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EFFECTS OF IRRIGATION WATER FLUORIDE ON RELATIVE WATER 
CONTENT, PHOTOSYNTHETIC ACTIVITY, AND PROLINE 

ACCUMULATION IN YOUNG OLIVE TREES 
(OLEA EUROPAEA L. CV CHEMLALI) 

IN ARID ZONES
Mohamed Zouari,a,b,c,* Chedlia Ben Ahmed,a,b Nada Elloumi,a Bechir Ben Rouina,b 

Pascal Labrousse,c Ferjani Ben Abdallah,a

Sfax, Tunisia, and Limoges, France 

ABSTRACT: The effects of increasing the NaF concentration supplied through the
irrigation water on some photosynthetic and physiological features of young olive
trees grown under the ambient environmental conditions of an arid climate in Sfax,
Tunisia, were investigated. Thirty-six uniform one-year-old self-rooted olive trees
(Olea europaea L. cv Chemlali) were transplanted into 5 L pots and irrigated for 5
months with NaF concentrations of 0 (control), 20, 40, and 80 mM NaF. The responses
of the young olive trees grown under fluoride stress were slight reductions of leaf
relative water content, net photosynthesis, stomatal conductance, transpiration rate,
photosynthetic pigment content, and growth traits. Interestingly, the Chemlali olive
tree was relatively resistant to the fluoride stress under the experimental conditions
since it maintained some photosynthetic activity and a suitable leaf relative water
content. Moreover, the positive evolution in the content of proline and soluble sugars
with increasing NaF stress was further evidence of the effect of these osmoticums
for improving the tolerance of the Chemlali olive trees to fluoride stress. 

Keywords: Chemlali olive trees; Chlorophyll; Growth trait; NaF stress; Net photosynthesis; Olive 
tree; Proline accumulation; Soluble sugars; Leaf relative water content.

INTRODUCTION
Increasingly, soil pollution by the fluoride ion (F), due to agricultural and

industrial activities, is becoming a serious environmental problem in the world.1,2

F is an important phytotoxic environmental contaminant, which can enter into a
plant very rapidly through the roots and subsequently it is translocated to the
transpiratory organs of the plant.3,4 The phytotoxic effects of F are probably a
consequence of its interference with a number of metabolic processes.3,5 F stress
induced growth alterations can be explained by a reduction of cell water content,6
and photosynthetic activity.7,8 In addition, under F stress plant cells exhibit a
number of physiological changes including considerable osmotic adjustment,
which involves the accumulation of organic solutes.5,6,8 Furthermore, a strong
correlation between higher cellular levels of proline and soluble sugars, and the
fluoride stress tolerance of some plants has been shown.8,9

In Sfax, in the southern arid area of Tunisia, agricultural soils showed a high
fluoride content due to the long term accumulation of fluoride released from a
phosphate fertilizer producing factory. In this fluoride polluted habitat, olive plants
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constituted the main cultivated crops which were able to resist the fluoride stress
and grow. The present work studied the effect of fluoride stress on some
photosynthetic and physiological responses of young olive trees grown under the
ambient environmental conditions of the arid climate in southern Tunisia. 

MATERIALS AND METHODS
The trials were conducted at the Olive Tree Institute of Sfax, Tunisia. Thirty-six

uniform one-year-old olive trees (Olea europaea L. cv Chemlali) were
transplanted into 5 L pots filled with 5 kg soil (86.5% sand, 0.15% clay, and
13.35% silt). The soil was characterized by an organic matter content of 1.19%,
electrical conductivity of 2.21 mS/cm, pH of 7.16, and total fluoride of 20 mg/kg
soil. The basic soil characteristics were determined as described by Sparks et al.10

The experiments were carried under ambient environmental conditions (from
November 2009 to April 2010) with natural sunlight and temperature. The
averages for the temperature and the relative humidity ranged between day and
night from 20 ± 8 to 10 ± 5ºC and from 50 and 70%, respectively. The average of
photosynthetically active radiation (PAR) was 700 ± 1100 µmol/m2/sec during the
course of the experiment. The plants were divided into four groups and subjected
to the following treatments for five months: Cp: control plants irrigated with tap
water; Sp1, Sp2, and Sp3: stressed plants irrigated with tap water containing 20,
40, and 80 mM NaF, respectively. Each treatment was conducted with 9 young
olive plants, which were divided into 3 groups, each of 3 plants. The tap water was
characterized by EC (1.2 dS/m), pH (7.4), Na+ (145 mg/L), Cl– (226 mg/L), K+

(250 mg/L), Ca2+ (94 mg/L) and Mg2+ (57 mg/L). For each treatment, the daily
amount of water used for irrigation during the experimental period was equal to
the amount lost by evapotranspiration. After harvesting, the plants were washed
extensively with distilled water, and samples of leaves and roots were then
collected and frozen in liquid nitrogen at –80ºC. Other samples of leaves and roots
were oven-dried at 70ºC to a constant mass and ground. 

Growth traits measurements: At harvest, the growth parameters (trunk diameter,
shoot elongation, and leaf area) were determined. The leaf area was estimated by a
leaf-area-meter (LI-2000, LI-COR, USA). 

Fluoride content: The fluoride content was determined using the potentiometric
technique as previously described. 4 

Leaf relative water content and gas exchange measurements: The leaf relative
water content (LRWC), net photosynthesis (Pn), stomatal conductance (Gs), and
transpiration rate (E) were determined as previously described. 11

Photosynthetic pigments, proline, and soluble sugars contents: The chlorophyll,
carotenoid, proline, and soluble sugars concentrations were determined as
previously described.11

Statistical analysis: The different measurements and analyses were made at the
end of the experimental period. A one way analysis of variance (SPSS software,
17.0) was performed. Tukey’s test (p≤0.05) was used to compare the averages of
all the measured parameters. At least, three replicates were performed for each
measurement.
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RESULTS
Figure 1 shows that the F content in the leaves and roots of the young olive

plants increased significantly (p≤0.05) with increasing NaF concentrations
through the irrigation water. With all three of the NaF treatments, the roots
accumulated a higher F content than the leaves. The highest F content was
measured in the roots (220 µg/g dry weight) and the leaves (1000 µg/g dry weight)
of the SP3-treated plants (80 mM NaF). 

The results showed that the leaf relative water content (LRWC) decreased
significantly (p≤0.05) in the Sp2- and Sp3-treated plants compared to the control
plants, and in the Sp3-treated plants compared to the Sp2-treated plants (p≤0.05,
Table). In comparison to the control plants, the LRWC decreased by about 5% and
13% in Sp2- and Sp3-treated plants, respectively. The Table also shows the gas
exchange parameters (net photosynthesis Pn, transpiration rate E, and stomatal
conductance Gs) in the leaves of the olive plants subjected to the different NaF
treatments. As compared to the control plants, the Sp1-treated plants (20 mM NaF)
did not show a significant change in their Pn and Gs parameters but the Sp2- and
Sp3-treated plants did show a significant (p≤0.05) decrease in these parameters.
The E parameter was significantly reduced (p≤0.05) in the Sp1- and Sp2-treated
plants compared to the control plants and in the Sp3-treated plants compared to the
Sp1- and Sp2-treated plants (p≤0.05). Moreover, the decreases in the Pn, Gs, and E
gas exchange parameters in the fluoride-treated plants was accompanied by a
reduction in the photosynthetic pigment (Table). The highest reduction of
chlorophyll a, chlorophyll b, total chlorophyll, and carotenoids was recorded in the
Sp3-treated plants. Furthermore, significant reductions (p≤0.05) occurred in the

                     NaF treatments

F content (µg/g dry weight)

Root 

Leaf

Figure 1. Fluoride (F) contents in the leaf and root of young olive plants subjected to the
different NaF treatments. Values represent the means of 3 replications per treatment ± SD.
Different letters indicate significant differences between treatments (p≤0.05, Tukey's test). 
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growth characteristics (trunk diameter, shoot elongation, and leaf area) in the Sp3-
treated plants compared to the control and Sp1- and Sp2-treated plants (Table). 

Under fluoride stress, proline accumulation in both plant tissues (leaves and
roots) increased significantly with increasing NaF concentrations (Figure 2A). In
the Sp3-treated plants, the proline content increased by 133% in the leaves and by
83% in the roots. In parallel to the increase of proline, the fluoride-stressed olive

Table. Leaf relat ive water content, chlorophyll, and carotenoids contents,  gas exchanges, and 
growth traits from young olive plants subjected to different treatments 

Parameters NaF treatments  

 Cp Sp1 Sp2 Sp3 

Leaf relative water  

content (%) 
86.30 ± 1.26a 84.90 ± 1.03ab 82.17 ± 1.14b 74.83 ± 1.75c 

Chlorophyll a  

(mg/g f resh weight) 
0.45 ± 0.03a 0.43 ± 0.03a 0.38 ± 0.02b 0.31 ± 0.02c 

Chlorophyll b  

(mg/g f resh weight) 
0.23 ± 0.01a 0.22 ± 0.01ab 0.19 ± 0.01b 0.17 ± 0.02c 

Total chlorophyll  

(mg/g f resh weight) 
0.68 ± 0.02a 0.65 ± 0,02a 0.58 ± 0.02b 0.48 ± 0,01c 

Carotenoids  

(mg/g f resh weight) 
0.20 ± 0.01a 0.20 ± 0.01a 0.21 ± 0.01a 0.19 ± 0.01b 

Net photosynthesis  

(µmol/m2/sec) 
13.40 ± 1.28a 12.59 ± 0.76ab 11.32 ± 1.02b 8.34 ± 0.60 c 

Stomatal 
conductance  

(mmol/m2/sec) 
79.16 ± 4.30a 73.28 ± 4.98a 61.32 ± 3.82b 33.16 ± 2.74c 

Transpiration rate  

(mmol/m2/sec) 
2.84 ± 0.27a 2.22 ± 0.25b 1.94 ± 0.22b 1.30 ± 0.13c 

Trunk diameter  

(cm) 
0.58 ± 0.03a 0.59 ± 0.04a 0.55 ± 0.04a 0.41 ± 0.03b 

Shoot elongation  

(cm) 
8.50 ± 0.67a 8.53 ± 0.94a 8.10 ± 0.82a 5.60 ± 0.79b 

Leaf area  

(mm2) 
685.22 ± 60.69 682.4 ± 63.15 a 658.02 ± 54.93a 534.16 ± 46.08b 

Values represent the means of 3 replications per t reatment ± SD. Different letters 
indicate signif icant differences between treatments (p≤0.05, Tukey’s test).  
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trees accumulated more soluble sugars. Compared to the control plants, the soluble
sugar accumulation was higher in the leaves and roots of the Sp3-treated plants by
factors of 1.4 and 1.3, respectively (Figure 2B). 

DISCUSSION
Obtained results showed that LRWC, which could be a useful indicator of plant

tolerance to abiotic stress 11, decreased slightly with increasing NaF concentration. 
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Figure 2. (A) Proline and (B) soluble sugars contents in leaf and root of young olive plants
subjected to the different NaF treatments. Values represent the means of 3 replications per
treatment ± SD. Different letters indicate significant differences between treatments (p ≤0.05,
Tukey's test). 
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DISCUSSION
The results obtained showed that the LRWC, which decreased slightly with

increasing NaF concentrations, could be a useful indicator of plant tolerance to
abiotic stress.11 Similar results were reported in several crops, such as mung
beans,6 and jack pine seedlings,12 grown with exposure to fluoride. This decrease
in the LRWC in the fluoride-stressed olive trees could be explained by the high F
concentration in the plant tissues causing osmotic stress and partial dehydration at
the cellular level. The Chemlali olive tree remained tolerant to fluoride and had
limited water loss, since a relatively high value of the LRWC (>70%) was
recorded in the Sp3-treated olive plants.The reduction in chlorophyll content in the
fluoride-stressed olive trees could be due to structural alterations in the
chloroplasts such as disorganization of the thylakoid system, damage to the stroma
chloroplasts,13,14 inhibition of chlorophyll biosynthesis, and/or increased
chlorophyll degradation.5,8 The observed deleterious effect of fluoride
accumulation on leaf chlorophyll content was also reported in several plants, such
as paddy saplings,8 and tea plants,13 grown under fluoride stress. In addition, the
decrease in the photosynthetic pigments observed in the fluoride-stressed olive
tree could be considered to be a result of the Pn decrease (Table). Moreover,
according to Elloumi et al.,15 the decrease of photosynthesis, stomatal
conductance, and transpiration rates observed in almond plants grown in a fluoride
polluted zone could be attributed to abnormalities of the stomata, such as less
stomal density and stomatal closure. The reduction of the photosynthetic
performance in the F-stressed Chemlali olive trees could be considered as a
dehydration avoidance mechanism, and to constitute an adaptive mechanism of
olive plants rather than as a merely negative consequence of the fluoride stress11. 

The present data show a reduction in the different growth traits (trunk diameter,
shoot elongation, and leaf area) under high fluoride stress, which could be
explained by the reduction of photosynthetic activities and the impairment of the
uptake and translocation of nutrients and water into the plant organs.16,17 Similar
findings were reported in watermelon5 and gram seed 18 developed in a fluoride
polluted environment. 

The results obtained also show that the higher the fluoride treatment was, the
more important the accumulation was of proline and soluble sugars in the leaf and
root tissues of the young olive plants. The accumulation of proline and soluble
sugars in stressed olive plant tissues can be used as endpoints to assess fluoride
tolerance.5, 6, 8 The capacity for osmotic adjustment observed in the fluoride-
stressed olive trees via the accumulation of proline and soluble sugars was also
recorded in the case of salt-stressed young olive trees.11 In the present study, the
high accumulation of proline and soluble sugars justified the important role of
these osmoticums in the activation of water uptake to maintain cellular tissue
turgor.6,19 

CONCLUSION
The distribution of fluoride in F-treated olive plants displayed a differential

pattern among the root and leaf tissues with a higher fluoride concentration in
roots. The leaves of the young olive plants showed less fluoride concentration
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than the roots in such a way as to protect the photosynthetic apparatus of
stressed plants. The relatively high value of the leaf relative water content and the
maintenance of photosynthetic activity in the plants treated with the highest NaF
level (Sp3) revealed the effectiveness of the Chemlali olive tree in resisting the
stress of exposure to high levels of fluoride (80 mM NaF in the irrigation water). 

REFERENCES 
1 Toma S, Kreidman J, Vedina O, Veliksar S. Some observations on fluoride problems in the

Moldova republic. Fluoride 1999;32:67-70.
2 Wahid A, Ahmad SS, Ahmad MN, Khaliq B, Nawaz M, Shah SQ, Shah RU. Assessing the

effects of hydrogen fluoride on mango (Mangifera indica L.) in the vicinity of a brick kiln field in
southern Pakistan. Fluoride 2014;47:307-14.

3 Ahmad S, Ahmad SS, Ahmad MN, Shah RU, Nawaze M. Bioaccumulation of fluoride ion at
three flowering stages in different plant parts of mustard. Fluoride 2015;48:169-73.

4 Zouari M, Ben Ahmed Ch, Labrousse P, Ben Rouina B, Ben Abdallah F. Soil fluoride
contamination effects on olive tree (Olea europaea L.). Ecotoxicol Environ Saf 2014;108:78-83.

5 Ram A, Verma P, Gadi BR. Effect of fluoride and salicylic acid on seedling growth and
biochemical parameters of watermelon (Citrullus lanatus). Fluoride 2014;47(1):49-55.

6 Maitra A, Datta JK, Mondal NK. Amelioration of fluoride toxicity with the use of indigenous
inputs. J Stress Physiol Biochem 2013;9:207-19.

7 Mesquita GL, Machado EC, Machado R, Cantarella H, Mattos D. Fluoride exposure
compromises gas exchange of plants. Am J Plant Sci 2013;4:16-20.

8 Chakrabarti S, Patra PK. Biochemical and antioxidant responses of paddy (Oryza sativa L.) to
fluoride stress. Fluoride 2015;48:56-61.

9 Das C, Dey U, Chakraborty D, Datta JK, Mondal NK. Fluoride toxicity effects in potato plant
(Solanum tuberosum L.) grown in contaminated soils. Oct J Env Res 2015;3:136-43.

10 Bigham JM, editor-in-chief, SSSA; Bartels JM, managing editor; Sparks DL, Page AL, Helmke
PA, Loeppert RH, Soltanpour PN, Tabatabai MA, Johnston CT, Sumner ME, editorial committee.
Methods of soil analysis Part 3-chemical methods. Number 5 in the Soil Science of America
book series. Madison, WI, USA: Soil Science Society of America, American Society of
Agronomy; 1996.

11 Ben Ahmed Ch, Ben Rouina B, Boukhris M. Changes in water relations, photosynthetic activity
and proline accumulation in one-year-old olive trees (Olea europaea L. cv. Chemlali) in
response to NaCl salinity. Acta Physiol Plant 2008;30:553-60.

12 Zwiazek JJ, Shay JM. Sodium fluoride induced metabolic changes in jack pine seedlings. I.
Effect on gas exchange, water content and carbohydrates. Can J Forest Res 1988;18:1305-10.

13 Li C, Zheng Y, Zhou J, Xu J, Ni D. Changes of leaf antioxidant system, photosynthesis and
ultrastructure in tea plant under the stress of fluorine. Biol Plantarum 2001;55:563-6.

14 Singh-Rawal P, Jajoo A, Bharti S. Fluoride affects distribution of absorbed excitation energy
more in favour of photosystem 1. Biol Plantarum. 2010;54:556-60.

15 Elloumi N, Zouari M, Chaari L, Jomni C, Ben Rouina B, Ben Abdallah F, Kallel M. Morphological
and physiological changes induced in Olea europaea and Prunus dulcis exposed to air fluoride
pollution. Bras J Bot 2015;38(1):99-106.

16 Kamaluddin M, Zwiazek JJ. Fluoride inhibits root water transport and affects leaf expansion and
gas exchange in aspen (Populus tremuloides) seedlings. Physiol Plant 2003;117:368-75.

17 Saini P, Khan S, Baunthiyal M, Sharma V. Effects of fluoride on germination, early growth and
antioxidant enzyme activities of legume plant species Prosopis juliflora. J Environ Biol
2013;34:205-9.

18 Datta JK, Maitra A, Mondal NK, Banerjee A. Studies on the impact of fluoride toxicity on
germination and seedling growth of gram seed (Cicer arietinum L. cv. Anuradha). J Stress
Physiol Biochem 2012;8:194-202.

19 Gadi BR, Pooja V, Ram A. Influence of NaF on seed germination, membrane stability and some
biochemicals content in Vigna seedlings. J Chem Bio Phy Sci 2012:2:1371-78.

 Copyright © 2016 The International Society for Fluoride Research Inc. 
www.fluorideresearch.org       www.fluorideresearch.com       www.fluorideresearch.net

Editorial Office: 727 Brighton Road, Ocean View, Dunedin 9035, New Zealand


	ABSTRACT: The effects of increasing the NaF concentration supplied through the irrigation water on some photosynthetic and physiological features of young olive trees grown under the ambient environmental conditions of an arid climate in Sfax...


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


