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S A e Evaluation of short-term growth dynamics of plant under the influence of

growth hormones using optical interferometry
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Statistical interferometric technique (SIT) is a unique optical interferometric technique based on statistics of fully
developed speckle field which is developed to measure nanometric intrinsic fluctuation of biological object. By using
SIT, instantaneous growth fluctuations of plant at cellular level at sub-nanometric scale can easily investigated with
high accuracy. Such fluctuations are named as nanometric intrinsic fluctuation (NIF). Bio-speckle optical coherence
tomography (bOCT) was used to observe the internal structural activity of plant. Bio- speckles form living organelles
activity can be observed to investigate the variation of such internal structures. In this experiment plant hormones are
used to monitor growth behaviour of plant. GA, and auxin, two basic growth promoting phytohormone was applied at
plant root system and leaf surface as foliar spray with different concentrations. With the action of growth promotion
and inhibition of plant hormones NIF plant was monitored by using SIT. Internal structural changes were also be

investigated with different concentration of GA; with bio speckle OCT system.

Chapter 1: Introduction

This chapter describe the introductory discussion with background study of NIF behavior of plant by using SIT,
and potential of OCT in monitoring internal structural changes of plants in relation to environmental variations. Also
describes the reasons of choosing plant hormone for NIF study by SIT along with visualization of internal activity of

plant by OCT together with the objective of this study.
Chapter 2: Statistics of speckle field

In this chapter the principle of SIT has been described. When the laser light is illuminated on an optically rough

surface, a fully developed speckle pattern is generated due to the random interference of scattered light. A he-ne laser



light illuminated at leaf surface and in-plane elongation or shrinkage of plant leaf was measured between two probing

point in order of nano-metric scale.

Chapter 3: Bio-speckle optical coherence tomography (OCT)

In this chapter the principle of Bio-speckle OCT has been described. SD-OCT used a super luminescent diode as light
source. The interference light from object and reference mirror is passed through a spectrometer to obtain the spectral
interference. Depending on the depth from where the light is reflected, spectral properties would differ. By analyzing
the spectral interference, it is possible to get a depth profile of the reflected light for each point along the sample. By
having a scanning system to move the optical beam across the sample, we could obtain a 3D distribution of the optical

reflective of the sample.

Chapter 4: Nanometer accuracy statistical interferometric technique in monitoring the short-term effects of
exogenous plant hormones, auxin, and gibberellic acid on rice plants

In this chapter, measurement with SIT was conducted under different plant hormones namely, auxin
(2,4-dichlorophenoxyacetic acid- 2,4-D), an auxin transport inhibitor, 2,3,5-triiodobenzoic acid-TIBA, and gibberellic
acid (GA;) to investigate the changes in the intrinsic fluctuations. The hormones were either applied directly through
foliar spraying, or through immersion of the root system. Rice plants root were exposed to auxin, of 0, 1, 2, and 4 uM for
24 hours including two hours under control to monitor normalized standard deviation (NSD), and average normalized
standard deviation (ANSD), of NIF respectively. Under all the cases, it could be seen that the change in ANSD either
increases or decreases happening within the first one hour of the exposure to auxin. Under the concentrations of 1 and 2
uM, there is increase in ANSD with respect to control. The increment for 2 uM was lower than that for 1uM compared
to control. In contrast, at 4 uM of 2,4-D, ANSD decreased with exposure time over 22 hours was also observed.

Further, introducing antagonist of auxin was found to reduce the fluctuations and the variation of ANSD of NIF, under
10, and 20 uM of TIBA were also showed decreases with respect to the control. Under GA;, of different concentrations
of 0, 10, 40, and 100 uM for 6 hours NIF was also measured. ANSD of NIF, under low concentrations of 10, and 40
uM, GA,, there was an increase in NIF with respect to control. Under a high concentration of 100 uM, there was a
decrease with decrement being less than that of control was monitored.

Leaf lengths of rice seedlings with their root systems of four days old exposed under different agents, 0,1, 2, and 4
uM 2,4-D, and 10, and 20 uM of TIBA, and 0, 10, 40, and 100 uM GA; were measured. The measurements were done
at interval of two days for 2,4-D, and TIBA from 14" day to 29" day. In case of GA, exposure, measurements were
done from 4" to 22" day with an interval of two days. Significant increment in leaf lengths under 1, and 2 uM of 2,4-D
with respect to that of the control. On the other hand, 4 pM shows decreases in leaf length after 23" days of exposure.
Leaf lengths under 0, 10, and 20uM TIBA were also measured and seen decrease in length with increasing TIBA
concentrations. The increase in leaf lengths seemed to be gradual with increasing concentrations under 10, and 40 pM

of GA; and showed significant increment with respect to that of the control.

Chapter 5: Biospeckle optical coherence tomography in visualizing effects of foliar application of plant growth
hormone to Chinese chives leaves
This chapter is about visualization of internal structure changes by bio-speckle optical coherence tomography to

visualize internal structures of leaf with GA, exposure as foliar spray. Concentration used for this experiment 40 uM,



100 uM, and 1.2mM. The higher concentration shows loss in laminar structure of leaf from both the structural and
speckle contrast image. After 60 min of spraying 40, and 100 uM GA; clear reduction in contrast was observed from

speckle contrast image which was difficult to distinguish from the structural images.

Chapter 6: Conclusions and future perspective

SIT and biospeckle OCT both has vast scope to study environmental aspects related to plant and to observe plant
conditions. Obtaining result with in a very short period is one of the most important advantages of using these systems.
SIT, applied to plant elongation revealed NIF and the reason behind these fluctuations is still unknown and our future

aim is to investigate the mechanism for the presence of these intrinsic fluctuations.
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