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Synopsis

The effects of ozone on photosynthetic electron transport in chloroplasts of spinach leaves were

investigated. The photosynthetic activities of the photosystem~I, the photosystem-II and the total
photosystem were expressed by DPIPH,~NADP photoreduction rate, DPIP-Hill reaction rate and

NADP-Hill reaction rate, respectively. The activities were determined by means of spectrophoto-

meter. The activity decrease of the photosystem-I, resulting from the ozone fumigation, was

nearly equal to that of the total photosystem, and a little larger than that of the photosystem-II.
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1: Light source for the spectrophotometer,
2: Monochromator, 3: Cell, 4: Interference
filter, 5: Photoelectric tube and amplifier,
6: Recorder, 7: Microscope lamp, 8: Heat
absorbing filter and cut-off filter

Fig. 1 Spectrophotometer for the measurement

of the photosynthetic electron transport
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PS-1: Photosystem—I
PS-11: Photosystem~I1
Chl.: Antenna chlorophyll
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NADP: Nicotinamide adenin dinucleotide phosphate
Rd: Ferredoxin-NADP reductase

Fd: Ferredoxin

Z (P430): Primary electron acceptor of PS-I

PQ: Plastoquinone

P700: Trapping center of PS-I

PC: Plastocyanin
Cyt.{: Cytochrome {

Q (C550): Primary electron acceptor of PS-II
Y, (P680): Trapping center of PS-II

Y, Reducing substances

Fig. 2 Photosynthetic electron transport system in higher plants
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Table 1 Effect of ozone fumigation on the photosynthetic activities

of chloroplasts and observation of leaves

a) b) ©) ) e) [V DD

Sample No. | O; Dose PS-T Act. (Rel. PS-1I Act. (Rel. NADP-Hill Act. (Rel.
Groweh ! Copm x| (1ol NADP red.) Act.) (4ol DPIP red. ) Act.) (;zmol NADP red,) Act)
(weeks)) mg Chl. h % mg Chl. h (%) mg Chl. h (%)
1-1 (D 0.00 74.5 100.0 132.0 100.0 115.9 100.0
1-2(D 0.28%x2 | - 44.8 60.1 116.9 88.6 46.4 40.0
1-3(D 1.12x2 | ++ 53.9 72.3 101.1 76.6 55.2 47.6
2-1(® 0.00 73.0 94.3 120.5 106.0 90.8 102.3
2-2 (9 0.00 81.7 105.6 106.9 94.0 86.7 97.6
Average 77.4 100.0 113.7 100.0 88.8 100.0
2-3 (9 0.23x2 | — 46.6 60.2 190.1 167.2 45.9 51.7
2-4 (D 0.47x2 | — 54.9 70.9 85.5 75.2 54.7 61.6
2-5 C 9 1.19%x2 | - 52.0 67.2 78.2 68.8 64.6 72.7
2-6 (9 1.49x2 | + 44.2 57.1 86.6 76.2 54.7 61.6
2-7 (9 1.49%x3 | + 52.5 67.8 82.3 72.4 58.2 65.5
3-1 (9 0.00 106.5 115.0 115.0 85.2 101.3 107.0
3-2 (9 0.00 86.6 93.5 134.0 99.3 94.7 100.0
33 (9 0.00 84.6 91.4 165.7 115.4 88.1 93.0
Average 92.6 100.0 134.9 100.0 94.7 100.0
3-4 (9 0.12x2 | — 73.0 78.8 121.0 89.7 69.3 73.2
3-5 (9 0.38x2 — 55.8 60.3 126.4 93.7 64.5 68.1
3-6 (9 0.48x2 | — 60.9 65.8 128.9 95.6 64.8 68.4
3-7 (9 1.09x2 | — 68.4 73.9 139.4 103.3 52.5 55.4
3-8 (9 1.32x2 | - 61.9 66.8 106.4 78.9 37.2 39.3
3-9 (9 1.85%x2 | + 49.8 53.8 112.5 83.4 57.3 60.5
4-1 (13 0.00 79.1 100.0 — - 89.7 100.0
4-2 (13) 0.11x2 | - 63.4 80.2 — — 71.6 79.8
5-1 (13) 0.00 62.0 97.0 68.5 98.4 85.6 100.0
5-2 (13) 0.00 65.8 103.0 70.6 101. 4 85.6 100.0
Average 63.9 100.0 69.6 100.0 85.6 100.0
5-3 (13) 0.08x1 | — 67.0 105.0 68.8 98.9 82.5 96.4
5-4 (13) 0.09%x2 ; — 65. 1 101.9 71.2 102.3 75.9 88.7
5-5 (13) 0.20x2 | — 47.2 73.9 70.7 101.6 80.7 94.3
6-1 (10) 0.00 81.2 92.1 84.3 103.6 75.3 9.1
6-2 (10) 0.00 95.2 107.9 78.5 96.4 90.0 108.8
Average 88.8 100.0 8.4 100.0 82.7 100.0
6-3 (10 0.30x2 + — 85.7 97.2 67.1 82.4 4.4 90.0
6-4 (10D 0.12x2 | — 78.0 88.4 79.6 97.8 81.9 99.0

a) Spinach (Atlas): 1-1 to 1-3, sowed on Sept. 11. 1979, 2-1 to 2-7, sowed on Sept. 22. 1979, 3-1 to 3-9 and
4-1 to 4-2, sowed on Oct. 11. 1979, 5-1 to 5-5, sowed on Nov. 9. 1979 and 6-1 to 6-4, sowed on Dec. 5. 1979

b) Degrees of injury expressed by the sign —: not detectable, by the sign +: medium injury and by the sign
+ 41 severe injury

c) Photosystem-~I activity: DPIPH.-NADP photoreduction rate

d) Relative activities expressed as a percent of the average values (figures with underline) of the blank
experiments

e) Photosystem-1I activity: DPIP-Hill reaction rate

) NADP-Hill reaction activity; total photosystem reaction rate
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Fig. 3 Relation between DPIPH,~-NADP Photoreduction activity (PS-I) and ozone dose
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Fig. 4 Relation between DPIP-Hill reaction activity (PS-1I) and ozone dose
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Fig. 5 Relation between NADP-Hill reaction activity (total PS) and ozone dose
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