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Introduction
Ozone, or trioxygen, is an inorganic molecule with the chemical 

formula O3 [1]. It is formed from dioxygen by the action of ultraviolet 
light (UV) and electrical discharges within the Earth’s atmosphere 
and touches on our modern society in many ways. Ozone is used 
in industrial processes and as a disinfectant due it is a strong 
oxidizing agent. It is a “good” gas when present in the stratosphere, 
where it forms the ozone layer sitting 15 to 30 kilometers above 
Earth that protect life from detrimental ultraviolet radiation, but 
when present in the lowest atmospheric layer (the troposphere, 
which extends 8 to 14 kilometers above Earth) ozone becomes a 
concern for human and plant health [2]. Our basic understanding of 
ozone began with the recognition by Christian Friedrich Schönbein 
in 1840 that ozone was a unique substance produced in a variety of 
processes. It cannot be stored and must be generated continuously. 
The only result of ozone, when it decomposes, is oxygen; so, no 
chemical residues are related with ozone.

Air Pollutant and Agricultural Damages
Ozone is a secondary air pollutant at troposphere. This means 

that ozone is not formed directly in the ambient air by human 
activities, but by photochemistry, as a result of the irradiation of 
primary pollutants (such as NO2) by ultra-violet radiation (UV) 
in the presence of oxygen [3]. Chronic plants exposure to ozone 
causes damaging changes in plant metabolism. Cell´s damages 
due ozone are first displayed at the biochemical level before 
visible morphological symptoms can be seen [4]. Photosynthesis, 
respiration, nitrogen and lipid exchanges are all affected, along with 
the activities of the secondary metabolism. Later, visible damage 
appears, such as necrotic spots and bronze coloration on leaves  

 
[3,4]. Ground-level ozone is a threat to food production as it has a 
negative impact on the yield and quality of important staple crops 
[5]. Some important agricultural regions located close to urban and 
industrial centres experience elevated ozone concentrations; these 
include the Midwestern USA, much of mainland Europe, the South 
Asia’s Indo-Gangetic plains, and the coast of China. 

Global relative yield losses due to O3 damage are estimated to 
range between 7% and 12% for wheat, 6% and 16% for soybean, 
3% and 4% for rice and 3% and 5% for maize [4,6]. In India 
it was calculated that O3 damage to wheat and rice resulted in a 
nationally aggregated yield loss of 9.2%, that is sufficient to feed 94 
million people living below the poverty line in that country [7]. In 
developing countries, especially South and East Asia, ozone levels 
are rising and this trend will continue at least until 2030 unless 
emissions of ozone precursors are reduced significantly. Many 
countries have begun to establishing policies to control ozone´s 
levels by regulating its precursors, imposing regionally specific 
emission fees which are leading to reduce agricultural damages 
[6,8-10] and, also development robust crop growth models capable 
of including ozone effects that would substantially improve future 
national, regional and global risk assessments that aim to assess 
the role that ozone might play under future climatic conditions in 
limiting food supply.

Ozone and Reactive Oxygen Species
Not all ozone interaction with plant leads to tissue damages. 

plants are able to assimilate certain amounts of ozone which can 
be used to their benefit. The ‘effective ozone flux’ concept is based 
on a balance between stomatal flux and leaf cellular detoxification 
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[11]. The degree of stomatal opening controls the quantity of ozone 
molecules entering the leaf and subsequently being converted to 
Reactive Oxigen Species (ROS) including superoxide (O2-), hydrogen 
peroxide (H2O2), hydroxyl radical (OH-), and all are involucre in 
several metabolism pathways [12]. Therefore, plant tissue could 
metabolize low doses of ozone without suffer any damages.  As 
in many other cases, the doses could be master key to achieve 
damages or beneficial effects from ozone. 

Ozone as Superficial Disinfection Agent
Ozone and ROS show high oxidation potential, for example, 

hydroxyl radical which have oxidation potential of 2,83 v, even 
higher of the one from O3 (2,08 v) very close of fluor one (2,87 v) the 
higher of any natural elements on earth [13]. this property together 
with its low residuality make it an environmentally friendly 
alternative for the elimination of unwanted microorganisms in 
certain crop stages [1,14]. Microbial disinfection during initiation 
to in vitro tissue culture has been achieved in Lillium sp. and 
Dioscorea sp. [15,16]. similar results have been possible during 
the post-harvest benefit of fruits and vegetables [17,18] replacing 
toxic compounds like chemical fungicides or sodium hypochlorite 
typically used in both cases. Also, economic efficiency results higher 
due the implementation of ozone treatment, both in atmosphere or 
water dissolved ozone, in all related cases.

ROS and Plant Cell Metabolism
(ROS) play a dual role in plant biology. They are required 

for many  important  signaling  reactions,  including the growth, 
development and responses to the environments but are also toxic 
byproducts  of  aerobic  metabolism [12,19,20]. Previous studies 
document the favorable effect of H2O2 on the germination and 
quality of the seeds. Hameed and colleagues reported the positive 
effect of hydrogen peroxide on the root and growth of wheat 
seedlings [21], other group in Japan obtained greater germination 
of rice seeds and seedling growth [22], while Orabi and colleagues 
described similar effects in canola seeds [23]. Later it has been 
known that ozone treatment may elicit ROS signaling for some 
plant hormones pathways such as the salicylic acid (SA) or jasmonic 
acid (JA) [24-26] that are crucial in systemic acquired resistance 
(SAR), a plant defense against biotic or abiotic stress [26-28]. It has 
been revealed that ROS are necessary for several basic biological 
processes including cellular proliferation and differentiation. 

Moreover, cell death that was previously thought to be the 
outcome of ROS directly killing cells by oxidation is now considered 
to be the result of ROS triggering a physiological or programmed 
pathway for cell death and thus maintaining a basal level of ROS in 
cells is essential for life [12]. It is necessary more studies to know all 
the details related with metabolic ROS pathways. Anyway, there are 
increases of ozone use in order to protect plant. Again, the correct 
dosses result crucial to obtain a beneficial instead damage effect. In 
this sense, ozone applied in vegetable seeds achieved efficiencies 
between 29 and 59% in the sanitation of viruses [29] and 

treatments with ozone dissolved in water achieve the maintenance 
of 62% of potyvirus-free yam seedlings [30] and reduce the time 
required for micropropagation process due to the stimulation of 
growth in obtained seedlings. In each case, special attention must 
be paid to the design of efficient and safe ways and methods for 
the application of ozone in order to achieve the expected results 
[1,13,30]. 

Conclusion
Further researches are needed in both sides of ozone-plant 

interaction. First, researchers are challenged to improve our 
ability to quantify and forecast effects of ozone on crop yield and 
quality and to develop resilient agricultural systems would ideally 
integrate adaptation to avoid the worst effects from ozone pollution 
alongside climate change through improved crop breeding and 
agronomic practices. Secondly, it would be important to achieve a 
better understanding of metabolic events signaled by ROS, during 
biotic or abiotic stress in plants. Moreover, it will be interesting to 
address the mechanisms that determine the ROS signal specificity 
in Pathogens-associated molecular patterns (PAMP) triggered 
immunity (PTI), effector-triggered immunity (ETI), principal plant 
defense strategies against pathogens in nature. This knowledge will 
lead to better uses of ozone in plant protection.
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