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Abstraet 

The effect of pig slurry fertilization on tWQ olive (Olea europaea L. ev. Empeltre) groves 
has becn studied for ane season. The dosage of landsprayed slurry was 15 and 30 m3ha-1 

for a non-irrigatcd olive grove, which was in a bearing year and 30 and 60 m3ha- t fUT an 
irrigated grovc in a non-beaTing year. The macronutrient seasonal trend, both young (Iess 
than ayear old) and old (older than ane ycar), was studied from February until December. 
The evollltion curves of the macronlltrients from yOllng and old leaves showed the same 
tendency, although the concentrations in young leaves were usualIy greater [han old 
¡eaves, except for calcium. The macronutrient evolution curves of olive fruits have been 
also studied. The results showed that this kind of fertilizarion did nor lead to significant 
¡ncreases in mineralleaf concentrations in this firsr year trial of slurry fertilizarion. 

Resumen 

Se ha estudiado el erecto que produce la fertilización, durante el primer año, con estiércol 
fluido de porcino (EFP) en dos olivares (Olea europaea L. cv. Empeltre), uno de secano y 
el otro de regadío. Las dosis de EFP fueron 15 y 30 m3ha'¡ para el olivar de secano, que 
ese año estaba con cosecha y 30 Y 60 m3ha-1 para el olivar de regadio, que estaba en 
vecería. El estudio se ha basado en la variabilidad de las concentraciones de los 
macronutrientes de hojas y de aceitunas desde febrero ha'\ta diciembre. El estudio de la 
tendencia estacional que presentan los macronutrientes se ha realizado tanto en hoja joven 
(con menos de un año de edad) como en hojas adultas (con más de un año de edad). La 
evolución estacional que mostraron los macronutrientes fue muy similar en hojas adultas 
y jóvenes, aunque las concentraciones en las hojas jóvenes eran normalmente mayores 
que en las hojas adultas, salvo el calcio. 
Las concentraciones de los distintos macronutrientes, no respondieron a las dosis de EFP, 
ya que no se observaron diferencias significativas entre un mismo elemento y las 
diferentes dosis aplicadas. Por lo tanto, podemos afirmar que EFP no produjo ningún 
efecto fertilizante en el olivar durante el primer año de aplicación. 



l. Introduction 

The olive growing area in Aragon (Spain) is approximately 50,300 ha, which 
rcprcsents 2 % of Spanish olive growing areas (MAPA, 1994). Ollve p~odu~t1on oscl1lat~s 
around 27,300 t (average of the last years), equivalent to 5,800 t of ollve 011. The crop IS 
important in certain areas of Teruel (Bajo Aragón-Belchite, with the 'Empeltre ' vanety), 
in Huesca (zone of Barbastro, with the varieties 'Empeltre, Arbequina, Verdual and 
Negral') and in Zaragoza (zone of Borja with the variety 'Empeltre' and in Almunia with 
the variety 'Arbeq"uina ' ). 

The use of wastes in agriculture, for saving energy, is increasing. Studies have 
becn carried out on the composting cycle using a wide range of organic materials 
(Dubois, 1985), but the use uf wastes as fcrtilizer in olive groves has becn little 
investigated. 

Barbiris el al. (1988) made several experimenls with encouraging results , on 
container-grown olive trees, using several types of wastes. Tattini el al. (1990) used 
grapc-urban sludge on container-grown Leccino olive trees. MoreH (1996) used pig slurry 
as fertilizer on Arbcquina olive groves. 

Thc organic fertilization with manure is a widespread method used to maintain 
and improve soil fertilíty. Recently, the traditional solid manure has been replaced by 
slurry since on most farms conventional straw beds are no longer used in the stables and 
piggeries. The faeees and urine are cleared out with running water and collected and 
stored in a pit. The organic manures and slurries are usually applied to the stubble after 
harvcsting arable land, prior to cultivation, or applied directly on the land of different tree 
groves. Sorne farmers tend to compare slurries lo solid manures, and they usually use it 
impraperly, which can lead to serious problems for the crops and for the environmcnl. 

According to Bould (1972), the level of fertilization has a great influence on the 
mineral concentration of the leaves. particularly at specific development stages, whereas 
Gonzalez (1972), among olhers, showed the importanee of bearing and non-bearing years 
on leaf eIernent concentrations. 

The aim of these experiments was to stlldy the evolution of leaf-maeronutrients in 
olive trees and assess lhe [ertilization potential of pig slurry applied at variOllS ratcs in the 
[¡rst year of application. In this paper data are shown from the first growing season (1997) 
of two experiments that willlast four years (1997-2000). 

2. Materials and methods 

Two adult olive orehards (Olea europaea L. ev. 'Empeltre' , around 85 year oId trees), 
one tlood irrigated and one non-irrigated, are being used for the experimellls. The olive graves 
are planted on calcareous soils, at a planting density of 85 trces per hectare. 

Each tri al consists of 2 treatments of slurry and these are compared to an untreated 
control. The treatments have been applied in a completely randomized bloeks design, 
with 3 replications, and the experimental unit consisted of two trees. 

The treatmcnts in thc non-irrigated orehard werc: 15 and 30 m3ha-1year"¡ and were 
applicd at thc end of February 1997. In the irrigated orehard, the treatments were 30 and 
60 m' ha'year' applied in two different dates: half the dosage at the end of February and 
the other half at the beginning of April. 

Old and young leaves (about 100), around the olive trees canopy, were picked in 
different dates from February until November. 

To determine the mineral concentration, the olive tree leavcs, with thcir petioles, 
were carefully washed with a soft brush and liquid soap (1 %) and rinsed with tap and 
deionized water to eliminate surface contamination. The N detennination was analysed 
according to the Kjeldahl digestion method (Jones, 1991 (a)). Dry ashing was carricd out 
following the Pinta and DeWele method (1975). Calcium and Mg were determined by 
atomic absorption speetroscopy, K by f1ame emission and P by the 
vanodomolybdophosphoric mcthod. The resulting data wcrc expressed as percentage of 



dry tissue for Ca, K, Mg, N and P. 
The pig slurry was analysed according to Calvo (1996). lts composition was (kg 

m·3) N 5.4, P,O, 4.8, K,O 5.2, CaO 3.6 and MgO 1.3 

3. Results 

The seasonal fluctuation of the macroelement concentrations is shown in figures 1 
to 6. The d¡ffereot symbols that are showed in the scasonal curves of the figures are the 
mean values of the three repetitions that there is by trcalment, the standard deviations are 
nol represented in the figures. Data from young and adult leaves al each date of sampling 
were analyzed independently. The results of ANOVA never showed significant 
differences due to the treatments, foc which further analysis were never made. 

Figure 1 (a and b) shows that the young ¡caves have a higher concentrations of 
total N than the old leaves. The first sample of young leaves, in the non-irrigated grove, 
couId be harvested in April, while the same sample in the irrigated grove, in a non-
bearing year, was harvested in May. According to the curves shown in this figure, leaf-N 
conccntration Ís praeticalIy constant from September to May, while from May to August 
it shows a gradual decrease. The different dosages of applied slurry seem not to have any 
cffeet on (he concentrations of leaf-N because non significant differences were found, for 
each date of analysis, among slurry treatrnenIs. 

The P concentrations of young leaves have a higher concentration that adult ones 
(figure 2 a and b) and the biggest concentration of this element was in the first young Icaf 
sample (April). The concentrations of this elernent in young and mature Icaves show a 
slight increment, from bloom (May) until Septernber. The dosages of applied slurry seern 
not to affect the coneentration of P in ]eaves, similar to N. 

The young olive leaves also have a hígher K concentration that adult lea ves 
(figure 3 a and b), The concentrations of this element, in the two leaf types, showed a 
slight increase from luir to September. Non significant differences were found among 
dosages of landsprayed slurry. 

The fluctuation of the concentrations of Ca are plotted in figure 4 a and b. The 
young ¡caves had lower concentrations than the matuTe ones and the seasonal curves, in 
hoth kinds of leaves, seern to show a slight but constant increase during the season. 1t is 
necessary to point out that significant differences exist among the concentrations between 
olive groves with crop load (graphic 4 a) and those without crop load (4 b), data non-
shown. Results ofthe dosages of applied slurry did not show significantdifferences. 

Figures 5 a and b indicate the seasonal variation in coneentrations of Mg. The 
young leaves had lower eoncentrations than the mature leaves. The curves, for both kinds 
of leaves, show a slight but constant increment until the month of September, after which 
concentrations declined. The concentrations of leaf-Mg, from 1eaf samples harvested in 
non-irrigated olive groves (fig. 5 a), did 110t show significant differences between young 
and adult lea ves. The eoncentrations of young leaves from irrigated without crop loads 
(fig. 5 b) had lower concentrations than adult leaves. No significant effect was observcd 
on ¡eaf Mg concentrations with the application of different slurry dosages. 

In figure 6 a and b the seasonal macroelement variation for olive fruit from non-
irrigated and bearing olive graves are indicated. Significant differences do not exist in the 
nitrogen coneentrations, throughout the fruit sampling, although the concentrations of this 
element tends to diminish (fig 6 a). However, the concentration of K increases from fruit 
set until September. The highest concentration of K coincided with Ihe time that the fruit 
began to change calaur. Figure 6 b shows the sea'\onal patterns for P, Ca and Mg, which 
are stable until September and from then on decrease. According to results shown in this 
figure, we can affinn that, in the first year of fertilization with pig slurry, diffcrences are 
oot observed in concentrations oí different macroelements. 



4. Discussion 

The informarion about ferülization or sear,;onal variation in leaves frorn olive trces 
has usually been ohtained from young olive groves. In this paper, the data refer to two 
mature plamations, irrigated and non-irrigated, more than 85 years of age. Neither olive 
grove . showed any visual symptoms of nutritional stress and thcy were in perfeet 
phytosanitary conditions. 

If wc kcep in mind the recommended critical levels of mineral deficiency (Beutel 
el al., 1983; lones el al., 1991(b); Fcrnandcz-Escobar, 1998), for N J 1.5, for the P J 0.1, 
for K J 0.8, for Ca J 0.1 and for Mg J 0.1, our results lead to sorne conclusions. We can 
conclude that the criterion for defining a mineral deficiency in an olive erop depends 011 
the time when the sarnples were harvested and if they are young or old leaves. 

Although most of the leaf mineral coneentrations of these olive groves are 
apparently sufficient, according to our figures, it is obvious that the critical levels of 
mineral deficiency have to be different for young and adult leaves. While mineral 
concentrations of young ¡ea ves seem to be within the sufficiency range, the adult ¡ea ves 
show concentrations below this range at sorne periods. 

Other researchers (Bouat el al., 1955; Fcrrcira, el al., 1984; lordao el al., 1994) 
have already studied the seasonal variations of olive leaf macroelements. The tluctuation 
trend for leaf-N and P, describcd by these researchers, during the autumn-winter period 
remains constant, but decreases from the month of April onwards rcaching a minimum in 
August. The pattern for K is described as a continuous decrease from the full bloom of 
olive trees. For Ca, they have described two periods, during the first period the 
concentration remains constant until luly, upon new growth after which Ca concentration 
is aIso stable. They have also described that Mg concentration curve increases from 
bloom to October. The f1uctuation curves shown in our figures (1 to 5), are adaptcd to the 
criterions exposed by these researchers, although in sorne cases there are slight 
discrepancies. Our figures also demonslrate that mineral coneentrations in young lea ves 
are different than those of older leaves and that thesc results agree with the results found 
by Bouat el al., 1955; Ferreira, el al., 1984; lordao el al., 1994. 

Although the olive graves were landspread with pig slurry in February, we did not 
expect any response to this kind of fertilizalÍon in the first year, because the 
macroclement concentrations, according to sampling time, did not show significant 
differences. Nevertheless the dala obtained for the K-concentrations (figure 3-b) seem to 
indicate that there is a positive response to slurry application, beeause there are significant 
differences between different rates of landsprayed pig slurry and the leve! of 
concentration in young ¡eaves. 

Figure 6 shows the evolution of the concentrations of N-P-K in olive fruits, from 
luly to November. According to these results shown, we could interpret that that there is 
no influcncc from the pig slurry applied and the macroelement concentrations in oli ve 
fmiL lordao and Lietao (1990) analysed the composition of fruits coming fram 50 olive 
tree cultivars growing in Portugal. The mean values (N = 1.27; P = 0.20 and K = 1.92) 
are slightly higher than those shown in figure 6, but our resulls are within their data 
limits, with the exception of the K values in the luly sample. 

A11 these results shown in different figures, seem to indicate that neither olive 
graves showed any evidcnce that they had beeo fertilized with different rates of pig 
slurry and only the leaf-K concentration in young leaves seemed lo be affected. 
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l . Season.1 changes of N in young (dotted line) and old leaves (solid line) 01' non-
irrigate in bearing year (a) and irrigate in non-bearing year (b) olive groves, cv. 
Empeltre. The lines with rhombus represent the seasonal variation without 
slurry application , with squares symbolize intermediate and with circles 
represent the biggest slurry dosagcs. Non-significant differences have been 
found for each date of analysis 
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2. Seasonal changes of P in young (dotted line) and old le.ves (sol id line) of non-
irrigate in bearing year (a) and irrigate in non-bearing year (b) olive groves, cv, 
Empeltre. The lines with rhombus represent the seasonal variation without 
slurry application, with squares symbolizc intcrmediate and wilh cireles 
represent the biggest slurry dosages. Non-significant differences have been 
found for each date of analysis 
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3, Seasonal changes of K in young (dotted line) and old leaves (solid line) of non-
irrigate in bearing year (a) and irrigate in non-bearing year (b) olive groves , cv. 
Empeltre. The tines with rhombus represent the scasonal variation without slurry 
application, with squares symbolize intermediate and with circles represent the 
biggest slurry dosages . Non-significant differences have been found for each date of 
analysis. 
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4 . Seasonal changes of Ca in young (dotted line) and old leaves (solid line) of 
non-irrigate in bearing year (a) and irrigate in non-bearing year (b) olive 
groves, cv. Empeltre. The lines w1th rhombus represent the sea"ional variation 
without slurry application, with squares symbolize intermediate and 'with 
cireles represent the biggest slurry dosages. Non-significant differeoces has 
beeo found for each date of analysis 
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without slurry application , with squares symbolize intermediate and with 
eircles rcpresent the biggest slurry dosages. Non-significant differenees has 
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6. Seasonal ehanges of macronutrient eoneentration in olive fruits, ev. Empeltre. 
The lines with rhombus represent the seasonal variation without slurry 
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biggest slurry dosages. Non-significant differences has bccn found for each 
date of analysis. 


