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ICAR-CRIJAF

The ICAR-Central Research Institute for Jute and Allied 
Fibres (ICAR-CRIJAF), a premier natural fibre crop research 
institute of the Indian Council of Agricultural Research 
(ICAR), is engaged in developing and promoting technologies 
to improve production and quality of jute and allied fibres 
and natural fibre based cropping system. In natural fibre 
based farming system, jute and rice are the major crops 
grown in rural areas of West Bengal and such crops has been 
classified as moderately sensitive to ozone. Ozone is a gaseous 
pollutant in the lower level of the atmosphere, the troposphere, 
thus will become serious threat in future, affecting crop 

production in many agricultural regions in changing climate scenario. Keeping 
in view the global developments over vis-à-vis Indian R&D efforts on climate 
change research, a project on “Impact of tropospheric ozone on crop production 
under jute-rice cropping system”, supported by National Innovations on Climate 
Resilient Agriculture (NICRA), Indian Council of Agriculture Research (ICAR) 
was undertaken during the year 2018-21 to investigate ozone-induced risk 
using ethylenediurea (EDU) treatment in two important crops i.e. boro rice and 
jute under two field conditions i.e. semi-urban and rural area. In addition to 
assessment of jute and rice production losses from risk of ozone induced damage, 
the screening of best varieties of such crops for their ozone sensitivity/tolerance 
was also performed which may reduce the detrimental environmental effects 
associated with increased levels of ozone concentration in the atmosphere.
I am highly grateful to Dr. Trilochan Mohapatra, Secretary, DARE and Director 
General, Dr. S.K. Choudhary, Deputy Director General (Natural Resource 
Management), Dr. T.R. Sharma, Deputy Director General (Crop Science), and 
Dr. R.K. Singh, Assistant Director General (Commercial Crops), ICAR, New 
Delhi for their constant encouragement and support. I am also thankful to 
member of Expert Committee of NICRA, Director of ICAR-CRIDA, and Dr. M. 
Prabhakar, PI (NICRA) for accepting the project for financial assistance to 
undertake this research at ICAR-CRIJAF. I also congratulate Dr. A.K. Singh, 
Principal Investigator (ICAR-CRIJAF) and his team to carry out the project 
successfully. The scientific information appearing in this research bulletin 
reflects the efforts and achievements made by Principal Investigator to upgrade 
the knowledge and data in order to understand the magnitude of potential 
ozone problems with respect to plant productivity. I am sure that this research 
bulletin will be great use to the scientists, extension functionaries, progressive 
farmers and other stakeholders in the jute and rice growing states.

Gouranga Kar
Director

ICAR-CRIJAF, Barrackpore
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In the atmosphere, ozone (O3) exists in two different atmospheric zones. 
The upper zone, the stratosphere extends between 10 and 50 km and 
has a significantly high concentration of O3, playing a beneficial role 
in screening the lower layers of atmosphere from sun’s harmful UV 
radiations. The lower atmospheric zone, the troposphere extends from 
the Earth’s surface up to the stratosphere and the role of O3 reverses and 
it behaves as an extremely damaging molecule due to its highly oxidizing 
nature. This contrasting behaviour of O3 leads to its categorization as 
“good ozone”, which is present in the stratosphere and “bad ozone”, 
present in the troposphere. The thickness of O3 column in the stratosphere 
was on continuous decline, however, in the last few decades, due to 
serious and extensive efforts, stratospheric O3 depletion has reduced 
substantially. Tropospheric O3 on the other hand shows a continuous 

Figure 1: Atmospheric stratification and ozone formation

increasing trend and has become an issue of serious concern world over 
due to its damaging impacts on agricultural crops and vegetation.
Tropospheric O3 is produced by the catalytic reactions of nitrogen oxides 
(NOx = NO + NO2) with carbon mono oxide (CO), methane (CH4), and 
volatile organic compounds (VOCs) in the presence of sunlight (Avnery 
et al., 2011). The main sources of NOx and CO are fossil fuel combustion 
from anthropogenic activities like motor vehicle engines, power plants, 
industrial and construction equipment, etc. In rural areas, emission 
of NOx and CH4 is mainly due to uses of farm equipment, fertilizer 
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application, submergence of agriculture field, biomass burning and soil 
microbial activity. Besides the photochemical reactions and anthropogenic 
emissions, meteorological parameters like temperature, sunshine hours 
and wind speeds also play important roles in the process of diurnal 
variations in O3 and its precursors (Reddy et al., 2011). Through the 
absorption of infrared radiation, O3 also acts as a greenhouse gas (GHG) 
which has implications for the global climate change even though the 
warming effect of O3 is small (IPCC 2007). It is the primary precursor of 
the hydroxyl radical (OH) and thus plays a crucial role in controlling the 
oxidizing capacity of the atmosphere. Exposure to elevated concentrations 
of O3 damages natural vegetation, reduces agricultural crop yields, and is 
detrimental to human health (Horvath and McKee, 1994; Hogsett et al., 
1997). Ozone enters the plant leaf through stomata and due to its high 
oxidative capacity it generates reactive oxygen species (ROS) (Schraundner 
et al., 1998; Fiscus et al., 2005). These ROS are potentially damaging to 
proteins, lipids and nucleic acids (Ishida et al., 1999), and causes injury 
to leaves, early senescence, increased leaf abscission, reduced stomatal 
conductance and net CO2 assimilation, leading to reduced crop yield 
(Mudd, 1996; Del and Carrasco, 2004).

1.1 National importance of jute based cropping system 
and climate change impact
Jute (Corchorous olitorius) and rice (Oryza sativa) are the most extensively 
grown crops under jute based cropping system.  Jute is grown as bast 
fibre under a wide variation of climatic conditions mainly in developing 
countries like India, Bangladesh, Myanmar, Nepal, Taiwan, Thailand, 
Vietnam, Cambodia and Brazil. Eastern India (West Bengal, Bihar, 
Odisha and Assam) is the single largest producer of raw jute in the world, 
contributing about 60% of the global production (Singh et al., 2019). 
Major portion of the increased rice production also come from eastern 
India (Rao, 2013). Irrigated summer rice (4.16 m ha) is cultivated during 
January to April followed by jute (0.75 m ha) during April to July.
In recent years, the impact of climatic variability is causing significant 
fluctuations in jute and rice production and is likely to affect its yields 
in the long-term. Historical weather data of the last 100 years shows 
a noticeable increase in ambient temperature and large variation in 
monsoon rainfall in the lower IGP region where jute and rice is grown. 
An increase of 1.04oC in annual average surface air temperature has 
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been recorded (Singh et al., 2017), and by the 2050s, average ambient 
temperature is expected to rise by another ~2 oC (MEF, 2004). The 
seasonal variation in rainfall is also likely to increase in the coming 
decades. Among the climatic factors, temperature and rainfall are the 
most dominating components for the growth of the jute and rice plant. 
Climatic conditions prevalent in the Indo-Gangetic Plains (IGP) provide 
favourable conditions for ozone formation. IGP have been classified as 
a ‘hot spot’ for air pollution, owing to the intense agriculture, land-
use changes, industrialization, urbanization, population growth 
and changing meteorological conditions, causing high emissions of 
precursors for ozone formation. Ozone is a gaseous pollutant in the 
lower level of the atmosphere, the troposphere, thus will become serious 
threat in future, affecting crop production in many agricultural regions in 
changing climate scenario. The total O3 concentration increases during 
winter and pre-monsoon periods due to rise of temperature in changing 
climatic scenario (Lu et al., 2019). During the season, summer rice and 
jute have been classified as moderately sensitive to O3. Bergmann et al. 
(2014) reported that jute is moderately sensitive to O3 and weather has 
tremendous influence on productivity and quality of jute fibres (Singh, 
2017). Rice accounts for about 43% of total grain production in India 
and is moderately sensitive to O3 (Feng and Kobayashi, 2009).

1.2 Trends in ozone concentration over India
The tropical climatic conditions prevalent in India provide favourable 
conditions for O3 formation. The industrialization and urbanization 
processes act as important sources of emission of O3 precursors. 
Selected O3 monitoring data are available for different parts of the 
country. Ozone concentrations in Delhi varied from 9.4 to 128.31 ppb 
(Varshney and Aggarwal, 1992; Singh et al., 1997; Singh et al., 2014; 
Sarkar et al., 2015). The variations in O3 concentrations over Delhi, 
which experiences intense anthropogenic activities leading to a high 
rate of emissions of O3 precursors. The monthly average maximum 
concentrations ranged between 62 and 95 ppb in summer, whereas 
in autumn, it was found to be 50–82 ppb (Jain et al., 2005). At Pune, 
an annual average daytime O3 concentration of 27 ppb was reported 
(Khemani et al., 1995). Lal et al. (2000) studied the patterns of O3 
concentrations in Ahmadabad and reported that daytime mean O3 
concentrations exceeding 80 ppb. Mittal et al. (2007) using regional 
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episodic chemical transport model (HANK) predicted O3 concentrations 
varying in a range 33–40 ppb in Varanasi during the year 2000. Data 
from continuous monitoring studies done in Varanasi during the period 
2002–2012 not only showed a significant increase in O3 concentrations, 
but also recorded well defined seasonal variations. Kulkarni et al. 
(2010) studied the changes in tropospheric O3 over Delhi, Bangalore 
and Hyderabad during 1990–2005, as compared to 1979–1989 and 
observed that O3 values over the three cities increased significantly. 
Dey et al. (2014) reported O3 concentrations as high as 66.8 ppb at 
Durgapur, West Bengal. Ganguly (2012) analyzed O3 concentrations at 
five O3 monitoring stations. The upper control limit (UCL) for surface 
O3 was found to be 79.5, 57.6, 57.3, 43.4 and 47.3 ppb for New Delhi, 
Nagpur, Pune, Kodiakanal and Thiruvanathpuram, respectively. This 
study also emphasized the role of stratosphere-troposphere exchange 
(STE) apart from transport processes and photochemical production, in 
influencing the concentrations of O3 in the troposphere and estimated 
that STE influences the surface O3 levels in the Indian cities by 8–16%.
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Ozone concentrations depend sensitively upon weather variables 
such as temperature, sunlight, relative humidity, wind speed and the 
rainfall. The primary factor influencing photochemical formation of O3 
is the intensity of solar radiation. Prominent seasonal variations in O3 
concentrations in the troposphere are well documented (Tiwari et al., 
2008; Gaur et al., 2014; Xu et al., 2016). The factors determining the 
tropospheric O3 concentrations viz. the rate of emission of O3 precursors, 
existing meteorological conditions and Stratospheric-Tropospheric 
Exchange, play significant roles in bringing about seasonal and diurnal 
variations.
A study was conducted under “National Innovations on Climate Resilience 
Agriculture” during 2018-21 to measure ground level O3 concentrations 
at both semi-urban and rural area (Nilganj: 88° 26′ E longitude, 22° 
45′ N latitude; Bhabanipur: 88° 34′ E longitude, 22° 55′ N latitude) in 
the state of West Bengal (India) where livelihood depends mostly on 
agriculture. Attempt was made to assess influence of weather variability 
on tropospheric ozone stability over a period of time, coincided with 
summer rice-jute growing period of the region. This study is a pioneering 
work that deals with the ozone levels of jute growing area in Eastern 
India and will act as a critical pre-requisite finding for development of 
effective O3 management strategies on summer rice and jute production 
in the region.   
Monthly data on air temperature, rainfall, relative humidity, sunshine 
hours and wind velocity were obtained from the ICAR-CRIJAF 
meteorological services (Barrackpore, Kolkata) and used in this study 
to find influences of weather variability on tropospheric ozone stability 
during summer rice-jute growing seasons. The mean annual rainfall 
was in the range of 1100 to 1200 mm with maximum temperature 34.0 
°C in May and minimum 10.0 °C in January. The soil of the study 
area is loam to sandy loam, moderately alkaline having low to medium 
organic carbon and available nitrogen with high available phosphorus. 

2.1 Ozone monitoring and AOT40 calculations
The 2B Technologies Personal Ozone Monitor (POM) was used to 
measure ozone concentrations. This ozone monitor enable accurate 

2 INFLUENCES OF WEATHER VARIABILITY 
ON TROPOSPHERIC OZONE STABILITY 
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measurements of ozone in air 
over a wide dynamic range 
extending from a limit of 
detection of 3 parts-per-billion 
by volume (ppb) to an upper limit 
of 10 parts-per-million (ppm) 
based on the well-established 
technique of absorption of 
ultraviolet (UV) light at 254 nm. 
The UV photometric method is 
not subject to interference from 
any of the common gaseous 
pollutants. Ozone is measured 
based on the attenuation of 
light passing through a 15-cm 
absorption cell fitted with quartz windows. A low-pressure mercury lamp 
is located on one side of the absorption cell, and a photodiode is located 
on the opposite side of the absorption cell. The photodiode has a built-in 
interference filter centered on 254 nm, the principal wavelength of light 
emitted by the mercury lamp. An air pump draws sample air into the 
instrument at a flow rate of approximately 0.75 L/min. A solenoid valve 
switches so as to alternately send this air directly into the absorption 
cell or through an ozone scrubber and then into the absorption cell. 
The POM firmware processes sample concentration data through a 
built-in adaptive filter. During operation, the firmware automatically 
switches between two different filter lengths based on the conditions at 
hand. During the measurement of stable concentrations, the firmware, 
by default, computes an average of the last 50 raw measurements, or 
approximately 1.5 minutes. This provides smooth and stable readings 
by averaging out a considerable amount of random noise to improve the 
precision. If the filter detects rapid changes in concentration, the filter 
reduces the averaging to only 10 samples or about 20 seconds to allow 
the analyzer to respond more quickly. The measurement of O3 by UV 
absorption requires no external calibration; it is an absolute method. 
The monitoring of the ambient ozone was carried out on 6 hour per 
day (from 10.00 to 16.00 hrs) at the experimental site throughout the 
growing season (from February to July). These experimental locations 
are not exposed to any direct emissions from air pollution sources. 
AOT40 (accumulated exposure over a threshold of 40 ppb) was used as 

Ozone monitoring using POM device in the rice 
field condition
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                            n
AOT40 =∑ ([O3] − 40)i  for [O3] >40 ppb
                          i =1

the exposure index for the O3 concentration, as described by De Leeuw 
and Van Zantvoort (1997). AOT40 is an exposure-plants response index 
function set by the United Nations Economic Commission for Europe 
(UNECE) and US-EPA. It is calculated as the sum of differences between 
the hourly averaged O3 concentration and the threshold value of 40 ppb 
for each hour that the averaged O3 concentration exceeds 40 ppb. It is 
expressed mathematically as,

where, [O3] = hourly averaged O3 concentration; 40 = threshold value of O3. 

An AOT40 value of 10,000 ppb h for daylight hours (radiation >50 W 
m−2) over a 6 month period has been established as a critical level for 
the protection of forests. While, for the protection of agricultural crops 
of 5% loss in yield, an AOT40 value of 3000 ppb h for daylight hours 
over 3 months growing season has been established as the critical level 
(WHO, 1996; Beck et al., 1998).

2.2 Seasonal variation of weather variables   
The seasonal weather at the experimental site during the spring to 
early summer season (February–April) was associated with hot and 
dry spells. Daytime temperature ranges between 27 and 34 oC. The hot 
weather begins in March when temperature rises rather rapidly with 
the advancement of the season (Fig. 2). 

Figure 2: Air temperature (Tmax) and rainfall trends in jute–rice growing area                     
(semi-urban and rural) of West Bengal (India) during Jan-July (2019-2020)



NICRA

8

The mean sunshine hours in this season were 6.67 to 7.25 hours which 
is about 60% of the total day length. Relative humidity (Noon) ranges 
between 42.5 and 55%. Wind speeds were weak during this period and 
ranged between 1.43 and 2.45 kmph (Table 1). May was the hottest 
month, the mean daily maximum temperature in that month was 36 
oC. With the onset of the monsoon after the middle of June the day 
temperature decreases by about 2 to 3 oC, but the relative humidity 
increased to 64 to 79 % and wind speed was about 3 kmph. The mean 
sunshine hours during June-July were 3.00 to 4.89 hours per day i.e. 
about 30% of the total day length.

2.3 Seasonal variation of ozone concentration
Ozone formation was high during the months February to May due to 
long hours of sunlight and daily increase in ambient temperatures which 
speed up the O3 forming photochemical reactions (Naja and Lal, 2002). 
Table 1 shows that the highest monthly mean O3 concentration was 
observed in March (51.26 – 61.28 ppb), and the lowest concentration 
was in July (20.85 – 27.36 ppb). 

Table 1. Monthly mean O3 concentrations and weather variables in rural 
and semi-urban area 

Month

O3 Concentration 
(ppb) +SD

Relative 
humidity (%) 

Sunshine 
(h)

Wind  Velocity
(kmph)

Semi-
urban Rural Semi-

urban Rural Semi-
urban Rural Semi-

urban Rural

February 57.24 
+16.88

48.63 
+10.11 44.5 42.5 6.67 6.84 1.43 1.45

March 61.28 
+13.97

51.26 
+11.52 47.0 45.5 7.22 7.35 1.56 1.65

April 36.39 
+8.71

35.91 
+7.43 55.0 53.5 6.80 6.95 2.47 2.30

May 46.31 
+10.84

39.63 
+9.69 59.5 58.0 6.60 6.77 3.76 3.15

June 32.93 
+5.11

35.76 
+5.71 68.5 64.5 4.60 4.89 3.00 2.69

July 20.85 
+11.70

27.36 
+10.09 72.5 79.0 4.12 4.37 3.01 2.59
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The results also show seasonal variations, with the maximum occurring 
in spring to early summer, and minimum during the summer to rainy 
period. The high O3 concentration in spring and in early summer months 
is associated with increasing ambient temperatures, long sunshine 
hours and low wind speed (Goddish, 1991). 
The lower O3 concentrations (<40 ppb) were observed during June-July 
when day temperature and wind speed were high, and there was high 
precipitation also (Figure 2). An increase in relative humidity leads to the 
decrease in O3 levels. A significant positive correlation of O3 with sunshine 
hours (R=0.79**) and negative correlation with wind speed (R= -0.62*) 
and rainfall (R= -0.75**) was obtained (Table 2). Low wind speed leads 
to the build-up of high local pollutants concentrations and promote the 
accumulation of O3 precursors. High wind speed promotes the dispersion 
of O3 precursors and wind direction turn to direct precursors for the 
source point to the area without large sources (Elminir, 2005; Tu et al., 
2007).  Higher value in standard deviation of O3 concentration in February, 
March, May and July months reveals its variability. In February-March, 
high variation in O3 concentration could be attributed to daily variation 
in associated weather variables, frequent occurrence of fog and clear sky. 
Foggy condition would result in low photochemical formation. Variability 
in O3 in the month of May probably results by in homogeneity caused due 
to high winds associated with dust storms and thunderstorms while in 
July it could be due to frequent rain showers. 

Table 2. The correlation matrix of ozone concentration and 
weather variables 

 Variables O3 Con-
centra-

tion 

Relative 
humidity 

Sunshine 
hour

Wind 
velocity 

Rainfall Tem-
perature 

O3 Concentration 1.00
Relative humidity -0.86*** 1.00
Sunshine hour 0.79** -0.89 1.00
Wind velocity -0.62* 0.71** -0.47 1.00
Rainfall -0.75** 0.85*** -0.73** 0.87*** 1.00
Temperature -0.55* 0.60** -0.29 0.78** 0.55* 1.00

Significant level: *p<0.05, ** p<0.01, ***p<0.001,
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The trends in ambient O3 concentrations (day time average based on 
hourly values between 10.00 and 16.00 h) were similar at both semi-
urban and rural area during jute and rice growing period in the both 
year (2019 and 2020). However, accumulated ozone exposure over a 
threshold of 40 ppb (AOT40) was significantly lower in the rural area as 
compared to semi-urban area (Fig. 3). AOT40 exposure was 12.23 ppm 
h at semi-urban area and 6.83 ppm h in rural area at the end of the 
experiment of both summer rice (Jan-April) and jute crop (April-July). 
The summer rice plants were exposed to very high O3 concentrations, 
particularly during the vegetative and reproductive phase (February-
March). Daytime O3 levels often exceeded 40 ppb during the early 
vegetative phase of rice plants and increased further throughout the 
experiment, attaining maximum levels at the reproductive phase 
(>50 ppb).

Figure 3: Ozone concentration in jute–rice growing area (semi-urban and rural) of 
West Bengal (India) during Feb-July (2019-2020)
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In case of jute, high ambient O3 concentrations (AOT40) prevailed 
particularly during the early vegetative phase (May). Ozone 
concentrations were low during the peak vegetative and maturity phase 
in June-July due to the onset of the pre-monsoon, leading to wash-out 
of O3 precursors. These O3 concentrations are in line with several other 
measurements in IGP region of India (Oksanen et al. 2013; Singh et 
al., 2010; Deb Roy et al., 2009). The AOT40 value in our study period 
exceeded the critical O3 level in both crops which has been considered 
as moderately sensitive crop plants to O3 (Mills et al., 2007).
2.4 Persistency of ozone level
Highest O3 concentration in the entire study period was observed to 
be 74.85 ppb during peak noon hours and a lowest of 14.9 to 16.00 
ppb appears during afternoon hours. Daytime high O3 was observed 
throughout the summer rice growing season (February to April) except 
rainy and cloudy days. In the jute growing months, maximum daytime O3 
was 49.43 ppb (May) at noon on non-cloudy days which is approximately 
34% lower than maximum concentration in summer rice season. At this 
experimental site, about 50% rain occurs in these months (May-July) 
and 50% of days represent cloud cover which is much lower than in 
spring and summer months. Lower value of O3 in jute growing season is 
probably due to insufficient sunshine for photochemical production of 
O3 and low levels of precursors due to washout effects.
Variation in O3 level presents a clear seasonal cycle with its maximum 
concentration observed during the warm period of the rice and jute 
growing season. Besides catalytic reactions of O3 precursors, the 
seasonal variation is also attributed to the increase in the amount of solar 
radiation. However, there are other factors that could also be considered 
for persistency in O3 levels. Atmospheric O3 are usually retained within 
the residual layer after the sunset. After sunrise, when the atmospheric 
boundary layers (ABL) start to develop, a mixing of the low atmospheric 
layers (less polluted) with that of the upper layers (more polluted) 
occurs (Banja et al., 2012). Therefore, this vertical mixing can result in 
an increase in the near surface O3 level once anthropogenic emission 
start after sunrise and reached at peak level during the afternoon. As 
it is evident from the Figures 4 that in general, O3 concentration starts 
increasing gradually after sunrise and attains maximum concentration 
at peak noon hours (1100–1400) and then gradually decreases and 
thus closely follows the diurnal variation of solar radiation and surface 
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temperature (Satsangi et al., 2004). Additionally, the downward 
movement of O3 from upper surface could result in the further increase 
of near surface O3 levels. In the evening, when the nocturnal boundary 
layer start to develop and the ABL destructed, decrease in O3 level 
occurs. Therefore, persistency of O3 levels could also be dependant to 
the daily cycle of the ABL. 

Figure 4:  Variation in ozone levels as per daily cycle of atmospheric boundary level 

Empirical data have shown that increased O3 formation occurs during 
periods of hot, dry and sunny weather. As atmospheric CO2 increases 
in the future, the global temperature will increase and precipitation 
will change, and both are important determinants for O3 uptake and 
emissions of its precursors (Ainsworth et al., 2012). Atmospheric O3 
above the threshold value (> 40 ppb) have the potential to damages 
plant tissues, accelerates leaf senescence and alter nitrogen cycling in 
plant ecosystems and thereby influences plant growth and the litter 
production. There is evidence from long-term field experiments that 
O3 can significantly alter carbon cycling and reduce the soil carbon 
sequestration (Karnosky et al., 2005; Loya et al., 2005). Some of the 
study suggests an increase in water use under warmer climates with 
high O3 (McLaughlin et al., 2007). Understanding how combinations of 
increased temperature, drought, and O3 might interact to influence plant 
transpiration and hence water balance is complicated by our limited 
knowledge of the processes involved (Arneth et al., 2010). There are large 
uncertainties about future regional O3, because it is largely associated 
with uncertainties in precursor emissions. Emissions scenarios are 
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based on a range of socio-economic and farming/industrial activities 
of rural and urban areas and on levels of climate resilient technology 
adoption.  
Currently, only Europe and America frequently monitor O3 in rural and 
remote regions, but in Asia O3 monitoring is very limited. Extensive 
experimental and modeling studies have clearly indicated the deleterious 
effects of tropospheric O3 on reductions in crop yields, reduced tree 
biomass, and altered species composition of grasslands and semi 
natural vegetation. An improved understanding of the impact of O3 on 
ecosystems (especially sub-tropical systems) may help in assessing the 
threat that O3 plays to essential food and fibre production including 
carbon sequestration. In addition, the role that climate change will play 
in enhancing future O3 formation needs to be considered within a rural 
geographical area where increased O3 concentration was observed. 
Finally, understanding how O3 acts in future climate change scenario, 
including drought stress and high nitrogen application may also be 
important to fill gaps in our knowledge. The growing interest in O3 as 
a short-term climate forcer and the associated plant health, arable 
agriculture, and ecosystem services that its reduction might benefit 
farming community at the regional and local scales. 
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Significant yield reductions of agricultural crops has been well 
documented due to rising tropospheric O3 (Rai et al., 2007; Avnery et 
al., 2011; Ainsworth et al., 2012; Cotrozzi et al., 2016; Yi et al., 2016). 
Predicted trends suggest that tropospheric O3 in south Asia has shown 
maximum increments and will continue to follow the same trends until 
2050 (IPCC, 2013). Therefore, screening of crop cultivars in response to 
rising ambient O3 is important to evaluate the potential impact of O3 on 
food and fibre supply.
In India, particularly the Indo-Gangetic plains (IGP), the most fertile 
region of the country, is under serious ozone-induced risk due to the 
intense agriculture, land-use changes, industrialization, urbanization 
and population growth (Lal et al., 2012; Oksanen et al., 2013). The 
regional chemistry-transport model (REMO-CTM) predicted rising 
ozone precursor (CO, NOx) over the IGP (Roy et al., 2008). Predicted and 
current O3 trends may increase the relative crop production losses in 
wheat, rice, soybean, beans, barley, maize and potato in the near future 
(Feng and Kobayashi, 2009; Emberson et al., 2009; Singh, 2017). 
Rice (Oryza sativa) and jute (Corchorous olitorius) is the most extensively 
grown crop in South Asia. Major portion of the increased rice production 
come from the high rainfall with low irrigation potential areas (~10 Mha) 
of eastern India (Rao, 2013). The overview of worldwide production (FAO 
data 1962– 2018) shows that jute has always been the most dominant 
bast fibre crop. Eastern Indian states account for 98.41% area under 
jute cultivation, as well as 98.43% of total raw jute production (Singh 
et al., 2019). Both rice and jute plants are moderately sensitive to 
O3 as other ozone-sensitive crops like wheat and soybean (Feng and 
Kobayashi 2009; Bergmann et al., 2015). There is wide variability in 
O3 tolerance, both among different crops (Mills et al., 2007; Paoletti et 
al., 2009) and within a species (Biswas et al., 2008; Shi et al., 2009). 
Selection of O3 tolerant cultivars can therefore produce great economic 
benefits where the O3 levels are already high and are estimated to be 
increasing (Avnery et al., 2013; van Dingenen et al., 2009).
A pioneering study was conducted on the O3 induced yield response on 
different cultivars of rice and jute crop using observations from both 
semi-urban and rural sites of lower IGP region (West Bengal, India). This 

3 OZONE INDUCED YIELD RESPONSE 
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study is aimed to understand the impacts of ambient O3 concentration 
on crop yields in order to screen the best O3 tolerance cultivars in field 
conditions.

3.1 Experimental sites and crop cultivar selection
The field experiments were conducted at two different locations (Semi-
urban and Rural) of West Bengal during the year 2019 and 2020 to 
assess if O3 tolerance is defined by the same parameters at both sites.

i) Central Research Institute for Jute and Allied Fibre (ICAR-
CRIJAF), Nilganj (Barrackpore), a semi-urban site (Longitude:88° 
26′ E, Latitude:22° 45′ N)

ii) Bhabanipur village, a rural site, Nadia district (Longitude: 88° 
34′ E, Latitude:22° 55′ N)

The seeds of most six important rice cultivars (IR 36, MTU 1010, GB-
3, Khitish, IET 4786, Ganga Kaveri) and jute cultivars (JRO 524, JRO 
204, JRO 632, IRA, NJ 7010, S 19) 
grown in the region were used for 
the experiment. Field plots of 400 
m2 with three replications were 
established at each location. Rice 
of all 6 cultivars was grown during 
boro season (January-April), 
followed by jute of all 6 cultivars 
as fibre crop in summer season 
(April-July). Seeds of jute were 
sown while rice was transplanted 
as seedlings following system of 
rice intensification (SRI) method. 
Manure and chemical fertilizer 
application rates were based on initial soil test value and percentages of 
the recommended doses for jute and rice crops. Each crop was managed 
by optimizing sowing dates, plant densities, split N fertilization, timely 
weeding and plant protection measures. 

Ozone monitoring using POM device in the 
jute field condition
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Field experiment on boro rice at ICAR-CRIJAF Research Farm
ICAR-CRIJAF Farm

Field experiment on jute at ICAR-CRIJAF Research Farm
ICAR-CRIJAF Farm
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3.1.1 Use of Ethylenediurea (EDU) as anti ozonant
Ethylenediurea (C4H10N4O2), abbreviated as EDU is an antiozonant 
which is structurally N-(2-2-oxo-1-imidazolidinyl) ethyl-N-phenyl urea, 
has emerged as a versatile research tool for evaluating O3 injury in 
plants (Carnahan et al., 1978; Manning et al., 2011; Singh et al., 2015, 
Agathokleous et al., 2016a). EDU does not enter the cell but remains 
confined to the foliar apoplastic spaces and hence are systemic in nature 
(Pasqualini et al., 2016; Paoletti et al., 2009). Its retention time in the 
leaf varies from 8 days to 21 days, depending upon the soil fertility 
conditions (Agathokleous et al., 2016b). As such, repeated application 
of EDU is recommended for the treatment to be effective.
Both experimental sites were divided into two parts i.e., one as ambient 
O3 and one EDU treatment plots. Each part had 18 subplots (2 m × 1 
m in dimension) for each cultivar. EDU at a concentration of 300 ppm 
was applied individually on each plant as a foliar spray (by hand held 
sprayer) until the entire foliage was visibly saturated. The choice of EDU 
concentration (300 ppm) was based on the earlier literature, suggesting 
that 200–400 ppm of EDU would be the most effective concentration 
in protecting crop plants against O3 stress (Feng et al., 2010). In the 
ambient O3 plots, water was sprayed in place of EDU. To prevent the 
spreading of EDU to control plots, there was a spacing of 2 m between 
ambient O3 and EDU treated plots. The EDU treatment was started 
at 30 days after transplanting of rice seedling and 45 days after jute 
seed sowing, and it was repeated at intervals of 15 days until the final 
harvest.

3.1.2 Ozone monitoring and crop yield
Ambient O3 concentrations were monitored using the 2B Tech O3 
Monitor (POM) for 6 hour per day (10:00 to 16:00 hrs), regularly at both 
the experimental site throughout the growing season (February to July). 
These experimental locations are not exposed to any direct emissions 
from air pollution sources.
Final harvesting was carried out as per crop duration of each variety 
(110-125 days) of rice. In jute, harvesting was done at 120 days after 
sowing of all cultivars. Harvest parameters such as grain weight (after 
threshing) and fibre weight (after retting and drying) were measured for 
each plots for both the EDU and the ambient O3 exposed plants within 
each cultivar and each treatment.
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Relative yield loss (RYL) calculation of rice based on AOT40 values was 
done using crop yield data from the EDU treated plant yield that had 
resulted without   O3-induced damages as per following equation (Sinha 
et al., 2015)

RY= -0.00001*AOT40+0.95 (Indian rice cultivars)
Yield loss of jute fibre was calculated after retting the green fibre 
(EDU and Control) in the water tank using CRIJAF Sona (Microbial 
formulation) and its manual extraction and drying. The tensile strength/
fibre strength of jute fibre samples was measured using an electronic 
fibre bundle strength tester (Roy et al., 2009).

3.2 Ozone exposure – yield relationship
3.2.1 Rice crop (boro season)
The results of final harvest of crop showed a significant relative yield 
loss in IR 36, GB 3, IET 4786 and Ganga Kaveri cultivar of boro rice 
under ambient O3 treated plants (Control) at both locations (Fig. 5). 
There was no significant yield difference in MTU 1010 and Khitish 
cultivar for EDU and Control treatment at both sites of experiments 
and may be considered as well adapted cultivar to ozone exposure. All 
the yield related parameters showed more decline in the Control plots 
which might be due to higher ambient O3 levels between vegetative to 
maturity phases. 

Figure 5: Relative crop loss in rice cultivars under ambient O3 during Feb-May
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Crop production losses calculated using the equation derived based on 
Indian studies (Sinha et al., 2015) was approximately 8 –11% due to 
ambient O3 exposure. The yield loss was lower in rural site where AOT40 
value was much lower than semi-urban site. Ozone exposure crop yield 
relationships show significantly lower relative yields which may be 
attributed to the variety of cultivars more sensitive to O3 exposure.

3.2.2 Jute crop (summer season)
The results of final harvest of crop showed reduction in fibre yield in 
JRO 524, JRO 632, IRA and S 19 
cultivars of jute under ambient O3 
treated plants (Control) at both 
locations (Fig. 6). There was no 
significant yield difference in JRO 
204 and NJ 7010 cultivar for both 
EDU and Control treatment. Similar 
trend was also observed in the fibre 
strength value. The fibre strength 
was found better in EDU treated 
jute plants. However, insignificant 
difference of fibre strength was 
observed for JRO 204 and NJ 7010 
cultivars (Fig. 7). In rural site, AOT40 was higher during vegetative 
phase as compared to semi-urban site. Hence, JRO 204 and NJ 7010 
cultivar may be considered as well adapted cultivars to O3 exposure if 
sowing is done during 1-15 April.

Drying of jute fibre after retting in 
treated water

Figure 6: Fibre yield in jute cultivars under ambient O3 during April-July
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Figure 7: Effect of O3 on fibre strength in jute cultivars during April-July

NICRA experiment on boro rice and jute during Jan-Aug in Bhabanipur village 
(Nadia district, W.B.)
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Ozone enters the plant leaf through stomata and due to its oxidative 
nature it dissolves in the aqueous phase of the sub-stomatal cavity to 
generate reactive oxygen species (ROS) such as superoxide anions (O2°

-), 
hydrogen peroxide (H2O2), hydroxyl radicals (OH°) and singlet oxygen (1O2) 
(Heath, 1987; Fiscus et al., 2005; Schraundner et al., 1998). These ROS 
are potentially damaging to proteins, lipids and nucleic acids (Ishida et 
al., 1999) and causes injury to leaves, early senescence, increased leaf 
abscission, reduced stomatal conductance and net CO2 assimilation, 
leading to reduced crop yield (Mudd, 1996; Del and Carrasco, 2004). 
To avoid the potential damage to the cellular components caused by O3 
induced ROS, the balance between production and elimination of ROS 
at intracellular level must be competently maintained. This equilibrium 
is efficiently carried out by enzymatic and non-enzymatic antioxidants 
(Yadav et al., 2004; Caregnto et al., 2013; Mittler et al., 2004). The 
enzymatic components comprise of several antioxidant enzymes, such 
as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase 
(GPX), and enzymes of the ascorbate-glutathione (AsA-GSH) cycle, such 
as ascorbate peroxidase (APX), and glutathione reductase (GR) (Sharma 
et al., 2012; Mittler et al., 2004). Non-enzymatic components include 
the major cellular redox buffers ascorbate (AsA) and glutathione (GSH) 
as well as carotenoids and phenolic compounds (Caregnato et al., 2013; 
Sharma et al., 2012; Mittler et al., 2004; Gratão et al., 2005). Exposure 
to ambient and elevated O3 levels results in increased activities of 
SOD, APX, CAT and GR (Liu et al., 2015; Ueda et al., 2013) as well 
as enhanced biosynthesis of ascorbate and glutathione (Yendrek and 
Ainsworth, 2015; Dumont et al., 2014). 
Plants possess a wide range of responses at the biochemical level 
which assist them to cope with O3 induced oxidative stress. One of the 
objectives of this study was to find out most responsive parameters of 
antioxidative defense to O3 among most commonly grown cultivars of 
boro rice and jute crops of West Bengal and thus, relative importance of 
biochemical parameters can be addressed.

4 OZONE INDUCED PHOTOSYNTHESIS 
AND ANTIOXIDANT RESPONSE
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4.1 Biomass sampling and biochemical measurements 
Plant sampling for bio-chemical analysis of protein, superoxide 
dismutase (SOD), catalase (CAT), ascorbate-glutathione (AsA-GSH), 
ascorbate peroxidase (APX) and lipid peroxidation(MDA) was performed 
at two phases i.e. the vegetative phase and at harvest phase as per crop 
duration of each cultivars of rice and jute crop. All the samples were 
taken from the youngest fully mature leaf from three randomly selected 
plants within each cultivar for each treatment. The leaf samples were 
immediately frozen in liquid nitrogen and stored at −20 °C until further 
analysis.
Protein content was measured using the Bradford (1976) method with 
bovine serum albumin (BSA) as a standard. Catalase (CAT) activity was 
assayed by following the decrease in absorbance at 240 nm as H2O2 
was consumed (Aebi, 1984). Superoxide dismutase (SOD) activity was 
assayed using the photochemical NBT method (Dhindsa et al., 1981). 
Ascorbate-glutathione (AsA-GSH) was analysed using Gillespie and 
Ainsworth (2007) method. Lipid peroxidation was measured in terms 
of malondialdehyde (MDA) content by the thiobarbituric (TBA) acid 
method (Heath and Packer, 1968). Ascorbate peroxidase (APX) was 
analysed by Nakano and Asada (1981) method. Reduced glutathione 
(GSH) and oxidised glutathione (GSSG) contents were determined by 
following the enzyme recycling assay (Smith, 1985). Chlorophyll content 
was measured using at Leaf CHL PLUS Chlorophyll Meter.

4.2 Photosynthetic yield of the plants
Chlorophyll content (SPAD value) plays an important role in determining 
the photosynthetic yield of the plants. Higher AOT40 may prevent 
chlorophyll synthesis leading to decline in SPAD value (Castagna et al., 
2001). ROS generated due to high O3 affect the chloroplasts leading 
to destruction of photosynthetic pigments (Rai and Agrawal, 2014). 
Reduction in SPAD value is indicative of O3 stress on chlorophyll binding 
proteins of light harvesting complexes (LHCs). Cell destruction is higher 
during early developmental stages when the defense mechanisms are 
insufficient to scavenge the generated ROS. However, during the later 
stages, O3 exposed plants get acclimatized to stress conditions and thus 
chlorophyll loss is minimised (Singh et al., 2009).
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Rice: A Chlorophyll SPAD unit of rice leaves was more affected in higher 
AOT40 site (semi-urban). At vegetative phase, decrease in SPAD value 
was not significant between EDU and Control treatment. At vegetative 
phase, SPAD value was lower as compared to maturity phase in both 
EDU and Control treatments. In lower AOT40 site (rural), the trend was 
reversed. In MTU 1010 and Khitish cultivars, SPAD value was non-
significant in both treatments at both vegetative and maturity phase 
(Fig. 8). In all cases, SPAD value of Control treatment was slightly lower 
than EDU treated plants. 

Figure 8. SPAD value in rice plants at semi-urban site of experiment

Jute: Chlorophyll SPAD unit of jute leaves was more affected in 
higher AOT40 site (rural). At maturity phase, SPAD value was lower 
as compared to vegetative phase in all the cultivars in both EDU and 
Control treatments. In lower AOT40 site (semi-urban), the trend was 
reversed.  In all cases, SPAD value of Control treatment was lower than 
EDU treated plants during vegetative phase. Non-significant differences 
of SPAD value was only noted in JRO 524 and NJ 7010 variety between 
EDU and Control plots (Fig. 9).Higher chlorophyll content in ambient 
O3 treated plants (Control) as compared to EDU treated plants may be 
attributed to O3-induced compensatory responses in the newly formed 
leaves, as all the measurements were carried out on the youngest 
mature leaves.
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Figure 9. SPAD value in jute plants at rural site of experiment

4.3 Effect on the antioxidant pool
4.3.1 Response of antioxidant in rice plant
Most of the responses in biochemical parameters related to oxidative 
stress, and anti-oxidative defense varied between the cultivars. Anti 
oxidative defense was elevated in response to EDU in all cultivars, but 
varied between the developmental phases in all cultivars of rice plants. 
There were increased activities of superoxide dismutase (SOD) and catalase 
(CAT) which helped the detoxification of ROS in EDU treated plants.

Figure 10. Response of catalase (CAT) in different cultivars of rice plants 

Increase in CAT activity at the vegetative phase suggests increased 
stress on all rice cultivars (Fig. 10). Reduced CAT activity at the maturity 
phase may be associated with the exhaustion of the antioxidant defence 
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system after chronic O3 stress. CAT activity was the only parameter that 
was responsive at both experimental sites.
Increased SOD activity was also occurred at the vegetative phase with 
a decline at the maturity phase (Fig. 11). The up-regulation of CAT at 
the vegetative phase suggests increased stress on cultivars, or higher 
exposure of O3. 

Figure 11. Response of superoxide dismutase (SOD) in different cultivars of rice plants 

Reduced lipid peroxidation (MDA) content in all cultivars of rice at 
vegetative phases indicates high sensitivity of cell membranes to ozone 
damage (Fig. 12). There was up-regulation of MDA content at the 
maturity phase under EDU treated plants. EDU is known to protect the 
membranes against lipid peroxidation through increased levels of ROS 
scavenging enzymes. 

Figure 12. Response of reduced lipid peroxidation (MDA) in 
different cultivars of rice plants 
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The most active enzymatic ROS scavenging occurred at the vegetative 
phase. These phenomena may be related to prevailing ozone 
concentrations, senescence processes (leading to exhaustion of the 
anti-oxidative defense system), membrane damage and biomass 
accumulation. In MTU1010 and Khitish cultivars of rice, the value of 
CAT, SOD and MDA was non-significant between EDU and Control 
treatments at both vegetative and maturity phase. Other enzymes and 
non-enzymes were not found responsive at higher value of AOT40. 

4.3.2 Response of antioxidant in jute plant
In case of jute crop also, increased activities of superoxide dismutase 
(SOD) and catalase (CAT) was observed which helped the detoxification 
of ROS in EDU treated plants (Fig. 13 & Fig. 14). Increase in CAT and 
SOD activity at the vegetative phase suggests increased stress on jute 
cultivars. SOD activity was the only parameter that was responsive at 
both experimental sites. The up-regulation of the antioxidant defence 
system in response to EDU treatment against the adverse effects of high 
O3 concentration was more at the maturity phase as compared to the 
early vegetative phase.

Figure 13. Response of catalase (CAT) in different cultivars of jute plants
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As indicated by lipid peroxidation (MDA) results (Fig. 15), MDA was 
significantly reduced in all cultivars of jute at vegetative phases when 
O3 concentration was higher. Lower value of MDA indicates high 
sensitivity of cell membranes to ozone damage. There was up-regulation 
of MDA content at the maturity phase under EDU treated plants which 
protected the membranes against lipid peroxidation through increased 
levels of ROS scavenging enzymes. In JRO 204 and NJ 7010 cultivars of 
jute, the value of CAT, SOD and MDA was non-significant between EDU 
and Control treatments at both vegetative and maturity phase.

Figure 14. Response of superoxide dismutase (SOD) in different cultivars of jute plants

Figure 15. Response of reduced lipid peroxidation (MDA) in different 
cultivars of jute plants 
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During this field experiment, O3 concentrations were high during the 
vegetative phase of both rice and jute crops. Exposure to high ambient 
O3 levels results in increased activities of SOD, CAT and MDA which 
helped the detoxification of ROS in EDU treatments. At both experimental 
sites, the common parameters (SOD, CAT and MDA) for EDU response 
in all the cultivars of rice and jute were related to antioxidant defence 
mechanisms. EDU does not act as an antioxidant itself, but helps 
to maintain higher levels of cellular antioxidants during O3 stress in 
plants. SOD acts as a major scavenger of O3 and form H2O2, which in 
turn act upon by different phytotoxic ozone dose (PODs) present in the 
plants (Barcelo et al., 2003). MDA is the end product of ROS induced 
oxidation of unsaturated poly fatty acids and used as a biomarker of 
oxidative stress (Bhatacharjee, 2015). Stressful conditions demand 
greater energy generation and expenditure of the plant cell. This is 
fulfilled by increased catabolism which generates H2O2. CAT removes 
the H2O2 in an energy efficient way.
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With the present climate change scenario providing more favourable 
conditions for O3 formation, average O3 concentration as high as 60 
ppb has been recorded in this study during the growing seasons of 
boro rice (Jan-April) and jute (April-July). Significant reductions in 
yield recorded clearly indicate that these crops are threatened by the 
current O3 concentration and this threat is expected to intensify in the 
future. Since the productivity losses for crop plants due to increasing 
O3 concentrations are difficult to ignore, it is essential to use certain 
strategies that can mitigate O3 injury in plants to some extent. This 
target can be achieved by adopting different approaches such as use 
of O3 resistant cultivars, balanced nutrient amendments, improved 
agronomic practices, etc as discussed here.
Adaptation of O3 tolerant cultivars: O3 sensitivity of the crops/
cultivars might be more genotype dependant and can vary by as much 
as 30% across the cultivars (Biswas et al., 2008; Gonzalez-Fernandez 
et al., 2010). In this study, six cultivars each of boro rice and jute has 
been screened under ambient O3 (> AOT40); and two cultivars each of 
jute (cv. JRO 204 and NJ 7010) and rice (cv. MTU 1010 and Khitish) 
were found tolerant to O3 stress. These tolerant cultivars of rice and jute 
can be adapted to high O3 exposure zone for mitigation of high O3.
Nutrient amendments: Higher N supply contributes to delayed leaf 
senescence in O3 stressed plants by maintaining higher protein levels. 
There are several methods to ensure the replacement of soil nutrients, 
important ones being biological nitrogen fixation by intercropping of 
green gram in jute, addition of organic resources like crop residues, 
livestock manure, compost etc. and commercially used inorganic 
fertilizers in split doses only. Potassium regulates stomatal conductance 
which is known to decline under O3 stress. In addition to this, potassium 
promotes root and shoot growth, leaf area and total dry mass of plants 
under abiotic stress. Application of recommended dose of potassium 
fertilizer in jute and rice is essential in O3 stress.

5 MITIGATION OF OZONE STRESS IN RICE 
AND JUTE CROPS 
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Improved agricultural practice: Checking methane (CH4) emissions 
during the growing season is an important strategy in minimizing O3 
induced stress in plants. Conventional paddy field with continuous 
flooding irrigation is known as a major source of CH4 emission. System 
of Rice Intensification (SRI) is alternative rice farming for climate change 
adaptation and check CH4 gas emission from paddy fields. Rice farming 
with SRI also minimise uses of irrigation water and reduced chemical 
fertilizers application by applying compost/organic fertilizer. In this 
study, boro rice was grown using SRI technology to mitigate high O3.
Observable mitigation of O3 stress through adoption of the discussed 
strategies may play an important role in alleviating to some extent, the 
threat to rice and jute production in near future.
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6
• Strong seasonal variation of ground level O3 concentrations were 

observed with weather variables, maximum occurred during 
summer crop season (February to May) and minimum during 
monsoon crop season (June and July). The concentration of O3 
was observed in decreasing order during April to July, coincided 
with jute growing season. The study reveals that the near surface 
air temperature and the daily cycle of the atmosphere boundary 
level (ABL) were the main factors affecting the peak ozone levels.

• During boro rice season, daytime ozone levels often exceeded 40 
ppb and increased further throughout the experiment, attaining 
maximum levels at the peak vegetative phase (>50 ppb). IR 36, 
GB 3, IET 4786 and Ganga Kaveri cultivars of rice screened under 
this study were found sensitive to ambient ozone concentrations. 
There was no significant yield difference in MTU 1010 and Khitish 
cultivars for EDU and Control treatment, as evidenced by increased 
yield and antioxidative defense. Hence, MTU 1010 and Khitish 
may be considered as well adapted cultivar to ozone exposure.

• During jute crop experiment, O3 concentrations were low during the 
maturity phase (June-July). However, the hourly O3 concentrations 
increased above ‘the critical level’, in main vegetative stage. There 
was no significant yield difference in JRO 204 and NJ 7010 
cultivar, which may be considered as well adapted to ozone 
exposure. Other cultivars of jute (JRO 524, JRO 632, IRA, and 
S 19) screened under the experiment found sensitive to ambient 
ozone concentrations.

• Prevailing O3 concentrations in Indo-Gangetic Plains of West Bengal 
(India) may have negative impact on growth and yield of rice and 
jute crop. Antioxidative defense was elevated in response to EDU 
in all cultivars found sensitive to O3 stress. Antioxidative defense is 
one of the main mechanisms for combating ozone stress. The better 
grain weight in rice and fibre strength in jute with EDU treatment 
may simply be explained by better induction of the antioxidant 
system at the maturity phase.

RECOMMENDATIONS
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7
• Ozone is expected to play a significant role in deteriorating the 

crop production in the coming years. Increasing population load 
and present climate change scenario further add to the existing 
problem of O3 induced production losses.

• South Asian regions have been predicted to be the major 
hotspots for O3 production as they are the important centres for 
agricultural production of important staple crops like wheat, rice, 
maize, beans etc. and fibre crop like jute, flax, cotton, etc. which 
are sensitive to O3 stress. These features depict the urgency of 
initiating crop loss assessment programmes in these regions 
with immediate effect.

• It has been experimentally proved that different cultivars of a 
species show variable response upon O3 exposure and resistant 
cultivars can reduce the negative impacts of O3 on crop production 
to some extent. Along with the screening of resistant cultivars, 
there is need to establish crop breeding programmes to develop 
resistant cultivars which should have the potential to sustain 
higher yield even under elevated O3 stress. 

• In addition to the increasing O3 concentrations, the changes in 
the meteorological variables influence the rate of emission of O3 
precursors. Hence, climate change has a significant potential 
to influence the O3 flux in plants by controlling the stomatal 
movement. The feature is important from climate change 
perspective as further increase in temperature in future may 
promote more O3 uptake by plants as sensitivity/resistivity of 
cultivars is largely dependent on the stomatal conductance. 

• More efforts are required to improve our understanding of O3 
emission under changing climate scenario so that appropriate 
control measures can be introduced to limit O3 impacts on 
ecosystem services. 

WAY FORWARD
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