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Visualization of Plant Response to Ozone Stress by Spectral Imaging

Kanae M1YAZAWA, Hiroaki IWASAKI and Shigeki NAKAUCHI*

Department of Information and Computer Sciences, Toyohashi University of Technology, 1-1
Hibarigaoka, Tempaku, Toyohashi 441-8580

Ozone on the surface of the earth that has toxicity to plants is increasing worldwide. This paper
proposes a method of detecting and visualizing plants’ stress before visible damage occurs using
spectral imaging technique. Radish plants (Raphanus sativus L. cv. Akamaru) were exposed to
ozone and sets of spectral images of the leaves were measured. We defined the visible and invisible
wavelength bands as RED (670-690 nm) and NIR (780-800 nm) in which plants’ condition is
expected to be reflected, and analyzed the dynamic change of those bands (ARED and 4ANIR) due
to ozone exposure. We found that (1) ANIR increased before 4RED did. (2) ANIR approached
zero when the exposure to ozone was terminated before visible damage occurred. (3) ANIR
showed remarkable change in parts where visible damage occurred. The proposed method

allowed us to detect and visualize the influences of ozone stress in its early stages.
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Fig. 1 Experimental procedure. Radish was exposed to
ozone twice in laboratory environment and sets of spectral
images of the leaves were measured at proper time. After
exposure, the plant was set in the ambient air.
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Fig. 2 Ozone exposure system. Ozone was produced in a
generator and led into a glass chamber in which the potted
plant was set. Both plants, exposed and controlled, were
illuminated with fluorescent lights.
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Fig. 3 Spectral imaging system. An intensity image of
the leaves illuminated by halogen lamps was taken with a
CCD camera through an acousto-optic tunable filter.
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Fig.5 Spectral distributions of radish leaves (a)-(c)
exposed to ozone and (d) controlled. These spectra were
measured at Time (a) 0, 4, 16, (b) 16, 49, 54, 59, (c) 59, 121,
131 and (d) 0, 16, 59, 131.
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Fig.6 Dynamic change of 4RED and ANIR. (a) Exposed
to ozone and (b) controlled. During the first exposure
(Time 0-16), ANIR increased more than ARED. When the
exposure was terminated (Time 16-49), ANIR approached
zero. During the second exposure (Time 49-64), ARED
increased remarkably and visible injury occurred at Time
59. After visible injury occurred (Time 59-131), ARED
continued to increase and 4ANIR decreased. Control did not
show any regular changes.
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Fig. 4 Photos of radish leaves (A) exposed to ozone and
(B) controlled which were taken with an RGB digital
camera at Time 0, 16, 54, 59 and 131. Visible injury occur-
red at Time 59, while the controlled leaves did not show
any remarkable changes. Arrows point to visible injured
area.
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(a)

(b)

Fig. 7 Pseudo colored images of leaves exposed to ozone.
(a) Phase 1, (b) Phase 2, (c) Phase 3. At Time 59, 4RED
changed at the area where visible injury occurred. At Time
4, however, ANIR already showed remarkable change at
almost the same area.

Fig.8 Pseudo colored images of leaves in a controlled
condition (Phase 1-3). Control did not show any remark-
able changes.
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