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ABSTRACT

To evaluate the performance offdifent sampling arrangements, this work aimed to stodyfield ofEucalyptus
camaldulensigthe variability and spatial dependence of some attributes of plant and SG@@ESFOLOVERMELHO
Distréfico [Typic hapludox])To collect the soil (water content [WC] and soil mechanical penetration resistance [PR])
and plant data (tree height [TH] and circumference at breast height [CBH]), a sampling arrangement containing 122
points was used in an area of 1.98 ha and three other arrangements, with 84, 48 and 42 points. Except for the CBH, the
reduction of points did not expressively affect the parameters of the classical statistics of all other parameters evaluated.
Spatially for TH andWC, the reduction of collection points did not significantffieef the geostatistical parameters,
allowing estimating mapping similar to the initial mapping with high correlation coefficients. The WC at 0.10-0.20 m
layer could be estimated from 48 samples of the WC at 0-0.10 m layer and 48 samples in the layer of 0.10-0.20 m with a
correlation coefficient (r) equal to 0.94 when compared to initial kriging from an arrangement with 122 sample points.

Keywords: geostatistical planning; sampling; spatial dependence; soil management.

INTRODUCTION Filhoetal.,2017), as well as in the evaluation of the spatial
Itis currently common sense in the agrarian sciencdyeractions btween soil attributes and plant productivity
to consider that the spatial variability of soil attributes i§-/ma et al., 2016; Silvaet al., 2017) allowing the
virtually unquestionable. Hence, characterizing this spatiflterpretation of results based on the natural structure of
variability can improve soil management actions ante attribute (Greget al.,2014; Landim, 2015).
strategies in order to reduce the operational costs and theOn the other hand, according to Soezal. (2014)
application of inputs (Moliret al., 2015). The study of One of the factors limiting the application of geoestatistics
spatial variabilitywhich is given by the existence of spatialS the amount of data necessary for the sampling process
dependence in a sample field, is prioritized as object & be representative in a way to capture the real spatial
study in geoestatistics, which represents a group w#riability of a given attribute. Because, due to the high
mathematical procedures applicable when the data #ests of sampling and attribute analysis, there is some
georeferenced @mamoto & Landim, 2013). difficulty in harmonizing geostatistical rigor with both
The use of this methodology of analysis has beerconomic and operational feasibility for the spatial
consolidated for some time in the agrarian sciences aplaracterization of soil variability on a commercial scale.
has been increasingly applied in the study of the spatial According to Cherubiret al. (2015), the spatial
variability of soil attributes (Almeidat al.,2017; Lemos variability of sal attributes may be presented at different
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scales due to formation processes and, also, frondicating a dry sub-humid region without water surplus,
anthropic interference. Thus, considering the numerousegathermal with evapotranspiration in the summer less
variables that directly or indirectly influence a certairthan 48% of annual mean, average temperature of 23.5°C
attribute, the difficulty of proposing a sample model baseahd yearly average rainfall of 1,400 mm, with period of
on universal collection is evideccording to Oliveira highest precipitation between the months of September
et al. (2011), densified samples provide a betteto June, dry winters from JuneAagust.

assessment of the spatial variability of an attribute, The geostatistical grid used was installed under a field
however depending on the size of the sample area, thid Eucalyptus camaldulensfmounted in mid-1986 with
condition requires more labor for data collection andpacing between plants of 4 x 4 m) in AI0SSOLOVER-
generating higher costs §W Groenigeret al., 1999; MELHO Distréfico tipico (Santogt al., 2018); Typic
Montanariet al.,2005). hapludox (USDA, 2014).

This way in order to dfciently characterize geosta-  The attributes of the Eucalyptus evaluated as parame-

tistically samples arrangements, the literature hasers for all different sample arrangements were: tree height
presented very studies such as the work of Chertbin(TH, m) and circumference at breast heightat 1.3 m (CBH,
al. (2015), which showed that the grid reduction of them). For each collection point, the values of TH and CBH
sample maintained the accuracy in the characterizationwére based on the mean of the data of the trees surrounding
the spatial variability of P and K by Kriging. Soutaal.  the sampling point.
(2014), in another studpbserved that samplings intwo  The soil attributes evaluated were: water content (WC,
regular grids (with 208 and 206 points) showed similarit9) and the soil mechanical penetration resistance (RP
in the kriging error and inputs estimation for applicatioMPa). To determine the water content, samples of soils
accordingly to samplings with 105 and 102 points. Gelaiwith deformed structure were collected, using a bucket
(2016), on the other hand, evidenced several sampliagger The methodology used is described as explained
points necessary for estimation gf K and saturation in Donagemat al.(2011):

base (187 points); pH and organic matter (95 points), and a-b
soil clay (23 points). Thus, several other studies ha\%CZ(T) @)
been carried out with this aim (Gimenez & Zancanaro, 2012; . .

where: a is the wet sample mass and b is the dry sample

Cherubiret al.,2014;Alves & Reis, 2017).
However the fact is that when the intention is to initiaIIym
apply the geostatistical analysis in any area, the sample The soil mechanical penetration resistance was
planning and the decision on the number of collectionbtained in the field using an impact penetrometer (Stolf,
points precede the possible field results, thus there is h891) and calculated according to a computer spreadsheet
guarantee of success in evidencing the spatial dependé&stolf, 2014). The soil data were analyzed following the
ce of the attributes, even using as basis some similayers: 0-0.10 m (WC1 and RP1) and 0.10-0.20 m (WC2
studies. Still, once detected the space dependence, and RP2).
considering the possibility of consolidating the use of The spatial distribution of plant and soil data collection
geostatistics in the management of this area with the ididlowed the arrangements defined by the tested grids (Fi-
of improving productive ditiency, reducing at maximum gure 1). The initial grid (bigger grid) was composed of 7
the amount of sample points without significant losses iparallel lines, with 12 sampling points each, with a total
the result seems an adequate decisislh.things number of 84 points (20 x 15 m), covering an area of 1.98 ha
considered, the purpose of this study was to evalugf20 x 90 m). For the purpose of detailing the spatial analysis,
several sample arrangements to estimate the dependemeaz smaller grids (refinement grid) were allocated inside
and spatial variability of tree height and circumferencthe bigger grid, totalizing another 38 sample points. The
measured at breast heightEdcalyptus camaldulensis dot spacing of the refinement grid was 4 x Aitogether
as well as water content and mechanical penetratitine base grid consisted of 122 points, being c&led ,,
resistance in @ypic hapludox in the Brazilian savannah (Figure 1a). From this base grid, a gradual decrease of the
sampling density was realized for the elaboration of three
MATERIALAND METHODS new grids with different sample arrangements. Thus, the
This study was developed at the Research affidal result was a grid with 84 pointSyid,, (Figure 1b), a
Extension Farm of Engineering School (Unesp), locategtid with 48 pointsGrid,, (Figure 1c) and another with
in Selviria, state of Mato Grosso do Sul, Brazil (22° 23bwer density containing 42 pointsyid,, (Figure 1d).
south latitude and 51° 27’ west longitude), 363 m above Based on the data extracted and organized in each
sea level. The climate of the region was classified a&xperimental arrangement, for each attribute studied, the
C1dAa’ by the Thornthwaite system (Rol@nal.,2007), descriptive analysis was carried out with the aid of

ass.
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classical statistics, using the SAS Software (Schlotzhaver The analysisfor choosing each semivariographic
& Littell, 1997).To test the hypothesis of the normality ofadjustment was done using as criteria: a) smaller sum of
the attributes, the ShapiroilWtest was used at the 1% the residuals squares (SSR); b) the highest coefficient of
level of probability significance. The data of each arrangeletermination (B, and c) the highest spatial dependence
ment sampling were submitted to variance analysis usif§DE), which was evaluated as described in Zimback
the F test at the significance level of 5%. (2001):

Spatial analysis was performed using the Gamn®DE=[C/ (C+CJ. 100 (6)
Design Software 7.0 . GSRobertsor_L 2004). Thus, where: SDE is the indication for space dependency; C is
separately for each attribute, the spatial dependence WHS
analyzed by calculating a simple semivariogram, basﬂgie structural variance; C +,& the threshold.
on the stationarity intrinsic hypothesisafvfamoto & The interpretation for the SDE was, as follows: a) SDE
Landim, 2013) estimated by the following expressios 25% indicating weak spatial dependence; b) 25% < SDE
(Almeidaet al.,2017): < 75% moderately dependence, and c) SDE> 75% strongly
N(h) 5 dependence.

[2(Xi) - Z(Xi+h)] (2)  The highest correlation coefficient (r) between
observed and estimated values from the cross-validation
where: N (h) is the number of observed experimental pa&g ocess was adopted as the final criterion for accepting
of Z {xi) and Z (i + h) separated by a distance h. or not the semivariographic adjustment. Thus, it was

Thus, the experimental semivariograms were adjusted pyssible to compare all the information among all different
the following theoretical modelsxponential (2), spherical sample arrangements.

Y(h) = zN(h)Z

(3) and Gaussian (4). The cross-validation process, which consists of the
S(hy= Co+C{l - exp[ 3(%) } h>0 3) re_moval of each observatipn pelonging tq the data}set
with subsequent value estimation by the interpolation
Y(h) = C0+C[%(2) ( )3] 0<h<A, entdo method (ordinary kriging), was used to verify the
reliability of the adjusted mathematical model. The model
y(h)y= Co+C;h>a (4)  chosen was the one that best estimated the observed

values, which is, the one that produced a linear regression
©) equation between the observed values, as a function of
being the maximum distance in which the variogram wabke estimated values closer to the bisector (intercept
defined, G corresponds to the nugget effecf;4CC to equal to zero and angular coefficient = 1) (Isaaks &

f(h) = Co+Cl1- exp[3(h)]} 0<h<d

the level ané range of the variogram {&ira, 2000). Srivastava, 198).
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Figure 1: Arrangements of sample collectioBr{ds).
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The parameters models adjusted to the experimenthaé crop season (Silet al.,2004), decreasing its intensity
semivariograms were used in the estimation of thiewards the center of the area, or even in areas with higher
attributes from non-sampled locations by means of thmoisture content in the soil.
ordinary kriging technique. In this process the estimates In addition, it was observed that the differences
were made based on the equation (Faria, 2013): between the values of the VC of the studied attributes

e N (Table 1) showed only a slight thfence between them,
z (XO)_Eizlx"Z(xi) ifdicating that even with the reduction of the number of

where Z is the value to be estimated at the non-samplé)(lf)ser\""‘t'do_ns W'th('jn eachdsamele Grid, thel values were
point x; N, the number of measured values ¥jfresented hot very dispersed around the average value.

on the estimation amtl the weights associated with each .The frequency dlstrlbgtlon for TH was normal n aII-
measured value Z{x Grids, although for the Circumference Breast Height, it

varied between normal, tending to normal and indefinite
As a way of validating the maps results, the correlatiofTaple 1). For water content the normal type was present
coefficient of the numerical data generated in the krigingr most of the studied arrangements (W&, , Grid,,
process of each attribute was analyzed. For this PUrpogid, , WC2Grid,,, Grid,, andGrid, ) whereas only the
the Pearson correlation matrix was assembled using i&ta of the larger mesh showed distribution of tending to
Excel spreadsheet. normal type (WCBrid,,) and undefined (WC@rid ).

Considering that the spatial correlation between twon the other hand, the PR presented frequency
variables can be verified and measured, and consideriggtribution only of the indefinite class.

the difficulties involved in the evaluation of soil attributes  pespite these observations, when the other statistical

in depth, the cross-semivariographic adjustment was usggrameters (means, and standard deviation) were evalua-

to test the feasibility of applying the co-kriging techniquered, it was noted, even with different sample sizes and

according to the following expression (Guerra, 1988):  arrangements, the statistical values presented little oscilla-

f(h) :ﬁ(h)zi(f){[zl()(“ +h) - Z1(X1)]  [Za(Xy; + ) - tion, indicating, according to the test-F applied, that the
mean data of all smaller grids would be similarly

- Z(Xo)} ) (8epresenting the population of the sampled area in relation

_ . with the largest grid (p < 0.05).
where: Z and Z correspond to the values of two variables Thus, inTable 1, the mean values for tree height

correlated; h |s_the distance between same Va”aq,'f\dicated values between 22.9-23.6 m standing within the
samples; N (h) is the number of values qfahd Z, 5\ erage range for this species (Loreetial., 2003).
separated by a vector of distance h. However the circumference of the breast showed avera-
Finally, to compare and validate the data generated lggs between 83.9 - 85.4 cm, slightly above the mean of
co-kriging in relation to the original mapping, was used9.2 cm observed by Nakayaetzal.(2017) for the same

once again the Pearson correlation matrix. species.
The data of water content indicated average values
RESULTSAND DISCUSSION for WC1 ranging between 11.6 - 11.8% and for WC2

Table 1 shows descriptive analysis of the attributesetween 11.8 - 12.1% while PR1 presented average values
studied According to the classification of Pimentel-Go-of 6.74 - 6.89 MPa and PR2 ratio between 9.99 - 10.38 MPa
mes & Garcia (2002), tree height (TH) and breagtTable 1).Values for PR between 2.0 and 4.0 MPa have
circumference (CBH) presented average data varigbilityeen considered critical to the development of roots for
in the same way as water content (WC) for all arrangementsveral crops (Arshaet al., 1996; Suzuket al.,2007),
and depths evaluated. with their harmful effects amplified when the soil presents

The soil mechanical penetration resistance (PR) ddtawv WC (Tavares Filho &Tessiey 2009; Tavareset al.,
indicated a high variation cdifient (VC) (Table 1)This  2014).
high variability may be related mainly to external anthropic The Table 2 presents the adjusted parameters to the
actions that influence the state of soil compactiorexperimental semivariograms, as well as the cross-
According to Silvaet al.(2004), the PR is very influenced validation parameters that attest the final model used for
by conditions of soil management, whose action is nefata interpolation by omnidirectional ordinary kriging. The
always homogeneous in the field, therefore, there is a higii showed special dependence for all sampled Grids, with
variability of PR directly in the soil. In general, soileffective limits (A) ranging from 65.3 - 93.2 m, which
compaction occurs regionallwith severe occurrence in reflects on more homogeneous and continuous kriging
sites with higher frequency of land management (Amadaaps for the area management. On the other hand, CBH
etal.,2007; Girardell@t al.,2014), such as at the ends okhowed special dependence only for the largest arrange-
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ment Grid,,,), with a short effective range of 12.2 m,and 76.7% of the larger separation distance between
evidencing small spatial continujtgenerally with points used for the construction of the experimental
mappings showing isolated “management islands&emivariograms, using TH as example, reflected in kriging
Therefore, due to the spatial characteristic of the CBH maps with management belts more homogeneous and
the study area, the reduction of the number of point®ntinuous, with little fragmentation or isolated manage-
caused a loss in capture of the spatial dependence, tmnt islands.
is, the other Grids denoted pure nugget effect (pne) and The spatial continuity values (A) found foH (Table
impossibility of mapping. 2) corroborated with what was observed by Carvatho

It was observed that for all sample Grids WC presented. (2012) which was working with thEucalyptus
spatial dependence with values ranging between 148.8xamaldulensign a sample grid of 120 points in an area of
and 181.7 m for the layer of 0 - 0.10 m and between 156.648 x 285 m, under the same type of soil class, observed an
and 180.9 m for the layer of 0.10 - 0.20 ralfle 2) These extent of 75.7 m. On the other hand, these authors observed
ranges (lower and higher) represented respectively 62.886 the Circumference at Breast Height greater extents to

Table 1: Descriptive statistical analysis of tree height, circumference at breast height, water content and soil mechanical penetration
resistance for diérent sample arrangements in a Brazilian Savaiyic hapludox

M easures of Descriptive Satistics

Value Coefficients Probability®
- ' Var((l);'zt)lon Kurtosis Aymmery  Pr<w FD
Tree Height (m)
Grid,,, 23.2, 23.4 14.4 32.2 2.831 12.2 0.545 0.196 0.742 NO
Grid,, 23.4, 235 15.4 30.1 2.833 12.1 -0.071  -0.017  0.901 NO
Grid,, 22.9, 23.1 15.4 30.1 2.675 11.7 0.663 -0.134 0.764 NO
Grid,, 23.6, 23.6 18.5 28.6 2.387 10.1 -0.124  0.199 0.708 NO
Circumference at Breast Height (cm)
Grid,,, 83.9, 83.2 65.4 113.4 9.952 11.9 0.329 0.751 <0.001 IN
Grid,, 84.7, 84.1 65.4 113.4 10526 124 0.054 0.626 0.025 TN
Grid,, 85.4, 84.4 68.3 113.4 11.163 13.1 -0.043  0.596 0.086 NO
Grid,, 84.5, 84.1 65.4 113.4 12.412 147 -0.192  0.685 0.039 TN
Water Content (0 - 0.10 m)
Grid,,, 118, 12.1 7.9 15.0 1.575 13.3 -0.275  -0.461  0.024 TN
Grid,, 11.6, 11.8 7.9 15.0 1.653 14.2 -0.462  -0.367 0.112 NO
Grid,g 11.6, 11.7 8.1 15.0 1.598 13.8 -0.402  -0.218  0.805 NO
Grid,, 11.6, 11.8 7.9 14.4 1.714 14.8 -0.208 -0.585  0.050 NO
Water Content (0.10 - 0.20 m)
Grid,,, 12.3, 12.4 8.6 15.1 1.523 12.6 -0.701  -0.377  0.006 IN
Gridy, 11.9, 12.1 8.7 15.1 1.576 13.3 -0.865 -0.188  0.091 NO
Grid,g 11.9, 12.2 8.8 15.1 1.530 12.9 -0.768  -0.191  0.318 NO
Grid,, 118, 12.0 8.7 14.3 1.633 13.8 -0.947  -0.336  0.072 NO
Soil Mechanical Penetration Resistance (0 - 0.10 m)
Grid,,, 6.74, 6.48 3.45 11.89 1.84 27.4 0.118 0.694 <0.001 IN
Grid,, 6.79, 6.37 3.45 11.89 1.98 29.4 0.110 0.786  <0.001 IN
Grid,, 6.89, 6.34 3.62 11.89 2.00 29.1 0.281 0.901 <0.001 IN
Grid,, 6.73, 6.40 3.62 11.35 1.81 26.9 0.235 0.767  <0.001 IN
Soil Mechanical Penetration Resistance (0.10 - 0.20 m)

Grid,,, 9.99, 9.41 5.40 17.89 2.26 22.7 1.411 1.124  <0.001 IN
Grid,, 10.1, 9.42 5.40 17.89 2.45 24.3 1.236 1.106  <0.001 IN
Grid,, 10.9, 9.74 6.97 17.09 1.99 20.0 1.028 1.028 <0.001 IN
Grid,, 104, 9.86 6.97 17.09 2.36 22.2 1.071 1.053 <0.001 IN

@FD = Frequency Distribution, being NON, and IN respectively of the normal type, tending to normal and indefiniteerayes
followed by the same letter in the column do not differ from each other by F (p < 0.05).
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what was observed in the present stuldys fact may cial layers of the soil. This result may be related to an
indicate, with respect to height, that this plant attributeniform spatial distribution of clay and organic matter
has an important genetic influence, being less variable@ontent in the soil, which are the most important factors
function of the different physical conditions of the soilfor water retention in the soil.
Contrarywise, it is possible to speculate that the circumfe- In turn, the PR (@ble 2) presented pure nuggdeet
rence at breast height is more influenced by soil condition@ne) for the last arrangement with the lowest sample
and therefore, presented such difference. number at both depths (PR1 and PR2), a result that may
The semivariographic parameters pointed to W®e related to a greater soil attribute variability and to its
(Table 2) gives the possibility to diagnose that thisesponse in relation to the reduction of sampling points,
attribute appears to have a fairly homogeneous spatedpecially in the sample model adopteind,, (Figure
continuity for the studied area. Data observed by Gongdld). Considering that the PR showed smaller extents when
veset al.(1999); Grego &/ieira (2005) also stated that theusing a more densified grids(id,,,), the reduction of
soil moisture was not distributed randomly in the areg@oints caused loss in detail, affecting larger extetisl(,
having a well-defined spatial dependence on the superdind Grid,;) which, in a way made the mapping more

Table 2: Models and parameters of experimental semivariograms for tree height, circumference at breast height, water content and soil

mechanical penetration resistance fofedl#nt sample arrangements in a Brazilian Savaiiygic hapludox

Semivariograms Adjustments Parameters

Arrangements SDE© Cross Validation
a) 2 (b)
M odels' C, C,+C A(m) R SSR % a B ]
Tree Height
Grid,,, exp  9.10x10' 8.401 74.1 0.839 9.510 89.2 1.010 0.956 0.622
Grid,, sph 3.600 8.088 82.3 0.953 0.627 55.5 -1.950 1.079 0.577
Grid,, sph 2.130 7.078 65.3 0.898 0.735 69.9 -0.980 1.041 0.542
Grid,, sph 1.710 5.936 93.2 0.700 2.630 71.2 1.660 0.927 0.499
Circumference at Breast Height
Grid,,, gau  1.00x10*' 90.800 12.2 0.895 676.0 99.9 16.060 0.815 0.381
Grid,, pne 103.866 103.866 - - - - - - -
Grid,, pne 115.357 115.357 - - - - - - -
Grid,, pne 152.900 152.900 - - - - - - -
Water Content (0 - 0.10 m)
Grid,,, gau  6.40Q10" 4.517 180.8 0.975 7.170,10* 85.8 -0.460 1.041 0.844
Grid,, gau 7.90010' 4.631 181.7 0.978 6.220,10* 82.9 -0.630 1.053 0.848
Grid, gau 5.60010' 3.739 148.8 0.985 1.920,10*  85.0 0.390 0.965 0.826
Grid,, sph  1.300,10* 4.208 165.9 0.943 7.010,10*  96.9 -0.020 1.000 0.834
Water Content (0.10 - 0.20 m)
Grid,,, gau  4.50010' 4.102 164.5 0.970 6.550,10"  89.0 -0.350 1.029 0.859
Grid, gau  6.40010' 3.969 162.6 0.969 6.000,10*  83.9 -0.420 1.034 0.849
Grid,, gau  4.30010' 3.612 156.6 0.978 2.900,10* 88.1 0.530 0.954 0.832
Grid,, sph  1.000,10> 4.107 180.9 0.940 8.010,10* 99.8 0.560 0.952 0.833
Soil Mechanical Penetration Resistance (0 - 0.10 m)
Grid,,, exp 1.132 3.483 57.6 0.793 8.13210* 675 3.510 0.478 0.200
Grid,, sph 1.798 3.597 99.3 0.811 5.54010* 50.0 1.580 0.762 0.362
Grid,, sph 1.205 3.613 108.2 0.706 1.270 66.6 1.100 0.834 0.456
Grid,, pne 2.875 2.875 - - - - - - -
Soil Mechanical Penetration Resistance (0.10 - 0.20 m)

Grid,,, exp  8.040,10* 2.971 35.4 0.820 6.37010* 72.9 0.350 0.966 0.406
Grid,, sph  2.600,10* 6.409 31.2 0.857 6.79010* 95.9 4.370 0.566 0.321
Grid,, exp  7.560,10* 3.062 126.3 0.821 4.217 10  75.3 1.950 0.802 0.397
Grid,, pne 5.582 5.582 - - - - - - -

@Adjusted models, where: gau = gaussian, exp = exponential, sph = spherical, pne = pure nugget effect; (b) SSR = sum of the squares of the

residues; (d) SDE = spatial dependency evaluator
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generalized. Thus, itis believed that the last arrangement The resistance to penetration is an attribute that
(Grid,,) due to drastically reducing the sampling angiresented the biggest variabilitya@e 1), because all
presenting a spatial model of collection differentiated fronocalized compacting spots corroborate to its high values
the others, resulted in the loss of the spatial dependeri@sed on the fact that it is a well-known attribute widely
detection capacity affected by external interferences (Siletaal., 2004;
This shows that the extent of spatial dependenc&irardelloet al.,2014). Reducing points in this case will
depends on the variable studied, and soil water conteesult in a less detailed mapping. Resende & Coelho
can be sampled with lger spacing (smaller sample size), (2014) reinforces that poorly planned sampling may
while point reductions, such as those performed in theegatively affect soil management, because distortions
sampling of resistance to penetration, may result im the soil attributes mapping can cause all related
generalized spatial dependence, thus this attribute shopldctices in the area to be disconnected from the real
be sampled at smaller distances (larger sample size). Theaeiability in this environment. Fact which was not
results confirm what was observed by Mdiral.(2015), observed in the present study for water content and for
which recommends a higher sample density to detect spafiaée Height.
dependence of soil resistance to penetration mainly becausefor Tree Height andVater Content, independent of
such attribute presents high variability in the studied sothe sampling arrangementafile 2), was observed that
For the PR attributes éble 2) that showed spatial the adjustment parameters(BSR and SDE) presented
dependence, we observed two distinct situations thexcellent response. This fact is verified by the cross-
repeat at both depths. In the first case, for the 0 - 0.10validation method that showed high correlations between
depth, in the Grig, which represents the largestobserved and estimated, attesting good mapping of the
arrangement, an effective extent of 57.6 m and when thpatial patterns estimated by kriging in any of the
refinement points were remove@rid,, andGrid,)) could arrangement<3rid,,,, Grid,,, Grid,, Grid,,). Fact which
be noted that the attribute continued to show spatied not observed for the soil mechanical penetration
dependence, but with larger ranges (between 99.3 and 10&&istance and neither for CBH. Therefore, in order to
m). The same trend could be observed in the depth of 0 d@aluate the performance of the mappings, the kriging
- 0.20 m, but on this layer this occurred only on the Grid maps are presented in Figures 2, 3 and 4.
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Figure 2: Kriging maps of tree heigth (m) and circumference at breast height (cm) for different sample arrangements in a Brazilian
Savannafypic hapludox.
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In Figure 2, it can be noted that for the Tree Heighglaborate a more accurate mapping, a larger sample number
both maps presented well-defined spatial patternis, needed (Oliveirat al.,2011). It was verified that the
evidencing the tallest trees regionalized in the central aresduction of points, despite detecting spatial dependence
of the plot, a fact that is justified mainly by competitioncausing a reduction in scale detail.
for light, which is commonly observed in the field. Besides, As a way of validating the comparison between the
it is reliable to say that TH monitoring would not requirenaps, we analyzed the correlations of the data estimated
the use of 122 sample point&r{d,,,), since spatial by the kriging from the Pearson correlation matfigr
detailing would not be impaired. Considerirable 2, due Tree Height, the values generated by ordinary kriging
to best parameters adjustment, one could easily chodsehnique for Grids with 84, 48 and 42 sample points
to use the Grig arrangement without major problems. presented high correlation coefficients (r) when paired

For CBH (Figure 2), as discussed previousbhf€ 2), with the initial kriging generated froiGrid ,.: r = 0.90
was observed mapping only fGrid, ., which presented (Grid,,,vsGrid,); r=0.75 Grid ,,vsGrid,j) and r=0.78
a small spatial continuitylisplaying small isolated areas.(Grid,,, vsGrid,)). For water content, better performances

The Figure 3 shows that, except for the mapping of thveere observed with the following correlation coefficients
WC array inGrid,, (Figure 3d), the other mappings were(r): in the 0-0.10 m layer: r = 1.0G(id ,,vsGrid,,); r =0.98
quite similar (Grid,,,vsGrid,g); r = 0.94 Grid ,,vsGrid,,); and in the

It should be noted that such similarities were not onl§.10-0.20 m layer: r = 1.0&(id, ,, vsGrid,,); r = 0.98 Grid,,,
in the spatial performance of the many specific manages Grid,), and r = 0.96Grid ,, vsGrid,)). This fact was
ment extents but were also evident in the minimum anbt observed with the same magnitude within the PR data,
maximum values of each estimated management rangepbably due to the higher variation coefficient (VC)
indicating the possibility of working with a minimum observed (@ble 1) and the greater range of scopes
number of sampling points without loss of quality (Figur@bserved among the flifent Grids for this attribute &ble
3). Likewise, Souzat al. (2014) observed that with a 2).
considerable reduction in sampling points (approximately Considering the practical application of the cokriging
50%) for the evaluation of claysand, among other function, was analyzed the possibilities of determining
parameters for the chemical management of soil, continutgt WC (0.10-0.20 m) from co-variable data of WC (0-0.10
to present similarity using the kriging estimation. m) and determining the WC (0.10-0.20 m) from co-variable

Thus, considering these informatiorafile 2), it is data of PR (0-0.10mY.hus, inTable 3, are presented the
steady to state that the WC arrangemefuid,, (Figure parameters of the cross-linked estimates semivariograms
1c) emerged as the best cost-benefit arrangement for tf&VC2 and PR2 and their respective correlations (Pearson
study area in the assessment of water content. correlation matrix) with their original kriging mappings from

While in Figure 4, itis observed that PR was an attributbe 122 points&rid,,,).
whose spatial variability tended to appear in short In Table 3, was observed that all combinations
distances, when compared to those observed for WC.provided great semivariograph parameters. Howélver

For the soil compaction, Moliet al.(2015) emphasizes combination WC2 = f.WC1 ,, deserves emphasis since
the need for a large number of samples (low spatidlwas the only adjustment where the choice of the number
dependence) and sub-samples (low sampling area for tifenterpolating neighbors denoted cross validation values
cone index), since it is about an anthropogenic variabilitgr) abruptly changing (from 0.05 to 0.68), corroborating to
Thus, to detect the actual variability in the area and tbe understanding that the form factor this case,

122
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Figure 5: Crossed semivariogram and cokriging map to water content in the 0.10 - 0.20 m depth as a function of the WC1 in a
Brazilian Savannafiypic hapludox.
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water content, 1 and 2 refer respectively to the profile depth: 0 - 0.10 m and 0.10 - 0.20 m, attributes follgwed hyand ,, refer respectively to sample arrangemeffiadjusted models,

where: gau = gaussian, exp = exponential, sph = sphefi8&R = sum of the squares of the residi®8DE = spatial dependency evaluat®correlation coefficient between the cokriging maps with the

initial kriging maps (at depth 0.10 - 0.20 m in the Ggidrrangement), n = number of data analyZesignificant at 1% probability

@wcC
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different from the other grids, presented as a
negative factor for the use of the kriging/cokriging
technique. The other combinations were
satisfactorybased on the practical viewpoint, it was
feasible to determine WC for the 0.10-0.20 m layer
from only 48 WC2 samples and 48 WC1 samples,
obtaining a result whose linear coefficient
correlation (r) between the maps (WG2f.WC1,,
vsWC2,,) was 0.94.

Regarding the soil mechanical penetration
resistance (able 3), the performance of the
cokrigings was not considerable in relation to the
WC, as evidenced by the lower values of the spatial
determination coefficients?&rom 0.27 to 0.68) and
the cross validation (from 0.16 to 0.46). This fact
may be a reflection of the sensitive differences in
spatial continuity observed between 0 - 0.10 m (short
distances) and 0.10-0.20 m (with greater continuity).
Thus, the best cokriging was observed for PR2
f.PRL,, afactthatis justified because itis the data
set that represented the best cross-validation and
the best correlation of the estimated map compared
with the original mapGrid_,,).

Therefore, Figure 5 shows the semivariogram of
adjustment and the mapping of cokrigings among
the best interactions for estimation of WC2.

CONCLUSIONS

Except for the circumference at breast height,
the reduction of collection points did not
expressively affect the parameters of the classical
statistics of all other parameters evaluated (means,
data distribution).

For tree height and water content, the reduction
of collection points did not significantly affect the
geostatistical parameters, allowing estimating
mapping similar to the initial mapping (W&id
with high correlation coefficients.

For the soil mechanical penetration resistance
mapping, the reduction of points provides a loss of
accuracy and detail, mostly because this attribute
showed spatial dependence with short distance ran-
ges, mainly in the superficial layer

For the study area, the WC at the 0.10-0.20 m
layer could be estimated from 48 samples of the
water content in the first layer (0-0.10 m) and 48
samples in the layer of 0.10-0.20 m with a result
whose correlation coefficient (r) was equal to 0.94
when compared to initial kriging from an arrangement
with 122 sample points.

122)

The soil mechanical penetration resistance in
the layer of 0.10-0.20 m can be estimated from 84
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