
Volume 15(1), 62- 66, 2011 
JOURNAL of Horticulture, Forestry and Biotechnology 

62 

The combined effects of CO2 and O3 on the physiology of the 
grapevine (Vitis Vinifera L. cv. Merlot) 
 

Popescu Simona Mariana1* 

 
1
 University of Craiova, Faculty of Horticulture 

PhD scholarship through POSDRU/6/1.5/S/14 Project "Increasing the attractiveness, quality and efficiency of 

university doctoral studies by doctoral scholarships”,   

 

*Corresponding author. Email: popescu_simona83@yahoo.com 

 

Abstract         In recent years, global climate has undergone significant 
changes, mainly due to increased atmospheric concentration of carbon 
dioxide and other greenhouse gases, for example tropospheric ozone, 
considered the main factors causing climate change, all resulting in changes 
within ecosystems around the globe. The study aimed to identify the effects of 
the current concentration of carbon dioxide in the atmosphere, ≈ 380 ppm and 
ozone ≈ 120 mg/m3, individually and in combination, on some physiological 
parameters of the grapevine, cv. Merlot, in a controlled environment. The 
study results suggest that the current atmospheric concentrations of CO2 and 
O3 do not cause major changes in the physiology of the grapevine and that 
ambient CO2 levels may exaserbate the harmful effects of ambient O3. Plants 
grown under ambient CO2 were protected against O3-induced injury, but 
further studies of the physiological responses of grapevine are needed  to 
elucidate possible increases in the atmosphere of both CO2 and O3. 
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Climate for the past decades has changed and 

especially in recent years climate change have been 

affecting the vineyard ecosystem, having positive 

effects in some viticultural areas oround the world, and 

negative effects influencing both the quantity and 

quality of grape production. From an ecophysiological 

perspective, two important changes are the increasing 

concentrations of carbon dioxide and tropospheric 

ozone [ 12]. 

Largely because of human activities [ 6 ], atmospheric 

concentrations of CO2 and O3 are expected to increase 

in the 21st century as global industrialization and 

emissions of both trace gases precursors continue to 

grow. Due to their different physiological effects, 

elevated carbon dioxide and elevated ozone might have 

interactive impacts on plants [ 17]. 

Many studies that have examined the interactive effects 

of CO2  and O3 have shown a variety of responses. For 

example, [ 10]  shown in their study an amelioration of 

the phytotoxic effects of high O3 on plant growth and 

physiology in an enriched CO2 atmosphere.  

Elevated CO2 reduce stomatal conductance and ozone 

uptake, and might therefore reduce the potential for 

oxidant damage [ 17].Terrestrial plants with the C3 

photosynthetic pathway respond in the short term to 

increased CO2 via increased net photosynthesis and 

decreased transpiration [ 9]. Nearly all experiments 

demonstrate that plants exhibit positive gain when 

grown at elevated CO2 [ 2]. 

At the leaf level, the two most well-known responses to 

elevated CO2 are an increase in the rate of net 

photosynthesis, and a decrease in stomatal 

conductance,  increased plant growth and potentially 

higher yields [ 16]. 

 In comparison with the beneficial effects of elevated 

of CO2, rising O3 may have negative impact like 

suppressed photosynthesis, accelerated senescence, 

decreased growth and lower yields [ 1,  15 ]. ozone 

being the most important regional-scale air pollutant 

causing risks for vegetation and human health in many 

parts of the world [ 5 ]. 

While the individual effects of CO2 and O3 on plants 

are rather well known, their interactive effect on plant 

growth and metabolism [ 8] because in the natural 

environment elevated concentrations of CO2 and O3 

occur in combination [ 3] is still a matter of active 

discussion.   

The present study was undertaken to investigate the 

effects of  individual and in combination ambient CO2 

and O3 concentration on the main physiological 

parameters of the grapevine cv. Merlot. 

 
Materials and Methods 

 
Measurements were conducted on one-year-old 

grapevine fully expanded leaves (V. vinifera L. cv. 

Merlot) in the year of 2010. All the studied plants were 

grown in 5-L plastic containers, (the base of each pot 
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was perforated to allow for drainage), soil being 

brown-reddish and daily watered to prevent water 

stress. The plants were tested in an environmental 

chamber (model Sanyo MLR-351H) at 60% Rh and 25, 

30, 35, 40/20 
0
C day/night temperatures. The 

treatments consisted of: ambient CO2 ≈ 380 ppm, 

ambient O3 ≈ 120 µg/m
3
, and combined CO2 + O3 .  

CO2 was injected into the chamber from a cylinder 

containing pure CO2. Ozone was generated from pure 

oxygen by an ozone generator ( Model Ozon 3000, 

Unitech) and added for 8 hours per day (from 10 a.m. 

to 6 p.m.), 4 days a week. A gas detector Oldham 

(Model MX 21 – Plus Multigas, France), was used to 

monitor O3 and CO2 concentrations in the chamber.  

  Net photosynthesis (A), transpiration (E), and 

stomatal conductance (gs) were measured with an 

infra-red gas analyzer ADC BioScientific Ltd., model 

LCpro, UK [ 13]. The readings were taken on three 

leaves per shoot, an apical, a median, and a basal, at the 

same time of day and under conditions of light 

saturation (30 000 lx). For microscopic investigation 

the leaves were taken at the end of the treatment 

period. 

 
Results and Discussions 

 
Simulated and measured daily courses of 

photosynthesis, stomatal conductance and transpiration 

on Vitis vinifera cv. Merlot are presented in order to 

examine the effects of O3 and CO2 on physiological 

performance. 

The CO2 and O3 concentrations used in this study, are 

predicted to occur globally within the next years to 

come. Throughout this paper individual effects of CO2 

and O3 are assessed at ambient levels of each other. 

The examined plants had different physiological 

responses to CO2, O3 and CO2 + O3. 

Ozone in the stratosphere provides protection from 

lethal short-wave solar ultraviolet radiation, but in the 

troposphere O3 is both an air pollutant and a 

greenhouse gas [ 1 ]. Ozone is an atmospheric pollutant 

considered phytotoxic to vines. In the natural 

environment, O3 uptake can be limited because several 

environmental factors can reduce stomatal 

conductance. Among them, the most important are: 

high air temperature, vapour pressure deficit and high 

O3 level itself. 

The productivity, product quality and competitive 

ability of important agricultural and horticultural plants 

in many regions of the world may be adversely affected 

by current and anticipated concentrations of 

groundlevel ozone     [ 1], however the presence of 

carbon dioxide can enhance the harmful effects of 

ozone. In the real world, effects of ozone on plants 

rarely occur in the absence of affects of other 

environmental influences and limiting factors, a focus 

of ongoing research beeing the interaction between 

ozone and atmospheric carbon dioxide [ 4 ]. 

In the current study, under combined treatment, the rate 

of photosyntesis resulted in a small increase, with the 

highest value beeing 3.0 µmol m
-2

s
-1

, compared to the 

O3 treatment, 2.75 µmol m
-2

s
-
 as [ 11] reported on 

aspen clones (Populus tremuloides), mainly because 

stomata were closed (Fig. 1) compared to the other 

treatments, ozone influx and its effect was probably 

smaller.

 

 

A   B     C  
Fig. 1. The aperture and closure of the stomata of the grapevine,  in the CO2 treatment (A), O3 treatment (B) and the 

combined treatment (C). 

 

Leaf net CO2 assimilation (A) of vines (Fig. 2) 

grown in ambient CO2 always appeared higher, 3.5 

µmol m
-2

s
-1

, than that in plants grown at ambient O3 

that had the highest value of 2.75 µmol m
-2

s
-1

. In both 

cases, namely ambient CO2, ambient O3, the 

photosynthesis recorded lower values with increasing 

temperature, with a maximum at 25 
0
C, the lowest 

value being at 40 
0
C due to the fact that temperature is 

the climatic factor with the greatest influence on the 

physiology of all plants, not only on grapevine. 
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Fig. 2. The effect of  ambient CO2, ambient O3 and CO2+ O3 on photosynthesis of grapevine cv. Merlot, at diferrent 

temperatures 

 

Stomatal conductance (Fig. 3) registered 

similar values for both ambient CO2 and O3 ranging 

between 0.02– 0.08 molm
-2

s
-1

. In contrast with 

photosynthesis, the largest decrease in gs for Merlot 

grapevine was under the combined CO2 + O3 treatment, 

the lowest value being 0.01 molm
-2

s
-1

. 

A lower stomatal conductance due to elevated 

CO2 is important in the present context not only 

because of the possibility of an improved water use 

efficiency, but also another significant aspect is that a 

lower conductance will reduce the uptake of O3 which 

is taken up through stomata [ 12]. 

 

 

 
Fig. 3. The effect of  ambient CO2, ambient O3 and CO2+ O3 on stomatal conductance of grapevine cv. Merlot, at 

diferrent temperatures 

 

  

Transpiration (Fig. 4) recorded similar values in all the 

treatments used in this study. The values observed were 

higher in the CO2 treatment, 3.29  mmol m
-2

s
-1

, 

followed by the combined treatment 2.05 mmol m
-2

s
-1 

and finally O3 treatment,1.54 mmol m
-2

s
-
1, but their 

values were below average, mainly due to the closing 

of stomata as a response to the thermal stress that the 

plants were exposed, to preserve water. 
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Fig. 4. The effect of  ambient CO2, ambient O3 and CO2+ O3 on transpiration rate of grapevine cv. Merlot, at diferrent 

temperatures 

 

Also the O3 treatment induced to the leaves of 

the studied plants oxidant stipple, the specific ozone 

foliar injury, ozone beeing the most phytotoxic of the 

common air pollutants, and its widespread distribution 

presents a risk for considerable plant damage   [ 1 ]. 

The ozone injury apeared on the upper-leaf-

surface expressed as a classic, dark, adaxial, brownish 

stipple [ 7 ]. Stipple formerly referred to leaf bronzing, 

yellowing, premature senescence and leaf fall, this are, 

however, secondary symptoms that result from the 

cumulative effect of the primary injury initiated on the 

upper leaf surface [ 14]. 

 Stipple (Fig. 5) began to occur after for days 

of O3 treatment, and at the end of the week the leaves 

became necrotic, two weeks after, the affected leaves 

fell, however, the stipple did not apear in the combined 

treatment. Premature leaf senescence, as a negative 

effect to ozone exposure, occurred in both ambient and 

combined treatments. 

 

 

A          B 

Fig. 5. Oxidant stipple on the upper leaf surface of Merlot grapevine; A- after 4 days of O3 exposure; B-after 1 week 

from the exposure 

 

Conclusions 

 
In conclusion, this work supports previous findings 

about the effects of CO2 and O3 concentrations on 

physiological parameters of grapevine leaves. Only the 

case of photosynthesis in the combined treatment 

comes in contrast with other studies, when it registered 

a small increase compared to the ambient treatment. 

The study results suggest that the current atmospheric 

concentrations of CO2 and O3 do not cause major 

changes in the physiology of the grapevine and that 

ambient CO2 levels may exaserbate the harmful effects 

of ambient O3, althought future studies are necessary to 

asses the impact of elevated concentration of both 
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gases predicted to rise in the next years to come due to 

global warming. 

Also,  high-temperature stress increased relative impact 

of CO2 and decreased relative impact of O3, predicting 

CO2 effects to prevail over O3 effects in the case of 

combined action of both gases in stress conditions. 

This demonstrates that thermal stress protects plants 

against ozone via more closed stomata and via 

increased sensitivity to ozone. Plants grown under 

ambient CO2 were protected against O3-induced injury, 

but further studies of the physiological responses of 

grapevine are needed  to elucidate possible increases in 

the atmosphere of both CO2 and O3. 

Therefore, it is vital to gain a greater understanding of 

grapevine cultivars responses to the interaction of these 

gases in order to better predict ecosystem response to a 

rapidly changing atmosphere. 

The results obtained from this study must be tested in 

future works in the natural environment of the 

grapevine. 
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