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Effects of acute ozone stress
on reproductive traits of tomato, fruit
yield and fruit composition
Aye Aye Thwe,a,e* Gilles Vercambre,b Hélène Gautier,b Frédéric Gay,c Jessada
Phattaralerphongd and Poonpipope Kasemsape*

Abstract

BACKGROUND: Tomato is sensitive to ozone. Fruit growth and composition are altered under ozone stress by modification of
reproductive development. Fifty-one-day-old plants were exposed to three concentrations of ozone (200, 350 and 500𝛍g m−3)
for 4 h.

RESULTS: Ozone reduced well-developed fruit number and fruit size, but it did not significantly affect flowering rate and fruit
setting rate. The effect of ozone depends on organ developmental stage at the time of ozone application, as flowers and young
fruits at the time of ozone exposure were more affected. Contents of total soluble sugars (total SS), total organic acids (total OA)
and ascorbic acid (AsA) increased in fruits harvested from ozone-treated plants. Tomato fruit composition was altered under
ozone stress, leading to a lower sugar:acid ratio. These changes were mostly due to increased contents of malic acid, ascorbate
and glucose despite a decrease in sucrose.

CONCLUSION: Acute ozone exposure up to 500𝛍g m−3 greatly influences tomato fruit quality. As final fruit yield was not
significantly reduced, it highlighted that there may be compensatory mechanisms present in the reproductive structures of
tomato. Further research would be necessary to determine how reproductive traits are affected by repeated ozone exposure
or longer-term exposure.
© 2014 Society of Chemical Industry
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INTRODUCTION
Tropospheric ozone has been increasing and it has become one
of the most dangerous oxidant molecules for plants. It damages
human health and natural ecosystems, and reduces crop yields.1

Ozone mainly enters the leaf via the stomata and reacts with cell
walls and membranes, causing membrane disruption, subsequent
cell death with chlorotic flecking, necrosis and bronzing of foliage.2

Consequently, ozone impact on physiological processes may
result from direct injury to leaves, triggering impaired photosyn-
thesis and/or indirect effect due to variation in the carbohydrate
allocation pattern, reducing non-photosynthetic organ growth.3

Fewer studies have been dedicated to the impact of ozone on
plant reproductive traits. Leisner and Ainsworth4 reviewed the
damaging impacts of current levels of ozone on reproductive
development and yield of several agricultural crops from 128
peer-reviewed articles. They reported that current ambient ozone
concentrations significantly decreased seed number (−16%),
fruit number (−9%) and fruit weight (−22%). Fruit growth and
composition vary depending on growing conditions and may be
affected by other environmental stresses. Many different stages of
reproductive development are sensitive to ozone.5 It was shown
that on fruiting plants of strawberry exposed to ozone (184 μg m−3

ozone for 69 days) inflorescence production was initially accel-
erated, followed by a reduction in inflorescence production rate

and fruit setting rate.6 In addition, ozone treatment (156 μg m−3

ozone for 2 months exposure) caused a decrease in ascorbic acid
content, a higher lipid peroxidation and lowered the sweetness of
strawberry fruit due to modification of the carbohydrate pool in
the fruit.7 These studies indicated that ozone alters fruit yield and
quality by modifying the development of reproductive organs.
As the demand for fruit quality has increased among consumers
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looking for tastier, healthier and safer products, the role of air
pollutants such as ozone on crop yield and fruit quality needs to
be considered as a special issue.

Among horticultural crops, tomato stands as an important eco-
nomic crop around the world, the consumption of which provides
low calories with high contents of vitamins, minerals and other sec-
ondary compounds. Tomato fruit quality may be characterized by
external (size, colour, firmness) and internal (flavour, aroma and
texture) traits. It is stated that concentration of sugar and acid
determines the gustative quality of tomato fruits; so that increas-
ing fruit quality is associated with increased content of sugars and
organic acids in tomato.8,9 The quality varies with cultivar,10 – 12

ripeness stage13 and environmental conditions during crop/fruit
growth and development.14 – 17

Crop yield and quality are determined by endogenous growth
capacity of plants, which depends on genetics and the environ-
mental conditions. Consequently, both direct and indirect impacts
of ozone exposure could affect different processes in plants, lead-
ing to differences in crop yield and quality. Many studies have been
conducted on plant growth, crop yield and quality in response to
ozone. However, these impacts depend on crop growth stages.18

Therefore, in this experiment, ozone was applied at the reproduc-
tive stage in order to determine whether an abiotic stress such
as an ozone exposure will affect the growth and development
of organs and their storage capacity. The objective of this study
was to evaluate the impact of an acute ozone stress on tomato
reproductive traits, with a special focus on fruit yield and quality.

MATERIALS AND METHODS
Growth conditions and management practices
Tomato seeds (Solanum lycopersicum Mill. Var ‘Look Tor’, indeter-
minate type) were sown directly in 12.6 L glass pots. The soil, con-
taining 30% sand, 22% silt and 48% clay, was mixed with cow dung
and burned rice husk at a ratio of 2:1:1 by volume. The seeds were
sown at the rate of three seeds per pot and the strongest plant-
let was selected from them after germination. The glass pots were
arranged in a randomized complete block design with five repli-
cations. The plants were grown in a white net house (3 m height)
throughout the experiment (Kasetsart University, Thailand). The
pots were arranged at a distance of 90 cm from centre to centre
between the rows and 60 cm within the rows. The experimental
duration was from November 2010 to February 2011. Through-
out the growth of the plant, fertilizer applications were done four
times: a basal application (at the time of soil mixing), and three
times as side dressing according to fertilizer recommendations.19

Plant protection practices were applied to the plants as needed.
Malathion 8 flowable (Gowan) (malathion 79.5%) at a rate of
1.7–2.3 L ha−1 and mancozeb (zinc–manganese ethylene, bis-
dithiocarbomate 75%) at a rate of 1.6–2.2 kg ha−1 were used alter-
nately. Furadan 5G (5% (w/w) carbofuran) was used while the soil
was mixed. Watering was done manually each day until drainage.

Ozone exposure
Two plastic closed top chambers (120 cm× 120 cm× 200 cm) –
one growth chamber for treatments and one growth chamber

for control – were constructed for ozone fumigation. The plastic
chambers were constructed outside the net house. The plants
from the net house were moved to the plastic chambers at the
time of ozone exposure and were transferred back to the original
place after treatment. When the plants were 51 days old (1147

degree days, ∘Cd), three concentrations of ozone (200, 350 and
500 μg m−3) were applied. At the time of ozone exposure, the
fourth truss was flowering and the second truss had begun setting
fruit. Ozone application was given for half a day (from 7:30 a.m.
to 11:30 a.m.). In each ozone exposure, two to three plants were
placed into each plastic chamber and thus three ozone treatments
were completed in 6 days (1147–1250 ∘Cd). Ozone was applied
using an ozone generator (Model OZ 8010, Ozonic International
Co., Ltd, Thailand) and the concentration of ozone inside the
chamber was measured by a computerized ozone analyser (Model
49i, Thermo Fisher Scientific Inc., US EPA) throughout the fumiga-
tion period. For the control chamber, the ambient air was allowed
to pass the cooling pad throughout the fumigation period. The
ozone level inside the control chamber was less than 20 μg m−3.
Temperature and relative humidity inside and outside the cham-
ber were measured throughout. Temperature inside and outside
the chamber was around 31.7 and 30.5 ∘C and relative humidity
was 66% and 67% during ozone exposure.

Reproductive traits
The number of flowers per truss, number of fruits per truss and
truss number were recorded throughout the experiment (every 3
days). For each truss, the fruit-setting ratio was calculated as the
percentage of fruit number to the total number of flowers. Flower
and fruit development were calculated in relation to degree days
accumulated from the seeding date using the base temperature
of 8 ∘C.20

Fruit sampling and chemical analysis
Fruit harvesting for chemical analysis started when the plants were
about 70 days old. Fruits were harvested at turning ripeness stage
and their length, width and weight were measured. Developed
fruit number was calculated considering every fruit weighing more
than 15 g. Single fruit weighing less than 15 g were classified as
not well developed. Fruits were washed thoroughly with water and
cut on ice into four pieces and the jelly, including the seeds, was
removed. Two opposite sides of each fruit were kept, weighed and
stored in a deep freezer (−80 ∘C) before being vacuum freeze-dried
(at −50 ∘C). To characterize fruit quality, the concentrations of
total soluble sugars (total SS: glucose, sucrose, fructose), total
organic acids (Total OA: citric acid, malic acid, quinic acid) and
vitamin C – reduced ascorbate and total vitamin C (dehydroascor-
bate+ reduced ascorbate) – were assayed. Chemical analyses of
total SS and total OA were performed using HPLC according to
Gomez et al.21 Total and reduced vitamin C (total and reduced AsA)
were assayed as previously described.15

Statistical analysis
Statistical analyses were done using SAS software.22 Mean values
were compared using a one-way ANOVA, and differences were
determined using the least square mean differences. A significant
level was set at alpha= 0.05.

RESULTS
Development of reproductive traits under ozone stress
At the time of ozone exposure, the fourth truss was flowering, and
fruits from the second truss had begun setting fruit (Fig. 1). No sig-
nificant difference occurred in terms of the phytomer emergence
(vegetative or reproductive phytomer), and hence on the emer-
gence of the successive trusses (Fig. 1). A significant decrease in

J Sci Food Agric 2015; 95: 614–620 © 2014 Society of Chemical Industry wileyonlinelibrary.com/jsfa



616

www.soci.org AA Thwe et al.

Figure 1. Comparison of time of first flowering (∘Cd) and first fruiting (∘Cd)
in accordance with truss number among the treatments. Open symbols are
flowers (Fl) and closed symbols are fruits (Fr). Arrow indicates time of ozone
application.

flowers per truss (P < 0.02) as well as flowers per plant (P < 0.04)
was observed after ozone exposure at both 350 and 500 μg m−3

in comparison with the control (Table 1). From truss numbers 4
to 8, the number of flowers was reduced by 7–18% per truss in
ozone-treated plants compared to the control. Under ozone stress,
the fruit-setting ratio ranged from 77% to 81%, which was not sig-
nificantly different from the control plants (79%) (Table 1).

Yield components and fruit quality traits
Ozone significantly reduced the numbers of well-developed
fruits (P < 0.001), indicating that some fruits remained small. Only
29.1–44.7% of fruits developed into larger sizes in ozone-stressed
plants from truss numbers 4 to 8 (Table 1). Comparison of the final
size of mature fruits in each truss indicated that the significant
reduction of developed fruit number started from truss number
4 and was still significant up to truss number 8 in response to
500 μg m−3 ozone. Significant reduction of developed fruit num-
ber was still observed in both the 350 and 200 μg m−3 ozone
treatments from truss numbers 5 to 8, except that truss number

Figure 2. Comparison of percentage of developed fruit number (A) and
fruit dry matter (B) in accordance with truss number among the treatments.
Asterisks mean significant difference of the treatments in comparison with
control.

6 did not show significant reduction of developed fruit number
in 200 μg m−3 ozone (Fig. 2A). When the ozone treatment was
applied, the 8th truss was not yet flowering, but its impact on
the developed fruit number was still occurring. The decrease in
developed fruit number was larger at the highest ozone concen-
tration. From truss numbers 4 to 8, ozone at 500 μg m−3 reduced
the average number of well-developed fruits by (−48%), followed
by 350 μg m−3 (−45%) and 200 μg m−3 (−20%) (Table 1).

Table 1. Comparison of yield component characters between ozone treated and non-treated plants

Flowers per truss Flowers per plant

Total number
of trusses
per plant Before After Before After

Fruit setting
ratio (%)

Mean fruit
fresh weight (g)

Mean fruit
dry weight (g)

Developed
fruit number (%)

Total fruit
yield (g)

Control 8.5a 7.1a 8.4b 21.8a 43.8b 79.3a 40.1a 2.2a 55.6c 374.32a
200 μg m−3 8.6a 7.4a 7.9ab 24.6a 40.2ab 80.5a 43.8a 2.3a 44.7b 334.1a

(−20) (−10%)
350 μg m−3 8.5a 6.9a 7.3a 23.0a 36.8a 77.8a 43.4a 2.2a 30.7a 309.4a

(−45) (−17%)
500 μg m−3 8.4a 7.0a 6.9a 23.2a 36.6a 77.2a 42.7a 2.3a 29.1a 291.78a

(−48) (−22%)
CV (%) 19.1 15.5 10.7 17.5 11.6 10.3 34.1 27.1 15.5 25.3

Mean values are the average of five replications. Number of flowers per truss is the average of flowers from each truss in a plant. Values in parentheses
are the increased or decreased percentage of each parameter from the ozone-treated plants relative to control. Number of flowers per truss is divided
before ozone exposure (from truss number 1 to 3) and after ozone exposure (from truss number 4 to 8). Developed fruit number (%) is averaged from
truss number 4 to 8. The same letters in the same column are not significantly different at the 5% level.

wileyonlinelibrary.com/jsfa © 2014 Society of Chemical Industry J Sci Food Agric 2015; 95: 614–620
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Figure 3. Comparison of fruit length (A) and fruit diameter (B) between
ozone treatments and control.

At harvest, mean fruit fresh weight and mean fruit dry matter
content in ozone treatments was not significantly different than
those of control fruit (Fig. 2B). Ozone-treated plants had fruit yields
that were not significantly different from control plants (Table 1).
However, fruit length and fruit diameter in ozone-treated plants,
mainly at 500 μg m−3, were significantly lower than fruits harvested
from control plants (Fig. 3), indicating that ozone stress tends to
reduce tomato fruit size. These data revealed that a short duration
of ozone exposure has little impact on tomato fruit fresh and dry
weight and fruit yield, despite a significant impact on number of
flowers, well-developed fruit number and fruit size at harvest (Figs
2 and 3 and Table 1).

Determination of fruit quality characteristics
Fruit quality characteristics here refer to the chemical composition
of fruits. Total soluble sugar (SS) content was significantly higher
(P < 0.02) in the fruits of ozone-treated plants than those of the
control plants (Fig. 4A). Glucose content was enhanced up to 11%
by O3 fumigation; however, there was no significant difference
in fructose. In contrast, sucrose content was reduced up to 31%
by ozone treatment (Table 2). Among the sugar constituents,
reducing sugars (glucose and fructose) represent 97–98% of SS
and are the main contributors to the sweetness of tomato fruits,
whereas sucrose represents only 2–3% of total SS.

An increase in total organic acid (OA) was observed for all ozone
concentrations in comparison to the control (Fig. 4B). These differ-
ences were mostly due to increased content in quinic acid (+10%)
and malic acid (+24%) (Table 2). Citric acid and quinic acid were
the major organic acids in the fruits, whereas malic acid was less
abundant. These changes in fruit composition triggered a signifi-
cant reduction in sugar:acid ratio after application of 500 μg m−3

Figure 4. Comparison of total soluble solid (total SS) (A) and total organic
acid (total OA) (B) between ozone-treated and non-treated plants.

ozone. The decrease in sugar:acid ratio as the ozone concentra-
tions increased was observed under ozone stress situations (Fig. 5).

With regard to ascorbic acid content (AsA), both total AsA and
reduced AsA content of fruits from ozone-treated plants were
significantly higher than those of the control (P < 0.005), and this
was observed even for the lowest ozone treatment. Total vitamin C
content increased by up to 19% and reduced ascorbate up to 18%
in comparison with the control (Table 2).

DISCUSSION
This research was undertaken to assess the impact of acute ozone
exposure on reproductive traits, yield components and fruit qual-
ity of tomato. There was a significant decrease in flower number
after ozone exposure. Other yield component traits (fruit setting,
mean fruit fresh and dry weight, and fruit yield) were slightly or not
significantly altered in the present experiment. These slight and
not significant ozone impacts might be related to the short-term
ozone exposure. Indeed, Drogoudi and Ashmore23 reported that
ozone exposure (184 μg m−3) for 69 days reduced inflorescence
number and inhibited fruit set in strawberry.

Our results showed that a short-term ozone exposure inhibited
the correct development of fruits from the flowers or of young
fruits that were present at the time of ozone application. Ozone
concentration of 200 μg m−3 and above significantly reduced the
number of well-developed fruits. Gerosa et al.24 also stated that
chronic ozone exposure of tomato (cv. Oxheart) for 3.5 months
gave a significant decrease in both total and marketable fruit
number (−35.7% and −30.6%, respectively), whereas fruit size

J Sci Food Agric 2015; 95: 614–620 © 2014 Society of Chemical Industry wileyonlinelibrary.com/jsfa
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Table 2. Comparison of fruit chemical constituents between ozone-treated and non-treated plants

Total soluble sugar (SS) Total organic acid (OA) Total ascorbic acid
(g kg−1 fresh weight) (g kg−1 fresh weight) (g kg−1 fresh weight)

Glucose Fructose Sucrose Citric Malic Quinic Total AsA Reduced AsA

Control 8.03a 10.73a 0.49b 1.58a 0.44a 1.31a 14.36a 13.74a
200 μg m−3 8.74b 10.51a 0.42ab 1.68a 0.44a 1.41ab 16.57b 16.27b
350 μg m−3 8.93b 11.24a 0.34a 1.64a 0.45a 1.44b 17.03b 16.28b
500 μg m−3 8.93b 10.81a 0.37ab 1.77a 0.54b 1.41ab 16.38b 15.80b
CV (%) 7.6 6.9 34.1 15.7 21.8 9.3 13 13

The mean values of ozone-treated and non-treated plants are compared using one-way ANOVA and followed by least significant difference comparison
at the 0.05 level. The same letters in the same column are not significantly different at the 5% level.

Figure 5. Comparison of sugar:acid ratio between ozone-treated and
non-treated plants.

and weight were not significantly reduced. Similarly, Leisner and
Ainsworth4 reported that ozone did not significantly alter the
inflorescence number, flower weight or flower number of several
plant species despite a significant reduction in fruit number and
fruit weight, which revealed that ozone exposure has less effect
on floral initiation and fruit setting than on fruit production. This
reduced fruit number could result from the reduced assimilation
process.

Ozone has been shown to trigger foliar leaf injury, reduced
photosynthetic rate and impaired photosynthetic systems.25,26

Reduced root growth and extension rate were also reported
by Thwe et al.,27 as a consequence of leaf injury and dysfunc-
tion of photosynthetic systems under ozone stress.28 Hence
these impacts could lead to decreased availability of energy and
resource (carbohydrates and water), which may become limiting
for fruit setting29 and to sustain organ growth, thus triggering a
decrease in the number of well-developed fruits. Consequently, as
ozone decreases fruit load, it affects source/sink ratio, which was
reported to affect fruit composition and fruit dry matter content.30

The results presented here are in agreement with the data
reported by Leisner and Ainsworth4 that ozone can have direct
effects on plant reproductive organs through an effect on carbon
assimilation and allocation within the plant. Ozone taken up by
the leaves and other photosynthetic tissue has the potential to
affect carbon allocation to seeds and fruits leading to possible
consequences on yield. In our experiment, the 51-day-old plants
had already produced some trusses and small fruits at the time
of ozone exposure. Thus a slight decrease of flowers per truss

could result from direct impact of ozone exposure and/or indirect
impact due to altered carbon acquisition and allocation within
the plant. First, the fruit setting was altered, leading to a decrease
in the fruit number per truss. Moreover, a temporary decrease
in photosynthesis is observed at the plant scale in response to
ozone stress.28 Therefore the source/sink ratio had been possibly
impacted by ozone in the present experiment. Furthermore, a
possible shift in the allocation pattern could be observed.

Ozone stress has been shown to decrease photosynthesis as a
result of leaf injury and senescence, followed by negative impacts
for plant growth and development.2,31 Grantz and Yang3 indicated
that O3 induces an allometric shift in carbohydrate allocation of
Pima cotton (Gossypium barbadense L.) due to direct effects on
phloem loading.

However, the fact that there were no significant differences in
single fruit weight and total fruit yield at the end of the experi-
ment suggests that there was a compensatory mechanism in the
reproductive structures. Stewart et al.32 also described that a sin-
gle exposure of ozone induced significant losses of reproductive
sites of Brassica napus; however, there were no significant differ-
ences in reproductive parameters (seed number per plant, mean
seed weight and total seed weight per plant) at maturity. Like-
wise, seed yield per plant of Brassica campestris was unaffected
by ozone exposure during the vegetative phase, despite adverse
effects on physiological, vegetative and reproductive processes.
These observations indicate that indeterminate species such as
B. napus and B. campestris possess sufficient compensatory flexi-
bility to avoid reductions in seed production.33

With regard to fruit chemical composition, both total SS and total
OA content in fruits harvested from ozone-treated plants were sig-
nificantly higher than those of control fruits. Salles et al.34 indi-
cated that the organoleptic quality of tomato fruit is linked to
the combination of sugars and organic acids, which determine
the sweetness and sour taste, respectively, and thus their concen-
tration levels can significantly affect flavour acceptability by con-
sumers. Thus fruits from ozone-treated plants may be tasty due
to higher contents of both sugar and acid. A possible explanation
for the increased content in sugars and acids lies in the variation
of fruit load between ozone-treated and non-treated plants. It is
well known that low fruit load increases tomato fruit sugar content
and improves tomato fruit quality.35,36 Thus the reduced number
of well-developed fruit observed in the ozone-treated plants likely
had an indirect effect that influenced the tomato fruit quality.

Tenga et al.37 also observed some variation in fruit quality with
ozone concentration. Under ozone stress situations, titratable
acidity of tomato fruits declined at first and then levelled off in

wileyonlinelibrary.com/jsfa © 2014 Society of Chemical Industry J Sci Food Agric 2015; 95: 614–620
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response to increasing O3 concentration. These authors suggested
that these variations could be related to variation in phloem sap
composition or modification in the fruit uptake rather than direct
oxidation occurring in the fruits, because O3 was not applied
directly to the fruits. Ho and Adams38 reported that assimilate
and nutrient supplies to the developing fruits also account for
fruit quality build-up. Guichard et al.39 stated that most of the dry
matter of the fruits comes from the assimilates photosynthesized
in the leaves and then transported to the fruits as sucrose. Then,
sucrose and other sugars in the fruits are transformed into organic
acids and other compounds. Thus the mechanisms that control
the intake of carbon and water in the fruit play an essential role
in determining not only the fruit size but also the dry matter
concentration of the fruit and therefore its fruit quality.

Concerning fruit nutritional quality, our data suggest that it may
improve following ozone exposure. Indeed, we reported higher
content of ascorbate and dehydroascorbate under ozone stress,
indicating that fruit vitamin C content was promoted under ozone
stress situations. This supports the hypothesis that ozone stress
may improve fruit nutritional quality. Previous reports indicate that
fruit ascorbic acid concentration in both fruits and leaves is influ-
enced by the environment.40,41 Oliveira et al.42 reported that stress
conditions during plant development caused increased accumu-
lation of soluble solids as sugars and other compounds, con-
tributing to fruit nutritional quality such as vitamin C and phe-
nolic compounds. It is well known that ascorbate is implicated
in plant responses to abiotic environmental stresses and regu-
lates the stress response as a result of a complex sequence of bio-
chemical reactions such as activation or suppression of key enzy-
matic reactions, induction of stress-responsive protein synthesis,
and the production of various chemical defence compounds.43

Thus higher contents of ascorbic acid in fruits from ozone-treated
plants might result from plant responses against oxidative stress
induced by ozone, and help the plants to detoxify ozone, as was
previously reported in leaves.44 Ozone exposure might thus trigger
direct effects on fruit composition in response to oxidative stress.

Environmental conditions and source–sink balance within the
plant during fruit development determine the fruit quality.45,46

Thus it is necessary to understand how fruit quality may be altered
by abiotic factors. Génard et al.47 proposed to model fruit growth
and quality, considering that the fruit is a hierarchically organized
organ composed of cells from different tissues and its quality is the
result of a complex chain of various biological processes (cell divi-
sion and growth, respiration and metabolic reactions), involving
different exchanges between the fruit and its environment (tran-
spiration, photosynthesis, phloem and xylem fluxes). Thus know-
ing the impact of ozone and other environmental factors, genetic
make-up and the plant growth conditions would make it possible
to predict how changes in the abiotic environment will affect fruit
development as well as fruit composition.

In conclusion, we reported that acute ozone exposure up to
500 μg m−3 did not significantly alter the reproductive traits of
tomato; however, it significantly reduced the well-developed
fruit number and altered the chemical composition of fruits. It
increased fruit contents of glucose and quinic, malic and ascor-
bic acids and decreased sucrose content, triggering a lower
sugar:acid ratio in fruits harvested from ozone-treated plants. Our
data suggest that acute ozone exposure up to 500 μg m−3 greatly
influences tomato fruit quality, with little impact on the flowering
and fruit setting rate. The observation that final fruit yield was not
significantly reduced highlighted the possibility that there may
be compensatory mechanisms when plants are exposed to acute

ozone exposure. It would be interesting to further investigate
the impact of repeated ozone applications or longer-term ozone
exposure to determine if and how the plant may adapt or not to
this stressful environment.
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