
Effects of Ozone Air Pollution on Plants 

Ambient ozone inury to sensitive and 

tolerant snap beans 
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Ozone injury in a pumpkin leaf 
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ARS Home » Southeast Area » Raleigh,  North Carolina » Plant Science Research » Docs » 
Climate Change/Air Quality Laboratory » Ozone effects on plants 

Ground-level ozone causes more damage to plants than all other air pollutants combined. 
This web page describes the ozone pollution situation, shows classical symptoms of ozone 
injury and shows how ozone affects yield of several major crops. 
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Tropospheric Ozone Pollution 

Ozone is formed in the troposphere when sunlight causes complex photochemical reactions 

involving oxides of nitrogen (N0x), volatile organic hydrocarbons (VOC) and carbon 

monoxide that originate chiefly from gasoline engines and burning of other fossil fuels. Woody 

vegetation is another major source of VOCs. NOx and VOCs can be transported long 

distances by regional weather patterns before they react to create ozone in the atmosphere, 

where it can persist for several weeks. 

Seasonal exposures at low elevations consist of days when ozone concentrations are 

relatively low or average, punctuated by days when concentrations are high. Concentrations of 

ozone are highest during calm, sunny, spring and summer days when primary pollutants from 

urban areas are present. Ozone concentrations in rural areas can be higher than in urban 

areas while ozone levels at high elevations can be relatively constant throughout the day and 

night. 

pplAT 1 4,42 

Seasonal mean of ambient ozone concentrations between 09:00 and 16:00 h over the 

continental United States from 1 July to 31 September 2005 (Tong et al. 2007Atmos. Environ. 

41:8772). Areas shown in brown, orange and red can experience significant crop yield loss 

and damage to ecosystem function from ambient ozone. 

Description of Ozone Iniury 
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Ozone enters leaves through stomata during normal gas exchange. As a strong 

oxidant, ozone (or secondary products resulting from oxidation by ozone such as reactive 

oxygen species) causes several types of symptoms including chlorosis and necrosis. It is 

almost impossible to tell whether foliar chlorosis or necrosis in 

the field is caused by ozone or normal senescence. Several 

additional symptom types are commonly associated with 

ozone exposure, however. These include flecks (tiny light-tan 

irregular spots less than 1 mm diameter), stipples (small 

darkly pigmented areas approximately 2-4 mm diameter), 

bronzing, and reddening. 

Ozone symptoms 

usually occur 

between the veins on 

the upper leaf 

surface of older and 

middle-aged leaves, but may also involve both leaf 

surfaces (bifacial) for some species. The type and 

severity of injury is dependent on several factors 

including duration and concentration of ozone 

exposure, weather conditions and plant genetics One or all of these symptoms can occur on 

some species under some conditions, and specific symptoms on one species can differ from 

symptoms on another. With continuing daily ozone exposure, classical symptoms (stippling, 

flecking, bronzing, and reddening) are gradually obscured by chlorosis and necrosis. 

Studies in open-top field chambers have repeatedly 

verified that flecking,stippling, bronzing and 

reddening on plant leaves are classical responses to 

ambient levels of ozone. Plants grown in chambers 

receiving air filtered with activated charcoal to 

reduce ozone concentrations do not develop 
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symptoms that occur on plants grown in nonfiltered 

air at ambient ozone concentrations. Foliar symptoms 

shown on this web site mainly occurred on plants 

exposed to ambient concentrations of ozone. 

Yield Loss Caused by Ozone 

Field research to measure effects of seasonal exposure to ozone on crop yield has been in 

progress for more than 40 years. Most of this research utilized open-top field chambers in 

which growth conditions are similar to outside conditions. The most extensive research on 

crop loss was performed from 1980 to 1987 at five locations in the USA as part of the National 

Crop Loss Assessment Network (NCLAN). At each location, numerous chambers were used 

to expose plants to ozone treatments spanning the range of concentrations that occur in 

different areas of the world. The NCLAN focused on the most important agronomic crops 

nationally. 

The strongest evidence for significant 

effects of ozone on crop yield comes 

from NCLAN studies (Heagle 1989). 

The results show that dicot species 

(soybean, cotton and peanut) are more 

sensitive to yield loss caused by ozone 

than monocot species (sorghum, field 

corn and winter wheat). 

Monitoring ground-level ozone from  

space  

Agricultural Research Magazine, August 

2011 

Seasonal Mean Ozone (ppb) (Heck et a1.1953. Environ 
Sci Tech 17: 572A) 

Breeding  Plants for a High-Ozone World  

Agicultural Research Magazine, July 2011. 
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