
                                                                                                                                         
                            

                                                                                                                                                                                                                                            

 

 

Stockpile Management to Prevent Aflatoxin  

and Concealed Damage 

Studies supported by the Almond Board show there are clearly stockpile conditions under which 

Aspergillus can grow with resulting aflatoxin contamination; other quality problems can also 

occur that are associated with high moisture content. This work was led by Bruce Lampinen (UC 

Davis Extension specialist, Plant Sciences) from 2007 to 2012.  This following guidelines were 

developed from the results of these studies. 

Stockpiling, Moisture Content, Quality Problems and Aflatoxin 

• Stockpiling at a “total fruit” (in-hull almond) moisture content  greater than  9% is 
problematic. This approaches an rH of  greater than 65% within the pile  — which is the 
maximum rH for almond storage.   

o Most critical is the outer portion of piles, where there can be significant 
temperature fluctuation, condensation on tarps and moisture accumulation. 

o Of particular concern in these outer portions are the “green molds,” which include 
the Aspergillus mold that produces aflatoxin. In addition, there are several other 
associated quality problems, such as black molds on hulls and appearance of 
concealed damage in kernels. 

o This is not a uniform problem throughout high moisture content piles because the 
equilibrium rH  within the piles comes to a steady state below maximum limits 
recommended for storage. 

• As a practical guideline, do not stockpile if any one of the following moisture content 
conditions exist: either 1) The“total fruit” (in-hull almond) moisture content  exceeds  
9%;   2) The hull moisture content exceeds 12%; or  3) The in-shell kernel moisture 
content exceeds 6%.  

 The following chart, “Moisture Level Guide for Stockpiling,” provides a quick reference 
guide for determing whether stockpiling is advisable. 

 

Orchard Sampling Prior to Stockpiling 

There is variability in drying on the orchard floor and in windrows, and sampling should take this 

variability into account. Variability depends on light/temperature and canopy cover. 

• Sampling prior to sweeping 
o Representative sample: Across the orchard floor (from trunk to middle of drive 

row) and along the tree row. 
o “Worst case” sampling: North  side of canopy adjacent to trunk, typically 2% 

higher than crop in drive rows and middles. 
• Windrow sampling 

o There is more moisture on bottom, typically 2% higher. 
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Managing Piles  

 

• Orientation and shape of pile can both play an important role in minimizing mold growth 
potential. 

o Orienting the long axis of piles north/south is preferable. Condensation and mold 
growth tend to be worse on north side of piles with long axis oriented east/west.  

o Smooth tops on pile helps minimize concentration of condensate and resulting 
mold growth.  

• Results show tarp type/color can play an important role in minimizing temperature 
fluctuations and condensation. 

o White-on-black is best at minimizing temperature fluctuations and the resulting 
condensation and moisture problems. Consider using this for piles having higher 
moisture content in-hull product. 

o Clear produces the highest temperature fluctuations, but is fine for dry in-hull 
product. 

o White is intermediate between clear and white-on-black.   
• If piles are stacked too wet, it is important to open them up in the daytime when the 

relative humidity is lower, and close them at night when the relative humidity is high. 
 



Relative Humidity (rH / 
water activity) vs. Moisture 
Content of In-Hull Almonds, 
Hulls, and In-Shell Almonds 

Relationship between relative 
humidity (and water activity) for in- 
shell kernels plus hulls, hulls, and in- 
shell kernels. Green shaded area 
indicates moisture contents that are 
acceptable for stockpiling. However, 
it should be noted that the 
relationship between water content 
and water activity has been shown to 
vary depending on how wetting/
drying cycles are produced. This 
suggests that the most accurate 
measurement is water activity since 
it is directly related to microorganism 
growth potential. Red shaded area 
indicates moisture contents that are 
too wet for stockpiling and yellow 
areas are borderline. 




