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ABSTRACT

Ben Amor, A., Elloumi, N., Chaira, N., and Nagaz, K. 2018. Morphological and
physiological changes induced in the date palm trees (Phoenix dactylifera) exposed to
atmospheric fluoride pollution. Tunisian Journal of Plant Protection 13 (si): 11-22.

Air quality bio-monitoring using plant leaves has been applied to assess the effects of atmospheric
pollution. This study was conducted to evaluate the effects of fluoride (F) on date palm (Phoenix
dactylifera) trees situated around a phosphate fertilizer-producing factory constituting a major source of
pollution. Monthly observations on the southwest side of a phosphate fertilizer plant located in the
coastal zone of the Gabés region have been assessed. This study was focused on the impact of F
accumulation on the photosynthetic pigment content, cell membrane, and selected osmoprotectants
(proline and soluble sugars) of the surveyed trees. Leaf samples were collected at various distances
from the phosphate fertilizer factory (three sites at 0.5, 2.5, and 3.5 km and a control site at 35 km).
Date palm trees accumulated significant amounts of F in leaves, with no visible lesions but showed a
marked reduction in the photosynthetic pigment content, and damage to the cell membranes, as
indicated by an increased malondialdehyde (MDA) content. The significant increases in the proline and
soluble sugars contents in response to fluoride accumulation may be considered as defense mechanisms
induced in response to fluoride stress. Based on photosynthetic pigment content, malondialdehyde
(MDA), osmoprotectants levels and fluoride content, the date palm would be classified as a tolerant
species.
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Atmospheric pollution constitutes are absorbed through leaf stomata and
one of the major problems in industrial move by transpiration into the principal
environments. Fluoride is one of the most sites of accumulation at the tip and leaf
important  phytotoxic air  pollutants margins, where they can cause
(Weinstein and Davison 2003). Fluorides physiological, biochemical, and structural

damage, and even cell death, depending
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plants can also uptake fluoride from
polluted soils (Ahmad et al. 2012;
Gritsan, 1992; Jha et al. 2008; Wang et al.
2012).

The interactions between plant and
different types of pollutants and the
influence of environmental pollution on
physiological and ultrastructural aspects
were investigated by various researchers.
In fact, Weinstein and Davison (2003)
reported the existence of a relationship
between the fluoride ion (F) concentration
and damage in tree leaves. Mezghani et
al. 2005 showed large differences in F
concentrations among different plant
species and large variations in the degree
of plant tolerance to F pollution.

Fluoride concentrations in the
range 1-10 ug F/g dry weight (dw) are
considered as the normal background
values in plant leaves (Davison et al.
2006, Brougham et al. 2013).

However, Sheldrake et al. (1978)
signaled that other plants such as
elderberry (Sambucus nigra) and camellia
(Camellia sasanqua) did not show any
toxicity symptoms at up to 3600 mg F/g
dw.

Some plant species have been
suggested for active and passive
biomonitoring of airborne fluoride effects
(Franzaring et al. 2013; Junior et al.
2008). Biomonitoring of air quality using
plants has been widely applied to detect
the effects of air pollution (Anicic et al.
2011; Markert et al. 2003) where many
plant groups have been wused in
monitoring pollution pointing out their
advantages; while there has been little
focus on evergreen trees (Sawidis et al.
2012).

The assessment of air pollution
impact includes analyses of visible injury
(Ghosh et al. 1998; Oksanen and
Holopainen 2001), accumulation of toxic
substances and evaluation of biochemical
and  physiological  pollutant-induced
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changes in parameters related to
photosynthesis,  respiration,  enzyme
activities, lipid synthesis, proteins and
other metabolites (Bamniya et al. 2012,
Elloumi et al. 2014, Herbinger et al.
2002). In fact, pollution may cause a
decline in the number of seeds per fruit
and in the leaf number and area (Gupta
and Ghouse 1986; Wali and al. 2007). Air
pollution can also induce qualitative and
guantitative changes in the secondary
metabolite composition (Kanoun et al.
2001).

In industrial areas, where mosses
and lichens are absents, higher plants
have gained special importance and are
used as valuable biomonitors. Recent
researches on the effects of F on the
growth and physiological characteristics
were focused on F-sensitive plants, such
as Prunus dulcis (Elloumi et al. 2005) and
Punica granatum (Ben Abdallah et al.
2006).

However, the olive plant, Olea
europaea, is considered as F-tolerant
plant (Zouari et al. 2016).

In Gabes, the Tunisian Chemical
Group specialized in transformation and
treatment of phosphate, constitutes the
main source of fluoride pollution in the
atmosphere. The atmospheric fluorides
and sulfur emitted by the factory
primarily occur in gaseous forms, such as
sulfur dioxide and hydrogen fluoride, and
to a lesser extent in inorganic particulate
including  sulfur  trioxide, calcium
fluoride, lead fluoride and calcium
phosphate fluoride (Azri et al. 2002; Ben
Abdallah et Boukhris 1990). Also, Ben
Abdallah et al. (2006) and Mezghani et al.
(2005) reported that fluoride is the most
important phytotoxic air pollutant in the
vicinity of the phosphate fertilizer
factory.

In Gabes, the date palm (Phoenix
dactylifera) trees are typical local trees
growing over large areas. Even where
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high levels of pollution exist, they can be
seen almost everywhere in the industrial
and agricultural areas. Therefore, the aims
of this present work were (1) to survey
the leaves of local date palm trees
growing in Gabes industrialized areas for
fluoride accumulation and (2) to study
some morphological and physiological
parameters of some trees exposed to
industrial emissions.

MATERIALS AND METHODS
Study area.

The present study was carried out
in the industrial area of Gabés located

376 km south-east of Tunis on the
southern side of the Gulf of Gabés
(Mediterranean Sea, Gabés city), which
has an arid climate with a low average
rainfall (from 167 to 176 mm average
annual pluviometry) and an average
annual temperature from 18.8 to 19.3°C.

In this study, we selected three
oases located relatively close to the
factory complex (site 1 [S1] 0.5 km, site 2
[S2] 2.5 km, and site 3 [S3] 3.5 km from
the factory), and, as a control oasis with
less fluoride exposure, a more distant one
(35 km from the factory).
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Fig. 1. Map of the study area in south east Tunisia, selected sites are named

(S1, S2, S3, and control).

Sample collection.

The sampling of date palm
trees,variety ‘Bouhattem’, was done
during April, May and June 2014 to
avoid rain washing fluoride.
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Date palm leaves were collected
with a maximum of 5 m trunk height.
Three leaf samples were taken from
several branches in different parts of the
tree side exposed to the factory fume.
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Only leaves occupying the middle of the
shoots were taken.

Determination of fluoride content.

Unwashed leaf samples from all
trees were dried for 24 h at 105 °C. For
each repetition a 2 g powdered sample
was heated in an oven at 550 °C until
white ashes were formed.

After extraction of the ash sample
into NaOH solution, F concentrations
were determined potentiometrically using
a fluoride-specific ion electrode and a
reference electrode. For measurement of
total F (complex and free) in the solution,
the NaOH extract was acidified with
acetic acid glacial to pH 5.3 and mixed
1:1 with Total lonic Strength Adjustment
tampon buffer (TISAB). The TISAB
buffer contained 57 ml acetic acid, 58 ¢
NaCl and 4 g CDTA per litre, adjusted to
pH 5.2 with 6 M NaOH and diluted to 1
liter with distilled water (Ben abdallah et
al. 2006).

Determination of pigment content.

Chlorophyll a (chl a), chlorophyll
b (chl b), and total chlorophyll (chl a+h)
determinations were taken from fully
expanded leaves of plants. A sample of
0.1 g of leaves was weighed and ground
in 5 ml of 80% acetone. After filtration,
the extraction was adjusted to 10 ml with
80% acetone, and the content of
photosynthetics pigments was determined
spectrophotometrically — according to
Arnon (1949).

Malondialdehyde (MDA) content.

The level of lipid peroxidation in
the leaf tissues was measured in terms of
malondialdehyde content (MDA a
product of lipid peroxidation), determined
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according to Heath and Packer (1968)
with minor modifications as described by
Zhang and Kirham (1944).

A 025 g leaf sample was
homogenized in 5 ml of 0.1%
trichloroacetic  acid (TCA). The
homogenate was centrifuged at 10,000 g
for 5 min. Then, 4 ml of 20% TCA
containing 0.5% TBA were added to a 1
ml aliquot of the supernatant. The mixture
was heated at 95°C for 30 min and then
quickly cooled in an ice bath. After
centrifugation at 10,000 g for 10 min, the
absorbance of the supernatant was read at
532 nm and the value of the nonspecific
absorption at 600 nm was subtracted.

Proline and soluble sugar content.

Proline content was analyzed
according to Bates et al. (1973). Soluble
sugars were analyzed according to Robyt
and White (1987).

Statical analyses.

All statistical analyses were
performed with SPSS version 17
software. Duncan’s Multiple Range test
was used to determine the significance of
differences between treatments, at P <
0.05.

RESULTS
Visual symptoms.

Examined date palm trees did not
show any morphological abnormalities
such as chlorosis, leaf curling, or
necrosis. Leaves did not show any visible
lesions. The under surface of the plant
leaves tended to accumulate dust and
appeared white. Leaves from plants
removed from control area did not show
any morphological abnormalities.
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Fig. 2. Leaves of date palmcollected at site 1, located at
0.5 km from the Gabhés phosphate fertilizer factory.

Compared to leaves removed from
control site, leaves from polluted sites
showed a considerable reduction of the
foliar surfaces even though they have the
same age.

Fluoride concentration in leaves.

F concentrations of date palm
leaves collected at different distances
from the phosphate fertilizers are
presented in Fig. 3. The maximal contents
of fluorine (95.5 pg/g dw) were recorded
in leaves removed from site 1 which is
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the closest site to the source of pollution.
At 35 km from the factory, the F
concentration decreased (61.7 pg/g dw).

Regarding the temporal evolution
of fluorine concentrations, the highest
fluorine contents were recorded in May.
This increase coincided with the decrease
in precipitation. In June, recorded fluorine
contents were lower than those of May.

The F concentrations in sampled
date palm leaves, noted in April, May,
and June were significantly higher than
those of control (Fig. 3).
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Fig. 3. Temporal variation of fluoride (ug/g dry weight) in date palm
leaves at the polluted sites at increasing distances from the phosphate
fertilizer factory. S1 at 0.5km, S2 at 2.5 km, S3 at 3.5 km, and the
control site at 35 km from the factory. For each month, sites with
different letters are significantly different according to Duncan's
Multiple Range test at P <0.05.

Pigment contents.
The pigment contents of date palm
trees are presented in Fig.4. There were

no significant

differences

in

leaf

chlorophyll content between the sites and
months.
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Fig. 4. Total chlorophyll contents (mg/g fresh weight) in the leaves of
date palm trees at increasing distances from the phosphate fertilizer
factory. S1 at 0.5km, S2 at 2.5 km, S3 at 3.5 km, and the control site at
35 km from the factory. For each month, sites with different letters are
significantly different according to Duncan's Multiple Range test at P <
0.05.
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Chlorophyll a (Chl a), Chlorophyll
b (Chl b) and total chlorophyll (Chl (a+b)
contents were measured at S1, the highest
polluted site. Total chlorophylls showed
no significant changes in response to
fluoride accumulation. However, Chl b

showed increase in June. Chl a decrease
significantly; it was more sensitive to F
stress. Chl a content decreased about 65%
after three months of exposure to fluoride

(Fig.5).
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Fig. 5. Chlorophyll a (chl a), Chlorophyll b (chl b), and total
chlorophyll (chl a+b) contents (mg/g fresh weight in the leaves of date
palm at S1 (at 0.5 km the factory). For each pigment, means with
different letters are significantly different according to Duncan's

Multiple Range test at P < 0.05.

Malondialdehyde (MDA) content.
As an indicator of oxidative stress
due to fluoride toxicity, an enhanced

formation of malondialdehyde (MDA)
was observed (Fig.6).
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Fig. 6. MDA content (mmol/g fresh weight) in the leaves of date palm
trees at increasing distances from the phosphate fertilizer factory. S1 at
0.5km, S2 at 2.5 km, S3 at 3.5 km, and the control site at 35 km from
the factory. For each month, sites with different letters are significantly
different according to Duncan's Multiple Range test at P < 0.05

Tunisian Journal of Plant Protection

17

Vol. 13, SlI, 2018



The MDA content rose markedly
at the polluted sites indicating enhanced
lipid peroxidation. The MDA content in
leaves of date palm increased with
fluoride contamination. The highest MDA
levels were detected in the S1 (29.5
mmole/g fresh weight fw) where they
were 4 times higher than those recorded
in leaves removed from the control site
(7.1 mmole/g fw) .

Large increases in the foliar MDA
accumulation during the exposure periods
were detected each month at all the sites.
MDA content was highest at S1 in June

(29.5 mmole/g fw), decreasing at the S2
(22.1 mmole/g fw) and S3 (11.9 mmole/g
fw) sites.

Proline and soluble sugar content.

The impact of fluoride
accumulation  on  some  selected
osmoprotectants (proline and soluble
sugars) was determined. Compared to the
control site, the proline content at S1 was
increased in June (Fig.7). Proline levels
increased from 20.8 pumol/g fw in April to
29.8 pmol/g fw in June.
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Fig. 7. Proline content (umol/g fresh weight) in the leaves of date palm
trees at increasing distances from the phosphate fertilizer factory. S1 at
0.5 km, S2 at 2.5 km, S3 at 3.5 km, and the control site at 35 km from
the factory. For each month, sites with different letters are significantly
different according to Duncan's Multiple Range test at P < 0.05.

The fluoride content also had a
great influence on the leaf soluble sugars
concentration (Fig. 8). In fact, at all sites,
soluble sugar increased from April to

Tunisian Journal of Plant Protection

June. As compared to the control site, the
soluble sugar content was significantly
increased in June in all sites and more
importantly in S1 (226.33 mg/g dw).
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Fig. 8. Soluble sugars content (mg/g dry weight) in the leaves of
date palm trees at increasing distances from the phosphate
fertilizer factory. S1 at 0.5 km, S2 at 2.5 km, S3 at 3.5 km, and
the control site at 35 km from the factory. For each month, sites
with different letters are significantly different according to
Duncan's Multiple Range test at P < 0.05.

DISCUSSION

Leaves of date palm were
monitored for the F contamination. The F
accumulation in the study area was high
in polluted sites. Date palm possesses an
important accumulative capacity of
fluoride. This fluoride accumulation in
leaves differed significantly depending on
sampling sites and times. The high
fluoride values were noted in sites close
to the phosphate fertilizer-producing
factory suggesting that this factory
constitutes an important source of
pollution. The highest concentrations of F
were found in leaves sampled in May.

Thus, the dry period is an
important factor that strongly influences
air pollutant concentrations. In fact, in
polluted areas, the dry season accelerates
pollutant deposition. Therefore, pollutant
availability for plant absorption is greater
during drier periods. In arid regions,
although high levels of solar radiation,
evapotranspiration is high due to the low
humidity in these areas (Allen et al.
2006). The decrease in the F contents in
June, compared to the values in April and
May, coincided with a marked
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precipitation registered for June (117
mm) (Elloumi et al. 2016). Date palm was
found able to accumulate fluoride without
exhibiting any symptoms of F toxicity
with F concentrations up to 95 ug/g dry
weight. As date palm is an evergreen
species, air pollution biomonitoring can
be done all the yearlong.

The chlorophyll content decreased
with the increase of F concentrations.
This reduction in the chlorophyll content
in sampled leaves, as compared to
controls, may be attributed to the high
emission and deposition of dust on leaves,
which adversely affects the metabolic
activity of the plant (Ben abdallah et al.
2006). The reduction in chlorophyll
content in the fluoride-stressed date palm
trees could be due to structural alterations
in the chloroplasts such as disorganization
of the thylakoid system and damage to the
stroma chloroplasts (Li et al. 2001; Singh
et al. 2010). Moreover, according to
Elloumi et al. (2015), the decrease of
photosynthesis, stomatal conductance,
and transpiration rates observed in
almond plants grown in a fluoride-
polluted zones could be attributed to
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abnormalities of the stomata, such as less
stomatal density and stomatal closure.
The reduction of the photosynthetic
performance in the F pollution of date
palm trees could be considered as an
adaptive mechanism.

In the present study, high MDA
levels were detected. MDA is an end
product of membrane lipid peroxidation
and high MDA levels in plants are used
as an indicator of oxidative stress
(Niedworok and Bielaszka 2007). Some
organic solutes in plants (such as proline
and soluble sugars) act osmoprotectants
in adaptation to environmental stress such
as drought, heavy metals and increased
salinity. Sugar metabolism is adversely
affected in plants growing under stressful
conditions. In many plant species, the
accumulation of soluble sugars has been
observed in response to various
environmental stresses. The accumulation
of proline and soluble sugars in stressed
date palm plant tissues can be used as
endpoints to assess fluoride tolerance
(Chakrabarti et al. 2015; Maitra et al.
2013; Ram et al. 2014). Proline

accumulation can serve as a selection
criterion for the tolerance of most species
to stressed conditions (Ashraf and Foolad
2007). The capacity for osmotic
adjustment observed in the fluoride
stressed date palm trees via the
accumulation of proline and soluble
sugars could be considered as an adaptive
mechanism.

The results of the present work
showed that exposure of date palm to
fluoride air pollution increased proline
and sugar contents. The increase in
proline contents is an important factor for
providing higher tolerance to fluoride.

The increased proline content is
referred to as a protective mechanism due
to the generation of reactive oxygen
species by fluoride. The accumulation of
proline under the effect of stress provides
energy for the growth and survival of the
plant and helps it to tolerate stress. Thus,
date palm could be considered a tolerant
species; it is very well adapted to the
atmospheric fluoride pollution in Gabes
area, with absence of visible damages.

RESUME

Ben Amor A., Elloumi N., Chaira N. et Nagaz K. 2018. Les réponses morphologiques et
physiologiques induites chez le palmier dattier (Phoenix dactylifera) exposé a la
pollution fluorée atmosphérique. Tunisian Journal of Plant Protection 13 (si): 11-22.

La bio-surveillance végétale est un bio-indicateur de I’évaluation de la qualité de Dair et de
I’environnement. Cette étude consiste a évaluer les effets des fluorures (F) sur le palmier dattier
(Phoenix dactylifera) au voisinage des unités de traitement et de production des engrais phosphatés,
constituant la principale source de la pollution atmosphérique dans la région de Gabes. Des
observations mensuelles sur les teneurs en chlorophylle, la membrane cellulaire et quelques
osmoprotecteurs tels que la proline et les sucres solubles ont été effectuées. Trois sites ont été choisis
en fonction de leur distance par rapport a la source polluante (a 0,5, 2,5, et 3,5 km, le site témoin 35
km). Les feuilles du palmier dattier ont accumulé les valeurs significatives du fluor, avec l'absence
des lésions visibles. Une réduction remarquable des teneurs de pigment photosynthétique a été
enregistrée. L’augmentation significative de proline et de sucres solubles en réponse a I'accumulation
de fluorure peut étre considérée comme une stratégie de défense. En se basant sur les teneurs de
pigment photosynthétique, le malondialdehyde (MDA), le contenu de fluorure, les teneurs de sucres
solubles et de proline, le palmier dattier pourrait étre classé comme une espéce tolérante.

Mots clés: Adaptation, bio-surveillance, palmier dattier, réponses biochimiques
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