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Introduction 

Instantaneous nanometric growth dynamics of plants 
under the influence of environmental conditions using 

highly sensitive optical interferometry 
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Background ς Environmental Condition (Ozone)  
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[Reference: http://www.airnow.gov] 

Ozone enters the mesophyll, via stomata 
where it immediately interacts with water 

and other cellular components 

Background 

Nitrogen oxides (NOx)+Carbon monoxide (CO) + 
Non-methane volatile organic compounds (VOCs) 

Secondary air pollutant  
Tropospheric ozone (O3) 

Reactive Oxygen Species 
 Superoxide radicals(O2

-) + 
Hydroxyl radicals(OH-) +  
Hydrogen peroxide(H2O2) 

[Cross section of leaf] 
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Visible injury of the plant 

Crop yield reduction  

Root growth  reduction 

Transpiration reduction 

Photosynthesis rate reduction 

Stomatal conductance  reduction 

Intercellular CO2 change 

Growth reduction  

The ambient ozone concentration  
in the Kanto district  
yield loss of rice is  

16000 tones (1.1%) in 1981  
78500 tones (4.6 %) in 1985  

(Kobayashi,1995). 

Under ambent ozone level  
(40- 75 ppb) significantly reduced  
the growth and yield of many  
crops and loss is around 3billion 
 US$ in USA ς (NCLAN in USA) 

.ŀŎƪƎǊƻǳƴŘ                                                      /ƻƴǘΧΧΦ                                                   
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Background ς Ozone in Sri Lanka 
Three Sites in Kandy District 

[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.] 

[Source: Gazette Extraordinary No. 850/4 of December  1994] 

Ambient Air quality standards for Sri Lanka 
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Growth dynamics of plants in 
short periods more 

precisely 
Immediate response of plants 

with eco-biological factors 

High sensitivity techniques  

.ŀŎƪƎǊƻǳƴŘ                                                      /ƻƴǘΧΧΦ                                                   

Post harvesting measurements ς 
Long period 

Conventional measurements  
.ƛƻƳŀǎǎό˃Ǝ  mg) 
 IŜƛƎƘǘό˃Ƴmm) 
Counting 
Chemical analysis 

To exceed the sensitivity  
limitation 

Optical interference methods 

Guarantee very high sensitivity with high reliability  
Real-time, non-destructive measurements 

!ǾŀƛƭŀōƭŜ ƻǇǘƛŎŀƭ ƛƴǘŜǊŦŜǊŜƴŎŜ ƳŜǘƘƻŘǎ ŀǊŜ ǾŜǊȅ ƭƛƳƛǘŜŘ ΧΧ 
Restrictions in the experimental environment 

(instability of living objects, speckle decorrelation due to continuous 
changes in microstructure, multiple scattering due to light penetration) 
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Statistical Interferometry Technique is capable to do real time  
monitoring sub-seconds, the sub-nano meter-precision ( /˂1000) 

( ˂  ςwave length of the laser ) 

Present approach Statistical Interferometry Technique (SIT) 
(Optical interference method) 

Advantages of Statistical Interferometry Technique 
×Sub-nanometer precision in per second time period 
×Real time monitoring within the short period of time 
×A simple  optical system and high accuracy 
×Non contact with object 
×Can be applied for scattering objects like plants 

Not possible with any other technique !!! 

.ŀŎƪƎǊƻǳƴŘ                                                      /ƻƴǘΧΧΦ                                                   
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[Reference: Jens H. Kroeger et.al, Regulator or Driving Force? The Role of Turgor 
Pressure in Oscillatory Plant Cell Growth, PLoS one 6, ,e18549, 2011] 

άHidden half of the plantsέ  
Biological/Physiological  

activities of plant leaves 

ü Dynamic behavior in sub seconds? 

ü Observe with minimum disturb to natural 
growth process 

.ŀŎƪƎǊƻǳƴŘ                                                      /ƻƴǘΧΧΦ                                                   
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Statistical interferometry 

&  

Other measurements 
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Speckle pattern 

  

When a rough surface is illuminated by the laser 
light,  reflected light amplitudes are randomly 
scattered by the surface and superposed coherently 
generating a high contrast granular pattern 

 /2  

Object 

Random wavefront 

 Roughness is higher than ˂/2  

Statistical Interferometry ς Theoretical background 
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-p p
Speckle phase

PDFüUniform distribution of Probability Density 
Function (PDF) 

üFully developed speckle field is very stable 
üIndependent from surface structure  
üThe quality of the optical components 
üParameters of the optical system 

Fully developed speckle field 

() ( )pfp
p
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2
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p

Statistical Interferometry 

Statistical Interferometry ς Theoretical background 

Statistical properties 
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Statistical Interferometry Technique(SIT) system 

NDF : Neutral Density Filter 
PZT : Piezo Electric Transducer 
P1,P2 : Prisms 

 : Angle between the illuminating and observing directions 
d : Distance between the two laser beams : 3mm 

Ɋ : phase change between interfering speckle fields 

ǤX = Y (lsinq) 

2p 

[Clamping of leaf in SIT] 

[Real system on an optical bench] 

[A schematic of the experimental system of SIT] 
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Growth dynamics in different time scale 

Rice plant 

Relative Elongation Rate (RER) 



Nanometric Intrinsic Fluctuation 
(NIF) 
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άbLC  ƛǎ ŘƛŦŦŜǊ ŦǊƻƳ ǘƘŜ 

conventional growth measurements ò 

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

Standard deviation Vs Power spectrum of fluctuations  

Standard deviation showed clear variation  

Slope  =   (-1.87)  

Slope  = (-1.93)  
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Transpiration rate : Process  of loss of water 
vapor, especially in leaves  

Stomatal Conductance : Process of passage of 
either water vapour or carbon dioxide through 
the stomata, or small pores of the plant.  

Photosynthetic rate : 

Conventional method 1 

Intercelluear CO2: CO2 Concentration in intercellular air space. 

Gas exchange meter 
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FM -  Maximum fluorescence level elicited by a strong light pulse which closes 
all Photo-system II reaction centers   

FO -  Minimum fluorescence level excited by very low intensity of measuring 
lightto keep photo-system II reaction centers open. 

Chlorophyll Fluorometer 

Conventional method 2 
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Experiments - 1 
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Two methods for measurements 

 1. Statistical Interferometry ς( Relative elongation rate of leaves)

  

 2. Gas Exchange Meter ς(Photosynthetic rate, Stomatal  
   ŎƻƴŘǳŎǘŀƴŎŜΣLƴǘŜǊŎŜƭƭǳŜŀǊ /hіΣ ¢ǊŀƴǎǇƛǊŀǘƛƻƴ ǊŀǘŜύ 

Å The short term (per second) growth behavior of the vegetable plants 

Å  Under long term ozone exposure of vegetables in filed condition.  

Objectives of the research 

Ambient ozone level (40- 75 ppb) significantly reduced the growth and yield  of 

many crops and loss is around 3billion US$ in USA ς (NCLAN in USA) 

Background 

Background and Objectives 
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ÅSoybean ς (Glycine max (L.). Enrei) 

   - Seed vegetable (Six samples ) 

ÅRadish (Hatsukadikon) ς(Raphanus sativus. Cv. Kometto) 

   - Root vegetable (Six samples ) 

.ŀŎƪƎǊƻǳƴŘ ŀƴŘ hōƧŜŎǘƛǾŜǎ                             /ƻƴǘΧ 

One month of time period AOT 40 value become 
10000 ppb.h in (Ambient*1.5)O3 
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Statistical Interferometry - Radish 
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Statistical Interferometry - Soybean 
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Statistical Interferometry ς Growth rate measurements 

a 

b 

c a 

b 
c 

42% 

63% 

56% 
73% 
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Gas exchange meter ςNet photosynthetic rate 

a 
a 

b 
a 

b 
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12% 

38% 

28% 

52% 




