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Trophospheric ozone (O;) is a major pollutant and is on a constant rise and is known for decreasing growth and yields
in crops. In order to investigate effect of O, general techniques are (a) Visible foliar damage (b) Physiological analysis (c)
Weight loss. However, all these techniques require fairly long periods ranging from a few days to months. Currently to
our knowledge, there is no direct way to address the effect of O, from instantaneous growth dynamics. For plant growth
measurement, currently available techniques are based on (a) Computer analysis of sequentially obtained images; (b)
dry weight. The basic resolution of such techniques is limited to a few micrometer obtainable within a few minutes. To
overcome this sensitivity limit and to increase the accuracy of growth measurements, optical interferometric techniques
have been developed. Earlier attempts to use optical interferometric approaches in the 1980’s had failed to achieve an
enough sensitivity to give any biologically novel information. In order to exceed the sensitivity limitations and eliminate
the drawbacks of existing experimental techniques, in this study, a novel optical interference technique called statistical
interferometry technique (SIT) was introduced. The intrinsic fluctuations, nano-meteric intrinsic fluctuation (NIF) of
leaf's growth rate were discovered with the sub second temporal resolution, that NIF is environment sensitive and can

play a role of a measure in fast assessment of plant vitality in relation to environmental changes.



The thesis consists of five chapters as summarized below.

Chapter 1 :

Chapter 2 :

Chapter 3 :

Chapter 4 :

Chapter 5 :

Introduction to this thesis including the main objectives and the outline of the thesis is provided. The
importance of plant dynamics studies, evaluation of existing growth monitoring techniques, their limitations,
and the need of developing more sensitive techniques, are discussed.

Basic concepts of optical interferometry such as light interference and speckle phenomenon are briefly
described. The main purpose of this chapter is to explain the features of SIT and way of data analysis
principle for plant growth measurements.

The impact of chronic O, exposure of two crop vegetables, radish and soybean, was evaluated by using SIT
and well established conventional methods. A real-time, non-invasive, robust optical interferometer having
an accuracy of 0.1 nm was used to measure the growth of a leaf. The growth was measured every 500 msec
for an one hour in three different O, exposed plants. The potential of proposed SIT to obtain NIF changes of
plant leaves is extensively demonstrated, and it was confirmed that reduction in NIF coincide well with well
established conventional methods under the large dose of O; .

Application of SIT to investigate the effects of short-term O, exposure on two rice cultivars. The growth was
measured every 500 msec for a total of seven hours with three hours under O, concentrations of, 0 ppb, 120
ppb and 240 ppb. This experiment revealed that NIF could be used to assess the O, stress on plant within a
short term of a few hours. Further NIF could differentiate the two cultivars according to the O, resistance.
The fluctuations differentiated the cultivar's sensitivity with one showing drastic reduction.

Origins of the NIF, conclusions and future research directions emerging from this study are discussed. NIF
may be an intrinsic property of plants, possibly resulting from both the metabolic and the hydraulic control
mechanisms and is environment-sensitive. Being environment-sensitive, makes the NIF valuable as a rapid

assessment measure of plant vitality.

Statistical interferometry permits real-time observations of very short-period dynamic responses of biological objects,

such as plants under various environmental conditions. It can be used to obtain sub-nanometer growth increments of

biological objects in sub-seconds in non-contact and non-destructive manner, which was not possible with any other

technique.
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