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A G E H Development of functional optical coherence tomography (fOCT)

for monitoring environmental effects on plants
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Processes such as cytoplasmic streaming, organelle movement, cell growth and division, and biochemical reactions
are the functional activities occurring inside of plant leaf. These activities are changed under the influence of
environmental effects. Since we wanted to monitor those functional changes, we proposed to utilize a biospeckle signal
to achieve a functional optical coherence tomography (fOCT), and studied in this thesis. When a laser light illuminates
leaf, the resultant speckle pattern shows dynamic nature due to moving elements within the sample. This dynamic
speckle pattern is characteristic for leaf and its functional activities and has been called a biospeckle.

Optical coherence tomography (OCT) is an emerging optical modality, and performs high resolution, cross-sectional
imaging of internal microstructure in biological tissues by using backscattered light. The OCT technique has generated
numerous biological applications, most commonly in the fields of ophthalmology and dermatology. More recently, OCT
has also been used in the area of botany to visualize the inner structure of botanical samples with conventional structural
OCT imaging. However, its potential in monitoring functional changes, in other words, biological activities inside tissue
was not well developed.

To examine the biospeckle fOCT, OCT cross-sectional images were acquired successively with a time period of
0.1 seconds. Two different approaches were employed to analyze biospeckle signals coming from different spatial
positions of the cross-sectional image. In first approach, magnitude of biospeckle signal, in other words, standard
deviation (SD) of the signal was calculated along time axis of each spatial position from the array of OCT cross-
sectional images. Then a fOCT biospeckle image was constructed from the SDs of biospeckle signals. In our second
approach, temporal characteristics of the biospeckle signals were analyzed by acquiring biospeckle signals of different
depth positions at fixed lateral positions. Autocorrelation functions of fOCT biospeckle signals coming from different
depth positions on the plant leaf were calculated and correlation lengths (CLs) were calculated to quantify the

characteristics. SD and CL of the time varying biospeckle signal were proposed as measures to evaluate the change in



biological activity against ozone (O,) stress on plants.

The majority of methods for investigating O, stress on plants are invasive. They caused to damage the tissue under
study, thus, limit their application for in-vivo monitoring. In addition, the analysis cannot be performed in real time.
There is a need of fast and reliable technique to assess the effect of O, stress on plants. We proposed and developed

fOCT biospeckle imaging and signal analysis method to monitor the effect of O, on plants well.

Chapter 1:

Introduction to this thesis including the main objectives and the outline of the thesis is provided. The importance of
developing a functional optical coherence tomography (fOCT) for environmental stress on plants, evaluation of existing
techniques to monitor the effects of O, on plants, their limitations, and the need of developing more non-destructive,
real time, and reliable techniques, application of developed fOCT to monitor O; stress on plants are discussed.

Chapter 2:

Basic concepts of optical interferometry such as light interference and low coherence interference are briefly
described. The main purpose of this chapter is to explain the mathematical treatments of OCT and the way of
acquiring OCT images.

Chapter 3:

To overcome limitations in conventional methods , we proposed fOCT biospeckle imaging and signal analysis
method to monitor the effect of O; on plants. In the experiments, Allium tuberosum, commonly known as Chinese
chives was exposed to 0, 80, 120, and 240ppb O, concentrations, and the effects to both back and front side of the leaf
were observed to evaluate the developed fOCT biospeckle imaging and signal analysis for functional changes inside the
leaf. Here, first approach was employed to analyze biospeckle signals. In addition, the experiments were conducted with
Chinese chives under 240ppb of O, exposure, and biospeckle signals from different depth positions were analyzed with
our second approach. Increment of fluctuation in epidermal layer with O; exposure was seen with first approach, while
the change in biospeckle signal coming from mesophyll cell layer could be seen with second approach of analysis. In
addition, cell structure became more clear in the fOCT biospeckle image.

Chapter 4:

We applied fOCT biospeckle imaging and signal analysis method to monitor the effect of water stress on plants. In
the experiments, Japanese Koshihikari rice cultivar, was used. Two kind of experimental series were conducted. In the
first series, one Japanese rice cultivar, namely Koshihikari plants were kept without watering for 6 days.

OCT imaging data were acquired with, and without water for 1, 2, 3, 4, 5, and 6 days at the same area of same leaf
of a plant. Six experiments were conducted for data analyzing purposes. In the second series, another set of Koshihikari
plants were kept without watering for 6 days. After 6 days, plants were watered while OCT imaging data were acquired
before and after 1, 30, 60, 90, 120, 150, and 180 minutes of adding water. However we could not see significant results
in above two experimental series. Gas exchange meter readings showed that some changes can be seen after 7 hours.

So, our future experiments will be planed to conduct long hours after adding water.

We proposed, developed and applied fOCT biospeckle imaging and signal analysis technique for investigating the
immediate impact of environmental stresses, specially O, stress, in very short span of time such as a number of seconds
or a few minutes quantitatively and qualitatively, which is not possible with conventional experimental methods and

even with conventional OCT imaging.
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