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APRESENTAÇÃO

A obra “Elementos da Natureza e Propriedades do Solo” aborda uma série de livros 
de publicação da Atena Editora, em seu volume IV, apresenta, em seus 21 capítulos, os 
novos conhecimentos tecnológicos para Ciências do solo nas áreas de biologia do solo, 
física do solo, química do solo, morfologia e classificação do solo.

O solo é um recurso natural abundante na superfície terrestre, sendo composto por 
propriedades biológicas, físicas e químicas. Por outro lado, a água também é essencial 
os organismos vivos e, para a agricultura. Nas plantas, a água é responsável por todo o 
sistema fisiológico. Ambos os elementos, juntamente com os nutrientes são imprescindíveis 
para os cultivos agrícolas, portanto, os avanços tecnológicos na área das Ciências do solo 
são necessários para assegurar a sustentabilidade da agricultura, por meio do manejo, 
conservação e da gestão do solo, da água e dos nutrientes.

Apesar da agricultura ser uma ciência milenar diversas técnicas de manejo são 
criadas constantemente. No tocante, ao manejo e conservação da água e do solo, uma 
das maiores descobertas foi o sistema de plantio direto (SPD), criado na década de 80. 
Esse sistema é baseado em três princípios fundamentais: o não revolvimento do solo, a 
rotação de culturas e a formação de palhada por meio do uso de plantas de cobertura. Tais 
conhecimentos, juntamente com a descoberta da correção do solo (calagem) propiciaram o 
avanço da agricultura para áreas no Bioma Cerrado, que na sua maior parte é formado por 
Latossolo, que são solos caracterizados por apresentar o pH ácido, baixa teor de matéria 
orgânica e de fertilidade natural. Portanto, as tecnologias das Ciências do solo têm gerado 
melhorias para a agricultura. 

Aos autores dos diversos capítulos, pela dedicação e esforços sem limites, que 
viabilizaram esta obra que retrata os recentes avanços científicos e tecnológicos nas 
Ciências Agrárias, os agradecimentos dos Organizadores e da Atena Editora.

Por fim, esperamos que este livro possa colaborar e instigar mais pesquisadores 
na constante busca de novas tecnologias para as áreas de biologia do solo, física do 
solo, química do solo, morfologia e classificação do solo e, assim, garantir incremento 
quantitativos e qualitativos na produção de alimentos para as futuras gerações de forma 
sustentável.

Alan Mario Zuffo

Fábio Steiner
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CAPÍTULO 11

EVALUATION OF CROP MANAGEMENT THROUGH SOIL 
PHYSICAL ATTRIBUTES UNDERSUGARCANE ON SYSTEMS: 

NO-TILLAGE AND CONVENTIONAL TILLAGE

Oswaldo Julio Vischi Filho 
Agronomist Engineer PhD - Coordenadoria de 

Defesa Agropecuária. Av. Brasil, 2340, CEP 
13070-178, Campinas, SP, Brazil.

Ingrid Nehmi de Oliveira 
Agricultural Engineer, Faculty of Agricultural 

Engineering (FEAGRI), Campinas State University 
(UNICAMP).

Camila Viana Vieira Farhate 
Agronomist Engineer - FEAGRI/UNICAMP.

Lenon Henrique Lovera 
Agronomist Engineer - FEAGRI/UNICAMP.

Zigomar Menezes de Souza
Agronomist Engineer PhD - FEAGRI/UNICAMP.

ABSTRACT: The objective of this work is to evaluate 
the soil physical attributes using two systems 
of soil tillage (conventional and no-tillage) in 
sugarcane renewable area. The study was carried 
out under field conditions at Usina Santa Fé, in 
Ibitinga-SP, with strips experimental design. Each 
experimental unit was repeated three times, the 
dimensions were 30 meters in length by 10 meters 
in width, amounting 300 m2.The used treatments 
were no-tillage using millet as crop rotation and 
conventional growing, which is used at the power 
stations. The no-tillage using millet has gotten 
better results for the analyzed attributes, such as 
less soil bulk density, bigger total porosity, having 
more macro and less microporosity on surface 

layers. The no-tillage has also had an average 
diameter on evaluated layers with values 50% 
greater than the conventional tillage, also a bigger 
aggregate stability index, proving that management 
more conservationist affects positively the soil 
structure. 
KEYWORDS: no-tillage, sugarcane, aggregate 
stability

INTRODUCTION

The sugarcane (Saccharum spp.) is one of 
the main agricultural crops of Brazilian economy. 
Brazil, as the biggest worldwide producer and 
responsible for more than half of all sugar market in 
the world, has an important role in the international 
scenery of the production (CONSECANA, 2006). 
However, the growing of this crop has been 
suffering fast modernization process, using the 
agricultural machine more frequently, promoting 
changes in soil physical attributes. Since the soil 
inappropriate management leads to changes in 
its attributes, causing its degradation, because of 
several processes that lead to physical, chemical 
and biological attributes, being the physical 
characteristics degradation one of the main 
responsible processes for the loss of soil quality 
structure (FERREIRA et al., 2010).

The adoption of conservationist measures of 
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soil management and use, aiming to rationalize the machine use and promote greater soil 
conservation, it has been shown as alternatives to contribute to the economic sustainability. 
Thus, it has become more and more frequent on sugarcane growing the use of substantial 
technologies on conservationist bases suchas the no-tillage system (NTS), minimum growing 
and rotation. (MENDONÇA et al., 2013).

Therefore, the objective of this work  was to evaluate soil physical attributes, such 
as: soil bulk density, macroporosity, microporosity, total porosity, average diameter   (AD), 
geometric mean diameter (GMD), aggregate stability index (ASI) and aggregate percentage 
index with diameter upper to 2mm (API) on sugarcane area under two systems of soil tillage 
(no-tillage system and conventional tillage) using millet as rotation growth.

MATERIAL AND METHODS

The study was conducted on field conditions at Usina Santa Fé, on an experimental 
area in Ibitinga-SP, located at 21º45’ of latitude south and 48º49’ of longitude west at an 
altitude of 455 meters above sea level. The climate is classified as tropical with the dry 
season (Aw) according to Köppen climate classification, having cold and dry winter, and hot 
and rainy summer (Picture 2). In the region happens an annual average of precipitation, 
relative air temperature about 1.260 mm and 22,9 ºC, respectively (CEPAGRI, 2015).

The experiment happened in strip with 3 repetitions. Each portion is composed of 
6 sugarcane lines (Figure 1A), with spacing from 1,5 m and 30 m of length, making an 
area of 300 m2 per portion.  At no-tillage using millet as a rotation crop, only plow was 
used, and the conventional tillage had two light disking and plow. The millet was sowed 
in December 2014 and harvested in April 2015, the planting happened manually in lines 
through a manual plow due to the size of the seed, using 18 kg ha-1 of seeds (Figure 1B). 
The sugarcane planting was held in April 2016 with sugarcane CTC 4 (Figure 1C). The culms 
were distributed by a tractor John Deere 7205j 205 cv 4x4 and sugarcane sting planting 
machine DMB PCP 6000.

Figure 1A: 6 Sugarcane 
lines

Figure 1B: Millet Figure 1C: Sugarcane

 

The soil samples were collected in depth of  0,00-0,05 m, 0,05-0,10 m,10-0,20 m, 
0,20-0,30 m e 0,30-0,70 m for all the evaluated attributes, for bulk density and porosity it 
was used a volumetric ring sized around 0,05m x 0,05m and for other attributes, plastics 
bags were used avoiding to smash during collecting. The soil bulk density was calculated 
using the relation between dry soil mass in a kiln at 105 °C and the sample volume, 
following Embrapa methodology (2011). The porosity was calculated from the sand tension 
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table, applying a water column of 0,6 m height on saturated samples in order to determine 
macroporosity. After this, the samples were taken to the kiln (105 °C), and, then weighted 
in order to determine microporosity. The total porosity was obtained from the sum of macro 
e microporosity, following Embrapa methodology (2011).

For average diameter, the samples were taken to be sieved through vibrator Prooutest. 
The aggregates that have passed by sieve 9,52 mm and that were retained on the sieve of 
4,76 mm were used. After being air-dried, the aggregates were saturated per ten minutes 
and after that taken to a sieve set for sieving under water for 30 minutes. It has been used 
five sieves with diameter of 4,76, 2,0, 1,0, 0,5 e 0,25 mm, in order to obtain the following 
classes of aggregates C1 (9,52-4,76 mm), C2 (4,76-2,0 mm), C3 (2,0-1,0 mm), C4 (1,0-0,5 
mm), C5 (0,5-0,25 mm) e C6 (< 0,25 mm).

The geometric mean diameter (GMD) represents an estimative of the size of aggregates 
class that occurs more and it can be estimated by equation 2 (DEMARCHI et al., 2011). The 
aggregate stability index (ASI) (Equation 3) represents the measure of soil total aggregation 
and it does not consider the distribution per aggregate class; therefore, as the biggest, the 
quantity of aggregates, < 0,25 mm, the less will be the ASI  (DEMARCHI et al., 2011). The 
aggregate percentage index with diameter upper to 2 mm (API) represents the proportion 
of aggregate bigger than 2 mm, (Equation 4) (WEDLING et al., 2005). These soil aggregates 
indexes were calculated following this way:

AD= Σ (xi x wi)                                                                                                         (1)

GMD=exp[(Σ[ln(xi)x PI]/ΣPI) ]                                                                                 (2)

ASI=[(PA-wp<0,25)/PA]x 100                                                                                (3)

API =wi<2 x 100                                                                                                     (4)

The analysis of variance was done using Assistant program statistic; on these, test F 
were applied for significance and average compared by Tukey test (p<0,05).

RESULTS AND DISCUSSSION

At table 1 is possible to see that for soil bulk density there was increasing with depth, 
which is expected because in the superficial layers is where we have soil tillage. It is also 
possible to realize that for the no-tillage done with millet rotation crop, the soil bulk density 
was less on all layers analyzed comparing to conventional tillage. 

Dealing with macroporosity and microporosity, the no-tillage had a bigger macroporosity 
and a smaller microporosity, this could have happened due to pores left by the location 
where there were millet roots, increasing the macrospores (HÅKANSSON et al., 1988). The 
total porosity of both soils was statistically the same.

The average diameter (AD) for the average between the layers using no-tillage 
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and millet was bigger than using conventional tillage. The value of  AD was bigger on all 
layers, except for 0,30-0,70 cm, with no-tillage, this can occur because the organic matter 
propitiates the formation of more stable aggregates and act on more superficial layers of 
soil (GARCIA; ROSOLEM, 2010). The geometric mean diameter (GMD) was statistically the 
same between analyses, as well as the aggregate stability index (ASI).

Evaluating the percentage of aggregates with diameter upper to 2mm is possible to 
see a significant difference using no-tillage, as also proving that the organic matter facilitates 
more stable aggregate formation (GARCIA; ROSOLEM, 2010). 

Treatment 0-0,05 m 0,05-0,10 m 0,10-0,20 m 0,20-0,30 m  0,30-0,70 m Average
 Soil bulk density

Millet PD 1,45 aA 1,63 aA 1,70 aA 1,67 aA 1,58 aA 1,60 B
PC 1,56 bA 1,73abA 1,86 aA 1,75 abA 1,71 abA 1,72 A

Average 1,51 b 1,68 ab 1,78 a 1,71ab 1,65 ab
Macroporosity

Millet PD 0,185 aA 0,104 aB 0,123 aB 0,133 aB 0,107 aB 0,130 A
PC 0,196 aA 0,107 aB 0,064 bB 0,083 bB 0,058 bB 0,102 B

Average 0,191 a 0,106 b 0,094 b 0,109 b 0,083 b
Microporosity

Millet PD 0,229 0,263 0,242 0,246 0,284 0,252 B
PC 0,220 0,241 0,303 0,272 0,333 0,273 A

Average 0,224 c 0,252 bc 0,272 ab 0,258 bc 0,308 a
Total Porosity

Millet PD 0,415 0,368 0,365 0,380 0,391 0,383 A
PC 0,417 0,348 0,368 0,356 0,392 0,376 A

Average 0,415 a 0,358 b 0,366 b 0,367 b 0,391 ab
AD

Millet PD 0,754 aAB 1,074 aA 0,840 aAB 0,972 aA 0,508 bB 0,828 A
PC 0,518 aA 0,425 bA 0,485 bA 0,516 bA 0,790 aA 0,546 B

Average 0,636 a 0,749 a 0,662 a 0,744 a 0,647 a
GMD

Millet PD 1,019 1,021 1,020 1,021 1,017 1,020A
PC 1,017 1,017 1,019 1,019 1,021 1,019B

Average 1,018 a 1,018 a 1,019 a 1,020 a 1,018 a
ASI

Millet PD 47,25 46,80 52,05 50,05 55,64 50,05 A
PC 36,39 37,90 41,96 50,31 45,96 41,96 A

Average 41,81 a 42,35 a 47,00 a 50,18 a 50,80 a
API

Millet PD 22,52 aA 23,97 aA 22,38 aA 24,06 aA 10,59 aA 20,71 A
PC 9,70 bA 12,70 bA 7,54 bA 9,05 bA 20,38 aA 11,87 B

Average 16,11 a 18,33 a 14,96a 16,56 a 15,48 a

Table 1: Soil bulk density (SD), Macroporosity (MA), microporosity (MI), total porosity  (TP), Average 
diameter (AD), Geometric mean diameter (GMD), Aggregate stability index (ASI) and Aggregate 

percentage index greater than 2 mm (API) obtained at an  area located in Ibitinga, Estate of São Paulo, 
Brazil.

*Average followed by the same capital letter on column and small letter on the line do not differentiate statistically 
among them at 5% level of probability
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CONCLUSION

For the evaluated attributes the use of no-tillage with a cover plant, millet was better 
than conventional tillage, except for microporosity, being statistically better for soil bulk 
density, macroporosity, average diameter and aggregates percentage with diameter upper 
to 2 mm. This proves the theory that organic matter improves the soil physical attributes.
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