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Management zones based on corn yield and soil physical attributes

Zonas de manejo basadas en el rendimiento de maiz y de atributos fisicos del suelo

Milton F. Alarcon-Jiménez', Jesiis H. Camacho-Tamayo', and Jaime H. Bernal?

The need to increase the yield and thus the income of farm-
ers and provide food for the growing population requires the
search for more efficient and innovative ways for growing, such
as management by zones or site-specific practices. This knowl-
edge improves the process of decision making in agricultural
production for better crop management. The aim of this study
was to determine zones of agricultural management based on
corn yield and its relationship with some physical attributes in
an Oxisol on the Eastern plains of Colombia. For this, the soil
sampling was done in a regular grid whose sampling points
were spaced every 70 m, in an area of 37 ha. The studied soil at-
tributes were penetration resistance (Py), texture, total porosity
(Tp), macropores, mesopores, micropores, saturated hydraulic
conductivity (Ks), bulk density (Bp,), particle density (Pp), soil
water content (S,,) and yield. The results were analyzed using
descriptive statistics, geostatistics and multivariate techniques.
From these results, management zones were defined. The soil
physical attributes presented high variability in the different
regions of the sampled area. The methods used for character-
izing the management zones, allowed for identifying which
area presented the best physical characteristics, an area that
also showed the highest production of maize, similar in the
different methods that were studied.

Key words: soil management, Zea mays L., spatial distribution,
precision agriculture, oxisols, Eastern Plains.

La necesidad de aumentar el rendimiento y con ello los in-
gresos de los productores agropecuarios, asi como abastecer
de alimentos a la creciente poblacién, obliga a la bisqueda de
practicas mas eficientes e innovadoras para cultivar, como el
manejo por zonas o por sitio especifico. Estas practicas per-
miten mejorar el proceso de toma de decisiones en la produccion
agricola, para una mejor gestion de los cultivos. El objetivo de
este estudio fue determinar zonas de manejo agricola basadas
en el rendimiento de maiz y su relacién con algunos atributos
fisicos, en un Oxisol de la altillanura plana de Colombia. Para
esto, el muestreo del suelo se realizé en una malla regular cuyos
puntos de muestreos se encontraban distanciados cada 70 m,
en un area de 37 ha. Los atributos del suelo estudiados fueron
resistencia a la penetracion (Py), textura, porosidad total (T}),
mMacroporos, mesoporos, microporos, conductividad hidraulica
saturada (Kj), densidad aparente (Bp,), densidad de particulas
(Pp), contenido de agua del suelo (Sy,) y la produccién del
cultivo. Los resultados fueron analizados mediante estadistica
descriptiva, geoestadistica y técnicas multivariadas. A partir de
estos resultados se definieron zonas de manejo. Los atributos
fisicos del suelo presentaron alta variabilidad en diferentes
sectores del lote muestreado. Los métodos empleados para la
caracterizacion de las zonas de manejo, permitieron identificar
cual es la zona que presentd las mejores caracteristicas fisicas,
zona que también presentd la mayor produccion de maiz,
similar en los diferentes métodos estudiados.

Palabras clave: manejo del suelo, Zea mays L., distribucion
espacial, agricultura de precision, oxisoles, Llanos Orientales.

Introduction

Corn (Zea mays L.) is the third largest crop in the world,
after rice and wheat crops. Production and consumption
present great economic and social importance, both for
humans and animal feed, as well as raw materials for indus-
trial uses (Galvao et al., 2014). In Colombia, more than half
amillion hectares are planted, whose production depends
on the crop management system. The regions with high
production are Cérdoba, Tolima and Meta, with yields that
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exceeded 5 tha™ for the 2013 harvest (MADR, 2014), lower
than yields recorded in subtropical areas.

One reason for this low productivity is due to conventional
management with a random sampling of low density that
is insufficient to express the relationships between soil at-
tributes and crop productivity, sometimes leading to errors
in decision making, as they may present large variations of
the same attribute due to changes caused by agricultural
activities (Strudley et al., 2008; Sanchez et al., 2011).
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Moreover, farmers generally consider the chemical attri-
butes for management, ignoring the importance in man-
aging the physical attributes. According to Letey (1985),
the physical attributes related to soil productivity can be
divided into two categories: those directly related to the
development of the plant (water, oxygen, penetration re-
sistance and temperature, among others) and those whose
relationship is indirect, such as the texture, aggregation,
porosity and density.

Physical attributes play a key role in fertility and are a
basic component of soil quality (Amézquita et al., 2004),
and their evaluation has been recommended to define
specific management units (Cucunuba-Melo et al., 2011;
Camacho-Tamayo et al., 2013).The bulk density is known
as a parameter which gives indications of the presence of
compacted areas because a reduction in the soil porosity
causes an increase in the By value (Orjuela-Mata et al.,
2011) since actual density (Dr) is linked with the type and
amount of mineral and organic soil constituents and sedi-
mentation rate of particles (Orjuela-Matta et al., 2011). The
true density and bulk density have a predominant role in
the total porosity and therefore the movement and storage
of water in the soil (Cruz et al., 2010). Furthermore, clays
contribute to the stabilization of organic carbon and the
retention of anions and cations in the soil, which affect
the processes of percolation and the stripping/retention of
nutrients, as well as the agrochemicals in the soil (Godwin
and Miller, 2003).

Frequently, the analysis of this information is performed
by univariate techniques that only allow for characterizing
the soil properties. Therefore, it requires a great number
of measurements at different sites to obtain an accurate
estimate. For the analysis of data thus created, the use
of geostatistical tools that allow for the evaluation and
understanding of the spatial variability of soil variables is
suggested (Martins et al., 2011), considering the response
to problems such as variability of the soil properties and
the relationship with the climatic conditions (Navar and
Lizarraga-Mendiola), variability in physical properties
(Cruz et al., 2010) or determination of management units
and analysis of crop yield (Camacho-Tamayo et al., 2013).

A multivariate analysis reveals the associations among a
group of studied properties. Cluster and principal compo-
nent analyses are employed for classification, mathematical
modelling, and evaluation in environmental studies. In
soil property studies, a multivariate analysis allows for
the characterization of an area and the identification of
the interaction with the surroundings of each resulting
property and group. While it is true that these methods do
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not in themselves allow for the establishment of the spatial
variability of a group of samples, they support their catego-
rization and grouping. With this grouping, it is possible to
determine areas and establish management zones allowing
appropriate uniform management to be carried out within
the zones (Camacho-Tamayo et al., 2013).

The objective of this study was to define the relationship
between some physical attributes with crop yield of corn
in an Oxisol and to identify management zones (MZ) in
order to generate recommendations and improve agricul-
tural practices.

Materials and methods

The study was conducted in the municipality of Puerto
Lopez (Meta) on the Versalles farm, with the geographical
coordinates 4°09°51.31 N and 72°48°38.86 W, at an altitude
of 232 m a.s.l. The soil of the study area was classified as a
Typic Haplustox, with maize crop. The experimental unit
had an area of 37 ha. The zone has a sub-humid tropical
climate with an average temperature of 27.8°C and an an-
nual precipitation between 2,200 and 2,400 mm, which is
concentrated between the months of April and November.

In each sampling point, undisturbed samples at 0-10 cm
and 10-20 cm depths were taken for the determination of
the physical properties such as total porosity (Tr), mac-
ropores (M,p), mesopores (Mg;), micropores (M), bulk
density (Bp), particle density (Pp,) and saturated hydraulic
conductivity (K). The soil water content was determined
with the gravimetric technique and the texture was deter-
mined with the Bouyoucus method. In a field, the penetra-
tion resistance (Py) to 0.60 m depth was measured with an
Eijkelkamp Penetrologger, with a soil water content near
to the field capacity due to precipitation at sampling time
(November). At the end of the crop cycle (December 2012),
the production parameters were obtained.

With the experiment data, initially, a descriptive statistical
analysis was performed to determine the mean, median,
maximum and minimum coefficients of variation (CV),
skewness and kurtosis. Thus, the adjustment to normal for
each variable was verified (Diggle and Ribeiro, 2000). For
the analysis of CV, Warrick and Nielsen (1980) was used,
which considered low variability for CV below 12%, middle
variability between 12 and 60% and high variability for CV
greater than 60%.

To define the management zones (MZ), three methods
were used. The first method was the cluster analysis, while
the second and third methods were related to estimating
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the soil index (SI) with two different methods: principal
component analysis (CPA) and the coefficient of varia-
tion (CV). A SI corresponds to a linear combination of
the properties of the selected soil where the weight of
each property is chosen. A description of the SI is given
by Ortega and Santibafiez (2007). Cluster analysis identi-
fies groups of observations that have some similarities to
each other (Ferreira, 2011). After the areas of handling for
each method were identified, plots of MZ were developed.
Finally, the Pearson correlation between the MZ and each
attribute was estimated to establish the correlation and
influence of the attributes in the MZ. For the statistical
analysis, SPSS v.20 was used.

Results and discussion

Similar values of the mean and the median in the studied
variables suggested a symmetrical distribution of the data,
which together with the near-zero coefficients of skewness
and kurtosis values, support the conclusion that the behav-
ior of the distributions were near to normal (Tab. 1). This
approximation to the normal distribution, expressed by

the skewness and kurtosis, resulted in increased reliability
because the variance was more stable (Camacho-Tamayo
etal., 2013).

The observed values of Py at the 0-10 cm depth were lower
than those reported for the Colombian Eastern Plains by
Rubiano (2005) and Jaimes et al. (2003), which reported
values between 1.73 and 3.37 MPa for native savanna. This
shows that the soil intervention by agriculture reduces the
Py in the shallow layers. On the other hand, at the depth
of 10-20 cm, a mean of 1.98 MPa was observed for the Py,
value, considered by several authors as appropriate, at the
upper limit for the root development of plants (Hamza and
Anderson, 2005; Medina et al., 2012). The Py for the 10-20
cm depth, as determined by Warrick and Nielsen (1980),
showed low variability. For the other studied attributes,
the variability was medium with a CV lower than 60;
however, the attribute dispersions at the two depths were
relatively similar.

According to the sand, silt and clay contents, the soil texture
was between clay loam and sandy loam. The bulk density

TABLE 1. Descriptive parameters of the attributes Py, S, By, Pp, Ks, T, Mse, Mep, My, sand, clay, silt and yield for corn (Eastern plains of Colombia).

Attribute Mean Median Skewness Kurtosis Minimum Maximum CV (%)
Yield (tha™) 6.329 6.40 -0.08 -0.47 4.30 8.60 1419
Depth, 0-10 cm
Pr (MPa) 1.32 1.31 011 -0.53 0.79 1.85 18.50
Sw (%) 26.62 26.90 -0.23 -0.59 9.40 39.20 25.88
Sand (%) 51.28 48.90 1.89 3.40 4017 76.96 14.98
Clay (%) 25.74 26.37 -1.49 2.65 12.37 33.71 15.50
Silt (%) 22.55 23.95 -1.29 0.97 7.33 30.00 23.81
B, (g cm™) 1.47 1.45 019 -0.81 1.08 1.84 12.45
Po (g cm™) 2.57 2.56 0.58 0.23 2.36 2.81 3.27
Ks (g d) 17.57 15.50 0.98 0.35 410 47.00 58.98
Tr (%) 46.46 4815 -0.67 -0.67 34.27 56.69 1213
Mae (%) 9.52 8.45 0.74 -0.58 3.89 18.03 37.41
Mee (%) 8.00 8.12 013 -0.51 5.47 11.48 17.31
M (%) 29.23 30.16 -0.55 0.18 17.37 38.79 16.80
Depth, 10-20 cm
Py (MPa) 1.98 1.99 -0.02 -0.36 0.50 2.48 1110
Sw (%) 26.83 26.60 -0.12 -0.90 11.30 38.50 24.59
Sand (%) 50.66 48.53 1.83 1.03 40.83 77.63 15.14
Clay (%) 29.09 29.71 -1.08 1.51 16.19 35.71 14.61
Silt (%) 20.32 21.20 -113 0.82 9.33 26.59 21.11
B, (g cm™) 1.51 1.50 013 -0.61 110 1.91 11.52
Py (g cm™) 2.66 2.66 119 7.38 2.34 2.66 3.63
Ks (g d) 13.78 12.00 0.81 -0.21 2.50 34.6 58.48
To (%) 4543 46.67 -0.92 0.08 32.42 53.48 11.96
Me (%) 7.80 711 0.92 0.08 4.55 14.51 30.98
Mee (%) 7.74 7.58 0.42 -0.24 4.96 12.08 19.89
M (%) 30.15 30.58 -0.55 0.21 17.8 38.87 15.7

Pr, penetration resistance; S, soil water content; By, bulk density; Py, particle density; K;, saturated hydraulic conductivity; Ty, total porosity; M,s, macroporosity; Mg, mesoporosity; My, microporosity.
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showed values between 1.47 and 1.51 g cm™at the depths
of 0-10 cm and 10-20 cm, respectively. The T}, was similar
for the analyzed depths, with values close to 46%.

For the cluster analysis of the soil physical attributes, a
Euclidean distance of 15 was used (Fig. 1). For the two
depths, four groups were considered. The sand content
was correlated with By because these attributes were in the
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same group. Likewise, it was observed that the crop yield
depended on the P, at both depths. Another characteristic
was the relationship between the soil water content (S,,)
and the Mg, indicating that the soil water availability was
subject to the pore size. Moreover, as observed for these
attributes in the cluster analysis, the presence of silt also
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FIGURE 1. Cluster analysis of the soil physical attributes on the Eastern plains of Colombia. A, 0-10 cm; B, 10-20 cm (abbreviations see Tab. 1).
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The principal components analysis (PCA) presented
similar behaviors at both depths (Fig. 2), particularly in
the first and second component (PC1 and PC2). Similar
results were reported by Camacho-Tamayo et al. (2010) for
chemical properties in this Oxisol, with different levels of
intervention. For the first depth, the PCA considered three
PCs with an engine value above one (1), components that
represented more than 70% of the total variance. For the
second depth, four components were considered since they
represent more than 70% of the total variance. The CP1
represented 43.5 and 45.54% of the total variance for each
depth, respectively, where the attributes that best repre-
sented this component were silt, clay, T, and M, attributes
that presented a negative correlation with the first depth
and a positive correlation at the second depth. Furthermore,
the sand, P, and By, showed a positive correlation at the
first depth and a negative correlation at the second depth.

The second component (PC2) represented 19.96 and
15.91%, respectively, of the total variance for each depth,
where M, Pand K had inverse correlation for both depths,
as observed in the cluster analysis (Fig. 1). At both depths,
the more representative physical attributes for CP1 were silt,
clay, Ty, Myp, sand, P, and By,. The yield had low correlations
with these attributes and low representation in the PCA.

The determination of the MZ based on the cluster analysis
allowed for the definition of four zones for the first depth
(Fig. 3A), with an area of 10.78, 8.33, 14.21 and 3.43 ha,
respectively. Zone 1 and 4 had the lower CV values, while
zone 3 had the greatest value (Tab. 2).

For the second depth (Fig. 3B), four areas were determined.
Zone 1, with 16.66 ha and the largest area, and zone 2, with
3.92 ha, had medium values of CV. Zone 3, with 12.74 ha,
and Zone 4, with 3.43 ha, had the higher CV values (Tab. 2).
At the studied depths, the Py was high, with values of 1.33
MPa for the first depth and 2.1 MPa for the second depth,
which showed the formation of a compact layer. Zone 1 had
higher contents of T}, and Mep due to a high clay content
and alow Da. Zone 2 had alow By, high T}, and moderate K|
at the second depth according to the classification created
by Kohnke (1968). Zone 3 had a low By, and high T}, while
the four zone presented high My, values and low contents
of M,. The soil K behaved randomly with values between
slow and fast; however, area 4 had a moderate Ks.

According to the soil index based on the coefficient of
variation, the four zones were determined using the physi-
cal attributes. Zone 4, with 11.27 ha, had the highest CV
value. Zone 2, with 18.13 ha, had the largest area. Zone
1, with 3.92 ha, showed the lowest CV value, and Zone 3,
with 11.27 ha, presented medium values (Tab. 3).

At the studied depths, Zone 4 showed a high Py at the first
depth and a low Py at the second depth, and a high sand
content, low values of By, My, Tp and My, and a moder-
ate K, at the first depth. This indicates the presence of a
compacted layer apparently caused by machinery traffic.
Zone 2 had a high Py and M;; and a moderately slow Kj
according to the Kohnke classification. Zone 3 showed a
low By, moderately slow K and high Mg, (Fig. 4).

According to the soil index based on the principal com-
ponents analysis (Fig. 5), for the physical attributes at
the two depths, the highest CV values were in Zone 4. In
contrast, Zone 1 had the lowest CV values. Zones 1 and
2 had approximately similar mean values for P, and M,
although they had different CVs (Tab. 4).

It was observed that the methods of the soil index based
on the coefficient of variation and corresponding princi-
pal component were similar at both analyzed depths, as
with Zone 4, where a high sand content, low values of Py,
Bp, Mip, Tp, Mpp and a moderate K value were observed.
Zone 2 showed a high P, and M|; and a moderately slow
K. In this zone, the use of a chisel plow is recommended
to till the compacted layer to prevent limitations on root
development, as seen in reports by Ramirez-Lopez et al.
(2008) for compacted soils of this zone. Zone 3 presented
a low By, moderately slow Kg and high Mg, Moreover,
Zone 1 had a high T}, and low By,

The zone delineation for the crop yield was established
on the basis of coefficient of variation, with four manage-
ment zones (Tab. 5 and Fig. 6). The zone with the lowest
production was Zone 1 (4.96 ton ha™) and Zone 4 (7.51)
was the zone with the highest yield, in an area of 5.88 ha.
By correlating these areas with the physical attributes,
it appears that the zone of greatest yield presented the
highest values of sand and M,;, low values of P, and B,
and a moderate K. Moreover, Zones 1, 2 and 3 showed
high values of T, and Mg,
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FIGURE 3. Management zones defined by the cluster analysis for the physical attributes at the two depths on the Eastern plains of Colombia. A, 0-10
cm; B, 10-20 cm.

TABLE 2. Means and coefficients of variation of management zones defined by the cluster analysis for the soil physical attributes on the Eastern
plains of Colombia.

Zone 1 Zone 2 Zone 3 Zone 4
Attribute Mean CV (%) Mean CV (%) Mean CV (%) Mean CV (%)
Depth, 0-10 cm
Area (ha) 10.78 8.33 14.21 343
Pr (MPa) 1.38 23.32 1.33 14.08 1.22 19.09 1.34 17.66
Sw (%) 33.08 11.66 26.85 23.62 23.00 25.73 20.80 12.55
Sand (%) 47.71 7.50 55.68 10.97 47.81 5.24 7714 4.52
Clay (%) 2517 10.47 19.65 22.74 24.92 9.99 9.24 18.36
Silt (%) 2712 7.66 24.67 12.93 27.21 7.68 13.62 14.19
By (g cm?) 1.47 6.09 1.69 5.69 1.32 9.82 1.70 5.38
Py (g cm?®) 2.53 1.69 2.61 3.46 2.55 2.81 2.1 1.57
Ks (g d”) 14.92 47.59 8.88 41.98 26.79 49.70 KYAL 55.37
Te (%) 48.09 4.74 40.73 8.77 50.98 411 36.52 418
Mae (%) 8.64 28.05 6.09 23.16 1217 30.02 1118 3115
Mg (%) 8.89 1213 772 15.21 7.32 18.23 8.74 14.61
My (%) 30.56 8.54 26.91 13.52 31.49 13.09 16.60 15.98
Depth, 10-20 cm
Area (ha) 16,66 3,92 12,74 3,43
Pr (MPa) 1.92 12.53 2106 10.439 2.008 10.539 1.705 40.212
Sw (%) 24.42 24.81 27.028 29.454 31.261 16.488 21.861 8.256
Sand (%) 4718 6.59 47.631 5.985 51.318 10.479 72.042 4.578
Clay (%) 2213 1.21 22.404 6.171 19.536 19.892 9.810 18.700
Silt (%) 30.69 9.40 29.965 10.302 29.146 9.763 18.149 13.207
By (g cm?) 1.49 7.62 1.218 5.160 1.630 7917 1.742 4.524
Py (g cm®) 2.70 14.32 2.643 2.344 2.591 16.002 2.686 2.859
Ks (gd”) 16.58 56.26 38.738 35.931 8.613 45.546 15.882 43.564
Te (%) 47.82 5.58 50.201 3.180 44.069 10.129 33.441 2.259
Mye (%) 7.39 23.37 13.005 11.679 7.308 30.112 6.788 23.704
Mee (%) 6.79 15.04 7.088 12.786 9.127 13.834 7.945 17196
M (%) 33.64 8.51 30.108 5191 27.634 9.781 18.708 10.468

Pe, penetration resistance; Sy, soil water content; By, bulk density; Py, particle density; Ks, saturated hydraulic conductivity; Ty, total porosity; M,s, macroporosity; Mg, mesoporosity; M, microporosity.
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FIGURE 4. Management zones defined by the coefficient of variation index for the physical attributes at the two depths on the Eastern plains of Co-
lombia. A, depth 0-10 cm; B, depth 10-20 cm.

TABLE 3. Means and coefficients of variation of the management zones defined by the coefficient of variation index for the soil physical attributes on
the Eastern plains of Colombia.

Zone 1 Zone 2 Zone 3 Zone 4
Attribute Mean CV (%) Mean CV (%) Mean CV (%) Mean CV (%)
Depth, 0-10 cm
Area (ha) 3.92 18.13 11.27 2.94
Pr (MPa) 1.31 13.86 1.33 19.03 1.24 23.73 1.36 18.45
Sw (%) 27.22 15.15 26.47 23.22 28.85 26.97 19.43 31.42
Sand (%) 48.01 6.04 49.31 6.84 54.24 20.08 66.66 24.43
Clay (%) 25.25 10.04 23.98 10.32 20.97 33.07 14.81 56.47
Silt (%) 26.74 6.67 26.71 9.16 24.79 19.30 18.53 43.37
By (g cm?) 1.40 773 1.48 9.55 1.55 14.39 1.43 22.81
Py (g cm?) 2.54 1.85 2.56 2.98 2.59 3.56 2.64 3.76
Ks (gd”) 47.95 4.36 4793 9.69 44.68 14.51 42.81 17.98
Te (%) 16.11 28.04 16.82 49.46 17.92 78.19 50.35 23.45
My (%) 9.53 18.71 9.41 39.79 8.52 37.04 14.87 23.08
Mee (%) 30.32 6.74 30.71 11.79 27.82 2210 20.07 29.58
My (%) 8.10 10.82 7.80 15.94 8.33 20.11 7.87 20.10
Depth, 10-20 cm
Area (ha) 5.39 1813 11.76 4.90
Pr (MPa) 1.97 8.33 1.98 9.55 1.94 16.01 1.86 34.54
Sw (%) 27.76 15.04 26.29 27.35 29.20 18.35 23.79 31.88
Sand (%) 48.61 6.07 48.65 7.04 52.58 18.92 59.48 23.33
Clay (%) 29.11 7.21 30.19 9.78 28.77 19.07 24.18 26.98
Silt (%) 22.27 10.65 21.16 12.89 18.65 27.54 16.34 46.95
By (g cm?) 1.52 6.29 1.53 9.25 1.56 13.69 1.50 19.32
Py (g cm?) 2.58 8.55 2.66 18.43 2.69 4.36 2.67 2.68
Ks (g d”) 13.76 27.67 12.42 55.33 16.65 75.23 31.49 59.64
Te (%) 47.24 4.45 46.32 7.98 44.85 15.42 4114 20.33
Mye (%) 7.78 15.45 7.25 30.20 8.70 33.21 913 40.65
Mg (%) 742 21.05 7.70 19.24 8.28 21.06 7.34 18.04
M (%) 32.04 9.27 31.38 11.28 27.88 20.61 24.68 28.31

P., penetration resistance; Sy, soil water content; By, bulk density; Py, particle density; Ks, saturated hydraulic conductivity; Tp, total porosity; M, macroporosity; Me,, mesoporosity; M,,, microporosity.
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FIGURE 5. Management zones defined by the principal components index for the physical attributes at the two depths on the Eastern plains of Co-
lombia. A, 0-10 cm; B, 10-20 cm.

TABLE 4. Means and coefficients of variation of the management zones defined by the principal components analysis index for the soil physical
attributes on the Eastern plains of Colombia.

Zone 1 Zone 2 Zone 3 Zone 4
Atribute Mean CV (%) Mean CV (%) Mean CV (%) Mean CV (%)
Depth, 0-10 cm
Area (ha) 4.41 16.66 9.8 5.88
Pr (MPa) 1.27 14.59 1.33 21.81 1.27 19.62 1.29 18.56
Sw (%) 26.88 22.46 26.55 28.64 29.94 15.78 2112 2510
Sand (%) 48.70 741 47.98 6.36 53.24 13.93 65.68 22.04
Clay (%) 271.29 6.81 2111 8.42 25.31 12.48 19.04 36.78
Silt (%) 24.01 10.83 2491 10.01 21.45 25.20 15.28 51.21
B, (g cm®) 1.47 6.00 1.44 8.76 1.58 13.54 1.48 20.24
Py (g cm’®) 2.53 3.15 2.56 2.64 2.58 3.22 2.63 3.94
Ks (g d”) 14.85 42.95 18.65 53.99 14.07 68.70 38.90 49.60
To (%) 47.29 6.73 48.72 5.79 44.69 15.96 42.37 17.42
Map (%) 9.24 27.91 9.23 21.74 8.71 55.48 12.80 31.76
Mep (%) 8.52 7.52 7.90 15.63 7.88 21.35 8.13 20.79
M (%) 29.54 8.12 31.60 917 28.10 16.84 21.44 33.72
Depth, 10-20 cm
Area (ha) 4.90 16.66 10.29 4.90
Pr (MPa) 1.91 8.34 1.98 13.28 1.98 9.72 1.84 33.86
Su (%) 26.24 24.66 27.38 26.18 27.87 19.68 23.38 28.18
Sand (%) 47.36 5.53 48.62 9.47 53.41 16.56 57.52 23.59
Clay (%) 29.23 8.19 30.49 9.25 27.87 18.13 25.38 27.83
Silt (%) 23.41 13.41 20.89 14.51 18.72 25.63 1711 40.58
B, (g cm®) 2.66 1.76 2.64 6.74 2.57 16.19 2.89 23.87
Py (g cm®) 1.51 5.95 1.54 8.53 1.55 12.69 1.48 20.92
Ks (g d7) 12.37 32.37 13.99 70.23 15.00 56.04 29.43 68.24
To (%) 46.24 2.05 45.97 .77 4579 15.60 42.04 19.46
Map (%) 7.58 18.22 a7 28.48 8.33 29.85 9.82 41.26
Mep (%) 7.74 10.18 7.82 18.70 8.02 25.42 6.88 12.69
Mp (%) 30.92 6.39 30.98 10.90 29.44 2418 25.34 22.50

Pr, penetration resistance; Sy, soil water content; By, bulk density; Py, particle density; Ks, saturated hydraulic conductivity; Ty, total porosity; M,e, macroporosity; M, mesoporosity; M, microporosity.
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TABLE 5. Means and coefficients of variation of the management zones defined by the corn crop yield on the Eastern plains of Colombia.

Attribute Zone 1 Zone 2 Zone 3 Zone 4

Mean CV (%) Mean CV (%) Mean CV (%) Mean CV (%)
Area (ha) 6.86 9.80 14.21 5.88
Yield (tha™) 4.96 6.31 5.79 473 6.67 3.78 7.51 4.95

952250 4

951750 4

1140600 1141200

FIGURE 6. Management zones defined by corn crop yield on the Eastern
plains of Colombia.

According to the above, the best physical conditions were
present in Zone 4 and the other zones must be enhanced in
order to improve the soil conditions and increase yield. For
this, the use of a chisel plow is recommended to break the
compact layer and cause soil fractionation. Thus, different
attributes, such as infiltration, air capacity, distribution of
nutrients and root penetration, will be improved (Molina
et al., 2003).

Conclusions

This spatial variability allowed for the establishment of
management zones, where it was possible to identify the
best area based on the physical characteristics and yield
crop by different methods, which showed similarity in their
results. The overall relationship, including data from all of
the sites, between the methods of delineation was very high.
In practice, this means that, once the proper attributes that
explain yield are identified, any of the evaluated methods
could be used to delineate the MZ within a field. Likewise,
with this information, better management of different areas
is facilitated in order to increase crop production.
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