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Abstract
Tropospheric ozone  (O3) is a widespread secondary photochemical air pollutant, which occurs naturally at ground level in 
low concentration and is regarded the most damaging air toxicant. Current study was conducted to evaluate the potential of 
ethylenediurea (EDU) on the growth and physiochemical attributes of pea cultivar exposed to ambient  O3 stress. Ozone stress 
reduced growth and biomass production of Pisum sativum. Application of EDU concentration of 450 ppm via soil drenching 
significantly enhanced growth and biomass of P. sativum. Application of EDU escalated relative water content and ascorbic 
acid content in P. sativum seedlings ultimately showing a significant increment in air pollution tolerance index up to 38.6% 
with EDU-450 treatment making the seedling more tolerant to the air pollution. The increasing concentrations of EDU 
showed significant increase in total soluble sugar, protein and proline contents, while phenolic contents were significantly 
decreased up to 36.6% with 450 ppm treatment of EDU. Furthermore, EDU treatment enhanced the activity of superoxide 
dismutase and ascorbate peroxidase. Current research reveals that EDU ameliorates the deleterious  O3 effects on P. sativum 
and it can be used as an effective tool to enhance crop productivity at elevated levels of  O3 concentration.

Keywords Air pollution tolerance index · Ambient ozone stress · Antioxidants · Ethylenediurea · Pisum sativum · 
Tropospheric ozone

Introduction

Globally, tropospheric ozone has dramatically suppressed 
crop productivity on a larger scale (Oksanen et al. 2013). 
Especially in tropical areas, the higher concentrations of  O3 
are mainly recognized due to the favorable climatological 
conditions such as high temperature, atmospheric humidity 
and high levels of solar radiations (McGrath 2015). South 
Asia also experiences continuous decline in air quality due 
to emissions of environmental pollutants such as nitrogen 
oxides and  O3 precursors (Van Dingenen et al. 2009) and 
reached far more than the threshold level of various plants. 
When exposed to high concentrations of  O3, plants undergo 
various physiological and phenotypical changes. The amount 
of response to the ozone stress depends upon the type of crop 

(Mills et al. 2007) and grown variety (Sarkar and Agrawal 
2010). Among the various symptoms and physiological 
changes in the plants on exposure to high ozone concen-
trations, some of the most prominent and adverse changes 
are chlorosis, conductance through stomata, shrinkage of 
leaves, reduction in the rate of photosynthesis because of 
lesser activity of RuBisCO, decreased contents of chloro-
phyll and accelerated senescence (Pandey et al. 2014, 2015). 
On exposure to the leaves, ozone immediately gains entry 
into the tissues of the leaf through stomata and get dissolved 
in the apoplastic solutions (Li et al. 2017), after which get 
transformed into ROS (reactive oxygen species). Reactive 
oxygen species then damages the cell membrane, prompts 
the lipid peroxidation of the membrane, enhances the malon-
dialdehyde levels, reduces the cell membrane stability and 
eventually causes the programmed death of the cell (Zhang 
et al. 2017; Dumont et al. 2017). The assimilation process 
of the plant can also be inhibited along with the changes 
in the distribution of assimilates, reduction in the growth 
of plant and reduced productivity of the crops (Singh and 
Agrawal 2017).
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Keeping in view the damages caused by ozone to less 
resistant crops, a number of various protectants have been 
employed such as antioxidants (Zhang et al. 2018), anti-
senescence agents (Navakoudis et al. 2003), growth regula-
tors (Paoletti et al. 2011), flavonoids and polyamines (Didyk 
and Blum 2011) and fungicides (Hassan et al. 2007). Eth-
ylenediurea (abbreviated as EDU) is a synthetic compound 
which is also known as antiozonant is employed to study 
the crop and plants responses to damages caused by ozone 
(Manning et al. 2011; Agathokleous et al. 2015). Unusually, 
this compound is unable to scavenge  O3 directly because of 
the absence of double bond. Du Pont Company had been 
known for the preparation of the chemicals which can pro-
tect tires of cars as well as elastomers from the attack of 
ozone. In terminology, the chemicals which protect abiotic 
components from ozone have been known as antiozonants. 
On the other hand, the chemicals which protect plants from 
ozone attack are known as ozone protectants.

The first ever reported study on EDU being a protectant 
against injuries caused by ozone was on beans (Carnahan 
et al. 1978). Various researches have also approved the effi-
cacy of EDU in decreasing the impacts of ozone damages 
(Agathokleous 2017; Tiwari 2017). The basic mechanism 
behind the protective role of EDU in plants is the stimula-
tion of defense antioxidative responses, EDU is proposed 
to inhibit  O3 injuries by upregulating antioxidative defense 
responses, reduction in the ROS formation and increase in 
the photosynthetic activity (Pandey et al. 2014, 2015; Yuan 
et al. 2015) due to which the yield of the plants is also main-
tained (Pandey et al. 2014, 2015; Yuan et al. 2015).

In the recent studies on EDU experimentations, no side 
effect on growth and toxicity to plants was reported at the 
concentrations required for  O3 protection (Agathokleous 
et al. 2016a). For the assessment of ambient ozone effects on 
vegetation, the EDU has been reported to have great poten-
tial being reliable, low-cost and low technology tool (Singh 
et al. 2015; Agathokleous et al. 2016b, c).

Reiling and Davison (1992) reported the method of 
screening of cultivars as ozone responses by analyzing the 
gaseous exchange, fluorescence and contents of chlorophyll. 
The responses of the ozone in early stages can be easily eval-
uated by the analysis of these factors (Guidi et al. 2000). In 
screening, dicots are considered to be less resistant to ozone 
as compared to the monocots. Legumes are considered as 
most sensitive crop to the ozone (Singh and Agrawal 2011). 
In Asia, the loss of productivity of the legumes was 10–65% 
when the concentration of ozone in ambient environment 
during the growing season of legumes was varying between 
35 and 75 ppb (Emberson et al. 2009).

Pisum sativum, leguminous crop belonging to the Legu-
minosae family, is highly rich in proteins (Nawab et al. 
2008). Pea is a vegetable high in nutrition and one of the 
most cultivated crop in the whole world. The total amount 

of trading in pulses is about 40% of the pea vegetable, and it 
is recognized as the cash crop, highly exported in the world 
(Ali et al. 2002). It is the most extensively grown crop in 
the world, ranked the 2nd in terms of cultivation after soy-
bean (Smykal et al. 2012). In the above scenario, the present 
study was conducted to assess the effects of environmental 
ozone stress on growth, some biochemical and physiochemi-
cal attributes on Meteor cultivar of pea under various EDU 
applications by two different methods.

Materials and methods

The present experiment was performed in wire fenced area 
of Botanical Garden situated at Department of Botany, Uni-
versity of the Punjab, Lahore (31.497185°-N, 74.298172°-
E), Pakistan.

Procurement of plant material

Seeds of certified pea (Pisum sativum L.) cultivar Meteor 
were acquired from Nuclear Institute for Agriculture and 
Biology (NIAB), Faisalabad, Pakistan. Viable and healthy 
seeds were separated from the desiccated one and used for 
further experimental work. A mixture of  H2O2 and 70% 
ethanol (1:1 by v/v) was used for the surface sterilization 
of selected seeds. Afterward, the seeds were washed sev-
eral times with distilled water. Then, seeds were soaked in a 
beaker filled with distilled water for 24 h.

Plants raising

Clay pots with a diameter of 36 cm were employed in order 
to grow the pea plants. Pots were prepared using unsteri-
lized loamy soil along with sand (medium-coarse, mined 
and sieved through 2 mm mesh size) in 3:1 ratio. The ratio of 
mixing soil with farmyard manure was 6:1. Four pre-soaked 
seeds were sown in each pot. Total three replicates were 
prepared for each treatment. Number of seedling was kept 
as one per pot specifically in the middle of pot after com-
plete germination. The seedlings were provided treatments 
of EDU (150, 300, 450 and 600 ppm) solutions after gap 
of every 10 days for up to 80 days (final harvest) by RCBD 
(Randomized Complete Block Design). Solutions of EDU 
were applied using two methods, one as soil drench (100 ml 
 plant−1) another as foliar spray (10 ml  plant−1), to the two 
sets of plants, respectively. The plants were treated early in 
the morning at 8:30 AM on 10-day interval basis. Control 
plants were not treated with EDU but received only distilled 
water as 100 ml per plant. Each and every plant either treated 
with EDU or not treated with EDU was watered with the tap.
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Meteorological parameters

The data of various concerned meteorological parameters 
including temperature (Tmax and Tmin °C), relative humid-
ity (RHmax and RHmin %), total rainfall (mm) as well as 
day and night span of the experimental site were obtained 
from Pakistan Metrological Department, Lahore, for the 
sake of studying the effects of these parameters on ozone 
formation in ambient environment.

The maximum and minimum values along with means of 
ambient temperature, light intensity and relative humidity 
during the crop growing months of pea cultivar are shown 
in Fig. 1. November was the hottest month with the mean 
temperature of 20.5 °C. January was the most rainy month 
with least sunshine hours in growth season.

Ambient ozone monitoring

Concentration of ambient ozone present in the experimental 
site was recorded on daily basis for 8 h (8:00 AM–16:00 
PM) with help of UV absorption photometric  O3 analyzer 
(Horiba, APOA-370, Ozone Monitor, Japan). Monitoring of 
 O3 was done during the entire experimental period.

Plant sampling and crop measurements

For taking up the biomass, three plants from the experi-
ment were sampled randomly at 30 days after sowing from 
pea plants of each treatment. Plants with intact roots were 
dug out from the soil substratum, and the adhered soil par-
ticles were removed by washing thoroughly under running 
tap water. Blotting papers were used to remove the excess 
moisture on plant’s surface. For determination of biomass, 
the individual plant parts, i.e., leaves, roots and stem, were 
separated and oven-dried for 12 h at 80 °C for 5 days for the 
determination of biomass.

Biochemical attributes

Plant pigments

Leaf of treated plant was taken and weighed 500 mg, 
mixed with 10  ml of 80% acetone and grounded well 
using pestle and mortar to make homogenous mixture. The 
homogenate was then centrifuged at 3000 rpm for 15 min. 
The obtained supernatant was stored for further use. The 
pellet was exposed to 80% acetone (5 ml) repeatedly until 
it becomes colorless. All the acquired extracts were col-
lected and used for quantification of pigments. Chloro-
phyll content was found by the procedure introduced by 
Arnon (1949) in which absorbance was noted particularly 
at 645 nm and 663 nm in a spectrophotometer (BMS). 
The formula used for the calculation of pigment amount 
is given below;

The amount of Carotenoid was estimated by the method 
of Kirk and Allen (1965). The same chlorophyll extract 
was measured at 480 nm in spectrophotometer to estimate 
the carotenoid content.

Relative water contents of leaves

Method given by Sivakumaran and Hall (1978) for the 
estimation of relative water content (RWC) of leaves was 
used. For that purpose, fresh leaves of treated plants were 
sampled and weighed, soaked in a beaker in distilled 
water, dried in oven at 80 °C for 24 h and reweighed. But 
before drying leaves were blotted and weighed again after 
8 h of soaking. The formula used to calculate the RWCs 
given below.

Leaf pH

Weighed 5 g plant leaf was crushed in 100 ml distilled 
water until homogenization. The pH of homogenate was 
measured by an automated pH meter (HANNA).

Chlorophyll a (μg∕ml) = 12.7(A663) − 2.69(A645).

Chlorophyll b (μg∕ml) = 22.9(A645) − 4.68(A663).

Total Chlorophyll (μg∕ml) = 20.2(A645) + 8.02(A663).

Carotenoids (μg∕g fr wt) = A480(0.114 × A663) − (0.638 × A645).

RWC (%) =
Initial weight − Dry weight

Saturated weight − Dry weight
× 100.

0

10

20

30

40

50

60

Nov. 2018 Dec. 2018 Jan. 2019

Rela�ve Humidity (%)

Mean Temperature (°C)

Sunshine (h)

Rainfall (mm)

Fig. 1  Ambient climate: monthly means of relative humidity (%), 
temperature (°C), sunshine hours and rainfall (mm) during pea 
growth season 2018–2019
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Ascorbic acid content

The method of Keller and Schwager (1977) was used for 
the estimation of ascorbic acid. The following formula was 
used to make the standard curve using various concentra-
tions of ascorbic acid.

where W: weight of the fresh leaf taken, V1: volume of the 
supernatant taken, V: total volume of the mixture, and value 
of [Eo − (Es − Et)] is estimated by the standard curve.

Air pollution tolerance index (APTI)

The formula developed by Singh and Rao (1983) was used 
to determine the air pollution tolerance index (APTI) of 
pea plants which is given as:

where A: ascorbic acid content of leaf in mg/g dry weight; 
T: total chlorophyll content of leaf in mg/g dry weight; P: 
leaf extracts pH; R: percentage relative water content of leaf.

Total soluble protein contents

Method of Lowery et al. (1951) was used to estimate the 
protein content of plant samples using bovine serum albu-
min (BSA) as a standard protein.

Proline contents

Method of Bates et al. (1973) was used to measure the 
proline content.

Total soluble sugar contents

Total soluble sugar was estimated using method of Nelson 
(1944).

Determination of total phenols

Procedure introduced by Zieslin and Ben-Zaken (1993) 
was used to determine the total phenolics of plant samples.

Antioxidant enzyme activity

The ascorbate peroxidase (APX) activity of concerned 
sample was determined with modified method of Nakano 
and Asada (1987). Assay introduced by Sairam et  al. 

Ascorbic Acid =
[Eo − (Es − Et)] × V

W × V1 × 1000

APTI =
[A(T + P)] + R

10

(2002) was used to find out the superoxide dismutase 
(SOD) activity.

Statistical analysis

The descriptive statistical analysis was performed for calcu-
lation of standard deviation, and the expression of data was 
done in ± S.E of 3 replicates each. The statistical analyses 
were performed by applying ANOVA and DMRT (Duncan’s 
Multiple Range Test) by the software of SPSS (Version 20).

Results and discussion

Ozone has been highlighted as the major contributor in air 
pollution. It has also been found as the most harmful air 
pollutant due to its damaging effects upon vegetation. With 
respect to the issues of air quality, its estimated increas-
ing concentration in a year is about 0.1–1 ppb (Coyle et al. 
2003). The ozone production is highly promoted during the 
months of summer and spring by photochemical reactions 
under the sun. So, in this regard, the higher concentrations 
of ozone were highly promoted in the presence of long days 
and higher temperatures. The precursors of ozone have been 
added up in the environment form the emissions of vehicle 
and industrial exhausts. The mean values of ozone for the 
Northern Hemisphere upon mid-latitudes were estimated to 
be increased as 20–45 ppb which is twice the concentration 
estimated from the previous century (Vingarzan 2004). The 
future predictions predict about the concentrations of ozone 
to be risen globally about 20–25% by the year 2050, and the 
same predictions were more alarming for India and south 
Asia confronts to be higher in the year 2020 (Van Dingenen 
et al. 2009).

Seasonal mean concentration of ambient ozone in the 
months of November, December and January was 46.4 ppb 
during the crop growth season 2018–2019 (Fig. 2). The 
increased ambient levels of ozone in the city of Lahore were 
estimated to be due to increase in temperature day-by-day, 
long, shiny, sunny days, less level of winds along with the 
high emissions of precursors of ozone-promoting substances 
and mostly highlighted in the backgrounds of the rural areas 
(Van Dingenen et al. 2009). The published reports were in 
the support of higher concentrations of ozone at surface for 
the past few years (Mishra and Agrawal 2015). Monitored 
air quality data showed up the lower levels of ozone concen-
trations along with the AOT40 value during the month of 
January due to lower temperature ranges and less shiny days 
in contrast to the month of February (Singh et al. 2018b). 
The maximum value of ozone was recorded as 78 ppb at the 
harvest of crop during the month of January (Gupta et al. 
2018). Oksanen et al. (2013) reviewed that all the concen-
trations were in accordance with other readings as in India.
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In order to protect crops from ozone effects, the EDU 
has been employed as the protecting tool and at the same 
time the effects of ozone were noted as well under environ-
mental conditions (Yuan et al. 2015; Pandey et al. 2015). 
In the present research, EDU has been applied both as soil 
drench and foliar spray upon the pea plants by employing 
various concentrations including 150, 300, 450 and 600 ppm 
in order to check the decreased effects of toxic ozone due 
to EDU application. The foliar method of application has 
been pointed as the best method for cereal crops and specifi-
cally the rice crop due to the simple, reliable and effective 
behavior of EDU (Feng et al. 2010). The findings of Wahid 
et al. (2012) are similar to the results of present experimental 
study that the sesame crop was proved to be more protective 
under the higher concentrations of EDU including 375 and 
500 ppm, while the sesame crop was not safe under the lower 
concentrations of EDU including 125 ppm and 250 ppm. 
Among different concentrations of EDU, the most effective 
concentration in protecting plants from ozone was 450 ppm 
(Jiang et al. 2018).

A significant increment in total fresh and dry biomass 
data of shoot, root and leaves by the application of various 
EDU treatments is shown in Table 1. The pattern of fresh 
and dry biomass against different EDU concentrations was 
measured as 450 ppm EDU > 300 ppm > 600 ppm ≥ 150 p
pm. The data collected from the experiment indicate that 
the total fresh biomass of Meteor cultivar was maximum 
in plants treated with EDU-450 as soil drench, i.e., 13.56 g 
followed by EDU-450 as foliar spray, i.e., 12.97 g. A sta-
tistical significant difference of values of fresh biomass 
was clearly observed in plants of Meteor cultivar in both 
methods of application. The dry biomass of leaf, stem and 
root showed the ameliorative effects of EDU applied as soil 
drench and foliar spray against the ambient ozone stress on 
plants of pea cultivar. Ozone effects were suppressed by the 
application of EDU upon total biomass and dry weights of 
shoots (Jiang et al. 2018). According to Szantoi et al. (2009), 
the R. laciniata plants treated with 200, 400 and 600 mg/L 
EDU concentrations produced percentage increase of 10.5%, 
32.9%, 24% for root biomass and 11.9%, 29.6%, 22% for 

total biomass in contrast to the untreated plants. According 
to results of Tiwari et al. (2005), the wheat plants produced 
additive effects in dry weights of root, shoot, leaf and total 
biomass by treatment with EDU.

In the present experimental study, the EDU applied as soil 
drench and foliar spray methods caused significant enhance-
ment in the leaf area with more significant results given by 
EDU-450 treatment. There was an increase of 51.6% in leaf 
area of Meteor in EDU-450 treated plants of P. sativum. In 
the experiment done by Wahid et al., the lower EDU treat-
ment of 125 ppm produced similar results as produced by 
NEDU-treated plants in biomass assessment. The highest 
EDU treatment of 500 ppm allowed the enhancement of 
green leaves number by 44–59% in relation with its effects 
in reducing senescence. By this result, it was deduced 
that EDU allowed plants to be green for longer period of 
times and at the same time, greater assimilation effect was 
recorded in the case of EDU-treated plants as compared to 
the NEDU-treated plants at less growth indicating the high-
est levels of leaf senescence.

The relative increase of chlorophyll and carotenoids is 
the most commonest response produced by plants treated 
with EDU concentrations (Singh and Agrawal 2011). In the 
present study, the plant pigments including chlorophyll a, 
chlorophyll b, total chlorophyll and carotenoids were found 
to increase significantly in the plants of pea cultivar treated 
with EDU as soil drench and foliar application. The max-
imum value of chla, chl b, total chl and carotenoids was 
recorded in 450 ppm concentration of EDU in soil drench 
method, i.e., 3.11, 1.01, 7.57 and 0.26 mg/g fresh weight of 
leaf, respectively (Table 2). The increasing trend of values 
of all pigments was found as EDU-450 > EDU-300 > EDU-
600 ≥ EDU-150 > Control. The same trend was observed in 
foliar spray method of application with slight reduction in 
values of all the green pigments being maximum in 450 ppm 
treatment while minimum in control. Pandey et al. (2014) 
mentioned in his results about the decrease in chlorophyll 
degradation content due to the increment in chlorophyll con-
tent by the application of EDU. The previous results of Rai 
et al. 2015 for soybean and of Singh et al. 2009 for wheat 

Fig. 2  The ambient ozone 
concentration during the pea 
growing season 2018–2019

25
30
35
40
45
50
55
60
65

01
-N
ov

04
-N
ov

07
-N
ov

10
-N
ov

13
-N
ov

16
-N
ov

19
-N
ov

22
-N
ov

25
-N
ov

28
-N
ov

01
-D
ec

04
-D
ec

07
-D
ec

10
-D
ec

13
-D
ec

16
-D
ec

19
-D
ec

22
-D
ec

25
-D
ec

28
-D
ec

31
-D
ec

03
-Ja

n
06

-Ja
n

09
-Ja

n
12

-Ja
n

15
-Ja

n
18

-Ja
n

21
-Ja

n
24

-Ja
n

27
-Ja

n
30

-Ja
n

O
zo

ne
 C

on
ce

nt
ra

�o
n 

(p
pb

)
Dates of Ozone Monitoring



3576 International Journal of Environmental Science and Technology (2021) 18:3571–3580

1 3

supported the results of Ashrafuzzaman et al. (2017) by pro-
ducing the supportive results for chlorophyll and carotenoids 
content under the stress of ozone.

Leaf pH showed acidic nature in pea growth season 
2018–2019. The leaf pH was found to decrease with the 
increasing EDU concentrations applied as soil drench. The 
maximum leaf pH was recorded in control plants, i.e., 6.35 
followed by 6.28, 6.25, 6.16 and 6.03 in plants treated with 
EDU-150, EDU-600, EDU-300 and EDU-450, respectively, 
when applied as soil drench. A same decreasing trend was 
followed in foliar spray method of application where the 
control plants showed maximum value of pH, i.e., 6.32 while 
the higher concentrations of EDU, i.e., 300 and 450 ppm 
showed more acidic nature (6.19 and 6.07, respectively).

RWC (relative water content) is defined as the factor to 
calculate air pollution tolerance of plants (Chaudhary and 
Rathore 2018). The relative water content of leaves, during 
the present study, increased by the increase in concentra-
tions of EDU being maximum in 450 ppm EDU, i.e., 79.6% 
followed by EDU-300 (67.7%) in soil drench method of 
application. A similar trend of increasing RWC was found 
in foliar spray application of various EDU concentrations. 
The study effects of Chaudhary and Rathore (2018) men-
tioned the negative effects of ozone upon the relative water 
content of the cultivars of castor. The castor plants showed 
lesser contents of water in its early stages of growth due 
to its sensitivity at this stage. Moreover, the reduction in 
photosynthetic rates is also produced due to the reduction 
in relative water content (Alinian et al. 2016).

The defensive mechanism of ascorbic acid as an anti-
oxidant has been marked as most important one in defense 
mechanism (Smirnoff 2000). The results of present inves-
tigation showed higher ascorbic acid contents in the leaves 
of pea plants treated with various concentrations of EDU 
as compared to control plants and the maximum value was 
found in EDU-450 treatment in both soil drench and foliar 
spray methods, i.e., 0.38 and 0.35 mg/g, respectively. While 
the 300 ppm and 600 ppm concentrations followed it, i.e., Ta
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Fig. 3  The impact of ambient ozone pollution on air pollution toler-
ance index (APTI) of Meteor cultivar at 30 DAS
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Table 2  Impact of ambient ozone pollution on plant pigments and biochemical attributes of Meteor cultivar

Superscript are not significantly different from each other (P < 0.05)

Method of 
application

Treatments Pigments Relative water 
content (%)

pH Ascorbic acid 
(mg/g)

Chl a (µg/ml) Chl b (µg/ml) Total Chl (µg/
ml)

Carotenoids 
(µg/g)

SD Control 2.13d ± 0.02 0.55f ± 0.02 5.33f ± 0.05 0.17d ± 0.01 59.33e ± 0.33 6.35a ± 0.02 0.17f ± 0.01
EDU-150 2.41bc ± 0.01 0.73de ± 0.02 6.07cde ± 0.10 0.21bcd ± 0.02 62de ± 1.16 6.28bc ± 0.01 0.26de ± 0.02
EDU-300 2.58b ± 0.01 0.89bc ± 0.03 6.74b ± 0.04 0.21abc ± 0.01 67.67b ± 0.88 6.16d ± 0.03 0.31bc ± 0.01
EDU-450 3.11a ± 0.11 1.01a ± 0.01 7.57a ± 0.10 0.26a ± 0.01 79.67a ± 0.88 6.03e ± 0.01 0.38a ± 0.01
EDU-600 2.64bc ± 0.06 0.7de ± 0.01 6.23cd ± 0.07 0.21bcd ± 0.01 66.67b ± 0.88 6.26c ± 0.01 0.27cd ± 0.01

FS Control 2.11d ± 0.01 0.59f ± 0.03 5.34f ± 0.04 0.14d ± 0.01 53.33f ± 0.88 6.33ab ± 0.03 0.16f ± 0.02
EDU-150 2.29c ± 0.01 0.64f ± 0.03 5.82e ± 0.09 0.19cd ± 0.01 59e ± 0.58 6.32ab ± 0.01 0.22e ± 0.01
EDU-300 2.42bc ± 0.02 0.79cd ± 0.02 6.34c ± 0.06 0.21abcd ± 0.02 65.67bc ± 1.20 6.19d ± 0.02 0.28cd ± 0.01
EDU-450 3.04a ± 0.04 0.89b ± 0.01 7.30b ± 0.10 0.24ab ± 0.01 80a ± 1.16 6.07e ± 0.01 0.35ab ± 0.01
EDU-600 2.48c ± 0.01 0.71ef ± 0.02 5.92de ± 0.04 0.18bcd ± 0.02 62.67cd ± 1.77 6.29bc ± 0.01 0.24de ± 0.02

Fig. 4  The impact of ambient 
ozone pollution on different 
biochemical and antioxidative 
enzymes of Meteor cultivar at 
30 DAS
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0.31 and 0.27 mg/g, respectively, in soil drench method 
and 0.28 and 0.24 mg/g in foliar spray method of applica-
tion (Table 2). Chaudhary and Agrawal (2015) reported that 
the elevation of ozone levels caused increment in the levels 
of ascorbic acid in mung bean plants. Plants treated with 
150 ppm EDU treatments produced 18.3% increment in the 
levels of ascorbic acid content for carrot plants (Tiwari and 
Agrawal 2010).

Air pollution tolerance index (APTI) determination is 
very simple method which provides a reliable screening 
of large number of plants with respect to their susceptibil-
ity to air pollutants. The APTI of Meteor was observed to 
increase with the increase in EDU concentrations being 
maximum in EDU-450-treated plants, i.e., 8.5 in both soil 
drench and foliar spray methods while with more increase 
in EDU concentration the APTI tend to decrease (7 and 
6.7 in soil drench and foliar spray application of EDU-600, 
respectively). The minimum APTI value was found in con-
trol plants, i.e., 6.1 (Fig. 3). Higher values for APTI showed 
plants to be more tolerant to air pollution and on the other 
hand, the lower values for APTI for plants were less tolerant 
to air pollution (Tiwari and Agrawal 2010). Plants exposed 
to the industrial sites have more pollution index as compared 
to the plants located in the non-industrial or non-polluted 
site. Plant tolerant species in one area may behave as non-
tolerant species in another area (Raza et al. 1985).

The total soluble protein, proline and total soluble sugar 
contents of Meteor cultivar were recorded as being having 
significant amounts of higher EDU supplemented plants than 
the control plants, while the phenolic contents were found to 
decrease with increasing EDU concentrations. Total soluble 
protein, proline and sugar contents showed maximum val-
ues in EDU-450 treatments in both sets of EDU applications 
while phenolics were found to be maximum in control plants. 
Increase in total contents of protein has also been reported 
by Tiwari and Agrawal (2010) and Singh et al. (2009) as soil 
drench method of application of 500 ppm EDU. An inverse 
relationship has been developed among proteins and phenolics 
supporting the protein competition model of phenolic alloca-
tion at AO + EDU and EO + EDU producing increased pro-
tein content with the decreased phenolic contents (Singh et al. 
2018a, b). By the reports of Cotrozzi et al. (2016), there was an 
increase in plant cell protection from the oxidative stress in the 
plant of Quercus ilex by the function of proline. Rathore and 
Chaudhary (2019) mentioned the higher amount of proline, 
carotenoids and anthocyanin in the cultivar Nidhi-999 by the 
treatments of EDU resulting in higher levels of protection from 
oxidative stresses. In an exceptional case of soybean genotype 
treated with EDU, the content of total phenolics decreased 
(Singh et al. 2018a, b). The results of Singh et al. (2018b) 
are contrary to the findings of present study in which they 
found an increase in phenolic contents in Wardan cultivar of 
clover by the treatments of EDU resulting an increased protein 

content at high ambient ozone level causing balance in the 
pathways of metabolism.

Application of various EDU concentrations altered the 
activities of antioxidative (APX and SOD) enzymes with var-
ied magnitude in soil drench and foliar spray method of appli-
cation. Significant maximum increment in APX was found 
in EDU-450 ppm treatment (0.85 and 0.77 µmol ascorbate/
mg protein/2 mint in soil drench and foliar spray, respec-
tively). Same is the case with SOD showing maximum val-
ues in EDU-450 ppm followed by EDU-300, EDU-600 and 
EDU-150 ppm as compared to control. SOD was found in 
the range of 0.59–0.98 units/mg protein in both methods of 
application (Fig. 4).

The elevated levels of toxic ROS have been managed by the 
metalloenzyme SOD. Increase in ascorbate peroxidase (APX), 
catalase (CAT) and superoxide dismutase (SOD) have been 
recorded as 16%, 27% and 31%, respectively, by the expo-
sure effects of ozone (Baqasi et al. 2018). Upon application 
of Kundan variety with EDU, the antioxidants and antioxi-
dative enzymes showed positive response and increased the 
defensive mechanisms by increasing SOD and CAT levels by 
protecting them from ozone harmful effects (Rao and Reddy 
2008). Contrary results have been reported by Baqasi et al. 
(2018) with the increasing plant resistance to ozone effects by 
decreasing antioxidative enzyme activities under EDU treat-
ment. The increase in activities of SOD and APX for Warden 
have been reported on both of the sites but that SOD increase 
has been reported only on site R2 by EDU treatment (Singh 
et al. 2018b). Ozone tolerance effect and increase in the activ-
ity of SOD are related (Singh et al. 2015).

Conclusion

Current research indicates that ambient  O3 stress reduced 
growth and photosynthetic pigments in P. sativum. Ethylen-
ediurea regulated the growth and physiochemical attributes 
of P. sativum through modulation in antioxidative defense 
mechanism. EDU can be used as an effective antiozonant in 
other agronomic crops. Furthermore, molecular mechanisms 
associated with  O3 stress alleviation may be exploited in vari-
ous crops.
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