SPATIAL VARIABILITY OF SOME BIOMETRICATTRIBUTES OF SUGARCANE
PLANTS (VARIETY IACSP93-3046) AND ITS RELATION TO PHYSICAL AND
CHEMICAL SOIL ATTRIBUTES (V)

CELIA REGINA GREGO (*); SIDNEY ROSA VIEIRA (°); MAURO ALEXANDRE XAVIER (%)

ABSTRACT

Tests to evaluate competition between plants, in general do not consider the soil spatial variability,
nevertheless, the uniformity rarely is present and can not be assumed without verification. The aim of
this work was to apply geostatistics to verify the spatial variability of the soil in an experimental field near
Ribeirdo Preto, SP, with sugarcane variety IACSP93-3046. Ninety seven geo-referenced samples, placed
at distances of 10 m, were collected for soil chemical analysis, soil resistance to penetration and biometric
evaluation of the sugar cane plant included number of tillers, stalk diameter, stalk height, estimated
productivity (TSSe) and root density. Geostatistics has been applied by means of semivariogram, data
interpolation via kriging and iso-line maps creation. The results have shown soil spatial dependence for
most of the evaluated attributes. The spots, within the area, with low resistance to penetration and low
soil density have shown the largest number of tillers and the largest root development of sugar cane. For
soil chemical attributes, there was spatial dependence showing higher concentration of nutrients in the
central area. The sampling allowed a good representativity of the spatial dependence of soil and plants,
making it possible to eliminate the randomness hypothesis for the placement of the plots in this area.
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RESUMO

VARIABILIDADE ESPACIAL DE ALGUNS ATRIBUTOS BIOMETRICOS DAS PLANTAS DE
CANA-DE-ACUCAR (VARIEDADE IACSP93-3046) E SUA RELACAO COM OS ATRIBUTOS FISICOS E
QUIMICOS DO SOLO

Frequentemente a existéncia de variabilidade espacial do solo ndo é considerada, contudo, a
uniformidade raramente existe e ndo pode ser pressuposta sem uma adequada averiguagdo. O objetivo
do trabalho foi utilizar a geoestatistica para verificar a variabilidade espacial do solo na drea experimental
localizada em Ribeirdo Preto (SP), sob cultivo da variedade de cana-de-agticar IAC SP 93-3046. Amostras a
cada 10 m, totalizando 97 pontos georreferenciados, foram realizadas para andlise quimica do solo, resisténcia
do solo a penetragdo e dados biométricos das plantas de cana-de-agticar incluindo ntimero de perfilhos,
didmetro de colmos, massa de colmos, estimativa de produtividade (TCHe) e densidade de raizes. Utilizou-
se a andlise geoestatistica através de semivariogramas, interpolagdo dos dados por krigagem e construgdo
de mapas de isolinhas. Os resultados evidenciaram dependéncia espacial para a maioria dos atributos do
solo. As manchas na drea com menor resisténcia do solo a penetracgdo e densidade do solo também foram
as de maior numero de perfilhos e de maior desenvolvimento da raiz da cana-de-agticar. Para os atributos
quimicos do solo, houve dependéncia espacial mostrando maior concentragdo de nutrientes do solo no centro
da drea. A amostragem permitiu boa representatividade da dependéncia espacial do solo e das plantas sendo
descartada a hipétese de aleatoriedade para disposigéo de parcelas nesta drea.

Palavras-chave: Geoestatistica, quimica do solo, resisténcia do solo a penetragéo, raiz, perfilhos.
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1. INTRODUCTION

The expansion of the sugar and alcohol
agricultural activity over the recent years has boosted
researches involving sugarcane. Soil physical and
chemical attributes that cause adverse impacts to the
environment where plants are produced have been
intensely investigated in productive areas (TORMENA
et al., 1998; Ceppia et al., 1999; Dias JuNIOR et al., 2005;
StauT, 2006; SEVERIANO et al., 2007; SiLva et al., 2008).
Deep, heavy, well-structured, and fertile soils, with
good water retention capacity, such as those found
in the Northwestern region of the State of Sdo Paulo,
are ideal for growing sugarcane (Staut, 2006), but
are also the most susceptible to compaction, which
is considered one of the important soil factors
that affect productivity. The increasingly higher
degree of mechanization in the various stages of the
sugarcane production process has strong impact on
the soil, reducing its porosity and permeability. The
relationship between resistance to penetration and
root growth was studied by Braprorp (1986) and
RosoLem et al. (2002); they verified that soil compaction
restricted root growth in sugarcane plants, in the
resistance to penetration range from 1.34 MPa to 3
MPa in the various species studied.

Sugarcane (Saccharum spp.) geneticbreeding goes
through selection stages where the desired phenotypes
are sought that will be used later in experimentation
conducted in different regions and production
environments. At the initial stages, breeders are backed
up by some tools and methodologies that enable them
to detect individuals with improved commercial value,
such as the regional selection method, which allows
genotype—environment interactions to be exploited.
However, in variety trial areas, it is assumed that the
effect of soil variability is not sufficient to modify the
soil responses. For this reason, investigation on those
areas is still incipient (Horvat et al., 2006; SIQUEIRA et
al., 2006). Soil attributes are seldom uniform and this
condition cannot be simply assumed without adequate
verification. One of the effective ways of investigating
soil spatial variability is the use of geostatistical
analysis (WaRrrick and NIELSEN 1980; GOOVAERTS, 1997;
VIEIRA 2000, VIEIRA et al., 2002, OrTizZ et al., 2007; CouTo
et al,, 2007). Geostatistics has many applications in
spatial variability studies on agronomic fields, from
entomology (DINARDO-MIRANDA et al.,, 2007; Farias et
al., 2001; 2004; Greco et al., 2006a) to soil chemical
attributes (CampBELL et al., 1978; VIEIRA, 1997) and soil
physical attributes (Greco et al., 2006b; Viera, 1997),
which can provide a vast diversity of data analyses.
Consequently, spatial variability investigation can be
used to determine regions in the field where the soil is
more uniform than others, at the same time answering
questions such as:
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1.Can a variety trial be installed in a field under
the assumption that the responses obtained are due
exclusively to the plant’s genetic potential?

2.Is it possible to use maps of soil physical and
chemical attributes to select sites where plots can be
allocated?

The objective of this study was to analyze soil
and plant spatial variability of the sugarcane variety
IACSP93-3046 in a field where variety trials are
conducted.

2. MATERIAL AND METHODS

The experimental area is located in Ribeirdo
Preto, SP, Brazil, on a Eutrophic Red Latosol, according
to EmBRAPA (1999). Evaluations were made for sugarcane
variety selection fields at the initial stage of plant
development by the IAC Sugarcane Research Program,
2002/2003 series.

The sampled area was previously cultivated with
Crotalaria juncea L. in December 2005 without any
applications of fertilizers and pH-correcting materials,
using a mechanical seeder. The seeds were planted in
rows at a density of 15 kg of seeds per hectare. Soil
tillage was performed under the conventional system.
Sugarcane was planted in succession to Crotalaria
juncea L. in a one-hectare portion of the area.

The sampling points were placed using the
direction of contour farming as a reference, and resulted
in a field measuring 50 m width by 370 m length.

Soil resistance to penetration measurements were
made using an impact penetrometer at a 0.0-0.40 m
depth, according to StoLr (1991), in 205 sampling points
arranged in a 10 x 10 m grid, according to Figure 1la.
Since those were the initial measurements, they served
as basis to place the sampling area for all others. A mean
soil water content of 17.7% was obtained at the time
resistance to penetration was measured. Bulk density
was obtained at 0.0-0.2 m and at 0.2-0.4 m depths by
undisturbed soil sample using the volumetric ring
method described by Camarco et al. (1986). The soil
chemical attributes were determined following the
methodology of Ray et al. (2001), but could be sampled
only at 0.0-0.20 m, at 97 sampling points arranged on a
10 x 10 m grid, as shown in Figure 1b, i.e., on the upper
part of the sampling area for resistance to penetration.
This portion of the area was considered in order to
observe the variability of other soil and plant attributes
because it showed a different behavior characterized by
resistance to penetration.

A sugarcane variety, [ACSP93-3046, was grown,
which is characterized by a robust, responsive growth
profile (LANDELL et al., 2005), which facilitates phenotype
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expression according to differences that each point may
present. Sugarcane crop evaluations were made at 97
sampling points. The plant characteristics recorded
included number of tillers per linear meter; stalk diameter,
stalk height, and estimated productivity (TSSe), according
to the method described by MartiNs and LANDELL (1995).
Root density was determined based on the monolith
method as described by VasconceLos et al. (2002).

The data were submitted to exploratory statistical
analysis, with determinations of mean, variance,
standard deviation, coefficient of variation, minimum
and maximum values, amplitude, asymmetry and
kurtosis, using the STAT software presented by VIEIRA
et al. (2002). Geostatistical tools were used to determine
data spatial variability by means of semivariograms,
as demonstrated by VIERA (2000). Once the spatial
variability of the attributes was detected with a
semivariogram, it was possible to calculate values for
non-sampled sites, using the kriging interpolation
technique. Unbiased interpolation for non-sampled
sites with minimum variance allowed the construction
of isoline maps for the attributes involved in this study

using the SURFER 7.0 (GOLDEN SOFTWARE, 1999).

109

3. RESULTS AND DISCUSSION

The statistical parameters for the variables
analyzed are presented in table 1. The parameters for soil
physical variables indicated high variation in resistance
to penetration data, with coefficients of variation
ranging from 32.9% to 79.8%, which reflects a wide range
between maximum and minimum values. According to
the criterion established by Warrick and NIeLsEN (1980),
coefficient of variation values are classified as low < 12.0
%, medium from 12.0 % to 60.0 %, and high > 60.0 %.
The coefficients of asymmetry and kurtosis found are
near zero and three, respectively, which, according to
WessTER and OLIVER (2001), identify anormal distribution.
However, the statistic software used STAT, developed by
ViERa et al. (2002), standardizes kurtosis results as zero
(0); therefore, in this work, kurtosis values near zero
mean that the distribution is considered to be normal,
differently from the soil physical attributes results in
Table 1. According to Souza et al. (2004), data normality
is not a requirement in geostatistics. More important
than data normality is the occurrence of a proportional
effect where the mean and the variance of data are not
constant in the study area.

Table 1. Statistical parameters of soil chemical and physical attributes and biometric data of the sugar cane plant

Name Unit Num Mean Variance  Std.Dev. C.V. Minimum Maximum Skewness Kurtosis
Soil physical attributes
Impact number 202 25.00 66.850 8.176 33 11.00 52.00 0.679 -0.023
RP 0-0.05m MPa 202 1.69 1.823 1.350 80 0.16 6.69 1.299 1.430
RP 0.05-0.10m MPa 202 2.61 2.042 1.429 55 0.09 9.95 1.991 6.619
RP 0.10-0.15m MPa 202 3.18 2.194 1.481 45 0.09 9.61 1.512 3.676
RP0.15-0.20m MPa 202 3.16 2.066 1.437 45 0.09 8.57 1.260 2410
RP 0.20-0.25m MPa 202 3.17 2.033 1.426 45 0.09 8.34 1.292 2.400
RP 0.25-0.30m MPa 202 2.86 1.704 1.305 46 1.03 9.61 2.002 6.823
RP 0.30-0.35m MPa 202 2.84 1.084 1.041 37 0.85 6.50 0.625 0.734
RP 0.35-0.40m MPa 202 1.73 0.993 0.996 58 0.19 5.81 0.705 0.771
P (bulk density) 0.0-0.20 m kg.m?3 97 1.36 0.005 0.068 5 1.19 1.48 -0.359 -0.288
P (bulk density) 0.20-0.40 m kg.m? 95 1.35 0.004 0.066 4 1.20 1.50 -0.001 -0.472
Soil chemical attributes (0.0-0.20 m)
pH admensional 97 5.20 0.034 0.184 3 4.80 5.70 0217 -0.402
S.OM g dm? 97 26.80 11.440 3.382 13 20.00 35.00 0.289 -0.576
P mg dm? 97 25.20 63.450 7.966 31 15.00 51.00 0954  0.209
K* mmol_dm 97 1.90 0.530 0.728 38 0.70 5.10 1.245 2.830
Ca* mmol_dm 97 24.50 17.600 4.196 17 16.00 37.00 0382 0.072
Mg mmol dm 97 9.30 6.410 2.531 27 5.00 16.00 0404 -0.601
H+A* mmol, dm™ 97 36.30 42.390 6.511 18 22.00 55.00 0.465 0.570
\% % 97 49.00 57.960 7.613 15 33.00 68.00 0.227 -0.378
Biometric data of sugar cane plant
Tillers Tillers m* 97 13.54 1.230 1.110 8 11.000 17.11 0494 0876
Stalk diameter cm 95 2.73 0.020 0.150 5 2.350 3.10 -0.040 -0.010
Stalk height cm 97 184.50 191.900 13.850 7 160.000  220.00 0.160 -0.496
TSSe ton 97 97.71 202.600 14.230 14 71980 136.50 0384 -0.616
P (bulk density) 0.0-0.20 m kg.m? 95 32.53 95.350 9.765 30 12.500 57.80 0.241  -0.330
P (bulk density) 0.20-0.40 m kg.m? 96 16.98 59.400 7.707 45 3.500 39.20 0.872  0.391
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This sampling was performed in 205 points and,
because of the wide variation obtained, it was decided to
adopta portion of the area that showed typical resistance
to penetration variation at short distances for the other
samplings. This criterion was used to pre-define the area
where the sugarcane variety under selection should be
planted, as well as the other variables that were sampled
in 97 points. The analysis results for bulk density data
(Table 1) showed much smaller coefficients of variation
(5.0% and 4.9%) than for resistance to penetration, with
normal distribution. Bulk density values through the soil
depth did not show great variations either. SEVERIANO et
al (2007) found high susceptibility to compaction on a
Dark Red Dystrophic Latosol (LVd), with a bulk density
value critical for sugarcane development of 1.7 kg m?,
which was considered by the authors as an indication
that crop development would be restricted.

Low to medium coefficient of variation values
were obtained for the chemical analysis (Table 1). The
lowest coefficient of variation (3.5%) was obtained for
pH, with low variation according to the classification

proposed by Warrick and NIELSEN (1980). A similar
result was found by Souza et al. (2004) at the same
sampling depth (0.0-0.2 m). Asymmetry and kurtosis
values were near zero, identifying a normal distribution.
The mean of base saturation was approximately 50.0%,
ranging from low (33.0%) to high values (68.0%).
According to Staut (2006), sugarcane stands with low
base saturation values (around 30.0%) restrict root
development and consequently crop productivity.
The mean value found for pH (5.2) is not considered
restrictive for crop development, considering that
sugarcane has good tolerance and adaptability to soil
acidity. Rosseto et al. (2004) studied the liming effect and
potassium fertilization in sugarcane areas of the State
of Sdo Paulo and identified responses to liming only in
soils with pH values lower than 4.4. In general, no soil
fertility problems were found, with medium to high
macronutrient values.

The plant biometric data showed low variation,
with CV (%) values from low to medium according to
Warrick and NieLseN (1980), and normal distribution

Table 2. Parameters of semivariograms, nugget Co, sill C1, range of spatial dependence a (m), correlation coefficient r* and the

degree of space dependence DD (%)

Name Model Co Cl a (m) r’ DD
Soil physical attributes
Impact Number Spherical 40.00 35.00 55.00 0.194 46.67
RP 0-0.05m Spherical 1.40 049 24 .81 0.047 2593
RP 0.05-0.10m Spherical 1.50 0.70 45.00 0.042 31.82
RP0.10-0.15m Spherical 1.70 0.70 40.00 0.128 29.17
RP0.15-0.20m Spherical 1.60 0.70 60.00 0.056 3044
RP 0.20-0.25m Spherical 1.60 0.55 55.00 -0.079 2558
RP 0.25-0.30m Spherical 1.40 040 50.00 -0.060 2222
RP 0.30-0.35m Spherical 0.85 0.20 30.00 -0.071 19.05
RP 0.35-0.40m Spherical 0.70 0.30 20.00 -0.018 30.00
p (bulk density) 0.0-0.20 m Spherical* 0.003 0.001 50.00 0.301 25.00
p (bulk density) 0.20-0.40 m Spherical* 0.003 0.001 20.00 0.006 25.00
Soil chemical attributes (0.0-0.20 m)
PH Spherical 0.03 0.01 50.00 -1.761 25.00
S.OM. Spherical 2.15 9.50 39.80 0.507 81.55
P Spherical 25.00 38.00 2146 0.144 60.32
K+ Gaussiano 040 0.18 56.51 0911 31.03
Ca* Spherical 10.30 9.81 76.19 0.796 48.78
Mg Spherical 5.05 1.71 76.59 0.659 25.30
H+AP** Spherical 28.74 13.93 2146 0.196 32.65
V% Spherical 45.82 18.27 89.20 0.893 28.51
Biometric data of sugar cane plant
Tillers Spherical 0.95 0.22 45.00 0.086 18.80
Stalk diameter Spherical ** 0.01 0.01 60.00 -0.275 3143
Stalk height Spherical 110.00 98.00 75.00 0.576 47.12
TSSe Spherical 170.00 30.00 45.00 0.132 15.00
Root density 0.0-0.20 m Spherical 80.00 24.00 40.00 0.094 23.08
Root density 0.20-0.40 m Spherical 33.00 29.00 40.00 0.360 46.77

* Tendency residual linear. ** Tendency residual parabolic.
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with asymmetry and kurtosis values near 0. Mean
values found for sugar cane yield are considered to
be high (values above 70.0 t ha') according to Staut
(2006). Based on mean sugarcane root density, it can
be noted that their values decreased by approximately
47.8% in the 0.20-0.40 m depth layer, showing higher
concentration of roots in the soil surface layer, followed
by a reduction of the space occupied by them in the
0.20-0.40 m depth layer. This probably occurred because
the surface layer provided the best conditions for root
development, such as fertility and soil moisture, in
addition to the fact that the evaluation was based on first
year cane, in which ratoon tillering is only beginning,
therefore with more superficial plants. No pattern
can be found in the literature (MacHADO, 1987, BALL-
CoEeLHO et al., 1992, VascoNcELOs and CASAGRANDE, 2008)
for sugarcane root system distribution in depth, since
such distribution is intimately associated with several
factors such as genotype, plant age, soil physical and
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chemical conditions, and water availability. According
to VasconceLos and CASAGRANDE (2008), the first year
cane root system exploits the more superficial layers
more intensely when compared with ratoon cane,
with increased subsurface exploitation in the latter, in
agreement with the root density reduction from the
surface to the subsurface observed in Table 1.

The semivariograms for the attributes in this
study that showed spatial dependence by fitting a
predominantly spherical model are presented in Figures
1,2, 3, and 4. Table 2 shows the fitting parameters for the
semivariograms. With respect to resistance to penetration
and plant biometric data, spatial Dependency Degree
values (DD %) ranged from low to moderate, according
to classification ZmvMBack (2001). Soil chemical attributes,
however, had high DD percentages (up to 81.5%). This
indicates variability both in the area containing 205
points and in the area with 97 points. The range values
that represent the size of existing patches for the variables
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Figure 1. Sampling grids: a) 205 points for resistance of soil penetration; b) 97 points for soil density, chemical analysis and

variable sugarcane plants.
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evaluated varied from 20 to 55 meters for physical  attributes data reveal a large number of discrepant
attributes, 21.5 to 89.2 meters for chemical attributes, and values in neighboring samples especially for resistance to
40.0 to 75.0 meters for data associated with sugarcane  penetration, which also showed low structural variance
plants. The smaller range values obtained for soil physical ~ (C1) and high nugget effect values (Co).
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Figure 2. Semivariograms for resistance soil penetration 0.0 a 0.40 m of depth: a) Strokes number; b) Resistance kPa 0-0.05 m;
¢) Resistance kPa 0.05-0.10 m; d) Resistance kPa 0.10-0.15 m; e) Resistance kPa 0.15-0.20 m; f) Resistance kPa 0.20-0.25 m; g)
Resistance kPa 0.25-0.30 m; h) Resistance kPa 0.30-0.35 m; i) Resistance kPa 0.35-0.40 m, j) soil density 0.0-0.20 m; k) soil density
0.20-0.40m. Semivariograms for soil density : j) 0.0-0.20 m of the depth; k) 0.2-0.40 m of the depth.
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Figure 3. Semivariograms for soil chemical attributes 0.0 a 0.20 m of the depth: (a) pH; (b) M.O.; (c) P; (d) K*; (e) Ca* ; (f) Mg?*;
(g) H+AP*; (h) V%.
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Using descriptive statistics (Table 1) and
semivariogram fitting parameters (Table 2) alone it
can be said that it was practically impossible to find
homogeneous sites to arrange plots in that area. This is
an indication of the existence of patches in the area, and
that the sampling distance applied represented spatial
dependence, even in the smaller part of the area that
was sampled using 97 points. This is in agreement with
results by VIERA et al . (2008).

The isoline maps for the attributes in this
study are presented in Figures 4, 5, 6, and 7. It can
be noted that there is continuity across the diagonal
direction of the area. There were patches in the
maps (Figure 4) obtained by kriging for resistance
to penetration values, with higher values in the
upper right-hand corner of the area. This occurred
especially at depths from 0.05 to 0.35 m, as well as for
number of strokes. The highest bulk density values
were also found at that site and, when compared with
maps for sugarcane plant attributes (Figure 7), it can
be seen that smaller numbers of tillers, stalk diameter
and height, productivity, and root density values at
0.20-0.40 m were obtained at the same site for the
sugarcane plants. This indicates that soil compacted
zones restricted plant development, which is in
agreement with results by Dias Junior et al . (2005),
and SEVERIANO et al. (2007).
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With regard to soil chemical attributes at the
0.0-0.2 m depth, the inverse relation with physical
attributes does not seem to occur as intensely as
found for plant data because, in spite of the smaller
contentsof organicmatter, magnesium, and hydrogen
plus aluminum, higher pH, potassium, calcium,
and base saturation values were obtained in the
area located in the upper right-hand corner. Results
obtained by Staut (2006) indicate that, regardless of
texture, yield decreases from more fertile, eutrophic
soils (high base saturation), to less fertile, alic soils
(high aluminum saturation). Chemical attributes
analyzed at greater depths than those presented in
this work could more appropriately identify this
relationship.

The large number of patches with different
values in the maps illustrate the high variability of that
field, indicating that the samplings were sufficient to
characterize potential variability patches, especially
because of the concentration obtained in the region
where typical variability for resistance to penetration
occurred, with better-defined patches.

4. CONCLUSIONS

1. The spatial variability found for soil attributes
in the sugarcane production environment indicates that
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Figure 5. Maps for resistance penetration of soil 0.0-0.4 m depth: (a) Strokes of number; (b) Resistance kPa 0.0-0.05 m; (c) Resistance
kPa 0.05-0.10 m; (d) Resistance kPa 0.10-0.15 m; (e) Resistance kPa 0.15-0.20 m; (f) Resistance kPa 0.20-0.25 m; (g) Resistance
kPa 0.25-0.30 m; (h) Resistance kPa 0.30-0.35 m; (i) Resistance kPa 0.35-0.40 m. Maps for soil density (kg m?): (j) 0.0-0.20 m of
the depth; (k) 0.20-0.40 m of the depth.
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itis practically impossible to have homogeneous sites to
arrange plots in the study area.

2. The samplings were sufficient to allow the
characterization of potential variability patches,
especially because Dbetter-defined patches were
concentrated in the region where typical variability for
resistance to penetration was obtained.

3. The adoption of geostatistical analysis
contributed to increase the breeding effectiveness of
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sugarcane variety IACSP93-3046 at the clonal stage,
helping the breeder to improve selection criteria, and
can be also expanded into other areas and regions where
variety trials are conducted.
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