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ABSTRACT

It is known, for a long time, that crop yields are not uniform at the field. In some places, it is possible to
distinguish sites with both low and high yields even within the same area. This work aimed to evaluate the spatial
and temporal variability of some crop yields and to identify potential zones for site specific management in an area
under no-tillage system for 23 years. Data were analyzed from a 3.42 ha long term experimental area at the Centro
Experimental Central of the Instituto Agronémico, located in Campinas, Sao Paulo State, Brazil. The crop yield data
evaluated included the following crops: soybean, maize, lablab and triticale, and all of them were cultivated since
1985 and sampled at a regular grid of 302 points. Data were normalized and analyzed using descriptive statistics
and geostatistical tools in order to demonstrate and describe the structure of the spatial variability. All crop yields
showed high variability. All of them also showed spatial dependence and were fitted to the spherical model, except
for the yield of the maize in 1999 productivity which was fitted to the exponential model. The north part of the area
presented repeated high values of productivity in some years. There was a positive cross correlation amongst the
productivity values, especially for the maize crops.
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RESUMO

ANALISE GEOESTATISTICA DE MAPAS DE COLHEITA SOB SISTEMA DE
PLANTIO DIRETO DE LONGA DURACAO

Ha muito tempo é reconhecido que as producdes das culturas ndo sdo uniformes no campo. Em alguns
locais hd baixas ou altas produtividades dentro de uma mesma drea. Dessa forma, o presente trabalho teve como
objetivo avaliar a variabilidade espacial e temporal da produtividade de culturas e identificar dreas potenciais
para manejo especifico para o sistema de plantio direto com 23 anos de duragdo. Os dados de produtividade sdo
provenientes de um experimento de longa duragdo desenvolvido no Centro Experimental Central do Instituto
Agrondmico, Campinas, SP, Brasil, em drea de 3,42 ha. As produtividades avaliadas sdo das seguintes culturas: soja,
milho, labelabe e triticale, cultivadas ao longo desse periodo e amostradas em uma grade regular de 302 pontos.
As produtividades foram normalizadas e analisadas utilizando-se da estatistica descritiva, matriz de correlagdo e
ferramentas de geoestatistica visando determinar e modelar a estrutura da variabilidade. As produtividades das
culturas tiveram grande variabilidade na drea. Todas as produtividades apresentaram dependéncia espacial e se
ajustaram ao modelo matemadtico esférico, com excecdo da produtividade milho de 1999 que se ajustou ao modelo
exponencial. Na parte norte da drea ocorreu repeti¢do de altos valores de produtividade em alguns anos. Houve
uma correlagdo cruzada positiva entre produtividades, especialmente para o milho.
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1. INTRODUCTION

The main objective of site-specific management
systems is the optimization of applied resources in
order to increase crop production. Mapping crop
productivities is a useful tool concerning to this type of
management (CLARK, 1999). Indeed, there has been an
increasing interest on it in order to getting information
related to the factors that cause spatial variation of crop
yield.

The analysis of crop productivity map series is a
technique that can be used to understand and manage
its spatial variability (LARK et al., 1999). However, this
variation is not only related to soil attributes, but it also
may present some relation with climatic conditions,
which indicates the association with time variation. Thus,
this concept can be used to study the crop productivity
considering its spatial distribution location.

Temporal and spatial analysis of productivity
maps leads to the comprehension of the main factors
that affect yield, so the application of resources can be
optimized to plant maximum development with better
productivity efficiency and without any environmental
hazard (Searcy, 2000). The yield maps represent the crop
responses to soil and weather conditions and their study
can result on the identification of sites with varied yield
levels (GmMENEz and MoLiN, 2004). Mapping these sites
allows the establishment of local management zones or
locations with different productivity levels comparing
to others that must be treated in a specific manner.

Yield maps may be used as the starting point to
search spatial variations and to describe their causes.
The geostatistical analysis is then a powerful tool to
support the decisions made concerning site specific
management, considering either the spatial or the
temporal variability structure (VIERRA, 2000).

This work aimed to evaluate the spatial and
the temporal variability of crop yields and to identify
potential specific management sites within an area
under no-tillage system for 23 years.

2. MATERIAL AND METHODS

The dataset used in this paper were obtained
from an experiment established in 1985 at the Centro
Experimental Central of the Instituto Agrondémico (IAC),
located in Campinas, Sao Paulo State, Brazil (22°53'S,
47°04' W). The area, with 3.42 ha, is at 600 m above sea
level and has 6.5% of slope. The soil was identified as
a clayey Latossolo Vermelho (EmBRrAPA, 2006), which is
similar to the Rhodic Hapludox (UNiteD StatEs, 1975).
According to Kéeppen classification, Campinas region
is in the transition between the climatic zones Cwa and
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Cfa, which is a tropical climate with dry winter and
rainy summer.

The studied area has been cultivated since 1985
on no-tillage system with mainly grains in the summer
(soybean and maize) and lablab and triticale as winter
crops. Yield measurements were taken at each crop
season. The samples were collected from a regular 10
x 10 meters grid, with 302 sampling points. Yield data
comprise the following crops: soybean [Glycine max
(L.) Merr.] in 1987, 1991, 1994 and 2008; lablab (Dolichos
lablab L.) in 1992 and 2002; maize (Zea mays L.) in 1989,
1999, 2003 and 2006; and triticale (Triticum secale L.) in
2004 and 2007. The yield of these crops was measured at
sampling plots of 2.0 x 2.5 m and later transformed in kg
ha. All data were normalized according to the equation
(1), which was adapted from Motrin (2002) and allows
the comparison amongst different species.

- w *100 (1)
VMax -V min

where, VN is the normalized value, VP is the value at
the point, VMin is the minimum value, and VMax is the
maximum value.

The monthly rain recorded in Campinas, from
1987 to 2008, was also considered (Figure 1).

Data were analyzed by descriptive statistics
(mean, variance, coefficients of variation, skewness and
kurtosis) using the software STAT (VIERA et al., 2002).
A correlation analysis amongst crop yields at different
harvests was also done by Student’s t-test (p = 0.01)
(F1sHER, 1970). If the correlation was significant (p < 0.01)
then spatial correlations were tested.

In order to studying the spatial and the temporal
variability of crop yields, dataset were analyzed
using geostatistical methods, such as semivariogram
calculations, according to VIERA (2000). The stationarity
of the intrinsic hypothesis was assumed. Spatial
autocorrelation amongst neighbouring points was
calculated using the semivariance y(h), as in the equation
2:

1 ul )
= [};[Z(x» - Z(x, + )] @

where, N(h) is the number of pairs of measured values
Z(x) and Z(x+h), separated by a vector h, which is the
distance set from the coordinates of Z(x,) and Z(x, + h).

The calculation of equation (2) results in values of
y(h) corresponding to distances h. According to VIERA
(2000), measurements made at neighboring points
should be more similar to from each other than the ones
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Figure 1. Monthly rain amount that occurred throughout 23 years of evaluation (1985 to 2008).
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which are separated by greater distances. In this case y(h)
increases with distance until a maximum value known
as sill, where it becomes stable corresponding to the
range of the spatial dependence. Also, measurements
at distances further than the range value, show
random distribution and, in this case, classical statistics
approaches may be applied.

Cross semivariograms were used to verify the
spatial correlation between two sets of crop data, but
only for the variables that showed spatial dependence
on its individual semivariogram and significant
correlation with each other. Cross semivariograms are
useful to describe the spatial correlation dependence
between two variables at the same location, but they
are not necessary at the same sampling density (VIEIRA,
2000).

Mathematical models were fitted to the
semivariograms according to VIEra et al. (1983). From the
fitted models, the following semivariogram parameters
were taken: a) nugget effect (C ), which is the value of y
when h = 0; b) range (A), which is the distance at which
y(h) remains constant; c) sill (C,+C1), which is the value
of y(h) at the range and is approximately equal to the
data variance, if it exists.

The degree of spatial dependence (GD), which
measures the proportion of the nugget effect (C ) related
to the sill (C,+ C)), was used to express it, and was
calculated using the equation (3):

GD =(L)'100 (©)
Co+C

According to CAMBARDELLA et al. (1994), the GD
can be used to classify the spatial dependence in strong
(GD < 25%), moderate (26% < GD < 75%) and weak (GD
>75%).

When the spatial autocorrelation was confirmed
by the semivariogram analysis, kriging was used to
interpolate values at unsampled places with no trends
and with minimum variance, as described by VIERA
(2000).

In order to make management decisions, it is
necessary to establish criterion based on the yield
values. Thus, the crop productivities were classified as
low, medium-low, medium-high and high, according to
the normalized productivity rank of 0-25, 26-50, 51-75 e
> 75, respectively. The maps of spatial distribution were
delineated using the software SURFER 7.0 (1999).

3. RESULTS AND DISCUSSION

Descriptive statistics analysis showed that crop
yield presented high values of coefficients of variation
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(CV), between 26 and 58% (Table 1), which are higher
than the ones cited by Amapo et al. (2007) and MiLANI
et al. (2006) when they evaluated the productivity of
different crops.

According to the proposition of Gomes (2000), CV
values larger than 20% must be considered with high
variation as it was observed for all crops described
here. For the same plant species a possible explanation
for these high CV values across time is the existing the
correlation between biomass production and the rain
volume throughout the 23 years period. In rainy years
the biomass production improves in comparison to dry
seasons due to soil water availability. Most of the values
for the coefficients of skewness and kurtosis were close to
zero, indicating that the data were normally distributed,
except for soybean 1991 and 2008, and maize 1999 and
2003.

The soybean crop showed high variation of mean
yield values, demonstrating that this variable was not
stable in time. The same was observed for triticale and
maize, but, when compared to the others, the crop that
presented the highest yields was maize. The winter
crops presented, in general, productivity classified as
medium-low, probably due to the drought season.

Allyields, considering the crops from 1987 to 2008,
showed spatial dependence and temporal variability, as
it can be observed by the semivariogram parameters
(Table 2). The spatial dependence is indicated by the
ranges of the semivariograms with values larger than
the sampling distance (10 m). The temporal variability
is verified by the large difference in semivariogram
parameters for different years as this is an indication of
different variabilities according to VIERRA et al. (1997).
The model that best fitted to the semivariograms was
the spherical, except for maize 1999 which fitted to the
exponential model, confirming that the spherical model
is the one that fits most soil and plant attributes (SIQUERRA
et al., 2008). The degree of spatial dependence for yields
varied between strong and moderate according to the
classification rank of CaMBARDELLA et al. (1994), and it
was similar to the results reported by Amapo et al. (2007)
to maize, soybean and wheat.

The range is an important parameter for the
interpretation of the semivariogram, as it indicates
the maximum distance where the sampling points are
spatially correlated amongst each other. With range
values varying from 15 to 77 m, it is reasonable to
consider that the sampling grid adopted was adequate
enough to describe the spatial variability. The highest
range value was equal to 77 m for soybean 1994.

According to CARVALHO et al. (2001), the nugget
effect (C)) represents an indication of the spatial
discontinuity in the data. The highest values of C were
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Table 1. Statistical parameters for the crop yields

Productivity* Mean Variance CvV Skewness Kurtosis
Soybean 1987 47.14 550.30 49.76 023 -0.47
Maize 1989 59.94 325.70 30.11 -0.46 0.96
Soybean 1991 36.59 277.90 45.56 1.07 274
Lablab 1992 44.67 662.70 57.63 0.13 -0.48
Soybean 1994 55.38 547.50 4225 -0.29 -0.16
Maize 1999 70.57 340.50 26.15 -1.55 4.04
Lablab 2002 3644 367.90 52.64 040 0.00
Maize 2003 5473 270.90 30.08 -0.61 1.71
Triticale 2004 4493 32140 39.90 0.29 0.00
Maize 2006 37.97 308.90 46.29 0.37 -0.14
Triticale 2007 4378 305.70 39.93 0.12 0.00
Soybean 2008 42.62 344.90 43.57 0.64 0.00

*Normalized productivity. CV = Coefficient of variation.

Table 2. Fitting parameters of the experimental semivariogram for the crop yields
Productivity Model C, C, A GD
Soybean 1987 Spherical 180 430 63 30
Maize 1989 Spherical 80 240 58 25
Soybean 1991 Spherical 95 150 38 39
Lablab 1992 Spherical 100 600 59 14
Soybean 1994 Spherical 172 443 77 28
Maize 1999 Exponential 160 175 28 48
Lablab 2002 Spherical 120 228 41 34
Maize 2003 Spherical 100 95 35 51
Triticale 2004 Spherical 205 100 15 67
Maize 2006 Spherical 100 140 33 42
Triticale 2007 Spherical 217 85 49 72
Soybean 2008 Spherical 143 167 57 46

C, = Nugget effect; C, = Structured variance; A = Range; GD = Spatial dependency degree.

found for soybean 1987, soybean 1994, maize 1999,
triticale 2004 and triticale 2007 (Table 2).

Yield map analysis showed a high variation during
the 23 years of no tillage system. The soybean yield maps
presented a high variation of the spatial distribution for
the four years analyzed, and the highest variability was
in 1994, followed by 1987, 2008 and 1991 (Figure 2). The
area presented, in general, the productivity classified as
medium-low, ranging between 25 and 50. However, it is
worth mentioning that there were regions that showed
a high response of productivity, that is, regions with
yields classified as medium-high. The maize maps also
showed high spatial variability, with the highest in 2003,

followed by 2006, 1989 and 1999. The maize productivity
was ranked as medium-high, with some areas classified
as high, although there were also small regions
classified as medium-high and low. The predominance
of the regions classified as medium-high may be due to
the fact that maize has a high response capacity to the
environmental conditions as demonstrated by MoLN
(2002). In a similar way, the yield of the winter crop
lablab had a high spatial variability (Figure 2), with
the major part of the area for the years 1992 and 2002
(especially 1992) classified as medium-low, despite of
the lablab 1992 has shown some regions classified as
medium-high and high. Triticale was the crop which
presented the lowest spatial variability amongst all
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Figure 2. Maps of the spatial variability of the crop yields.
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evaluated crops, and it was classified, in general, as
medium-low.

Analyzing all the maps for the last five years,
except the one made for triticale 2004, it is possible to see
that at the north side of the area (left side of the figure 2)
there is a region with medium-high productivity, a
level that is not reached at different parts of this area.
Inferences concerning the triticale 2004 crop are not
completely realistic due to a severe attack of wheat
caterpillars (Pseudaletia sequax Franclemlont) (GreGo et
al., 2006) on that side of the area. Thus, it is reasonable to
think that site-specific management, especially related
to the physical and chemical soil atributtes, should
be applied to other parts of this area, in particular in
medium-low rank ones. There is still a need to verify
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Figure 3. Cross-semivariograms for the correlated yields.
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what factors are more restrictive to the productivity,
whether physical, chemical, or both, in order to improve
its production potential.

The correlation results amongst the crop yields
are shown in the table 3. The crops that presented
productivity values which were significantly correlated,
based on the Student t test at 1% of probability level
were: maize 2006 vs. lablab 1992, maize 2003 vs. maize
1999, maize 2003 vs. lablab 2002, maize 2003 vs. maize
2006, lablab 2002 vs. maize 1989, maize 2003 vs. maize
1989, triticale 2007 vs. soybean 1994 and soybean 2008
vs. maize 1989. Almost all the significant correlations
were positive, except the triticale 2007 vs. soybean 1994,
which showed a negative correlation. The positive
correlation indicates that these data presented a similar
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spatial behavior, especially for the maize, which was
positively correlated to data belonging to the crops
recorded in 1989, 1999, 2003 and 2006.

The spatial dependence among different plant
species could only be clearly verified by the cross-
semivariogram modeling. The spherical model was
fitted for soybean 2008 vs. maize 1989, and the gaussian
models were used for maize 1989 vs. maize 2003, maize
2003 vs. maize 1999 and maize 2006 vs. maize 2003. The
range of the cross-semivariograms varied between 75and
100 meters (Figure 3). Modeling cross-semivariograms
is critical for the cokriging interpolation because it
needs both individual and cross-semivariograms fitting
in order to representing the spatial correlation of the
variables (VAUCLIN et al., 2003; Orriz et al., 2002).

When a cross correlation is established between
two variables, as it was verified in this study, the spatial
correlation analysis using cross-semivariograms is valid,
as it also helps on the visualization of areas with similar
spatial behavior throughout the years.

4. CONCLUSIONS

1. High variability was detected for productivity
at the experimental area from 1987 to 2008 under no-
tillage system. Maize was the crop which showed the
highest response to this variability.

2. The north part of the area presented repeated
high values of productivity in some years (2002, 2003,
2006, 2007 and 2008). This shows that, in this case, these
five yield maps, made from consecutive data, were
enough to evidence site-specific management zones.

3. There was a positive cross correlation amongst
crop yields, especially for the maize crops, throughout
time allowing the visualization of areas with similar
spatial behavior.
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