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Video S1. Superimposed microCT and confocal microscope images. MicroCT components are in white, confocal 

microscope components are in green for the silica stained with PDMPO and red for the chlorophyll autofluorescence. The 

video shows the view of the leaf surface with all 3 components. The image stack is then rotated 90°. 

Pause 1: Side view of the leaf. Note that the components imaged by the confocal microscope are limited to the upper 40 

microns. Note that chlorophyll underlies the silica mineral distribution. Note too the locations of the palisade druses and the 

small druses lining the vein. 

The image is then rotated another 90 degrees and then the silica is removed digitally layer by layer from the upper surface to 

reveal the underlying chloroplasts. 

 

Figure S1. Extracted phytoliths. The phytoliths were stained with PDMPO solution and 3D imaged by confocal microscopy. 

(A) phytolith extracted form a vein, (B) silicified cell walls. Scale bars: (A) 20µm, (B) 10µm.  

 

 



                                                                                                                                                          
 

2 
 

 

Figure S2. Testing the emission wavelength for different locations. (A) Confocal image (B) the selections show where the 

emission spectra were acquired, (C) Emission spectra of the three selected area obtained exciting at 402 nm. The emission 

was measured for a phytoliths without visible chlorophyll around (green selection), for a stoma and several chloroplasts 

(blue selection) and for an area were no signal is visible (red selection) The PDMPO is mostly responsible for the 500 nm 

peak of emission, chlorophyll contributes only weekly to the 500nm peak. 

Munk-Kulbeka model for leaf PL measurements 

The model, explained in detail below, follows closely the work done by Simonot et. Al [1]. 

In this one dimensional model light goes either in the forward or backward direction. Light can 

undergo backward scattering and switch its direction by 180 degrees (S) or absorption (K). Forward 

scattering is considered here as a portion of the transmitance. The profile of the excitation light is 

therefore calculated by the solving of the following set of ordinary differential equations: 

(Eq. 1a) 
dIA

dx
= −(S + K)IA + S ⋅ JA 

(Eq. 1b) 
dJA

dx
= (S + K)JA − S ⋅ IA 

 

Where, x is the direction perpendicular to the leaf surface. x = 0 is the upper epidermis layer and x = 1 

is the lower epidermis layer. IA(JA) is the forward (backward) advancing excitation light power flux. S 

and K are the scattering and absorption coefficients per one leaf thickness respectively taken from the 

experimental work done by Gausman and Allen [2] as 0.6 and 2.6 respectively. 
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The absorption coefficient is corrected to account for the presence of the crystals in the leaf. The 

experimental value measured by Gausman and Allen is an average over the whole leaf area including 

weakly-absorptive sections covered by the druses. In the results below the area fraction covered by 

drusesis taken as 0.05, yielding an absorption coefficient of 3.25. 

The boundary conditions for the solution of Eq. 1a,b are: 

(Eq. 2) 

IA(0) = 1 

 JA(1) = R0 ⋅ IA(1)  

 

Where R0, the reflection of the bottom layer of the leaf is taken as 0.04. The intensity of the impinging 

light is normalized to 1. For the “on druse” position the second boundary condition is given for x =
1

2
 

instead of x = 1.  

The solutions for both IAand JA are a sum of a rising and decaying exponentials and are presented in 

Figure S3 below for the “on druse” and  ”off druse” positions: 
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Figure S3. Excitation light profiles.  Excitation light profiles are calculated from solutions to the K-M model as presented in 

Eq. 1-2. (A) Solution for the case of a “off druse” position (B) Solution of the “on druse” position. A thickness of 0.5 leaf 

thicknesses is taken as the boundary for the “on druse” position. 

Since the absorption is quite strong in both cases more than 90% of the absorbed light is localized in 

the top half of the leaf. 15% of the incoming light is transmitted through the “on druse” position while 

only ~2% through the “off druse” position. In both cases ~8% of the light is backscattered.  

Using the solution for the excitation profile as the source for fluorescence within the leaf one can write 

equations for the fluorescence light intensities in the forward and backward directions: 

(Eq. 3a) 
dIE

dx
= −(SE + KE)IE + SE ⋅ JE + 0.5 ⋅ QY ⋅ K(IA + JA) + 0.5 ⋅ QY ⋅ KE(IE + JE) 

(Eq. 3b) 
dJE

dx
= (SE + KE)JE − SE ⋅ IE − 0.5 ⋅ QY ⋅ K(IA + JA) − 0.5 ⋅ QY ⋅ K(IE + JE) 
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Parameters carrying a subscript E characterize the emission wavelengths following the same definitions 

given above. Although the model can account for parameters of different magnitude for the absorption 

and emission wavelengths we chose to use equal values due to the proximity of the laser and PL 

wavelengths, i.e. KE = K , SE = S. 

The fluorescence term here assumes a steady state in the population of excited chlorophyll (i.e. a small 

change on the time scale in which light travels through the leaf). The quantum yield (QY) of the 

chlorophyll under saturation is taken as 10%.  

The boundary conditions for these equations are similar to the ones given in Eq. 2 with the exception 

that in this case there should be no downward flux of fluorescence at the upper epidermal layer: 

(Eq. 4) IA(0) = 0 

 JA(1) = R0 ⋅ IA(1) 

 

Again, for the ‘on’ crystal position the second boundary condition is given for x =
1

2
 instead of x = 1. 

Figure S4 shows the profile of luminescence light within the leaf for “on druse” and “off druse” 

positions divided into forward and backward intensities. 
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Figure S4. Fluorescence light flux distribution within the thickness of the leaf. The light flux is calculated for the “off 

druse” (solid lines) and “on druse” (dashed lines) positions. The forwards and backwards directed fluxes are shown in blue 

and red lines respectively. The backwards fluorescence flux at 𝑥 = 0 is proportional to the signal measured in our setup.  

Here we are mainly interested in the value of JE at x = 0 which is the PL photon flux directed towards 

our collection lens. The values in both positions differ by less than 5% supporting the claim that the 

difference in the PL intensity in our measurements is not due to different effective leaf chlorophyll 

thicknesses in the two positions. 

We note that these values model the measured PL intensities already taking into account the excitation 

light profile. Meaning, it already considers the fact that a bigger fraction of excitation light is 

transmitted in the “on druse” position. 
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