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Introduction

Instantaneousnanometricgrowth dynamicsof plants
under theinfluence of environmental conditionsising
highly sensitive optical interferometry
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Background: Environmental Condition (Ozone)
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Background

NOx + VOC + Heat & Sunlight = Ozone
Ground-level or “bad” ozone is not emitted directly
into the air, but is created by chemical react: ions
between NOx and VOCs in the presence

of heat & sunlight.

[Reference: http://www.airnow.gov]
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[Cross section of leaf]

Nitrogen oxidesNQ)+Carbon monoxide (CO) =) Secondary air pollutant
Non-methane volatile organic compounds (VO

S) Troposphericozone (Q)

Reactive Oxygen Species
Superoxide radicals¢g)+
Hydroxyl radicals(OH+
Hydrogen peroxide(}D,)

!

Ozone enters thenesophyl] via stomata
= \here it immediately interacts with water
and other cellular components
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Photosynthesis rate reduction

Stomatal conductance reductio

Transpiration reduction

Intercellular CQ change

Crop yield reduction

Root growth reduction

Visible injury of the plant

,‘.,N‘in Filtered Air @ fi ItE re d
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Background; Ozone in Sri Lanka
Three Sites in Kandy District

Site No. Pollutant concentration Temperature/°C Light intensity
(ppm) (Luxx 10)
0, SO,
1 0.044-0.048 0.005-0.000 27.0-28.5 350-373
2 0.042-0.046 0.001- 0.010 27.0-28.5 345-374
3 0.030-0.040 0.001- 0.008 26.0-28.0 340-373

[Source: V.D.K Abeyratne et.al (2006) Impact of Ambient Air Pollutants on the Stomatal Aperture of Argyeria Populifolia ,
Cey. J. Sci. (Bio. Sci.) 35 (1) : 9-15.]

Ambient Air quality standards for Sri Lanka

Pollutant Averaging time(h) Unit Standard

S()z 1 20000.08)

8 ug/m (ppm) 120(0.05)

24 8M0.03)

NO_ 1 Hg/m (ppm) 250(0.13)

8 150:(0.08)

‘ 24 100(0.05)

o 1 Lg/m (ppm) 200(0.01)
CO 1 pg/m (ppm) 30(26.1)

[Source: Gazette Extraordinary No. 850/4 of December 1994]
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Conventional measurements »
. A2Yl aang)> 3
| SAIK Iy Y

High sensitivity techniques
-

Growth dynamics of plants in

Cotnting short periodsmore
Chemical analysis PeTt

_ precisely
Post harvesting measurements Immediate responsef plants

Long period

with ecobiological factors

To exceed the sensitivity »
limitation

Optical interference methods

L

Guarantee venhigh sensitivity with high reliability

Realtime, non-destructive measurements

l gL At ofS 2LIAOIE AYyidaSNFSNBY|

(instability of living objects, speckle decorrelation due to continuous

changes in microstructure, multiple scattering due to light penetra)ti0|r

Restrictions in the experimental environment
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|| ]| Present approab Statistical Interferometry Technique (S[T

(Optical interference method)

4 N
Statistical Interferometry Technique is capable to do real time

monitoring sub-seconds the sub-nano meterprecision(</1000)
(<cwave length of the laser)

= /

Advantages of Statistical Interferometry Technigue

X Sulnanometer precisiom per second time period

x Real time monitoringvithin the short period of time

x A simple optical systeand high accuracy

x Non contact with object

x Can be applied foscattering objectsike plants

“ Not possible with any other technique !!!
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Growth Rate (um/s)

Growth rate v (pm/s)
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[Reference: Jens H. Kroeger et.al, Regulator or Driving Force? The Role of Turgor
Pressure in Oscillatory Plant Cell Growth, PLoS50jed 8549, 2011]

U Dynamic behavior in sub seconds?

U Observe with minimum disturb to natural

growth process
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Statistical interferometry
&
Other measurements
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Statistical Interferometryc Theoretical background

. e & AT o
Speckle pattern

camera

tly
Random wavefront
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Statistical Interferometr}g Theoretical background

Fully developed speckle field
=

U Uniform distribution of Probability Density A PDE
Function (PDF)

pf(f)=$ (p<fep)

Speckle phase

Statistical properties

U Fully developed speckle fieldvsry stable
U Independentfrom surface structure

U The quality of thevptical components

U Parameterof the optical system

4

Statistical Interferometry
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Statlstlcal Interferometry Technigue(SIT) system
I He-Ne Laser || Mirror 03 Out Ogln
: NDF PZT A i .
533 — 4 GX = Y (I sinq)
Pl N | % ','
PF
camera \
IF :
Speddepattm [Clamping of leaf in SIT]
Frame memory 03 chamber

[A schematic of the experimental system of SIT]

NDF : Neutral Density Filter
PZT : Piezo Electric Transducer
P1,P2 : Prisms
. Angle between the illuminating and observing directio
d : Distance between the two laser beams : 3mm

( : phase change between interfering speckle fields [Real system on an optlcal bench]
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Growth dynamics in different time scale

Rice plant

60
50 + A _
= §
E =
= 2
[1-]
:E 30 g;
=4 S
w
u% 20
10 -
0 L 58 !
0 05 10 12.0 125 13.0
Time (hrs) Time (min)
60 30
_ : D
- - \ . 20
R#lative ElongatlorLR'a/te (REF{F,
L&)
EiIU— o 10
5 = |
g 0} E o
o :
w 20 E 10t
T
10¢ ¥ 5l
0 ] ] _30 I
4 5 0.0 05 10
Time (sec) Time (hrs)

Environmental Optical Sensing Laboratory, Saitama Univel



Growth dynamics in different time scale
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Power spectrum could not differentiate the fluctuation

Standard deviation showed clear variatign
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Conventional method 1

Gas exchange meter

Photosynthetic rate :

hght
e, + 1ZH.O CH,OL + a0, + aHLD
creen plants
carbor water clucose  oxygen — water
dioxide

Stomatal ConductanceProcessf passage of |

either water vapour or carbon dioxide throu
the stomata, or small pores of the plant.

: 03 A {/ i
Jo, O O &
‘ Lower : i-.,_,‘ o E— ‘L
{ ) ‘ AL A :
Sto a 0,

Transpiration rate Process of loss of wate

1

vapor, especially in leaves

Intercelluear C@ CQ Concentration in intercellular air space
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Conventional method 2

Pd
Chlorophyll Fluorometer A
@ """ Fluorescence % o0 _’
Heat —

Photochemistry

Maximum photochemical quantum _ Fu—Fo __ I\

yield of PS 11 Fu F

R« - Maximum fluorescence level elicited by a strong light pulse which closes
all Photoesystem Il reaction centers

Fo- Minimum fluorescence level excited by very low intensity of measuring
lightto keep photesystem Il reaction centers open.
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Experiments 1
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Background and Objectives

Background

Ambient0zonelevel (40 75 ppb)significantly reduced the growth and yietd
many crops and loss is around 3billion US$ in tJSACLAN in USA)

Objectives of the research
A Theshortterm (persecond)growth behaviorof the vegetableplants

A Underlongterm ozoneexposureof vegetablesn filed condition

Two methods for measurements

\> x4

1. Statistical Interferometryc(Relative elongation rate of leaves

2. Gas Exchange Mete(Photosynthetic rate, Stomatal
O2y RdzOUF yOSZLY GSNDSTE f d:
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A Soybearc (Glycine maxL.).Enrei) N
- Seed vegetable (Six samples ) Jgetie =

A Radish (Hatsukadikond(Raphanus sativusCv. Kometto)
- Root vegetable (Six samples )

One month of time period AOT 40 value become 5%
10000 ppb.h in (Ambient*1.5)0

One month Three days

- - -
B i ]

| |
Ge!rminatinn date l Measurement Measurement
start end
Plants Conditions
* * ' 3rd or 4th leaf - Radish
Open Top s Charcoal Ambient (Ambient *1.5)
Chambers flitered air air Ozone air
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Statistical Interferometry- Radish
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Statistical Interferometrx— Soxbean
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Statisticallnterferometry ¢ Growth rate measurements
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Gas exchange meteNet photosynthetic rate
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