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Abstract: Maximizing nitrogen uptake efficiency is a sustainable objective to reduce the amount
of nitrogen fertilizers applied in olive orchards. Many factors affect this parameter, but nothing is
known about whether there are differences among cultivars related to nitrogen uptake efficiency
in the olive, and if there are interactions with soil type. To clarify these questions, two groups of
experiments were conducted. In the first group, four experiments were carried out in which 20 olive
cultivars were compared. In the second group, three experiments were carried out to study the
interaction with the type of soil. In all experiments, mist-rooted olive cuttings were growing in 1.1 L
pots containing a mixture of sand and peat (2:1 by volume). Depending on the experiment, plants
were placed in a shadehouse or in growth chambers at 25/15 °C (day/night) with a 14 h photoperiod
and 70% humidity. Plants received weekly applications of 100 ppm N throughout the irrigation
water, alternating with one or two applications of 150 mL of tap water. Some plants of each cultivar
did not receive nitrogen and served as a control for NUE calculation. A nutrient solution without
nitrogen was applied every four weeks to prevent nutritional deficiencies. Results indicated that
there are differences among cultivars in the efficiency of uptake nitrogen. The Spanish cultivars
‘Picual’, “Arbequina’ and ‘Manzanilla de Sevilla’, together with the Greek cultivar ‘Koroneiki” and the
Italian ‘Frantoio’, were the cultivars with high NUE in this work. Soil type did not affect NUE, and
no interaction between soil type and cultivar was observed.
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1. Introduction

Despite the large amount of scientific literature indicating the negative effects on
crop yield and quality, and on the environment, of an excess of nitrogen application in
many crops [1-4], including the olive [5-7], nitrogen overfertilization is still usual in
many fertilization programs. The perception that an increase in nitrogen fertilization may
ensure high yields, together with the relatively low cost of nitrogen fertilizers, leads to the
application of nitrogen in excess of plant needs for optimum yield.

From a scientific and technological point of view, agricultural practices should be
carried out under the criteria that encourage sustainability. In this sense, a more responsible
use of fertilizers is required. In fruit tree orchards, nitrogen, as well as other mineral
nutrients, should be applied only when there are proofs that it is needed to assure a
normal growth and productivity, and when an economic response to nitrogen application
is expected. The best strategy to optimize nitrogen fertilization in fruit tree orchards is
the application of nitrogen when the previous season’s leaf analyses indicates that leaf
nitrogen concentration is below the deficiency threshold [8-10]. Another question is how
to maximize the fertilization practice when leaf analysis indicates the need for fertilization.
Nitrogen uptake efficiency (NUE) is the amount of nitrogen recovered by the tree related
to the total amount of fertilizer nitrogen applied. Timing of nitrogen application, form
of fertilizer application, the presence of nitrogen in the soil or in the irrigation water,
the amount of fertilizer nitrogen applied, the nutritional status of the plants, and other
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factors affect NUE [1,11]. In herbaceous plants, there is evidence of genetic variation
among cultivars related to NUE [12]. The authors of [13] found differences between citrus
rootstocks. These evidences suggest that one approach to reduce nitrogen use in crop
production is the development of new cultivars with high NUE as described above, or
with high nitrogen use efficiency, sometimes defined as the increase in biomass per unit of
nitrogen content in the plant [3,4,14]. The objective of the present work was to evaluate if
there are differences among olive cultivars in nitrogen uptake efficiency, and the possible
interaction with soil type.

2. Materials and Methods
2.1. Experimental Design and Plant Measurements

Two groups of experiments were conducted. In all experiments, mist-rooted olive
cuttings were growing in 1.1 L pots containing a mixture of sand and peat (2:1 by volume).
Depending on the time of year in which the experiments were developed, the plants
were placed in a shadehouse located in the experimental farm of Campus de Rabanales,
University of Cérdoba, Spain (experiments 1, 3, 5 and 6), or in growth chambers at 25/15 °C
(day/night) with a 14 h photoperiod and 70% humidity (experiments 2, 4 and 7). Plants
were pruned to a single shoot and watered once or more times a week, depending upon
plant needs, with 150 mL water per pot during an acclimation period of 30 days.

In the first group, four different experiments were developed with a total of 20 olive
cultivars. The experiments were arranged in a randomized complete block design with
seven to eight treatments, depending on the number of cultivars used in each experiment,
and ten replications. During the development of the experiments, plants received weekly
applications of 100 ppm N throughout the irrigation water, alternating with one or two
applications of 150 mL of tap water, depending on plant requirements. Ten plants of each
cultivar, the same number of plants of each cultivar which received the treatment, did not
receive nitrogen and served as a control for NUE calculation. Urea (46% N) was used as
nitrogen source. A nutrient solution without nitrogen was applied every four weeks to
prevent nutritional deficiencies. This solution was composed of: 2 mM MgSO,, 1 mM
KH,POy, 20 uM Fe-ethylenediamine-di-o-hy-drosyphenylacetic acid, 5 mM CaCl,, 5 mM
KCl, 12.5 uM H3BO3, 0.2 uM (NHy)6Mo070244H,0, 1 uM MnSO4H,0, 1 uM ZnSO47H,0
and 0.25 uM CuSO45H,0.

The second group of experiments were established to study the interaction with
the type of soil. For this purpose, three different experiments were carried out. In this
second group, the experiments were arranged in a randomized factorial design with two
factors (cultivar and soil) and eight replications. The cultivars were ‘Picual’, ‘Arbequina’,
‘Frantoio” and ‘Sikitita’. In the first experiment only ‘Picual” and ‘Arbequina’ were used.
The soils included in all the experiments represent the soils where many olive trees are
grown in southern Spain. Samples taken from the upper layer of these soils were used for
the experiments. One sample was taken from fluvial deposits of the Guadalquivir river
(37°51'13" N; 4°48'14"” W; altitude: 94 m). It is a loam soil with a cation exchange capacity
(CEC) of 17.39 meq/100 g, a basic pH (8.34) and low content of carbonates (14.59%). The
second sample was taken from Guadalquivir’s terraces (37°51'13" Nj; 4°48'14” W; altitude:
94 m). It is a sandy-loam soil with a cation exchange capacity (CEC) of 10.22 meq/100 g, a
neutral pH (6.9) and very low content of carbonates (almost 0%). The third sample was
taken from a traditional area of olive tree cultivation in Granada province (37°6'4” N;
3°51'9"” W; altitude: 853 m). It is a loam soil with a cation exchange capacity (CEC) of
15.87 meq/100 g, a basic pH (8.31) and high content in carbonates (83.76%).

The experiments lasted for 11 weeks except for experiments 3 and 6 which lasted
14 weeks. During this time shoot length was measured weekly to determine the evolution
of vegetative growth for each cultivar.
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2.2. Nitrogen Determination

At the end of each experiment plants were harvested and leaves, stems and roots were
removed separately from each plant, washed on distilled water, dried at 80 °C for 72 h,
ground and stored in an oven at 60 °C until analysis. Nitrogen was determined with a
EuroVector EA3000 CHN analyser by the Dumas procedure [15].

Nitrogen uptake efficiency (NUE) was estimated according to the following formula:

NUE = (N uptake/N applied) x 100.

where N uptake = Nitrogen in total plant-Nitrogen in plant with 0 ppm N.
N applied = Nitrogen applied as fertilizer

2.3. Statistical Analyses

Analyses of variance were performed on the data using the statistical program “Statis-
tic” version 9.0 (Analytical Software, Tallahassee, FL, USA). All percentage values were
transformed using the arc sin of the square root before analysis. Where a significant F was
observed, mean separation between treatments was obtained by Tukey’s test.

3. Results

There were significant differences among cultivars in vegetative growth, as expected
since olive cultivars exhibit different vigour (Table 1). There were also differences in shoot
growth between experiments for the same cultivar. This is not exceptional because the
initial plant vigour and the environmental conditions of the experiments were also different.
However, it should be noted the highest variability found in experiment 3, expressed by
the highest coefficient of variation. In this experiment shoot growth was lower than in the
other experiments, probably due because the initial size of the plants was also lower.

Total plant nitrogen content, obtained by the sum of nitrogen content in leaves, stems
and roots, is showed in Table 2. There were significant differences among cultivars. There
were differences between experiment 3 and the other experiments, because in this ex-
periment the plants were smaller, as indicated above. Considering all the experiments,
‘Koroneiki’, ‘Frantoio” and ‘Arbosana’ seems to be the cultivars that accumulate more
nitrogen, followed by ‘Picual’, “Arbequina’, ‘Cobrangosa’ and ‘Manzanilla de Sevilla’.
Most of these cultivars also showed the higher NUE (Table 3). For this parameter, ‘Ko-
roneiki’, ‘Picual” and ‘Arbosana’ were the most efficient followed by ‘Arbequina’, ‘Frantoio’,
‘Manzanilla de Sevilla” and ‘Sikitita’.

Except for experiment 3, in which the plants exhibited very short vegetative growth
compared to the other experiments, there were no relationships between plant vigour and
nitrogen content or nitrogen uptake efficiency (Table 4). On the other hand, the relationship
between nitrogen content per plant and nitrogen uptake efficiency is not clear, because the
correlation between both variables was significant only in two of the four experiments.

No interactions were obtained between soil type and cultivars in vegetative growth
of olive plants, except for experiment 7 which showed the highest variability, expressed
by the coefficient of variation (Table 5). This interaction was found only because ‘Picual’
plants grew less in the substrate from Guadalquivir’s terraces than in other substrates (data
not shown). In this experiment, substrates from Granada province significantly reduces
plant growth related to the other soil types. No significant differences were found between
cultivars in the other experiments. Nitrogen uptake efficiency was unaffected by soil
type or the interaction with olive cultivars (Table 6). In experiment 7 there were cultivar
differences, in the sense that ‘Sikitita” was more efficient than ‘Frantoio’, an effect that was
not observed in experiment 6.
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Table 1. Vegetative growth of 20 olive cultivars at the end of the experiments in response to 100 ppm

N application.
Shoot Length (cm) !
Cultivar Exp. 1 Exp. 2 Exp. 3 Exp. 4
‘Arbequina’ 454b 24.8b 209b
‘Arbosana’ 285b 4.58 bed 6.95 ¢
‘CobranCosa’ 26.8b 18.8 bc
‘Coratina’ 21.3b
‘Cornicabra’ 6.58 bed
‘Empeltre’ 2.50 cd
‘Farga’ 14.6 bc
‘Frantoio’ 379b 12.8 ab
‘Hojiblanca’ 582 a
‘Koroneiki’ 65.2 a 11.4 abc
‘Lechin de Granada’ 15.6 be
“Lechin de Sevilla’ 41.6a
‘Manzanilla cacerefia’ 336a
‘Manzanilla de Sevilla’ 23.7b 2.58d
‘Manzanillo cordobés’ 37.8b
‘Nevadillo fino’ 41.6b
‘Ocal’ 259b
‘Picholine marrocaine’ 420 cd
‘Picual’ 455b 30.1b 5.69 bed
‘Sikitita’ 379b 179 a
CV (%) 2 8.7 20.5 36.3 121

1 Means within columns followed by different letters are significantly different at p < 0.05 by Tukey’s test.

2 Coefficient of variation.

Table 2. Total nitrogen content in plants of 20 olive cultivars in response to 100 ppm N application.

N Content (mg) !

Cultivar Exp. 1 Exp. 2 Exp. 3 Exp. 4
‘Arbequina’ 197.2 bc 152.7 bed 130.8 a
‘Arbosana’ 179.8 ab 88.3 a 104.7 abc
‘CobranCosa’ 150.2 cd 116.9 ab
‘Coratina’ 97.4 abc
‘Cornicabra’ 40.7b
‘Empeltre’ 38.2Db
‘Farga’ 70.1c
‘Frantoio’ 233.2a 83.6 a
‘Hojiblanca’ 167.5 cd
‘Koroneiki” 222.4 ab 90.5a
‘Lechin de Granada’ 77.4 bc
‘Lechin de Sevilla’ 172.3 abc
‘Manzanilla cacerefia’ 112.8 ab
‘Manzanilla de Sevilla’ 156.3 bed 52.8Db
‘Manzanillo cordobés’ 221.4 ab
‘Nevadillo fino’ 213.3 ab
‘Ocal’ 137.3d
‘Picholine marrocaine’ 324b
‘Picual’ 215.7 ab 184.6 a 483 b
‘Sikitita’ 146.5d 86.2a
CV (%) 2 2.22 11.0 6.31 12.2

1 Means within columns followed by different letters are significantly different at p < 0.001 by Tukey’s test.

2 Coefficient of variation.
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Table 3. Nitrogen uptake efficiency of 20 olive cultivars.

NUE (%) !
Cultivar Exp. 1 Exp. 2 Exp. 3 Exp. 4
Arbequina’ 524b 72.1 ab 584 a
‘Arbosana’ 66.1 ab 30.7 abc 27.7 ab
‘CobranCosa’ 42.7b 22.8b
‘Coratina’ 31.7 ab
‘Cornicabra’ 13.7 bc
‘Empeltre’ 14.4 bc
‘Farga’ 28.9 ab
‘Frantoio” 86.9 a 22.1bc
‘Hojiblanca’ 519b
“Koroneiki’ 69.1 ab 32.2ab
‘Lechin de Granada’ 42b
‘Lechin de Sevilla’ 66.6 ab
‘Manzanilla cacerefia’ 36.0 ab
‘Manzanilla de Sevilla’ 82.8a 15.7 bc
‘Manzanillo cordobés’ 68.5 ab
“Nevadillo fino’ 68.5 ab
‘Ocal’ 55.4 ab
‘Picholine marrocaine’ 9.6 ¢
‘Picual’ 66.9 ab 84.4a 26.0 abc
‘Sikitita’ 429b 434 a
Significance p <0.05 p <0.01 p <0.001 p <0.05
CV (%) 2 30.2 24.3 30.6 29.3

! Means within columns followed by different letters are significantly different by Tukey’s test. 2 Coefficient
of variation.

Table 4. Coefficients of linear correlations between cultivar vigour, N uptake efficiency and N

content/plant.
r Value !
Exp. 1 Exp. 2 Exp. 3 Exp. 4
Vigour vs. N content —0.02 NS 0.50 NS 0.68 * 0.37 NS
Vigour vs. NUE —0.12 NS —0.002 NS 0.75 * 0.34 NS
NUE vs. N content 0.91 ** 0.53 NS 0.83 ** 0.68 NS

1 NS, *** Non significant or significant at p < 0.05 or p < 0.01, respectively.

Table 5. Vegetative growth of olive cultivars growing in different soils.

Shoot Length (cm) !

Exp. 5 Exp. 6 Exp. 7

Soil type
Fluvial deposits 325a 574 a 752a
Guadalquivir’s terraces 347 a 559a 73.0a
Granada province 24.2a 515a 48.0b

Cultivar
‘Picual’ 255a 56.9 a 479b
‘Arbequina’ 33.8a 559a 781a
‘Frantoio’ - 573 a 65.0 a
‘Sikitita’ - 49.6 a 70.6 a

Interaction soil x cultivar 2 NS NS *
CV (%) 3 - 3.87 28.9

1 Means within columns and factors followed by different letters are significantly different at p < 0.001 by Tukey’s
test. 2 NS, * Non significant or significant at p < 0.05, 3 Coefficient of variation.
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Table 6. Nitrogen uptake efficiency of olive cultivars growing in different soils.

NUE (%) !
Exp. 5 Exp. 6 Exp. 7
Soil type
Fluvial deposits 56.0 a 213a 769 a
Guadalquivir’s terraces 53.1a 3l6a 70.7 a
Granada province 45.6 a 31.0a 60.7 a
Cultivar
‘Picual’ 55.8 a 30.5a 62.1 ab
‘Arbequina’ 47.6 a 28.0a 75.9 ab
‘Frantoio’ - 3l5a 51.8b
‘Sikitita” - 232a 93.2a
Interaction soil x cultivar 2 NS NS NS
CV (%) 3 429 39.8 39.9

1 Means within columns and factors followed by different letters are significantly different at p < 0.05 by Tukey’s
test. 2 NS = Non-significant 3 Coefficient of variation.

4. Discussion

Nitrogen overfertilization is a common practice in many agricultural systems. In the
olive, and in other crops, it has been demonstrated that this practice had no significant
effects on yield, fruit characteristic, or growth [5,16], but results in negative effects on the
tree and the crop, in environmental damage, and in increases costs [6,7]. The cause could
be the small amounts of nitrogen removed annually, around 54.4 kg-ha~! including fruit
and pruning removal [17], and also that in many orchards nitrogen balance is usually
positive [18]. These data suggest that the need for nitrogen fertilization in olive orchards is
low, and that the application of small amounts of nitrogen fertilizers results in nitrogen
overfertilization.

The development of a sustainable fertilization practice requires the reduction of
fertilizer inputs and their efficient application. One sustainable strategy proposed is to
use or develop cultivars with high nitrogen uptake efficiency. Genetic variability has been
observed in other crops [12,13] but nothing is known in the olive. The results obtained
in the present work indicate that in the olive there are also differences among cultivars
in the efficiency of nitrogen uptake. Two of the most cultivated varieties in Spain for oil
production, ‘Picual’ and ‘Arbequina’, and ‘Manzanilla de Sevilla’, one of the most important
for table olives, are included between the cultivars with high NUE in this work, together
with the Greek cultivar ‘Koroneiki’ and the Italian ‘Frantoio’. This is the clearest conclusion
of the present work, suggesting that cultivar selection for a new orchard could also be based
on the efficiency of nitrogen uptake in order to reduce the use of nitrogen fertilizers. On the
other hand, the relationship between nitrogen uptake efficiency and nitrogen content of the
plant is not clear, although cultivars which accumulate more nitrogen usually were those
with high uptake efficiency. But these parameters are not related to plant vigour, indicating
that those plants that grow more do not have to be the most efficient in accumulate or
uptake nitrogen.

One of the objectives of this work was to study if the type of soil affects nitrogen
uptake efficiency. The results showed that soil type does not affect this parameter and that
no interaction between soil type and cultivar was observed. The results indicated that the
differences observed in this work correspond only to genetic variation.
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