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ABSTRACT

The effectiveness of several abscisic acid (ABA)
analogs as palliatives against salt stress in intact
citrus plants has been tested in this work. The effect
of ABA, 8’-methylene ABA, 8’-acetylene ABA, ABA
methyl ester, 8’-methylene ABA methyl ester, and
8’-acetylene ABA methyl ester on citrus responses
to salt stress was studied on 2-year-old grafted
plants. Leaf abscission, chloride accumulation,
ethylene production, and net photosynthetic rate
were the parameters used to characterize the per-
formance of plants under stress. Data indicate that
8’-methylene ABA was the most effective com-
pound in delaying the deleterious effects of high

salinity on citrus plants. Its regular application re-
duced leaf chloride concentration, ethylene pro-
duction, and leaf abscission. Furthermore, it delayed
the depletion of CO, assimilation under these ad-
verse conditions. Abscisic acid and 8’-acetylene ABA
also reduced salt-stress induced injuries in citrus,
although to a lower extent. Neither ABA methyl
ester nor its 8'-C modified analogs showed biological
activity in these assays.
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INTRODUCTION

Citrus can be classified as a very salinity-sensitive
crop (Levy and Syvertsen 2004; Storey and Walker
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1999). Because of the economical importance of this
yield-limiting factor, several approaches have been
taken to study the different effects of high salinity
on citrus (see Levy and Syvertsen 2004; Maas
1993). As a result of these previous efforts, it is
known that physiological disturbances produced by
salinity are associated with leaf chloride build-up
rather than with sodium accumulation (Romero-
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Aranda and others 1998), and it has been proposed
that chloride absorption and hence, salt tolerance,
in citrus depends to a great extent on water use
(Moya and others 2003).

Salinity causes a decrease in soil osmotic potential
and subsequently limits water flux to leaves and
assimilation of mineral nutrients (Ruiz and others
1997). Citrus has a highly efficient osmotic adjust-
ment system whereby accumulation of organic
solutes and ions absorbed from the substrate con-
tribute to decreased water potential in leaves and to
maintenance of water flux, thereby avoiding
dehydration (GOomez-Cadenas and others 1998;
Maas 1993). Salinity also promotes suberization of
root tissues (Walker and others 1984), visual tox-
icity symptoms (Chapman 1968), and eventually
leaf abscission (Gomez-Cadenas and others 1998,
2002). Furthermore, chloride accumulation in cit-
rus leaves decreases net photosynthetic rate, tran-
spiration, and stomatal conductance and activates
plant antioxidant machinery (Arbona and others
2003; Iglesias and others 2004).

Citrus plants rapidly respond to water deficit or
salinity by increasing endogenous ABA levels
(Gomez-Cadenas and others 1996, 1998). The
functions of ABA in plants under stress have been
well documented (see Xiong and Zhu 2003 and
references therein). In particular, it has been
shown that ABA causes stomatal closure and
therefore decreases leaf photosynthetic rate and
transpiration, which has been linked to Cl™ uptake
(Gémez-Cadenas and others 2002). In addition,
ABA can increase the synthesis of proteins helpful
for the acclimation of the plants to different
stressful conditions (Sachs and Ho 1986). It has
also been shown that ethylene modulates leaf
abscission in citrus under water stress (Gomez-
Cadenas and others 1996) or salt stress (Gomez-
Cadenas and others 1998). In salinized citrus
leaves, the increase in chloride levels has been
correlated with the accumulation of 1-aminocy-
clopropane-1-carboxylicic acid (ACC) and its sub-
sequent oxidation to ethylene (Go6mez-Cadenas
and others 1998, 2002).

To avoid the deleterious effects of salinity on
citrus physiology, several approaches have recently
been taken. In salinized citrus, nitrate supple-
mentation stimulated photosynthetic activity and
growth of new leaves, as well as reduced leaf
abscission (Iglesias and others 2004). Exogenous
ABA regularly applied to the watering solution
was also effective in reducing chloride accumula-
tion, ethylene release, and leaf abscission in citrus
under salt stress (GOomez-Cadenas and others
2002).

Several analogs of ABA have been synthesized
(Abrams and others 1997; Cutler and others 2000;
Rose and others 1997; Todoroki and others 1995),
and their role as persistent forms of ABA studied in
different plant systems. Modifications in the 8'-C-
position can render analogs resistant to oxidation by
ABA 8’-hydroxylase because the 8-methyl group
becomes less accessible to the active site of the
enzyme. In this sense, one of these analogs, the 8’-
acetylene ABA, has been shown to be an irrevers-
ible inhibitor of ABA 8’-hydroxylase (Cutler and
others 2000). A different analog, the 8’-methylene
ABA, has been shown to be more effective than
ABA in several biological assays (Abrams and others
1997; Qi and others 1998). The biological activity of
the ABA-methyl ester has also been tested with
different results. Although an effect on ABA-in-
duced gene expression in barley aleurone protop-
lasts has been reported (Vandermeulen and others
1993), no effects were observed in maize roots
(Hose and others 2000).

In a previous work, it was shown that exogenous
ABA improved salt tolerance in citrus because of a
reduction in leaf C1™ concentration (Gomez-Cadenas
and others 2002). In the present work, we have tes-
ted the hypothesis that different ABA analogs could
improve the physiological effect of ABA on citrus
under salt stress by slowing metabolism in the plant.
Therefore, we have compared the effect of ABA, ABA
methyl ester, and several analogs of both compounds
with modifications in the 8’-C-position (see Table 1)
as palliatives of salt-induced damage in intact citrus
plants. To characterize the effect of high salinity in
citrus, leaf abscission, chloride accumulation, ethyl-
ene production, and photosynthetic rate were mea-
sured at different times. High NaCl concentrations
(60 or 100 mM) were added to the watering solutions
to achieve a reproducible experimental system.

MATERIALS AND METHODS

Plant Material

Two different cultivars of citrus were used for the
experiments described in this work, ‘“Salustiana”
[Citrus sinensis (L) Osbeck] and ““Clementina de
Nules” (Citrus reticulata Blanco). However, both
cultivars were grafted in the same rootstock, Carrizo
citrange (Citrus sinensis [L.] Osbeck X Poncirus trifo-
liata [L.] Raf). It has been previously demonstrated
(Mass 1993; Storey and Walker 1999) that salt tol-
erance is particularly dependent on the rootstock.
Two-year-old plants were obtained from a com-
mercial nursery and transplanted to plastic
containers at least one month prior to the beginning
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Table 1. Compounds Used in this Work

Molecular structure

Compound name

Synthesis reported in

ABA

ABA methyl ester

8’-methylene ABA

8-methylene ABA methyl ester

8’-acetylene ABA

8’-acetylene ABA methyl ester

Commercially available

Commercially available

Abrams and others (1997)

Abrams and others (1997)

Rose and others (1997)
Cutler and others (2000)

Rose and others (1997)

of the experiments. Plants were cultivated in a
greenhouse under the following conditions: day
temperature, 26°-32°C; night temperature,
18°-20°C; photoperiod, 16:8 (L:D) and 50%-95%
relative humidity. Maximum photosynthetically
active radiation (PAR): 1200 umol m™2 s~'. Each
plant was watered twice a week with 400 ml of a
half-strength modified Hoagland solution (Gémez-
Cadenas and others 2002).

Description of the Different Experiments.
Chemical and Salt Treatments

Two different experiments were performed. In the
first experiment, the effect of ABA methyl ester
and two analogs of this molecule (8’-methylene
ABA methyl ester and 8’-acetylene ABA methyl
ester) on citrus responses to salt stress was studied
by using plants of the Salustiana cultivar grafted on
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Carrizo citrange rootstock. In a second experiment,
the effect of two different analogs of ABA (8-
acetylene ABA and 8-methylene ABA) was tested
as palliatives against salt stress on citrus. For this,
plants of ““Clementina de Nules” cultivar grafted
on the same rootstock (Carrizo citrange) were
used.

In both cases, plants were grown in 4-1 containers
filled with perlite as a substrate and different blocks
of 12 plants were established following a random-
ized design. The effect of the different ABA analogs
on citrus responses were compared in each case
with the effect of ABA. Therefore, for the first
experiment, the blocks established were (a) control,
non-treated plants; (b) salt-stressed plants not
treated with any chemical; (c) salt-stressed plants
treated with ABA; (d) salt-stressed plants treated
with ABA methyl ester; (e) salt-stressed plants
treated with 8’-methylene ABA methyl ester, and
(f) salt-stressed plants treated with 8’-acetylene
ABA methyl ester. For the second experiment, five
blocks of plants were established, (a), (b), and (c)
were as in experiment 1, (d) contained salt-stressed
plants treated with 8’-acetylene ABA, and (e)
contained salt-stressed plants treated with 8'-
methylene ABA.

All chemicals were added to the watering solu-
tion to achieve a final concentration of 10 uM, and
treatments were initiated 10 days before the
beginning of salinization and maintained during the
whole experiment. Salt stress was imposed by add-
ing NaCl to the modified Hoagland solution to reach
a concentration of 100 mM for the first experiment
and 60 mM for the second one. Both experiments
were repeated twice in the spring (experiment 1 in
2001 and 2002 and experiment 2 in 2003 and
2004).

In both experiments, ABA was obtained from
Sigma-Aldrich  (Madrid, Spain), NaCl from
J. T. Baker (Madrid, Spain), and ABA methyl ester
and the different ABA analogs were synthesized as
indicated in the references shown in Table 1. Purity
of the analogs was confirmed by comparison of the
nuclear magnetic resonance (NMR) and mass
spectra of the samples used with those values re-
ported in the literature.

Leaf Number

The number of leaves was recorded regularly and
expressed as a percentage of that present in each
plant on the first day of the experiment (which was
considered as a 100%). When plants grew, newly
developing leaves were only considered when they
achieved half of the fully expanded size.

Photosynthesis Measurements

Net photosynthetic rate was measured with a
LC-pro portable photosynthesis system (ADC Bio-
scientific Ltd., Hoddesdon, UK) equipped with a
6.25 cm? standard “‘broad type” leaf chamber. All
measurements were performed under an air-flow
rate of 300 umol s~', at ambient humidity (60%-—
80%) and CO, (377 + 10 umol mol™'). Determi-
nations were performed at 9:00 h on fully expanded
leaves at 750 umol m~? s~', the minimum saturat-
ing photon flux density observed in preliminary
experiments. Within the cuvette, the average tem-
perature was 23.5° = 0.8°C and the leaf-to-air vapor
pressure deficit was 1.5 + 0.2 kPa.

Chloride Analysis

Analyses of chloride anions were performed as de-
scribed in Gémez-Cadenas and others (1998).
Briefly, plant dry tissue was incubated overnight
with a mixture of glacial acetic acid and nitric acid
in water. Supernatant was filtered through ash-free
filter papers and then 0.5 ml was used for the
automatic titration in a chloride analyzer (model
926, Sherwood Scientific Ltd. Cambridge, UK.).

Ethylene Production

Ethylene release was measured in intermediate
leaves by gas chromatography as previously de-
scribed (Gomez-Cadenas and others 1996). To ex-
cise leaves from the plant, a cut was made at the
base of the petiole with a razor blade. Leaves were
then enclosed individually in 12-ml tubes with the
petiole submerged in 100 ul of water placed in the
bottom of the tube. After 30 min, the tube was
aerated and then sealed with a silicone cap. After a
4 h incubation period, 1 ml of the enclosed atmo-
sphere was injected into a gas chromatograph (Ag-
ilent 4890D, Agilent technologies, Inc. Wilmington,
DE) equipped with an activated alumina column
and a flame ionization detector. The instrument was
previously calibrated with known amounts of an
ethylene standard.

Reproducibility of the Determinations and
Statistical Analyses

Each photosynthesis determination consisted of a
minimum of 15 measurements in different leaves.
Chloride concentration was measured in at least
four plants, with three independent extractions of
each sample. Ethylene production was determined
in nine leaves randomly chosen from each of the
different blocks of plants. In Table 2 and Table 3,
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Table 2. Effect of ABA, ABA Methyl Ester, 8’-Methylene ABA Methyl Ester, and 8”-Acetylene ABA Methyl
Ester on Leaf Abscission in Salinized Citrus (Salustiana cultivar grafted on Carrizo citrange)

Leaf number (%) Time after treatment

Treatment 10 days 30 days 45 days 60 days
Control, non salinized 101.5° 104.3° 106.94 112.5¢
NaCl 102.5° 100.9%° 53.3° 2.5
NaCl + ABA 101.37 99.9° 93.5¢ 32.3¢
NaCl + ABA methyl ester 101.97 101.0%° 49.5° 5.2°
NaCl + 8-methylene ABA methyl ester 100.8° 100.4%° 21.5% 3.4%°
NaCl + 8’-acetylene ABA methyl ester 101.4° 100.8%° 11.1° 2.8%

Chemicals were added to the watering solution at 10 uM from day 0 and at 100 mM NaCl from day 10. Data are means of seven independent measurements. Data within each
column followed by dissimilar letters differ significantly at p < 0.05.

Table 3. Effect of ABA, ABA Methyl Ester, 8-Methylene ABA Methyl Ester, and 8’-Acetylene ABA Methyl
Ester on Leaf Chloride Concentration in Salinized Citrus (Salustiana cultivar grafted on Carrizo citrange)

Time after treatment

Chloride concentration (%)

Treatment 10 days 30 days 45 days
Control, non salinized 0.19% 0.19% 0.13%
NacCl 0.17° 2.67¢ 3.81¢
NaCl + ABA 0.16 0.82° 1.21°
NaCl + ABA methyl ester 0.16° 2.52¢ 3.79¢
NaCl + 8’-methylene ABA methyl ester 0.21° 2.40°¢ 3.52¢
NaCl + 8-acetylene ABA methyl ester 0.18° 2.56° 3.85¢

Chemicals were added in the watering solution at 10 uM from day 0 and at 100 mM NaCl from day 10. Data are means of nine independent measurements. Data within each

column followed by dissimilar letters differ significantly at p < 0.05.

means were compared by using the least significant
difference (LSD) test (p < 0.05). Statistical analyses
were performed with StatGraphics Plus (V. 2.1.) for
Windows (Statistical Graphics Corp., MD).

RESULTS

Experiment 1

Addition of 100 mM Nacl to the watering solution
promoted a significant defoliation of citrus plants
(Table 2). Therefore, although non-salinized plants
showed no leaf drop during the period studied and,
on the contrary, new ones grew, salinized plants
had lost 97.5% of their leaves at the end of the
experimental period. Abscisic acid treatment had an
important effect in reducing salt-stress induced leaf
abscission. In this way, practically all leaves re-
mained attached to the shoot for the first 30 days of
the experiment. Afterwards, leaf drop was observed,
but it was clearly less dramatic than in salinized
plants not treated with ABA. Treatments with ABA
methyl ester or its analogs modified in the 8’-C-

position did not show any clear effect on leaf
abscission under salt stress and, despite some small
differences, data were comparable to those obtained
in salinized plants not treated with plant growth
regulators.

Chloride concentration increased with salinity
exposure (Table 3). In plants treated with plant
growth regulators, different results were found.
ABA-treated plants showed important reductions in
leat chloride concentration (a reduction of 68.2% at
the end of the experiment with respect to salinized,
non-treated plants), plants treated with ABA me-
thyl ester or its analogs showed leaf chloride con-
centrations similar to that observed in salinized
plants not treated with any hormone.

Ethylene production (data not shown) followed a
pattern similar to that observed for leaf chloride
concentration and opposite to leaf abscission in all
blocks of plants. Photosynthesis rate was rapidly
affected by salinity (data not shown). At the end of
the experimental period, levels of net CO, assimi-
lation were 72% lower in NaCl-treated plants
compared to controls. Abscisic acid treatment
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Figure 1. Effect of ABA and two ABA-analogs on leaf
abscission in salinized citrus plants (Clementine cultivar
grafted on Carrizo citrange). (O) Control plants; (@) sali-
nized plants; (W) salinized plants treated with 10 uM ABA;
(V) salinized plants treated with 10 uM 8’-acetylene ABA;
(A) salinized plants treated with 10 uM 8’-methylene
ABA. Data are means = SE of seven independent mea-

surements. The arrow indicates the onset of salinization
(60 mM NacCl).

delayed the decrease in CO, assimilation, whereas
ABA methyl ester or its analogs modified in the
8’-C-position had no effect on this parameter in
salinized plants.

Experiment 2

As shown in Figure 1, new leaves continuously
grew in control plants. Therefore, at the end of the
experiment, leaf number was 24% higher than at
the beginning. Salinity promoted leaf abscission and
the arrest of growth. In this way, at day 85, leaf
number in salt-stressed plants was 39% lower than
in controls. All treatments with plant growth regu-
lators resulted in an alleviation of leaf drop under
salt stress. ABA and 8’-acetylene ABA treatments
rendered similar results (at day 85, approximately
90% of leaves present at the beginning of the
experiment remained attached to the shoot).
Treatment with 8-methylene ABA was even more
effective, and the number of leaves present in the
plants at the end of the experiment were higher
than at the onset of the experimental period
(104%).

The patterns of leaf chloride concentration (Fig-
ure 2) and ethylene production (Figure 3) were
very similar in this experiment. Although control
plants showed basal levels for both parameters,
salinity promoted a continuous increase in chloride
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Figure 2. Effect of ABA and two ABA analogs on leaf
chloride concentration in salinized citrus plants (Clemen-
tine cultivar grafted on Carrizo citrange). (O) Control
plants; (@) salinized plants; (W) salinized plants treated
with 10 uM ABA; (V) salinized plants treated with 10 uM
8’-acetylene ABA; (A) salinized plants treated with 10 uM
8-methylene ABA. Data are means + SE of 12 indepen-
dent measurements. The arrow indicates the onset of
salinization (60 mM NacCl).
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Figure 3. Effect of ABA and two ABA analogs on eth-
ylene production in salinized citrus plants (Clementine
cultivar grafted on Carrizo citrange). (O) Control plants;
(@) salinized plants; (W) salinized plants treated
with 10 uM ABA; (V) salinized plants treated with 10 uM
8’-acetylene ABA; (A) salinized plants treated with 10 uM
8-methylene ABA. Data are means = SE of nine inde-
pendent measurements. The arrow indicates the onset of
salinization (60 mM NacCl).

concentration that was followed by the elevation of
ethylene release. Treatments with ABA and its
analogs modified in the 8’-C-position reduced leaf



ABA Analogs and Salinity in Citrus 7

12 A
10
o~
E'm
o % i
5
=0
50
85 64
° E
£3
4 4
2_

0 10 20 30 40 50 60 70 80 90
Time (Days after treatment)
Figure 4. Effect of ABA and two ABA analogs on pho-
tosynthetic rate in salinized citrus plants (Clementine
cultivar grafted on Carrizo citrange). (O) Control plants;
(@) salinized plants; (W) salinized plants treated with
10 uM ABA; (V) salinized plants treated with 10 uM 8'-
acetylene ABA; (A) salinized plants treated with 10 uM 8-
methylene ABA. Data are means + SE of 15 independent

measurements. The arrow indicates the onset of saliniza-
tion (60 mM NacCl).

chloride intoxication promoted by salinity. As re-
ported for leaf abscission, the 8-methylene ABA
was the most effective product in reducing chloride
concentrations in citrus leaves (71% lower than
salinized plants not treated with hormones, at day
70), although the reduction in this parameter in
plants treated with ABA or 8'-acetylene ABA was
also significant (41% lower than salinized non-
treated plants, at day 70). Ethylene release was
practically parallel to the increase in leaf chloride
throughout the experimental period in all groups of
plants. Only at the last point of sampling did eth-
ylene production differ from chloride concentration
in ABA- and 8’-acetylene ABA-treated plants. At
this point, while CI” concentration was similar in
both groups of plants, ethylene production was
lower in ABA-treated plants.

The net photosynthetic rate (Figure 4) was rap-
idly affected by the addition of 60 mM NacCl to the
watering solution. Plants under salt stress continu-
ously reduced the CO, assimilation rate to reach
levels very low at the end of the experiment (at day
85, reductions of 67% were found in salinized
plants not treated with hormones). All hormonal
treatments promoted a decrease of this parameter at
day 10 (7% in average) previous to the onset of
salinization. Afterwards, CO, assimilation decreased
progressively but always remained higher than in
salinized, non-treated plants. The most effective

treatment in delaying the drop in photosynthesis
rate under stress conditions was 8’-methylene ABA.

DiscussioNn

Recently, several methods to efficiently synthesize
considerable quantities of 8-C-modified ABA ana-
logs have been reported (Abrams and others 1997;
Cutler and others 2000; Rose and others 1997). This
opened the possibility of testing them in long-term
experiments with crops to evaluate their putative
agronomical uses. One of the analogs employed in
this work, the 8-methylene ABA is metabolized
more slowly than ABA in corn cells resulting in an
enhanced biological activity relative to ABA
(Abrams and others 1997). Moreover, 8’ -methylene
ABA has been shown to be more effective than ABA
in inducing gene expression in Brassica napus em-
bryos (Qi and others 1998) and its applications
resemble extended pulses of ABA. The 8—acetylene
ABA has been shown to be an irreversible inhibitor
of ABA 8’-hydroxylase (Cutler and others 2000).
However, its biological effect varied in different
plant systems. Although it exhibited stronger hor-
monal activity than ABA in inhibiting Arabidopsis
thaliana seed germination, its activity was weaker
than ABA in the stimulation of water flow in maize
roots (Sauter and others 2002). The activity of ABA
methyl ester has been discussed with contrasting
results (Hose and others 2000; Sauter and others
2002; Vandermeulen and others 1993). Data pre-
sented in the present work demonstrated that 8'-
methylene ABA has a protective effect stronger
than ABA itself in intact plants of citrus cultivated
under high concentrations of NaCl. Results also
show that the biological activity of 8’-acetylene
ABA in this plant system was comparable to that of
ABA and reject an effect for ABA methyl ester or its
8’-C-modified analogs as palliative treatments
against salt stress in citrus.

The sensitivity of citrus to chloride ions has been
demonstrated  (Bafiuls and others 1997;
Romero-Aranda and others 1998) and its accumu-
lation in tissues shown to negatively affect plant
metabolism and physiology. Under high salinity
conditions, impairments in photosynthesis and
metabolism lead progressively to a loss in plant yield
and performance, and finally, if the adverse condi-
tions persist, ethylene burst triggers leat abscission
and subsequently plant death (Gomez-Cadenas and
others 1998, 2002; Storey and Walker 1999). Data
presented in this work show that leaf chloride
accumulation, ethylene production, and abscission
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followed similar patterns during the experimental
period in the different groups of plants. In this way,
salinized plants not treated with plant growth reg-
ulators increased leaf chloride concentrations, and
this can be directly correlated with ethylene burst
and leaf abscission. The efficacy of the different
hormonal treatments is clearly related to the
reduction in leaf chloride build-up. Treatment with
8’-C methylene ABA resulted in the lowest accu-
mulation of chloride, and therefore ethylene release
and leaf abscission were lower. Treatments with
ABA or 8-C acetylene ABA promoted intermediate
increases in the three parameters considered. Fi-
nally, treatments with ABA methyl ester or its
analogs did not modify the pattern of chloride
accumulation and therefore resulted in similar leaf
drops in response to high salinity. These data seem
to indicate that at least part of the effect of the long-
lasting ABA analogs as palliatives against salinity is
due to the reduction in leaf chloride accumulation.
However, specific effects of the chemicals cannot be
precluded, at the view of the results on the last day
of sampling. At this point, ClI- concentration was
similar in ABA- and 8’-acetylene ABA-treated
plants but, in contrast, ethylene production was
lower in ABA-treated plants. Possible mechanisms
involved in the lower CI™ uptake when ABA and
analogs were added could be related to a reduction
in transpiration or modifications in shoot/root ratio.
Other agronomic approaches leading to improve-
ments in the performance of citrus under salinity,
such as nitrate applications, are based on the stim-
ulation of plant growth and therefore in the dilution
of toxic ions in the newly formed tissues (Iglesias
and others 2004).

Carbon dioxide assimilation rapidly drops after
the imposition of salt stress (Gomez-Cadenas and
others 2002; Iglesias and others 2004), and it seems
clear that photosynthesis reduction is related to leaf
Cl” build-up (Bafiuls and others 1997). Moreover,
the disturbance in the photosynthetic system has
been proposed as one of the causes of the oxidative
stress induced by salinity (Arbona and others 2003).
Data presented here clearly show that ABA and its
8’-C modified analogs are able to delay the deple-
tion in CO, assimilation under high salinity. Al-
though data are not conclusive, ABA and its long-
lasting analogs could play a protective role for the
photosynthetic machinery under stress.

Treatments with ABA methyl ester or its analogs
did not modify the physiological parameters studied
in this work, despite the use of concentrations
identical to those employed for ABA and its analogs.
This can be attributed to several factors such as lack
of absorption from the substrate, impaired transport

from roots to the aerial part of the plant, or reduced
biological activity in citrus. Similar lack of activity
has been observed for ABA methyl ester and for
8’-acetylene ABA methyl ester in the maize root
system (Hose and others 2000; Sauter and others
2002).

In conclusion, ABA, 8'-C acetylene ABA, and
particularly 8-C methylene ABA appeared as
effective palliatives of salt-stress induced injuries in
a biological system where intact woody plants were
used, and the studied responses implied absorption
and transport of plant growth regulators over the
long term (the different parameters were recorded
for more than 2 months in all the experiments). It
should be pointed out that the NaCl concentrations
used in these experiments were high. Therefore, it
would be interesting to test lower NaCl concentra-
tions similar to those found in the salinized aquifers
and adult citrus trees. So far, the agronomic appli-
cations of ABA have been limited by its rapid
catabolism and subsequent restricted biological
activity. However, new long-lasting analogs could
open a new scenario in the citrus industry, where
other hormones such as gibberellins, auxins, and
cytokinins have regularly been used in the orchards
since the development of stable products. The
putative applications of ABA analogs are not only
restricted to growth improvement under stress
conditions but also could be directed to regulate
other aspects such as fruit set and development,
which are crucial in the modern citrus industry
(Gomez-Cadenas and others 2000) and are known
to be under hormonal control.
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