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Abstract: The present work deals with effects of ambient air O3 on cultivated and non-cultivated
plants  species exhibited at Aljubail Industrial City by comparing exposed plants to ambient air in two
polluted localities (high and low). Three cultivated (Bougainvillea spp., Nerium oleander, Tevetia
neralfoia) and three non-cultivated plants species (Moltkiopsis ciliate, Heliotropium bacciferum and
Zygophyllum album) were studied.Plant samples were collected from  plants  growing at these
localities at three time periods; mid December 2006, February 2007 and April 2007. Complete
monitoring of major gaseous air pollutants (O3, SO2, NO2) during these periods was made
Physiological parameters (sugars, pigments and antioxidant enzymes) for all plant samples were
determined. Gradual increases in the concentration of air pollutants gases was found starting from
August to May reaching high levels in August and September.O3 concentrations at these months were
three to four times the normal levels. At high polluted localities Ambient O3  pollution lead to a
significant decrease in total sugars, pigments and antioxidant enzymes activity in cultivated plants
species. The results also showed that Bougainvillea spp. was more sensitive plant to O3  pollution
compared to other cultivated plant species, while in non cultivated Moltkiopsis ciliate was more
resistance than other plants. This investigation concluded that ozone pollution is responsible for the
plant damage in industrial cities of KSA.
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INTRODUCTION

One of the most difficult aspects of studying gaseous air pollutants is to determine the effective dose to
cause plant damages . This is highly variable and depends on a number of factors which includes concentration
of the pollutant; duration and frequency of exposure. It appears that intermittent exposure with high doses may
have less detrimental effect on plants than longer exposures for a sustained exposure period at low
concentrations, (Krupa et al., 2001). Other important factors are plant growth stages of development (younger,
actively growing plants frequently are more susceptible), genetic constitution (some plants are more tolerant
than others), and other factors which  may predispose the plant to O3 air pollutants injury such as (soil,
climate, and biotic factors). Plants species differ in there strategies relative to O3 air pollutants responses, with
some plants having greater tolerances than others (Krupa et al., 2001).

Functionally, O3 can affect plants in a number of ways; photosynthesis which is probably the most
sensitive way; carbohydrate metabolism either directly through its effects on light or dark reactions or indirectly
through  changes in stomatal conductance;O3 has been observed to induce either stomatal closure and opening
(Mulchi et al., 2005).Acute exposure of plants to O3 air pollution can decreases photosynthesis, leaf
conductance, leaf area, plant biomass and grain yields and increase specific leaf weight, starch content of
leaves and crop maturation (Mulchi et al., 1988; 1992; 1995). Chronic high levels of exposure to O3 air
pollution may produce responses such as reduced photosynthetic rates and earlier senescence for leaves,
reduced stomatal conductance, reduction in growth and yield of crops and natural vegetation (Krupa and
Kickert, 1989; Mulchi et al., 1992)..

Examination of physiological characteristics of cultivated plants revealed that increasing in other air
pollutants such as NO2 and SO2 increased the deleterious effects of O3. Kramer et al. (1991) determined the
effect of O3 on polyamine levels in soybean. Results demonstrated that current ambient O3 levels decreased
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the accumulation of putrscine and spermidine at ambient levels early in growing season and that further
increase in O3 could result in even greater polyamine decreases. 

Yunus et al. (1996) showed that high regional levels of O3 are coupled with the  increase in fossil fuels
used in automobiles and industries (e.g. Cairo, Mexico and Bombay). This study will concentrate on the effect
of ambient ozone pollution on six plant species  Bougainvillea spp., Nerium oleander, Tevetia neralfoia,
Moltkiopsis ciliate, Heliotropium bacciferum and Zygophyllum album at Aljubail Industrial City, KSA.

MATERIALS AND METHODS

Study Site Description:
The study area is characterized by a succession of small sand dunes and rocky surface dissected by several

wadis toward to the Arabian Gulf. The chain of sand dunes is composed of solid oolitic limestone. Between
each sand dune and other there are salty lagoons, and sometimes there is cultivable land. The surface of
Aljubail area is covered by a salty crust of very white color. The coastal area of Aljubail habitats are
characterized by alternate appearance and disappearance of sand dunes and by the lines of saline lagoons.
Major plant communities distributed above the sand dunes and in some wadis between them. ,in and out side
the city there are a large numbers of decorative plants. The plant habitats either in high or low pullation
localities were named after the dominant species a) Zygophyllum album, b) Moltkiopsis ciliata, c) Heliotropium
bacciferum, d) Bougainvillea spp., e) Nerium oleander and f) Tevetia neralfoia. The main meteorological data
of this study area are shown in Table (1).

Table 1: Mean monthly values of average meteorological data for (2006) in Aljubail Industrial City.
Month ATM MWS10 PRE PRS RH

----------------------------- -------------------------- -------------------------- --------------------------------- ---------------------------
Min Max Avg Min Max Avg Min Max Avg Min Max Avg Min Max Avg

Jan. 5.7 28.3 16.2 0.6 9.9 4.1 0.0 1.6 0.0 1010.0 1026.0 1018.5 6.4 97.6 60.4
Feb. 9.5 33.7 18.5 0.3 11.4 4.5 0.0 0.8 0.0 1007.0 1023.0 1016.1 5.3 99.1 63.0
March 11.7 36.2 21.1 0.4 10.8 3.9 0.0 0.2 0.0 1006.0 1019.0 1012.7 3.9 97.7 50.6
April       0.0 0.6 0.0 998.3 1017.0 1009.4    
May 25.9 47.0 36.1 0.6 10.4 3.9 0.0 0.0 0.0 994.4 1007.0 1000.1 3.4 93.7 24.3
June 29.4 46.5 37.5 0.6 13.0 4.7 0.0 0.0 0.0 991.3 1002.0 997.1 5.5 88.7 26.8
July 28.3 48.3 36.6 0.4 9.8 3.1 0.0 0.0 0.0 993.8 1004.0 997.9 4.4 95.4 46.0
August 21.3 45.2 33.0 0.5 10.1 3.3 0.0 0.0 0.0 997.1 1011.0 1004.6 4.9 97.4 47.6
Sept. 22.4 41.5 30.8 0.5 10.0 3.4 0.0 0.0 0.0 1007.0 1018.0 1011.6 7.8 96.5 49.3
Oct. 11.3 37.5 22.8 0.7 10.1 3.7 0.0 6.2 0.1 1009.0 1021.0 1015.5 16.3 97.7 58.6
Nov. 4.4 23.3 14.0 0.4 13.2 4.5 0.0 13.6 0.1 1010.0 1029.0 1019.6 21.2 97.7 65.3
Dec. 4.4 23.3 14.0 0.4 13.2 4.5 0.0 13.6 0.1 1010.0 1029.0 1019.6 21.2 97.7 65.3

Plant Parametres:
1-  Leaf Pigments:

 Plant parts were collected from different branches of randomly chosen individual plants species at each
localities in Aljubail Industrial city Samples were cleaned, separated into assimilatory organs (leaves or  stems).
Fresh weight determination immediately made by weighing of five samples after harvesting and placed in dark
bottles containing 85% aqueous acetone. Optical density of leaf  extract was measured at 452.5, 644 and 663
nm wavelengths using spectrophotometer (Spectronic 20 Milton Roy Company, USA) using five replicate
samples .to determined chlorophyll and carotenoids content (referred to as mg/g fresh wt.) according to Metzner
et al. (1965). Chlorophyll a/b ratios were calculated from individual measurements of chlorophyll a and b,
which were summed to give total chlorophyll content. 

2l- Leaves Carbohydrate Analysis:
Plant leaves were removed from plants from all localities under the ambient air treatments and left for one

week for complete air drying. Leaf samples were temporarily stored at – 40oC until freeze-dried. The freeze-
dried samples were grounded finely using a Wiley mill equipped with a 60-mesh screen. For soluble
carbohydrates, grounded samples were weighted (50 mg) and combined with 5 mL of hot deionized water and
homogenized for 1 minutes with a polytron blender. The homogenate mixture was incubated for 30 minutes
in a hot water bath (90oC) to halt the enzyme activity. Total carbohydrates were obtained in grounded samples
using 1% amyloglucosidase enzyme in 0.2 M acetate buffer, pH 4.45 at 45oC for two days and measured as
soluble sugars (Latzko and Gibbs, 1974). The solutions from soluble and total carbohydrates were filtered
through glass fiber filter discs and the volumes adjusted to 10 mL. The crude extracts (1-mL) were diluted in
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10 mL of deionized water prior to carbohydrate analyses. Slaughter and Livingston (1993) performed
carbohydrate analyses using the Dionex 4000 series Bio LC carbohydrates system (Dionex, Sunnyvale, CA)
following the procedure described. Starch concentrations (mg/g) were calculated by subtracting soluble
carbohydrates (mg/g) i.e glucose, fructose, sucrose from total carbohydrates (mg/g). 

3- Enzyme Activities:
A- Protein Extraction:

Frozen leaves (2 g) were macerated to fine powder in a mortar under liquid N.  Soluble proteins were
extracted by homogenizing the powder in 10 ml of 100 mM potassium phosphate buffer (pH 7.5), containing
5 mM dithiothreitol, 10% glycerol, 1% (w/v) insoluble polyvinylpyrrolidone (PVP), and 1 mM
phenylmethylsulphonyl fluoride (PMSF). Insoluble material was removed by centrifugation at 15,000 × g for
20 min at 4 °C. The supernatant was desalted with a Sephadex G-25 column equilibrated with buffer suitable
for individual enzymes. The desalted supernatant was stored in separate aliquots at -20°C, prior to enzyme
analyses.

B- Protein Determination:
Protein content (mg/g) was determined according to Bradford [1976] using bovine serum albumin as

standard.

C- Superoxide Dismutase (SOD): 
Total Superoxide dismutase activity was determined by the method described by Giannopolitis and Ries

[1977] in which O�-2 reacts with nitroblue tetrazolium (NBT) to produce an absorbance increase at 560 nm.
This reaction, however, is inhibited by the presence of SOD, which converts O�-2 to H2 O2 .

The reaction mixture consisted of 50 mM potassium phosphate buffer (pH 7.8), 13 mM methionine, 75
μM NBT, 0.1 mM EDTA, 2 μM riboflavin and 0.1 ml of extract. Test tubes were shaken and placed 10 cm
from two 30 W fluorescent lamps. The reduction in NBT was measured by reading absorbance at 560 nm.
Blanks and controls were run in the same manner but without illumination and enzyme respectively. One unit
of SOD was defined as the amount of enzyme that produced a 50 % inhibition of NBT reduction under the
assay conditions. 

D- Catalase (CAT): 
The activity of catalase was measured by the method of Aebi [1984]. Catalase activity was assayed in a

1 ml reaction mixture containing 1.0 ml of 50 mM potassium phosphate buffer (pH 7.0, containing 10 mM
H2O2) and 20 μl of enzyme source (plant extract). The decrease in H2O2 was followed as decline in optical
density at 240 nm for 30 seconds at room temperature, and the activity was calculated using the extinction
coefficient (40 mM-1cm-1) for H2O2. One unit of catalase activity was defined as the amount that decomposes
1 μmol H2O2/min at 25°C and pH 7.

E- Guaiacol Peroxidase (GPX): 
GPX activity was measured by the method of Egley et al (1983). The assay medium contained 0.1 M

sodium phosphate buffer (pH 5.8), 7.2 mM guaiacol, 11.8 mM H2O2, and 20 μl plant extract in a total volume
of 1.0 ml. The reaction was initiated by the addition of H2O2 and the change in the optical density at 470 nm
was measured at intervals of 15 s for 2 min. Activity was calculated using the extinction coefficient (26.6 mM-

1 cm-1) for the oxidized tetraguiacol polymer. One unit of peroxidase activity was defined as the calculated
consumption of 1 μmol of H2O2 per min per mg protein.

F- Ascorbate Peroxidase (APX):
APX activity was measured as described by Asada [1984].This assay is based on the disappearance of

ascorbate (measured by its absorbance at 290 nm) as it is oxidized to dehydroascorbic acid by H2O2. Briefly,
20 μl of plant extract was added to 1 ml 50 mM potassium phosphate (pH 7.0) containing 0.5 mM ascorbic
acid and 0.1 mM H2O2 Correction was made for the nonenzymatic ascorbate oxidation by H2O2 (~ 1 nmol/
min). Under these assay conditions a decrease of 0.01 absorbance units at 290 nm corresponds to 3.6 nmol
ascorbate oxidized. One unit of APOX activity was defined as the amount oxidizing 1nmol ascorbate/min at
25°C and pH 7.0.
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G- Glutathione Reductase (GR):
GR activity was determined using the method of Sgherri et al. (1994). This assay is based on NADPH

oxidation concomitant with glutathione reduction. First, NADPH oxidation in the incubation mixture containing
0.1M potassium phosphate buffer [pH 7.6], 0.1 mM NADPH, and 3.0 mM and oxidized glutathione was
recorded at 340 nm for 3 min at 30 s intervals. NADPH oxidation was monitored again following plant extract
addition (100 μl). GR activity was obtained by subtracting the former rate from the latter. One unit of GR
activity was defined as the oxidation of 1 nmol NADPH/min at 25°C (E = 6.2 mmol/l per cm at 340 nm).

Statistical Analysis:
Statistical analyses were carriedout using the t-test. Mean, standard deviations and variance separation

between different plants in each site was calculated by using the means of individual measurements.

RESULTS AND DISCUSSION

Status of Ambient Air:
Monthly changes in mean the concentrations (nl l-1) of O3, SO2 and NO2 during 2006-2007 growing

seasons at Aljubail  Industrial City, KSA are listed in Table 2. In general, levels of all gases are not around
the standards except in few cases. Especially O3 in all localities during the project is exceeded the normal
ranges. Concentrations of O3 often exceeded the threshold four times of 100 nl l-1 close to Industrial City from
August to October. On the other hand, levels of SO2 and NO2 exceeded the standards only in dry months.
There was a strong variation in monthly cumulative exposures whereas the exposure patterns during the
summer and winter were totally different. The gradual increase in O3 concentrations was recorded only during
hot and dry months. As a result, the cumulative exposures to ambient O3 were relatively high in summer and
relatively lower in winter months (Table 2). 

Table 2: Mean monthly values for air quality (O3, SO2and NO2) in highly polluted (a) and less-polluted (b) localities of Aljubail Industrial
City.

Air quality O3(nL/L) SO2(nL/L) NO2(nL/L)
------------------------------- ------------------------- -----------------------------------------

Months/ localities a b a b a b
August 125 55 35 25 30 25
September 130 55 35 25 25 20
October 110 50 30 20 25 20
November 100 45 20 20 20 15
December 90 45 20 15 15 15
January 60 35 15 10 10 10
February 70 35 15 10 10 10
March 75 45 15 15 20 15
April 85 45 25 15 25 20
May 100 50 25 15 30 25

Ozone concentrations over the last few years have increased between 1 to 2 % per year (Fishman, 1991)
from a global basis view but concentrations are projected increase 20 to 50 %  (between 1990 and 2020) in
lower latitude from patterns of expected emission of precursors and concentrations are expected to continue
to increase. Furthermore, the geographic extent of O3 effects on terrestrial ecosystems is likely to increase as
more countries, particularly developing ones, become more industrialized (Chameides et al., 1994). Sulfur
dioxide in combination with O3 and NO2 caused no additional reduction in yield, but lower dosages of SO2
increased yields compared to the O3 treatment, apparently by retarding O3 induced premature senescence. (Jones
et al., 1985).

Carbohydrate Fractions:
The effects of O3, SO2 and NO2 on soluble sugar fractions for studied plant leaves at Aljubail Industry City

are illustrated in Table 3. All gases regimes produced significant effects in the treated plants; cultivated and
non-cultivated.   Air qualit treatments caused significant difference in soluble monosaccharide and disaccharide
sugars. Cultivated plants especially Tevetia neralfoia showing higher soluble sugar levels in low O3 localities
and  elevated  O3 concentrations  causing  lower   levels   to  plants in high O3 localities. Also, non-cultivated
plants especially Moltkiopsis ciliata showed much higher levels of leaves sucrose in low O3 localities than in
high O3 localities. The lowest fructose recorded in leaves of Zygopyllum album in industrial area being 2.7
mg/g.
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Table 3: Mean values for leaves soluble sugars of plants (1- Cultivated plants and 2- Non-Cultivated plants ) grown in high polluted 
(A) and less-polluted (B) localities of Aljubail Industrial City under atmospheric O3, SO2and NO2 enrichments regimes  (C=
Statistical significant: (*) = P £ 0.1, (**) = P £ 0.05, and (***) = P £ 0.01 respectivel) and NS = Non-significant.

1- Cultivated plants
Plants/ Treatments  Leaf soluble sugars (mg g-1)

------------------------------------------------------------------------------------------
Glucose Fructose Sucrose

1- Bougainvillea spp A 4.6 4.2 19.6
B 3.8 3.8 18.7
C ** * 0

2- Nerium oleander A 4.4 4.2 19.6
B 4.1 3.8 17.8
C NS * **

3- Tevetia neralfoia A 4.5 5.6 22.1
B 4.0 3.1 14.5
C * *** ***

2- Non-Cultivated plants
1- Moltkiopsis ciliata A 5.1 3.7 22.9

B 4.1 3.1 22.1
C * NS 0

2-Heliotropium bacciferum A 4.7 5.2 19.7
B 4.0 4.9 17.5
C * NS **

3- Zygophyllum album A 4.0 3.2 15.9
B 3.3 2.7 14.3
C * * **

Total soluble, total insoluble and total sugar contents in leaves of tested plants under the air quality
treatments are listed in Table 4. The non-cultivated plants exhibited slightly difference in levels of all sugars
than samples collected from cultivated ones. The effect of O3 concentrations on all sugars accumulation in
Tevetia neralfoia leaves showed highly significant increases between low and high localities. Elevated O3
treatments increased the insoluble sugars accumulation in leaves of Tevetia neralfoia, Moltkiopsis ciliata and
Zygopyllum album being 37.4, 37.6 and 37.6 mg/g , respectively in low O3 localities. While the highest
reductions in total carbohydrate levels of Tevetia neralfoia was found  in O3 high localities. Plants leaves of
Tevetia neralfoia showed high variation in levels of insoluble carbohydrates between low and high O3 localities.
The sugars of non-cultivated plants had no difference between low  and high O3 concentrations. The effects
of gases levels on sugar contents of Nerium oleander are not varied. Plant response to O3 varies with the
genus, species, cultivar or variety, and genotype. Nevertheless, several plant species have been characterized
for their development of O3 injury symptoms and are used as biological indicators to assess relative O3
exposures at various geographic locations (Krupa et al., 1998).

Table 4: Mean values for leaves soluble, insoluble and total sugars (mg g-1) of plants( 1- Cultivated plants and 2- Non-Cultivated plants) 
grown in high polluted (A) and less-polluted (B) localities of Aljubail Industrial City under atmospheric O3, SO2and NO2
enrichments regimes, (C= Statistical significant: (*) = P £ 0.1, (**) = P £ 0.05, and (***) = P OL163\f"Symbol"\s10 0.01
respectively). and NS = Non-significant.

1- Cultivated plants
Plants/ Treatments Leaf  Sugars (mg g-1)

------------------------------------------------------------------------------------------
Soluble Insoluble Total 

1- Bougainvillea spp. A 39.7 31.1 70.8
B 35.1 28.6 63.7
C *** ** ***

2- Nerium oleander A 35.3 30.3 65.6
B 31.5 28.3 59.8
C *** * ***

3- Tevetia neralfoia A 41.7 37.4 79.1
B 27.4 21.1 48.5
C *** *** ***

2- Non-Cultivated plants
1- Moltkiopsis ciliata A 39.6 37.6 77.2

B 39.9 37.4 76.3
C NS NS 0

2- Heliotropium bacciferum A 34.0 27.1 61.1
B 34.2 27.0 61.2
C NS NS NS

3- Zygophyllum album A 33.6 37.6 71.2
B 33.7 35.2 68.9
C NS ** 0
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Ozone, affects indirectly on carbohydrates by its effect on photosynthesis and respiration, independently
of any direct effect that O3 may have on enzymes that regulate the metabolism and translocation of
carbohydrates (Runeckles and Chevone, 1992). Tingey (1974) reported that Pinus ponderosa exposed to chronic
O3 concentrations (control and 100 nL L-1 O3) had reduced leaf soluble carbohydrates during the first month
of fumigation but increased concentrations during the following months (2 to 5 months) could cause reduction
in photosynthesis by feedback inhibition and reduces the amount of assimilates for translocation to sinks within
the plant. Mulchi et al. (1992) exposed soybean plants to chronic O3 stress (43 and 66 nL L-1 O3) and
observed that starch concentrations in leaves decreased 30% and doubled for the 40 and 66 nL L-1 O3
treatments, respectively. They suggested that plants grown under increased O3 stress (66 nL L-1 O3) were
limited by the ability to export carbohydrates to sinks such as nodules and pods but individual sugars (i.e.
glucose, fructose and sucrose) were not significantly affected by O3 stress. Pausch et al. (1996) found that O3
stress on soybean caused a retention of 13C labeled photosynthate products in leaves with less transport to sinks
such as root and pods. Variation in carbohydrate response to O3 stress may reflect difference in O3
concentrations, growth stages, species, cultivars within species, etc. Also, O3 tolerance has been associated with
several biochemical characteristics such as higher concentrations of reducing sugars (Heck, 1990) which may
react with the free radicals produced by O3 and help to overcome the phytotoxic effect of O3 (Malhotra and
Khan, 1984).

Ozone stress alters carbohydrates allocation to plant parts and in the process may impair the plant's ability
to cope with drought or other stresses (Islam et al., 2000). Reductions in allocation to roots can alter root
system size, architecture and spatial arrangement, which in turn can influence populations of soil organisms.
Separate from changes in quality or quantity of litter, prematurely needle senescence due to O3 exposure also
may truncate successional development of rhizosphere fungi inhabiting the surface of Pinus ponderosa needles
(Bruhn et al., 1980), which may alter rates of litter decomposition (Fenn & Dunn, 1989).

In most cases, decreases in the concentration of sugars were found in different organs of wheat and
soybean with high O3 (NF + O3) which agrees with previous work by Andersen et al. (1998), Miller et al.
(1995), Balaguer et al. (1995), Kostka-Rick and Manning (1992), Mulchi et al. (1992) and Amundson et al.
(1991). Results obtained by Kostka-Rick and Manning (1992) and Mulchi et al. (1992) have shown that
elevated O3 reduced the flux of carbohydrates from source (leaves) to the sinks (shoots, roots, nodules and
grains) of soybean and wheat. It is evident from this research that the flow of the carbohydrates from the
source to the sinks are affected by increased levels of O3. This flow provides evidence towards a mechanism
of O3 action that involve long-term flux inhibition of C products from the leaves to the other organs including
below-ground roots, nodules and microbial community which also depend on C fixed by photosynthesis.

Antioxidant Enzyme Activities:
Effect of air quality on leaf enzyme activities is indicated in Table (5). The results revealed that, all

enzyme activities were decreased in high O3 localities than in low O3 localities. Super oxide dismutase  was
more respond to ambient ozone in cultivated plants more than non-cultivated ones. Bougainvillea spp., Nerium
oleander, Tevetia neralfoia, Moltkiopsis ciliata, Heliotropium bacciferum and Zygophyllum album recorded
23.41, 42.28, 31.26, 34.32, 24.71 and 21.6 u/mg, respectively in low O3 localities comparing with the  high
O3 localities ( 16.32, 35.33, 21.65, 29.81, 15.74 and 14.81), respectively. Bougainvillea spp. and Nerium
oleander leaves only showed high difference between the two localities, while Zygophyllum album only showed
little difference between the two localities. Also, ozone damaged leaves of plants grown close to the source
of pollution reached to 70% in cultivated plants compared to 25% of non-cultivated plants. 

Most previous researches were carried out on the effect of air quality on enzymes in plant samples not
included ozone. The influence of ozone on leaf enzyme may be due to its effect on the proteinaceous nature
of enzyme causing change in the secondary and tertiary protein structure of enzyme (which optimizes
interaction of enzymes with substrates for the reaction) causing denaturation of enzyme protein (Robert and
Tate, 1995), or may be due to the effect of O3 on the enzyme activities and biochemical conversions process
of organic matter.

It is generally accepted that O3 does not persist in the intercellular spaces of the leaf. Rather, organic
radicals and various reactive forms of oxygen are generated through O3 decomposition and interactions with
cell components (Pell et al., 1997). These oxidizing compounds damage proteins and membranes, leading to
impaired physiological function and cell death. Acute O3 injury in sensitive genotypes, usually seen as
development of foliar lesions, resembles the hypersensitive response (HR) of plants to pathogen attack. An
oxidative  burst  occurs  as the initial reaction to both O3 exposure and pathogen assault, and similar signal 
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Table 5: Mean values for leaf Soluble protein and antioxidant enzymes activities of plants ( 1- Cultivated plants and 2- Non-Cultivated
plants ) grown in high polluted (A) and less-polluted (B) localities of Aljubail Industrial City under atmospheric O3, SO2and
NO2 enrichments regimes, (C= Statistical significant: (*) = P £ 0.1, (**) = P £ 0.05, and (***) = P £ 0.01 respectively) and
NS = Non-significant. Superoxide dismutase (SOD), Catalase (CAT), Guaiacol peroxidase (GPX), Ascorbate peroxidase (APX)
and Glutathione reductase (GR).

1- Cultivated plants
Plants/ Treatments  Leaf soluble protein  and antioxidant enzymes activities

-----------------------------------------------------------------------------------------------------------------
Soluble SOD CAT GPX APX GR
protein (U/mg (μmol/min (μmol/ min (μmol/ min (nmol/ min
(mg/g) protein) /mg protein) /mg protein) /mg protein) /mg protein)

1- Bougainvillea spp. A 7.2 23.41 13.75 0.13 1.15 12.18
B 6.5 16.32 11.53 0.11 0.57 11.62
C 0 * NS NS ** NS

2- Nerium oleander A 4.5 42.28 50.73 2.12 2.29 120.02
B 1.6 35.33 49.14 1.61 1.29 119.47
C *** ** NS NS * NS

3- Tevetia neralfoia A 8.3 31.26 23.52 0.82 2.64 103.65
B 5.1 21.65 14.97 0.62 0.76 97.26
C *** ** ** NS *** 0

2- Non-Cultivated plants
1- Moltkiopsis ciliata A 3.2 34.32 32.12 1.11 0.98 28.61

B 1.7 29.8 29.32 0.45 0.93 25.83
C ** * * * NS 0

2-Heliotropium bacciferum A 5.7 24.71 27.54 1.14 0.91 8.06
B 4.2 15.74 22.52 0.41 0.83 1.12
C 0 * * * NS ***

3- Zygophyllum album A 6.6 21.61 18.11 1.81 0.57 108.7
B 4.4 14.81 14.17 0.54 0.11 81.58
C ** ** * ** ** 0

molecules have been implicated in induction of the HR and O3 injury (Schraudner et al., 1997). In O3-tolerant
genotypes, either the oxidative burst is suppressed (Schraudner et al., 1998) or oxidative damage is highly
localized (Koch et al., 2000), thereby restricting the extent of foliar lesions.

Sunflower plants adapt to O3-induced oxidative stress through the induction of genes coding for APX
(ascorbate peroxidase isoforms) proteins whose enzymatic activity enhancement at the apoplastic and cytosolic
levels acting as a biochemical defence line against ozone pollution damage (Ranieri et al., 2000). Ribas and
Penuelas (2000) showed that toxic ozone effects on sensitive species such as bean reduced by EDU (ethylene
diurea). The intensity of the EDU protective effect differed among the different stations characterized by
different meterological condition and O3 concentrations. Moreover Pasqualini et al. (2001), showed a good
correlation between tolerance to O3 and high endogenous levels of antioxidant metabolites such as AA
(ascorbic acid) and reduced glutathione (GSH) in tobacco.

Pigments Content:
Consistently higher chlorophyll a, chlorophyll b and total pigment contents were found at all plants in

response to O3 treatments (Table 6). The increases in chlorophyll a, b of plant leaves in low O3 localities were
concomitant to the stimulation in photosynthetic activities.Also, results show less decreases in pigment contents
in the O3 localities of the cultivated and non-cultivated plants. Bougainvillea spp. leaves are less varied in
chlorophyll a, b and carotenoids being non-significant between low and highe localities in chlorophyll b and
carotenoids. The total pigment of studied plants were not highly varied (Table 6).

Few studies are showed the effect of O3 on pigmentation of leaf. Fourteen Italian cultivars of Phaseolus
vulgaris were exposed to a single pulse of ozone (O3, 150 nl 1-1) or to filtered air (< 3 nl 1-1) for 3.5 h. O3
sensitivity was assessed by recording the extent of visible symptoms, effects on chlorophyll content and
changes in chlorophyll a fluorescence parameters. Seven cultivars showed visible symptoms of injury in the
range of 2-60 h after the end of the O3 fumigation. O3 depressed total chlorophyll content in most cultivars
and a significant correlation was found between chlorophyll content and visible symptoms. There was no
relationship between the extent of visual symptoms and quenching coefficients, indicating that these parameters
were of no use in the determination of sensitivity to O3 stress (Guidi et al., 2000). 
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Table 6: Mean values for leaves major pigments for Cultivated and Non-Cultivated plants ( 1- Cultivated plants and 2- Non-Cultivated
plants )  grown in high polluted (A) and less-polluted (B) localities of Aljubail Industial City under atmospheric O3, SO2and
NO2 enrichments regimes, (C= Statistical significant: (*) = P £ 0.1, (**) = P £ 0.05, and (***) = P £ 0.01 respectively) and
NS = Non-significant.

1-Cultivated plants
Plant species/Treatments Leaf major pigments  (mg/g)

----------------------------------------------------------------------------------------------------------------
Chlorophyll Carotenoids Total pigments
-------------------------------------
a b

1-Bougainvillea spp A 1.51 1.13 1.13 3.77
B 1.10 1.10 1.13 3.33
C * NS NS **

2- Nerium oleander A 1.59 1.13 1.25 3.97
B 1.12 1.05 1.05 3.22
C ** * ** **

3- Tevetia neralfoia A 1.32 1.39 1.39 4.10
B 1.20 1.22 1.22 3.64
C * ** ** 0

2-Non-Cultivated plants
1-Moltkiopsis ciliata A 1.22 1.22 1.25 3.69

B 1.01 0.96 1.00 2 . 9 6
C ** ** ** ***

2-Heliotropium bacciferum A 1.22 1.13 1.30 3.65
B 1.02 1.00 1.00 3 . 0 2
C ** * * **

3-Zygophyllum album A 1.18 1.21 1.20 3.59
B 1.01 0.96 1.00 2.97
C * ** ** **
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