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Abstract. The influence of sodium and boron excess in the irrigation water on shoot
growth and on the distribution of these elements within various leaf types was studied
on rooted olive cuttings (Olea europaea L.). ‘Lechín de Granada’ was more tolerant
than ‘Manzanillo’ to sodium excess, as indicated by greater shoot growth and lower
accumulation of sodium, especially in the young leaves. ‘Picual’ was more tolerant to
boron than ‘Manzanillo’, with less accumulation in adult leaves. The results suggest
the avoidance of toxicity by an ionic exclusion mechanism that is more effective in
some cultivars than others. Also, the results reveal cultivar differences in the tolerance
of olive to sodium and boron excess in the culture medium.
Table 1. Effect of sodium chloride concentration in the irrigation water on K accumulation and the
K : Na ratio in young and mature leaves of ‘Manzanillo’ and ‘Lechín de Granada’ olive cuttings 57
days after the initiation of treatments.
The saline tolerance range of crops is very
wide, extending from very sensitive species,
such as beans, to highly tolerant ones, such
as barley and cotton (Maas and Hoffman,
1977). Olive has been described as a tolerant
species that may be cultivated in saline soils
where other fruit trees cannot grow (El Gaz-
zar et al., 1979). However, some symptoms
of toxicity and cultivar differences in sus-
ceptibility to high concentrations of salts have
been described (Hartmann et al., 1966). Bongi
and Loreto (1989) have demonstrated that
marked saline stress can produce accumu-
lation of sodium and chloride in olive leaves,
decrease growth, alter photosynthesis, and
cause morphological changes in the leaves.
Little is known about specific ionic toxicity
in olive. El-Gazzar et al. (1979) described
the olive as a species tolerant to irrigation
with dilute sea water and very sensitive to
irrigation with wastewater. ‘Manzanillo’ has
been described as very resistant to high con-
centrations of chlorides in irrigation water
(Robinson, 1987). According to Hansen
(1945), olive is more resistant to an excess
of boron than peach, apple, plum, or apricot.
Hansen suggested that the differences are due
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to minimal accumulation of boron in olive
leaves when grown on soils with high con-
centrations of this element.

We report the behavior of young olive
plants exposed to high concentrations of so-
dium and boron in the irrigation water. The
goal of this research was to characterize some
physiological traits that would permit the se-
lection of cultivars tolerant to an excess of
those elements either in the soil or in the
water.

The experiments were carried out in a
greenhouse between January and June in the
range of 18 to 30C. Artificial lighting was
provided in winter to obtain a 14-h photo-
period. Two experiments were performed to
study toxicity of sodium and boron. Mist-
rooted ‘Manzanillo’ and ‘Lechín de Gran-
ada’ cuttings were used for the studies on
sodium, and ‘Manzanillo’ and ‘Picual’ for
those with boron. These cultivars are adapted
to different growing areas in Spain.

After 2 months under mist, individual
rooted cuttings were transferred to 1.5-liter
plastic pots containing 2 river sand : 1 peat.
Before the initiation of treatment and after
30 days of acclimation, the cuttings were
pruned to a single shoot per plant.

Sodium was applied in the form of NaCl
dissolved in the irrigation water at 0,20,40,
and 100 mM. There were four plants (repli-
cations) per treatment. The plants were
watered twice a week with 250 ml of the
corresponding solution. Once a week, at the
time of watering, a commercial fertilizer,
Hakaphos 15.11.15 (BASF Española, Socie-
dad Anónima) containing 15% N, 4.8% P,
12% K, 0.8% Mg, 9% S, 0.03% B, 0.1%
Mn, 0.06% Zn, and 0.004% Mo, was added
at a ratio of 1 g·liter–1. The experiment lasted
57 days; during this time, shoot length was
measured on five dates. At the end of the
experiment, potassium and sodium contents
were analyzed in young leaves, located in
the apical part of the shoot, in the expansion
phase and in mature leaves located in the
central part of the shoot, both types having
been formed during the experiment.

Boron was applied as boric acid dissolved
in the irrigation water solution at 0, 20, and
40 mg·liter-1. There were five plants (rep-
lications) per treatment. During the first 80
days, the plants were each watered with 250
ml once a week; thereafter, watering was
increased to twice a week. In all cases,
watering with boron was alternated with
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Fig. 1. Shoot length of olive cuttings in response to NaCl concentration in the irrigation water. Each
determination is the average of four one-plant replications.

Fig. 2. Effect of NaCl concentration in the irrigation water on the accumulation of Na in young and
mature leaves of ‘Manzanillo’ and ‘Lechín de Granada’ olive cuttings measured 57 days after the
initiation of treatment. The vertical bars indicate the standard error of four replications.
watering with a nutrient solution plus the
corresponding boron concentrations. Hoag-
land solution modified in the following way
was used as the base nutrient solution: 2.5
m M Ca(NO 3)2, 1.0 mM MgSO4, 0.25 mM

C a ( H2P O4) 2, 12.5 µM H 3B O3, 1.0 µM

MnSO4, 1.0 µM ZnSO4, 0.25 µM CuSO4,
0.2 µM (NH 4)6M o7O 24, and 10 µM Fe-eth-
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ylene-diamine-di-o-hydrosyphenylacetic acid.
Sodium hydroxide was used to adjust pH to
5.5. The experiment lasted 145 days. Shoot
growth was measured and visual symptoms
recorded at 14-day intervals during the entire
experiment. Boron content in the mature leaves
from the central part of the shoot was analyzed
after 109 days. At the end of the experiment,
boron content in mature and young leaves was
analyzed as described below.

Potassium and sodium contents were ana-
lyzed by atomic absorption spectrophotom-
etry. The extraction of these cations was carried
out as described by Benlloch et al. (1989).
Boron content was determined by calorimetry
according to Naftel’s method, as described by
Jackson (1958). The leaves were washed in
deionized water and then calcined. The ash
was dissolved in 0.1 N HCl and the extract
used to determine boron content.

Effect of NaCl on plant growth. Sodium
chloride decreased shoot growth more in
‘Manzanillo’ than in ‘Lechín de Granada’
(Fig. 1). In ‘Manzanillo’, all treatments had
a negative effect on growth, being more no-
ticeable the higher the concentration of NaCl
in the irrigation water. In ‘Lechín de Gran-
ada’, inhibition was only observed with the
100-m M concentration. The decrease in
growth at this concentration was similar to
the one found for ‘Manzanillo’ with the 40-
mM concentration.

The higher the concentration of NaCl in
the irrigation water, the higher the accumu-
lation of Na in the leaves of the rooted olive
cuttings (Fig. 2). This was more marked in
adult leaves than in young growing ones.
Under similar saline stress conditions, ‘Man-
zanillo’ always accumulated more Na in leaves
than ‘Lechín de Granada’. Under moderate
saline conditions, Na concentrations in young
leaves from ‘Lechín de Granada’ were sim-
ilar to those found for plants not subjected
to stress. At 100 mM NaCl, Na accumulated
in young leaves of ‘Lechín de Granada’ at
levels similar to those found for young
‘Manzanillo’ leaves treated with 40 mM NaCl.
No symptoms of leaf toxicity were observed
during the 57 days of the experiment.

The K : Na ratio in leaves 57 days after
the start of treatment showed a linear rela-
tionship that was inversely proportional to
the NaCl concentrations in the irrigation water
(Table 1). This effect was more marked in
‘Manzanillo’ than in ‘Lechín de Granada’
and in adult leaves than in young ones. Un-
der moderate saline conditions, the K : Na
ratio in young ‘Lechín de Granada’ leaves
was higher than in ‘Manzanillo’, their value
being similar to the ones found for the con-
trols. This relationship is due, in part, to the
low levels of Na in the leaves of these plants
and in part to an enhanced accumulation of
Kin young ‘Lechín de Granada’ leaves (Ta-
ble 1). A similar behavior has been described
for some nonhalophyte species, such as He-
lianthus annus L. (Lessani and Marschner,
1978) and Trifolium alexandrinum L. (Win-
ter, 1982), which are moderately tolerant to
salinity.

Salt tolerance in many nonhalophyte plants
is associated with exclusion of sodium and/
or chloride by the roots from the shoot, thus
avoiding their accumulation in the leaves.
This has been reported for Phaseolus (Ja-
coby, 1964), Zea mays (Drew and Läuchli,
1985; Yeo et al., 1977), and Trifolium (Win-
ter, 1982). There is also indirect evidence of
exclusion mechanisms of toxic ions in citrus
(Walker, 1986) and grapes (Kuiper, 1968).
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Fig. 3. Shoot length of olive cuttings in response to boron concentration in the irrigation water. The
symbols indicate: (S) initial symptoms of boron toxicity in the leaves and (D) death of the plant.
Each determination is the average of five replications.

Fig. 4. Effect of boron concentration in the irrigation water on boron accumulation in young and
mature leaves of ‘Manzanillo’ and ‘Picual’ olive cuttings measured 145 days after the initiation of
treatments. Letters indicate differences among cultivars, based on the standard error, within each
boron treatment.
In the present work, ‘Lechín de Granada’
plants grown at 20 and 40 mM NaCl showed
an ability to restrict the accumulation of so-
dium in young leaves that was not observed
in ‘Manzanillo’. This ability to exclude so-
dium was lost at 100 mM NaCl, resulting in
a clear reduction of shoot growth. These re-
suits suggest the existence of a sodium ex-
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elusion mechanism in the olive that is more
effective in ‘Lechín de Granada’ than in
‘Manzanillo’.

Effect of boron excess on plant growth.
Boron excess reduced shoot growth (Fig. 3),
induced the appearance of toxic symptoms
in the leaves, and caused defoliation in
‘Manzanillo’ and ‘Picual’, although these
were more marked and appeared sooner in
‘Manzanillo’ than in ‘Picual’. Toxic symp-
toms in mature leaves began with marginal
chlorosis that extended to the limb, necrosis
appearing mostly on the apical third of the
limb area. ‘Manzanillo’, but not ‘Picual’,
plants treated with B at 40 mg·liter-1 died
110 days after the initiation of treatment.

‘Manzanillo’ had accumulated more boron
than did ‘Picual’ 109 days after the start of
the treatments. At that time, the controls for
both contained ≈40 ppm B; with B at 20
mg·liter-l, they contained 160 and 130 ppm
B and with B at 40 mg·liter-1, the values
were 380 and 210 ppm, respectively, the dif-
ferences being significant at P = 0.05. Also
at this time, the first symptoms of leaf tox-
icity appeared, severely reducing growth of
the shoot (data not shown). In ‘Manzanillo’,
toxic symptoms on the leaves and decreased
shoot growth had appeared 25 days earlier.

By 145 days after the initiation of treat-
ment (Fig. 4), the ‘Manzanillo’ plants watered
with boron at 40 mg·liter-l had already died.
Boron contents of mature ‘Manzanillo’ and
‘Picual’ leaves with the 20 mg·liter-1 treat-
ment were 540 and 300 ppm, respectively
(Fig. 4). Boron content of young leaves in
this same treatment did not show significant
differences between cultivars and were sim-
ilar to the ones found in the mature ‘Picual’
leaves.

We have shown that ‘Picual’ shows greater
tolerance to boron excess in the irrigation
water than ‘Manzanillo’. Likewise, ‘Picual’
was more susceptible to boron deficit in the
medium (unpublished data). This is appar-
ently related to a lower accumulation of bo-
ron in ‘Picual’ leaves. However, boron levels
in leaves were similar in both cultivars when
toxicity occurred. Thus, a mechanism to avoid
high internal levels of boron is more effec-
tive in ‘Picual’ than in ‘Manzanillo’.

In many cases, tolerance to salinity in
nonhalophyte plants is associated with ionic
exclusion mechanisms. The identification and
localization of such a mechanism in woody
plants would be of great assistance in eval-
uating the degree of salinity tolerance of these
plants.
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