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Non-invasive monitoring of environmental stress on plant using functional optical co
herence tomography

KADONO, Hirofumi
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OCT(Optical Choherence Tomography)

In this study, a novel and non-invasive monitoring method of biological activities
of plant under environmental stress was developed using an optical coherence tomography (OCT) together wi
th_a statistical properties of biospeckle. The biospeckle is_generated by the dynamic motion of organelle
s inside a cell, and hence can reflect the biological activities of plant leaf. The proposed functional O
CT system experimentally demonstrated to observe three-dimensionally the biological activities of plant un
der ozone stress. To analyze the biospeckle signal, two types of analysis were proposed and examined. On
e is based on the magnitude of the fluctuation (standard deviation) of the signal. The other one is to an
alyze temporal characteristics of the signal, i.e., a autocorrelaton function of the signal. As experiment
al results of ozone exposure, it was revealed that those two methods could immediately detect an independe
nt response about environmental condition.
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Fig. 1 Observation of leaf damaged with acid
rain with pH 2. (a) before exposure to acid
rain; (b) 21 days after the exposure
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Fig. 2 Experimental system of spectral domain
optical coherence tomography system
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Fig. 3 Obtained conventional structural OCT
cross-sectional images. (a) Before exposure of
Os. (b) 1 hour after starting exposure. (c) 3
hours after starting exposure. (d) 2 hours after
stopping exposure (CF air treatment).
ue-upper  epidemis, mc-mesophyll  cell,
ve-vesicular bundle, st-stomata
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Fig.4 Obtained functional OCT biospeckle
images. (a) Before exposure of Os. (b) 1 hour
after starting exposure. (c) 3 hours after
starting exposure. (d) 2 hours after stopping
exposure (CF air treatment).
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Fig.5 Averaged depth profiles of standard
deviation of biospeckle signals at different
timing of ozone exposure to Chinese chives.
Depth profile was averaged over 1000mm.
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Fig. 6 Averaged normalized SDs of biospeckle
signal from (@) back surface and (b) back
surface of Chinese chive leaves under O;
exposures of 0, 80, 120, and 240ppb.
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Fig. 7 Observation of strama on Chinese
chive leaf using optical microscope
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Fig.8 (@ OCT Image of leaf back surface, (b)
averaged autocorrelation functions over 21 to 52um
depth layer (epidermal layer), (c) averaged
autocorrelation functions over 86 to 117um depth
layer (mesophyll cell layer), and (d) averaged
autocorrelation functions over 158 to 189um depth
layer (layer below the mesophyll cells)
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Fig.9 Normalized averaged correlation length
(NACLs) of biospeckle signals coming from
different layers (from back surface) of Chinese
chive leaves under O3 exposures of 240ppb. Each
average value was plotted with standard error for
16 measurements.
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