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Abstract

Spatial variability of leaf nutrients (N, P, K, B and Fe) in a 30 ha olive orchard located in southern Spain was examined in two
consecutive years for determining their spatial distribution for the implementation of a site-specific fertilization programme. A
regular 75 m× 75 m sampling grid was established and intersection points (nodes) were georeferenced. Every sampling node
was composed of an experimental unit of four nearest olive trees. Leaf samples were collected within every experimental unit.
The leaf nutrients were analysed statistically and geostatistically. Based on the semivariograms, kriged estimates were used to
draw contour maps for each leaf nutrient and to study the possibility of saving fertilizer recommendations. Positive correlations
existed during both years between N and P (r = 0.8,P ≤ 0.01), N and B (r = 0.48,P ≤ 0.01), and P and B (r = 0.37 and 0.51
for 1999 and 2000, respectively,P ≤ 0.01). Correlation between K with B was strong in 1999 (r = 0.54,P ≤ 0.01), and not
so strong in 2000 (r = 0.22,P ≤ 0.05). Fe did not show any significant correlation during both years, except with K (−0.29,
P ≤ 0.05).

Geostatisitcal analysis of leaf nutrients revealed that N had both strong and moderate patchy distribution depending on the
year, whereas P, K and B had strong patchy distributions both years. Fe showed a lack of spatial dependence both years. Contour
maps of each leaf nutrient achieved by kriging were used to estimate the percentage of farm surface needing fertilization where
concentration of the respective nutrients did not exceed the fertilization threshold. The study revealed the necessity of determining
spatial variability in nutrient status of olive trees before planning a differential fertilizer programme. A consistent saving in N,
K and B fertilizers could be achieved in the studied olive orchard both years, for example only 3 and 17% of the surface should
be fertilized with N in 1999 and 2000, respectively.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

1.1. Olive orchards in Spain

Olive (Olea europaeaL.) is one of the main crop
in the Mediterranean basin with a cultivated area of
about 8.2 M ha, of which 2.3 M is in Spain (Civantos,

1161-0301/$ – see front matter © 2003 Elsevier B.V. All rights reserved.
doi:10.1016/j.eja.2003.08.005
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1999). Traditionally, fertilizers or other crop inputs
have been applied to olive orchards without consid-
ering spatial variability of field characteristics. Such
agricultural management may be inefficient due to
under-application and over-application of field inputs
in specific orchard areas. Under-treated zones do not
reach optimum levels of yield whereas in over-treated
ones there may be high risk of pollution of the envi-
ronment and an increase of costs (Bouma, 1997).

In the past decades, yield of most Spanish olive
orchards was limited by water supply and soil man-
agement was mainly based on plough-, disk- and
harrow-tillage operations. At present, farmers are
making considerable investments to obtain mod-
ern olive orchards which are usually drip-irrigated
(Civantos, 1999), kept under no-tillage techniques
to overcome soil erosion problems (Garćıa-Torres,
1999, 2000), mechanized harvesting (Porras, 1999),
fertirrigated (Troncoso et al., 1999) and planted with
quick-growing young olive plantings (Navarro and
Parra, 1999). However, farmers still manage fields as
if fields were homogeneous regarding fertilization.

1.2. Leaf nutrients and traditional fertilization in
olive orchards

Nitrogen (N), phosphorus (P), potassium (K) and
boron (B) are essential nutrients in olive orchards.
Application of N is the main aspect of the olive or-
chard fertilization requiring annual soil and leaf ap-
plications. N fertilization is usually applied to the soil
at 0.5–1.5 kg per olive tree at the end of winter, us-
ing urea, ammonium sulphate, or ammonium nitrate;
and to the foliage in spring using urea solution at 4%.
If only foliage solution is applied, several applica-
tions take place (Fernández-Escobar, 1999). N fertil-
ization consistently increases olive yield but only when
leaf N is below the sufficiency threshold (Hartmann,
1958).

Low K and B levels are common in olive orchards
in Andalusia which reveal deficiency symptoms such
as leaf chlorosis and necrosis. In the case of K, these
deficiencies can be corrected with soil applications
of 1–3 kg per tree of potassium sulphate, or with re-
peated leaf applications of 1–3% of potassium nitrate
(Fernández-Escobar, 1999; Ferreira et al., 1984). B de-
ficiencies can be overcome by applying 25–40 g B per
tree or with a leaf application of 0.1% before flower-

ing. P deficiency can be alleviated with soil applica-
tions of 0.5 kg per tree.

Concentration of any of these nutrients can be
correctly detected through a leaf analysis, being
the best diagnosis method to determine the nutri-
ent status and to plan fertilizer recommendations
(Fernández-Escobar, 1999). However, olive fertiliza-
tion is not generally based on recommendations from
a leaf analysis, but rather from intuitive and visual
practices. Thus, in an exhaustive study averaging 79
farms from the most productive area of Andalusia,
Fernández-Escobar et al. (1994)observed that the
range of N, P and K applications were 9–350 kg ha−1,
0–720 kg ha−1, and 0–210 kg ha−1, respectively, in-
dicating that olives were either under-fertilized or
over-fertilized. Also, low cost of fertilizers has en-
couraged farmers to make excessive applications with
the belief that high yields would be ensured. However,
this management adversely affects productivity, fruit
quality and groundwater quality (Weinbaum et al.,
1992; Maŕın and Fernández-Escobar, 1997). Further,
Maŕın and Fernández-Escobar (1997)reported that
annual application is not necessary to obtain good
productivity of olive. Scientific evidences suggest that
N application in pecan (Carya illinoensisWangenh.
K. Koch) orchards proves beneficial only when leaf N
drops below the sufficiency threshold (Worley, 1990).
Consequently, farmers are becoming aware that to
sustain the environment and to increase their net eco-
nomic returns, it is necessary to economize on fertil-
izer adopting a strategy for site-specific management
based on spatial variability of the field.

1.3. Site-specific management

To plan a decision support scheme for site-specific
management, the geostatistical analysis has proven
to be an excellent way of exploring the structure of
the spatial variation of weeds (Heisel et al., 1996;
Jurado-Expósito et al., 2003; Zanin et al., 1998),
soils (López-Granados et al., 2002; McBratney and
Pringle, 1999; Webster and Oliver, 1992) or pests
(Crist, 1998; Weisz et al., 1995). These works
provided very precise information for site-specific
recommendations. However, most of the spatial vari-
ability studies about fertility are referred to soil analy-
sis and they have been carried out in various temperate
countries, e.g. UK (Blackmore et al., 1998), Belgium
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(Geypens et al., 1999) or at Iowa, USA (Cambardella
and Karlen, 1999).

The widespread availability of machinery with
positioning technology (global positioning system
(GPS)), yield monitors and spraying devices to vary
the dose of crop input has spurred increasing interest in
the site-specific application. There is an increasingly
amount of information about site-specific treatments
in many different crops, i.e., winter wheat (Machet
et al., 2001), winter barley (Baxter et al., 2001),
peanut (Vellidis et al., 2001), soybean (Silva et al.,
2001), corn (Ma et al., 1996), sugar beet (Walter et al.,
1996), sunflower (Jurado-Expósito et al., 2003) or
potatoes (Booij et al., 2001). However, no references
have been found about site-specific management in
olive orchards and, at present, this agricultural man-
agement is possible due to the existence of electronic
devices designed to reduce the pesticide inputs by
adjusting the dose of chemicals for citrus and olive
orchards (Moltó et al., 1998, 1999).

In olive orchards, leaf nutritional status has been
studied by several authors such asBenlloch et al.
(1991), Fernández-Escobar et al. (1993)andDelgado
et al. (1994). However, none of them dealt with the
spatial variability of the main leaf nutrients and this
is needed to develop the basic information supporting
the convenience of implementing a site-specific fertil-
ization strategy in olive orchards. So, the objectives
of this study were to: (1) study the spatial variability
of leaf nutritional status in olive orchards using geo-
statistics for describing and understanding the spatial
distribution of nutrients, (2) develop accurate leaf nu-
trient maps using kriging, and (3) design site-specific
fertilizer application maps based on treating areas not
exceeding the sufficiency threshold and determining
potential fertilizer savings.

2. Materials and methods

2.1. Study area, sampling design and
laboratory analysis

Leaf sampling was performed in an olive orchard
of 30 ha, 50-year old, located at Martos (Jaén, Spain)
in 1999 and 2000. Sampling area was at 50 m from
borders of the field. Olive trees were spaced 11 m×
11 m and without any irrigation system (rain-fed). The
orchard was fertilized by soil application of 1.15 kg N

per tree in mid-March, and foliar feeding of 9 mg N,
6 mg P, 6 mg K and 156×10−7 mg B per tree in May,
during both years.

A 75 m × 75 m grid pattern was established, fol-
lowing a modified standard procedure described by
Fernández-Escobar et al. (1994). Each intersection
point (node) was composed of an experimental unit
of four nearest olive trees, and leaf samples were col-
lected from every experimental unit. Each leaf sample
comprised of four subsamples of 25 healthy, fully ex-
panded, mature leaves collected from middle portion
of non-bearing current-season shoots, about 1.5 m
above the soil surface, at the four cardinal points from
every olive tree in mid July in 1999 and 2000. These
four subsamples were mixed in paper bags to provide
a bulked sample with 100 leaves to ensure that it was
representative of the surrounding area. The leaves
were taken to the laboratory in portable ice-boxes,
and washed with deioinized water and a 0.1 N HCl
solution, dried at 80◦C for 2 days, and finally ground
to pieces of 0.5 cm.

N was analysed by Kjeldahl digestion, and P, K and
Fe by dry ashing and subsequent dissolution in hot HCl
(Jones et al., 1991). Leaf B was analyzed according
to Barbier and Chabannes (1953).

2.2. Statistical analyses

2.2.1. Exploratory statistical analysis
The data were analyzed statistically for determining

classical descriptors, such as mean, maximum, min-
imum, standard deviation and skewness of data dis-
tribution. The descriptive statistics suggested a nor-
mal distribution (skewness between−0.77 and 1.28);
therefore, no transformation was used for the geosta-
tistical analyses. Also, correlation matrix were calcu-
lated between all leaf variables.

2.2.2. Geostatistical analysis
A semivariogram was calculated for each leaf

nutrient as follows (Goovaerts, 1997; Isaaks and
Srivastava, 1989; Webster and Oliver, 2001):

γ(h) = 1

2N(h)

N(h)∑

i=1

[z(xi + h) − z(xi)]
2

whereγ(h) is the experimental semivariogram value
at distance intervalh; N(h) the number of sample value
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pairs within the distance intervalh; z(xi), z (xi + h)
sample values at two points separated by the distance
intervalh. All pairs of points separated by distanceh
(lag h) were used to calculate the experimental semi-
variogram. Lagh was within 60 m and 70 m depending
on the leaf nutrient and year. Several semivariogram
functions were evaluated to choose the best fit with the
data. Semivariograms were calculated both isotropi-
cally and anisotropically. The anisotropic calculations
were performed in four directions (0, 45, 90 and 135◦)
with a tolerance of 22.5◦ to determine whether the
semivariogram functions depended on sampling orien-
tation and direction (i.e., they were anisotropic) or not
(i.e., they were isotropic). Direction 0◦ corresponds
to E-W and 90◦ to the N-S direction. Semivariogram
models were fitted by the least square procedure us-
ing VARIOWIN software.1 No nested semivariogram
structures were used, as adequate fits were obtained
with a simple structure

Spherical and pure nugget models were fitted to
the empirical semivariograms. The parameters of the
model: nugget semivariance, range, and sill or total
semivariance, were determined. Nugget semivariance
is the variance at zero distance; sill is the lag dis-
tance between measurements at which one value for
a leaf nutrient does not influence neighboring values;
and range is the distance at which values of leaf nu-
trient become spatially independent of the neighbor-
ing values. The ratio between nugget semivariance
and total semivariance or sill was used to define dif-
ferent classes of spatial dependence for leaf nutri-
ents (Cambardella et al., 1994; López-Granados et al.,
2002). If ratio was≤25%, the leaf nutrient was con-
sidered to be strongly spatially dependent, or strongly
distributed in patches; if ratio was between 26 and
75%, the leaf nutrient was considered to be moder-
ately spatially dependent; if ratio was greater than
75%, the leaf nutrient was considered weakly spa-
tially dependent; if the ratio was 100%, or the slope of
the semivariogram was close to zero, the leaf nutrient
was considered as not being spatially correlated (pure
nugget).

Semivariogram models were cross-validated
(trial-and-error procedure) by comparing leaf nutrient
values estimated from the semivariogram model with

1 VARIOWIN: Software for Spatial Data Analysis in 2D. Spring
Verlag, New York, USA.

actual values (Isaaks and Srivastava, 1989). Differ-
ences between estimated and experimental values are
summarized using the cross-validation statistics, i.e.,
mean squared error (MSE) and standardised mean
squared error (SMSE) (Isaaks and Srivastava, 1989;
Hevesi et al., 1992).

Once cross-validated, the parameters of the semi-
variogram models described above were used to
map every leaf nutrient for each year by kriging.
Ordinary point kriging was performed on a regu-
lar grid of 15 m and it produced unbiased estimates
of each leaf nutrient value at unsampled points as
follows:

z∗(x0) =
n∑

i=1

λiz(xi),

when

n∑

i=1

λi = 1

being z∗(x0) the estimated value,z(xi) the n avail-
able data values andλi is a weight assigned to the
valuexi.

Cross-validation and kriging were carried out us-
ing WinGslib2 software (Deutsch and Journel, 1992),
and contour maps were generated using SURFER,3

contour mapping software based on WinGslib kriged
values showing the leaf nutrients estimated.

2.3. Optimization of fertilization

The fertilization threshold of every leaf nutrient,
i.e., the nutrient limit for the sufficient range, was
estimated at N≥ 1.5%; P ≥ 0.1%; K ≥ 0.8%,
and B≥ 19 mg kg−1 (Maŕın and Fernández-Escobar,
1997; Fernández-Escobar, 1999). Leaf nutrient maps
achieved by kriging were used to estimate the percent-
age of farm surface susceptible to be fertilized with
the deficient leaf nutrients when concentration of these
nutrients did not exceed the fertilization threshold, as
stated above.

2 WinGslib: Goestatistical Software Library and User’s Guide.
Oxford University Press.

3 SURFER (Win 32): Surface Mapping System. Golden Soft-
ware Inc. 809, 14th Street. Golden, CO 80401-1866. USA.
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Table 1
Summary descriptive statistics of leaf nutrients concentrations during two sampling years

Sampling year Leaf nutrient Mean Min Max SD CV (%) Kurtosis Skew

1999 N (%) 1.59 1.44 1.76 0.08 5.03 −0.87 0.21
P (%) 0.07 0.06 0.09 0.007 10.1 −0.10 0.24
K (%) 0.86 0.57 1.21 0.17 19.7 −0.87 0.04
Fe (mg kg−1) 62.28 28.0 193.0 25.37 40.7 10.6 1.19
B (mg kg−1) 19.76 14.0 27.0 3.26 16.5 −0.57 0.38

2000 N (%) 1.55 1.26 1.74 0.10 6.6 0.11 −0.54
P (%) 0.096 0.07 0.11 0.009 9.37 0.66 −0.63
K (%) 0.827 0.59 1.01 0.102 12.3 0.06 −0.77
Fe (mg kg−1) 107.6 72.0 292.0 42.05 39.1 10.7 1.28
B (mg kg−1) 24.25 18.0 32.0 2.94 12.1 −0.17 0.17

Table 2
Correlation matrix between leaf nutrient content pairs

Sampling year N P K Fe B

1999 N 1
P 0.80∗∗ 1
K 0.18 0.08 1
Fe 0.06 −0.06 0.13 1
B 0.49∗∗ 0.38∗∗ 0.54∗∗ 0.04 1

2000 N 1
P 0.9∗∗ 1
K 0.24∗ 0.10 1
Fe −0.04 0.08 −0.23∗ 1
B 0.48∗∗ 0.51∗∗ 0.22∗ −0.05 1

∗, ∗∗ Significant at 0.05 and 0.01 levels, respectively.

Table 3
Geostatistical analysis of the leaf nutrients in the two sampling years

Sampling
year

Leaf
nutrient

Nugget Semivariance
Ratioa (%)

Sill Range (m) Spatial distribution
modelc

MSEb SMSEb

1999 N 0.0007 (10.14) 0.0069 212.8 S, spherical 0.004 0.971
P 0.00003 (50) 0.00006 243.2 M, spherical 0.00004 0.982
K 0.0021 (7.3) 0.0288 380.7 S, spherical 0.009 0.971
Fe 630.0 (100) 630.0 0 Pure nugget 686.5 0.998
B 3.85 (38.1) 10.12 235.2 S, spherical 8.66 0.987

2000 N 0.0035 (34) 0.0103 257.6 M, spherical 0.007 0.986
P 0.00001 (14.3) 0.00007 245.0 S, spherical 0.0001 1.007
K 0.0043 (7.1) 0.0603 396.8 S, spherical 0.0073 1.003
Fe 1728.0 (100) 1728.0 0 Pure nugget 1947.8 1.002
B 0.170 (2.02) 8.41 302.4 S, spherical 5.8 0.99

a Percentage of the sill due to the nugget.
b MSE: mean squared error expressed as percentage of the sample variance; SMSE: standardised mean squared error.
c Spatial distribution (S, strong spatial dependence; M, moderate spatial dependence; pure nugget: no spatial correlation), and spatial

distribution model.



214 F. López-Granados et al. / Europ. J. Agronomy 21 (2004) 209–222

3. Results and discussion

3.1. Exploratory statistical analysis

The summary of the statistics for leaf nutrients are
shown inTable 1. Low coefficients of variation (CV<

Fig. 1. Experimental (circles) and modelled semivariograms of: (a) N (spherical); (b) P (spherical); (c) K (spherical); (d) B (spherical);
and (e) Fe (pure nugget), corresponding to sampling from 1999.

20%) for all parameters were found, except for Fe
which showed a medium CV (around 40% both years).
Comparing mean values, lower P and B were observed
in 1999, while similar values of N and K were found
both years. Leaf N, P, K and B concentrations are con-
sistent with previous results of a wider leaf nutrient
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study in 79 olive orchards located in Southern Spain
(Fernández-Escobar et al., 1994). Correlation matrix
for leaf nutrients are shown inTable 2. There were
significant positive correlations both years between N
and P (r = 0.8 and r = 0.9, P ≤ 0.01 for 1999
and 2000, respectively), between N and B (r = 0.48,

Fig. 2. Experimental (circles) and modelled semivariograms of: (a) N (spherical); (b) P (spherical); (c) K (spherical); (d) B (spherical);
and (e) Fe (pure nugget), corresponding to sampling from 2000.

P ≤ 0.01), and between P and B (r = 0.38 and
0.51,P ≤ 0.01 for 1999 and 2000, respectively). K
showed a strong correlation with B in 1999 (r = 0.54,
P ≤ 0.01) and less strong in 2000. Fe did not show
any high correlation except with K in 2000 (−0.23,
P ≤ 0.05).
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3.2. Geostatistical analysis

Anisotropic semivariograms did not show any dif-
ferences in spatial dependence based on direction, for
which reason isotropic semivariograms were chosen.
The geostatistical analysis indicated that the K and
B showed the same spatial distribution models and
spatial dependence levels both years (Table 3). Thus,
K and B followed a strong spatially correlated dis-
tribution in patches defined through spherical model
in 1999 and 2000 (Table 3, Fig. 1c and d, Fig. 2c
and d). Fe did not follow a spatially correlated distri-
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Fig. 3. Isoline maps of estimated (a) N; (b) P; (c) K; and (d) B. Site-specific fertilization maps obtained according to each leaf nutrient
and the sufficient threshold of (a′) N; (b′) P; (c′) K; and (d′) B, corresponding to the sampling from 1999.

bution both years (Table 3, Figs. 1e and 2e, slope of the
semivariogram was close to zero or maximum, 100%,
nugget semivariance/sill ratio). The large nugget semi-
variance and the non-spatial dependence for Fe reflect
the poor or null correlation coefficients between Fe
and the each other leaf nutrient.

In contrast, N and P exhibited a strong or moder-
ate spatial distribution depending on the year (Table 3,
Figs. 1a, b, 2a and b), and concentration of both leaf
nutrients was defined by spherical models. The spa-
tial variation in leaf parameters observed was not sur-
prising, since the values of the variables are usually
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Fig. 3. (Continued).

the result of an intrinsic variation in leaf nutrient and
external or environmental conditions as previously re-
portedMallarino et al. (1999). Classical statistics did
not show the strongly patchy distribution of N, P, K
and B (with some small differences depending on the
year) and showed the classical way to study the nutri-
tional status of leaves without taking into account the
spatial variation of leaf nutrients.

The nugget semivariance of the semivariogram
function for N, P, K and B was very small and ap-
proached zero (Table 3), suggesting that the scale of
lag h and the sampling closely matched their spatial

variation. However, a large nugget semivariance (e.g.
Fe both years,Table 3) suggests that the lag h ap-
parently did not characterize the spatial variation of
Fe and an additional sampling of this leaf variable at
smaller lag distances and in larger numbers might be
needed to detect spatial dependence, if any is indeed
present. However, according toFernández-Escobar
et al. (1993)and Fernández-Escobar (1999)the leaf
analysis of Fe is not appropriate to detect Fe deficien-
cies because Fe is accumulated in leaves, even though
olive tree shows deficiency visual symptoms. So, the
large nugget semivariance observed for Fe would be
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also due this aspect and would reflect the problems to
detect properly Fe concentration.

The range of the semivariogram gives the average
extent of the patches when the distribution of leaf
nutrients is strongly or moderately spatially corre-
lated. Range values varied from 212 m (N in 1999) to
396 (K in 2000) (Table 3). A larger range indicates
that the observed values of the leaf nutrient are influ-
enced by other values of this variable over greater dis-
tances than leaf nutrients which have smaller ranges

Fig. 4. Isoline maps of estimated (a) N; (b) P; (c) K; and (d) B. Site-specific fertilization maps obtained according to each leaf nutrient
and the sufficient threshold of (a′) N; (b′) P; (c′) K; and (d′) B, corresponding to the sampling from 2000.

(Samper-Calvete and Carrera-Ramı́rez, 1996). Thus,
K had a range of more than 380 m both years (Table 3),
and this suggests that K values influenced neighbour-
ing values of K over greater distances than other leaf
nutrient, e.g., N which had a range of 212 and 257 m
in 1999 and 2000, respectively. Several other studies
have reported similar big differences between ranges
of different soil variables trying to map soil variation
at a field scale (Robertson et al., 1997; Bocchi et al.,
2000; López-Granados et al., 2002).
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Fig. 4. (Continued).

The clearly patchy distribution of N, P, K and B
(Figs. 3 and 4) has demonstrated that the olive orchard
is divided into homogeneous small zones (or discrete
patches) depending on the different ranges. This spa-
tial variability pattern indicates the feasibility of de-
veloping a strategy for a site-specific application of N,
P, K and B.

3.3. Optimization of fertilization

Table 4shows the percentage of the farm surface
susceptible to be fertilized with the different leaf nu-

trients when concentration of these nutrients does not
exceed the fertilization threshold. A consistent reduc-
tion in fertilization could have been achieved both
years. Thus, N, the main nutrient involved in the olive
orchard fertilization would have to be applied only in
the 3 and 18% of the field, for 1999 and 2000, respec-
tively (Figs. 3a′ and 4a′). These results are consistent
with those reported byMaŕın and Fernández-Escobar
(1997)about the non necessity of applying N fertilizer
when leaf nitrogen is above the fertilization thresh-
old. In addition,Fernández-Escobar et al. (2002)have
reported that an excess of N fertilization by annual
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Table 4
Percentage of surface susceptible to be fertilized when concentra-
tion of every leaf nutrient does not exceed the fertilization thresh-
old as affected by sampling year (fromFerńandez-Escobar, 1999)

Sampling year Fertilization threshold

N ≥ 1.5% P≥ 0.1% K ≥ 0.8% B ≥ 19 mg kg−1

1999 3 100 37.4 36.6
2000 17.4 72.4 34.3 0.2

soil N application when N leaf content is≥1.5%,
not only adversely affects groundwater quality and
the farming economy, but also affects negatively the
olive oil quality due to a decrease of the polyphenols
content.

A similar result is observed for B, which shows the
possibility of saving inputs in fertilization by apply-
ing only in 36.6 and 0.2% of the whole field in 1999
and 2000, respectively (Figs. 3d′ and 4d′). The re-
duction in the fertilization with P varied very widely
between years. Thus, while the whole surface would
have to be fertilized with P in 1999 (Fig. 3b′), a 72%
of the olive orchard surface did not exceed the fer-
tilization threshold in 2000 (Fig. 4b′). In the case of
K, reduction of fertilization was very similar both
years (Table 4, Figs. 3c′ and 4c′). It is important to
emphasize that an adequate K fertilization allows a
better tolerance of a drought season (Restrepo et al.,
2002), which is very frequent under our Mediterranean
conditions

4. Conclusion

The geostatistical procedures are useful for describ-
ing spatial variability of nutritional status in olive or-
chards, which could be used to design site-specific
application strategies. Moreover, annual leaf analy-
sis provides an appropriate guide for formulating a
possible precision fertilization programme of N, P, K
and B, to avoid economic and potential environmen-
tal problems derived from a homogeneous fertilization
scheme. The clearly patchy distribution of N, P, K and
B has demonstrated that the olive orchard is divided
into homogeneous small zones (or discrete patches)
depending on the different ranges. It is important to
emphasize that leaf nutrients with a strong spatial de-
pendence will have a more reliable site-specific fer-

tilization programme for precision farming, which in-
volves a consistent reduction in fertilizers.
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