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nanometric measurements of morphological reaction of plants for environmental

stress using statistical interferometry

Hirofumi KADNO, Naoya SHIMIZU, Keisuke HATANO, Satoru TOYOOKA and Makoto MIWA

In this study, we consider the interference of completely random wave fronts, i.e., speckle fields, and it
has been proved that the complete randomness of the speckle field can play the role of a standard phase in a
statistical sense. The advantage of the method, i.e., Statistical Interferometry, is that since the phase of the
object under testing can be derived in a statistical way, the accuracy of the measurement depends only on the
number of data taken to calculate a probability density distribution of speckle phase. This feature permits a
simple optical system to achieve measurements with an extremely high accuracy.

Statistical interferometry was applied to monitor biological activity or growth rate of plant, aiming to
investigate the influence of the environmental pollutions. In the experiments, the plants were exposed to
Ozone that is the main substance of photochemical smog, and the growth rates were measured before and after
the exposure. It was clearly observed that the fluctuation of growth rate as well as its mean rate was
dramatically affected by the exposure of ozone. By the observation of growth rate of plant with the accuracy
of sub-nanometer scale and a time scale of second, it was newly revealed that the fluctuation of the growth rate
reflects the biological activity of the plant.
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Fig.1 Optical system to measure the growth of the plant. Two
parallel laser beams illuminate normally the object, and the
extension between the illuminating points is measured.
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Evaluated speckle phase

Fig.2 Effects of symmetrical A¥ and
antisymmetrical A4 ¥, phase terms on the probability
density distribution of the evaluated speckle phases.
(a) 4% =2r/50 and (b) 27/100, and antisymmetrical
phase term for (c) A4 ¥ =21/100 on the PDF p,(¢)
of evaluated speckle phase ¢. pg(4) becomes
uniform when (d) 4 ¥=A4% =0.
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Fig. 3 Growth of Scallion. Growth rate
over 5.5 sec is 1.21(nm/sec mm)
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Fig. 4 Variation of the growth speed of
Liriope platyphylla under the switching of
light radiation to the plant.
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Fig. 5 Measured growth rate of scallion leaf
before and after exposure of 0.24ppm ozone
for 3hours
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