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CHAPTER III 

PHOTOSYNTHESIS, DARK RESPIRATION AND GROWTH OF 

RUMEX PATENTIA L. EXPOSED TO UV-B IRRADIANCE 

(280-315 nm) SIMULATING A REDUCED ATMOSPHERIC 

OZONE COLUMN 

Introduction 
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Photosynthetic inhibition by 254 nm UV radiation was first 

observed by Arnold (1933) in Chlorella pyrenoidosa. Since this 

initial study, the effects of 254 nm radiation on the photosynthetic 

process has been investigated in some detail, primarily with alga 

as the test organism (Bell and Merinova, 1961; Black, 1973; 

Halldal, 1964; Lockhart and Brodfuhrer, 1961; Mantai and Bishop, 

1967; Trebst, 1974; Van Baalen, 1968). Components of the photo

synthetic process suggested as being directly affected by 254 nm 

radiation include inhibition of electron transport (Arnold, 1933; 

Erixon and Butler, 1972), the Hill reaction (Jones and Kok, 1966; 

Mantai and Bishop, 1967; Shavit and Avron, 1963) and non-cyclic 

photophosphorylation (Jones and Kok, 1966). A utilization of these 

studies in assessing an enhanced UV global spectral irradiance 

resulting from reduced atmospheric ozone concentrations could result 

in a misrepresentation in predicted higher-plant responses. These 

studies often utilized intense 254 nm radiation in the absence of 

concomitant longer wavelength radiation similar to global irradiance. 



27 

In addition, biological responses are highly wavelength specific 

with respect to efficiency of photobiological action (Caldwell, 

1971; Giese, 1964) and the 254 nm wavelength would not be transmitted 

even tmder severe ozone reductions to 40 percent of its present 

concentration (Green et al., 1974). 

An evaluation of the response of higher-plants exposed to a 

UV radiation enhanced global spectral irradiance correlated with 

specific atmospheric ozone reductions is presently nonexistent. Thus, 

this chapter reports an evaluation of net photosynthesis, dark 

respiration and growth of Rtnnex patientia L. exposed to UV irradiation 

corresponding to the global UV spectral irradiancewaichwould occur 

with partial ozone reduction. The level of ozone reduction simulated 

was an approximate 38 percent decrease from normal. 

Methods 

Germination of R. patientia L. seeds was carried out in petri 

dishes and the seedlings were transplanted individually into peat 

pots and then into 10-cm pots at initiation of the first leaf. The 

plants remained in a greenhouse until full expansion of the third 

leaf. Temperatures in the greenhouse fluctuated between 20C during 

the night and 35C during the day. From these plants, the most 

uniform-appearimg plants were selected for each controlled

environment experiment. For field studies, the plants were 

transferred to field Plots for approximately a week of equilibration 

under normal global irradiation prior to treatment. Again, only the 

most uniform-appearing plants were selected for the experiment. In 
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all experiments, the third leaf was used in photosynthetic deter

minations and upon initiation of treatment, the plants were approxi

mately five weeks old from the time of germination. At initiation 

of each experiment, the third leaf was approximately 15 days old. 

Net photosynthetic rate determinations were made on the third 

leaf of all plants initially selected for experimentation. Those 

plants expressing the most uniform net photosynthetic rates were 

randomly selected for subsequent control and UV radiation treatments. 

To achieve uniform irradiation over the entire surface of the 

third leaf, and thereby reduce variability, the third leaf was 

maintained horizontal to the light sources by white string looped 

over the petiole. 

Net photosyuthetic rates of plants from both field and controlled-

environment studies were determined in the Siemens cuvette with 

a UV-enhanced spectral irradiance corresponding to that used in the 

respective experiments. For the UV-irradiated plants, the normal 

cuvette cover was replaced with one layer of Kodacel TA-401 (5 mil) 

plastic film filter and two Westinghouse FS-20 'sun lamps' pvovided 

the desired UV radiation enhancement to simulate a 0.18 atm·cm 

ozone coltnnn. 

The light source in the controlled-environment experiments 

was a 6000-watt Osram Co. xenon arc mounted below a parabolic 

reflector. The UV radiation enhanced treatment consisted of (1) 

one layer of Mylar Type A (10 mil) plastic film which enclosed the 

lamp and removed all UV radiation produced by the xenon arc below 

315 nm and (2) two Westinghouse FS-40 'sun lamps' each filtered 


