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ABSTRACT: GIS techniques have been used in many agricultural crops to study and assess the causes of spatial and temporal
variability in production. The spatial and temporal variability of the canephora (conilon) coffee productivity was analyzed in
the present work in three consecutive agricultural years (harvests) using geoprocessing techniques. A sampling grid with 109
georeferenced points was built with five plants per point. Significant differences in productivity were observed, with the lowest
productivity recorded for the harvest 3 in 93.5% of the area. The productivity index (YI) varied from -18.0% in harvest 2 to
harvest 1 and from -57.0% in harvest 2 to harvest 3, showing increasing decrease between different harvests.

Index terms: Geostatistics, soil management, semivariograms.

VARIABILIDADE ESPACIAL E TEMPORAL DA PRODUTIVIDADE
DO CAFEEIRO CANEPHORA

RESUMO: Em varias culturas, tem-se utilizado técnicas de geoprocessamento com intuito de estudar e interpretar as causas
da variabilidade espacial e temporal da sua producdo. Este trabalho foi desenvolvido objetivando-se analisar a variabilidade
espacial e temporal da produtividade do cafeeiro canephora (conilon) em trés safras consecutivas, utilizando técnicas de
geoprocessamento. Uma malha amostral foi construida com 109 pontos georreferenciados, considerando cinco plantas por
ponto. As produtividades apresentaram diferengas significativas, com menor produtividade na safra 3, em 93,5% da area. O
indice de produtividade (IP) ficou da safra 2 para a 1 em -18,0% e da safra 3 para a 2 em -57,0%, mostrando redug¢do crescente
entre as diferentes safras.

Termos para indexacgdo: Geoestatistica, manejo do solo, semivariograma.

1 INTRODUCTION coupled to the harvesting equipment, originating
real time productivity maps of the considered area.

Predicting and mapping the spatial and  However, the use of this technology is limited in

temporal variability of the productivity areas
allows crop producers to improve their planning
of agricultural activities.

The analysis of spatial and temporal
variability of the productivity has brought about
the precision agriculture aiming at optimizing
lime and fertilizer application, identifying regions
with different productivity and minimizing costs
and environmental impacts. According to Milani
et al. (2006) Precision Agriculture is a crop
management strategy that assess management
zones considering their different productivity
potential.

For some time now, the productivity
determination in mechanized harvesting of
various crops has been successfully accomplished.
Productivity monitoring is associated with GPS’s

some crops such as coffee, grown in large areas
in mountainous regions. Molin (2002) used
productivity maps to define management units
with satisfactory results.

According to Miranda et al. (2005) the
existing variability in a specific area can influence
production factors related to nutrient availability,
for example. If spatial variability is observed
for these factors and for crop productivity, the
localization of high and low productive potential
sites might bring benefits when localized
management strategies are used. Ferraz et al.
(2012) assessed and found spatial variability in
the productivity of the arabica coffee and in soil
chemical properties. These results suggested
the need of productivity maps for a satisfactory
management of precise management practices.
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The application of methodologies to define
productivity-based management zones has been
subject of various studies for different cultures,
considering their spatial and temporal variability.
The aim of this study was to analysis the spatial
and temporal variability of the canephora (conilon)
coffee productivity in three consecutive agricultural
years (harvests) using geoprocessing techniques.

2 MATERIAL AND METHODS

The experiment was carried out at in the
municipality Cachoeiro de Itapemirim-ES in an
experimental area cultivated with the conilon
species (Coffea canephora Pierre ex Froehner) of
the cultivar Robusta Tropical. The coffee plants
were spaced 2,9 x0, 90 m in an area with altitude
ranging from 100 to 150 m, in the following
coordinates: 20 ° 45 ‘17”7 South latitude and 41 °
17°8, 86 West longitude of Greenwich.

An irregular grid was delineated in the
central area of the crop, with 109 georeferencing
sampling points and approximately 10 m spacing
along the coffee plant line. Each sampling point
consisted of five coffee plants. The studied harvests
were the fifth, sixth and seventh, denominated
harvest 1, 2 and 3.

The hand-picked coffee at each sample
point was stored and identified in bags and sent
to the INCAPER laboratory for oven moisture
determination, in order to correct the productivity
to the standard moisture of 12%, obtaining dry
beans. The productivity of the milled coffee (sc
ha') in each crop was calculated after processing
at each sample point.

Geostatistical ~ analyses  were  used
to produce maps of spatial distribution of
productivity in the three harvests and to quantify
the spatial dependence degree among the
samples. In this analysis we opted for the intrinsic
stationarity hypothesis, using a semivariogram,
equation 01 (LIMA; SILVA; SILVA, 2013).
If no sill is defined in the semivariogram,
the trend analysis will be carried out.

0= 50y 26 26+

2N(h) )5

Eq 01

where: ¥ *(h) is the estimated semi-
variance and N(h) is the number of pairs of
measured values Z (xi) and Z (xi + h), separated
by a distance vector h.
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The following theoretical models were
tested in the spatial analysis: spherical, exponential
and Gaussian for the definition of the following
parameters: nugget effect (C) that represents the
discontinuity of the semivariogram at distances
larger than the smallest distance among; sill
(C,+C), representing the value at which data
variance 1s stabilized, therefore, the sum of:
nugget effect (C)) + contribution (C); and range
(a) of spatial dependence, corresponding to the
spatial lag in which the samples are independent
(VIEIRA et al., 2009).

The degree of spatial dependence (DSD)
was calculated by the ratio [C /(C+C )] x 100,
according to Cambardella et al. (1994). The values
of DSD up to 25%, between 25% and 75% and
above 75% represent strong, moderate and weak
spatial dependence, respectively.

The highest determination coefficient of
the semivariograms (R?) and the lowest sum of
squared residuals (SSR) were used as criteria
for the choice of the theoretical model. As a
definitive criterion, however, we chose the model
with the highest and most significant correlation
coefficient among the observed and estimated
values for cross-validation (LIMA et al., 2008;
LIMA; OLIVEIRA; SILVA, 2012).

Following the confirmation of productivity
spatial dependence in the different harvests, the
ordinary kriging interpolation technique was
used to estimate values at unrecorded locations.
According to Grego and Vieira (2005) the kringing
technique produces estimates of values without
bias and with minimum deviations in relation to
the known values.

The quantitative diagnosis of productivity
in the area was performed using geoprocessing
resources (GIS), which allowed the determination
of the degree and extent of the alterations occurred
in the different harvests.

From the maps of productivity spatial
distribution in each evaluated year, we generated
loss and/or gain maps (MPG) or productivity
levels (Nprod) between the harvests (equation
02), indicating regions with different productivity.

Mp(")—Mp(’H) %100
Mpn-1)

MPG = Eq.02

where MPG is the loss and/or gain in
productivity; Mp =~ is the map of the spatial
productivity distribution in harvest n, and Mp,
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is the map of the spatial productivity distribution
in harvest (n-1).

The productivity index (Y1) from one harvest
to another was determined using the interval of
each class in the loss and/or gain map (MPQG)
by the area occupied in the map, from algebraic
operations. The quantification of the productivity
variation between the different harvests using
the productivity index (YI) indicates the increase
and/or decrease in productivity between harvests
(equation 03).

n
D IC; *Aj
==l

n
DA
i=1

Eq.03

where: YI is the productivity index of the
area; IC, is the class interval for productivity in the
maps, and A, is the class area of a given level of
productivity.

3 RESULTS AND DISCUSSION

The box plot in Figure 1 shows the central
position of the data and the temporal variability of
the crop productivity for the milled conilon coffee
for the three consecutive years. The position
(mean and median) and dispersion (coefficient of
variation) measures were 74.8; 73.4; 28.6 to (1),
58.5,57.3,28.4to (2) and 14.4, 11.4, 80.7 to (3) to
three consecutive years.

High wvariability was found for the
productivitys of the green coffee (sc ha ') between
the three harvests, with values ranging from 32 to
128 sc ha'!, 27 to 98 sc ha'and 1 to 48 sc ha™! for
the first, second and third harvest, respectively.

The productivitys of all harvests presented
approximate measures of central tendency (mean
and median), positively or right skewed, with
a tendency of data concentration skewed to the
right, with mean values greater than the median.
Productivitys in the different harvests had normal
data distribution according to the Kolmogorov-
Smirnov (KS) test at (p <0.05).

Based on the results of the Student’s t test
(p <0.05), it was found that the productivity was
significantly different between harvests. This may
have been the result of several factors that played
individual orjointroles in reducing the productivity
between the harvests, such as climatic conditions,
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soil fertility, relief, and cultural practices, but is
not evaluated in this study. Barbosa et al. (20006)
discussed that the lack of lime application or its
insufficient dosage contributes to low productivity
values, as was observed in harvest 3. However,
little work has comparatively been conducted in
line with the initial studies of Weill et al. (1999)
on the causal relationships between soil and coffee
cultivation in the context of spatial variability.

The analysis of the coefficient of variation
(CV) proposed by Gomes (1987) showed that the
first two harvests had average variation (10% <CV
< 30%) and the third harvest had high variation
(CV> 30%). Values of CV with average variation
was reported by Silva, Lima and Alves (2010)
for conilon and with high variation by Silva et
al. (2007) and Silva, Teodoro and Melo (2008) in
studies with Arabic coffee productivity.

The theoretical semivariograms for harvests
1,2 and 3 were defined in the spatial analysis, scaled
by data variance, with fitting of the exponential
model to the data. The following parameters were
set: CO (0.40; 0.31; 0.04), CO+C (1.20; 1.02;
0.91), range (a) (131.7 m; 20.7 m; 26.3 m), GDE
(29%; 30%; 11%) and R2 (90%; 98%; 97%),
respectively. Harvest 3 showed strong spatial
dependence (GDE <25%), while the remaining
harvests had moderate spatial dependence. Harvest
1 had the highest range, indicating greater spatial
continuity with moderate spatial dependence
(25% <GDE <75%). According to Silva et al.
(2010), with the definition of the semivariogram
sill, there is an intrinsically stationary process, since
there is no variation tendency for productivity with
the directions.

The productivity thematic maps of the three
harvests are shown in Figure 2.

The productivity maps show that the first two
harvests are identified in the higher productivity
zones. Higher productivity was observed in the
first and second harvests at the top and bottom of
the maps, respectively.

For the third harvest, lower productivity
was observed in all the studied area, especially
in the central part, when compared with the other
harvests. In general, the productivity in this harvest
was low in relation to the production potential, as
shown in the previous harvests.

The productivity temporal variability does
not show the same distribution tendency in the area
during the harvests. There was, however, alternating
productivity zones throughout the harvests.
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FIGURE 1 - Box-plot of the productivity (sc ha™) for the three consecutive years.
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FIGURE 2 - Spatial variability of the productivity (sc ha™') for the three consecutive years (1), (2) and (3).
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This fact reflects the combined effect of
several sources in spatial and temporal variability.
Part of this variability may be attributed to constant
factors or factors that vary slowly, while other
factors are transitory, changing in its relevance
and spatial and temporal distribution from one
harvest to another.

It is known that in the coffee crop the
productivity oscillates due to the physiological
features of the culture (RENA et al., 1996),
climatic and phytosanitary factors, the adopted
planting system and other factors still not clarified
(CARVALHO et al., 2004).

a)
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This results in a complex productivity
prediction and reduces the cost-benefit for the
farmer.

Considering the algebraic operation of
the maps between the conilon coffee harvests,
we determined the productivity levels (Nprod)
between the different harvests, as shown in Figure 3.

For better visualization and description of
the results, the areas with positive and negative
values were quantified as a percentage (%),
indicating gain and loss areas in the maps (Table 1).

NProd 2-1 (%)
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FIGURE 3 - Spatial variability of productivity levels between harvests 2-1 (a) and 3-2 (b).
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TABLE 1 - Percentage of positive and negative values in the productivity maps (Nprod) between different harvests.

Harvest 2-1 (%)

Harvest 3-2 (%)

Attribute Values (+)

Values (-)

Values (+) Values (-)

Nprod 233

76.7

6.5 93.5

Nprod: productivity levels

The analysis showed 76.7% for harvest 2-1
(Figure 3a), indicating a productivity inversion in
the area between these harvests. Thus, the areas
with lower altitudes in harvest 1 showed higher
productivity. For harvest 3-2, the Nprod, , (Figure
3b) most of the area also showed negative values,
concentrated in intervals from -50 to -100% of
productivity reduction compared with the previous
year, in the central part of the area.

The maps demonstrate positive and negative
variability of productivity in different regions
and between different harvests, indicating higher
and lower productivity compared with previous
harvests. This analysis allows visualizing regions
that did not maintain the same productivity level
from one harvest to another. Oliveira et al. (2010)
showed that the mapping of the nutritional status
of conilon coffee plants allowed visualizing
different regions in the cultivation area, providing
differentiated criteria for soil and leaf fertilization.

The interpretation of a harvest map for
future localized management should take into
account the consistent sources of variation, since
there is hardly any control over transitory factors
(QUEIROZ et al., 2004).

It is also known that in years of high load
and high production in the coffee crop, there is
a depletion of the plant in the next harvest. This
is related to the fact that the plant is not able to
balance the stages of fruit development and
vegetative growth in its phenological cycle, and
thus, may lead to reduced productivity.

Precipitation is another factor that may be
related to the reduced productivity in the study
area, since it influences the phenological stages
of the coffee plant cycle. Damatta et al. (2007)
worked with growth and development aspects of
the coffee crop and found that two reproductive
stages of the coffee plant can be affected by the
occurrence of droughts: the floral bud development
and grain formation. The monthly rainfall during
the different harvests is shown in Table 2.

Bud development occurs between May
and August.

Higher precipitation was observed in May
for harvest 2, June for harvest 2, July for harvest 1
and August for harvest 1. In the first two harvests,
precipitation was higher and better distributed
in the months of floral bud development (May-
August, harvests 1 and 2), when compared to
harvest 3 (May-August harvest 3). This indicates
that in the third harvest, this fact may have
influenced the development of flower buds and
consequently, productivity. According to Berlato,
Farenzena and Fontana (2005), climate instability
will strongly influence the temporal variability of
crop productivitys.

In the coffee plant, flower bud
development has been related to moderate
internal water deficit and climatic factors such as
temperature, photoperiod and water availability,
which are directly related to floral induction
(THOMAZIELLO; OLIVEIRA; TOLEDO
FILHO, 1997).

The temporal variability observed between
the harvests may be related to several factors as
the ones we have mentioned. However, Ferrdo et
al. (2007) have stated that the productive branches
(orthotropic and plagiotropic) suffer from aging
(depletion) after a number of harvests, with low
production rates. This may also contribute to
obstruct sunlight passage into the plant, which
also reflects reduced production.

Therefore, among the current practices
used for crop management of the conilon coffee,
pruning is one of the most important, eliminating
old and wunproductive branches (orthotropic
and plagiotropic) and restoring the balance
between leaf area and total dry mass of the plant
(DAMATTA et al., 2007).

After the determination of Nprod between
harvests 2-1 and 3-2, the different class levels were
weighed according to the respective occupied
areas. Productivity indexes were then determined
(YD), with YI2-1 of -18 % and YI3-2 of -57.1
%, providing from the methodology of spatial
and temporal analysis a new vision in reduced
productivity between the harvests.
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TABLE 2 - Monthly rainfall (mm) during the three harvests of canephora coffee.

Harvest Aug Set Oct Nov Dec Jan Feb Mar Apr May Jun Jul
254 264 256 89 28* 35% 71%*
45% 61 90 126 361 174 291 397 33 126%* 68%* 33%*
2 22%* 101 37 241 218 44 134 287 125  14%kx [ 3wk ek
3 10*** 78 67 267 198 237 100 62 46 25 19 7
* k% Bud development of the first, second and third harvest, respectively.
The presence of lower productivity levels 6 REFERENCES

in the Nprod 3-2 map (-50 to -100%) explains
the lower productivity index (YI3-2). There was
a productivity reduction greater than 50.0% in
harvest 3 when compared with harvest 2.

Productivity maps will be useful only to the
extent that the information on intrinsic field factors
can be correlated. However, in this study we did
not seek to define a cause and effect relationship
between various factors and productivity. Rather
we have worked on a methodology to determine
a loss and gain index between the harvests,
considering the spatial and temporal dependence.

Therefore, mainly in the coffee crop, it is not
simple to establish comparisons of productivity
between the harvests, since it depends on the
biennality, cultivar, cultural practices, soil fertility,
planting density and weather conditions, all of
which vary from year to year (SILVA; TEODORO;
MELO, 2008).

4 CONCLUSION

1. The productivity in the three harvests has
spatial and temporal variability.

2. Quantitative analysis using maps allows
the observation that the productivity levels show
alternate loss and gain regions between the
different harvests.

3. The use of the map algebra methodology,
which considers the spatial and temporal
distribution in the studied area, allowed the
determination of productivity reduction indices
between the different harvests, providing the
following values: -18% between the second and
first harvest and of -57% between the third and
second harvest.
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