
 
 

 
 
 

  
  

 

Plant Stems with  
Radial Density Gradients  

Coconut Palm  
http://en.wikipedia.org/wiki/ 

Image:Palmtree_Curacao.jpg 

http://en.wikipedia.org/wiki/


 

 

 

 

 
 

 Palm: Density Gradient  
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Palm Stem: Density Gradient  

Rich, PM (1987) Bot.Gazette 148, 42-50.  3 



 
 

 
 

 
  

Palm Stem:  
Density at Breast Height  

Densities 
of common 
woods 

A single mature palm has a similar range of  
density as nearly all species of wood combined  

4
Rich, PM (1987) Bot.Gazette 148, 42-50. 



 
 

   

 

 

 

 
  

   
 

 

  
 

 
 

 

Palm Stem: Density Gradient  
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Iriartea  
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ρmin ≈ 0 
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ro is the outer radius 5 
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6Rich, PM (1987) Bot.Gazette 148, 42-50. 
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Palm Properties 
• Prismatic cells in palm deform axially (like 

wood loaded along the grain) 

• If Es was constant, would expect: E* = Es (ρ* ρs ) 

)2.5 • But measure: E* = C (ρ* ρmax 

• Similarly with strength 

7  



Palm Properties 

•  Es = 0.1-3.0 GPa in low density palm tissue 
from Washingtonia robusta (Rueggeberg et 
al., 2008)  

•  Estimate in dense tissue (E* = 30 GPa; ρ*= 
1000 kg/m3) Es = 45 GPa 

•  Large variation in Es due to additional 
secondary layers in cell walls of denser tissue 
and increased alignment of cellulose 
microfibrils in those layers 
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Palm: Mechanical Efficiency 
Bending Stiffness 
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Palm: Mechanical Efficiency 
Bending Stress Distribution 
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σ (y) = Eε = Eκ y
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I. gigantea: n =2, m = 2.5  

σ ∝ r6



Palm: Mechanical Efficiency 
Bending Strength Distribution 
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Palm bending stress, strength 

Stress distribution 
Strength distribution 



Figure sources 

Sources for all figures in:  
Cellular Materials in Nature and Medicine (2010) 
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