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Abstract: The no-tillage system associated with crops rotation affects the dynamics of soil organic matter, 

influencing the formation, reorganization and stabilization of aggregates and the carbon content (C) into soil 

aggregates. The aim of this study was to evaluate the effect of crop rotations under no-tillage system on C 

content and soil aggregation. The experiment was conducted at the Paraná Agronomic Institute in Ponta 

Grossa, PR, Brazil. The treatments consisted of six crop rotations, in a 3-year cycle, arranged in a randomized 

block design with four replications. Soil samples were collected at layers of 0-5, 5-10 and 10-20 cm. The 

aggregate classification was determined by the wet sieving methodology, and the Weighted Mean Diameter 

(WMD), Geometric Mean Diameter (GMD) and Aggregate Stability Index (ASI) were calculated. The C 

content in the aggregates was determined by wet oxidation. The results were submitted to analysis of 

variance and Tukey test at 5% probability. There was no difference among crop rotations for aggregate 

classes and aggregation indexes, but were higher in surface, decreasing in depth. The carbon content in the 

aggregates did not differ among crop rotations, but presented stratification in the soil profile, decreasing in 

depth. The cycle of three years with crop rotation was insufficient to express possible changes in soil C 

content and aggregation. 

Keywords: soil aggregate stability; organic matter; soil management; cover crops. 

HIGHLIGHTS 

• Crop rotations did not influence the distribution of aggregate classes. 

• Crop rotations did not alter the soil aggregation indexes. 

• Carbon content in the soil aggregates classes did not differ among crop rotations. 
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INTRODUCTION 

The no-tillage system associated with crop rotation affects soil organic matter dynamics, influencing the 

formation, reorganization and stabilization of soil aggregates, and the soil carbon content (C) into aggregates. 

Crops rotation provides improvements in soil quality through the maintenance and or increase of organic 

matter, biopores creation and greater soil structure [1]. 

Among the benefits of no-tillage system for the stability of the productive system we can highlight the 

increase of soil organic matter (SOM), reduction of mineralization rates, greater soil structure and aggregation, 

reduction of erosive potential, increase of diversity and biological activity [2]. 

The success of no-tillage system in tropical and subtropical regions has been associated with the use of 

plant species with high residue persistence on the soil, as high humidity and temperature conditions 

accelerate the decomposition of crop residues [3]. Therefore, the continuous and high input of plant residues 

is necessary to maintain soil cover and its positive effects for increasing organic matter and improving soil 

structure, among other benefits.  

Soil organic matter (SOM) is formed mainly from the decomposition of residues of plant and animal origin, 

as well as products metabolized by microorganisms and compounds exuded by the root system of plants. 

These binding agents are essential for aggregate formation and stabilization. Many areas have difficulty 

maintaining soil organic matter when crops rotation is not done correctly [4]. There is a constant search for 

species that presents high biomass production capacity for insert in crop rotations, because the input of high 

amount of vegetal residues to the soil is fundamental for the success of No-tillage system [5]. Evaluating the 

effect of crop rotations on soil structural stability,[6] found that maize residues promoted greater aggregation 

in both surface and subsurface soil compared to soybean residues, resulting in less soil sediments loss in 

conventional system and no tillage. 

Studying physical changes in the soil using different cover crops, [7] found that the use of these 

associated with the no-tillage system promoted positive changes in the superficial layer of the soil, with the 

increase of aggregate stability, mainly with Poaceae, as sorghum cover, presenting the best soil aggregation 

indexes, highlighting the microporosity, which presented higher increase than the other physical attributes. 

Evaluating different management systems, [8] concluded that no-tillage system associated with crops rotation 

for long-term, mainly including crops of dense root system, is able to recover the aggregation and carbon 

stock of degraded soils. The use of Poaceae species changes physical and chemical in the soil [9], promoting 

increases in the stability of aggregates and soil macroporosity, being important for the structural recovery of 

degraded soils. 

The residues left by the plant species in the no-tillage system contribute to the increase of SOM, which 

is responsible by the addition of carbon in the soil [2] and, according to [10], the C stratification ratio in the 

soil profile is a sensitive indicator for assessing the total and particulate organic carbon sequestration rate in 

the soil aggregates managed under No-till. 

Stability of soil aggregates and soil organic matter are closely correlated, and aggregation status and 

organic carbon content are attributes that can be used to indicate soil quality [11]. Therefore, studying 

changes in soil aggregation and structure becomes important to assist in the implementation of management 

systems aimed at maintaining and / or restoring soil productive potential [12]. 

The objective of this study was to evaluate the influence of crop rotations under no-tillage system on 

carbon content and soil structure quality. 

MATERIAL AND METHODS 

The present study was conducted at the Experimental Station of the Paraná Agronomic Institute (IAPAR), 

in Ponta Grossa, Paraná state, Brazil, geographically located at 25º07'30''S latitude and 50º03'33''W 

longitude, with an approximate altitude of 922 m.  

The soil at the experiment site was classified as typical dystrophic Oxisol (Rhodic Hapludox), with 14% 

loam, 28% clay, 58% sandy texture, moderate A horizon [13], with slope of 7%. 

The climate of the region, according to Köppen classification, is Cfb, subtropical humid, mesothermal, 

with average annual temperature of 18 ºC and average annual rainfall of 1550 mm [14].  

The experiment was implemented in April 2014 in an area that had been conducted under no-tillage 

system for four years, where in the winter black oat was sown for grazing animals and in the summer, 

alternately, maize and soybeans were cultivated. 
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The experimental design was randomized blocks with six treatments and four replications. The plots 

dimension was 30 meters long by 10 meters wide. 

The treatments consisted of one crops succession and, five crops rotations (six treatments), under no-

tillage system, in a three-year cycle, as shown in Table1. The arrangement of the crops in each treatment 

was: 1) Succession (Crops succession) - consisted of wheat (Triticum aestivum) in the winters and soybean 

(Glycine max) in the summers, continuously, and represents the most common production system in the 

region; 2) Rotation I (Farmer crops rotation) - is characterized by the inclusion of maize (Zea mays) each two 

years of soybean, and before of maize, black oats (Avena strigosa) is sown for soil cover, being this rotation 

used by farmers that already realize the importance of including other crops to seek more equilibrium in the 

production system, but it is still incipient as a diversified crops rotation; 3) Rotation II (Cash crops rotation) - 

consisted of cash crops as wheat and soybean, canola (Brassica napus) and maize, barley (Hordeum vulgare) 

and soybean, grown in the winter and summer, respectively, and was proposed to promote soil benefits 

through crops diversity without compromising the income return in the winter and summer; 4) Rotation III 

(Phytomass crops rotation) - consisted of the consortium among black oats + rye (Secale cereale) + hairy 

vetch (Vicia villosa) in the winter, beans(Phaseolus vulgaris) in the summer and Sorghum (Sorghum bicolor) 

in summer/autumn, after black oats + hairy vetch + forage turnip(Raphanus sativus) in the winter, maize in 

the summer, and after, triticale (Triticosecale rimpaui) + black oats + rye in the winter and soybean in the 

summer, and was proposed to intensify biomass production to increase organic matter and improving soil 

attributes (chemical, physical and biological), besides of nitrogen input provided by Fabaceae and longer soil 

protection by the high yield of Poaceae phytomass; 5) Rotation IV (cash and phytomass crops rotation) 

consisted of a consortium between blue lupine (Lupinus angustifolius) + black oats for soil cover and nitrogen 

fixation, aiming to favor maize in the summer, after white oats (Avena sativa) in the winter followed by beans 

in the summer and forage turnip in summer/autumn, and after, triticale in the winter and soybean in the 

summer; 6) Rotation V (consortium of Poaceae in the winter) - consisted of a consortium between black oat 

+ ryegrass (Lolium multiflorum) in the winter, and  soybean or maize, alternately, in the summers. 

Crop management (planting season and spacing, sowing density, fertilization, pest control, diseases and 

weeds) was performed according to technical recommendations for each crop. 

Table 1. Treatments composed by crop rotations in a three-year cycle, IAPAR, Ponta Grossa, Paraná State 

Treatments* 
Season 2014/15 Season 2015/16 Season 2016/17 

Winter Summer Winter Summer Winter Summer 

Succession  Wheat Soybean Wheat Soybean Wheat Soybean 

Rotation I Wheat Soybean Black oats Maize Wheat Soybean 

Rotation II  Wheat Soybean Canola Maize Barley Soybean 

Rotation III  Black oats + Rye + Vetch 
Bean/ 

Sorghum 

Black oats+ 

Vetch+Turnip 
Maize 

Black oats + 

Triticale + Rye 
Soybean 

Rtation IV  Blue lupine + Black oats Maize White oats 
Bean/ 

Turnip 
Triticale Soybean 

Rotation V  Black oats + Ryegrass Soybean 
Black oats + 

Ryegrass 
Maize 

Black oats + 

Ryegrass 
Soybean 

*Succession: crops succession, Rotation I: farmer crops rotation, Rotation II: cash crops rotation, Rotation III: phytomass 

crops rotation, Rotation IV: cash and phytomass crops rotation and Rotation V: consortium of Poaceae in the winter. 

For determination of soil aggregate classes, in 2017 May, soil samples were collected at layers 0-5, 5-

10 and 10-20 cm, which, while still in the field, were passed in a 19 mm mesh sieve, in order to establish a 

maximum diameter for the aggregates, following the methodology described by Madari [15]. 

The distribution of aggregate classes was performed by wet sieving method described by Yoder [16], 

adapted by Castro Filho and coauthors [17], using mesh sieves of 8, 4, 2, 1 and 0.5 mm of diameter. From 

the aggregate classes, the Geometric Mean Diameter (GMD), Weighted Mean Diameter (WMD) and soil 

Aggregates Stability Index (ASI) were calculated according to equations 1, 2 and 3: 
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Where: wi = proportion of each class of aggregates in relation to the total; wp = weight of aggregates of 

each class (g); xi = mean diameter of the classes (mm); wp50 = weight of aggregates of class <0.5 mm. 

In each aggregate class the carbon content (C) was determined by wet oxidation according to method 

described by Walkley [18], modified by Nelson [19]. 

The obtained results were submitted to the analysis of variance (ANOVA), applying the F test to identify 

the differences among the treatments, using the AgroEstat software [20]. For significant effects, means were 

compared by Tukey test at 5% probability (p <0.05). 

RESULTS 

Soil aggregation indexes 

There was no difference among crop rotations in each aggregate class and layers considered (Table 2). 

Comparing the aggregate classes in each crop rotation alone, there was a higher percentage of aggregates 

in the classes <0.5 mm and 19-8 mm in the 0 to 5 cm layer, with no statistical difference between these two 

classes. In the other layers, the highest percentage of aggregates was for the class <0.5 mm, followed by 

19-8 and 8-4 mm. It was also observed that macro-aggregates (>2mm) decreased in depth and micro-

aggregates increased. 
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Table 2. Soil aggregate classes in crop rotations under no-tillage system at the layers: 0 to 5, 5 to 10 and 10 to 20 cm 

Treatments* Aggregate classes (%) 

  19-8 mm 8-4 mm 4-2 mm 2-1 mm 1-0,5 mm < 0,5 mm 
 

0-5 cm 

Succession  24.04 Aa 15.73 Ab 11.04 Abc 8.15 Ac 11.81 Abc 29.24 Aa 

Rotation I 23.79 Aa 16.84 Ab 11.62 Abc 8.81 Ac 11.93 Abc 27.01 Aa 

Rotation II 22.83 Aab 18.25 Aabc 12.15 Abc 8.73 Ac 11.16 Abc 26.89 Aa 

Rotation III 21.96 Aa 18.42 Aab 12.98 Abc 8.83 Ac 11.37 Abc 26.43 Aa 

Rotation IV 23.62 Aa 20.19 Aa 12.08 Ab 7.96 Ab 10.36 Ab 25.78 Aa 

Rotation V 23.37 Aa 19.24 Aa 13.22 Ab 9.03 Ab 11.12 Ab 24.03 Aa 

CV (%) 22.67   12.65   12.83   13.12   17.37   9.56   
 

5-10 cm 

Succession  18.02 Ab 13.45 Abc 12.35 Abc 9.40 Ac 13.06 Abc 33.72 Aa 

Rotation I 24.58 Aa 11.41 Ab 9.79 Ab 9.15 Ab 12.75 Ab 32.32 Aa 

Rotation II 25.28 Aa 13.57 Ab 10.01 Ab 7.52 Ab 11.22 Ab 32.40 Aa 

Rotation III 22.27 Ab 15.47 Abc 10.55 Ac 8.02 Ac 10.93 Ac 32.77 Aa 

Rotation IV 23.04 Aab 14.57 Abc 10.83 Ac 8.36 Ac 11.04 Ac 32.16 Aa 

Rotation V 23.65 Ab 13.02 Ac 10.85 Acd 9.01 Ad 11.70 Acd 31.78 Aa 

CV (%) 25.03   21.27   13.85   16.49   16.41   9.59   
 

10-20 cm 

Succession  8.24 Ab 10.34 Ab 11.63 Ab 13.40 Ab 17.80 Ab 38.58 Aa 

Rotation I 13.91 Ab 6.19 Ab 9.76 Ab 13.09 Ab 15.65 Ab 41.40 Aa 

Rotation II 16.51 Ab 8.78 Ab 10.84 Ab 11.21 Ab 15.83 Ab 36.83 Aa 

Rotation III 18.37 Ab 11.48 Ab 10.22 Ab 10.95 Ab 13.58 Ab 35.40 Aa 

Rotation IV 16.76 Ab 10.17 Ab 11.40 Ab 12.53 Ab 14.88 Ab 34.27 Aa 

Rotation V 15.62 Ab 8.36 Ab 10.60 Ab 11.61 Ab 16.29 Ab 37.53 Aa 

CV (%) 43.62   33.39   17.94   14.66   12.53   13.44   

*Succession: crops succession, Rotation I: farmer crops rotation, Rotation II: cash crops rotation, Rotation III: phytomass 

crops rotation, Rotation IV: cash and phytomass crops rotation and Rotation V: consortium of Poaceae in the winter.  

Means followed by same lowercase letters in the column and same uppercase letters in the row in each soil layer do 

not differ by the Tukey test at 5% probability. CV: coefficient of variation. 

The soil macro-aggregation (>2 mm) in the superficial layer was significantly higher when compared to 

the other soil layers (Figure 1).This is due to the continuous input of plant residues through crop rotations 

under no-till, that promote increment of organic matter, with consequent response in the formation of larger 

and more stable aggregates. On the other hand, the soil micro-aggregation (< 2 mm) was significantly higher 

in the 10-20 cm layer when compared to the others. 

 



6 Canalli, L.B.S.; et al. 
 

Brazilian Archives of Biology and Technology. Vol.63 no.spe: e20190603, 2020 www.scielo.br/babt 

Figure 1. Distribution of Soil aggregates (%) in each class (8, 4, 2, 1, 0.5 and less than 0.5 mm) in the soil layers: 0 to 

5, 5 to 10, 10 to 20 cm 

Figure 2 shows the results obtained for soil aggregation indexes. In the soil surface layer, from 0 to 5 cm 

depth, there was great uniformity in WMD and GMD values among crop rotations, not differing statistically. 

Although not significant, ASI was lower in the crops succession and higher in the rotation V compared to 

other treatments (Figure 2a). Probably, this result is due to the dense root system of the black oats + ryegrass 

consortium, growing in the winter, which species have been indicated as benefic to the soil quality, improving 

aggregates stability. 

In the 5 to 10 cm layer, WMD, GMD and ASI did not differ among the crop rotations (Figure 2b), but there 

was a decrease in all soil aggregation indexes with the depth increase. Also in this layer, although not 

significant, the rotation V and crops succession presented, respectively, the highest and lowest value for ASI. 

In the 10 to 20 cm layer there was no difference among crop rotations for WMD, GMD and ASI (Figure 

2c). In this layer, different of the others, the highest absolute value for ASI was in rotation IV and the lowest 

in the rotation I. 
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Figure 2. Comparison between crop rotations for soil aggregation indexes, weighted mean diameter (WMD), geometric 

mean diameter (GMD) and aggregation stability index (ASI) at the soil layers: a) 0 to 5 cm, b) 5 to 10 cm c) 10 to 20 cm. 

Treatments - Succession: crops succession, Rotation I: farmer crops rotation, Rotation II: cash crops rotation, Rotation 

III: phytomass crops rotation, Rotation IV: cash and phytomass crops rotation and Rotation V: consortium of Poaceae 

in the winter. 

Soil aggregation indexes decreased with increasing soil depth (Table 3).The continuous input of vegetal 

residues by crop rotations under no-tillage system contribute to the increase of organic matter, resulting in 

the improvement of the soil aggregation indexes, being this effect more pronounced in the soil surface layer, 

indicating, however, that is necessary more time to reach greater depths. 

Table 3. Behavior of soil aggregation indexes, weighted mean diameter (WMD), geometric mean diameter (GMD) and 

aggregates stability index (ASI) in the soil layers 

Layer soil aggregation indexes 

 WMD (mm) GMD (mm) ASI (%) 

0 -5 cm 4.94 a 1.19 a 73.44 a 

5-10 cm 4.55 a 1.05 b 67.47 b 

10-20 cm 3.30 b 1.02 c 62.59 c 

CV % 7.98   0.74   2.74   

Means followed by the same letter in the column do not differ by the Tukey test at 5% probability. 
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Carbon content in soil aggregates 

Carbon content did not differ among crop rotations, regardless of the aggregate classes and soil layers 

(Table 4). This result is probably due to the short time since the implementation of the field experiment, only 

three years, which was not enough for significant changes. No-tillage associated with crop rotation is a 

conservationist system that brings long-term benefits, requiring, however, longer time to show significant 

changes. 

Table 4.Comparison among crop rotations for carbon content in the aggregate classes and soil layers 

Treatments* Carbon content (g/dm3) 
 

Classes of Aggregates 

  19-8 mm 8-4 mm 4-2 mm 2-1 mm 1-0.5 mm 
 

0-5 cm 

Succession  21.04 a 23.77 a 25.71 a 22.40 a 21.33 a 

Rotation I 21.33 a 22.99 a 24.45 a 25.23 a 23.47 a 

Rotation II 22.21 a 25.81 a 23.28 a 22.50 a 22.89 a 

Rotation III 21.72 a 26.20 a 24.35 a 26.10 a 24.06 a 

Rotation IV 22.60 a 31.13 a 22.30 a 23.57 a 22.79 a 

Rotation V 21.82 a 28.93 a 21.33 a 21.92 a 21.92 a 

CV (%) 13.78   15.67   17.83   16.10   12.36   
 

5 - 10 cm 

Succession  18.70 a 23.31 a 18.31 a 15.68 a 17.14 a 

Rotation I 21.14 a 22.08 a 19.38 a 16.75 a 17.82 a 

Rotation II 18.21 a 19.62 a 22.40 a 16.56 a 18.31 a 

Rotation III 16.46 a 18.80 a 16.95 a 18.31 a 15.68 a 

Rotation IV 18.70 a 22.32 a 18.51 a 17.92 a 18.51 a 

Rotation V 19.77 a 19.97 a 17.53 a 18.51 a 16.27 a 

CV (%) 12.14   15.06   17.35   9.53   9.63   
 

10-20 cm 

Succession 14.71 a 19.38 a 16.56 a 16.17 a 15.49 a 

Rotation I 15.97 a 21.25 a 18.21 a 15.39 a 17.05 a 

Rotation II 15.19 a 17.34 a 18.21 a 16.17 a 15.97 a 

Rotation III 14.12 a 17.73 a 19.48 a 16.17 a 15.78 a 

Rotation IV 15.49 a 18.65 a 21.53 a 15.29 a 15.88 a 

Rotation V 17.34 a 19.09 a 19.38 a 17.92 a 15.78 a 

CV (%) 14.27   14.29   26.14   11.92   11.15   

*Succession: crops succession, Rotation I: farmer crops rotation, Rotation II: cash crops rotation, Rotation III: phytomass 

crops rotation, Rotation IV: cash and phytomass crops rotation and Rotation V: consortium of Poaceae in the winter. 

Means followed by the same letter in the column at each depth do not differ from each other by the Tukey test at 5% 

probability. 

Although the C content in the aggregate classes showed no differences among crop rotations at each 

depth, when analyzing the carbon content among the soil layers, regardless of the crop rotation, higher C 

levels were observed in the surface layer, decreasing with the depth. This effect was observed for all classes 

of aggregates, indicating carbon stratification among the soil layers (Figure 3). 
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Figure 3. Organic carbon content in each aggregate class in the layers: 0 to 5, 5 to 10, 10 to 20 cm 

DISCUSSION 

Soil aggregation indexes 

Although the aggregate classes had not been affected by crop rotations, they were all larger in soil 

surface and decreased in depth. According to Canalli [21] this effect is due to the action of the roots and the 

contribution of organic material by the different soil coverings, providing soil protection against disintegration 

caused by sudden changes in humidity and the impact of rainfall, as well as increasing microbial activity, 

producing substances that aid in the formation and stabilization of aggregates. 

Corroborating, Garcia and Rosolem [22] showed better soil structure restricted to the layer between 0 

and 5 cm depth after the first year of cultivation of different cover crops, with increase of the WMD and in the 

proportion of aggregates larger than 2 mm. According to the authors, this short-term effect was the result of 

higher shoot production and dense root system of the sorghum and pearl millet. The high root density acts 

physically in the formation and stabilization of macroaggregates, besides adding C to the soil [8]. 

However, this effect is not easily observed in a short time of cover crops and crop rotation systems 

adoption, as reported by Coutinho and coauthors [23], in a similar study, where observed no significant 

differences between the different cropping systems in the soil aggregation indicators in a short period (two 

years). However when evaluated after eight years of implantation, significantly higher values of WMD and 

GMD were observed for maize + brachiaria when compared to maize + crotalaria, showing that a longer 

management time under no-tillage system with different crops rotation tends to influence directly in the soil 

aggregation. The authors highlighted that this result may be due to the higher organic matter content 

generated by the crops rotation, favoring the formation of larger and more stable aggregates. 

Similar result was observed by Torres and coauthors [7], who compared the soil aggregate stability 

indexes in areas without vegetation cover and the same area after 12 years of no-tillage system 

implementation, using different soil cover plants for phytomass production. In this case, the authors showed 

that there was soil restructuring and system stabilization, presenting significantly higher aggregates stability 

indexes for all cover crops and sampling depths after a long period of system implantation. The Poaceae, 

among the cultivated plant species, are indicated to recover soil degradation, by presenting greater efficiency 

in the formation and stabilization of aggregates when compared to the Fabaceae, however, it is need a longer 

time under cultivation and management, so that structural benefits of the soil can be observed [24]. 

Carbon content in soil aggregates 

Soil organic matter is the main agent of formation and stabilization of the soil aggregates, which is why 

evaluating organic matter and soil aggregation is so important. The increase of SOM is related to crops 

rotation and soil management. A evolution scale for no-tillage system was proposed by Sá and coauthors 
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[25], establishing as initial phase the period comprising between zero to 5 years, characterized by the 

beginning of organic matter accumulation and soil structure recovering; in the transition phase, from 6 to 10 

years, the carbon accumulation and the aggregates formation is already easily noted; in the consolidation 

phase, from 11 to 20 years, there is an effective increase of organic matter, promoting formation of larger 

and more stable aggregates, besides of other benefits for chemical and biology soil attributes, and finally, the 

maintenance phase, from 20 years on. 

Corroborating, results obtained by Rosa and coauthors [26] show that, in the first year of evaluation, 

maize rotated cover crops did not influence the soil organic matter and organic carbon content, emphasizing 

that the organic carbon content gradually increases, showing improvements in soil quality over time. In the 

following year, after rotation involving cover crops and soybeans, it was possible to observe significant 

increases in organic carbon content and 25% increase in organic matter, due to the input of crop residues 

and cumulative effect of the crop rotation. 

In a long-term study with different cover crops, Coutinho and coauthors [23] found a higher percentage 

of macroaggregates at all sampling depths, and higher carbon contents in the soil aggregate classes, with 

higher efficiency of Poaceae species, as a function of their root system when compared to Fabaceae species. 

The aggressive root system and the high Poaceae biomass production are characteristics of these species 

that contribute to the formation of soil aggregates [11] and to the increase of soil organic matter [9]. These 

results indicate that cover crops in the rotation systems, during the off season, are great alternatives that help 

increase the organic matter content and soil aggregation and, consequently, improve soil quality.  

Quantifying organic carbon in areas under different soil management systems, Rossetti and coauthors 

[27] found higher C stocks in the superficial layer in No-Till system, and reported that this effect is a result of 

the superficial input of crop residues combined with the absence of soil mobilization in this system. These 

authors emphasize the importance of considering the duration of the no-tillage system in the efficiency of soil 

C increase. Evaluating the variation of the carbon stratification ratio in soil aggregates managed in No-Till, 

Ferreira and coauthors [10] verified a great increment of C in the superficial layers in relation to the subsurface 

layers, confirming a stratification relationship in the soil profile and, emphasizing that this index can be used 

as an indicator of soil quality. 

The results of the present study, in relation to soil carbon content and its consequent contribution to the 

formation of larger and more stable soil aggregates, indicate that are needed evaluations of more long-term 

in order to crop rotations under no-tillage can showing some difference in carbon content and soil structural 

quality. 

CONCLUSIONS 

Crop rotations did not influence the distribution of aggregate classes and soil aggregation indexes: 

Geometric Mean Diameter, Weighted Mean Diameter and soil Aggregates Stability Index at each soil layer. 

Carbon content in the soil aggregates classes did not differ among crop rotations at each soil layer. 

Aggregation indexes and soil organic carbon content decreased with depth, indicating a carbon 

stratification relationship in the soil profile. 

The no effect of the crop rotations on the soil carbon and aggregation, in a cycle of just three-year, 

indicates that studies of more long-term are needed in order to observe possible changes in these soil 

attributes. 
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