. 

 For chemical and physical analysis of the mined substrate after planting single samples forming a 

composite sample substrate (300 cm ³) in 0 to 20 and 20 to 40 cm, thus 20 samples per block / depth a total of 

120 samples in the experimental area were collected in each crop line per block in four holes,. 

 The chemical and physical analysis of substrate samples were performed at the Laboratory of Soil Fertility 

and Physics of UFVJM according to the protocol of Embrapa (1997) and the chemical parameters of soil were 

analyzed: pH in water; levels of P, K, Ca 
2 +

, Mg 
2 +

 and Al 
3 +

; (potential acidity (H + Al)), base saturation (V), 

sum of bases (SB), CTC at pH 7 (T), CTC effective (t), aluminum saturation (m%) and organic matter (MO). 

 According to Embrapa (1997), the following physical parameters were evaluated: particle size (clay%, 

silt% and sand %). 

 The interpretation of the chemical analysis of the substrate was performed according to the interpretation of 

soil fertility made by Alvarez et al. (1999). 

 Testing assumptions of analysis of variance (ANOVA) were performed, and when necessary data 

transformation Log (X) was taken. Data were analyzed by ANOVA at 5% significance level, and when F was 

significant the regression analysis at 5% significance was performed. Statistical analysis was performed using 

STATISTICA 7.0 statistical software. 

 Evaluation of penetration resistance (Rp) was performed using the penetrometer, which measures the 

strength of the substrate along the profile. In each block one point per row was selected, totalizing 20 points per 

block and 60 in total. The Rp data were subjected to ANOVA at 5% significance level, and when F was 

significant the regression analysis at 5% significance was performed Statistical analysis was performed using 

STATISTICA 7.0 statistical software. 

 For the microbiological analysis of substrate simple four samples were collected on each planting line 

forming a composite sample of 0-10 cm soil depth, totalizing 20 samples per block and a total of 60 samples in 

the experimental area. 

 Immediately after collection, the samples were placed in a cooler with ice and taken to the multiuser 

Research Laboratory of Jequitinhonha and Mucuri (LIPEMVALE) of UFVJM, where procedures for the 

analysis of microbial activity, by determining the microbial respiration (C-CO2), microbial biomass carbon 

(MBC) and metabolic quotient (qCO2) were performed. 

 For evaluation of microbial respiration, the respirometer evaluation method for C-CO2 evolved from the soil 

was used, in which samples of 100 g of moist soil (60% of field capacity) sieved (0.98 mm) were incubated for 

seven days in jars hermetically closed. The C-CO2 released from the soil was transported by continuous air flow 

(free of CO2) to another flask containing 100 mL of NaOH 2M solution. During the period of seven days, we 

estimated the C-CO2 evolved from titration of 10 mL of NaOH solution with HCl 0.25 M solution in the control 

of the air quality adduced, jars without soil were used, serving as sample "blank" in relation to others. 

 After seven days of incubation, the soil was removed from the flasks with 20 g in each flask to determine 

the microbial biomass (CBM). The method described by Vance et al. (1987) was used they were modified by 

Islam and Weil (1998) in which samples were treated with microwave radiation by previously calculated time 

(60 s + 60 s) instead of spraying with chloroform. The CBM was extracted from the samples (irradiated and 

non-irradiated) soil with 80 mL of the K2SO4 0.5 M; then the samples were subjected to shaking for 30 minutes 

on horizontal shaker table, and allowed to rest for 30 minutes.10 ml of this extract have been removed from each 

sample and placed in test tubes. To the tubes 10 ml of sulfuric acid (PA) were added letting it cool 

afterwards. The volume was completed with distilled water for 100 mL, and added Ferroim 

indicator (five drops); we then preceded to the titration with (NH4)2 Fe (SO4)2 0.033 M solution until the change 

from dark blue to green. From the obtained values of the evolution of C-CO 2 and CBM, we calculated the 

qCO2, dividing the daily average of the C-CO2 evolved from the soil by the CBM determined in soil. 

 The data of C-CO2, CBM and qCO2 were submitted to the assumptions testes of the analysis of variance 

(ANOVA) and when necessary processing was done in Log (X). The ANOVA was performed at 5% 

significance level and when F was significant we proceeded to the regression analysis at 5% significance level. 

 The ANOVA for chemical attributes (Table 2) determined that the pH values showed no significant 

difference at 5% significance between the doses applied in evaluated depths. However, the addition of 

increasing doses of organic compound provided changes in pH to the mined substrate. 

 The results of chemical analysis of the substrate (Table 3) showed that the pH without addition of organic 

compound was 5.84 and 5.9, giving an average acidity for 0-20 and 20-40 cm, respectively. 
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 According to the pH, the acidity remained average (5.99) to a depth of 0-20 and high (6.04) at 20-40 cm 

depth with application of 0.5 liters of compound. With the application of 1.0; 2.0 and 4.0 liters the pH became 

high, giving weak acidity (6.19, 6.15 and 6.38) at 0-20 cm and (6.15, 6.3 and 6.41) at 20-40 cm depth. 

 There was no significant difference in the values of organic matter (MO) with the addition of increasing 

amounts of organic compost. However, there were changes in the values found for the studied depths with 

compost application doses. When there was the addition of compound, the amount of organic matter was low, 

0.55 and 0.58 dag/kg
-1

 0-20 and 20-40 cm, respectively. 

 The results of aluminum saturation (m) showed no significant difference in the depth 0-20 cm and a 

significant difference in the depth 20-40 cm, but the regression analysis (p > 0.05) was not significant at 

5%. The values of m on the substrate were very low 8.61 and 10.66%. After addition of organic compound in 

increasing doses there was a decrease in the values, remaining very low at the measured depths. 

 The substrate without the addition of compound showed low bases saturation (V) 29.13 and 27.95% at 0-20 

and 20-40 cm, respectively. These values were superior with the addition of 0.5 (44.43 and 42.34%) 1.0 (43.04 

and 44.32%) and 2.0 liters (51.71 and 48.75%) to compound 0-20 and 20-40 cm, respectively. By applying 4 

liters values are considered good (64.14 and 65.63%) in the measured depths. 

 The values of V showed a significant difference at 5% significance among the doses of compost 

applied. The regression analysis (Table 4) was significant and V responded positively with linear behavior with 

the addition of increasing doses of organic compost into the depths evaluated, with slightly higher values to the 

application of 1,0 liters of compost to the depth 0-20 cm (Figure 1-A and Table 4). 

 The potassium content (K) on the substrate without addition of organic compound was 24.49 and 28.83 mg 

dm
-
³, considered low for 0-20 and 20-40 cm, respectively. With the addition of 0.5 liters and 1.0 liters of 

compost, it remained low. It became mean with the application of 2.0 liters and it was considered good with 4.0 

liters of compost added to the substrate at evaluated depths. 

 The K content showed significant difference at the 5% significance among the doses. The regression was 

significant, and K content showed positive linear behavior with the addition of increasing amounts of organic 

compost into the evaluated depths. With the addition of 2.0 to 4.0 liters the K levels available were moderately 

higher in the surface layer (Figure 1-B and Table 4). 

 The phosphorus (P) content was considered very low (4.79 and 2.47 mg/dm³) for mined substrate without 

addition of organic compost and after application of 0.5 liters (12.0 mg/dm³) 1.0 liters (4.51 and 8.75 mg/dm³) 

and 2.0 liters (4.81 and 5.67 mg/dm³) for the evaluated composite layers. Except for the 0-20 cm layer in which 

the addition of 0.5 liters (6.13 mg/dm³) has very low P content available. The application of 4 liters increased P 

content to very good (36.11 mg/dm³) at 0-20 cm depth and good (36.67 mg/dm³) at 20-40 cm depth. Among the 

doses of organic compound there was significant difference at 5% significance for the level of available P in the 

evaluated depths. However, it was not possible to set an appropriate chemical equation for this attribute in the 

substrate. 

 The content of exchangeable calcium (Ca
2+

) was low, 0.51 and 0.45 cmol c/dm³ in the substrate without 

adding compost, remaining low until the addition of 2.0 liters of compost (1.18 and 0.91 cmolc/ dm³). There was 

an increasing to average with the addition of 4.0 liters of compound (1.76 and 1.98 cmolc/dm³) evaluated 

depths. 

 The results for Ca
2+

 showed no significant difference at 5% among doses of organic compost applied in 

mined substrate for 0-20 cm depth, but there was significant difference in the depth 20-40 cm. The regression 

analysis indicated a significant positive linear behavior for the Ca
2+

 with the application of increasing doses of 

the compound for the 20-40 cm depth (Figure 1-C and Table 4). 

 Values of exchangeable magnesium (Mg
2+

) were lower in the deeper layer. However in both depths showed 

the levels were low in the substrate without the addition of compound (0.21 and 0.17 cmol c/dm³) and it remains 

up to the addition of 1.0 liter of organic compost (0.22 and 0.34 cmolc/dm³), with an increase to mean with 

addition of 2.0 (0.65 and 0.52 cmolc/dm³) and 4.0 liters (0.82 and 0.49 cmol c/dm³). 

 The results for Mg
2+

 showed significant difference at 5% among doses of organic compost applied in mined 

substrate for the 0-20 cm depth, but there was no significant difference in the depth 20-40 cm. The regression 

analysis indicated a significant positive linear behavior for concentrations of Mg
2+

 with the application of 

increasing doses of the compound for the 0-20 cm depth (Figure 1-D and Table 4). 

 The sum of bases (SB) in substrate without the addition of compound was lower 0.78 and 0.69 cmoc/dm³ in 

studied depths. Despite the occurrence of an increase, this level remains low until the addition of 1.0 liter of 

compost (1.16 and 1.34 cmolc/dm³) at both depths and 2.0 liters (1.54 cmolc/dm³) at the deepestlayer: 0-40 cm. 

It became average with the addition of 2.0 liters (1.97 cmolc/dm³) at a depth of 0-20 cm and 4.0 liters (2.84 and 

2.70 cmolc/dm³) of organic compost in the pit at both depths. 

 Among the doses of organic compost applied there was significant difference at 5% for the values of SB 

evaluated depths. The result of the significant regression shows a positive response from SB in relation to doses 

of compound, which followed a linear behavior. The values of SB were moderately higher in the surface layer 

of the substrate (Figure 1-E and Table 4). 
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 The values of effective CTC (t) at 0-20 and 20-40 cm without the addition of compound was low and very 

low (0.84 and 0.77 cmol/dm³), respectively. This result confirms the thesis that the Cerrado soils generally have 

low values of CTC, in relation to an area degraded by the gravel extraction the topsoil is removed, leaving the 

soil little fertile. 

 With the addition of increasing doses of compound to the organic surface layer (t) remained low, whereas 

for the deepest layer it was too low to low. The addition of 4.0 liters of compost raised (t) to the average (2.86 

and 2.72 cmolc/dm³) at both the evaluated depths. The t values showed significant difference at 5% between 

doses of compounds applied to the degraded substrate at 0-20 and 20-40 cm. Through regression it is possible to 

observe significant positive linear behavior of T with the addition of increasing doses of organic compost into 

the depths in study, where values are moderately higher in the surface layer (Figure 1-F and Table 4). 

 Although at the depth 20-40 cm T values showed no significant difference at 5% among the applied doses, 

at both depths it was low in soils without addition of organic compost and with the application of 0.5, 1.0, 2.0 

and 4.0 liters of compost, with the exception of the 0-20 cm layer in which t rose to average. 

 The values of CTC at pH 7 (T) showed a significant difference at 5% among the doses of compounds 

applied to the degraded substrate at a depth of 20-40 cm. With a significant regression t showed positive linear 

effect with the addition of increasing doses of organic compound (Figure 1-G and Table 4). 

 For the physical characteristics the substrate under study showed in average 14.3% of clay, 49.2% of sand 

and 36.6% of silt. There was no significant difference among the tested treatments (Table 5) at the evaluated 

depths. This result gave the substrate a sandy texture independent of doses of organic compost applied. 

 And for penetration resistance (Rp) the average for the study area value was 3.26 MPa. The smallest and 

largest values of Rp were 3.02 and 3.52 MPa, with application of 0.5 to 4 liters of organic compound, 

respectively. There was a tendency for the gravel where the ranges of 10 and 30 cm depth obtained elevation in 

Rp value ranging from 2.45 to 3.55 MPa for depths from 0 to 5 and 25 to 30 cm, respectively (Figure 2-A). This 

result can also be observed even with the application of increasing doses of compound ranging from 1.9 to 3.7 

MPa as the depth increased (Figure 2-B). 

 
Table 2: Summary of analysis of variance of the chemical properties of the substrate with the addition of increasing doses of organic 

compost waste from the textile industry, in a gravel pit in PEB in Diamantina-MG. 

Chemical attributes Fv F P value 

0-20 cm 20-40 cm 0-20 cm 20-40 cm 

pH Block 0.78 1.14 0.49 0.37 

Dose 1.00 1.18 0.45ns 0.39ns 

MO,  (%) Block 13.53 8.03 0.065 0.02 

Dose 4.65 2.22 0.05ns 0.18ns 

m, (%) Block 0.08 0.01 0.91 0.98 

Dose 4.19 8.25 0.06ns 0.01* 

V, (%) Bloco 0.16 0.67 0.85 0.54 

Dose 7.84 19.43 0.01* 0.001* 

K, (mg/dm³); Block 0.39 2.78 0.68 0.13 

Dose 15.43 12.62 0.003* 0.005* 

P (mg / dm -³); Block 1.88 1 0.23 0.41 

Dose 7.10 9.39 0.02* 0.01* 

Ca2+,  (cmolc/dm³); Bloco 2.46 1.45 0.16 0.30 

Dose 4.74 11.56 0,05ns 0.006* 

Mg2+ ,(cmolc/dm³); Block 2.06 1.61 0.2 0.27 

Dose 4.94 2.03 0.04* 0.21ns 

Al3+, (cmolc/dm³); Block 0.40  0.68  

Dose 1.99  0.21ns  

H + Al, (cmolc/dm³); Bloco 11.11 9 0.009 0.01 

Dose 2.75 1.67 0.13ns 0.26ns 

SB, (cmolc/dm³); Block 2.47 1.32 0.16 0.33 

Dose 6.50 7.89 0.02* 0.01* 

T, (cmolc/dm³); Block 2.78 1.50 0.13 0.29 

Dose 6.81 7.87 0.02* 0.01* 

T, cmolc /dm³ Block 9.52 3.56 0.01 0.09 

Dose 6.89 2.75 0.02 0.13ns 

MO = organic matter (%); m= aluminum saturation (%); V = base saturation (%); K = available potassium (mg/dm³); P = Available 

Phosphorus (mg / dm ³); Ca2+ = exchangeable calcium (cmolc/dm³);Mg2+ = exchangeable magnesium (cmolc/dm³); Al3+ = exchangeable 
acidity (cmolc/dm³); H + = Al potential acidity (cmolc/dm³); SB = sum of bases (cmolc/dm³); t = effective CTC (cmolc/dm³) and T = CTC at 

pH 7.0 (). * = Significant, ns = not significant, by the F test (5%). 

 
Table 3: Chemical characterization of the substrate mined after 12 months of planting under different dosages of organic compost waste 

from the textile industry, in a gravel pit in PEB in Diamantina-MG. Source: Laboratory of Soil Fertility (LFS) - UFVJM. 

 Compost, L Compost, L 

Depth, cm 0 0,5 1 2 4 0 0,5 1 2 4 

 pH Organic matter, dag/Kg1 

0 - 20 5..84 5.99 6.19 6.15 6.38 0.55 0.54 0.54 0.85 1.54 



434                                                                   Israel Marinho Pereira, 2014 

Australian Journal of Basic and Applied Sciences, 8(13) August 2014, Pages: 429-438 

  
40 - 20 5.9 6.04 6.15 6.3 6.41 0.58 0.36 0.51 0.67 1.18 

  

 Aluminum saturation, % Base saturation, % 

0 - 20 8.61 1.98 2.04 1.76 0.81 29.13 44.43 43.04 51.71 64.14 

40 - 20 10.66 1.98 2.29 1.54 0.84 27.95 42.34 44.32 48.75 65.53 

  

 Available Phosphorus Potassium available 

0 - 20 4.79 12.00 4.51 4.81 36.11 24.49 33.46 34.58 51.77 101.75 

40 - 20 2.47 6.13 8.75 5.67 36.67 28.83 32.44 35.02 45.99 90.28 

  

 Exchangeable calcium Magnesium 

0 - 20 0.51 0.94 0.85 1.18 1.76 0.21 0.33 0.22 0.65 0.82 

40 - 20 0.45 0.70 0.92 0.91 1.98 0.17 0.27 0.34 0.52 0.49 

  

 Exchangeable acidity Potential acidity 

0 - 20 0.06 0.03 0.02 0.03 0.02 1.93 1.67 1.41 1.64 1.52 

40 - 20 0.08 0.02 0.03 0.02 0.02 1.83 1.43 1.57 1.59 1.36 

  

 Effective CTC CTC to pH 7.0 

0 - 20 0.84 1.38 1.18 1.99 2.86 2.70 3.02 2.57 3.61 4.35 

40 - 20 0.77 1.07 1.37 1.56 2.72 2.52 2.48 2.91 3.13 4.06 

   

 Sum of bases, cmolc/dm-³  

0 - 20 0.78 1.35 1.16 1.97 2.84      

40 - 20 0.69 1.05 1.34 1.54 2.70      

MO = organic matter; m = aluminum saturation; V = base saturation; K = potassium available; P = Available Phosphorus; Ca2+ = 
exchangeable calcium;  Mg2+ = magnesium; Al 3+ = exchangeable acidity; H +Al = potential acidity; SB = sum of bases; t= effective CTC 

and = T = CTC to pH 7.0. 

 

 
 

Fig. 1: Chemical properties of the substrate degraded by gravel extraction, in response to increasing doses of 

organic compost waste from the textile industry in the depths 0-20 and 20-40 cm. Where: V = saturation 

(A); K = potassium content (B); Ca
2+

 =exchangeable Calcium (C); Mg
2+

= magnesium (D); SB = sum of 

bases (E); t = effective CTC (F); and T = CTC to pH 7 (G). 

 
Table 4: Summary of Analysis and regression equations of the parameters evaluated for the chemical attributes of a mined gravel substrate 

in response to doses of organic compost waste from the textile industry, the PEB in Diamantina-MG. 

Chemical 

attributes 

0-20 cm 20-40 cm 

Equations R²  R² 

P, mg/dm3 Without adjustment  Without adjustment  

K, mg/dm3 Y=20.29+19.27*D+ɛ 0.84* Y=23.18+15.55*D+ɛ 0.72* 

Ca2+, mg/dm3   Y=0.45+0.36*D+ɛ 0.72* 

Mg2+, cmolc/ dm³ Y=0.20+0.16*D+ɛ 0.49*   

Sum of bases, cmolc/ dm³ Y=0.87+0.49*D+ɛ 0.58* Y=0.75+0.48*D+ɛ 0.70* 

Effective CTC, cmolc/dm³ Y=0.91+0.49*D+ɛ 0.58* Y=0.79+0.46*D+ɛ 0.70* 

CTC at pH 7.0, cmolc/dm³ Y=2.61+0.43*D+ɛ 0.34*   

 MO = organic matter (%); m = aluminum saturation (%); V = base saturation (%); K = available potassium (mg/dm³); P = Available 

Phosphorus (mg/dm³); Ca2+ = exchangeable calcium (cmolc/dm³);Mg2+ = exchangeable magnesium (cmolc/dm³); Al3+ = exchangeable acidity 
(cmolc/dm³); H + Al = potential acidity (cmolc/dm³); SB = sum of bases (cmolc/dm³); t = effective CTC (cmolc/dm³) and T = CTC at pH 7.0 

(cmolc/dm³); D = dose of organic compost. * = Significant, ns = not significant, by the F test (5%). 
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Fig. 2: Mechanical resistance to penetration of the substrate mined after 12 months, regardless of the application 

of the compound (A) and with application of increasing doses of organic compound (B), in an area 

degraded by gravel extraction, in the PEB in Diamantina-MG. 

 

 In the microbiological analysis a positive influence of the addition of organic compound in the biological 

properties and activity of the microbial mined substrate was observed. In the application of increasing doses of 

compost from organic waste of textile industry promoted the increase of microbial biomass carbon (CBM) and 

microbial respiration (C-CO2) (Table 6). This indicates a more favorable condition to soil microorganisms, 

attributed possibly to the higher continuous amount of the organic substrates used. 

 The results of this work for qCO2 may indicate that the soil without the addition of organic compound and 

the application of higher doses of stress can promote change in the substrate, and the addition of small doses 

promote greater balance of microbial activity in the soil. 

 
Table 5: Analysis summary of the variance for the texture of a substrate with addition of compound from the textile industry organic waste 

under different dosages.  

 Soil layer (cm) 

 0-20  20-40 

Source of variation Clay Sand Silt  Clay Sand Silt 

Block 0.0743 0 0.0011  0.5445 0.0069 0.0287 

Dose 0.9154 0.4196 0.6566  0.8398 0.9668 0.9433 

p <0.05 significant to 5% 

 
Table 6: Average values for microbial biomass carbon (CBM), microbial respiration (C-CO2) and metabolic quotient (qCO2) with the 

application of different doses of compound from organic waste from the textile industry to the mined substrate. 

Compost, L Microbial biomass carbon, 

μg g-1 dry soil 

Microbial respiration, 

μg g-1 de dry soil 

Metabolic quotient, 

μg C-CO2 μg-1 CBM d-1 

0.0 284.3 92.2 0.40 

0.5 406.1 107.9 0.32 

1.0 534.1 129.0 0.30 

2.0 596.0 241.7 0.57 

4.0 617.4 437.1 0.74 

 

Discussion: 
 The compound used has favorable composition to increase soil fertility, although in some dosages there was 

not increase or improvement when compared to the ground without addition of organic compound. According to 

Mantovani et al. (2005) the enhance of the fertility of the soil with the use of organic compound depends on the 

type of soil, type of experiment, the chemical composition of the compound, degree of maturity and the amount 

applied. 

 Regarding the change of pH, the addition of increasing doses of organic compost provided changes to the 

values of this variable to the mined substrate, with a condition that alters the availability of several nutrients in 

the soil solution and the exchange complex, especially micronutrients. According to Mantovani et al. (2005) the 

pH increase is because soluble organic anions (R-COO-and RO-) of the organic compounds, when released, can 

adsorb H+ from the soil solution through exchange reaction, raising, thus, the pH thereof. And it is due to the 

use of an organic compound with higher pH of the soil also given to the compound used in this work. 

 The amount of organic matter was low when there was no addition of the compound. Expected result since 

it is a substrate with mining area degraded by the removal of the surface layer and thus the organic layer of the 

soil before degradation. Experimental data obtained by Adani et al. (2007) indicate that the application of the 

compound can significantly affect the composition of soil organic matter after 4 years because of differences in 

chemical fertilizer and soil organic matter. According to these authors such knowledge is needed to improve 

practices and changes in the soil to help in waste management. 

 The results found in the work defend the statement made by some authors that the main effects of compost 

application on soil chemical properties are: elevation of pH and organic matter content, reduction of the 
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potential and exchangeable acidity, increases in the availability of nutrients (Mazur et al., 1983; Ahmad et 

al., 1999; Junior Abreu et al., 2000). 

 When characterizing the substrate of a Cerrado degraded by the construction of an airstrip in the South of 

Minas Gerais Faria et al. (1997) they found results that corroborate the chemical analysis of substrate studied 

without addition of compound, with pH values ranging from 5.5 to 5.8 in the profile giving the soil an average 

acidity and the low organic matter levels in all layers. And low fertility soil, with average percentage of 

aluminum saturation and very low bases saturation. 

 The results concerning the aluminum saturation and saturation of bases indicate that the substrate without 

fertilization is dystrophic (very fertile) and after the addition of increasing doses of compound an increase in 

base saturation and reduction in aluminum saturation occurs presenting concentrations of nutrients at optimal 

levels. 

 The content of (P) was considered too low for the mined substrate and after the addition of the organic 

compound there was an increase in the nutrient which can be explained by the conditions of very good 

phosphorus content of the compound of organic waste used in textile industry. By studying the levels of P after 

application of organic compost into the soil in the 0-20 cm layer Ricci et al., 2010 observed that there was a 

significant increase with the addition of compound dosages of sewage sludge. However, in the 20-40 cm layer 

the same trend was observed, but no statistically significant differences between the treatments. 

 Results obtained by Carvalho Júnior et al. (2011), in line with the present study, determined that textile 

waste application on a Red Latosol has influenced all soil properties positively correcting especially the soil pH 

and potential acidity. In the application of concealer pH was increased, Ca, Mg, K, P, SB, CTC and V% of soil 

and decreased (H+Al). The increase in the textile residue doses also caused a linear increase in the content of 

Ca2 + and K, as well as effective soil CTC. 

 When evaluating chemical and organic fertilization on fertility restoration of degraded subsoil using 

sugarcane bagasse as organic waste and water hyacinth as organic waste Calgaro et al. (2008) also observed that 

the underground continued to exhibit acidic character and poverty in nutrients. However, there was significant 

increase in the amounts of P, K, Ca 
2 +

, Mg 
2 +

, SB, CTC and V, and decrease in Al
3+

, as well as the present 

work. 

 For variable mechanical resistance to penetration (RMP) these results indicate that even after addition of 

organic compost into the holes of the degraded area substrateis compressed. Leite et al. (1992) found the highest 

value of resistance to penetration in a gravel pit of 2.42 MPa. According to this author, the great compression of 

the mined area is indicated by the high values of bulk density and penetration resistance. This trend was also 

found by Bento (2009) while studying Rpin mined substrates in five gravel pits in DF. The author found 

penetration resistance at depth 2-4 cm of 3.13 MPa and these results remained elevated up to 30 cm. The values 

for Rp found in the study area showed that there may be a constraint on growth and root development of 

seedlings planted in place, even with the application of organic compost. 

 The increase in CBM and C-CO2 indicates a more favorable condition to soil microorganisms, possibly 

attributed to the largest continuous supply of organic substrates applied. Pajari (1995), states that the activity of 

microorganisms in the soil during decomposition, is regulated primarily by the chemical composition of the 

material being decomposed by temperature and soil humidity. 

 Some authors (Castillos and Konrad, 2002; Vieira et al., 2011) in similar studies observed that the 

application of organic residues alters the biological characteristics of the soil by increasing microbial biomass 

and activity, as they are sources of carbon, energy and nutrients for microorganisms. The findings of this study 

corroborate the statement made by Severino et al.(2004) that the availability of organic matter to the soil 

influences the concentration and activity of microorganisms. According to Lambais and Carmo (2008) the 

incorporation of organic residues to the soil usually stimulates increased microbial biomass and its respiratory 

activity due to the increasing of the content of organic matter in the soil, and occurs when the rate of cell 

biosynthesis is greater than the rate of oxidation of organic carbon. The increase in the microbial activity in the 

application of organic compound can also be explained by the possible improvements in the hygroscopicity of 

the soil with the addition of this organic material, retaining more humidity from the environment and enhancing 

microbial degradation activity. 

 The results found on this work for qCO2 may indicate that the soil without addition of organic compound 

and the application of higher doses of stress can promote change in the substrate, and the addition of small doses 

promote greater balance of microbial activity in the soil. With the addition of higher levels of organic 

compound microbial biomass has become less efficient in the use of organic compounds, releasing more C as 

CO2 and including at least C to the microbial tissues. 

 According Bezerra et al. (2008) the qCO2 shows the metabolic state of the microorganisms and the amount 

of energy required for maintaining the metabolic activity compared to the energy required for the synthesis of 

biomass. According to these authors, it is a valuable indicator of stress, disturbance or ecosystem stability. With 

the addition of higher levels of organic compound microbial biomass becomes less efficient in the use of organic 

compounds, releasing more C as CO2 and including at least C microbial tissues. Low values of qCO2 reflect 
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more stable and closer to its equilibrium environments and, unlike high values are indicative of ecosystems 

subjected to any stress condition or disorder (Tótola and Chaer, 2002). 

 In the period of 12 months significant changes in most chemical attributes and their improvement in the soil 

degraded by gravel extraction with the addition of compost from organic waste from textile industry were 

observed, besides positively influencing the soil microbial activity. 

 

Conclusions: 
 Significant changes in most chemical attributes and their improvement in the soil degraded by gravel 

extraction with the addition of compost from organic waste from textile industry were observed, besides 

positively influencing the soil microbial activity. 
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