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Abstract— The tropospheric ozone has been projected to increase, and it could harm humans, animals, and vegetation. This study
investigates morphological changes in coleus leaves, to assess the change of pigment composition (chlorophyll, carotenoid, and
anthocyanin), and to understand color dynamics due to ozone fumigation. Coleus Kong Green (fully green/FG), Coleus Kong Scarlet
(green and purple/GP), Coleus Wizard Pastel (yellow and purple/YP), and Coleus Wizard Scarlet (reddish/RD) selected. The
materials in this study tested for three different ozone concentrations which were CK (10 ppb ozone), CF+40 ppb ozone, and
CF+150 ppb ozone for 8 hours/day for 30 days. Chlorosis in FG and curling leaf in RD were observed as the symptoms while other
cultivars showed different appearances such as expanded purple area (GP and YP) and curled margin (RD). Chlorophyll and
carotenoid content significantly decreased in all cultivars while anthocyanin was found increasing except in RD. The color change
tended to redder and brighter in all cultivars except RD which was a stable and purple area in GP which was darker. Therefore,
different coleus cultivars show different responses and it can be used as an ozone-plant model to investigate pigment composition
under ozone exposure.
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and will increase over the next hundred years [3]. Many
[. INTRODUCTION researchers have produced studies to understand how plants

Ozone (O3), an essential component of some areas of thdespond to this environmental stress. These studies show a
stratosphere customarily recognized as the ozone layer is g\nde ra_ngehof_hza\_rm(;ul ?flfeCtT fr;)nrl ozc;ne [4]' To St.Udy about
troposphere part. The troposphere increased from the surfac82°"€ mht € ]'cfn i ;‘a eve (;] the pan(; IS \éeryilmpofrtant |
of Earth to between 12 and 20 kilometers over the level of @Y€ 10 the effect of ozone that caused reduction of tota
sea consisting of numerous layers. Ozone is extra resolutdroductivity of agriculture products [5]. Furthermore, it can

more than the combined layer, or layer of earth. The groundaﬁfcﬁlfoog seleJrltygyhreducmg TSOd ava|labr|]l|ty [6]. ial
level of ozone is more problematical since its health effects thas been found that antioxidants may have an essentia

nonetheless with a reduction of powerful than ozone in therOIe in the plant responses to ozone [7]. Pigments are thus
air. The reactions of photochemical and chemical concerningamong the more S'gn'f'ca”F antioxidants [8] present n the

it make several of the chemical processes arise in thep!ants leaves [9]. Changes in the content and composition (.)f
atmosphere either by day or by night. By peculiarly far pigments such as _chlorophyll, carotenoid, and anthocyanin
above the ground concentrations by human activities S also_affect the V|s_|ble color of the_leave_s [10]. Apart from

principally deficient incineration of fossil fuels constitutes € Primary function of coloration in plants [11],

an impurity along with a part of haze. Ozone is a dominant Potoprotective pigments [12], such as anthocyanin was

oxidizing driving force enthusiastically responding through found to be increasing because of H202, one of the oxidants

another chemical composite to construct various probablyIn plant cells, in P;eudowintgra polorqta [13]. Anthocyanin is
toxic oxides. Tropospheric ozone constitutes a greenhous@lv_"ays found to increase in line w!th.the appearance of
gas and commences the methane chemical elimination an xidants [14]. The role O.f anthocyanin in leaf tissue IS not
other hydrocarbons on or after the atmosphere. Consequentl ,Ily known, though previous research suggests that it may

its concentration changes the length of the compounds stay e one of the ant|OX|dants_|n some plants.
in the air. In contrast, carotenoid and chlorophyll have been

An increase of tropospheric ozone in ambient air reportedexam'neq more |ntenS|ve_Iy regarding the ozone e_ffe_ct in
in many regions in the tropical regions of the world. This physiological parameters in leaves. Several results indicated

increase may be caused by many different factors [1], [Z]decreases of these pigments in leaves while some also found
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increases along with ozone exposure. A decrease in the statend had been germinated and grown for 4 months in 192
of both pigments found in Citrus Clementina [15], Oryza pots filled with compost soil called Terrahum sourced from
sativa L. [16], Trifolium repens [17], Tagetes erecta Linn. Klassman-Deilmann Corp (pH 5.5-6.5, NPK 14:16:18 at 1.5
Moreover, Petunia hybrid Vilm. [18] whereas a stable state kg/m®) in the greenhouse. Plants were well-watered regularly
also found in Ailanthus altissima, Fraxinus Chinensis, to avoid drought stress. Before fumigation, plants were
Platanus orientalis and Robinia pseudoacacia [19] and artransported to allow adaptation for a week in the chambers.
increased state of carotenoid in Fagus sylvatica [20].

Most of the studies have been conducted to investigateB: OZone Exposure
more about the ozone effect on plant crops and ozone- The experiment conducted in six ozone-fumigation
sensitive plants. Nonetheless, rich-anthocyanin contentchambers that were ventilated with charcoal-filters (CF) to
plants are not among the well-known plant in term of ozone sustain the ozone background at less than 10 parts per billion
stress response. It is interesting to understand how thes€ppb). The chambers divided into three treatments. Two
highly pigmented plants respond to ozone regarding pigmentchambers had charcoal-filtered air (CF) only without
content. While some plants produce more pigments such agdditional ozone, two chambers contained charcoal-filtered
anthocyanin and carotenoid, would this kind of plant air with new 40 ppb ozone concentration (CF+40 ppb), and
respond to the same technique although the plants alreadjwo chambers with additional 150 ppb ozone concentration
have a high pigment content? (CF+150 ppb). For CF+40 ppb ozone and CF+150 ppb

Coleus (Solenostemon scutellarioides (L.) Codd) as anozone chambers, additional ozone generated by ozone
ornamental plant that has been cultivated worldwide [21]. generator Oz model 3020 from Ebase corp. Ltd. through
Some cultivars of this species have been tested to asseskeflon pipes into the chambers. Before fumigation occurs,
their response to environmental changes. The coleus isgach chamber filled with air at the required ozone
sensitive to environmental changes and may exhibit changesoncentration, which monitored by ozone monitors Model
in leaf structure and the physiological condition of their 1008-PC from Dasibi Environmental Corp. and the
leaves. In some studies, this plant was observed to respondoncentration maintained through a 30-day period of
to changes in the environment by changing the compositionfumigation (Fig. 1). The temperature inside the chambers
of chemicals in their leaves as an indication of metabolism maintained between 28-32°C (day) and 25-28°C (night), and
change inside the tissue [22]. Some researchers havd recorded by Testo 608-H1-Thermohygrometer (Testo
observed that environmental changes have resulted inLimited, UK). Two metal halide bulbs per chamber were
changes in the color of the leaves [23], [24]. The changes inused to provide light inside the chamber in which
leaf color may be due to the plant producing more photosynthesis photon flux density (PPFD) was 700 g mol s-
anthocyanin [25]. Notable increase and decrease regarding m-2. Plants were fumigated for 4 weeks, 8 h/d, from 10.00
anthocyanin and carotenoid after environmental stress into 18.00, 7 days/week.
which concentration levels of anthocyanins and carotenoids

change in an opposite pattern, which points toward the el

response of this plant under environmental stress is

180 4

improved to defend the plants against changes that induce . vV A L . A 5

d 26 I A" ST Ao e\ T

amages [26]. S Fatal sin & swiva o vt et 150
Research into the changes in the physiological and§ '] v TV o

biochemical state of ozone-affected plants is crucial and g
needs to be conducted on a broader range of plants thaw

before [27]. Research needs to be done on the role 010 =

anthocyanin and how it responds to ozone [11]. There are$
fewer data about the relation between pigment composition § s

120 4

100 A

60 4

——— CF Chamber
CF + 40 pph ozone Chamber
v CF + 150 ppb ozone Chamber

—_— 0 —

P o /' q \ = R
and responses to ozone exposure, particularly regardmco 40— _pL-Tf;r/—‘gﬂc, ‘A:&u’i u. 6 % ——
agricultural plants. This shortage of data is even more 20 © s ey °
S|_gn|f|cant in orname_ntal plants. In 'Fhl_s stL_de, the research ol ﬂ\}_ﬁ'ﬁf‘_\:’}_ﬁ‘:’_‘_’\ﬁ W e .
aims were to investigate and to distinguish the effect of
ozone on visible appearance of Coleus, to assess the chanc : ; . ) " . "

of pigment composition (chlorophyll, carotenoid, and
anthocyanin) in Coleus under ozone fumigation, and to
understand the effect of ozone on leaf color.

Day of fumigation

Fig. 1 The ozone concentration in six fumigation chambers over the 30-

days of the experiment. Fumigation was done over an eight-hour period,
starting at 8 o'clock in the morning. The monitoring was done twice at 8-

Il. MATERIAL AND METHOD

A. Plant Material
The experimental plants consisted of four cultivars of

hour intervals.

C. Morphological Assessment
The visible appearance of the leaves observed daily and

Coleus (Solenostemon scutellarioides (L.) Codd) which aresymptoms recorded since the 10th day of fumigation when
Coleus Kong Green (fully green/FG), Coleus Kong Scarlet the first symptoms appeared. After the 30-day fumigation,
(green and purple/GP), Coleus Wizard Pastel (yellow andthe youngest expanded leaves in each plant per cultivar was
purple/YP), and Coleus Wizard Scarlet (reddish/RD). Seedsselected to determine their color. Leaf color assessed with a
were obtained from A.F.M. Flower Seed Co., Ltd. Company colorimeter MiniScan XE Plus Model No. 45/0-S Hunter
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Associates Laboratory, Inc. to examine the parameterRD showed no change. Furthermore, the light (L) of each

(negatively refers to green, positively refers to red) as a andcultivar and part of the leaves were differently changed (Fig.

L main indicator apart from b. 4). The green area of YP and all of FG were getting darker,
but GP showed a brighter leaf at CF+150 ppb ozone.

D. Physiological Measurements

Chlorophyll and Carotenoid were extracted using a
method described in the reference [28]. A sample of fresh
leaves ground to a powder. The sample gradually dissolvec
in 250 ml Acetone/Tris buffer (80:20, vol: vol), centrifuged
to remove the particulate and later add solvent to obtain the
supernatant and it was read using Optizen 3220UV
Spectrophotometer at 470, 537, 647 and 663 nm wavelengt
The absorbance values thus calculated using equation fro
the same reference.

Total monomeric anthocyanin was calculated using a
method from the reference [29]. One mg fresh leaf was}
ground with 5 ml pH 1.0 buffer and filtered into the §&
volumetric flask 25 ml. Another 1 mg leaf was ground into 5
ml buffer pH 4.5 and put into another volumetric flask. Both
were fulfilled with each similar until 25 ml volume reached.
These solutions then were measured UuSiNg  Afg 2 Leaf surface of Coleus Kong Green cultivar (FG) in (left) margin and
spectrophotometer at 510 and 700 nm. Absorbance then wagight) middle of leaves under CF (upper) and CF+150 ppb ozone (lower)
calculated using an equation from the same source usingfter 10-days fumigation. c: interveinal chlorosis.
cyanidin-3-glucoside molar extinction coefficient at 26900.

) In carotenoid analysis (Fig. 5), it found that there was a

E. Data Analysis similar response in FG, RD, and GP in which they showed a
Data were processed using SPSS program version 17.0notable decrease of carotenoid in CF+150 ppb ozone, and
For the effect of ozone on each treatment, analyses ofthere was no significant difference between CF and CF+40
variance (ANOVA) performed on untransformed data for ppb ozone. YP did not demonstrate a significant difference
each variety with statistical significant P < 0.05. Correlation pbetween CF+40 ppb and CF+150 ppb ozone exposure, but
of each treatment and parameters was also measured usingere was a significant decrease from CF to CF+40 ppb

Duncan's Multiple Range Test (DMRT). ozone. Chlorophyll content in YP gradually decreased from
CF, CF+40 ppb Ozone, and CF+150 ppb ozone.
I1l. RESULTS ANDDISCUSSION Nevertheless, other cultivars showed a significant decrease

After 10-days fumigation, visible symptoms on leaves ©f chlorophyll only at CF+150 ppb ozone.
such as chlorosis observed in FG (Fig. 2), but there was no Generally, RD is stable in anthocyanin content after ozone
symptom occurring in other cultivars except several visible 8xposure. It followed by GP and YP that only showed
appearances such as a full purple area in GP and YP. In RD€Sponses at CF+150 ppb ozone. FG showed an increase
the curl margin leaf symptom has been found and identified "€9@rding anthocyanin content at CF+40 ppb ozone while YP
uniformly in CF + 150 ppb ozone chambers (Fig. 3). There showed a decrease regarding the carotenoid content at
was a trend of decreasing light (L) and increase redness (afF*+40 ppb ozone. RD also shows a stable redness and
(Fig. 4). It is interesting to note that each cultivar that has Prightness in all ozone concentration while other cultivars
green areas was paler in CF + 150 ppb ozone compared wit§1OW a similar pattern of fading and redder colors.
CF and CF + 40 ppb ozone (Fig. 4). Overall, visible After observation of all the responses under ozone
symptoms were found only in FG and RD, and there was no€XPosure, and deliberating the analyzed data, it can point out
significant difference between CF and CF + 40 pp ozone inthat all of the cultivars responded to ozone exposure
term of an obvious observation. differently regarding morphological appearance and

Pigment contents in four cultivars showed different trends Pigments contents. Some cultivars show an increase of
after 30-days fumigation (Fig. 5). The anthocyanin content environmental stress while the otherg slightly change in each
was found to be different in FG, GP, and YP, but tended to beParameter that tested. Morphologically, some cultivars
stable in RD. FG showed significant differences in the three Showed a change in color, and regarding physiological
treatments, over the 30 days of the experiment. GP and YFhanges and dynamic, some cultivars showed a variation of
showed only a slight increase towards the end of the Pigments compositions. Oyeral!, FG is the most sgsceptlble
experiment period. It is in line with the increase of units in dué to the change of physiological and morphological states
colorimeter analysis where FG, GP, and YP were redderWhile oth'ers reveal vary change in several morphological
(displayed a more positive a unit) than CF or CF+150 ppband physiological parameters.

Ozone while in both a parameter and anthocyanin content
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Fig. 3 Comparison between leaves from CF Chambers (left) and CF+150 ppb Ozone chambers (right) in Coleus Kong Green (FG), Coleus Kong Scarlet (C
Coleus Wizard Pastel (YP), and Coleus Wizard Scarlet (RD) of Coleus after 15-days Fumigation. pa: purple area
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Fig. 4 Colorimeter analysis @ndL parameter) of Coleus Kong Green (FG), Coleus Kong Scarlet (GP), Coleus Wizard Pastel (YP), and Coleus Wizard Scarlet

(RD). Green and purple address the green and purple area in the leaves. Different letters indicate significant differences among treatments (column) u:
Duncan’s multiple range test (DMRT) witi+0.05 and n=10.
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Fig. 5 Pigment content (mg/g FW) of Four different cultivar€afus (Coleus Kong Green (FG), Coleus Kong Scarlet (GP), Coleus Wizard Pastel (YP), and
Coleus Wizard Scarlet (RD)) after 30-days ozone fumigation. Different letters indicate significant differences among treatments (column) using Duncan’
multiple range test (DMRT) with=0.05 and n=10.

Ozone studied for decades, and thus the effects of this aito the increase of several pigments, and it can be included to
pollutant have been recorded in many species [30]. Amongbe a response to 0zone exposure.
the results, there are many new changes due to ozone Leaf curling is one of the effects of ozone [34, 35]. It
exposure, and it can be due to the specialization of eachpurposed that ethylene produced because of an increase of
species. In many cropping and natural vegetation plants, toarginine carboxylation and plant metabolism responds the
study varieties within the species is a standard way toincrease by producing a high amount of ethylene [36].
generate susceptible and resistant varieties [31]. It is vital toEthylene independently can be one of the indicators that
obtain the resistant varieties to cultivate more yield, and plants have obtained stress from the environment. Moreover,
therefore the agriculture sector can alter or stabilize in Arabidopsis thaliana, there is a significantly high amount
production under ambient ozone that increases day by dayf mRNA in the leaf tissues that contain code several
[27]. Nonetheless, apart from cropping plants study andethylene-inducible genes after exposure to ozone [37]. An
findings of different responses to ozone exposure amongincrease of ethylene as a cause of curling leaf in plants
cultivars still in a low number. during ozone exposure is a sign of susceptibility of plants to

Morphological and anatomical responses can be simpleozone exposure [34].
indicators to understand the response of plants. These two Among the cultivars tested, FG and RD showed an
parameters examined for many years to assess plantapparent common symptom regarding their morphological
resistance and susceptibility to ozone, In the same way, theseesponse to ozone exposure. Chlorosis has been showed in
parameters are also in effect on the ornamental plant undeFG to be a common symptom in many plants in response to
assessment of ozone exposure [32]. ozone exposure [38], [39]. Chlorosis is among the initial

A full purple area in YP and FG caused by coloration of symptoms of ozone exposure in many plant species [40].
anthocyanin, carotenoid, and betalains [33], wherein Although chlorophyll that concentrated is essential to
previous research it found that that area addressed amncounter free radicals as mentioned in [41], this situation
increase in anthocyanin and decrease of chlorophyll [24].of chlorophyll decreasing might be caused by either a
Thus, the width and strength of the color are the units thatpigmentation or a chlorophyll break down [42]. These
determined by the pigments composition and therefore it isparameters are physiological and produce visible symptoms
essential to a visual assessment of pigment content andhat are related each other. Since the decrease of chlorophyll
proposed as a prior observation. The wider of this area is dueontent is a physiological phenomenon as the color of FG
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gets paler because of the green color of the leaves is made ugccumulation. It is well-understood that ozone-free air
of chlorophyll. makes less anthocyanin content in leaves compared with
A chlorophyll decrease due to ozone exposure is by thehigher-ozone air [57]. Anthocyanin is an antioxidant that can
previous result of ozone fumigation in an acute state ofscavenge free-radicals in leaves before they damage
exposure in same species [43]. An abundant state of reactivenembranes in cells and the appearance of oxidative stress
oxygen species and direct ozone reaction can cause theuch as ozone, which associated with anthocyanin
damage in biomacromolecules as shown in diminished accumulation [9, 14]. Anthocyanin has been recognized as
chlorophyll concentration in leaf [44]. The reduction of one of the stronger antioxidants by direct interaction as well
chlorophyll after ozone exposure in several cultivars can alsoas by being signaling chemical for balancing reactive oxygen
mean that there is an increase of antioxidant activity in species [58].
which the system of antioxidant is expanding [45].  According to the change of pigment and visible symptoms,
Furthermore, the different responses in several cultivarsFG is the most sensitive cultivars to ozone exposure
indicate that there are a variation biochemical traits amongfollowed by RD, YP, and GP. The most resistant cultivar
the cultivars [46]. Thus, in wheat (Triticum aestivum L.) has among these four experimental cultivars is GP. Ozone-
several cultivars that decrease chlorophyll content whichresistant plant characteristics have been determined, based
called susceptible cultivars and several cultivars maintain theon plant stability under ozone exposure [59]. The
chlorophyll content in a stable state which known as characteristics are similar to what we have found in GP even
resistant cultivars [47]. though GP changed physiological measurements and RD
As another photosynthesis pigment, carotenoid has beerwas only showing a curling leaf without anthocyanin content
decreasing as well. It is similar to the result of Populus change but the curling leaf is a sensitive plant characteristic
deltoids that fumigated with ozone. The plant showed ato ozone exposure. Additionally, FG and RD can be the bio-
decrease in both chlorophyll and carotenoid [48, 49]. This isindicators that show the symptoms under ozone stress in
because carotenoid is one of the antioxidants that has beewhich this quest to find more bio-indicators regarding ozone
used in plant tissue to scavenge the reactive oxygen speciewsas started over 60 years ago [60].
[50]. Nevertheless, carotenoid content in CF+40 ppb ozone
and CF+150 ppb ozone is relatively similar in YP. Similar IV. CONCLUSION
results found by Madkour and Laurence [51] who showed
that ozone at low-level fumigation could cause a more
significant loss of carotenoid. It indicates that this pigment is
more responsible for neutralizing ozone. As a pigment
carotenoid becomes a chlorophyll protection agent [52].
The redness of the leaves tends to increase while the le

Visible symptoms in coleus leaves are chlorosis in FG
cultivar and curling leaf in RD cultivar. GP and YP cultivars
show a full purple area in leaf appearance. Chlorophyll and
' carotenoid content tend to decrease as impacts of ozone
ag{xposure in all cultivars while anthocyanin content in FG, PG,
. . : nd YP cultivars increases. FG, GP, and YP leaf colors are
color becomes lighter (ffflde). in several cul_tlv_ars. E\_/en redder and darker in ozone fumigation compared with CF air.
though the pattern of fading is unclear yet similar fading pny oitivar is stable in term of anthocyanin composition.
results observed in other studies [53]. A similar result that The changes of leaf color tend to be redder and brighter in
related to ozone_stress found in.Rubus fruticosus WhiChimost of the cultivars, but the purple area in GP purple is
showed a reddening color that visibly appears as a part ofy,er RD cultivars do not show any significant difference

ozone symptoms [54]. These trends can be related to th‘?egarding the redness and brightness of leaves. As a result,

increase _ of anthpcyanln _content and_ a decrease. "Ndifferent coleus cultivars show different responses, and it can
chlorophyll [24]. Higher a is related to high anthocyanin

. be used as an ozone-plant model to investigate pigment
accumulation but lower chlorophyll content due to the P g P9

: . . composition under ozone exposure.
excess light, e.g., sunlight in Coleus. In most of the case, a

positive relation between leaf coloration and seasonal color

of these plants has been found to be an impact of an increase . . .
of anthocyanin and a decrease of chlorophyll. The impact is  The author would like to thank Naresuan University for

the relation of color and content of anthocyanin and financial support and M.Sc. Scholarship and the Faculty of
Ch|0r0phy” proven in several red-leaf kinds of grass Ag”(:.:u-lture, and .N.atural Resources,. and Environment for
(lmperata Cy"ndrica, Panicum Virgatum, Pennisetum advena,pr0V|d|ng the faCIlltIeS._l also would like to thank Naresuan

Pennisetum purpureum, and Schizachyrium scoparium) [55]. University Language Center for editing the manuscript.

An increase of anthocyanin in FG has been measured in
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