Chemical and biological attributes of a lowland
soil affected by land leveling
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Abstract — The objective of this work was to evaluate the relationship between soil chemical and biological
attributes and the magnitude of cuts and fills after the land leveling process of a lowland soil. Soil samples were
collected from the 0-0.20 m layer, before and after leveling, on a 100 point grid established in the experimental
area, to evaluate chemical attributes and soil microbial biomass carbon (MBC). Leveling operations altered
the magnitude of soil chemical and biological attributes. Values of Ca, Mg, S, cation exchange capacity, Mn,
P, Zn, and soil organic matter (SOM) decreased in the soil profile, whereas Al, K, and MBC increased after
leveling. Land leveling decreased in 20% SOM average content in the 0-0.20 m layer. The great majority of
the chemical attributes did not show relations between their values and the magnitude of cuts and fills. The
relation was quadratic for SOM, P, and total N, and was linear for K, showing a positive slope and indicating
increase in the magnitude of these attributes in cut areas and stability in fill areas. The relationships between
these chemical attributes and the magnitude of cuts and fills indicate that the land leveling map may be a useful
tool for degraded soil recuperation through amendments and organic fertilizers.

Index terms: flooded rice, soil biological attributes, soil chemical attributes, soil management, soil movement.

Atributos quimicos e biolégicos de um solo de varzea afetados pela
sistematizagcao do terreno

Resumo — O objetivo deste trabalho foi avaliar a relagdo entre os atributos quimicos ¢ biologicos do solo e
as magnitudes de cortes e aterros apos sistematizagdo de um solo de varzea. Foram coletadas amostras de
solo na camada de 0-0,20 m, antes ¢ depois da sistematizacdo, em uma malha de 100 pontos estabelecida na
area experimental, para avaliar os atributos quimicos do solo e o carbono da biomassa microbiana (CBM).
A sistematizagdo alterou a magnitude dos atributos quimicos e bioldgicos do solo. Valores de Ca, Mg, S,
capacidade de troca catidnica, Mn, P, Zn e matéria organica do solo (MOS) diminuiram no perfil do solo,
enquanto os de Al, K e CBM aumentaram apds a sistematizago. A sistematizagdo reduziu em 20% o conteudo
médio de MOS na camada de 0-0,20 m. A maior parte dos atributos quimicos ndo apresentou relagdo com
as magnitudes de corte ¢ aterro. A relacdo foi quadratica para MOS, P e N total, e linear para K, mostrando
inclinag¢@o positiva e aumento das magnitudes destes atributos em areas de corte ¢ estabilidade em areas de
aterro. As relagdes entre estes atributos quimicos ¢ as magnitudes de cortes e aterro indicam que o mapa de
sistematizagdo pode ser uma ferramenta 1til para a recuperag@o de solos degradados por meio da aplicag@o de
corretivos e fertilizantes organicos.

Termos para indexacdo: arroz irrigado, atributos biologicos do solo, atributos quimicos do solo, manejo do
solo, movimento do solo.

Introduction According to the last Censo da lavoura de arroz

irrigado do Rio Grande do Sul — safra 2004/2005

Land leveling is used to flatten the soil surface  (2006) survey, in the 1999/2000 agronomic year, the
to facilitate the distribution of irrigation and also  land-leveled area in the state of Rio Grande do Sul,
to improve land conditions for several agricultural  Brazil, was estimated to be around 150,000 ha of a
practices that are best performed on leveled soil.  total of 5,400,000 ha, which comprise almost the total
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lowland area of this state (Pinto et al., 2004). However,
not all lowland areas are potentially leveled because
some of them show irregular microtopography despite
being classified as flat areas.

Due to cuts made at higher elevations, leveling can
cause a significant decrease in the A horizon thickness
with possible exposure of subsoil layers. Examining
the effects of land leveling on the yield of vineyards
in the Penedes region, Northeastern Spain, Ramos &
Martinez-Casasnovas (2010) found positive differences
in yield of 28% between leveled and non-leveled areas
under similar management practices. Still in the Penedés
region, Martinez-Casasnovas & Ramos (2009) also
analyzed the changes in soil properties caused by erosion,
deep ploughing, and land leveling. They concluded that
land leveling and the resultant increase in erosion altered
soil properties and could contribute to global warming
by depleting the soil of organic matter. In Arkansas,
USA, Brye (2006) characterized land leveling impacts
on the magnitude, variance, and spatial distributions of
chemical soil properties of a Sharkey clay soil (very fine,
smectitic, thermic Chromic Epiaquert) used for irrigated
rice (Oryza sativa L.) and soybean [Glycine max (L.)
Merr.] crops. The author found that land leveling affected
the magnitude of all evaluated properties. Soil pH,
electrical conductivity, extractable potassium, calcium,
magnesium, sodium, sulfur, iron, and copper increased
in the 0-0.10 m layer, whereas soil organic matter (OM)
content, soil total nitrogen (TN) concentration, C/N
ratio, extractable phosphorus, and manganese contents
decreased after leveling. Brye (2006) also reported that
the variance associated with soil pH and Mehlich-3
extractable P, K, Na, S, Mn, Cu, and Zn contents
decreased with land leveling, which also changed the
spatial distribution of all chemical properties. Reichert
et al. (2008), in a study carried out in Brazil, verified
that land leveling increased the spatial variability of
soil chemical attributes of a Planossolo Hidromorfico
Distroéfico tipico (Typic Albaqualf), which was reflected
in the productivity of a soybean crop. However, the
authors did not point out which of the attributes were
the most affected by the leveling practice.

Other studies have been carried out to evaluate
leveling effects on the magnitude and spatial
distribution of soil attributes (Brye et al., 2004; Ramos
& Martinez-Casasnovas, 2006). Many benefits are
associated with the land leveling practice (Ramos et al.,
2007); however, studies have also pointed to some
disadvantages due to severe soil disturbance, indicating
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that there is some controversy regarding the positive and
negative effects of leveling (Walker et al., 2003; Brye
et al., 2005; Cay & Cattle, 2005). Therefore, new studies
are necessary to investigate the subject, establishing
parameters that may help farmers when planning land
leveling, in the sense of foreseeing changes that will
occur in the area. Published reports do not associate
changes in soil characteristics on cut areas, because
the soil from these areas will cover the fill areas and
those will be exposed at the surface after the leveling
operation. No association has been made between the
changes in soil attributes and the magnitude of cuts and
fills in order to evaluate which soil attributes are most
affected by the leveling process.

The objective of this work was to evaluate the
relationship between soil chemical and biological
attributes and the magnitude of cuts and fills after the
land leveling process of a lowland soil.

Materials and Methods

The study was carried out on a 0.81 ha area of the
municipality of Capao do Ledo, state of Rio Grande
do Sul, Brazil (31°49'13"S, 52°27'59"W), using a
grid of 100 georeferenced points spaced 10 m apart
in orthogonal directions for sampling. The climate
in the region is of the Cfa type, according to K&ppen
classification (Koppen, 1931), and the specific area is
representative of a subtropical marine environment
with a sub-humid summer and humid or super-humid
remaining seasons.

Prior to leveling, the area was examined with an
auger to check the occurrence and the distribution of
soils in the area. Two 1.7 m deep pits were excavated
in the gridded area for soil profile description and
physico-chemical characterization. The soil of the
area belongs to two taxonomic classes: Planossolo
Haplico Eutrofico gleissolico and Gleissolo Haplico
Ta Eutréfico solodico (Typic Albaqualf and Umbric
Epiaqualf, respectively) according to Santos et al.
(2006) and United States Department of Agriculture
(2010), respectively, located on the relatively higher
and lower portions of the area under study (Figure 1
A). The area had a depression in the central part due to
a practically impermeable B horizon; consequently, the
A horizon in the depression remained under saturated
conditions during most part of the year (mainly
winter), which is directly related to the formation of
the Epiaqualf soil profile.
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The two soils do not present a sharp interface within
the area. This situation is common in the rice growing
lowland areas of the state of Rio Grande do Sul,
Brazil. Before the start of the experiment, the area was
cultivated twice with flood irrigated rice and lastly with
grain sorghum, all under conventional tillage, which
included plowing operations to the depth of about
0.20 m. First, grid samples were collected after sorghum
harvest, prior to land leveling, which occurred at the
beginning of 2008 and was carried out with a laser ray
controlled scraper, using a plano-altimetric survey and
minimum squares approximation as described in Parfitt
et al. (2004). The maximum cut was 0.21 m and the
maximum fill was 0.17 m (Figure 1 B). The final average
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Figure 1. Spatial distribution of the soil in the experimental
area and points of soil profile characterization (A); and
topographic map of the depth of cuts and fills in the
experimental area after leveling (B).
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slope was 0.15 m 100 m" or 0.15%. The approximate
soil displacement was 519 m*ha’!, with about half of the
area being cut and the other half being filled.

The land leveling operation (Figure 1 B) consisted
of cuts predominantly on the Typic Albaqualf and fills
predominantly on the Umbric Epiaqualf. In other words,
after leveling most of the collected soil samples from
the 0-0.20 m layer were from the Albaqualf, including
some material of the original E and B horizons (cut
areas) and some of the A horizon (fill areas), since this
soil was placed on top of the Epiaqualf (Figures 1 A and
B). The characterization of the soil chemical attributes
of the Typic Albaqualf soil profile before leveling is
presented in Table 1.

The period between samplings before and after
land leveling was three months. At each of the
100 georeferenced points, the mean values of clay, silt,
and sand contents were determined according to Gee
& Bauder (1986) before and after leveling: 144 and
154 g kg! clay; 398 and 375 g kg'' silt; and 458 and
471 g kg sand, respectively, referring in both cases to
a loam texture.

The following soil chemical attributes were
evaluated according to the methodologies
described in Tedesco et al. (1995): pH in water; the
Shoemaker-MacLean-Pratt (SMP) index; potential
acidity (H+Al)extractedwith0.5mol L' calciumacetate
solution; total soil N (TN) by the Kjeldahl method;
available P, and exchangeable Na and K extracted
with HC1 0.05 mol L'+ H,SO, 0.0125 mol L' solution
(Mehlich-1); exchangeable Ca, Mg, and Al, and
available Mn extracted with KC1 1 mol L' solution;
available S extracted with monocalcium phosphate
[Ca(H,PO,),] solution (500 mg L' P); available B
extracted with hot water (55+£3°C); oxalate-extractable
Fe (ammonium oxalate 0.2 mol L, pH 3.0); available
Cu and Zn extracted with HC1 0.1 mol L' solution;
sum of bases (S) calculated by the sum of exchangeable
Ca + Mg + K + Na; and cation exchange capacity
(CEC at pH 7.0) calculated by the sum of S + H + Al
Soil organic matter content (SOM) was calculated
from soil organic carbon, which was determined by the
Walkley-Black method (Claessen, 1997).

For the determination of the soil microbial biomass
carbon (MBC), samples were collected with a screw
auger in the same layer. The extracted soil was stored
in a freezer until analysis. The MBC was determined
according to the methodology described by Vance et al.
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(1987), in which chloroform is replaced by a microwave
oven (for 4 min) to eliminate microorganisms and
release cell components, as recommended by Ferreira
et al. (1999).

All data were subjected to descriptive statistical
analysis and analyzed to confirm normality through
the non-parametric Kolmogorov-Smirnov test, at 5%
probability, using the maximum distance D according
to Webster & Oliver (2007). To determine the overall
effect of land leveling on all data sets, paired t tests
were performed. For normal data distributions,
the hypothesis of the applied test was parametric
(t statistics) and for non-normal distributions, the test
was non-parametric (Wilcoxon test) as in Ferreira
(2005). To evaluate the effect of land leveling on the
sampling variability of each attribute, the homogeneity
of variance test (Ferreira, 2005) was applied using the
methodology of Levene (1960) modified by Brown
& Forsythe (1974). The analyses of linear regression
were made using SAS, version 8.2 (SAS Institute,
Cary, NC, USA).

Results and Discussion

According to Manual de adubacdo e de calagem
para os Estados do Rio Grande do Sul e Santa Catarina
(2004), the range and average values of all soil
chemical attribute data before leveling are classified
as follows: low to very low pH in water (Table 2);
the range of SMP index values indicate lime amounts
of 1.1 and 5.4 t ha! (100% PRNT) for soybean as an
example; low average value of SOM (21.0 g kg™!) in the
0-0.20 m layer, which is important because it indicates
nitrogen availability in the soil; CEC average value

J.M.B. Parfitt et al.

of 9.7 cmol, dm? within the middle range, classifying
the range of exchangeable K contents (between 17 and
92 mg dm?) from very low to medium, respectively;
minimum and maximum values of 4.5 to 26.1 mg dm?,
respectively, for available P contents interpreted
from medium to very high for irrigated rice crop;
exchangeable Ca contents of 1.6 to 4.5 mg dm? from
low to high; exchangeable Mg contents of 0.8 to
2.5 cmol. dm™ and available S contents ranging from
8.7 to 35.2 mg dm, which are considered high values.

The average values of Mn, B, Cu, and Zn are
considered high, whereas the average value of Fe
(1,379 mg dm?) is within the low crystallinity range
(995 to 1,737 mg dm), which is considered adequate.
The average value of MBC was 297 mg kg' and is
similar to that determined by Santos et al. (2004) in a
crop rotation system experiment carried out with the
same soil type.

The intense soil disturbance and transport during
the leveling operation altered the majority of the soil
chemical and biological attributes (Table 2). Only the
mean values of pH (H,O), B, and Na were not altered
by the leveling operation in the paired comparison
test, at 5% probability. The intense soil disturbance
and transport during the leveling operation decreased
significantly the average values of H+Al, SOM, TN,
P, Ca, Mg, CEC, S, Fe, Mn, and Zn. Therefore, land
leveling negatively affected soil fertility in the top
0.20 m layer, which can cause potentially negative
effects on future crop productivity. Similar results were
reported by Brye (2006) in a soil classified as Sharkey
clay used for irrigated soybean and rice production in
the Mississippi Delta region of northeast Arkansas,
USA, where the contents of SOM, TN, P, and Mn

Table 1. Soil chemical attributes of the Planossolo Haplico Eutréfico gleissolico (Typic Albaqualf) soil profile in the

experimental area before leveling".

Soil Soil depth pH Ca Mg S Al H+Al CEC K Na Mn P SOM
horizon (HyO)  —mmmmmmmmmmmee e (cmol, kg!) (mg kg!)-----mmmmmmmmem (gkg")
A 0-20/33 4.9 2.9 1.5 4.7 0.7 4.0 8.7 55 27 19.1 15.0 21.0
AE 20/33-30/40 4.6 1.2 1.0 2.4 1.5 3.4 5.8 16 41 4.8 2.4 6.1
E 30/40-60/75 4.8 1.5 1.4 32 1.3 3.0 6.2 16 61 1.2 0.9 2.9
BE/E 60/75-70/90 4.8 3.6 3.5 7.7 2.1 4.3 12.1 35 130 1.8 1.4 5.0
Bl 70/90-103/118 4.9 4.7 4.8 10.3 1.7 4.0 14.2 47 151 1.2 1.4 3.8
B2 103/118-120/140 5.1 4.8 4.8 10.4 1.1 3.1 13.5 51 153 33 1.2 2.1
BC 20/140-160/170 53 4.8 4.8 10.4 0.7 2.7 13.1 47 141 3.6 1.5 1.6
C 160/170 cm+ 5.4 52 5.0 10.9 0.6 2.1 13.0 47 138 7.3 1.9 0.5

(ICa, exchangeable calcium; Mg, exchangeable magnesium; S, available sulfur; Al, exchangeable aluminum; H+Al, potential acidity; CEC, cation exchange
capacity; K, exchangeable potassium; Na, exchangeable sodium; Mn, available manganese; P, available phosphorus; SOM, soil organic matter content.
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decreased and the contents of K and Cu increased as a
result of the leveling operation. However, the means of
Ca, Mg, Na, S, and Fe contents (Brye, 2006) changed
in opposite directions as those observed in the present
study.

In general, except for the average K content, these
results can be explained by the fact that in cut areas
there was an exposure of the Typic Albaqualf subsoil
layers, which have a somewhat different chemical
composition than the surface layer (Table 1). The
exposure of these layers caused a decrease in the
average contents of Ca, Mg, Mn, and SOM, and an
increase in the average Al content. Assuming that the
characterized soil profile adequately represents the
general vertical and horizontal soil composition in the
cut area, a change in the soil attributes after leveling
should be expected (Table 2). Therefore, it is possible
to foresee the behavior trend of the average content
of the chemical attributes after leveling if the cut soil
profile is previously known. Values of Ca, Mg, S, CEC,
Mn, P, and SOM decreased in the soil profile, whereas
Al increased; the same trend was observed with the
average content after leveling.

1493

The average MBC increased from 297 to
510 mg kg as a result of the leveling operation, which
can be attributed to the breakdown of larger aggregates
caused by the severe disturbance of the soil, which,
in turn, may have increased the soil microorganism
population. However, land leveling resulted in 20%
average decrease in SOM in the 0-0.20 m layer,
which can represent a substantial loss of potential
native soil fertility for crop production (Ramos &
Martinez-Casasnovas, 2006) and could contribute
to global warming by depleting soil organic matter
(Martinez-Casasnovas & Ramos, 2009).

The average K content was the only attribute that
did not behave as expected since it increased from
31 mg dm? before leveling to 38 mg dm™ after
leveling. Potassium can be present in larger contents
in the soil due to the application of inorganic K
fertilizers and, since potassium is a mobile cation
in the soil, K would be expected to leach from the
surface and accumulate in the subsoil. However,
such behavior was not observed in the present
study (Table 1). Brye et al. (2004) characterized the
short-term impact of land leveling on the magnitude

Table 2. Descriptive statistics, Kolmogorov-Sminorv and variance homogeneity tests for chemical and biological attributes
measured before and after land leveling operation with cuts predominantly on Typic Albaqualf and fills predominantly on

Umbric Epiaqualf.
Attribute®” Mean Minimum value Maximum value Variance D@

Before After Before After Before After Before After Before After
pH (H,0) 4.9 4.9ns 4.5 4.5 5.4 5.6 0.03 0.03" 0.05™ 0.07%
SMP index 6.1 6.2%%* 5.6 5.6 6.5 6.6 0.03 0.02" 0.07% 0.13™N
H+AI (cmol. dm?) 4.6 4 1kx* 3.0 3.1 6.3 5.1 0.49 0.16%* 0.04N 0.1
SOM (g kg™) 21 17%%% 17 9 26 21 3.0 7.7%* 0.8 1.3\
TN (mg dm?) 1.4 1.3 1.1 0.6 2.0 1.8 0.03 0.06** 0.08Y 0.1W
P (mg dm?) 12.5 8.3H** 4.5 0.5 26.1 16.3 26.8 14.6" 0.1 0.06~
Ca (cmol, dm?) 32 2. 7HH* 1.6 1.5 4.5 3.7 0.36 0.26** 0.14™ 0.08N
K (mg dm?) 31 3QoHokk 17 18 92 64 179 144 0.15™W 0.13W
Al (cmol, dm™) 0.6 0.8%** 0.1 0.3 1.5 1.8 0.10 0.07m 0.16™N 0.128N
Mg (cmol. dm?) 1.6 | 0.8 0.3 2.5 1.7 0.12 0.08" 0.12M 0.1W
CEC (cmol,dm™) 9.7 8.2%** 7.2 6.1 11.7 9.7 1.00 0.61™ 0.08N 0.08~N
S (mg dm?) 15.8 11.8%%* 8.7 5.8 352 17.1 17.89 6.55m™ 0.13™W 0.07¥
Fe (mg dm?) 1,379 1,242%%% 995 617 1,737 1,818 20.11 35.01™ 0.1 0.08N
Mn (mg dm) 12.2 8.9%#** 4.9 1.8 21.6 18.0 14.67 8.94%* 0.05~ 0.11™W
B (mg dm™) 0.9 0.9 0.7 0.4 1.1 1.8 0.01 0.08%** 0.08~ 0.06N
Cu (mg dm™) 1.3 1.3m 0.8 0.7 1.8 3.7 0.05 0.23 0.14™N 0.23™W
Zn (mg dm?) 1.1 0.7%** 0.3 0.1 2.7 2.0 0.28 0.10%** 0.13M 0.128N
Na (mg dm) 52 50m 21 30 90 113 224 147* 0.08~ 0.15™N
MBC (mg kg™) 297 510%*%* 118 290 527 802 6,841 14,857 0.11™W 0.06N

(TN, total nitrogen; CEC, cation exchange capacity; MBC, microbial biomass carbon. ®Value of the Kolmogorov-Smirnov statistical test. "Normal
distributed data set at 5% probability. "N\No normal distributed data set at 5% probability. "“Nonsignificant. *, ** and ***Significant by the t test, at 5, 1, and
0.1% probability, respectively, applied to mean values of each attribute before and after land leveling.
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of soil chemical attributes in an Albaqualtic
Hapludalf in eastern Arkansas, USA, and also
verified an increase in the K* content after leveling.
The authors attributed this behavior to the presence
of certain clay minerals, such as illite, particularly
in subsoil with an argillic horizon. A similar effect
could also be attributed to the soils in the present
study since Castilhos & Meurer (2002) found micas
in the clay fraction of the argillic horizon of a similar
Albaqualf collected in the same region.

The variance parity test of Levene (1960),
modified by Brown & Forsythe (1974), applied to
the variable sets before and after leveling, showed
that the variances for pH (H,O), SMP index, P, K, Al,
Mg, CEC, S, Fe, and Cu did not change significantly
(Table 2). However, land leveling significantly
changed the variance values for the other nine soil
properties evaluated.

The great majority of the chemical attributes did not
show relations between their values and the magnitude
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of cuts and fills (Figures 2 and 3). This can be observed
by the low coefficients of determination (R?), although
significant. The significant values of the regressions are
related to the large number of samples, since, according
to Charnet et al. (1999), increments in sample number
increase the possibility of significance of the R?, even
without a satisfactory relation between the variables.
However, the R? values, besides significant, were
greater than 0.5 for SOM, K, P (Figure 2), and TN
(Figure 3). The relation was quadratic for SOM, P, and
TN, indicating increase of these attributes in cut areas
and stability in fill areas.

Statistically  significant relationships between
soil chemical attributes and the magnitude of cuts
and fills after leveling have potential to be used as a
basis for future soil management projects. They open
the possibility to improve soil fertility by applying
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inorganic and organic fertilizers in a more rational way
to obtain higher productivity of crops to be introduced
in recently leveled land. The correlations between
these attributes and the depths of cuts and fills suggest
that the cut and fill map (Figure 1 B) could be used by
farmers as a practical tool for the production system,
i.e., in the case of potassium (Figure 2), the greater the
cut depth, the greater the need of a supplementation of
this nutrient. For SOM (Figure 2), the application of N
would be homogeneous in the fill areas. In this way, the
application of a given nutrient could be made taking
into account the homogeneity of the cut zones. The
linear regression for MBC and the magnitude of cuts
and fills (Figure 3) show a positive slope that indicates
lower MBC in cut areas. In other words, there was an
increase in soil microorganism populations in filled
areas after leveling.
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Figure 3. Regressions between cut (-) and fill (+) depths and soil total nitrogen (TN), sulfur (S), iron (Fe), boron (B), copper
(Cu), zinc (Zn), and soil microbial biomass carbon (MBC), as well as equations and respective coefficients of determination.
"“Nonsignificant. * and **Significant by the t test at 5 and 1% probability, respectively.

Pesq. agropec. bras., Brasilia, v.48, n.11, p.1489-1497, nov. 2013
DOI: 10.1590/S0100-204X2013001100010


http://dx.doi.org/10.1590/S0100-204X2013001100010

1496

Conclusions

1. Land leveling operations alter the magnitude of
soil chemical and biological attributes.

2. The changes in the values of soil chemical
attributes are related to the characteristics of the soil
profile of cut areas.

3. The relationships between chemical attributes
and the magnitudes of cuts and fills indicate that
land leveling map may be a useful tool for degraded
soil recuperation through amendments and organic
fertilizers.
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