
CHAPTER V 

DISCUSSION AND CONCLUSION 

Discussion 

Exposing Pinto bean plants to an ozone level of 0.12 ppm for 4 

h/day over three days resulted in visible injury to the leaf tissue. 

Damage to foliage occurred on the second and third trifoliate leaflets 

in the form of flecking, stippling, chlorosis and necrosis. As ozone 

treatments increased either in intensity or duration, visible injury 

also increased. After exposure to 0.3 ppm ozone 4 h/day over 3 days, 

plants exhibited visible injury over 70-80 percent of the canopy. 

Coinciding with the occurrence of visible injury was a decrease in 

the content of the pigments chlorophyll and carotenoids. EDU applica¬ 

tion helped prevent the degradation of these pigments and in turn inhib¬ 

ited the occurence of visble injury. How carotenoids are affected by 

ozone exposure and EDU treatment has not been studied. Carotenoids are 

necessary accessory pigments for chlorophyll. Carotenoid data followed 

the same patterns as chlorophyll data for all treatments and was strong¬ 

ly correlated with chlorophyll data (r = 0.99). Plants exposed to ozone 

suffered a significant loss of chlorophyll and usually a significant 

loss of carotenoids. 

There was no relationship between the activity of superoxide 

dismutase (SOD) and treatment with EDU and/or exposure to ozone. Some 

research (7, 27, 39) has indicated SOD to be an important enzyme in 

detoxifying ozone, while other research (15, 16, 47) has suggested SOD 

plays no significant role in ozone tolerance. A reason for the discrep¬ 

ancy could be different isolation procedures, inconsistencies in assay 

procedures and a variation in species of plants (7, 15). For example, 
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in some instances SOD activity was measured using only crude extracts 

(16), while other researchers isolate SOD by dialysis (47) or by DEAE- 

cellulose columns (39). All assays were based on the superoxide scav¬ 

enging ability of SOD, preventing the reduction of a chemical or com¬ 

plex. Caution must be taken to remove peroxidase from the solution to 

be assayed, or a false low reading could result. This is more likely to 

occur in ozone damaged tissue which will have higher peroxidase levels 

(66). There was variation in the compound used to accept the electron 

from the superoxide molecule; some researchers used ferricytochrome c 

(39, 47), while others used NET (11, 15, 16). There was no discernible 

pattern between isolation techniques, assay procedures or SOD data. In 

other studies, activity in other studies was measured using a change in 

absorbance on a per weight basis (39), versus using only change in 

absorbance as used in this research. Measuring on a per weight bases 

adds another variable (weight) to the measurement of SOD activity. 

Another important factor pertaining to variability in SOD activity 

is the fact that the copper-zinc based form of SOD is inhibited by a 

build up of hydrogen peroxide (56), and accounts for 60-75 percent of 

the SOD activity in a cell (manganese based SOD accounts for the rest, 

16). If catalase activity decreases, levels of hydrogen peroxide would 

increase in the leaf, inhibiting the activity of copper zinc based SOD, 

potentially lowering activity by 75 percent. The procedures of isola¬ 

tion and measurement of SOD removes hydrogen peroxide, leading to a 

reading of SOD activity that may not accurately reflect SOD activity 

whithin the leaf. The procedure used for measuring SOD activity in 

these studies was orientated towards the measure of the activity of 

the hydrogen peroxide resistant form of SOD (manganese based) not the 
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hydrogen peroxide sensitive form of SOD. Lee and Bennett (39) used 

isolation (purified extract) and assay procedures (ferricytochrome c) 

different from the isolation (crude extracts) and assay techniques (NBT) 

used in this study. There isolation procedure howver, still removes SOD 

from the presence of hydrogen peroxide. There is no practical procedure 

to date that can accurately measure SOD activity within the leaf or to 

measure how much hydrogen peroxide is necessary for the inhibition of 

SOD activity. 

The data supports the concept of EDU protection of plant tissue 

from visible injury by ozone was due to sustained catalase activity. In 

our experiments, plants exhibiting ozone induced foliar injury had 

catalase activities lower than controls. EDU application either direct¬ 

ly or indirectly results in catalase activity being maintained and 

secondary injury symptoms such as visble injury and pigment loss being 

prevented. When the capacity of EDU to protect plants is overcome by 

increased hourly ozone levels or longer duration of ozone exposure, 

catalase activity subsequently decreases. A drop in catalase activity 

occurred approximately one day before the onset of visible injury and 

pigment loss. While catalase activity is sustained, a build up of 

hydrogen peroxide is prevented and SOD activity is not inhibited. 

Experiments varying EDU concentration against a constant ozone 

level (0.3 ppm ozone 4 h/day over 3 days) showed a 400 ppm solution to 

be effective in preventing visible injury on Pinto 111 bean leaves. 

Concentrations below 300 ppm failed to provide adequate protection, 

resulting in a rapid increase in visible injury of leave tissue along 

with decreases in catalase activity and chlorophyll and carotenoid con¬ 

tent. A common problem in EDU research is determining an effective 
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concentration of EDU (especially for field studies) and EDU application 

levels are either too high resulting in toxicity, or too low preventing 

EDU from being effective. 

The protection a plant receives from EDU can be overcome by 

increasing the hourly ozone levels or duration of exposure. When hourly 

ozone levels were increased by 33 percent (from 0.3 ppm/h to 0.4 ppm/h) , 

plants treated with EDU had an increase in visible injury and a decrease 

in catalase activity in comparison with plants treated with EDU and 

exposed to the lower concentration of ozone. Increasing the duration of 

exposure from three days to four days (0.3 ppm 4 h/day) had the same 

effect on EDU treated plant as increasing the hourly ozone levels; 

catalase activity decreased, pigment loss and visible injury increased. 

Another important issue addressed in this study was the temporal 

aspect of EDU application. Our data suggest EDU could be applied the 

same day as seeds were sown and the resultant plants exposed to ozone 

nineteen days later and EDU still was able to shield plants from ozone 

injury. Protection from oxidant injury was just as effective as if 

plants were treated three days before ozone exposure, an indicated time 

for optimal EDU efficacy (literature review). EDU may not be able to 

afford protection for nineteen days in the field however, due to possi¬ 

ble higher leaching rates and microbial activity. Also, soil conditions 

could affect the availability of EDU for uptake. Our prolonged protec¬ 

tion could have been due to the fact that EDU may have been bound to the 

organic material in the soil media (peat moss) which allowed fo continu¬ 

al uptake by the plant root system. 

Our data indicates that EDU at a concentration of 400 ppm could 

provide ample protection for potted Pinto bean 111 plants from ambient 
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ozone pollution occurring within nineteen days after application of EDU 

if the rooting media is the same as used in this study. The highest 

ambient levels of ozone occurring in western Massachusetts are <0.2 ppm 

for 1-4 h. A 150 ml aliquot of a 400 ppm EDU solution protected plants 

from on ozone level as high as 0.45 ppm for four hours. This informa¬ 

tion could provide a base for field studies with similar media as used 

here, and using the same cultivar of Pinto beans. In both cases (ambi¬ 

ent and acute ozone exposure) protection was correlated with sustained 

catalase activity which prevented secondary injury symptoms from occur¬ 

ring such as loss of chlorophyll and carotenoids. 

Conclusion 

Ozone is a prevalent air pollutant in the United States causing a 

wide variety of detrimental effects on plants (30). Prevention of 

oxidant injury and understanding the mechanism(s) of protection could 

aid in preventing further decreases in crop yields and damage to ozone 

sensitive plants. 

One possible mechanism plants posses for detoxifying ozone is the 

utilzation of the enzymes superoxide dismutase (SOD) and catalase. SOD 

catalayzes the reduction of an oxygen radical to hydrogen peroxide and 

oxygen. Catalase enzyme action converts hydrogen peroxide to water and 

oxygen. 

Our data suggests that EDU protects plants from ozone injury by 

maintaining catalase activity. The detoxification of hydrogen peroxide 

by catalase allows SOD activity to continue, decreasing the concentra¬ 

tion of oxygen radicals. A build up of hydrogen peroxide has been 
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associated with inhibition of SOD (56). With the continued functioning 

of these 2 enzymes, harmful oxy radicals from ozone are readily convert¬ 

ed to hydrogen peroxide and in turn water and oxygen. This prevents a 

loss of structural integrity resulting in pigment degradation and visi¬ 

ble injury. 

A 400 ppm solution of EDU prevented plants from suffering ozone 

induced foliar injury when exposed to a high level of ozone (0.3 ppm 4 

h/day over 3 days). The protection EDU afforded was overwhelmed by 

increasing the hourly ozone concentration or the duration of ozone 

exposure. A decrease in catalase activity always occurred as the pro¬ 

tection by EDU receded. EDU applied as a soil drench nineteen days 

before plants were exposed to ozone was still able to maintain catalase 

activity during ozone treatment. 

By completing EDU/ozone response studies, a determination of the 

amount of EDU necessary for protection against a particular oxidant 

level can be interpolated. Soil application of EDU can maintain cata¬ 

lase activity in plant leaf tissue preventing a loss of structural 

integrity and disruption of physiological activity from ozone exposure. 

36 



APPENDIX A 

SUPEROXIDE DISMUTASE REACTION MIXTURE 

Superoxide dismutase reaction mixture contained 1.17 x 10-^ M 

riboflavin, 0.01 M methionine, 2 x 10-^ M sodium cyanide, 5.61 x 10-^ M 

p-nitroblue tetrazolium (NET), and 0.05 M potassium phosphate (KH2P0^) 

at pH 7.8 (5). 
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APPENDIX B 

ANALYSIS OF VARIANCE TABLES 

ANOVA Table for Catalase (Table 3) 

Source DF MS F Value 

Experiment 2 14.919 2.977 

Ozone 1 111.021 22.154** 

EDU 1 18.750 3.741 

Ozone/EDU 1 69.120 13.793** 

Within 42 210.480 5.011 

Total 47 

ANOVA Table for SOD (Table 3) 

Source DF MS F Value 

Experiment 2 8.607 9.892** 

Ozone 1 0.010 0.011 

EDU 1 0.075 0.086 

Ozone/EDU 1 0.351 0.403 

Within 42 0.870 

Total 47 



ANOVA Table for Chlorophyll (Table 3) 

Source DF MS F Value 

Experiment 2 4053.377 6.166** 

Ozone 1 7313.672 11.126** 

EDU 1 1986.380 2.900 

Ozone/EDU 1 5082.061 7.731** 

Within 42 657.359 

Total 47 

ANOVA Table for Carotenoids (Table 3) 

Source MS F Value 

Experiment 2 85.084 2.977 

Ozone 1 126.750 4.435* 

EDU 1 50.021 1.750 

Ozone/EDU 1 63.023 2.205 

-Within 42 28.576 

Total 47 
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ANOVA Table for Catalase (Table 4) 

Source DF MS F Value 

Experiment 2 7.126 2.517 

Ozone 1 38.342 13.539** 

EDU 1 62.792 22.172** 

Ozone/EDU 1 3.049 1.077 

Within 42 18.718 

Total 47 

ANOVA Table for SOD (Tabl e 4) 

Source DF MS F Value 

Experiment 2 7.948 18.366** 

Ozone 1 3.521 8.136** 

EDU 1 0.041 0.100 

Ozone/EDU 1 0.907 2.097 

Within 42 0.433 

Total 47 
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ANOVA Table for Chlorophyll (Table 4) 

Source MS F Value 

Experiment 2 2521.850 8.441** 

Ozone 1 17995.508 60.236** 

EDU 1 593.613 1.987 

Ozone/EDU 1 2311.500 7.737** 

Within 42 298.752 

Total 47 

ANOVA Table for Catalase (Table 5) 

Source DF MS F Value 

Experiment 2 3.813 0.626 

Ozone 1 99.763 16.387** 

EDU 1 10.268 1.687 

Ozone/EDU 1 22.688 3.727 

Within 42 6.088 

Total 47 
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ANOVA Table for Chlorophyll (Table 5) 

Source DF MS F Value 

Experiment 2 664.351 4.639* 

Ozone 1 14466.435 101.025** 

EDU 1 2094.842 14.629** 

Ozone/EDU 1 297.533 2.078 

Within 42 143.196 

Total 47 

ANOVA Table for Catalase (Table 6) 

Source MS F Value 

Experiment 2 6.794 1.681 

Ozone 1 120.968 29 .934** 

EDU 1 21.068 5 .213* 

Ozone/EDU 1 2.253 0 .558 

Within 42 4.041 

Total 47 
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ANOVA Table for Chlorophyll (Table 6) 

Source MS F Value 

Experiment 2 2039.200 29.546** 

Ozone 1 5731.257 83.042** 

EDU 1 1338.799 19.398** 

Ozone/EDU 1 11.894 0.172 

Within 42 69.016 

Total 47 

ANOVA Table for Catalase (Table 7) 

Source M. MS F Value 

Experiment 2 14.425 2.892 

Ozone 1 49.613 9.947** 

EDU 1 11.077 2.221 

Ozone/EDU 1 30.237 6.062* 

Within 42 4.988 

Total 47 
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ANOVA Table for Chlorophyll (Table 7) 

Source MS F Value 

Experiment 2 460.754 4.916* 

Ozone 1 4820.021 51.427** 

EDU 1 3407.070 36.352** 

Ozone/EDU 1 1350.448 14.409** 

Within 42 93.725 

Total 47 

AKOVA Table for Catalase (Table 8) 

Source DF MS F Value 

Ozone 1 35.403 5.999* 

EDU 1 22.090 3.743 

Ozone/EDU 1 0.809 0.137 

within 12 5.901 

Total 15 
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AJvOVA Table for SOD (Table S) 

Source MS F Value 

Ozone 1 4.625 7.323* 

EDU 1 0.010 0.015 

Ozone/EDU 1 2.890 4.578 

Vithin 12 0.631 

Total 15 

ANOVA Table for Chlorophyll (Table 8) 

Source DF MS F Value 

Ozone 1 222.756 2.594 

EDU 1 130.531 1.520 

Ozone/EDU 1 1736.803 20.229** 

Within 12 85.859 

Total 15 
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ANOVA Table for Catalase (Table 9) 

Source DF MS F Value 

Ozone 1 0.181 0.042 

EDU 1 21.856 5.067* 

Ozone/EDU 1 5.176 1.200 

Within 12 4.314 

Total 15 

ANOVA Table for SOD (Table 9) 

Source MS F Value 

Ozone 1 4.515 3.618 

EDU 1 0.330 0.264 

Ozone/EDU 1 1.052 0.843 

Within 12 1.248 

Total 15 
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ANOVA Table for Chlorophyll (Table 9) 

Source DF MS F Value 

Ozone 1 0.276 0.002 

EDU 1 446.266 3.015 

Ozone/EDU 1 205.208 1.386 

Within 12 148.015 

Total 15 
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APPENDIX C 

THE EFFECT OF EDU AND OZONE 

ON PIGMENTS 

Treatment^ Chlorophyll Carotenoids 

Ozone EDU (ug/ml) (ug/ml) 

No 0 186.7 40.7 

400 178.7 40.4 

Yes 0 141.7* ** 35.2** 

400 174.7 39.5** 

Plants exposed to 0.3 ppm ozone 4 h/day 
for 3 days. EDU concentration in ppm. 
Each number is an average of 12 data 
points. 

** Significantly different from other 
treatments at p < 0.01. 
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