
STEM DIAMETER AND HEIGHT AS 

TRAITS LINKED TO CORK QUALITY: 

THICKNESS AND POROSITY 
Augusta Costa | Palafrugell, 22nd May 2019 



AGENDA 

Cork Quality 
Study and 

Goals 

Materials and 

methods 

Results and 

Conclusions 



AGENDA 

Cork Quality 
Study and 

Goals 

Materials and 

methods 

Results and 

Conclusions 



CORK QUALITY 

THICKNESS 

Decisive for the industrial 

processing (commercial 

classes) and the use of cork as 

a sealant (e.g., in natural cork 

stoppers or discs) 

POROSITY 

Decisive for the visual 

inspection and behaviour as a 

sealant (quality classes) (e.g., 

in natural cork stoppers or 

discs) 

 



WHAT VALUE? 

THICKNESS POROSITY 

1 By definition, Porosity coefficient is the percentage of pore area 
in relation to total area of cork mass 

The quality of the raw cork planks determine the 

industrial processing and; the type of product  

Porosity 
Coefficient (%)1 

Grading Products 

< 6  1st - 3rd    (Good) Stoppers 

 6 - 10     4th - 5th   (Medium) Stoppers 

> 10  6th    (Poor) Granulate 

Thickness (mm) Grading Products

9 - 22 Extra thin Discs

22-27 Thin Discs

27 - 32 Half standard Stoppers

32 - 40 Standard Stoppers

40 - 54 Large Stoppers

>54 Extra large Granulates



Thickness (mm) 
Quality classes 

1st –  3rd   (Good) 4th- 5th   (Medium) 6th   (Poor) 

< 22  < 30 10 < 10 

22-27 50 30 < 15 

27 - 32 100 60 25 

32 - 40 100 60 25 

> 40 70 30 < 15 

WHAT VALUE? 

QUALITY (INDEX PRICES) 



WHAT COST? 

CORK HARVESTING (INDEX COSTS) 

Density 

Structure 

Basal area 

Canopy cover 

Persistence 

Habitat quality  

Forest management 

Pest/Diseases resistance 

Cork Yield 

Age 

Shape  

Stem height 

Crown canopy (leaf area) 

Harvesting height 

Harvesting intensity/frequency 

Pest/Diseases resistance 

Cork Growth 

Habitat diversity 

Forest understory management 

Pest/Diseases outbreaks 

Land tenure 

Patchiness/Connectivity 

Cork Supply 

 

Water availability 

Carbon storage 

Soil conservation 

Pest/Diseases outbreaks 

Habitat suitability 

Nutrient cycle  

Climate change effects 

Biophysical conditions 

Cork Region 



Workers yield  
(kg of cork per, working day) 

 Harvesting Height  

In stem  Higher or in Branches 

Pliocenic sedimentary formations 100 65 

 Carbonic schists formations 75 50 

WHAT COST? 

CORK HARVESTING (INDEX COSTS) 

Harvesting height "Pair of workers" One worker

Stem harvesting "Pés" 900 -1050 375 - 450

Branches harvesting  "Ares" 600 - 750 250 - 360

References: Costa (1991) Metodologias para o ordenamento do montado de sobro. Graduate thesis. University of Lisbon.  
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VARIABILITY: THICKNESS 

Decreasing trend of cork 

thickness with the stem height  

Cork in the branches is thinner 

than below, in the stem. 



VARIABILITY: POROSITY 

Decreasing trend of cork porosity 

with the stem height.  

Cork in higher stem heights have 

pores with smaller area. 



Goal 

To address the within-tree variability of cork quality and, specifically, to assess 

the stem height-cork thickness and the stem height-cork porosity relationships. 

THICKNESS 

Curve for the cork 

thickness 

 

Optimizing the cork harvesting operation 

POROSITY 

Curve for the cork 

porosity 
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MATERIALS AND METHODS 

COLLECTION OF CORK SAMPLES DATA  TREATMENT DATA ANALYSIS 

Selection of more than 60 trees and; 

The collection of more than 450 cork 

samples: 

At different heights in the tree stem; 

At opposite aspect in the tree stem 

(North and South) 

0.30 m 

1.30 m 

2.30 m 

3.30 m 



MATERIALS AND METHODS 

COLLECTION OF CORK SAMPLES DATA  TREATMENT DATA ANALYSIS 

Cork samples were boiled, cut and 

sanded for image analysis. 

In each cork sample, the transversal 

sections were used for cork-ring width 

measurements. 



MATERIALS AND METHODS 

COLLECTION OF CORK SAMPLES DATA  TREATMENT DATA ANALYSIS 

Cork samples were boiled, cut and 

sanded for image analysis. 

In each cork sample, the tangential 

section was used for cork porosity 

measurements. 
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RESULTS: TREE CHARACTERIZATION 
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RESULTS: CORK THICKNESS 

In average, at 4 m height in the stem, the cork 
thickness may be only 80% of the cork 
thickness found at 1.30m height 
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Stem harvesting height (m) 

In average, above the stem height of 2 m, the 
cork planks have a cork thickness inferior to 27 
mm (not stoppable) 

The cork thickness decreased along the stem upwards. This pattern was consistent with the one reported on 
previous studies. In our study we found on average a (linear) decreasing rate of 2.5 mm.m-1 of stem height.  
This pattern was noticed in all trees despite their cork thickness, at 1.30 m.  



RESULTS: CORK THICKNESS 

The cork thickness was not equal, radially around the 
stem, which was consistent with the other tree species. 
In our study we found that in the shady side of the 
stem the cork thickness ranged between 95% and 100% 
of the cork thickness of the sunny side. 

Stem Profile 

The annual growth rate of cork was a decisive variable for 
stem profile modelling.  
These results showed that tree growth patterns are associated 
with the phellogen’s intrinsic characteristics, namely the 
number of cork cells produced radially by the phellogen, in 
each cork ring  



RESULTS: POROSITY 

The cork porosity coefficient decreased along the stem upwards. This pattern was consistent with the one 
reported on previous studies. In our study we found on average a (linear) decreasing rate of 0.35 %.m-1 of 
stem height. 

The number, area and shape of pores in the 
tangential section were decisive variables, in 
comparison with the transversal section. 

In average, above the stem height of 3 m, the 
cork planks have a porosity coefficient below 
10% (medium to high quality) 



RESULTS: POROSITY 

The cork porosity decreased along the stem upwards. This 
pattern was related with the decrease of the (maximum) 
pore area rather than with the decrease of the number of 
pores or of the porosity coefficient. 

The cork porosity decreased along the stem upwards. This 
pattern was consistent with the one reported on previous 
studies. In our study we found out that maximum pore area 
(linear) decrease was on average 15 mm2.m-1 of stem height. 

Stem Profile 

The maximum pore area (in tangential section) was a decisive 
variable for stem profile modelling.  
These results showed that tree growth patterns are associated 
with the lenticular phellogen’s intrinsic characteristics, namely 
the size of lenticular cells produced radially, in each cork ring. 



Stem profile  

25%  

Half-Standard /Standard  - Medium 

4 m  

30% 

Thin – Medium - High 3 m  

2 m  

10% 

Extra thin  - Medium - High 

<15% 

Thin – Medium 
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