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ABSTRACT: The “Visual Evaluation of Soil Structure” (VESS) is a method used primarily
to evaluate the soil structural quality of Oxisols in Brazil and secondly for more specific
research, consultancy, and teaching purposes. Since the methodology was never applied
and compared with laboratory evaluations of physical properties of hydromorphic soils
of the Pampa biome in the south of Brazil, this study evaluated the use of VESS as a
visual indicator of the structure quality of a typic eutrophic Albaqualf soil under native
grassland, crop-livestock integration, no-tillage, and conventional management systems.
Experimental areas with these different management systems were subjected to visual
(VESS) and laboratory evaluation of the soil structure. The laboratory evaluation was
based on traditional methods and on measurements of bulk density, porosity, aggregate
mean weight diameter, aggregate tensile strength (ATS), and total organic carbon (TOC).
It was concluded that VESS was efficient in differentiating the management system.
The management systems based on minimum soil disturbance and mulching with crop
residues improved the soil quality, as evidenced by the VESS scores, bulk density,
porosity, aggregation, and organic carbon. The TOC content was inversely related with
ATS. The quality of a typic eutrophic Albaqualf was benefitted by organic matter in the
surface layer.
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INTRODUCTION

The Rio Grande do Sul State has 5.4 million hectares of lowlands, corresponding to 20 % of its
total area. Hydromorphic soils are predominant in these areas and normally found on plains
of rivers and lakes, established under conditions of drainage deficiency (hydromorphism)
and usually plain topography (Parfitt et al., 2014). They have a naturally high bulk density,
high micro/macropore ratio, drainage limitations, and an impermeable sub-surface layer
(Pauletto et al., 2004). These properties confer adverse soil hydric conditions (saturation
and aeration deficiency) (Ribeiro et al., 2016) when compared to other Brazilian soils.

The purpose of the different management systems is to establish adequate soil conditions
and increase crop yields. If only higher yields are pursued, the soil structural quality
may be compromised, with negative effects on agricultural sustainability in the long
term. According to Reis et al. (2016), management systems including vegetation cover
and control of soil disturbance and machinery traffic, such as the no-tillage system, can
benefit soil physical properties in lowlands.

Bulk density, porosity (Neves et al., 2006), aggregate stability (Salton et al., 2008), and
aggregate tensile strength have been used to characterize changes resulting from land use
and soil management (Imhoff et al., 2002). Although these physical properties are important
tools for monitoring impacts of management systems, for being exact and accurate, they are
sometimes difficult to use since the measurements are time-consuming and cost-intensive.

Direct, fast, and sensitive methods to different management systems and their consequences
in the long term can be used (Askari et al., 2013; Guimaraes et al., 2017) to help decision
making about a suitable soil management e.g., visual soil evaluation (VSA) (Shepherd et al.,
2009). Direct field evaluations such as methods of visual soil evaluation are presented
as complementary or alternative methods for a fast and efficient evaluation of the soil
structural conditions. Among these, the visual soil structure evaluation (VESS), developed by
Ball et al. (2007) and Guimaraes et al. (2011) is particularly interesting for being a method
that differentiates layers with structural differences directly and quickly and assesses the
soil structural quality.

Researchers from different parts of the world have tested the capacity and consistency of
VESS to determine the soil structural quality, contrasts in texture conditions, land use, and
soil management (Askari et al., 2013; Ball et al., 2013; Munkholm et al., 2013; Abdollahi and
Munkholm, 2014; Pulido-Moncada et al., 2014a; Pulido-Moncada et al., 2014b; Askari and
Holden, 2015; Cui and Holden, 2015; Guimaraes et al., 2017). In Brazil, VESS has been used
and validated mainly for Oxisols, in no-tillage, and other management systems, evidencing
the reliability of the method as an alternative to monitor soil quality (Giarola et al., 2009;
Giarola et al., 2013; Silva et al., 2014; Cherubin et al., 2017; Guimaraes et al., 2017).

Studies assessing this method in hydromorphic soils subjected to different managements,
of the Pampa biome of southern Brazil, are still inexistent. The hypothesis tested was
that a visual evaluation of soil structure, in comparison to conventional methods of soil
physical properties quantification, allows for a soil quality diagnosis providing quick,
exact, and easy answers for farmers and scientific community. This study aimed to use
a visual evaluation of the soil structure as a visual indicator of the structural quality of
an Albaqualf under no-tillage, conventional tillage, crop-livestock integration, and native
grassland in the lowlands of southern Brazil.

MATERIALS AND METHODS

Experimental area

The study was carried out at the Lowland Experimental Station, Embrapa Temperate
Climate, located in Capao do Ledo, Rio Grande do Sul (31° 48’ 13" S; 52° 24" 41" W).
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The experimental area is representative of the typical farming environment in the
Pampa biome in the south of Brazil. The soil is classified as a typic eutrophic Albaqualf/
Planossolo haplico eutréfico (Cunha and Costa, 2013), with a sandy loam texture
(131 g kg™ clay, 314 g kg™ silt, and 554 g kg™ sand) from the surface to a depth of
0.40 m (Ribeiro et al., 2016). The regional climate is Cfa according to the Képpen
classification system, humid subtropical, with mean annual temperature and rainfall
of 17.8 °C and 1,366 mm, respectively.

The management systems evaluated at the experimental station were native grassland
(NG), crop-livestock integration (CLI), no-tillage (NT), and conventional tillage (CT)
(Table 1). The experiment was initiated in 2011.

Soil sampling and analyses

Each management system was subdivided into four equal plots and one sampling point
per plot was randomly selected. Then, undisturbed samples (blocks) were taken from
mini-trenches (0.15 x 0.25 x 0.10 m), with a straight shovel spade, totaling 16 samples
of the tested management systems (Table 1) (four management systems x four samples
per management). The water content during sampling indicated a friable consistency
of the soil. The soil slices were then broken by hand, along the natural fault lines of the
aggregates, to reveal the soil structure.

The soil was visually evaluated according to the methodology proposed by Ball et al.
(2007), comparing the appearance of soil aggregates after manual crushing, as suggested
by Guimaraes et al. (2011). The methodology proposes that after a soil slice is extracted,
aggregates are classified from the fracture lines and the structure is scored (Guimaraes
et al., 2011). Aggregates are evaluated according to their size, resistance, color, visible
porosity, and shape. The scores range from 1 (good structural quality) to 5 (poor structural
quality). Score assignment and final score calculations were performed using weighted
means, according to Guimaraes et al. (2011).

Next, soil was collected from the 0.00-0.10 and 0.10-0.20 m layers, resulting in a total of
32 samples (4 management systems x 4 replications per management x 2 soil layers)
and the mean weight diameter (MWD), aggregate tensile strength (ATS), friability (F),
and total organic carbon (TOC) were evaluated in the laboratory.

To determine WMD, the samples were manually broken at their weak points, air-dried, and
sieved (9.52 mm mesh), based on wet sieving, by the method described by Kemper and
Rosenau (1986) and adapted by Palmeira et al. (1999), in a vertical oscillation equipment.

To evaluate ATS, the samples were dried by natural aeration in the shadow until the soil
reached friability. Then the samples were manually crushed, observing the weak points of
soil, and 1,280 aggregates (4 management systems X 4 replications per management x

Table 1. Agricultural practices applied under different management systems, on a typic eutrophic Albaqualf - Planossolo haplico
eutréfico in the south of Brazil

Management Systems Agricultural practices

Native grassland Natural field vegetation, no human interference over the last 30 years.

Adequate surface drainage with broad-based ridges; liming to pH = 6.0 and CT corn
(2011/2012), NT ryegrass, and grazing at a stocking rate of 700 to 900 kg live weight per
hectare, with forage offer of 11-14 kg dry matter per 100 kg live weight day™ (2012/2012), NT
sorghum (2012/2013), NT ryegrass and grazing (2013/2013); NT soybean (2013/2014).
Liming to pH = 6.0 with lime incorporation: NT corn (2011/2012), NT ryegrass and soil cover
(2012/2012), NT soybean (2012/2013), NT wheat (2013/2013), and NT soybean (2013/2014).
Liming to pH = 6.0 with lime incorporation: fallow (2010/2011); CT wheat (2011-2012); CT
forage (ryegrass) (2012/2012); CT rice (2012/2013), and fallow (2013/2014).

NT: no-tillage system; CT: conventional tillage system.
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2 soil layers x 40 aggregates), between 12.5 and 19 mm mean diameter were selected
(Imhoff et al., 2002). The same disturbed soil samples were air-dried for about 72 h,
sieved (2 mm mesh), ground in an agate mortar, and 100 % of the material was sieved
(<0.105 mm mesh), and analyzed in a CHN-S elemental analyzer (Perkin Elmer®) by dry
combustion. For this evaluation, 160 aggregates were selected (4 management systems
x 4 replications per management x 2 soil layers x 5 aggregates).

To define ATS, a linear electronic actuator was used at constant speed (MA 933 manufactured
by Marconi, Ltda) until the aggregates cracked, i.e., a continuous tensile crack was formed
approximately between the polar diameters, as described by Imhoff et al. (2002).

Prior to stress application, the weight of each aggregate was measured with a precision
balance and the mean diameter calculated based on height, width, and length
measurements determined with a paquimeter. Each aggregate was placed in the most
stable position possible and a stress up to 20 kgf was applied. The value of the tensile
stress required for aggregate rupture was registered in a data acquisition electronic
system connected to a computer, and the ATS was calculated according to equation 1,
suggested by Dexter and Kroesbergen (1985):

ATS = 0.576 % Eq. 1

in which: 0.576 represents the proportionality constant, reflecting the relation between
the compressive stress applied and the tensile stress generated within the aggregate; P is
the applied stress (N), and D is the effective diameter (mm), calculated by equation 2:

13
D =Dm M Eqg. 2

Mo

in which: M is the mass of the individual aggregate (g); M, is the average mass of the
aggregates in each treatment (g); and Dm is the average diameter of the aggregates
(mm), defined by the average sieve sizes [(12.5 + 19.0)/2 = 15.75 mm)]. Usually, ATS
of soil aggregates is expressed in kPa.

Soil friability (F) was calculated using the variation coefficient method (Equation 3),
proposed by Watts and Dexter (1998):

F=-% o O Eq. 3
Y YvV2n

in which F is the soil friability; oy is the standard deviation of the mean ATS value;
Y is the means of all ATS values, and n is the number of replications, and the second
term is the variance coefficient standard error. Based on the F values (dimensionless),
as proposed by Imhoff et al. (2002), friability was classified as: non-friable (<0.10),
slightly friable (0.10-0.20), friable (0.20-0.50), highly friable (0.50-0.80), and mechanically
unstable (>0.80).

Undisturbed samples were collected from the same layers, in stainless steel cylinders
(0.025 m height x 0.070 m diameter), resulting in a total of 96 samples (4 management
systems X 4 replications per management x 3 cylinders per replication x 2 soil layers),
to determine macroporosity (Ma), total porosity (Tp), and bulk density (Bd). The samples
were saturated by capillary pressure saturation, and then equilibrated in a pressure plate
apparatus at - 6 kPa, to separate Ma (>0.05 mm diameter) from the microporosity (Mi).
Both Tp and Bd were obtained using the volumetric ring method (Donagema et al., 2011).

Statistical analysis

The raw dataset was subjected to descriptive statistics (mean, variation coefficient, standard
deviation and maximum, minimum, and discrepant values). The Kolmogorov-Smirnov (KS)
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test was applied at a 5 % significance level to test the normality of data distribution prior
to analysis of variance (Anova). When the values were significant (p<0.05), they were
compared by the Tukey test with statistical software R (R Development Core Team, 2013).

RESULTS AND DISCUSSION

Visual evaluation of soil structure

According to the visual quality classification of the soil structure (Ball et al., 2007;
Guimaraes et al., 2011), the aggregates under NT were easily breakable, due to the
presence of roots, high porosity (<6 mm) and a few aggregates with diameter >1 cm
(Figure 1).

For NG, a score of 1.9 was established (Figure 2); according to Ball et al. (2017), scores
between 1 and 2.9 indicate good structural quality and require no remediation procedures.
This result for NG was probably due to the absence of soil tillage, the presence of plant
residues, and higher organic matter content in the soil surface, which is fundamental to
the maintenance of a good soil structure.

Figure 1. Pictures of the Visual Evaluation of Soil Structure (VESS) of an Albaqualf under different
management systems in the 0.00-0.20m layer. NG: native grassland; CLI: crop-livestock integration;
NT: no-tillage; CT: conventional tillage system.
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Figure 2. Mean scores of the Visual Evaluation of Soil Structure of an Albaqualf under different
management systems in the 0.00-0.20 m layer. NG: native grassland; CLI: crop-livestock
integration; NT: no-tillage; CT: conventional tillage system. Vertical bars indicate the standard
deviation.
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The systems CLI (3.1) and CT (3.2) had a moderate structure and scores between 3
and 3.9, indicating acceptable quality conditions (Figure 2). However, they will need
improvement in the long term. A score of 3 indicates the rupture of most of the aggregates
by hand, with porous aggregates between 2 to 100 mm and some angular, non-porous
clods (Figure 1), while at a score of 4, it is impossible to break aggregates by hand
(Ball et al., 2017).

In spite of having fewer roots, the NT system scored 2.5 (Figure 2), which is related to
the same type of easily breakable, porous aggregates with diameter larger than 30 mm
and with most of them corresponding to the diameter 10 to 20 mm (Figure 1).

The classification of the two systems CLI and CT indicated the same structural quality,
based on the soil quality scores (Figure 2). The quality of the NG aggregates in the
uppermost centimeters of the surface layer was better than in the other managements
(Figure 1). According to Askari et al. (2013), the soil structure quality of minimum
tillage (conservation management) systems was better than that of the conventional
system in temperate climate soils in Ireland. Likewise, Giarola et al. (2009) reported a
higher visual score in soils under CLI, followed by no-tillage systems and forest soils in
Parana, Brazil. These results of VESS show the applicability of the method to distinguish
structural differences of soil quality of an Albaqualf in the south of Brazil between different
management systems in this study.

Soil physical properties and their relation with VESS

The mean Bd values in the 0.00-0.10 m layer in all management systems under evaluation
(Figure 3a) were not higher than those reported by Reichert et al. (2009) as limiting to
plant development (1.70 Mg m™) for soils with a similar texture to the one in this study.
The minimum soil tillage under NT, with gradual accumulation of dead vegetation on the
surface and of crop roots in the uppermost centimeters of the soil surface, contributed
mainly to reduce Bd values (1.39 Mg m?) in the surface layer (Figure 3a), differing from
the other systems. However, in the deeper layer, Bd was statistically different in CLI from
the other management systems (mean of 1.74 Mg m?), indicating a possible restriction to
plant growth (Figure 3b). Problems associated to deficient aeration might be evident mainly
in the 0.10-0.20 m layer of the CLI system (Figure 3d), in agreement with the Bd in this
layer (Figure 2). However, in coarse-textured soils, the macropores (Ma) consist mainly of
textural pores, resulting from soil particle arrangement (Reichert et al., 2009). These Ma
are weakly interconnected and, therefore, rarely contribute to gas fluxes, indicating that
the minimum Ma threshold for plant growth may be higher than 0.10 m> m>.

Many authors reported correlations between VESS and other soil physical properties,
indicating that the method, along with other visual evaluation procedures, can reveal
differences between soil units and management (Batey et al., 2015). The values of some
soil quality indicators evaluated in this study (Table 2) are in line with findings of other
studies (Guimaraes et al., 2011; Guimaraes et al., 2013; Pulido-Moncada et al., 2014a,b).
These results clearly show the reliability of VESS for soil structure evaluation.

In the 0.00-0.10 m layer of the management systems CT, CLIl, and NT (Figure 3c),
Ma may be related to a higher volume of hairy roots, characteristic of grass, and to
possible channels (biopores) resulting from the decomposition and renewal of these
roots (Lima et al., 2012), aside from the intense biological activity of the mesofauna
and organic carbon accumulation. The Ma was correlated with the VESS in 80 % in the
0.00-0.20 m layer.

The positive effects of management systems that ensure minimum soil disturbance are
demonstrated by the general similarity of total porosity (Figures 3e and 3f) with WMD
values (Figures 4a and 4b). Considering a MD of 2.49 mm as threshold of an adequate
plant development in Albaqualfs, as suggested by Lima et al. (2008), NG and NT were
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Figure 3. Bulk density (Bd) (a, b), macroporosity (Ma) (c, d), and total porosity (Tp) (e, f) of an Albaqualf under different management
systems in the 0.00-0.10 and 0.10-0.20 m layers. NG: native grassland; CLI: crop-livestock integration; NT: no-tillage; CT: conventional
tillage. Means followed by the same letter in a column, within each variable and soil layer, were not significantly different from each
other by the Duncan test at 5 %. Vertical bars indicate the standard deviation.

observed to present closer conditions in the superficial layer (Figure 4a). The presence
of grass may also be beneficial to aggregate structure and stability, promoting particle
approximation and a uniform distribution of soil exudates, favoring microbial activity
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and consequently aggregate formation and stabilization (Salton et al., 2008) in the
different soil layers.

Under CT, the WMD was lowest in both layers (Figures 4a and 4b), differing from the
other managements and evidencing that the physical rupture of aggregates results in
organic matter exposure and gradual decrease, due to intensive and repeated soil tillage.

Mean ATS values in the 0.00-0.20 m layer did not differ between managements, except
for CT (Figures 5a and 5b), which might be ascribed to the effect of machinery traffic and
soil tillage. The highest ATS values found in this system are in line with the structural
quality level assessed by VESS (Figures 1 and 2), since higher VESS values are related
to higher compaction and higher aggregate resistance to rupture. A positive relation
between ATS and VESS was found by Guimaraes et al. (2011), which is justified by
the score classification, based on aggregate resistance to rupture. Other international
studies also confirmed the relation between VESS and ATS (Guimaraes et al., 2011) and
other parameters such as bulk density (Guimaraes et al., 2013; Pulido-Moncada et al.,
2014a,b; Cherubin et al., 2017), porosity (Pulido-Moncada et al., 2014a,b), WMD
(Abdollahi and Munkholm, 2014; Pulido-Moncada et al., 2014b), and organic carbon
content (Pulido-Moncada et al., 2014a,b).

Table 2. Correlation coefficients and their significance levels between VESS scores (Sq) and soil

properties
Soil property Correlation coeffiecient Significance level
Bulk density 0.91 p<0.001
Macroporosity 0.80 p<0.001
Total porosity 0.60 p<0.001
Weighted mean diameter of 055 0<0.001
water-stable aggregates
Aggregate tensile strength not significant not significant
Friability 0.81 p<0.001
Total organic carbon 0.91 p<0.001
(a) (b)
3.5 1 291a 7
3.0 - 8
227 a 2.07 ab
2.5 - 8
E 2.0 — 1.49 bc
o
s 137 1 0.99 ¢
1.0 - 0.64b 8
0.5 + 8
0.0
NG CLI NT cT NG CLl NT CT

Management systems

Figure 4. Weighted mean diameter of water-stable aggregates (WMD) (a, b) of an Albaqualf under different management systemsin the
0.00-0.10 m layer (a) and 0.10-0.20 m layer (b). Vertical bars indicate the standard deviation. NG: native grassland; CLI: crop-livestock
integration; NT: no-tillage; CT: conventional tillage system. Averages followed by the same lowercase letter in a column, within each
variable and soil layer, did not differ significantly by Duncan’s test at 5 %. Vertical bars indicate the standard deviation.
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The ATS and WMD results showed that soil tillage decreased the aggregate size, mainly
in CT, even if the structural quality was moderate, according to the VESS evaluation in
this system. The friability amplitude in the 0.00-0.10 m layer was 0.46 (NT) to 0.94 (CT)
(Figures 5c¢ and 5d), corresponding to from friable to mechanically unstable classes,
respectively (Imhoff et al., 2002). This reinforces that tillage reduces the aggregate
size without improving their inner quality. In the 0.10-0.20 m layer, the systems were
classified as friable, as suggested by Imhoff et al. (2002).

Mean TOC values in the surface layer (0.00-0.10 m) ranged from 11.89 to 31.36 g kg™
(Figure 6a). The TOC values of CLI and CT were lowest in this layer (Figure 6a). However,
no significant difference was observed between systems in the 0.10-0.20 m layer for
this parameter (Figure 6b). Also, the relation between VESS and TOC in this study was
linear and significant (r = 0.91, p<0.01).

Higher TOC content in NT than CT systems can be mostly related to: undisturbed
soil surface, vegetation cover and crop residues resulting from crop successions, and
increase in root density, favoring higher C allocation in the surface layers. According to
Boddey et al. (2010), management systems with intensive and successive soil tillage
decrease the organic matter content, confirming the results of this study.

(@) 0.00-0.10 m (b) 0.10-0.20 m
250 - .

195.38 a

200 - -

135.39 a
150

ATS (kPa)

100

50

1.2 - -

0.94 a
1.0 i

0.76 a 0.73 b
0.8 - -

063b 0.62 c

0.4 A

0.2 -

0.0 -

NG CLI NT cT NG CLI NT CcT

Management systems
Figure 5. Aggregate tensile strength (ATS) (a, b) and friability (F) (c, d) of an Albaqualf under different management systems in the
0.00-0.10 and 0.10-0.20 m layers. NG: native grassland; CLI: crop-livestock integration; NT: no-tillage; CT: conventional tillage system.

ns: not significant at 5 %. Means followed by the same lowercase letter in a column were not significantly different by Duncan’s test
at 5 %. Vertical bars indicate the standard deviation.
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Figure 6. Mean values of total organic carbon content (TOC) of an Albaqualf under different management systems, in the 0.00-0.10 m
(a) and 0.10-0.20 m (b) layers. NG: native grassland; CLI: crop-livestock integration; NT: no-tillage; CT: conventional tillage system;
ns: no significant. Means followed by the same letter in a column, within each variable and soil layer, were not significantly different
from each other by the Duncan test at 5 %. Vertical bars indicate the standard deviation.

One of the factors that influence ATS is associated to TOC (Imhoff et al., 2002). However,
the discussion on the positive or negative effects of organic matter on ATS is still not
settled. Our results indicated an inverse relation between ATS and TOC (Figures 7a and
7b), confirming results of Reis et al. (2014), but contrasting with those of Imhoff et al.
(2002) and Guimaraes et al. (2009). There are two effects of soil organic matter on ATS:
an increase in the number and strength of particle bonds and a dilution effect, related to
a reduction in bulk density or increase in aggregate porosity. The increase in soil organic
matter raises aggregate porosity, reducing the number of bonds between particles; in wich
case the strength of this links is not increased, then there is a consequent reduction
in tensile strength. According to Zhang (1994), the predominance of one or the other
mechanism will determine the direction of correlation between aggregate tensile strength
and soil organic matter.

In the CT system, the mean ATS value was 63 % in the 0.00-0.10 m and 67 % in the
0.10-0.20 m layer, higher than under NG. In the 0.00-0.10 m layer, this value was 62 %,
and 64 % in 0.10-0.20 m, higher than under NT, indicating an increasing tendency of
ATS when soil tillage is intensified and TOC is reduced.

These results reinforce that the use of management systems which favor improvement
and conservation of physical properties is relevant for the environmental sustainability
of the agricultural production, even in lowlands and temperate climates. Therefore,
one of the alternatives to maximize agricultural yields as well as promote soil quality
would be the adoption of no-tillage and crop livestock integration systems. Systems
such as no-tillage can also induce reductions in greenhouse gas emissions (Ball et al.,
2013; Silva et al., 2014), and increase carbon stocks and microbial diversity in the soil
(Reis et al., 2016), mainly by the accumulation of surface crop residues.

The VESS, a method that assigns scores based on simple and objective criteria and
rapid determination, can be a practical tool to demonstrate the effects of management
systems on soil properties and the soil quality in general. The correlation analysis of the
VESS score data with bulk density, total porosity, and macroporosity clearly confirmed
this possibility (Table 2).

When comparing the soil structural evaluation carried out in the field with the traditional
determination of physical properties in the laboratory, the potential use of the VESS
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Figure 7. Relation between the aggregate tensile strength (ATS) and total organic carbon content (TOC) of an Albaqualf under
different management systems, in the 0.00-0.10 (a) and 0.10-0.20 m (b) layers.

diagnosis proved useful to distinguish structural differences between physical quality
properties of a typic eutrophic Albaqualf, which validates the hypothesis of the applicability
of VESS for this soil type.

CONCLUSIONS

The Visual Evaluation of Soil Structure proved adequate to differentiate management
systems and can be considered a visual indicator of soil structure quality in comparison
to quantitative laboratory methods of evaluation of the physical properties of a typic
eutrophic Albaqualf.

Management systems with limited soil disturbance that accumulate crop residues
resulted in improvements in the soil physical quality with regard to plant development,
as indicated by the scores of VESS, and bulk density, porosity, aggregation, and organic
carbon. Aggregate tensile strength was higher in soils with intensified tillage, and inversely
related with the total organic carbon content. The quality of a typic eutrophic Albaqualf
was benefitted by organic matter in the surface layer.
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