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The present investigation studied the effectiveness of ozone (O3) concentrations on epidermal cells of
pepper (Capsicum frutescens L.) leaves and its response to ascorbic acid (AS). The plants were grown
at two sites in Riyadh, King Saud University (KSU) Campus, and the second industrial city (SIC) under
an average of 42.33 and 138.66 ppb of O;. Two groups grown at KSU site as a control; one of them was
treated with tap water (TW) and the other was treated with TW+AS, while the remaining two groups were
transferred to SIC site, treated as described previously. Treatment with 300 mg/L AS was performed
once every 15 days until the end of the experiment. The plants grown under separately high
concentrations of Oz and AS increased the stomatal numbers, dimensions and cell dimensions in both
upper and lower epidermises of leaves in comparison to control plant leaves. Treatment with Os+AS
significantly increased the length of the upper and lower epidermal cells, while it decreased the cell
widths in comparison to plants grown under only O;. The AS might have a mitigating effect on the

impacts of Oz on leaf epidermal cells of the pepper plant particularly, with respect to cell width.
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INTRODUCTION

Pepper (Capsicum frutescens L.) is an annual herb or
shrub, and belongs to the Solanaceae family. It is one of
the most important vegetables grown in parts of the
humid and semi-arid tropics (Aliyu, 2000 ). The fruits are
extensively used as a cooking condiment (Alabi, 2006).
Pepper contains an excellent source of vitamins A and C
as well as phenolic compounds, which are important
antioxidant (Shotorbani et al., 2013). Pepper is also used
for the prevention and treatment of cold and fever (Udoh
et al., 2005), as it contains vitamin C (Osuna-Garcia et
al., 1998). In addition, capsaicin has been shown to have

great potential as a chemotherapeutic agent against
several cancers (Oyagbemi et al., 2010; Clark and Lee,
2016). The leaf surface of the plant is the major part that
receives, absorbs, and accumulates air pollutants
(Chauhan and Joshi, 2010). The gaseous pollutants enter
the leaf through the stomata, which have the potential to
alter the metabolic processes of the plant and react with
the intercellular water to form reactive oxygen species
(ROS) that act on the plasma membrane and cause
oxidative stress in the mesophyll cells of the leaf (Bray,
2000; Roshchina and Roshchina, 2013; Iriti and Faoro,
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2008), cellular damage in the leaves, reduce photo-
synthesis, decrease carbon allocation to sink tissues, and
affect plant biomass and radial growth (Wittig et al.,
2009).

O3 is one of the gaseous pollutants that have impact on
many aspects of the plants, such as the morphological,
physiological, and anatomical characteristics. These
effects vary with the intensity and duration of O; exposure
(Pasqualini, 2003). Exposure of alfalfa to high ozone
concentrations (85-120 ppb) causes obvious effects on
cell organelles such as chloroplasts, plastoglobules,
nuclei, vacuoles and chromatin in leaf mesophyll tissue
and stem cortex, and no clear effects of ozone were
noted on starch grain shapes and the mitochondria in the
leaf mesophyll and stem cortex cells (El-Zaidy et al.,
2019). The stomatal density in the leaf epidermis of
different plants was affected by elevated Oz concentration
(Evans et al., 1996; Paakkonen et al., 1998; Frey et al.,
1996; Lawson et al., 2002; Zouzoulas et al., 2009;
Gostin, 2009; Wahid and Ahmad, 2003; Pedroso and
Alves, 2008), and caused sluggishness stomata
efficiency, and gradual loss in stomatal control over
transpiration (Feng et al., 2018). However, few works
indicated lack of significant impact on the stomatal
density of certain plants when exposed to Oj stress
(Giacomo et al., 2010; Riikonen et al., 2010; Dumont et
al., 2014). Elevated O3 concentration was reported to
affect the epidermal cell density of the plant leaves
(Lawson et al., 2002; Wahid and Ahmad, 2003; Pedroso
and Alves, 2008; Zouzoulas et al., 2009; Riikonen et al.,
2010). Moreover, Riikonen et al. (2010) reported that high
concentration of Oz increased the epidermal cell size with
no obvious effect on cuticular striations and epicuticular
wax crystallites. Meanwhile, ascorbic acid (AS) is a
growth regulator that plays important roles in many
physiological processes (Ejaz et al., 2012; Kim et al.,
2008; Hathout, 1995; Mukherjee and Choudhuri, 1985).
Gonzalez-Reyes et al. (1998) reported the effective role
of AS in stress resistance, whereas Veljovic-Jovanovic et
al. (2001) found that AS concentration is low in the Os-
sensitive plant tissues, which confirms its role in oxidative
stress. AS increased the thickness of both the midrib and
lamina of leaf blades, the size of the main vascular
bundle of the midrib, and also increased the average
diameter of the vessel in the leaves of tomato plants, Zea
mays, and Mentha arvensis (Ali, 2001; Ali et al., 2015;
Hendi and Boghdady, 2016). Leaf seedlings of pre-
soaked seeds with AS increased the stomatal length and
decreased the epidermis cell length on both the surfaces.
Although AS application reduced the epidermis cell
number on the upper surface, it had no effect on this
feature on the lower surface (Cavusoglu and Bilir, 2015).
Treatment with AS increased the mitotic divisions and
cellular dimensions in the cell elongation region of the
plant root (Kaviani, 2014). Despite the vast amount of
data on the effects of Oz and AS on the physiological,
biochemical, and molecular characteristics of plants; the
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effects of O3 and AS on the epidermal cell traits of C.
frutescens L. have not been studied in detail. Because
the epidermis is the protective layer and acts as a barrier
between the outer environment and the internal
structures of the plant body, this research was an
initiative to study the impact of high concentration of O3
on the leaf epidermal cell traits, and its response to
treatment by AS, which might assist in better
understanding of the phenomena occurring in the leaves.

MATERIALS AND METHODS

Two sites were selected for this research in Riyadh city with
different pollution levels; the first site was King Saud University
campus for the control group (Cont.), and the second site was the
second industrial city (SIC). Pepper seeds were obtained from a
local market in Riyadh, Saudi Arabia. Seeds were sterilized with 1%
sodium hypochlorite for 7 min, and then rinsed with sterilized
double distilled water. Seeds were planted under natural
environmental conditions in used plastic pots containing sterile
sandy and alluvial soil (ratio 1:1). A fungicide was added to prevent
the fungal growth; plants were left to grow until the generation of
initial leaves, and then transferred to the study sites. The plants
were divided into four groups: two control groups that were left to
grow in King Saud University site; one of them was treated with tap
water, and the other was treated with tap water and AS; while the
remaining two groups were transferred to SIC site upon exposure
with O3, where one of them was treated with tap water, and the
other was treated with tap water and AS. Irrigation was performed
once every 15 days using 300 mg/L AS until the end of the
experiment. The leaf surfaces were cleaned with distilled water,
followed by silicon rubber imprinting for studying the epidermal
characteristics according to Lloyd (1908). The slides were then
examined and photographed using Zeiss Photomicroscope Il
Epidermal cell dimensions and the stomatal number and
dimensions were captured at 40X. Twenty-five measurements were
recorded for each parameter and the number of stomata was
counted in a microscopic field area of 0.25 mm?. All measurements
and descriptions were recorded at the vegetative growth end before
flowering (after 90 days of sowing). Measurement of O
concentrations was performed daily for three months at each of the
study sites using a measuring device (AEROQUAL Series 200 with
Monitor), average readings of ozone (O3) levels in control plants
site (KSU Campus) was 42.33 ppm, while in polluted plant site
second site (SIC) was 138.66 ppm. The data obtained were
statistically analyzed using SAS version 8.2 (SAS 2002) in a
completely randomized design (CRD) to test the differences among
the treatment levels.

RESULTS AND DISCUSSION

The data indicate the differences in the O; levels at the
study sites, where O3 level at the first site (KSU Campus)
was 42.33 ppb, which was within the global limits for air
pollution by ozone in accordance to McCarthy and
Lattanzio (2015); while it was 138.66 ppb in the second
site (SIC) indicated higher pollution levels than the global
limits for air pollution by ozone. Hence, we expected to
detect some effects on the epidermal traits, such as
stomatal number and its dimensions, and epidermal cell
size.
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Figure 1. Surface view of the upper and lower
epidermal cells of pepper leaves plant under
study. (1, 2) cont.1: Upper Epidermis Cells (UE),
2: lower epidermis cells (LE). (3, 4) SA. 3: (UE),
4: (LE). (5, 6) Os. 5: (UE), 6: (LE). (7, 8) O3 +As.
7: (UE), 8: (LE). Ascorbic acid (AS), Ozone (Og).

Figure 2. Surface view of the upper and lower
epidermal cells of pepper leaves plant under study.
(1, 2) cont.1: Upper Epidermis Cells (UE), 2: lower
epidermis cells (LE). (3, 4) SA. 3: (UE), 4: (LE). (5,
6) Os. 5: (UE), 6: (LE). (7, 8) Oz +As. 7: (UE), 8:
(LE). Ascorbic acid (AS), Ozone (Os).

Figure 3. Surface view of the upper and lower
epidermal cells of pepper leaves plant under
study. (1, 2) cont.1l: Upper Epidermis Cells
(UE), 2: lower epidermis cells (LE). (3, 4) SA. 3:
(UE), 4: (LE). (5, 6) Os. 5: (UE), 6: (LE). (7, 8)
O3 +As. 7: (UE), 8: (LE). Ascorbic acid (AS),
Ozone (O3).

The results shown in Figures 1 to 11 indicate the
differences in the epidermis traits of the studied pepper
leaves. The results revealed that there were variations in
the stomatal densities (Figures 1 to 8) between the upper
and lower epidermal cell of the pepper leaves at King
Saud University Campus site (control plants); this trait
differed from that of the other plant species
(AbdulRahaman and Oladele, 2003). The stomatal
responses to the environmental changes are important to
maintain the movement of gases and water in and out of
the leaves (Hetherington and Woodward, 2003). As O3
enters the plant leaves through the open stomata, the
plant controls this process via stomatal closure or
decreases stomatal conductance. Hence, the closure of
stomata is a mechanism for controlling O3 diffusion into
the stomatal chamber for decreasing the Os
concentrations in the mesophyll cells of the leaves
(Madkour and Laurence, 2002). The results showed that
the stomata of the plants that grew under high
concentration of O; were affected in comparison to
control plants (Figures 5 and 6), where the stomatal
number increased significantly in both the upper and
lower epidermis of the leaf, which indicated that O; might
induce the increase in the stomatal numbers in both the
epidermises. This result was consistent with the findings
of the previous studies (Frey et al., 1996; Paakkonen et
al.,, 1998; Zouzoulas et al, 2009). The stomatal
dimensions decreased significantly in the lower epidermis
of the leaf, while the stomatal length increased in the
upper epidermis of the leaf of the plant grown under Os.
This was in line with the results of different studies
(Zouzoulas et al., 2009; Gostin, 2009; Dumont et al.,
2014).

The cell dimensions of the upper and lower
epidermises of the leaves of the plants grown under O3
were significantly increased (Figures 5 and 6) in
comparison to control plant leaves; the mentioned
changes may be due to the exposure to ozone. These
observations were consistent with the results of some
researchers, who revealed that high concentrations of O3
affected the epidermal cell dimensions (Lawson et al.,
2002; Wahid and Ahmad, 2003; Riikonen et al., 2010).
The results also showed that AS application increased
the number of stomata on both the upper and lower
epidermis of the leaves in comparison to the control plant
leaves (Figures 3 and 4). However, the increase in the
stomatal number was significant only in the lower
epidermis; this result was in line with that obtained by
Arafa et al. (2014) and Cavusoglu and Bilir (2015). The
AS application may have a role in increasing the stomatal
connectivity (Hinckley and Braatne, 1994; Dieter et al.,
1995). Application of AS also caused an increase in the
stomatal width and length in the upper and lower
epidermis of the leaf, which was significant only in the
upper epidermis. The increase in the stomatal width
indicates that AS might have an impact on the guard cells
by increasing in its size, thereby increasing the
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Figure 4. Surface view of the upper and lower
epidermal cells of pepper leaves plant under study. (1,
2) cont.l: Upper Epidermis Cells (UE), 2: lower
epidermis cells (LE). (3, 4) SA. 3: (UE), 4: (LE). (5, 6)
Os. 5: (UE), 6: (LE). (7, 8) O3 +As. 7: (UE), 8: (LE).
Ascorbic acid (AS), Ozone (O3).

Figure 5. Surface view of the upper and lower epidermal
cells of pepper leaves plant under study. (1, 2) cont.l:
Upper Epidermis Cells (UE), 2: lower epidermis cells (LE).
(3, 4) SA. 3: (UE), 4: (LE). (5, 6) Os. 5: (UE), 6: (LE). (7, 8)
O3 +As. 7: (UE), 8: (LE). Ascorbic acid (AS), Ozone (Os).

dimensions of the stomata. This finding is consistent with
the results of previous research that indicated that AS
influences the cell elongation in different parts of the plant
body (De Gara et al., 1996; Tommasi et al., 1999;
Horemans et al., 2000; Kaviani, 2014; Cavusoglu and
Bilir, 2015). This could be due to the effect of AS on the
crosslinking between the protein and polysaccharide in
the cell wall that leads to loosening of the cell wall.
Therefore, cell expansion and elongation (Padh, 1990;
Smirnoff, 1996). Figures 1 and 3 show that the epidermal
cell shapes were irregular, and the anticlinal cell walls
were sinuous/undulate and appeared to be slightly
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Figure 6. Surface view of the upper and lower epidermal cells of
pepper leaves plant under study. (1, 2) cont.1: Upper Epidermis
Cells (UE), 2: lower epidermis cells (LE). (3, 4) SA. 3: (UE), 4:
(LE). (5, 6) Os. 5: (UE), 6: (LE). (7, 8) O3 +As. 7: (UE), 8: (LE).
Ascorbic acid (AS), Ozone (O3).

Figure 7. Surface view of the upper and lower epidermal
cells of pepper leaves plant under study. (1, 2) cont.1:
Upper Epidermis Cells (UE), 2: lower epidermis cells (LE).
(3, 4) SA. 3: (UE), 4: (LE). (5, 6) Os. 5: (UE), 6: (LE). (7, 8)
O3 +As. 7: (UE), 8: (LE). Ascorbic acid (AS), Ozone (Os).

changed, maybe because of the change in the
dimensions of the cell.

There was an increase in the dimensions of the upper
and lower epidermal cells of the leaves of the plants
treated with AS (Figures 3 and 4); however, this increase
was not significant in comparison to the leaves of control
plant. This result agrees to a certain extent with the
findings of Ali (2001), Ali et al. (2015), and Hendi and
Boghdady (2016), where they reported that AS induces
some anatomical changes in the plants. In addition, the
present result was in conformity with the results of
previous studies, which reported that AS plays a role in
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Figure 8. Surface view of the upper and lower epidermal
cells of pepper leaves plant under study. (1, 2) cont.l:
Upper Epidermis Cells (UE), 2: lower epidermis cells (LE).
(3, 4) SA. 3: (UE), 4: (LE). (5, 6) Os. 5: (UE), 6: (LE). (7, 8)
O3 +As. 7: (UE), 8: (LE). Ascorbic acid (AS), Ozone (Os).
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Figure 9. Average of Stomata numbers in Pepper (C.
frutescens L.) Leaves under Ozone (Os), Ascorbic acid (AS)
and O3 +AS in the study sites.

the expansion and elongation of the cells (Padh, 1990;
Wang and Faust, 1992; De Gara et al., 1996; Smirnoff
and Pallanca, 1996; Tommasi et al., 1999; Horemans et
al., 2000; Kaviani, 2014; Cavusoglu and Bilir, 2015).

The results obtained also showed that AS application to
the plants treated with O3 decreased the stomatal number
and their dimensions in both the upper and lower
epidermis in comparison to control plant leaves (Figures
7 and 8), which was significant in the lower epidermis.
These results may indicate that the effect of AS
contradicts with the effect of O in reducing the number of
stomata in the leaves of the pepper plants. Moreover, the
results were inagreement with the findings of previous
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Figure 10. Average of Stomata dimensions in Pepper (C.
frutescens L.) Leaves under Ozone (03), Ascorbic acid

(AS) and O3 +AS in the study sites.
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Figure 11. Average of cell dimensions in Pepper (C.
frutescens L.) Leaves under Ozone (Os), Ascorbic acid (AS)
and O3+AS in the study sites.

studies, which reported that AS is a growth regulator and
plays important roles in many physiological processes
(Kim et al., 2008; Veljovic-Jovanovic et al., 2001; Ejaz et
al., 2012). Additionally, AS improves plant tolerance and
reduces the harmful effects of stress on plant growth
(Gonzélez-Reyes et al., 1998; Gadalla, 2009; Elwan and
El-Hamahmy, 2009). AS also protects the plants from
ROS, which are formed during periods of environmental
stress associated with Os; exposure (Runeckles and
Chevone, 1992; Smirnoff and Pallanca, 1996; Conklin
and Barth, 2004; Burkey et al., 2006).

The present results further show that there was a
significant increase in the length of the upper and lower



epidermis cells in the plants grown under O; and AS
together (O3 + AS) (Figures 7 and 8). On the other hand,
there was no significant decrease in the width of the
upper and lower epidermis cells of the treated leaves in
comparison to control leaves. Plants grown under Os +
AS had significantly increased length of the upper and
lower epidermis cells, and significantly decreased width
of the cells in comparison to the plants grown under only
Os. It appeared that the width of epidermal cells was
more responsive to AS in comparison to their length.

Conclusion

The results of the present study revealed that high
concentration of O3 or AS increased the stomatal
numbers and their dimensions, and the cell dimensions in
both the upper and lower epidermises of the leaves of the
pepper plant (C. frutescens L.) in comparison to the
leaves of the control plant. Plants exposed to high
concentration of O3z and treated with AS had significantly
increased length of the upper and lower epidermal cells.
Therefore, we can hypothesize that ascorbic acid may
have a mitigating effect on the impact of Oz on the
epidermal cell elongation of pepper leaves.
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