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� Air pollution in Pakistan could be serious threat to vegetation in near future.
� Ten Rice (Oryza sativa L.) genotypes were testified against ozone concentration of 120 pbb.
� Ozone exposure cause serious damages to morphological and chemical components of plants.
� Leaf injury proved a key factor for the determination of Plant health.
� Research findings could prove fruitful in developing ozone tolerant varieties.
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A B S T R A C T

Experimental studies were conducted to estimate the possible damage caused to ten rice (Oryza sativa L.) ge-
notypes of Pakistan by tropospheric ozone. The experimental site is located at 31.4504� N and 73.1350� E, at an
altitude of 184 m.a.s level with an average annual rainfall of 784 mm. A suitable and agile method was adopted to
assess tolerance and susceptibility in rice genotypes at an early growth stage. Genotype Injury response, growth
and biochemical parameters were measured to estimate possible effects of ozone, which was subsequently pro-
claimed as a criterion for ozone tolerance. Rice genotypes were subjected to ozone concentrations of 70 pbb
(Current ambient) and 120 pbb (expected in near future) under a polytunnel. The findings indicated that ozone,
an atmospheric pollutant, substantially harmed crop growth and metabolism, as well as inflicted a specific type of
foliar injury that caused early leaf senescence. Rice genotype IR-9 followed by Punjab-Basmati and Ksk-434
appeared to be the most susceptible, whereas Basmati-515 followed by Basmati 2000 and super-Basmati were
found to be Ozone-tolerant. Plant genotypes grown under elevated ozone showed 13.45% and 11.35% reduction
in total root and shoot dry weight, and 25.54% and 6.6% decrease in plant leaf area and plant total length
respectively compared to the control group. A significant interaction between treatment � chemical components
and growth parameters was also found. The Present study confirms a direct relationship between visual response
and growth as well as biochemical parameters. Declared results were statistically analyzed by using analysis of
variance at confidence level of p < 0.05.
1. Introduction

The escalation of industrial work, uncontrolled city growth, and un-
checked anthropogenic activities has changed the chemical composition
of air. The effects of air pollutants such as ozone, heavy metals, oxides of
carbon, nitrogen and sulfur, on growth, biomass, grain size and grain
quality of various grain cultures have been widely reported in Asia and
other regions of the world (Sitch et al., 2007; Akhtar et al., 2015; Ishii
et al., 2004; Agarwal et al., 2002; Ainsworth 2008). It has been reported
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that out of total of 9% of the agricultural area, 91% is exposed to various
abiotic stresses under both natural and agricultural conditions (Wahid
et al., 1995; Kajla et al., 2015). The negative response of different cereal
crops to air pollutants (Pleijel et al., 2006; Wahid, 2006; Rai et al., 2007);
forecasts a need to take action in order to deal with future food pro-
duction problems. According to the International Fund for Agriculture
Development (IFAD), 70 percent of poor people from rural areas mainly
depend on agriculture for their livelihoods (McGuire, 2015). Food scar-
city is a global issue. It has been widely reported that around 800 million
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Table 1. The experiment was carried out by growing following local varieties of
Pakistan.

Sr. No. Variety Released by Year

1 KSK-282 Rice Research Institute, KSK, Lahore, Pakistan 1983

2 BS-2000 Rice Research Institute, KSK Lahore, Pakistan 2001

3 BSM-515 Rice Research Institute, KSK, Lahore, Pakistan 1996

4 Chenab-BS Rice Research Institute, KSK, Lahore, Pakistan 2016

5 KSK-434 Rice Research Institute, KSK, Lahore, Pakistan 2014

6 SUPER-BS Rice Research Institute, KSK, Lahore, Pakistan 1996

7 KSK-133 Rice Research Institute KSK, Lahore, Pakistan 2006

8 PK-386 Rice Research Institute, KSK, Lahore, Pakistan 2013

9 PUNJAB-BS Rice Research Institute, KSK, Lahore, Pakistan 2016

10 IR-9 NIAB, Faisalabad, Pakistan 2001
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people suffer from malnutrition (Bertram, 1967). Rice is an important
cereal crop that provides more energy than any other cereal crop. It is
grown as a food source an economic tool in more than 95 countries in the
world (Dawe et al., 2002). It holds a noteworthy position in Asia as it is
adopted as the main calorie intake by more than 2 billion people (Usman
et al., 2013). Rice belongs to the grass family Gramineae (poacea) and the
genus Oryza (Gnanamanickam, 2009). Tropospheric ozone (O3), a highly
reactive oxidizing gas, is one of the most harmful air pollutants (Leisner
and Ainsworth, 2012). This allotropic form of oxygen formed in the
presence of sunlight via complex chemical reactions between nitrogen
oxides (NOx) and volatile organic compounds (VOX) (Cho et al., 2011).
Contrary to worldwide efforts, the concentration of ozone in relation to
the climate emergency has been rising from 0.5 to 2% annually, which
may prove a persistent threat to various types of vegetation (Sitch et al.,
2007; Cho et al., 2011; Vingarzan, 2004). Ozone poses a serious threat to
different types of vegetation in the Indo-Gangetic plain in view to plant
growth and food production (Wahid, 2006a, b). Experiment based
studies such as Peng et al. (2018) from China, Bhatia et al. (2012) from
India, Manigbas et al. (2010) from Korea, and Wahid (2006) & Ahmad
et al. (2013) from Pakistan have documented the growth, biochemical,
and injury responses of ozone in different rice cultivars at different
concentration levels. It was reported that long-term, low-level ozone
stress can affect both physiological and biochemical attributes of plants
prior to any visible damage (Heath and Taylor, 1997; Sarkar and Agarwal
2010). In support of the present study, earlier research results have
directly linked the ozone induced injury response with low root and
shoot weight, reduction in leaf area, low photosynthetic activity and total
biomass (Shi et al., 2009; Bhatia et al., 2013; Burkey et al., 2007; Frei
et al., 2010). Ozone affects the photosynthetic apparatus and renders its
physiological functions via oxidative damage to chloroplast and cell
membrane, consequently weakens the plant and reduced dry matter
production (Fuhrer, 2009; Tomer et al., 2015; Karberg et al., 2005). Peng
et al. (2018) observed a gradual biomass loss of 17.6 % and 25.4% in
Yangdao 6 and You 084 (rice cultivars in China) at mid and late stage.
Ozone in its interaction with biochemical processes impaired by various
chemical components (Krupa et al., 2001). A comparative analysis of
ozone-damaged leaf extracts indicated a substantial decrease in photo-
synthetic and energy metabolism proteins in two Indian rice cultivars
(Sarkar and Agrawal, 2012). An early analysis of the antioxidants
response to ozone in soybeans reported a negative linear response (Oa
et al., 2012). According to Phothi et al. (2016), an ozone concentration of
70 pbb has a deleterious effect on the total soluble sugar contents
extracted from rice seedlings. During the development stage, excessive
ozone exposure increased the concentrations of lignin and phenol in rice
straw (Frei et al., 2011). In Pakistan, various studies have reported
certain biotic (pests, microbes) and abiotic (drought, salinity) factors that
are detrimental to rice productivity (Wahid et al., 1995; Akhtar et al.,
2015; Bashir et al., 2007). A study reported a 42% and 37% yield loss in
two rice cultivars due to bad air composition (Wahid and Campus, 1995).
Since the rice plant is an important cereal crop, all problems related to its
productivity must be properly addressed. In the course of the present
work, we discovered a significant varietal difference between all geno-
types with regard to their ozone response.

2. Experimental

2.1. Materials and method

2.1.1. Experimental site and design
A field experiment was conducted from April to July (kharif season)

by installing a polythene polytunnel (7 ft. h, 35 ft. l, 16 ft. w) in the
available research area of Government College University, Faisalabad.
The subsurface soil at 1-meter depth comprises cohesive clay silt, non-
cohesive silty sand, and an underlying dense poorly graded fine sand
material (Kamal et al., 2015). Experimental structure was randomized a
complete block design (RCBD) under split plot arrangements with three
2

replications. Two main field blocks, Experimental & Controlled with
Genotypes (variety 10 � replication 3) as the subplots were designed to
overcome the experimental error. Soil in both dry direct-seeded rice main
fields was dry-ploughed and harrowed, without puddling to meet agri-
cultural conditions. Weeding process was done twice with hands as well
as by weedicides.

2.1.2. Seed raising and sowing
During the seed raising process, 200 g seeds of each cultivar (Table 1)

were dipped in zip lock bags containing sterilized distilled water for 48 h.
Pre-soaked seeds were latterly sown (hand sowing) at the depth of 2–3
cm (20 plants/row) by following the direct seeding method (DSR) at a
rate of 15–18 kg/hector. The average site temperature was recoded be-
tween the range of 40.5 �C and 26.9 �C.

2.1.3. Ozone fumigation process
Ozone treatments of 120 pbb were applied between 6:45 pm and 7:15

pm (half hour/day) for 10 days by deploying polyethylene tunnels.
Following the protocol, polythene tunnels were only used at the time of
the fumigation process. The first ozone treatment was applied by a high
voltage discharge generator and monitored by an ozone meter (M400E
with a range of 0-500pbb) on the 3rd of July 2019. All Ozone treatments
were randomly distributed by introducing many pipe outlets in to the
field at different positions. The outer end of each pipe was timely
replaced with an ozone meter to ensure equal distribution of applied
ozone concentration (Figure 1). The control group plants were managed
in a free Ozone environment (ventilated with ambient air) under an open
ended polythene polytunnel.

2.2. Evaluation

2.2.1. Ozone symptoms and morphological attributes
Leung et al. (2020) prescribed visible injury scoring system was

adopted while recording leaf injury score. Following the health key, a
final report of ozone damage was prepared by classifying the affected
plants into five groups based on type & intensity of ozone symptoms.
Injured leaves by percentile were assessed by Kanhar et al. (2017) pre-
scribed method (Eq-1).

ozone
damage
genotype

¼no:of affected plants
Total no:of plants

� 100 (1)

Morphological attributes (leaf area, root and shoot length), as well as
biomass production (Shoot and root fresh and dry weight) were calcu-
lated by collecting plant samples at the end of an 8 day treatment. The
collected plants were fragmented into shoots and roots and fresh and dry
weights were determined by using an electric balance. The dry weight
calculations were done following the 48-hr oven-dried process at 70 �C.
Characters recorded during visual analysis include, Plant genotype, Total
no. of plants/genotype, Type and nature of Ozone induced injury



c

Figure 1. Test plants grown under a closed polytunnel with applied ozone treatment (left) and compared with a control group grown under an open-ended polytunnel
with ambient air (right).
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symptoms appearance sites, Plant health (No. Of affected plants/replica
& no. of affected plants/genotype).

2.2.2. Key for the health of plant
Ozone damage with the cause and extent of injury (percentage) to

each genotype was categorized into single score adopting the following
scheme.

Injury ¼ A þ B þ C þ D þ E

A: % leaves with no ozone injury (Tolerant)
B: % leaves with injury of 1–5 percent (mild)
C: % leaves with injury of 5–25 percent (moderately affected)
D: %leaves with injury >25 percent (Severely affected)
E: % Number of dead/senesced leaves which remain on the plant.

(Dead)
2.3. Determination of chemical assays

To analyze chemical components, representative plants of each ge-
notype were carefully removed from the field. It was impossible to start
the chemical analysis immediately after the collection, so for analysis
ease, purposed leaves of each genotype were freeze at -80 �C during lab
work.

2.3.1. Photosynthetic pigments
Arnon (1949) described methodology was followed to find out the

contents of chlorophyll ‘a’, ‘b’, carotenoids and total chlorophyll
(Eq-2, 3, 4). The change in absorbance was recorded at 645, 663 and
480 nm using a spectrophotometer (Hitachi-U2001). The contents of
Chlorophylls' a ’and' b’ were determined following formula was
considered.

contents of chlorophyll¼ ½12:7ðO:D663nmÞ� 2:69ðO:D645nÞ� volume
1000

� weight (2)

ontents of chlorophyll b¼ ½22:9ðO:D663nmÞ� 4:69ðO:D663nÞ� � volume
1000

� weight (3)

carotenoies’
�
mg ml�1�¼A:carotenoides

EM 100%
� 100 (4)

A CarðcarotenoidÞ¼ ðOD480Þþ 0:114ðOD663Þ � 0:638ðOD645Þ
3

Extracted material volume (milliliter)¼V Leaf tissues fresh weight (gram)¼W
Total

Chlorophyll content means total contents of chlorophyll ‘a’ and
chlorophyll ‘b’.

2.3.2. Total free amino acid & protein (Bradford, 1976)
Amino acid contents were quantified by adopting the Hamilton and

Hamilton and Van Slyke (1943) protocol at 570 nm absorbance change
(Eq-5).

Total free amino acid¼ Absorbance� V � DF
Weight of fresh sample

� 1000 (5)

Activity for the quantification of protein contents was performed by
the following approach (Emami Bistgani et al., 2017). Series of protein
reference (200–1900 mg/g) were followed to measure total soluble
protein spectrophotometrically at the wavelength of 595 nm.

2.3.3. Phenolic (Julkunen-Titto, 1985) & soluble sugar
As per Julkunen-Tiitto (1985) prescribed protocol, refrigerated leaves

Samples (0.05 g) of each genotype were grounded with 80% acetone
solution. To obtain precipitate, acetone extract was latterly centrifuged at
10,000 g, for 10 min. 100 μl supernatant, 1 μl Folin– Ciocalteau's phenol
reagent and 2.0 mL of distilled water mixed in a test tube. Obtained so-
lution was mixed with 5.0 ml of 20% Na2COᴣ and total volume increased
by adding 10 ml of distilled water. At the end, with fine shaking the
spectrophotometry was done at 750 nm. Following the method pre-
scribed by Blenkinsopp (1999) soluble sugar content was calculated and
absorbance was recorded at 625 nm using spectrophotometer ((Hita-
chi-U2001) and the concentration was calculate by stander method.

2.4. Statistical analysis

Collected data was statistically analyzed by following the two-way
ANOVA (analysis of variance) technique with the use of CoStat (Version
6.303, PMB 320, Monterey, CA, 93940 USA) software. Difference between
cultivars of main plots (Experimental & control) was declared statistically
significant at the confidence level of p � 0.05 for all parameters.

3. Results and discussion

3.1. Ozone induced injury

The potential hazards of ozone were carefully evaluated by observing
the nature of symptoms of ozone induced foliar injury (Table 2). Early



Table 2. Genotype injury score and nature of symptoms of O3-induced foliar injury.

Sr. No. Genotype Score Nature of symptoms

1 KSK-282 B Pale yellow interveinal chlorotic mottles which laterally turn into chlorotic streaks, small size orange red to gray brown bronzing stipples associated
with white flecking, vein turn white, injury Progress downward from tip to base hen bronze spots fuse into each other.

2 BSM-2000 C Very fine light yellow chlorotic streaks, Nib sized to large, Orange brown to dark brown stipples, large size blotches of Bronzing followed by dark
purple bifacial necrotic lesions, Injury mostly appear near edges of leaves. Mostly leaves remained fresh and green.

3 BSM-515 B Low intensity yellow chlorotic blotches firstly appear close to tip of leaves laterally converted into orange brown to dark gray irregular stipples on
the entire surface of leaf which cause Death of small veins, injury mostly appear near edges. Necrosis with mild lesion, white flecking mottles.

4 Chenab-BSM C Initial doze of ozone resulted in interveinal yellow chlorotic streaks and white gray appearance of veins (flecking), orange brown to dark gray
uniform stipples streaks from base to tips. Bronzing, necrotic spots Injury mostly appear near the edges of leaf.

5 KSK-434 D Chronicle response characterize by orange red to dark brown bifacial necrotic areas in the middle of leaf causing death of interveinal tissues. Initially
dark yellow chlorotic streaks spread from tip to base followed by orange brown to dark brown irregular blotchy spots. With the increase in ozone
concentration blotchy spots grow in size ultimately spread throughout the leaf surface and resulted in bow appearance of.

6 Super-BSM D Tipburn, led by red orang to gray dark stippling later on turning into red brown to brown dark necrotic blotches, necrotic blotches encompass the
entire surface of leaf by diffusing into each other following the prolong ozone exposure. Injury first appear close to tip of leaf; leaf bronzing
characterizes by unevenly distributed dark brown blotches which eventually led to wilting of leaves.

7 KSK-133 D Unevenly distributed Orange brown to gray dark interveinal Mottles, with associated fine light yellow chlorotic streaks which increase in density as
the concentration of ozone increased, finally tuning into bronzing streaks, injury spread upward from base to tip. Venial white Flecking. Mostly
older and small size leaves show their susceptibility to ozone.

8 PK-386 D Very fine light yellow chlorotic streaks, venial white flecking, Bronzing characterize by red orange to brown black blotches followed by interveinal
severe necrosis. Necrotic areas diffuse into each other and spread more vigorously which accelerated leaf senescence.

9 Punjab-BSM E chronicle response characterizes by wilting of leaves. Chlorotic streaks followed by orange red to brown purple interveinal stippling and bronzing
which turn into severe blotchy gray brown gray brown necrotic spots. Necrotic spots cracks as the concentration of ozone increased which laterally
cause premature leaf senescence.

10 IR-9 E Stippling evolve in the form of red brown to dark brown color followed by bronzing and chronic necrotic areas. Necrotic spots with diffusing borders
severely damage the interveinal tissues, Severe ozone induced injury resulted in dead white brown areas. Injury spread from tip to downward
causing burning of tips, ultimately death of entire leaf.
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two-day fumigation led in very minor foliar damage, but in response to
the third ozone treatment, several genotypes expediently showed their
vulnerability to high ozone (120 pbb) with light yellow to brown red
spots (Figure 1). These findings are consistent with earlier research re-
sults that plant cultivars are more susceptible to high ozone concentra-
tions (Ahmad et al., 2013; Hur 2014). The presence of distinct and severe
ozone damage, i.e. slightly yellow, tiny and thin brown patches on lower
and older leaves, was also previously reported by Manigbas et al. (2010).
A remarkable varietal difference among rice genotypes in response to
ozone treatment could be seen in present study. Rice genotype KSK-282
shows its resistance to elevated ozone with 1–5% leaf injury, while ge-
notypes Basmati-2000, KSK-133, BSM-515, and Chenab-basmati show
average response as they appear with late and less developed ozone
symptoms with 5–25% leaf injury. A significant interaction between
ozone treatment and rice genotype PK-386, Chenab-basmati,
Super-basmati, and Punjab basmati was observed as they show their
susceptibility (>25 % leaf injury) by eliciting early ozone induced
symptoms which latterly become severe and cause early leaf senescence.
The index of ozone induced foliar damage was much higher in the case of
rice genotype IR-9 as it appears with few of it leaves dead. Rice genotypes
KSK-282, Basmati-2000, KSK-133 and BSM-515 show their resistance to
elevated ozone levels as they appear with late and less developed ozone
symptoms. Investigating the ozone stress response of two Indian rice
cultivars, Sarkar and Agrawal (2010) reported interveinal yellowing and
chlorotic stipples on the leaf surface. The study also declared rice plant as
an inexpensive biomarker to detect the high concentration of ozone. Ishii
et al. (2004) reported a specific type of foliar injury in rice plants, grown
under different ozone concentrations. A very few studies have been
conducted yet to evaluate the response of rice cultivars to their genotypic
differences to ozone (Shi et al., 2009). Other plant species have also been
investigated for ozone resistance (Krupa et al., 2001). Dumont et al.
(2014) discovered that ozone treatment of different concentrations
caused chlorosis, stippling, and necrosis in three genotypes of Euramer-
ican poplar, Carpaccio, Cima, and Robusta, respectively. Leung et al.
(2020) reported the appearance of a specific type of bronze red spots on
different locations of examined bean plant leaves (Phaseolus vulgaris L.).
It is a noteworthy fact that ozone exposure time and concentration
greatly influenced the nature of symptoms, as in the present study, early
4

days ozone exposure resulted in light yellow to brown red spots
(bronzing) which stayed tunedwith ozone concentration and appeared to
be indicative of chlorotic streaks and necrosis. Foliar injury in rice is a
cumulative effect of ozone concentration and exposure time (Cho et al.,
2011; Ishii et al., 2004). In some understudy rice genotypes, leaf injury in
its most forms appeared on both the adaxial and abaxial surfaces of leaves
(mostly in older&middle-aged leaves). Manigbas et al. (2013) identified
leaf browning as one of the most prevalent signs that may be utilized to
assess ozone tolerance in different rice genotypes. Ozone induced visual
symptoms have been reported as a suitable tool for the classification of
different rice genotypes into a certain categorical groups (Dumont et al.,
2014). On a results basis, all genotypes were classified into the following
categories, Tolerant, Mild, moderately affected, severely affected and
Senesced or Dead. Table 2 & Figure 2 shows complete description of
different types of foliar injury and secured injury score by understudy
rice genotypes in response to ozone treatment (120 pbb).

3.2. Plants damage percent and leaves damage percent

Under study, all genotypes of rice showed a statistically significant
difference in their plant damage percent and leaf damage percent (Fig-
ures 3 and 4). Average plant damage percentage was observed to be 41 %
higher for plants grown under elevated ozone (120pbb) than those grown
under ambient ozone level. The leaf damage percent value for the
experimental group (120 pbb) was observed to be 29 % higher than
control group (ambient ozone). The data presented shows that the rice
genotype IR-9 followed by ksk-434 and Punjab-Basmati showedmaximum
value for plant damage percent and the rice genotypes IR-9 followed by
Punjab-Basmati and ksk-434 showed maximum leaf damage percent. The
rice genotypes KSK-282 and Basmati-515 hold the lowest value for plant
damage percent and leaf damage percent respectively, which show their
resistance to elevated ozone. Rice genotypes � ozone treatments inter-
action was also found statistically significant.

3.3. Plant growth attributes

Data collected for plant total length, total no. of leaves/plant, leaf area
shoot and root dry weight (Figures 5, 6, 7, and 8) showed a statistically



Figure 2. Foliar injury response to ozone in ten genotypes of Pakistani rice (Oryza Sativa): A1) KSK-282, A2) Basmati-200, A3) Basmati-515, A4) Chenab-Basmati, A5)
KSK-434, A6) Super- Basmati, A7) KSK-133, A8) PK-386. A9) Punjab-Basmati, A10) IR-9.

Figure 3. Ozone induced plant damage (percentage)/genotype.

Figure 4. Ozone induced Leaves damage (percentage)/genotype.
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Figure 5. Plant total length.

Figure 6. Leaf area.

Figure 7. Plant Root dry weight.
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significant difference for two levels of ozone (Table 3). The total length of
each genotype was measured as the length of ozone treated plants. The
interaction between applied Treatment � Replicate appeared non-
significant. Ozone treated genotypes showed a 6.5 % reduction in total
plant length compared with the control group. Rice genotype Basmati-
515 followed by Basmati-2000 and ksk-133 appeared with maximum
while Ksk-434 followed by Punjab-Basmati and IR-9 Showed lowest
value for plant total length. plant total length may have decreased due to
6

low stomatal conductance to water vapours and photosynthetic rate (Frei
et al., 2008). In a study on ozone response in wheat cultivars, Tomer et al.
(2015) discovered that decreased stomatal conductance led to low
photosynthetic activity, resulting in lower biomass production. This has
also been explored in prior studies that found ozone stress and rice
cultivar interaction greatly influenced plant height and plant total
biomass. Peng et al. (2018) used two rice varieties, Yangdao 6 and indica
II you 084 in their experiment and observed a significant effect on



Figure 8. Plant Shoot dry weight.

Table 3. Growth parameters (mean values �SD) in response to ozone (120 pbb) compared with control, in ten Pakistani genotypes of rice (Oryza sativa).

Genotype Root dry weight
(g/plant)

shoot dry weight
(g/plant)

Leaf Area (cm2) Plant total
length (cm)

Plant damage (%) Leaf damage (%)

KSK-282 Control 4.98 � 0.09 5.64 � 0.23 29.76 � 2.70 95 � 2.44 10.37 � 0.52 8.49 � 0.01

120 Ozone 4.68 � 0.11 5.43 � 0.58 26.36 � 1.53 92 � 1.79 27.05 � 0.56 26.19 � 0.01

BS-2000 Control 6.63 � 0.47 7.16 � 0.16 43.60 � 1.66. 117 � 3.26 11.00 � 0.96 12.04 � 0.10

120 Ozone 6.03 � 0.07 6.80 � 0.35 32.73 � 1.06 110 � 0.81 32.50 � 2.04 30.16 � 0.02

BSM-515 Control 6.81 � 0.09 7.76 � 0.07 44.10 � 1.95 114 � 3.29 11.70 � 1.36 6.94 � 0.05

120 Ozone 6.11 � 0.16 5.99 � 0.49 39.9 � 1.98 111 � 2.44 30.42 � 4.12 30.95 � 0.14

Chenab-BSM Control 5.78 � 0.09 5.51 � 0.77 31.29 � 0.97 97 � 3.26 10.13 � 3.85 18.33 � 0.02

120 Ozone 4.75 � 0.21 4.74 � 0.28 23.93 � 1.54 89 � 2.44 60.75 � 1.06 36.94 � 0.02

KSK-434 Control 5.64 � 0.35 4.22 � 0.23 30.63 � 1.40 87 � 1.41 17.05 � 2.09 18.98 � 0.04

120 Ozone 4.56 � 0.39 2.99 � 0.13 16.55 � 1.14 73.66 � 2.49 71.67 � 2.36 56.51 � 0.10

SUPER-BSM Control 5.94 � 0.21 4.86 � 0.65 26.69 � 2.41 104.66 � 3.39 18.11 � 1.14 11.48 � 0.04

120 Ozone 4.73 � 0.26 5.42 � 0.60 15.35 � 0.79 97.66 � 1.24 40.82 � 1.65 32.50 � 0.06

KSK-133 Control 5.28 � 0.24 5.13 � 0.46 33.63 � 1.01 97.00 � 3.74 15.51 � 4.55 7.57 � 0.01

120 Ozone 5.69 � 0.12 5.30 � 0.41 29.77 � 1.73 103.45 � 2.44 75.13 � 1.47 46.95 � 0.14

PK-386 Control 6.42 � 0.38 6.42 � 0.26 44.11 � 1.48 108.33 � 3.39 10.17 � 0.24 11.71 � 0.02

120 Ozone 5.35 � 0.26 5.15 � 0.27 39.45 � 0.49 97.66 � 2.86 50.24 � 2.66 32.92 � 0.10

PUNJAB-BSM Control 5.81 � 0.08 6.75 � 0.10 37.42 � 1.33 90.66 � 1.88 9.75 � 6.37 12.62 � 0.03

120 Ozone 4.72 � 0.04 5.42 � 0.50 18.69 � 0.88 81 � 1.63 73.40 � 5.07 56.39 � 0.11

IR-9 Control 5.04 � 0.07 6.83 � 0.39 27.77 � 2.89 94.33 � 2.05 13.59 � 8.35 12.21 � 0.03

120 Ozone 3.86 � 0.06 5.50 � 11.87 � 0.54 84.33 � 3.39 79.69 � 2.68 59.20 � 0.12

Blocks .0000 *** .0000 *** .0000 *** .0000 *** .0000 *** .0164 *

Replicate .9571 ns .6354 ns .6858 ns .2515 ns .6988 ns .8528 ns

Treatment .0009 *** .0136 * .0000 *** .0040 ** .0001 *** .0000 ***

Treatment £ Replicate .6249 ns .2328 ns .8802 ns .5267 ns .6527 ns .1927 ns

*Sign presented; at bottom indicates how growth components of ozone treated plants are different from control group in view of statistical approach at a confidence
level of P < 0.05…*, 0.01…**, 0.001…*** ns ¼ non-Significance level.
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phenology and plant height of indica II you 084 compared to Yangdao 6.
Ozone due to its oxidative nature, significantly influenced the height of
different rice genotypes (Agrawal et al., 2002; Sarkar and Agrawal,
2010).

Shoot and root dry weight of each ozone treated genotype was
measured and considered as the weight of plants in experimental group.
Statistical analysis revealed that ozone concentrations of 120 pbb sub-
stantially reduced root and shoot dry mass in ozone-treated. In agree-
ment with previous results (Frei et al., 2008; Inada et al., 2008) the
present research work also observed 12 % and 14 % reduction in average
total shoot and root dry weight respectively. Shoot dry weight signifi-
cantly dropped in response to ozone stress in genotype IR-9, followed by
7

Punjab-Basmati and Pk-386, indicating sensitivity to applied ozone
concentrations. The plant genotype Super-Basmati, followed by IR-9 and
Ksk-434, had the lowest value for average total root dry weight compared
to the control group. Ksk-133 was the most tolerant genotype, with an
increase in average root dry mass. Wahid et al. (1995) observed same
trend in two Pakistani cultivars, IRRI-6 and Basmati-38, in terms of
reduction in strawweight and root mass. Manigbas et al. (2010) observed
the significant depression in shoot dry weight when they exposed 15–30
day old rice seedlings to 0.3 and 1 ppm ozone concentration for 7 h/day
for ten days. It is also well acknowledged that shoot biomass is not
directly associated with leaf bronzing. Previous studies have shown that
rice plants subjected to 0.120 ppm (120ppb) ozone concentration for 18
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days showed a reduction of 24 % in plant total biomass (Frei et al., 2010).
Previous studies have also linked reduction in root and shoot dry weight
with low photosynthesis rate, cell membranes damage, especially chlo-
roplast damage (Karberg et al., 2005; CAO et al., 2009; Noormets et al.,
2010; Rai et al., 2010). Plant height and stem dry weight are greatly
influenced by the rice cultivar � ozone stress. Revealing the response of
two Chinese rice variety Peng et al. (2018) reported that ozone stress
reduced the stem dry weight by 11.11 %–12.7 % respectively.

Negative response found in total leaf area among different rice geno-
types under applied ozone concentration. The decrease in average leaf area
indexwas observedmore in genotypePunjab-Basmati followedby IR-9 and
Super-Basmati compared with control group plants. There was a 29%
decrease in average leaf area in ozone exposed genotypes compared to
unexposed. It has earlier been reported that the decrease in leaf area in
soybean is correlated with ozone triggered earlier leaf senescence process
(Dermody et al., 2006). Sarkar and Agrawal (2011) found that two Indian
rice cultivars,Malviya dhan 36 and Shivani, reduced their total leaf area by
30% and 27%, respectively, in response to ambient and elevated ozone
level. Agrawal et al. (2005) experiment on mung bean also reported sig-
nificant reductions in total leaf area and biomass at Allahabad, India.
Evaluating the response of two wheat cultivars grown under high ozone
concentration Tomer et al. (2015) explained that the total no. of leaves and
leaf area reduces following ozone-induced premature leaves senescence.
Previous research reports characterized chronicle ozone damage by low
photosynthetic activity and reduced leaf green area Ashmore (2005);
Fuhrer (2009). Bhatia et al. (2013) in their two-year research project found
that maize crops grown in charcoal filtered air chambers with elevated
ozone levels (E0, E1) showeda12–15%and 13–15.4%decrease in leaf area
respectively. The increased ozone level of 120pbb decreased relative
growth rates of plant by68% inAlfalfa (M. sativa) (Al-Rawahy et al., 2013).

3.4. Chemical analysis

3.4.1. Chlorophyll contents
Rice being an ozone sensitive crop (Sarkar and Agrawal, 2010), ap-

pears to have a differential response in view of different chemical con-
tents (Table 4). The chlorophyll content of each genotype grown under
both ambient and ozone levels showed a statistically significant differ-
ence from each other. Plants grown under elevated ozone level showed
low value for chlorophyll a & b, ratio of Chl a & b, and total chlorophyll
contents compared to ambient. Rice genotype Pk-386 followed by IR-9
and Punjab-Basmati showed the highest difference for chlorophyll ‘a’
while rice genotype Basmati-2000 followed by Ksk-133 and Basmati-515
showed the lowest difference compared to genotypes grown under
ambient ozone level. Ozone treated genotypes showed chlorophyll ‘a’
content ranged from 0.95 to 1.25mg g�1 with an average of 1.09mg g�1.
In Pakistan, deleterious effects of ambient ozone (>60 pbb) on onion,
potato and cotton plant growth have been reported in the north-west
parts (Ahmad et al., 2013). A significant damage to carotenoids con-
tents was also observed. Average Carotenoids contents reduced by 8.4 %
in the case of ozone treated plants as compared to plants grown under
ambient conditions. Previous literature has also revealed the same trend,
Phothi et al. (2016) when exposed rice plants to high ozone concentra-
tion for 28 days, found significant damage to chlorophyll contents which
ultimately reduce the photosynthesis rate. Sawada et al. (2016) study
reported that increased ozone levels decrease chlorophyll content in the
leaves of rice plants. Experimental analysis of Japanese rice has revealed
that an ozone concentration level of 100 pbb reduces the chlorophyll
content of lower leaves (Inada et al., 2008). In the present study, total
chlorophyll content and chl. a/b showed their range from 1.40 to 1.88
mg g�1 with an average of 1.65 mg g�1and 0.66 to 1.5 mg g�1 with an
average of 1.02 mg g�1 respectively. Decrease in average total chloro-
phyll contents compared to ambient found 8.2 %. Statistical approach
reported a non-significant effect of Treatment � replicate on total chlo-
rophyll and the ratio of Chl a to b. Tomer et al. (2015) observed a sig-
nificant loss in total chlorophyll contents at the flowering stage in wheat
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cultivars grown under elevated ozone levels. It has also been reported
that ozone exposure of 80 pbb can reduce 20.5–47.6% of the total
chlorophyll content of rice (cv Ratna). The value of total chlorophyll
contents the increased in case of rice genotype super basmati. Previously,
Debski et al. (2017) reported the same trend that a high dose of ozone
resulted in a non-significant effect on chlorophyll ‘a’ & ‘b’ content in
buckwheat. The rice genotype Punjab-basmati followed by IR-9 and
KSK-282 showed the lowest value for Chl a/b while Basmati-515 fol-
lowed by Basmati-2000 and KSK-133 appeared with the maximum
chlorophyll a/b value. Experimental plants showed an average of 5.2 %
less chlorophyll a/b ratio. High ozone concentration significantly dam-
ages the chlorophyll content, which ultimately slows the photosynthesis
rate and affects certain photochemical reactions (Sarkar and Agrawal,
2010). A study explained that loss of chlorophyll content and lipid per-
oxidation trigger the process of premature leaf senescence in plants (Li
et al., 2008). Murchie et al. (2002) reported that ozone majorly affects
the older leaves of plants, which may be a natural consequence of ageing.

3.4.2. Total free amino acids contents
The present study confirms a decrease in total free amino acid con-

tents in response to elevated ozone. A significant difference was found
between total free amino acids contents between the two levels of ozone.
Loss of total free amino acid contents was observed more in the plant
genotype Punjab-Basmati, followed by IR-9 and Ksk-434 compared with
the control group. In response to ozone exposure, the content of total free
amino acids increased in the case of plant genotypes Ksk-282 (p ¼ 0.54)
and Ksk-133 (p ¼ 0.24). While examining ozone induced loss in two-
week old rice seedlings (24 h ozone treated), CAO et al. (2009)
revealed that production of antioxidants and ozone triggered repair
process led to overproduction of amino acids. This has also been explored
in a prior study by Dumont et al. (2014) that found ozone has a negative
effect on amino acid content because the most abundant amino acid,
aspartic acid, and total amino acid contents significantly decreased in
three Euramerican poplar genotypes in response to ozone treatment. An
experiment based on the open air ozone fumigation process reported that
the concentration of total free amino acids was higher in ozone treated
pine foliage compared to ambient (Holopainen et al. 1997).

3.4.3. Total soluble sugar contents
The statistical approach revealed two levels of ozone concentration as

important influencing parameters on total soluble sugar content at 0.05
significance level. Experimental group plants showed a 17.69% average
reduction in total soluble sugar content compared to the control group.
The negative influence of ozone was high in the plant genotype Punjab-
Basmati, followed by Ksk-434 and IR-9. Plant genotype Super-basmati
followed by Ksk-282 and did not appear to have a significant differ-
ence compared to the control group. Similar results have also been
mentioned in different research papers. An investigation has reported
that ozone concentrations of 40 pbb and 70 pbb significantly decrease the
total soluble sugar content extracted from the leaves of rice seedlings
(Phothi et al., 2016). The total soluble sugar response of ozone in view of
its negative nature was also reported in other crops; Meyer et al. (2000)
wheat, K€ollner and Krause (2000) potatoes, and Keutgen et al. (2005)
strawberries.

3.4.4. Total proteins contents
A number of questions regarding the impact of high ozone concen-

tration on the protein profile of rice plants remain to be addressed.
Limited research studies have reported the loss of proteins involved in
metabolism, stress related, and most commonly, RuBisCO (Sarkar and
Agrawal, 2010; Feng et al., 2008; Agrawal et al., 2002). An investigation
reported that rice seedlings exposed to an ozone concentration of 200
ppb showed clear damage to their protein profile with specific ozone
induced foliar injury (Agrawal et al., 2002; Agrawal et al., 2005). In the
present study, a 12.72 % decrease in average total protein content was
found in ozone fumigated plants, compared to ambient. Ozone induced



Table 4. Biochemical components concentration (mean values �SD) in response to ozone (120 pbb) compared with control, in ten Pakistani genotypes of rice (Oryza
sativa).

Genotype Chl a Chl b Carotenoids Total Chl.
(mg/g FW)

chl a/chl b Amino acids
(mg/g FW)

Sugar
(mg/Kg FW)

Protein
(mg/Kg FW)

Phenolic (mg/g)

Ksk-282 Control 1.24 � 0.01 0.44 � 0.01 0.03 � 0.002 1.68 � 0.00 2.84 � 0.08 11.15 � 0.33 1694.0 � 28.4 702.0 � 61.7 348.15 � 15.66

120 Ozone 1.13 � 0.00 0.42 � 0.01 0.035 � 0.002 1.55 � 0.01 2.67 � 0.06 11.69 � 0.59 1498.8 � 6.9 569.7 � 43.3 252.02 � 6.46

Bas-2000 Control 1.39 � 0.01 0.38 � 0.00 0.049 � 0.00 1.77 � 0.00 3.71 � 0.06 5.02 � 1.60 1622.9 � 30.2 756.2 � 70.7 150.84 � 37.31

120 Ozone 1.26 � 0.02 0.37 � 0.01 0.045 � 0.001 1.62 � 0.00 3.44 � 0.18 3.53 � 2.57 1411.0 � 107.2 588.2 � 48.5 87.00 � 6.70

Bas-515 Control 1.37 � 0.01 0.49 � 0.01 0.046 � 0.002 1.86 � 0.01 2.80 � 0.07 12.67 � 1.81 1726.0 � 15.6 696.5 � 54.7 350.08 � 9.56

120 Ozone 1.26 � 0.04 0.48 � 0.01 0.044 � 0.001 1.74 � 0.02 2.63 � 0.15 10.80 � 0.70 1461.1 � 5.7 673.9 � 87.0 293.22 � 7.41

Chenab-BSM Control 1.21 � 0.01 0.41 � 0.01 0.046 � 0.001 1.62 � 0.00 2.92 � 0.08 12.48 � 2.89 1790.1 � 12.1 731.8 � 32.1 �408.80 � 14.65

120 Ozone 1.05 � 0.00 0.38 � 0.00 0.043 � 0.000 1.44 � 0.00 2.74 � 0.07 7.12 � 1.30 1474.9 � 32.6 664.3 � 61.3 313.93 � 13.03

Ksk-434 Control 1.31 � 0.01 0.31 � 0.01 0.041 � 0.001 1.62 � 0.01 4.26 � 0.01 7.46 � 1.11 1500.8 � 9.1 764.4 � 23.1 406.50 � 12.73

120 Ozone 1.10 � 0.00 0.26 � 0.01 0.035 � 0.003 1.36 � 0.01 4.20 � 0.01 1.43 � 0.47 1133.8 � 21.9 756.5 � 116.3 251.73 � 6.23

Super-BSM Control 1.26 � 0.04 0.42 � 0.01 0.049 � 0.001 1.69 � 0.02 2.98 � 0.15 13.12 � 2.79 1638.0 � 17.0 723.6 � 13.2 369.61 � 18.93

120 Ozone 1.15 � 0.01 0.40 � 0.00 �0.047 � 0.000 1.54 � 0.00 2.88 � 0.08 10.49 � 2.74 1471.9 � 32.6 670.5 � 23.6 265.46 � 4.30

Ksk-133 Control 1.32 � 0.01 0.35 � 0.00 0.041 � 0.001 1.66 � 0.01 3.77 � 0.08 12.91 � 0.80 1798.2 � 20.5 787.0 � 24.2 391.06 � 21.15

120 Ozone 0.99 � 0.17 0.27 � 0.07 0.039 � 0.003 1.26 � 0.10 3.88 � 1.43 13.15 � 0.12 1458.6 � 23.4 708.5 � 43.7 256.62 � 3.16

Pk-386 Control 1.26 � 0.01 0.49 � 0.00 0.033 � 0.002 1.75 � 0.00 2.58 � 0.06 17.14 � 5.97 1427.6 � 15.5 789.4 � 26.9 373.69 � 29.32

120 Ozone 1.08 � 0.01 0.45 � 0.02 0.030 � 0.002 1.53 � 0.02 2.39 � 0.11 11.63 � 0.69 1164.5 � 27.8 654.0 � 54.1 286.17 � 7.70

Punjab-BSM Control 1.30 � 0.02 0.53 � 0.01 0.037 � 0.002 1.83 � 0.03 2.47 � 0.05 19.62 � 2.91 1456.5 � 21.3 779.2 � 28.9 380.15 � 17.79

120 Ozone 1.02 � 0.02 0.43 � 0.01 0.034 � 0.001 1.46 � 0.00 2.36 � 0.12 12.25 � 0.40 1058.3 � 8.7 662.6 � 71.3 241.85 � 33.86

IR-9 Control 1.30 � 0.01 0.45 � 0.02 0.034 � 0.002 1.75 � 0.02 2.90 � 0.19 16.75 � 13.66 1462.1 � 10.6 757.2 � 52.3 384.38 � 11.81

120 Ozone 0.96 � 0.01 0.36 � 0.01 0.027 � 0.001 1.32 � 0.00 2.67 � 0.10 10.00 � 1.47 1133.8 � 20.3 586.5 � 66.9 247.49 � 5.38

Replicate .5184 ns .2803 ns .1324 ns .7226 ns .3929 ns .1889 ns .5288 ns .4643 ns .5541 ns

Treatment .0001 *** .0021 ** .0003 *** .0001 *** .0030 ** .0000 *** .0035 ** .0006 *** .0000 ***

Treatment £ Replicate .6458 ns .2540 ns .7049 ns .7061 ns .3229 ns .8021 ns .4897 ns .3542 ns .6361 ns

*Sign presented; at the bottom indicates how chemical components of ozone treated plants are different from the control group in view of statistical approach at a
confidence level of P < 0.05…. *,0.01…**, 0.001…*** ns ¼ non-Significance level.
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total protein content loss was observed high in plant genotypes
Basmati-2000 followed by IR-9 and Punjab-Basmati. Plant genotypes
ksk-133 followed by Basmati-515 and Chenab-basmati show their sus-
ceptibility to ozone treatment in view of ozone total protein content. It
was reported in literature that rice seedlings exposed to 40, 80, and 120
pbb appeared to have clear damage to proteins (Feng et al., 2016). The
literature pertaining to ozone's effect on protein content (Alyemeni,
2016) strongly co-relates the protein damage with the concentration
level of ozone. Rice genotype ksk-434 showed its peculiar behavior by
showing its resistance to damage in protein content despite high foliar
injury. This contrary behavior was previously explained by (Plessl et al.,
2007). They reported that tomatoes plants when exposed to an ozone
concentration of 40–120 pbb appeared to have increased protein and fat
content.

3.4.5. Total phenolic contents
The Anova results revealed a significant varietal difference in total

phenolic and flavonoids content among all rice genotypes. A non-
significant effect of treatment replicate was observed at p ¼ 0.636. A
reduction of 29% was recorded in average total phenolic content. Rice
genotype Ksk-434 followed by ksk-133 and Punjab basmati highly
reduced their total phenolic content in comparison to the control group.
The average percentage value for phenolic content showed a low dif-
ference compared to the control group in the case of genotype Basmati-
515, followed by Basmati 2000 and Pk-386. Reduction in phenolic con-
tent in response to ozone has some previous records, as Betzelberge et al.
(2012) reported a significant loss in phenolic content in response to
increased ozone concentration in soybean leaves. A study reported that
wheat cultivars exposed to elevated ozone concentration showed a sig-
nificant difference in phenolic content at different growing stages (Feng
9

et al., 2016). In contrast, an increase in total phenolic content in response
to ambient ozone level was also observed in two Indian wheat cultivars
(Rai and Agrawal, 2014).

4. Conclusion

For the first time in history, ten different Pakistani rice genotypes in
view of their foliar damage, biochemical and morphological attributes
were tested against ozone treatment. Study findings declare remarkable
changes in understudy parameters which indicate a clear varietal dif-
ference among different rice cultivars. Studies do confirm a strong rela-
tionship between foliar damage and morphological & chemical changes.
In view of future ozone concentration and its possible effects on regional
vegetation, present findings provide enough evidence which could help
the concerned authorities in deciding the future status of the genotype as
a bio indicator of ozone pollution. Research findings could also prove
fruitful in developing ozone tolerant rice varieties.
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