
Coniferous bark heat treatment for the elimination  

of the pinewood nematode by  

Continuous hot steam system 
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TECHNICAL REQUIREMENTS 

 

1- Reception place 

 

2 - Previous screening 

 

3 - Equipment: heat source, heating and treatment 

     chamber and sensors 

 

4 - Automatic registration of temperatures 

 

5 - System validation 

 

6 -Treatment monitoring 

 



TECHNICAL REQUIREMENTS - cont. 

 

 

7- Final screening 

 

8 - Storage and transport  

 

9 - Hygiene measures 

 

 



3 – Equipment: heat source, heating and 

      treatment chamber and sensors 

 

2 MODELS 

 

Courtesy: Leal&Soares 

Courtesy: Alfarroxo 



3 - Equipment: heat source, heating and treatment chamber and sensors 

(1) (2) 

Entrance  
Out from 

heating phase 

(5)  (4) (3) 

Treated bark 
Entrance for 

treatment 

Heating chamber 

Treatment chamber 

Steam injection 



4 - Automatic registration of temperatures 

Process control 

                     Temperatures 

Date    Hour      T3   T4   T5    Quantity 

 

  dd     hh:mm    T    T     T          m3  

  dd     hh:mm    T    T     T          m3  

  dd     hh:mm    T    T     T          m3  

  dd     hh:mm    T    T     T          m3  

  dd     hh:mm    T    T     T          m3  

  dd     hh:mm    T    T     T          m3  

  dd     hh:mm    T    T     T          m3  

 

   … every 10 minutes … 

 

Registers 

Courtesy: Madeca 



5 - System validation – temperature evaluation 
Button sensor 

inside thick bark 
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Temperatue sensors lanched with bark
(November 2012)

sensor 2 sensor 5

belt  temp. interior thick bark

sensor 1 sensor 2 sensor 3 sensor 5

31 41 34 33

33 42 35 34

84.5 80.6 87.5 94.0

Inside bark

Time (min) ? 64 ºC

Time (min) ? 60 ºC

Temp. máx. (ºC)

Note: enterprise A 



5 - System validation – temperature evaluation 

Note: enterprise M. 

  sensor 1 sensor 2 Belt 

Time (min) ≥ 64 °C 38 37 23 

Time (min) ≥ 60 °C 39 37 30 

Max. Temp. (°C) 97.0 70.2 66.0 
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5- System validation – temperature evaluation 

Note: enterprise LS 
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Continuous steam treatment of bark

sensor 1 sensor 2 sensor 3

sensor 4 sensor 5

  sensor 1 sensor 2 sensor 3 sensor 4 sensor 5 

Time (min) ≥ 64 ºC 39 46 32 44 38 

Time (min) ≥ 60 ºC 35 50 34 45 40 

Max. temp. (ºC) 98.0 99.5 98.9 98.9 100.0 



Continuous hot steam system – Thermical / biological  validation 

Temperature probes inserted inside bark and wood pieces in order to evaluate the 

temperature in the core during treatment. 

6 - System validation – biological evaluation 



Average Temperature  

(30 min treatment)  

75,6ºC 

35 minutes 

Bark 

Average Temperature  

(30 min treatment)  

78,6ºC 

41 minutes 

Wood 



Continuous hot steam system – Biological validation 

9 bags containing wood chips and  bark  (700 g/bag)  

One temperature button sensor inside one tennis ball per bag 

 
B. xylophilus › 131 000  

(› 80% JIII dispersal juvenil stage– most tolerant stage) 

 

Other nematodes including other Bursaphelenchus species › 3600  



Continuous hot steam system – Biological validation 

 

3 bags (4, 6 and 7) - nematode screening after 

treatment 

 

3 bags (2, 3 and 9) – nematode screening after 

incubation (15 days at 25ºC) 



Continuous hot steam system – Biological validation (Results)   

Probe 4 Probe 6 

Probe 7 

47 minutes 41 minutes 

42 minutes 

Average Temperature  

(30 min treatment)  

88,5ºC 

Average Temperature  

(30 min treatment)  

88,4ºC 

Average Temperature  

(30 min treatment)  

86,6ºC 



Continuous hot steam system – Biological validation (Results)   

Probe 2 

Probe 9 

Probe 3 

39 minutes 39 minutes 

49 minutes 

Average Temperature  

(30 min treatment)  

89,1ºC 
Average Temperature  

(30 min treatment)  

93,4ºC 

Average Temperature  

(30 min treatment)  

86,5ºC 



Bag 
Nº nematodes 

(before treatment) 

Nº nematodes  

(after treatment) 

4 133 660  

(131 000 PWN) 
0 

6 133 660  

(131 000 PWN) 
0 

7 133 660  

(131 000 PWN) 
0 

Bag 

Nº nematodes 

(before treatment) 

Nº nematodes  

(after treatment 

and incubation) 

2 133 660  

(131 000 PWN) 
0 

3 133 660  

(131 0’0 PWN) 
0 

9 133 660  

(131 000 PWN) 
0 

Continuous hot steam system – Biological validation (Results) 

Probit 9 efficacy (100% mortality of  

more than 100 000 test organisms) Results 



8 - Storage and transport  

      ≥ 25 m 

Non treated area Treated area 

Bark 
heap 

Bark 
heap 

Bark 
heap 

Bark 
heap 

≥ 25 m 

Bark 
heap 

≥ 25 m 

Bark 
heap 

Non treated area 
Non treated area 

Treated area 
Treated area 

Keep safety distance 

between clean and 

dirty storage zones 

water drainage canal 



9 - Hygiene measures 

Courtesy: Madeca 





Many thanks! 


