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Summary   
 
In some western hemlock lumber pieces “brownstain” develops as the wood dries. Brownstain is 
deleterious to high-value appearance-grade stock because it reduces shop and better grades of hemlock to 
paint grade.  The stain varies in color and can be superficial or subsurface.  The incidence of subsurface 
brownstain, usually as a striped discoloration termed “zebra” stain has been seen more frequently with the 
increased kiln drying of western hemlock.  When brownstain is subsurface, planing allowances have to be 
larger than desired, resulting in wasted fibre.  A 1995 Forintek research project indicated that water 
storage of logs resulted in more surface brownstain during air drying than dryland storage but the 
numbers of logs were insufficient to determine if there was a significant difference.  The project reported 
here was set up to investigate further whether storage influenced the development of brownstain and 
whether it occurred during kiln drying.  
 
Three hundred cubic metres of hemlock logs were freshly cut, 60 m3 sent to a sawmill for conversion and 
the rest split between dryland and water storage.  After two, four six and eight the stored logs were sawn 
in batches of 60 m3 into 100mm squares.  These were examined individually before and after kiln drying 
and potential and observed brownstain marked of the faces.  The squares were then planed and the extent 
of subsurface brownstain assessed.   
 
Wet areas were apparent in both sapwood and heartwood of freshly sawn hemlock squares but were not 
useful in predicting the site of potential brownstain. Kiln drying gave the wood a toasted appearance in 
some of the drying runs which was removed by even the lightest planing. The most predominant form of 
brownstain was subsurface zebra (striped) stain which developed only during drying. Before planing, the 
presence of zebra stain was usually detectable as a shadow at the surface of dried lumber. This stain was 
up to 3 mm beneath the surface and therefore up to 3 mm had to be removed by planing to reach non-
discolored wood. Zebra stain occurred only in the sapwood, usually the inner sapwood alongside the 
heartwood. The stain follows this zone along the boards. The zebra stain was more likely to be visible on 
edge-grain than on flat-grain, possibly reflecting moisture movement out of the boards. Some logs 
showed more zebra stain than others and appear to be predisposed to the stain. Both water and land stored 
logs, for short and longer terms, developed brown stain. Grey stain was also present but less common, and 
appears to be part of the natural character of hemlock wood.  In general the longer the log storage time, up 
to 8 months, the less brownstain resulted, but based on the current information, changes in log storage 
type specifically to reduce development of brownstain are not justifiable.    
 
In this work the lumber with the drier surfaces, which developed the least brownstain, was from the 
material that had been stored longest and included both water and dryland stored logs.  There is an 
indication of interaction between log drying, storage time, air and kiln drying of lumber and the 
development of surface or sub-surface brownstain.  Further investigation of these interactions may help to 
devise methods of reducing the incidence of hemlock brownstain. 
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1 Background 
 
This project concerns discolorations that occur in Canadian hem-fir lumber.  Canadian hem-fir largely 
consists of two woods that are sold in mixture: western hemlock (Tsuga heterophylla [Raf] Sarg.) and 
amabilis fir (Abies amabilis [Dougl.]).  Hem-fir is a product of BC coastal forests that mainly comes from 
large trees and is thus available as sawn lumber in relatively large sizes.  Traditionally hem-fir lumber has 
been less desirable, less valuable, than lumber from coastal forest cohorts Douglas fir (Pseudotsuga 
menziesii [Mirb] Franco) and western redcedar (Thuja plicata Donn).  Being wet, and difficult (i.e. more 
expensive) to dry to the moisture contents desired by end users, hem-fir has commonly been sold as larger 
dimension, green, lumber.  Enduses employing green hem-fir, such as in Japanese traditional housing 
have declined and there is interest in finding new uses for this strong, relatively knot-free wood.  Larger 
size green lumber for subsequent remanufacture into high- value appearance-grade dried wood has also 
been one opportunity pursued by coastal producers.  An example of this is the promotion of hem-fir 
millwork in Europe, particularly e.g. for window frames where both good strength and appearance 
properties are needed.  Unfortunately hem-fir has varying proportions of the two wood species, species 
that have slightly different characteristics, and the variability carries over into the mixed-species product.  
One of those differences is the occurrence of brownstain in western hemlock.   
 
Compared to other softwoods such as Douglas fir, or various pines, both western hemlock and amabilis 
fir are only modestly susceptible to microbial discolorations, mostly caused by bluestain fungi and 
moulds.  These fungal discolorations have long been controlled or prevented using sapstain control 
chemicals (Roff et al.1970).  Such microbial problems are minimal with treated green lumber if 
protection technology is used according to industry norms (Byrne 2003).  However green western 
hemlock, particularly, suffers from non-microbial discolorations (Evans and Halvorson 1962).  The term 
"non-microbial discolorations” designates a range of poorly-understood discolorations found in both 
softwoods and hardwoods.  Known as hemlock brownstain, tannin stain or oxidation stain, this non-
microbial discoloration is one of the major challenges to marketing western hemlock (Kreber and Byrne 
1994). It has three main manifestations, the most common being surface browning of stored green logs or 
lumber which has been allowed to air dry. The brown or dark brown colour is most intense on the ends of 
pieces.  This surface brownstain has long been disguised on green lumber by (usually red) “end-seal” 
paints applied to the lumber ends.  It is also fairly easily removed from all lumber surfaces by trimming or 
planing.  Much of the larger size green western hemlock lumber is remanufactured and in the process 
surface brownstain is removed.  
 
Now that kiln drying of hemlock is becoming common, the second form of brownstain is more 
significant.  This, a subsurface, striped discoloration we have named “zebra” stain, varies from grey to 
purple in color and is suspected to be a kiln-drying phenomenon (Kreber and Byrne 1994).  This form of 
hemlock brownstain has been little studied but we do know that under the microscope it is similar in 
appearance to surface brownstain.  What triggers its appearance is unknown but because it is usually 
observed in wood which has been kiln-dried.  Heat induced reaction of precursors (wood extractives) is 
suspected.  In the only work we are aware of concerning hemlock brownstain and kiln drying, zebra stain 
was not reported perhaps because the dried lumber was not planed (Avramidis and Ellis 1993).  However 
the same workers observed that the stain that was seen was in longitudinal streaks and most evident under 
the microscope in the early wood (Ellis and Avramidis 1993).  Because of the subsurface nature of this 
stain, planing allowances have to be larger than desired, resulting in wasted fibre. This becomes more of a 
problem as sawmilling technology improves sawing tolerances to be closer to the target size.  
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A third, less common, form of brownstain that has been described is greystain.  This appears to be deeper 
in hemlock wood and is an erratic discoloration that is the least well understood form of brownstain.  The 
flecks of grey or dark color associated with this form of the stain gives unpredicable variability to the 
appearance of the wood that makes it sometimes not desirable for appearance end uses.  Greystain is 
normally fairly innocuous, within the range of variability that shows that consumers anticipate wood to 
have, but from time to time its presence exceeds customer expectations for a light bright wood product.  
 
In its various forms, hemlock brownstain can cause loss of value in exported wood products where the 
wood is destined for appearance grade end-uses.  The potential impacts are high.  Coastal British 
Columbia annually produces about 500 million board feet of shop (MMfbm) and better grade hem-fir 
worth approximately $800 million.  Discolorations can cause downgrade of lumber from shop and better 
grades to lower paint grades.  This results in an approximate 30% loss in value for a product which 
normally sells for about $1600 per Mfbm.  This is unacceptable at a time when the forest products 
industry is trying to increase the value of the products obtained from the forest.  The industrial 
collaborator for this project requested that Forintek try to determine how to reduce brownstain during 
drying. 
 
A 1995 research project indicated that water storage of logs resulted in more surface brownstain than 
dryland storage but the numbers of logs were insufficient to determine if there was a significant difference  
and whether this carries over to subsurface brownstain (Kreber and Byrne 1996).  In coastal BC it is 
common to store logs, mainly hem-fir, in salt, estuarine, or fresh water prior to sawmilling.  If water 
storage increases brownstain it would be important to know because consideration could then be given to 
switching to dryland storage to prevent the discoloration.  Further research was needed on this subject 
before changes in log storage practices can be brought about to reduce brownstain.  The project reported 
here is directed to the nature of brownstain that occurs during log storage and lumber kiln drying.  
 

2 Objectives 
 
• To determine whether particular log storage practices increase or reduce the incidence of hemlock 

brownstain 
 
• To determine whether kiln drying induces subsurface brownstain development  
 

3 Staff 
 
Tony Byrne Wood Protection Scientist 
 
Dave Minchin  Wood Protection Technologist 
 
Tony Vlachos   Wood Chemistry Technologist 
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4 Materials and Methods 
 
A suitable stand of trees was selected in the upper Klanawa River watershed near the west coast of 
Vancouver Island.  (Detailed ecological information about the site is held by our industrial collaborator.) 
Western hemlock from this Port Alberni Division of Weyerhaeuser Company Ltd.’s operations had been 
anecdotally suggested as providing material that often produced brownstain. Western hemlock trees were 
felled and harvested by helicopter, providing eighty-six 3.5 m3 logs (average 11 meters long x 71 cm 
diameter), for a total of 301 m3 of logs. Unfortunately the original plan to convert some of these as soon 
as possible and to put the rest into either wet or dry storage right away, sawing 1/5 of the logs at 
subsequent two month intervals, was thwarted by mechanical problems.  In November 2000, four weeks 
after felling, 2/5 of the logs were put into water storage in Weyerhaeuser’s Sarita Sort (Alberni Canal) and 
3/5 into dryland storage at a nearby sawmill (Errington BC).   
 
At the same time (four weeks after felling) the first set of lumber was produced from 16 of the logs that 
had just arrived at the mill.  The logs were bucked to yield 2-4 sawlogs 10-14 ft. long with average 
sapwood band of about 16 cm wide.  Debarking was done immediately prior to sawing, which was done 
by cutting the logs through and through into 100-mm squares (window blanks) without regard to grade.  
Each square was numbered to keep track of which log it came from.  Following sawing all squares were 
treated, in a diptank containing NP-1 sapstain control product, to control growth of mould and stain on the 
wood. 
 
At approximately two month intervals further sets were sawn also using 16 logs for each, (17 for set 2 
because of slightly smaller piece size).  Sets 3 and 4 were water stored logs and sets 2 and 5 dryland 
(millyard) stored logs.  The sawmilling process was similar for each set, with some exceptions.  As the 
trial progressed we realised that the problem (brownstained) pieces were mainly in the sapwood and that 
we needed to track whether individual squares contained sapwood and which were heartwood.  Therefore 
for milling of sets 3-5, the logs were premarked by paint with the sapwood as solid color and heartwood 
as narrow stripes.  We also determined that the within-tree position of the sawlog might be important and 
different colors were used for each sawlog to indicate position, from butt to top.  Because the lumber was 
not trimmed in the sawmill, these end markings were still visible after sawing.  Additionally the target 
size of the squares sawn from set 5 logs was changed to 105 mm in order to increase the resale value of 
the product (unfortunately affecting the amount that was planed off the squares (see section 5).   Each set 
of 16-17 logs yielded an average of 13Mfbm of squares.  
 
After shipment to Forintek, each piece of green lumber was numbered on one end.  Pieces representing 
each sawlog were randomly selected and examined on each of four faces.  Wet pockets, stains and 
discolorations were marked with lumber crayons, coded and recorded where they were visible.  Selected 
samples were photographed.  The lumber was then stickered for drying in Forintek’s gas-fired kiln, which 
holds up to 12 Mfbm squares.  The drying schedule is shown in Table 1.  This schedule reflects a 
conservative, relatively cool and gentle, schedule in order to reduce the moisture gradient between core 
and shell and thereby minimize degrade   For each of the sets 1-5 the schedule did not vary except that the 
final step was up to 72 hours shorter for the driest load.   The last step was ended when “hot checks” of 
the moisture content showed an average of 9-10% was achieved.  
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Table 1: Kiln Drying Schedule  
Step 

Duration 
(hours) 

Elapsed 
Time 

(hours) 
Dry Bulb 

(°C) 
Wet Bulb 

(°C) RH (%) Estimated 
EMC (%) 

Fan Speed 
(% of Max) 

Fan 
Reversal 
(hours) 

6 6 49 49 100 25.5 75 4 

2 8 54 52 92 18.9 75 4 

22 30 60 57 87 16.1 100 6 

72 102 65 61 81 13.2 100 6 

72 174 71 65 77 11.7 100 6 

180 354 76 65 60 7.7 100 6 

 
After kiln drying the previously examined squares were re-examined individually on four faces and new 
stains which had developed in the drying process were also marked.  Detailed observations were recorded 
for each face, including an estimate of the area of the face stained, on a minimum of 228 squares per set 
distributed across all source sawlogs.  This included an overall intensity rating of 1 to 3  (where 1 = light 
stain, and 3 = severe distinctive staining) for the stain itself.  Additional squares, up to 715 per set, were 
also rated for brownstain, or not, and the intensity of this stain also recorded.  Selected pieces were 
examined by scraping the wood surface to determine how deep the stains had penetrated and some pieces 
were photographed where they represented typical or unusual discolorations.  Following kiln drying all 
the test material was stored in Forintek’s yard and subsequently planed at a planer mill in Langley BC 
when this could be accommodated.   Unfortunately approximately half of the lumber pieces became wet 
during storage due to failure of tarpaulins and the wet weather of fall, 2001. The planing had to be done 
slowly to accommodate these wet pieces.  The 100 mm squares (reduced to approximately 98 mm in 
drying) were lightly planed (to 95mm) so that there was still skip (original wood surface on the squares) 
but the extent of subsurface stain could be monitored and noted.  The extent of brownstain which had 
developed under the wood surface was noted by examining all pieces (including those not examined prior 
to planing) on all four faces, and recording the surface area of skip, the presence of stain, and a score (1 to 
3, as before) for the intensity of discolouration.  We kept track of which squares were from which logs 
throughout this process and for sets 3-5 what amount was heartwood and what was sapwood as well as 
the sawlog location within the original full length logs.  On returning selected samples of planed lumber 
to the laboratory the maximum depth of penetration of stain was measured on some pieces by sequential 
passes through the laboratory planer and noting the amount of stain with various passes of known depth. 
 

5 Results and Discussion 
 

5.1 Surface Brownstain 
 
Wet areas, having a translucent appearance, were apparent in both sapwood and heartwood of freshly 
sawn squares.  Apart from the paint markings we had pre-applied to the logs, once the squares were sawn 
it was difficult to tell whether the wood was sapwood or heartwood.  A lot of data was recorded on the 
incidence of discolorations in the squares because we were unsure about what information would be 
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relevant.  Given that there was, in the end, little relationship between the wet areas that were marked on 
the green squares and the subsequent development of brownstain, Table 2 summarises only three 
measures of stain after drying and before planing: the number (and percent ) of faces stained, the average 
percent area of faces stained and the percent of additional whole pieces stained.  Table 2 also provides a 
summary of the log storage conditions. 
  

Table 2: Brownstain after Kiln Drying and Before Planing Related to Log Storage 
Conditions and Time 

Set Storage 
Condition 

Storage 
Time Log 

Faces 
Brown-
stained 

% Faces 
Brown-
stained 

Additional
Pieces 
Stained 

 Additional 
%  

Pieces 
Stained 

Avg. % 
Area 

Stained 

Stain 
Intensity 

Avg Score 
for Faces 

and Pieces 

1 Milled on 
arrival 1 month N/A* 535/2288 23 261/572 46 31 1.5  

2 Dry land 2 months N/A* 240/992 24 121/248 49 21 1.2  
3 Water 4 months A (butt) 39/204 20 21/51 41 20 1.7  
   B 68/456 15 46/114 40 21 1.6  
   C 37/228 16 31/57 54 29 1.6  
   D (top) 3/24 13 3/6 50 20 2.0  
   sum: 147/912  101/228    
   avg:  16  44 22 1.7  

4 Water 6 months A (butt) 127/1028 12 84/257 33 25 1.9  
   B 69/996 6.9 51/249 21 24 1.8  
   C 40/576 6.9 25/144 17 26 1.9  
   D (top) 31/260 12 20/65 31 15 2.2  
   sum: 267/2860  180/715    
   avg:  9.3  25 22 2.0  

5 Dry land 8 months A (butt) 10/1016 1.0 6/254 2.4 7 1.5  
   B 5/796 0.6 3/199 1.5 6 2.0  
   C 3/1004 0.3 3/251 1.2 9 1.0  
   D (top) 0/32 0 0/8 0   
   sum: 18/2148  12/712    
   avg:  0.8  1.7 7 1.1  

*N/A – not available 
 
 
The surface of all boards became brown to varying extents during drying. At its lightest, kiln drying gave 
the surface of the wood a pale “toasted” appearance, however the loads were not evenly browned by this 
process.  For reasons unknown, browning tended to be greater where surface drying had occurred during 
lumber storage prior to kiln drying.  Also for reasons unknown two batches of squares (sets 4 and 5) 
turned a distinct chocolate color on the outer exposed wood surfaces during kiln drying.  This chocolate 
colored stain was not the same color as hemlock brownstain usually is and was often dark enough to mask 
any brownstain. It occurred on both sapwood and heartwood and is apparently not normally observed in 
industrial kilns.  Possibly, the surface drying enabled temperatures in the kiln to be higher on these 
surfaces, triggering a different reaction in the wood.  We rated the surfaces for brownstain only where it 
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was clearly present and not for the toasted or chocolate appearance.  Prior to planing, on up to about 50% 
of the pieces (depending on the set) there were fairly distinct patterns of surface brownstain, often striped 
and running along several growth rings, sometimes for a considerable length of the piece.  It became 
apparent that this brownstain often, but not always, indicated more intense subsurface stain.  In all cases 
the surface brownstain, and the toasted or chocolate color, was no more than 0.5 mm deep and even the 
lightest planing, which removed the rough surface, removed all trace of these surface stains.  In the 
absence of subsurface brownstain, the wood underneath was a generally cream to pale pinkish color.   
 
For sets 1-3 approximately half of the squares showed brownstain but for sets 4-5 it was increasingly less 
(Table 2).  A similar situation prevailed for the individual faces examined in that for sets 1 and 2 
approximately one quarter of the faces examined showed brownstain but the proportion declined in sets 3-
5.  The data indicate that less surface brownstain resulted from longer storage but because of the 
experimental set-up it was not possible to say whether the type of storage had an effect.   
 

5.2 Subsurface Brownstain 
 
Table 3 reports the number of faces of planed squares examined, the proportion that were clean (free of 
stain) and the proportion with zebra or other stains.  The intensity of the stain is the average on a scale of 
1-3 of the stained parts only.  The data reflect the general decrease of percentage of faces with zebra stain 
with time, however the lowest rating of 6% for set 5 may partially reflect the fact that the pieces were 
oversized and more wood (and therefore stain) was planed off.  Conversely there was a slight increase 
with time in the percentage of faces with other forms of stain.  This may reflect the fact that these other 
grey and brownstains were less masked by zebra stain rather than a real increase.  The average intensity 
of zebra stain was about the same throughout the test.  As with surface brownstain the amount of 
brownstain was not clearly associated with one type of storage or the other.  The subsurface brownstain 
was revealed by planing to be mostly a striped zebra stain pattern which had the following characteristics:  
 
• The darker portion of the purple-brown stripes coincided with the earlywood and the lighter stripes 

with the latewood. The brownstain polymer is therefore concentrated in the early wood and 
significantly less so in the latewood. 

 
• The color of the zebra stain resembles a darkened, intense concentration of the pink color commonly 

associated with western hemlock.  
 
• Zebra stain occurred only in the sapwood, often the inner sapwood alongside the heartwood.  The 

stain sometimes followed the sapwood down the entire length of the square.  
 
• The intensity of the zebra stain varied within and between pieces.  At its most intense, the stripes 

were hardly discernable as the brown discoloration crossed the whole growth ring. 
 
• Some trees were clearly more prone to develop pronounced zebra stain than others.  However there 

was no difference apparent between logs cut from within the same tree.  Therefore butt logs would be 
no more susceptible than top logs.  

 
• About 50% of the time, zebra stain occurred in places which had been noted as wet or grey-appearing 

during the pre-drying inspection.  However most of the area which had been marked as wet at that 
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time did not develop brownstain.  Conversely, brownstain developed about half the time in places 
were the wood had not appeared to be significantly wetter than the surrounding wood.   

 
• Zebra stain was more intense on edge grain surfaces than on flat grain.  However zebra stain also 

developed on flat grain surfaces.   
 
• Some of the most intense zebra stain was associated with sapwood around large knots or branch 

stubs. 
 
• At its darkest the zebra stain penetrated 1-3mm beneath the surface and therefore up to 3 mm often 

had to be planed to reach non-discolored wood. 
 
• Zebra stain did not occur under the stickers or was lighter in color.  It appears that airflow, surface 

drying or oxygen is required for its formation. 
 
• The proportion and intensity of zebra stain appeared to be related to the susceptibility of the tree and 

the amount of sapwood on the face. 
 
In some pieces, pale brown discolorations deep in the wood were not removed by planing. 
 

5.3 Grey and Other Stains 
 
With, overall, about 10% of the planed sides showing the problem but only in small amounts, deep-seated 
greystain was not common.  It usually took the form of small grey streaks following several rings, 
sometimes along the length of the squares.  These stains mimicked wet streaks we could see on the green 
lumber but because the marked surface was removed during planing we could not confirm a correlation.  
Greystain was not removed by planing and appears to be inherent in some hemlock pieces.  A small 
variety of other brown discolorations or color variations was visible in the hemlock but their appearance 
was not so predictable as the zebra and surface brown stains. These appear to be part of the natural 
character of hemlock wood. 
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Table 3: Brownstained and Stain-Free Pieces After Kiln Drying and Planing Related to Log Storage Conditions and Time 

Set Storage 
Condition 

Storage 
Time Log 

Total 
Sides 

Examined

Faces 
with 

Zebra 
Stain 

% Faces with 
Zebra Stain 

% Sides with 
Other Stain 

Stain 
Intensity: 

Avg. Score
 

Avg. % 
Skip 

# Whole 
Pieces 
Clean 

# Total 
Faces 
Clean 

% 
Faces 
Clean 

1 Milled on 
arrival 1 month N/A 2492 967 39 3 1.8  22 263 1453 58 

2 Dry land 2 months N/A 1872 418 22 6 1.9  17 211 1350 72 
3 Water 4 months A (butt) 504 109 22 10 2.1  15 66 343 68 

 B 520 97 19 12 1.6 11 74 363 70
C 744 206 28 10 1.8 16 80 466 63

   D (top) 176 74 42 11 2.0  15 13 82 47 
sum: 1944 486 233 1254
avg: 28 11 1.9 14 62

4 Water 6 months A (butt) 1108 217 20 8 1.5  29 157 799 72 
 B 992 113 11 7 1.6 23 172 807 81

C 600 74 12 7 1.6 28 104 486 81
   D (top) 272 20 7 18 1.8  51 46 204 75 

sum: 2972 424 479 2296
avg: 13 10 1.6 33 77

5 Dry land 8 months A (butt) 980 82 8 9 1.6  9 170 810 83 
  B 1044 57 5 22 1.8 14 158 759 73

C 792 25 3 13 1.9 12 154 663 84
   D (top) 108 6 6 30 2.0  13 15 70 65 

sum: 2924 170 497 2302
avg: 6 18 1.8 12 76
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6 General Discussion and Implications 
 
The sawn and kiln-dried hemlock had surface discolorations:  a) surface brownstain that often 
foreshadowed the presence of subsurface stain; b) a lighter surface stain giving the wood a “toasted” look; 
or c) an unusual darker, chocolate-like stain that masked other stains.  All surface stains would be 
removed by planing after drying.    
 
This work confirmed our earlier informal observations that some western hemlock lumber pieces develop 
subsurface brownstain during kiln drying. The appearance was a striped zebra stain varying from brown 
to purple in color with a range of intensity. The seemingly erratic occurrence of the stain in any kiln load 
was related to the proportion of susceptible sapwood in particular pieces.  Because the test lumber was 
from large trees, the percent of sapwood in any piece varied from virtually 100% to zero.   
 
Since the main brownstain is subsurface, planing allowances to remove it would have to be larger than 
desired, resulting in wasted fibre.  The zebra stain could penetrate as much as 3 mm from one face.   For 
the longer pieces used in this test almost this amount of planing might be necessary anyway to “true” the 
pieces to a final size square.  However oversizing a piece of wood by that amount on all four faces is 
contrary to industry aims to saw as close to final sizing as possible.  For planer mills able to turn pieces 
there could be options to minimize waste, for example having the sapwood face uppermost and taking the 
bulk of the allowance from the upper face.  Because the stain was confined to the sapwood, a sawing 
pattern which minimises appearance-grade production from sapwood would result in the least amount of 
brownstain.  Unfortunately this zone also contains the clearest wood in a large log.  Sawmill optimization 
equipment could probably be programmed to cut oversize pieces from the sapwood to allow enough wood 
for the deeper planing required to remove brownstain. 
 
The stain was only about 50% correlated with wet-appearing sapwood and the locations predisposed to 
stain could not be reliably predicted based on the appearance of the green lumber.  On rough, kiln-dried 
wood, the presence of subsurface zebra stain was often, but not always, detectable as a surface “shadow”.  
Some trees show more brownstain than others and appear to be predisposed to the stain.  Therefore 
identification of logs from those trees before sawing would enable them to be avoided when cutting 
lumber for certain markets.  Differences in brownstain development between the upper or lower part of 
trees were not observed and within-tree variability appeared to be random. Both water and land stored 
logs, developed brownstain.  This work therefore did not indicate that changes in log storage type are 
justified to prevent brownstain developing in western hemlock.  However the amount of brownstain 
generally declined, but not its intensity, over the 8 month storage period of the test.   It should be noted 
that up to an additional 5 weeks process/storage time occurred before the lumber was placed in the kiln.  
These times were highest for sets 3-5, and the additional storage coincided with warmer summer weather.  
As the summer progressed weather conditions were more conducive to surface drying of the squares and 
this appeared to contribute to surface darkening in the kiln.   An illustration of the drying with time was 
that set 1 green lumber was much heavier than set 2, evident from the ease of lifting this lumber with a 
forklift truck.   
 

 
 

The reduction in brownstain with longer storage time goes counter to literature reports and to our intuition 
because longer storage time would result in more biological discolorations. This would be especially so 
because bacteria and fungi have been shown to trigger formation of hemlock brownstain.  Our earlier 
work suggested that dryland storage (i.e.yielding partially dried logs) may result in the least surface 
brownstain.  In the current work the lumber with the drier surfaces, which developed the least brownstain, 
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was from the material that had been stored longest and included both water and dryland stored logs.  
There is an indication of interaction between log drying, storage time, air and kiln drying of lumber and 
the development of surface or sub-surface brownstain.  Further investigation of these interactions may 
help to devise methods of reducing the incident of hemlock brownstain.  This would probably best be 
done on a smaller (non-industrial) scale than the work reported here to enable the variables to be more 
tightly controlled. 
 

7 Conclusions 
 
• Both air and kiln drying of western hemlock produced surface brownstain.  The surface brownstain 

was less than 1 mm deep and easily removed by planing.   
 
• Kiln-drying produced subsurface brownstain but only in the sapwood.  This, more economically 

significant zebra striped stain, required up to 3 mm planing to remove all the stain.  
 
• Certain hemlock logs were predisposed to brownstain, other logs were less susceptible for reasons 

unknown 
 
• In general the longer the log storage time, up to 8 months, the less brownstain resulted, but 

differences between water and land storage were not discernable.   
 
• Based on the current information changes in log storage type specifically to reduce development of 

brownstain are not justifiable.    
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