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ABSTRACT 

A literature survey has been made t o  bring together available 
informat ion on the e ffect o f  outs ide storage on wood chip qualit y. 

Lit t le or no differences in deter iorat ion of the wood have been 
experienced in compar isons between chip and roundwood methods o f  storage . 
Microbiological deter iorat ion is greater in the uncompacted sides of chip 
p iles than in the central compacted areas , while some deterioration has 
also been found at the bottom of chip p iles where the base is either com
posed of old chips or soil . While some loss in wood substance has been 
e xper ienced in these areas of greater discolorat ions due to microbiological 
act ivity, losses in the interior compacted areas have been much less.  

Methods suggested to control chip deteriorat ion have included: 
winter p iling , water sprinkling , compact ion, p iling on solid foundat ions , 
and p reservat ive-treatments . However , it has been proposed that , to  
minimize deteriorat ion by fungi ,  softwood chips should be ut ilized be fore 
eight months and hardwood chips before four months . 





L'auteur passe en revue ce qui a et e publie jus qu'a ce jour sur 
la d et er ioration microbiologique des copeaux de bois entreposes en p lein 
air . 

II ne semble pas e xister de tau x  differents de deterioration en
tre Ie bois sous forme de copeaux ou celui qui est sous forme de billes , 
mais dans un empilage , les copeaux s itues pres du sommet ou p r es de la p e
r ipherie tendront a pourr ir plus vite . II en va de meme pour ceux qui 
forment Ie fond de la p ile lorsque l'emp ilage a et e fait sur Ie sol meuble 
ou sur une couche de vieux copeaux. Vu que la d et erioration est plus lente 
au centre de la p ile ,  c'est la que Ie poids sp ecifique des copeaux diminue 
Ie moins . 

On a propose diverses methodes (emp ilage d'hiver , arrosage avec 
de l'eau , tassement , emp ilage sur un terrain pave, traitement ave c des 
fongicides )  pour retarder l'act ion des agents de d et er iorat ion . Cependant , 
l'on re commande fortement d'ut iliser les copeaux de bois tendre pas plus 
tard que huit mois apres Ie d ebut de l'entreposage;  ou , pour Ie bois dur , 
seulement quatre mois . 
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MICROBIOLOGICAL DETERIORATION 

IN THE WOOD CHIP PILE 

by 

J.K. Shields1 

INTRODUCTION 

There has been an increasing t rend in recent years toward t he 
st orage of pulpwood in out side chip piles for t he manufacture of pulp and 
paper products.  Originally, piles were const ru ct ed of chips from sawmill 
and veneer residues obt ained from t he wood-using indu st ries (20 , 3 1) . 
However, handling and economic advant ages of chip st orage over log st orage 
( 7) have resulted in many mills chipping t heir logs t o  provide readily 
available mat erial for t he pulping operat ions. 

The pract ice of out side chip st orage for t he manufacture of 
pulp and paper product s  spread from t he American west coast ( where it first 
originat ed in t he early 1950's) t o  t he sout heast ern U . S. A. ,  where a con
siderable amount of research has been conduct ed on t he det eriorat ion of 
sout hern pine, oak, and gum chips, and on t he comparison of t his t ype of 
st orage wit h t he land st orage of roundwood. There has also been great 
int erest shown in t he st orage of chips in east ern Nort h America and Europe 
and many chip piles have been set u p  in t hese areas. 

Qu alit at ive and quant it at ive studies have been made by American 
and European invest igat ors on t he effect of chip storage on pulp and by
product s. Some of t hese invest igat ors have indicat ed t hat quit e varied 
microbiological communit ies may exist wit hin piles because of t he occurrence 
of different t emperatu re z ones. The act ivit ies of t hese communit ies of 
micro-organisms and t he chemical changes t hat t hey produce wit hin t he chip 
pile du ring st orage cause much of t he det eriorat ion experienced in t he 
chips which, in turn, influences t he qualit y of t he pulp. 

Reviews published in America ( 43 ,  47 2 ) and in Sweden (8) have 
considered some of t he problems associat ed wit h chip st orage including 
references t o  det eriorat ion of t he chip piles and it s effect on pulp qualit y. 
Since t hese reviews have been published, addit ional informat ion has been 
obt ained on the det eriorat ion of chips during out side st orage. This report 
is based on t he pat hological changes t hat occur in chips st ored in out side 

lResearch Officer, Depart ment of Forest ry and Rural Development of Canada, 
Forest Product s Laborat ory , Ot t awa. 

2 Aft er t he complet ion of t his manuscript a review by G.J. Hajny was 
published. 
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piles and t he influence of physical fact ors on t he det eriorat ion. Alt era
t ions in ext ract ives during chip st orage and t he effect of chip det eriora
t ion on t he yield, bright ness, and st rengt h propert ies of pulp is dealt 
wit h in anot her publicat ion (49 ). 

COMPARISON OF ROUNDWOOD AND CHIP STORAGE 

Most comparisons which have been made on' t he effect of soft wood 
chip st orage as opposed t o  roundwood st orage have indicat ed t hat lit t le or 
no difference in det eriorat ion, yield ,  or pulp qualit y was apparent under 
similar condit ions (7, 14, 16 , 17, 26 , 27,  36 , 3 7). However, in anot her 
report (22 )  t here is ment ion of t he risk of larger wood subst ance losses 
for chip st orage and t he need for furt her research on t his problem. 

From st udies in t he sout hern U. S. A. (26 )  it has been st at ed 
t hat pine chips, st ored out side for 3 summer mont hs failed t o  show det erior
at ion, while a 3 t o  4 per cent reduct ion in basic specific gravit y was 
obt ained for pine roundwood st ored during t he same period. Only minor chip 
det eriorat ion was experienced at 4 mont hs. I n  cont rast t o  t his, ot her 
st udies (3 7) have indicat ed t hat winter- st ored pine chips appeared t o  de
t eriorat e at a slight ly fast er rat e t han roundwood during t he first 2 mont hs 
storage alt hough advant ages in mechaniz at ion were said t o  have out weighed 
t hese losses. Det eriorat ion of t he pine chips wint er- st ored over 3 mont hs 
was less rapid t han roundwood st ored under similar condit ions. I n  other 
report s (2 9 ,  36)  comparisons wit h st raw-piled pulpwood indicat ed t hat 
det eriorat ion of roundwood proceeded at about t he same rate as t he chips 
w�t h wood subst ance losses of t he former reaching about 7 per cent in 12 
mont hs. 

Less det eriorat ion was experienced wit h oak chip st orage when 
compared t o  roundwood st orage in t he sout hern U. S. A. (13 , 17, 29).  The 
average wood subst ance loss in t he compacted z one of an oak chip pile was 
calculat ed t o  be 3 . 2  per cent at 3 mont hs st orage while t he corresponding 
roundwood lost 5 .0 per cent at t he same st orage period. Gum chips, on t he 
ot her hand, had more det eriorat ion in t he chip form t han in roundwood 
st orage. The lower durabilit y of gum wood compared t o  oak heart wood ac
count s for t he great er det eriorat ion of t he former species. 

Chip st orage is considered t o  be more advant ageous t han log 
st orage t o  pulp mill operat ions mainly because of lower handling cost s 
(7, 15 , 22 , 24 ,  2 7). Operat ional advant ages (16 ) have been report ed as 
follows: 

1. Reduced fibre loss. 

2 .  Decreased handling cost s. 

3 .  Large manpower saving. 

4. 20 t o  25  per cent increase in product ion from woodyard- woodroom. 

5 .  Reduced maint enance cost s. 
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6 .  Eliminat ion o f  production loss because o f  woo droom- woo dyard br eak-
downs. 

7 .  Increased bark yield and consequent r educed fuel costs. 

8 .  Improved uniformit y in digester furnish . 

9. Gr eater storage per acre.  

10 . Less housekeeping.  

11. Smooth woodyard-woo droom o perat ion . 

12 . Bet t er ,  mor e  accurate species handling. 

EFFECT O F  MICRO-ORGANISMS O N  CHIP QUALITY 

The micro biological deter iorat ion exper ienced in stored woo d  
chips can be grouped into t wo main categories - discolorat ions, and decay. 
The discolorat ions may be further divided into tho se r esult ing dir ectly 
from the presence o f  coloured fungal filament s (h yphae) in the wood c ells, 
and the staining which r esults from the chemical changes in woo d  brought 
about by the metabolic activities o f  fungi (Figure 1) . 

FPL-J-2066 

Figure 1.  Comparison of discoloured chips with non-stored ohips. 
Black-stained hardwood chips (right) stored for over 1 year 
are heavily infected by staining fungi. Brown discoloured 
softwood chips (middle) were obtained from the bottom of a 
large pile after 9 months storage. 

Blue-gray or black discolorat ions are common in sapwoo d, and in 
some cases the heart wood when coloniz ed by fungi with dark- pigmented hyphae. 
Some dark discolorat ions also r esult from coloured spores or small black 
fruit ing bodies on the sur face o f  the woo d  chips. In addition to the dark 
stain there may also be a soft ening or brashness o f  the chips because o f  
heavy infection by fungi causing a condit ion known a s  soft rot.  
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Serious chip deteriorat ion occurs as a result of brown dis
colorat ions. In some cases, oxidat ive and phot ochemical processes may be 
involved which result in t he format ion of a yellowish brown discolorat ion 
on t he chips sit uated on t he surface of t he pile where t he effect of light 
and drying are more pronounced. This st ain is generally confined t o  t he 
surface areas of t he wood but can also occur in t he int ernal port ions of 
t he chips. The act ivit y of wood decay Basidiomycet e fungi oft en results in 
brown-discoloured chips. This colorat ion involves t hose port ions of the 
chips coloniz ed by t he fungi and is indicat ive of early or incipient decay 
by brown or white rot fungi. The opposit e effect , charact eriz ed by a 
bleaching of t he wood, somet imes appears in hardwood chips infect ed with 
whit e rot fungi. 

Dark brown discolorat ions have been found t o  be more widespread 
at st orage periods beyond 7 mont hs near t he bot t om of a large soft wood chip 
pile ( 39) . I n  t his case it was suspect ed t hat t he discolorat ion result ed 
from t he act ion on t he wood by organic acids produced as a result of fungal 
met abolism, as t he pH of such wood was quit e low in comparison t o  t hat for 
nonst ained chips. The format ion of acet yl groups as a result of high 
t emperat ures and moist ure is also believed t o  be a fact or in t he appearance 
of brown discolorat ions in st ored chips. 

Decay fungi, besides being associated wit h colour changes in 
wood, cause reductions in wood substance and, t oget her wit h ot her micro
organisms, are responsible for t he losses experienced in t he basic specific 
gravit y of infect ed chips. Most of t he Basidiomycete fungi involved in t he 
decay of st ored chips are in t he group commonly referred t o  as white rot 
fungi and are able t o  ut iliz e bot h t he lignin and cellulose component s of 
wood. Brown rot fungi, which are less commonly isolated from chips, pref
erent ially ut iliz e t he cellulose leaving lignin unt ouched. Cert ain ot her 
fungi belonging t o  t he Ascomycete and Fungi Imperfecti groups are also able 
t o  ca�se decay in wood ( soft rot ) . These lat t er fungi, while not causing 
as high weight losses, are able t o  grow in subst rat es wit h higher moist ure 
cont ent s t han t hose required for opt imum decay by t he Basidiomycete fungi. 
The great est amount of damage by t he soft rot organisms due primarily t o  
breakdown of cell ulose, appears on t he surface of t he wood while t he inner 
wood is unaffect ed t o  a large degree by t his det eriorat ion. The possibilit y 
always exist s that t he soft ening process may extend deeper int o wood chips 
stored for long periods under moisture and t emperat ure condit ions favourable 
for t his t ype of decay. Recent ly ( 33, 39 ) ot her fungi in t he Ascomycet e 
and Fungi Imperfecti groups have been found t o  cause considerable weight 
loss in wood at high t emperat ures. These are heat-tolerant and t hermo
philic species which have opt imum growt h at temperat ures from 35 t o  45 °C. 

Det eriorat ion of Soft wood Chips 

The amount of deteriorat ion in out side chip piles has varied 
considerably in some cases. Lit t le det eriorat ion has been report ed in 
soft wood chips st ored at mills on t he west coast of North America ( 12 ,  15 , 
24 ,  34) while at some mills ( 2 4) it was indicat ed t hat soft wood species 
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could be st ored for as long as 3 years wit hout t he occurrence of serious 
degrade. I n  ot her report s ( 12 ,  34) it was found t hat discolorat ions and 
rot were present in soft wood chips stored for 1 t o  3 years at mills in B. C. 
and Oregon. 

Decay was first not iced ( 2 3 )  in pine chips st ored for 18 mont hs 
in South Carolina, while fungal discolorat ions were observed in only certain 
areas of pine chip piles. For inst ance, studies in Georgia, ( 2 5) showed 
t hat , while t he out er one-half inch layer of pine chips were bright and dry 
after 4 mont hs st orage, t he underlying chips wit h a higher moistu re cont ent 
had evidence of mould and st ain t o  a dept h of about one foot from t he sur
face of t he pile. Chips underneat h t his z one were still relatively bright . 
Ot her report s ( 2 6, 2 7 )  ment ion onl y minor det eriorat ion of pine chips aft er 
4 mont hs st orage. Most of t he blue-gray fungal discolorat ions occurred in 
t he pine chips situat ed in t he out er one t o  t wo feet of t he uncompact ed 
sides of one pile aft er a mont h of st orage (29 , 3 6, 3 7 ) . Aft er 5 months 
st orage. t he infect ion had extended several feet int o t he pile but lit t le 
visible infect ion was det ect ed in t he chips in t he more compact ed int erior
of t he pile. 

A soft wood chip pile became obviously darker in colour aft er 
being stored for 9 t o  12 mont hs in Nova Scot ia ( 3 5) and although t he st ained 
chips were somewhat light er in colou r upon drying t hey were st ill darker 
t han non- stained chips and had an acet ic acid odour. I n  a stu dy of spruce 
and balsam fir chips st ored in New Brunswick (39)  discolorat ions by blue
st aining fungi were insignificant in most of t he pile after 4 t o  8 mont hs 
st orage although more of t hese organisms were isolat ed from chips in t he 
lower half of t he pile where cooler t emperatures prevailed. In Quebec. one 
study ( 3 1) showed det eriorat ion of soft wood chips aft er 4 t o  5 mont hs 
storage. 

A non-fungal yellowish-brown or orange discoloration was found 
t o  occur in a pine chip pile in t he southeast ern U. S. A. (29,  3 6. 3 7 )  within 
1 month of st orage. T his st ain was associated mainly around resin duct s in 
t he heart wood areas, suggest ing t hat t he resins were modified and t hat 
moisture and heat may have contribut ed t o  it s development . 

Brownish discolorat ions. which have been noted in t he int erior 
of several soft wood chip piles in Nort h  America and Europe ( 11. 3 7 ,  3 9 ) , 
have been att ribut ed t o  chemical changes in t he piles and can seriously re
duce chip qualit y. T he development of t he brown st ain was progressive wit h 
increased st orage and appeared t o  be more widespread near t he bott om t han 
t he t op of one pile (39) . 

Soft ness and brashness have been not ed in heavily- stained pine 
chips in t he sout heast ern U . S. A. (29 , 3 6, 3 7 )  and were att ributed t o  t he 
act ivit y of soft- rot fungi. T hese t ypes of det eriorat ion were evident in 
t he chips aft er 4 mont hs summer st orage and aft er 5 mont hs wint er storage. 
Wood- rott ing Basidiomycet e fungi have been found in many chip piles and 
t ake an import ant part in t he loss of wood subst ance. Most wood-rott ing 
fungi have been found in t he u ncompact ed part s of piles possibly becau se 
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of t he growt h-inhibit ory high temperat ures experienced in t he compact ed 
int erior of t he piles ( 3 3 ) . I n  anot her st udy ( 3 9 )  isolat ions of decay 
fungi were great er from soft wood chips obt ained from t he bott om half of a 
large pile. 

Det eriorat ion of Hardwood Chips 

Hardwood chips stored in outside piles generally showed greater 
deteriorat ion from microbiological act ivit y in less t ime aft er t he com
mencement of st orage t han did t he soft wood chips. I n  one case ( 17 )  oak 
chips were found t o  be heavily infect ed wit h moulds and st aining fungi 
aft er 1 week of st orage in Florida. I n  t his inst ance it was felt t hat t he 
chips had been obt ained from infected bolts or were not fresh at t he t ime 
of arrival at t he mill. 

Discolorations in oak and gum piles st ored out side in Georgia 
( 13 ,  29) first appeared in t he out er few feet of t he piles within 1 month. 
Aft er 2 months st orage, gum chips and, t o  a lesser extent , oak chips had 
orange and blue-black discolorat ions in t he uncompact ed sides. Aft er about 
5 mont hs st orage t he discolorat ion appeared black and t he chips became 
soft ened and brash at t he surfaces indicat ing probable soft rot att ack. 
T ypical decay by Basidiomycet e fungi showed up as bleached and soft ened 
areas in t he gum chips during t he first mont h of st orage in t he outer dis
coloured layer of t he piles. Oak chips were not as severely affect ed but 
had bleached areas in some of t he dark- st ained chips after 6 months st orage. 
T he chips in t he compact ed cent re of t he piles still appeared in good 
condit ion aft er 5 mont hs st orage and had no signs of decay. Non-fungal 
grayish discolorat ions in gum chips and brownish discolorat ions in oak chips 
were t hought t o  be possibly caused by bact erial or chemical act ion in 
associat ion with heat . 

I n  one report ( 5) it was found t hat hardwood chips obt ained 
from logging residues could not be st ored outside for more t han 8 mont hs in 
small piles in Michigan without risk of loss due t o  decay. Aft er 8 mont hs 
st orage , discolorat ion had ext ended t o  a dept h of about 18 inches int o t he 
piles. Det eriorat ion was found in hardwood chip piles st ored at a Quebec 
mill ( 3 1) aft er 4 t o  5 mont hs st orage. A recent st udy (48) indicated dis
colorat ions and reduct ions in pulp yields occurred aft er one month storage 
of birch, beech, and maple chips. 

Oak chips st ored out side in France ( 3 )  were report ed t o  be in 
excellent condit ion aft er 6 mont hs st orage and were not visibly att acked by 
moulds or insect s. It was also st at ed t hat some of t he chips had been 
st ored up t o  18 mont hs wit hout obvious alt erat ions being not ed in t heir 
qualit y. For st orage periods in excess of 2 years, evident humification of 
hardwood chips had occurred ( 28) . Brown and black discolorat ions on t he 
surface of beech chips was not considered serious even aft er 6 t o  12 months 
st orage in Aust ria (45) since non-bleached hardwood pulp is seldom manufac
t ured by t he sulphite process. 
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Insects in Out side Chip Stor age 

Little att ention has b een given to the role o f  insects in chip 
det er ioration. In one case ( 17 )  mites and nematod es have been not ed in an 
oak chip pile in Florida, while in Swed en (22 ) small spr ingt ail insects 
(Co llembola species) have b een found in chip piles wher e they apparently 
burrow into the war m mo ist ar eas of the piles to overwinter. The signific
ance of the pr esence of insects in chip piles is not clear ly defined , how
ever it is expect ed that serious insect degr adation of wood mat er ial is 
negligible. 

EFFECT OF MICRO-ORGANISMS ON THE QUANTITY OF WOOD SUBSTANCE IN PILES 

Many r eports on the lo sses in wood sub stanc e which have occurr ed 
during chip storage have come fro m  studies made in the southern U.S.A. and 
Sweden , and indicat e  so me variability in basic spec ific gravit y losses not 
only between d iffer ent piles but also within the pile it self. The t ype of 
micro-or ganisms inhabiting chips and the d egr ee of microb iolo gical ac t ivity 
ar e important factors involved in t he amount of wood substanc e lost dur ing 
stor age. 

Only minor r educt ions in spec ific gravit y have b een not ic ed in 
pine chips stored for u p  to 2 months (4) when compar ed to non- stor ed chips. 
In another stud y ( 3 7 )  lo sses in spec ific gravity dur ing the first few weeks 
of pine chip storage wer e gr eat er in tho se chips situat ed near the centr e 
of the pile. While these losses wer e unexplained at t he time it is po ssible 
t hat ver y high t emperatures r esulting fro m  t he init ial rapid gro wt h  of heat 
tolerant and t her mo philic micro-organisms may have been invo lved .  Wit h 
longer storage it was found that lo sses were no t as gr eat in the c ent re o f  
the pine chip pile (37 ) .  This r educt ion in specific gr avity lo sses cor
r esponded to a lowering of t he t emperatur es, an increase in mo istur e and 
perhaps deplet ion o f  oxygen. 

Aft er 5 months storage (36 , 3 7 )  there was an approximat e 
average lo ss o f  7 per cent of t he wood sub stance which amount ed to about 
1.5 per c ent per month. It was not ed t hat while wood subst ance lo sses in 
the co mpact ed centre o f  t he pile wer e low ( about 4 per cent ) even aft er 
12 mont hs stor age, great er r educt ions (about  9 per cent) occurr ed in the 
out er t hree feet of t he slo ping sid es of the pile wher e compact ion was the 
least and wher e visible chip det eriorat ion r esulting fro m  the growt h o f  
stain and decay fungi was evid ent (29 , 36 ) .  

Other studies (26 , 40 ) indicated similar average losses in the 
specific gravit y (5 to 8 per c ent) o f  pine c hips aft er from 5 to 6 months 
storage in the southern U.S.A., while lo sses in Swedish spruce c hip piles 
(1,  38)  wer e r eport ed to var y fro m  2 to 5 per c ent for storage periods o f  
4 to 5 mont hs. At t emperatures o f  20 to  30°C losses o f  5 t o  10 per cent 
occurred in pine chips ( 9 )  stored for 7 months in Sweden while little or no 
loss occur r ed in froz en chips during t his t ime. A loss of approximat ely 
11 per c ent in the basic specific gr avity of bro wn-det eriorat ed balsam fir 
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and spruce chips was d et er mined fro m  a sample stored for just o ver 9 months 
near t he bottom o f  a pile in New Brunswic k ( 39 ) . Indicat ions ar e t hat 
furt her d ecreases in t he specific gravit y o f  pine ( 15 ,  3 8 , 40) spruce 
(1, 38) and birch (38)  c hips are slight beyond 5 months storage. 

Greater losses also occurred in t he out er layers o f  gum and oak 
chip piles in Florida ( 17 )  t han in t hose c hips obt ained fro m  t he int erior 
regions of t he piles. Oak chips had an average loss o f  1.4 per cent per 
month which amount ed t o  almost 8 per cent loss aft er approximately 6 mont hs 
storage while an average loss 2 .5 per cent per mont h  and cumulat ive losses 
o f  almost 14 per cent were exper ienced in t he gum c hips aft er 5 1/2 mont hs 
storage. 

Ot her r esult s ( 14, 2 9 )  ind ic at ed a loss of about 4 per c ent in 
compact ed oak chips while losses o f  6 and 7 per cent were exper ienced in 
t he co mpacted areas o f  un wett ed and wet t ed gum chips. Gum chips wit h  
bleached decayed areas had as much as a 3 0  per cent r educt ion in specific 
gravity aft er 6 mont hs storage (29) . Aft er 6 mont hs stor age, losses o f  
about 6 per c ent were exper ienced in birch, b eech, and maple c hi ps ( 48) . 

The init ial higher losses exper ienced in t he hot areas o f  some 
piles wit hin a few weeks aft er piling has commenced c an,  perhaps, be at tri
but ed to a combinat ion o f  biological and c hemical act ivit y operating at t he 
same time. T he metabolic act ivit y of t he t her mophilic and heat-toler ant 
fungi on t he wood probably accounts for some of t his loss wit h  ot her losses 
occurring from t he d eacet ylat ion process as a r esult o f  high t emperatures 
and moisture, as well as from t he oxidat ion o f  ot her subst ances, such as 
r esins, in the wood. Wit h increased storage time however, t he losses in 
t he upper int er ior r egions do not sur pass t he losses experienced in t he 
cooler unco mpact ed sides o f  some piles where wood-rott ing Basidiomycet e 
fungi and st aining fungi are mor e  act ive. 

T he occurrence o f  greater number s  o f  whit e rot fungi in t he 
lower levels of some soft wood chip piles is one major cau se o f  wood sub
st ance lo ss in t hese areas (39) . The obser vat ions t hat chips in t he lower 
part o f  a pile are frequent l y  d ar k  brown d iscoloured and have an acetic 
acid odour , suggest s t hat t here is also a possible hydrolysis of t he hemi
celluloses by organic acids for med in t he pile dur ing bio lo gical or c hemical 
processes, and t hat t his result s  in furt her r eductions in wood subst ance 
wit h incr eased storage. 

MICRO-ORGANISMS CAUSING WOOD CHIP DETERIORATION 

T he t ype o f  micro-organisms involved in t he coloniz at ion o f  
chip piles are r epresent ed b y  several classes o f  fungi. T ho se fungi r e
ported in t he liter ature on chip det eriorat ion are list ed in t he appendix, 
and in add ition, informat ion is also included to indicat e  t he capabilit ies 
of t he species to cause st ain or d ecay o f  wood. Bact eria were r eport ed to 
be common in most chip piles but were not ident ified to species in t he 
lit er ature refer ences. T he number s of d ifferent micro-organisms are 
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generally much higher in c hip storage t han in roundwood storage per wood 
unit and probably inf luence t he rat e and t ype of det eriorat ion. 

Co mmon mould s isolat ed from chip piles include Aspergillus 
species, Tr ichoder ma vir ide, Paecilomyces and Penicillium species, while 
Graphium, P hialophora and Ceratocystis species are t he main blue- or gray
staining fungi isolated from wood chips during storage. Many of t he 
staining fungi are also able t o  cause soft rot in wood and would t her efore 
contribut e to t he det eriorat ion of stored chips. A r ec ent art icle (21) 
deals wit h t he micro-organisms coloniz ing hardwood chips in northeast ern 
U .  S.A. 

Temperatures above 60°C are consider ed let hal to fungi while 
warm temperatures u p  t o  t his level r esult in great er act ivit y b y  t hermo
philic and heat tolerant micro-organisms which would contr ibut e to t he 
heat ing of t he pile by t heir metabolic processes. In a study ( 9 )  of t he 
t ypes of or ganisms involved in t he det er iorat ion of stored chips, t hermo
philic and heat-tolerant fungi were isolat ed in t he areas of t he piles 
where high t emperatur es were recorded , while many wood decay, stain, and 
mould fungi were found in t he cooler port ions of t he pile. Polyporus 
amorphus and an unident if ied d ecay fungus wer e heat-tolerant species which 
gr ew well at 40°C .  T he mould Chr ysosporium lignorum, anot her heat-tolerant 
species, was r eport ed to have caused as much as 33 per cent weight loss in 
laboratory t est s on pine sapwood af t er 4 mont hs incubat ion at a t emperature 
of 2 SoC. T he t her mophilic mould Sporotr ichum t hermophile caused sig
nificant weight losses of wood when incubat ed at high t emperatures in lab 
oratory experiment s in Sweden (33)  and east ern Canada ( 39 ) . A heat
tolerant wood-decaying fungus, Pt ychogast er species, which was isolat ed 
from t he Canadian pile, caused considerabl y  more d ecay of pine sapwood when 
incubat ed at 3 7 °C t han at 2 7 °C .  

The majorit y o f  t he wood-decaying Basidiomycetes isolated from 
stor ed chips cause so-called whit e rot s. P eniophora gigant ea and Polyporus 
species wer e t he most commonly ident if ied fungi in t his group alt hough 
ot her species such as t he Ptychogast er isolat es may be mor e  widespread in 
stored chips t han indicat ed in t he literature. 

FACTORS INFLUENCING MICROBIAL DETERIORATION 

T emperatur e and moisture are t wo of t he most important variables 
in determining t he t ype of microf lora in a chip pile and t he nature and 
rat e of det er iorat ion. While high t emperatures over 3 SoC are important in 
inhibit ing cer tain wood-staining and decay fungi t hey also result in t he 
development of t otally different communit ies of micro-organisms which are 
also able t o  cause a certain amount of det er iorat ion. T he depletion of 
oxygen and t he evolut ion of carbon dioxide are dependent on t he high degree 
of compaction and mo isture in a pile as well as being an indication of 
microbial metabolism. While a t otal lack of free oxygen in a wat er 
saturat ed sub strat e does inhibit fungal gro wt h, it  i s  expect ed t hat oxygen 
levels are suf f ic ient f or growt h  of fungi in areas of piles where chips are 
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not complet ely saturated. Ther e is also some ind icat ion t hat t he durabilit y 
o f  the wood species influences t he t ype o f  fungi and the rat e  o f  d et eriora
t ion in chip piles. 

Mo istur e Content and Temperatur e 

Both the mo istur e  cont ent and the t emperatur e exist ing within 
many out side chip piles have b een found to var y considerably dur ing the 
storage period. European and Amer ic an investigators ( 1 ,  9 ,  11, 13 , 17 , 2 9 ,  
30 , 36 , 3 7 )  have observed that the dr ier int er ior condit ions ar e usually 
assoc iat ed wit h  t he high t emperatur es found in the centr e  of t he piles. 
The presence o f  excessive mo istur e together with high t emperatures has been 
suspect ed both o f  increasing c hip det er ioration by chemical means and o f  
decr easing d iscolorat ions by t he blu e- st aining fungi. 

Within a few weeks of t he construction of large c hip piles, t he 
phenomenon of "heating" occurs in the upper int erior r egions o f  the piles. 
Initially, t emperatures o f  t he order o f  6 3  to 65°C have b een r ecorded in 
these hot areas (26 , 2 9 ,  3 7 , 40) ,  with one r ecord o f  82 °C b eing r eport ed 
from a soft wood chip pil e  in east ern C anad a  ( 3 1) . With longer storage, t he 
t emperatures in the int er ior o f  the piles wer e  not qu it e as gr eat as the 
high t emperatures r ecorded soon aft er t he start of chip storage and gener
ally ranged fro m  32  to 38°C in piles situat ed in t he sout hern U.S.A. (4,  13 , 
14, 36 , 3 7 )  and from 30 to 43°C in an east ern Canadian pil e  ( 39 ) .  The drop 
in the t emperatur e somet imes occur s rather abru pt l y  (29 , 36 , 3 7 )  but this 
dec line has also been report ed to occur mor e  gr adually in a larger mor e 
compac t ed chip pile in Swed en ( 1) . This d iffer ence was attributed to t he 
larger volume o f  chips in t he Swed ish pile which gave greater insulatory 
protect ion against at mospheric changes. Low wint er ambient t emperatures 
d id not r educe t he int erior pile t emper atures although in some cases (9 , 10) 
the t emper atures o f  chip piles wer e  r eported to have d ecreased to freez ing 
levels during wint er storage. Indications (9)  are that specific gravity 
r educt ions ar e much less when chips r emain in a froz en condit ion dur ing 
storage. Temperatures of small hardwood and so ft wood piles ar e found to 
approximate the changes in weather conditions and to follo w the ambient air 
t emperatures aft er the init ial r ise. 

Temperatures have fluctuat ed ( 1, 13 ) according to the d egree o f  
compact ion in t he piles with gr eat er compaction r esult ing in higher average 
t emperatures. Temperatures wer e therefor e not as high in the uncompac ted 
sides o f  the piles as t hey wer e in the int er ior compacted ar ea while the 
surfac e layer s  of chips down to a d epth o f  approximat ely 24 inches generally 
followed ambient t emperatures very closely dur ing the storage periods (29 ,  
36 , 3 7 ) .  

The cause o f  t he heat ing which occurs in out side stor ed chip 
piles has been attribut ed in part to the pr esence of b ar k, t he condensing 
o f  wat er vapour on the chips and t he microbiolo gical act ivit y within the 
pile. It is not expect ed that solar radiation would influence the conditions 
deeper within a large pile alt hough heat from t he sun will increase t he 
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t emper atur e  o f  t he sur face chips. What is b elieved essentially to occur in 
a large chip pile is t he transfer o f  warm mo ist air from t he lower r egions 
of t he pile to t he u pper cooler chips. This cr eates a chimney effect where
by t he evaporat ion o f  moisture fro m  t he lo wer chips r esult s in cooler 
t emperatures in t hese r egions while t he condensing o f  wat er vapour on t he 
chips in t he u pper port ion o f  t he piles causes not only an incr ease in t he 
moisture content but also higher t emperatures ( 1, 13 , 3 0 ,  36) . As a con
sequence, t he wood chips situat ed in t he lower centr al r egions of a pile 
beco me cooler and drier .  While c hemical act i vit y occurring in t he lower 
part o f  t he pile during early storage is t hought to b e  t he cause of t he 
higher t emperatures which increase t he evaporat ion o f  some o f  t he moisture 
( 1) it is also kno wn t hat heat ar ising fro m  t he increased met abolic act iv
it y of micro-organisms gro wing in a favourable environment can occur in a 
r elat ively short period o f  t ime. It  is t herefore believed ( 3 6 )  t hat t he 
excessive heat is generat ed wit hin t he pile as a r esult o f  oxidative re
act ions including t he participat ion o f  micro-or ganisms ( 1, 3 9 ) . Thermo
philic or "heat -loving" fungi have been found to b e  act i ve in t he hot areas 
o f  chip piles and would be expect ed t o  contribut e considerably to t he main
t enance o f  elevat ed t emperatur es o ver long stor age periods. The associat ion 
of t her mophilic fungi wit h hot areas is also found in t he stor age of gr ain 
and ot her organic mat er ials. Ther mophilic fungi gro w  wit hin t he range o f  
2 0  to  60°C ,  while so me b acteria will cont inue t heir gro wt h  at t emper atures 
beyond 60°C .  In cont r ast , most wood- st ain and decay fungi are inhibited 
at t emperatures abo ve 3 5 °C except for some heat -tolerant wood-decay species 
which apparently can grow up to 50°C ( 3 3 , 3 9 ). There is, t herefore, so me 
probabilit y t hat chip qualit y will be adver sely affect ed because o f  t he 
activit y o f  t hese heat-tolerant fungi. 

An additional outcome of increased fungal met abolism in t he chip 
pile is  t he product ion of carbon dioxide and water (29)  as end products of  
t he degradat ion o f  carbohydrat es in wood. While little has b een said about 
t his source of addit ional mo istur e in t he chip pile, fungal activity does 
probably increase t he moistur e cont ent o f  chips to some ext ent. Precipit a
tion is anot her import ant source o f  mo isture within t he pile and has been 
t hought to have contr ibuted to chip det eriorat ion at t he bottom o f  one pile 
in western Canad a (34) , while at ot her mills (24) it was felt t hat higher 
mo istur e cont ent at t he lo wer levels o f  a pile was not detriment al. The 
amount o f  mo isture in small piles at anot her west coast situat ion was not 
found to be direct ly relat ed to precipit ation because t he moisture cont ent s 
remain uniformly high dur ing stor age (44) . 

The init ial mo isture content o f  stor ed chips is generally wit hin 
t he range o f  45 to 55 per cent,  gr een weight b asis, alt hough cont ent s as 
high as 66 per cent have been recorded in t he u pper layer o f  a gum chip pile 
in t he southeast ern U .S.A. ( 17 ) .  With longer storage periods t he mo istur e 
content gener ally becomes mor e  or less uniform t hroughout t he piles (4,  11, 
3 7 ,  44) wit h r ainfall or sno w  contribut ing to addit ional moisture in t he 
sur face layer s o f  t he piles ( 13 ,  17 , 2 5 ,  3 5 ,  3 6 , 45 ) .  Moisture cont ent , 
probably, will not be a limit ing factor in r et arding all det eriorat ion in 
out side chip piles because o f  t he difficult y  in maint aining eit her dry 
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(below 17 per cent M.C .  green weight b asis) or the fully water-saturated 
condit ions required to inhibit the growth of fungi, 

The high te mperatures and mo isture content s experienced in the 
upper interior regions of chip pile s is thought to be re sponsible for the 
reduction in the bluish-gr ay discolorat ions c aused by st aining fungi (26,  
2 7 ,  30) . In  one study (4) heavy fungal discolorat ions occurred only when 
the temperature of the pile fell be lo w 3 2 °C .  As most blue-st aining fungi 
require temperatures bet ween approximately 20 to 3 0 °C for o ptimum growth, 
the higher te mperatures exper ienced in cert ain are as of piles would have 
an inhibit ory effect on the gro wth of these fungi. 

There is so me indicat ion that excessive moisture content and 
high te mper atures could contribute to other t ypes of chip discoloration. 
This is due in part to the d ar k  water-so aked appe arance of the chips. 
Howe ver, it has been not iced that such chips do appear lighter u pon dr ying.  
The presence of bar k  has been thought to be re sponsible for excessive heat 
within piles and the subse quent r apid de ve lo pment of brown st ain due to 
fungal att ac k  (42 ,  44) . High te mperature s and moisture content are also 
f actors in contribut ing to brown che mical staining and are re ported ( 1) to  
result in the deacet ylat ion of he mice lluloses in the wood although no 
change in acetyl content was detected in one hardwood chip pile after 6 
months storage (48) . 

Since the high temper atures existing within so me chip piles do 
not inhibit ther mophilic fungi, or the heat -tolerant wood-rot t ing species, 
and are also suspected of contributing to brown che mic al deteriorat ion, then 
it would seem desirable to reduce te mperatures in the pile to ret ard so me 
of this b io logical and chemical deteriorat ion associated with chip storage . 
Where water sprinkling has been attempted, the deteriorat ion b y  wood-rotting 
fungi has been reduced ( 13 ) , alt nough other fungi of the sof t -rot t ype which 
decay the surf ace layers of wood chips have been found to incre ase in num
ber s  where moisture content is high. The storage of chips in a frozen 
condit ion has reduced deteriorat ion consider ably (9, 39) indicat ing the de 
sirab ilit y of winter piling. 

Oxygen and Carbon Dioxide Le ve ls 

In an e arly re port ( 10)  on storage cond it ions in a chip pile, 
it was suggested that the oxygen needed for the life processe s of aerobic 
organisms might be quickly used up and that the result ing deficiency of 
oxygen would have an unf avourable effect on the gro wth of decay fungi in 
the pile . Ho we ver, later studies in Louisiana, U .S.A. ( 2 6 )  and in Sweden 
( 11) indicated that there were no great variat ions in carbon dioxide and 
oxygen levels in loo sely-co mpacted chip piles during storage . In labora
tory experiments ( 11) it was observed that cert ain wood-decay fungi and 
the mould, Trichoderma lignorum, grew well in an at mosphere cont aining as 
much as 40 t o  50 per cent carbon dioxide, and that in other test s  the se 
same fungi were not inhibited until the concentr ation of oxygen was prac
tically zero, It was concluded that there must be ver y lar ge changes in 
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oxygen or carbon dioxide concentr at ion t o  inhibit t he gro wt h  o f  t he fungi 
which could c ause det er iorat ion o f  chips dur ing storage. 

In another invest igation (40)  t here was a measurable increase 
in t he concentrat ion of c arbon dioxide in a pine chip pile stored in 
Louisiana whic h was mor e evident dur ing t he fir st six weeks o f  storage. 
Aft er t his init ial period,  t he carbon dioxide content o f  t he pile dropped 
to levels slight ly abo ve t he atmospheric cont ent. It was t hought t hat t his 
increase in carbon dioxide was possibly due t o  a chemical or a biolo gical 
oxidat ion o f  wood constituents. Swedish invest igators ( 1) found no in
cr ease in t he carbon d ioxide level of a softwood chip pile alt hough a 
slight decr ease in t he oxygen concentrat ion down to approximat ely 18 per 
c ent was det ected in t he centr e  of t he pile b y  t he second week o f  storage. 
The oxygen level did not begin t o  r ise again until t he end o f  t he second 
mont h. Some relat ionship may exist bet ween low oxygen values and out side 
temper atur e as t he lower oxygen levels were obt ained when outsid e t emper a
tures wer e co ldest ( 9 ) . Compact ion o f  chips ( 13 )  was believed to be a 
fact or in inhib iting fungal develo pment in a pile as t his was thought to 
act as a barrier t o  oxygen replenishment by r estricting t he free movement 
o f  air in t he piles. Ot her studies (46 )  indicat ed t hat det eriorat ion was 
negligible after 12 mont hs storage when pine chips wer e sealed in drums to 
exclude oxygen while chips not sealed in cont ainers had a 7 per cent re
duct ion in specific gr avit y. 

Wood Species 

The main species used in chip piles on t he west o f  Nort h  America 
are Douglas-fir, west ern hemlock, white fir , cedar ,  pine, r ed alder and 
cottonwood ( 12, 24, 44) . In t he sout heastern U .S.A., many chip piles are 
compo sed of pine species (4,  25 , 36 , 3 7 )  but studies have also been mad e  on 
t he effect of stor age on o ak and gum chips ( 13 ,  17 ) . 

In eastern Canada, balsam fir , spruce, pine and hemlock have 
been stored in chip form ( 3 1, 3 5 ,  39)  while hardwood tr immings from veneer 
cutt ing o perat ions have been converted t o  pulpwood chips at one mill ( 3 1) 
since 1955 . Det er iorat ion o f  hard maple, birch, and beech chips have been 
studied in t he northern U.S.A. ( 5 ,  48) . 

Pulp companies in Scandinavian countr ies have exper iment ed wit h  
b irch, spruce, and pine species ( 1, 2 ,  9 ,  10 , 19 , 30) , while piles in other 
parts o f  Europe have compr ised fir , spruce, aspen, beech, birch, linden, 
and o ak chips (3,  28 , 41, 45 ) .  

C hip pile studies have shown t hat d ifferent o pinions are held 
on t he amount o f  det eriorat ion experienced dur ing out side storage. T he use 
o f  moderat ely durable species suc h  as Douglas-fir may account for some o f  
the variability found in large piles where det eriorat ion i s  not considered 
to be too serious. Discolor at ions by blu e- st aining fungi are mor e  pro 
minent in t he sur face layer s  o f  pine chip piles where t he lack o f  durabilit y 
o f  t his species r esult s in poorer quality chips which would influence t he 
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br ightness o f  pulps. Less dur able hardwood chips can det er ior at e  quit e 
rapidly and somet imes appear black aft er 4 to 5 mont hs stor age. Gum chips 
sho wed more det erior at ion t han oak chips while t he lat ter were al so mor e  
det er iorat ed t han pine chips stor ed for similar per iods. 

METHODS OF CONTROLLING CHIP DETERIORATION 

Compact ion 

The compact ion o f  chips in piles incr eases t he amount of wood 
stored in a given ar ea and has been accomplished by blow-packing t he chips 
( 1, 15 , 25 , 27 ) , and by co mpacting wit h tractors (4,  25 , 3 6 ) . Blow-packing 
has been r eported ( 1, 34) to give super ior compact ion to other met hods. 
Depending upon t he degree of compact ion , t he t emperatures have b een found 
to incr ease in t he pile and t o  r emain high t hroughout t he wint er ( 1) .  
These high t emperatures ar e not only believed to influence t he r esin con
tent of stored chips (29 )  but also cause a pro found change on t he t ypes o f  
micro-organisms which ar e ab le to gro w  under t hese cond itions ( 1, 33) . 
The usual wood-rotting fungi cannot gro w  at t he elevat ed t emper atures ex
per ienced in some par t s  o f  t he chip piles. 

There was less c hip compact ion on t he sides of piles where t he 
tractor did not operate. In t hese ar eas where co mpact ion was t he least it 
was found t hat mor e fungal det eriorat ion and gr eat er wood subst ance losses 
occurred dur ing stor age ( 13 ,  3 6 ) . At first , litt le or no differences were 
not ed ( 13 )  in chip det eriorat ion bet ween t he co mpacted and uncompact ed 
areas during t he fir st mont h o f  storage. Ho wever , aft er 6 months st or age 
t he uncompact ed chips had lost t hr ee to four t imes more wood subst ance t han 
t he compact ed chips. Lar ger piles have great er co mpact ion o f  chips to
get her wit h  less exposed sur face area, and are r eported to be subject to 
less det er ior at ion (36) . 

Wat er ing 

Storage under water or water spr inkling have been successful 
met hods in preventing fungal d eteriorat ion o f  roundwood unt il ut iliz at ion 
for t he manufactur e o f  pulp. 

Wat er spr inkling o f  some chip piles has been made in an att empt 
to decrease det eriorat ion dur ing long stor age in t he belief t hat co mplet e 
wat er satur ation would r esult. In one exper iment ( 13)  a green gum chip 
pile was wetted dur ing it s construct ion and water- spr inkled dur ing the 
storage per iod . These chips had fewer bleached decay ar eas which did not 
develo p as fast as t he bleached areas in t he non-wet t ed gum chips. Ho wever , 
t hese t est s were considered to be inconclusive (29 )  due to inco mplet e wet 
ting o f  t he pile since only slight ly lower o ver-all spec ific gr avity lo sses 
occurr ed when compar isons wer e made t o  a non-wett ed gum chip pile. It was 
believed ( 13 )  t hat so ft rot or ganisms wer e able to cause so me degr adat ion 
under t he environment al cond it ions of t he wett ed gu m chip pile. In anot her 
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study (40)  pine c hip consist ency was found to be lower ed if t he pile was 
wetted and strength losses were not as great when compared to  the unwetted 
pile. In other studies (41) it was concluded that softwood ana hardwood 
c hips could be stored for about 1 month wit hout wat er sprinkling. 

It is apparent that ther e are some difficult ies in adequately 
wetting chip piles to maint ain the fully water-saturat ed condit ion necessar y 
to prevent fungal discolorations and ot her t ypes o f  d eter ioration c aused by 
micro-or ganisms. However, if satisfactory wett ing could be maint ained 
during storage, c hip deterioration would probably be consid erably reduced .  

Winter Storage 

Some mills prefer to  store t heir c hips fro m  October to May 
bec ause o f  r educed fungal act ivit ies. Experiment s in Georgia ( 3 7 )  indicat ed 
t hat det eriorat ion of pine chips stored in t he wint er was one-third to  one
half less than that of summer-stored chips. 

Heat generat ed within chip piles prevent s freez ing in all but 
t he out er layer of chips. The fro z en crust present s litt le trouble although 
some handling difficult y has been r eport ed ( 34) . Many o f  t he pine chips 
stored in Sweden (9) fro m  the end of October t o  t he following May were found 
to be froz en dur ing most o f  t his per iod at t he bottom level o f  t he pile. 
Where t he average storage t emper atur e was clo se to freez ing, it was found 
t hat specific gravity losses were very low in comparison to  losses in samples 
stored in the warmer areas o f  t he pile. 

T he construct ion of chip piles during freez ing t emperatures 
would appear to be pro mising in providing pro t ect ion against subsequent fun
gal det er iorat ion because the majorit y of micro-organisms are dormant at or 
near O°C . 

Foundation 

Many c hips are stockpiled on t he ground fro m  truc ks or pneumat ic 
conveyors ( 15 )  without too much preparation for t he b ase. In some c ases, 
o ld chips fro m  previous piles or hogged fuel serve as a base for fresh c hips� 
while others stored t heir c hips directly on t he ground ( 6 ,  12 , 17 , 24,  34) . 
From one to three feet o f  chips (6)  have been r eport ed as lost during r e
clamat ion where the piles have been constructed on old chips. 

C ert ain mills on the west coast of North America and in t he 
southeastern U .S.A. ( 12 ,  13 , 24, 25 , 34) store t heir c hips on asphalt pave
ment bec ause o f  less risk fro m  dirt contamination. Proper drainage is 
emphasiz ed where asphalt or other t ypes of solid pavement are used ( 15 ,  34) . 

Considerable amounts o f  d irt  and rot are somet imes introduced 
when unsurfaced bases are used. T he use o f  sur faced areas is said to b e  
effective in d ecreasing t his d et er iorat ion o f  chips at the bottom o f  t he 
piles. In east ern Canad a  ( 3 2 ) , one company which stored chips on unsurfaced 
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areas from October t o  May found s igns o f  fungal infection aft er 12 to  18 
months storage. T he larger numbers of wood-decay fungi isolated from t he 
bottom o f  a soft wood chip pile in New Bruns wic k  ( 3 9 )  would indicate t hat t he 
r is k  o f  introducing rot int o  t he lower r egions o f  piles is great when piles 
are constructed on old c hips or d irectly on t he ground . 

Storage T ime 

Although some chip piles had been kept for 2 to 3 years on t he 
wes t coast o f  Nor t h  Amer ica with lit tle or no noticeable d et eriorat ion 
(6,  12, 15 ) ,  some mills try t o  utiliz e t heir c hip piles by 6 to 18 months 
while other mills average about 9 mont hs storage (12) . 

One mill which manufactures fibreboard in eastern Canada r e
port ed t hat freshly-cut chips gave b est r esults at up t o  4 to  5 months 
storage. Pulp and paper mills in east ern Canada plan on utiliz ing t heir 
soft wood c hip piles b y  1 year or less (32,  3 4) and expect little d et eriora
t ion to occur within t his storage period. Storage of softwood chips for 
15 or more mont hs involves risk o f  det eriorat ion to s pruce chips ( 11) and 
it has been sugges t ed ( 2 2 )  t hat chip piles s hould be turned over ever y few 
mont hs to minimiz e t his risk. 

Hardwood c hips cannot be stored as long as soft wood c hips 
because o f  great er d et er iorat ion. While an earlier study in Michigan (5)  
indicated t hat hardwood c hips could not  be stored over 8 mont hs without 
danger of los s due to d ecay, t he s torage t ime would d epend upon t he s eason 
when t he c hips were piled .  In Austria ( 45 ), it has been r eported t hat beech 
chips could be stored for 6 to  12 months without s erious d et er ioration 
occurring. 

T he conflict ing r eports on how long c hips can be stored without 
ser ious d et eriorat ion would appear to be r elat ed to a number of variables 
including t he wood species piled ,  t he s iz e  o f  t he pile and t he d egree o f  
compact ion, and t he season when storage commenced .  Deter ioration was found 
to b e  s ever e  in t he lower t hird of a s pruce and balsam fir c hip pile at 
approximately 9 months s torage ( 39 ) ,  indicating t hat complete utilization 
of a pile s hould occur b efor e  8 mont hs at least in order to minimiz e re
duct ions in c hip quality t hat could affect t he pulp adver s ely. 

Use of Fungicides 

Control o f  d et eriorat ion in chip piles b y  chemical means has 
been sugges t ed (29)  as one means o f  improving pulp yields and qualit y pro
vided t he cost  o f  treatment is  not  too high. It has been proposed t hat 
only certain areas of t he piles , such as t he out er layer s ,  need to be 
treated s ince greatest bio lo gical d et erioration s eems to occur here. The 
use o f  fungicid es such as pentach10rophenat es has b een propos ed t o  o ffs et 
losses in wood raw mat er ial ( 18 ) . 
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In eastern Canada ( 3 5 ) , some success was obtained in r educing 
discolorat ions by treating soft wood chips wit h fungicid es. Indicat ions 
wer e t hat a sodium pentac hlorophenat e-borax treat ment was mor e  effect ive 
than borax alone. T he mor e  soluble boric acid- sodium borat e  preparat ion 
gave better protection than convent ional borax. Never t heless, some stain
ing still occurred even wit h  t hese chemical treatment s. 

Invest igat ions in Sweden (38)  indicat ed t hat pulps made from 
spruce chips stored for 4 mont hs had no  reduct ion in brightness when t he 
chips had been treated wit h  eit her a pent achloro phenat e  or a mercury pre
paration before being placed in a pine chip pile. 

T here would probably be little need to treat soft wood chips 
wit h fungicides for short t er m  storage, wit h  t he possible except ion of the 
out er layer of chips where blue- st aining may occur . Ho wever , for storage 
exceeding 6 months, it may be advantageous t o  also treat t he chips at t he 
lower levels of piles where ser ious d et er iorat ion somet imes occurs. As 
most hard wood species used for t he manufacture o f  pulp are non-durable, t he 
treatment o f  t hese chips wit h  fungicid es may prevent severe d egradat ion 
when storage exc eeds 3 or 4 months. T he season o f  piling would b e  an ad 
ditional factor to consider if some thought has been given to t he use o f  
fungal- inhibit ing c hemicals. 

SUMMARY 

Recent developments in t he storage of pulpwood in t he c hip for m  
in out side piles have r esult ed in muc h  int er est in t he advant ages o f  this 
method o f  stockpiling over convent ional roundwood storage. 

Although fungal and c hemical d et eriorat ion o f  pulpwood chips 
does occur in out side piles during storage, the amount and t ype o f  d et er ior
ation appar ently var ies according to t he durability of t he wood species 
used , t he siz e o f  t he pile and d egree of chip compact ion , t he season when 
piling commenced , and t he lengt h o f  storage. General conclusions are t hat 
t he det er iorat ion o f  chips is not great er , and is so met imes less t han would 
be expect ed in t he c ase of roundwood stored for similar periods. One reo 
port ed exception occurred in which stored gum c hips in t he sout hern U.S:A. 
had greater d et eriorat ion t han t he roundwood . 

T he siz e o f  t he piles appears to be a det er mining factor which 
influences t he r at e  o f  det eriorat ion and t he length o f  t ime t hat c hips c an 
be stored out sid e to obtain good yields of high quality pulp. Great er c hip 
compact ion and higher t emperatures have been not ed in t he larger piles than 
in t he smaller piles. T his has result ed in t he est ablishment of heat
tolerant micro-organisms in t he interior upper r egions o f  piles. Alt hough 
this storage period may vary fro m  2 to 4 years on t he west coast of North 
Amer ica,  a turnover of at least once a year for softwood chips is planned 
in most mill o perations. 
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Microbiological activit y in c hip piles includes loss o f  wood 
substance because of d ecay which r educes t he quantit y and str engt h o f  
pulps, and d iscolorat ions which influence pulp brightness. Most o f  t he 
microbiological act ivit y which r esults in t hese d et erioration problems is 
report ed t o  occur in t he sur face layers o f  piles to a d epth o f  approximat e
ly t wo to t hr ee feet . This out er zone is largely composed of relatively 
loose-packed chips on t he sloping sides of t he piles wher e t emperatures 
approach t he surrounding ambient air condit ions. The higher t emperatures 
which occur in t he central compact ed areas of c hip piles are appar ently a 
factor in r educing t he amount of dark fungal disco lorations here. Ho wever , 
t he incr ease in heat-tolerant d ecay fungi and mould s  t hat commonly takes 
place in t he " hot"  r egions o f  piles can cause some d et erioration in stored 
chips and is, t herefore, pot entially d etrimental to chip qualit y. 

A second probable area of d et er iorat ion is in t he lower regions 
of piles, particularly if t he foundat ion for t he piles is either soil or 
old chips. It is possible t hat brown discolorat ions can occur in t hese 
areas due to t he action o f  organic acid s  which are formed as a r esult o f  
microbiological activit y, and t he deacet ylation of hemicelluloses brou ght 
about by high t emperatures and moisture. Smaller , mor e  loosely pac ked , 
chip piles may also be affect ed by t his t ype o f  d et eriorat ion and may have 
a higher incidence o f  wood-rotting fungi t han in t he larger , more compacted , 
piles. 

Various attempt s have been mad e  to reduce microbiological de
t er iorat ion during chip storage. To minimiz e d et er iorat ion in t he pile, 
softwood chips should be ut iliz ed by 8 mont hs, and hardwood chips by 3 or 
4 months. Longer periods may be possible if t he season of piling and 
fungicidal treat ment o f  t he chips are consider ed .  

Less det er iorat ion has been experienced when chips have been 
piled during t he wint er months t han during t he summer , and little or no 
loss in wood substance occur s in chips which remain froz en dur ing storage. 
In other experiments, continual water sprinkling o f  chip piles has been 
att empt ed and , although results wer e  mostly inconc lusive owing possibly to 
incomplet e wetting, chip quality generally appeared better .  Building piles 
on an asphalt ic or other t ype of solid sur face and compact ing t he chips are 
other ways which have b een reported to have b een effect ive in r educing t he 
degradation of c hips at t he bot toms o f  piles stored out side. Promising 
r esults in r educ ing fungal discolorations in chips which affect pulp 
quality adver sely have been obtained by pr eservative-treating t he c hips, 
part icularly in t he r egions of t he piles wher e microbiological d et eriora
tion is high. 
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A P PEND I X  

Fungi r eported as occurring in stored wood chip piles 

Host Locality and Refer enc e  

J?HYCOMYCETES 

Chytr id spruc e, balsam fir New Brunswick, Can. ( 3 9 )  

Mucor sp. 

Rhizopus sp. 

FUNGI IMPERFECTI 

Moulds 

Arthobotrys sp. 

Asp ergillus fumigatus Fres. 

Aspergillus sp. 

C alcarisporium sp. 

C ephalosporiu m  sp. 

Chr ysosporium lignorum 
(Bergman & Nilsson 1966 
nomen nudum) l 

spruce? pine? 
b irch, pine 

oak, gum 

oak 

spruce, balsam fir 
pine 

pine 

o ak 

gum 

birch 

spruce, balsam fir 

spruc e, balsam fir 
oak, gum 
pine 

pine 

Sweden (33 ) 
Swed en ( 11) 

Florid a, U .S.A. ( 17 )  

Georgia, U .S.A. (29)  

N ew Brunswick, C an .  
Swed en (9 , 3 3 )  

Georgia, U .  S.A. (36,  
Sweden ( 11) 
Florida, U .  S. A. ( 17 )  
Georgia, U. S. A. ( 2 9 )  
Florid a, U .  S. A. ( 17 )  
Georgia, U .S.A. ( 2 9 )  
Swed en ( 11) 

N ew Brunswick, C an. 

New Brunswick, Can. 
Florida, U.S.A. ( 17 )  
Sweden ( 9 )  

Swed en ( 9 )  

l These fungi ar e r eport ed t o  cause sub st antial weight losses in wood at 
t emperatures fro m  25  to  45° C .  

2 3  

(39)  

37 ) 

(39)  

(39)  



Chrysosporium pruinosum 
(Gilman & Abbot)  
Car michaell 

Chrysosporium sp. 

Cylindrocarpon didymum 
(Hartung) Wollenweber 

Fusar iu m sp. 

Geotrichum candidum Link 

Glioc ladiu m  fimbr iatum 
Gilman & Abbot 

Glioclad ium vir ide Matruchot 

Glioc ladium sp. 

Paecilomyces variota 
Bainier 

Paec ilomyces sp. 

P enic illiu m  cylindrosporum 

P enic illiu m  funiculosum 
Thom 

P enicilliu m  rubrum, Sto ll 

P enicillium sp. 

Spicaria sp. 

Scopulariopsis sp. 

Sporotric hum t hermophile 
Apinis l , 2 

pine, spruce 

spruce, b alsam fir 

pine 

oak,  gum 

pine 

spruce, balsam fir 

spruce, balsam fir 

pine 

oak 

spruce, balsam fir 

spruce,  balsam fir 

pine 

pine 

pine 

spruce, b irch,  pine 
oak, gum 

pine 

o ak 

Sweden (33)  

New Brunswick, Can. ( 3 9 )  

Swed en ( 9 )  

Geor gia , U. S. A. (29)  

Swed en (9)  

Nova Sco tia, Can. (35)  

New Brunswic k (39)  

Sweden (9,  33)  
Georgia, U. S. A. (2 9 ,  3 6 )  
Georgia, U. S. A. (29 ) 

New Brunswick, Can. (39)  
Nova Scot ia,  Can. (35)  

New Brunswick ,  Can. (39)  

Swed en (9)  

Sweden ( 3 3 )  

Sweden (33)  

Sweden ( 11, 33)  
Florida,  U. S. A. ( 17 )  
Georgia, U. S. A. (29)  
T exas, U. S. A. (26 , 2 7 )  

Georgia, U. S. A. (29)  
Nova Scotia, Can.  (35 ) 

spruce,  b alsam fir New Brunswick, Can .  (39)  
Birch? spruce? pine? Sweden ( 3 3 )  

spruce, balsam fir 
pine 

New Brunswick, Can. (39)  
Swed en ( 9 ,  3 3 )  

2Thermophilic species gro wing within t he range o f  t emperatures fro m  20  to 
60°C. 

24 



Sporotrichum sp? 

Sporothr ix sp. 

Trichod erma koningi 
Oud. (= I. viride) 

Trichoderma lignorum 
(Tod e.) Harz (= I. virid e) 

Trichoderma viride P er s. ex 
Fr ies 

Tr ichoderma sp. 

Ver ticillium albo-atrum 
Reinke & Berthold 

Staining Fungi 

Acrotheca sp. 

Alt ernaria sp.3 

Bactrodesmium sp. 

Bispora b etulina (Cda.) 
Hughes 3 

Bispora sp. 3 

Bisporomyces sp.3 

(= Chlor idium) 

Brachysporiella sp. 

Cordana sp. 

Cladosporium herbarum 
(P er s.) Link 

Cladosporium sp. 

pine 

pine 

spruce,  b alsam fir 

pin e, b irch,  spruce 
pine 

spruc e, balsam fir 

spruc e, b alsam fir 
r ed alder 
pine 
gum ,  o ak 
gum, o ak 

pine 

pine 

pine 

pine 
oak 

spruc e, balsam fir 

pine 

pine 

spruc e, balsam fir 

spruc e, b alsam fir 

spruce, pine 

spruce, balsam fir 

Georgia, U .S.A. ( 2 9 , 3 7 )  

Swed en ( 9 )  

Nova Sco t ia,  C an. ( 3 5) 

Sweden (11)  
Sweden (9 , 33)  

New Brunswick , Can. ( 3 9 )  

New Brunswick, Can. ( 3 9 )  
Oregon , U .S.A. (44) 
T exas, U.S.A. (26,  2 7 )  
Florida, U.S.A. ( 1 7 )  
Georgia, U.S.A. (2 9 )  

Swed en ( 9 )  

Georgia, U.S.A. (29,  3 7 )  

Georgia, U.S.A. ( 3 6 )  

Georgia, U.S.A. (29,  3 7 )  
Georgia, U.S.A. ( 2 9 )  

New Brunswick , Can. ( 3 9 )  

Geo r gia, U.S.A. ( 3 6 , 3 7 )  

.. 
Georgia, U.S.A. ( 36 ,  3 7 )  

New Brunswick , Can .  ( 3 9 )  

Nova Scot ia, C an. ( 3 5 )  

Sweden (11) 

New Brunswick , C an. ( 3 9 )  

3These fungi c an cause soft r o t  o r  are b elieved to b e  capable of causing 
soft rot under c er tain environmental conditions. 
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Cladotrichum sp. 
(= Oed emium sp.) 

Graphiopsis sp. 
(= Phaeoisaria sp.) 

Graphium sp. ( imperfect 
of C eratocyst is sp.) 

H elicosporium sp.3 

pine 

pine, oak 

Douglas fir 
r ed alder 
oak 
spruc e, balsam fir 
pine 

p ine 

Georgia, U.S.A. (2 9 ,  3 7 )  

Georgia, U.S.A. (29 )  

Or egon , U.S.A. (44) 
Or egon , U.S.A. (44) 
Flor ida,  U .S.A. (17 ) 
New Brunswick, C an. (39)  
Swed en ( 9 )  

Georgia, U.S.A. (36 , 3 7 )  

Hor misc iu m  sp. 
(= Torula sp.) spruce, balsam fir Nova Scotia, Can. (35 ) 

Humicola lanuginosa 
(Gr iffon & Maublanc) 
Bunce ( ii) 

pine? spruc e? birch? Swed en (33)  

Leptographium sp. pine 

Melanographium sp. pine 

P arad iplodia sp. pine 

P estalotia sp.3 pine, oak 

P hialoc ephala d imorphospora 
Kendr ick pine 

Phialophora americana 
(Nannf. ) Hughes 

P hialophora fastigiata 
(Lab erb. & Mel.) Conant 

spruc e, 

spruce,  
birch 

b alsam 

b alsam 

fir 

fir 

P hialophora melinii (Nannf.) 
Conant spruce, balsam fir 

Phialophora sp. 3 

Pullular ia pullulans 
(De Bary) Berkhout 
(= Aur eobasidium 

pullulan s  (De Bary) Arnaud) 

spruce, b alsam fir 
gum,  oak 
pine 

pine 

26 

Georgia, U.S. A .  ( 2 9 ,  3 7 )  

Georgia, U. S.A. (2 9 ,  3 7 )  

Geor gia, U. S.A. (29 , 3 7 )  

Georgia, U .S.A. (2 9 )  

Sweden ( 9 )  

New Brunswick,  Can. (39)  

New Brunswick, Can. (39)  
Sweden (12)  

New Brunswick ,  Can. (39)  

New Brunswick,  Can. ( 3 9 )  
Ge6rgia,  U.S.A. (29)  
Swed en ( 9 , 33)  

Sweden (9)  



Pullularia sp. 
(= Aur eobasidiu m sp. ) 

Rhinocladiella atrovirens 
Nannf. 

Rhinocladiella sp. 

Scytalid ium lignicola 
P esante 

Spondylocladium sp. 
(= Stachylidium) 

Tr ichocladium canad ense 
Hughes 

Ver t ic icladiella sp. 

ASCOMYCETES 

Allescher ia t errestris 
Apinis2 

Byssochlamys sp. 2 

C er atocystis floccosa 
(Mathiesen) Hunt4 

C er atocystis minor 
(Hed gc . ) Hunt4 

C eratocystis moniliformis 
(Hed gc . )  C. Moreau4 

Ceratocyst is pilifer a  
(Fr . ) C .  Mor eau4 

C eratocystis sp. 4 

Chaetomium t her mophile 
La Touche 2 , 3 

gum,  oak 

spruce,  balsam fir 

spruc e, balsam fir 

spruce, balsam fir 

oak 

spruce,  balsam fir 

pine 

pine 

pine 

pine 

pine 

oak 

pine 

pine 
oak, gum 
spruc e and b alsam fir 

spruc e, pine 
pine 

pine? spruce? birch? 

Flor id a, U . S. A. (17)  
Swed en (33)  

New Brunswick, Can .  (39)  

New Brunswick, Can .  ( 3 9 )  

New Brunswick ,  Can .  (39)  

Georgia, U . S. A. (2 9 )  

New Brunswick, Can .  ( 3 9 )  

Swed en ( 9 )  

Sweden ( 9 , 33 ) 

Swed en ( 9 )  

Swed en ( 9 )  

Swed en ( 9 )  

Florida,  U . S. A. ( 17 )  

Texas, U . S. A. (26 , 2 7 )  

Georgia, U . S. A. ( 2 9 , 3 7 )  
Georgia, U .  S. A. (2 9 )  
Nova Scotia,  C an .  ( 3 5 )  
New Brunswick, Can .  (39 )  
Sweden (ll)  
Sweden ( 9 , 33)  

Swed en (33)  

4These fungi cause dar k  gray or bluish d iscolorat ions in sapwood . 
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Chaetomium sp . 3 

Dactylomyces thermophilus 
Sopp (= Thermoascus 
aurantiacus Miche)2 

Thermoas cus aurantiacus 
Miche2 

BAS IDIOMYCETES 

Coniophora sp . 

Cor t icium evolvens 
(Fries ex Fr ies) Fries 
(= £. laeve Pers . )  

Corticium pruinosum Pat . 
(= Xenasma pru inosum 
(Pat . )  Donk) 

Gloecocyst idium tenue 
(Pat . )  v .  HBhn & Litsch . 
(= Hyphoderma tenue 
(Pat . )  Donk) 

Hyphodontia sp . 

Lenz ites saep iaria (Wulf . 
ex Fr ies )  Fr ies 

Merulius tremellosus 
Schrad . ex Fr ies 

Peniophora cinerea 
(Fr ies) Cooke 

Peniophora gigantea 
(Fr ies) Massee 

Peniophora incarnata 
(Per s . ex Fries . )  Karst . 

Polyporus adus tus 
Willd . ex Fries 

Po lyporus ·amorphus Fries 

gum 

p ine 

p ine 

spruce , p ine 

p ine 
b irch 
aspen 
spruce , balsam f ir 

p ine 

p ine 

spruce , balsam f ir 

spruce , balsam f ir 

b irch 

birch 

p ine , 
p ine , spruce 
p ine 
spruce , balsam fir 

birch 

b irch , p ine 
p ine 

p ine 
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Georgia , U . S . A. ( 2 9 )  

Sweden ( 9 )  

Sweden ( 9 , 3 3 )  

Sweden ( 11)  

Sweden ( 10)  
Sweden ( 11) 
Sweden ( 3 3 )  
New Brunswick , Can . (39)  

Sweden ( 9 )  

Sweden ( 9 , 3 3 )  

New Brunswick, Can. ( 3 9 )  

New Brunswick, Can . (39)  

Sweden ( 3 3 )  

Sweden ( 3 3 )  

Sweden ( 10)  
Sweden ( 11) 
Sweden (9 , 33)  
New Brunswick , Can. (39)  

Sweden (33)  

Sweden (33 ) 
Sweden ( 9 )  

Sweden ( 9 , 33 ) 



Polyporu s betulinus 
Bull. ex Fries 

Polyporu s hir sutus 
Wulf. ex Fries 

Po lyporus ver sicolor 
L. ex Fr ies 

Polyporus zonatus Fries 

Poria amb igua Br es. 

Ptychogast er r adiatus 
(BjHr kman and Haeger 
196 3 , nomen nudum) 

P tychogaster sp. 

Sistotr ema coroniferum 
(v. HHhn. & Litsch.) 
Donk 

Sis totr emastrum suecicum 
Litsch. ex J. Er ikss. 

St er eum hir sutum 
(Willd. ex Fries) Fr ies 

St er eum rugo sum (Pers. ) 
Fries 

Ster eum sanguinolentum 
(A . & S. ex Fr ies) Fries 

Tr echispora r aduloid es 
(Karst.) Roger s, 
(= Sistotrema r adulo id es 
Kar st.) Donk) 

1191-5-67-3 . 5M 

b irch Swed en (33)  

b irch Sweden (33)  

aspen Sweden (33 ) 

as pen Sweden ( 3 3 )  

birch Sweden (33)  

pine, spruce Swed en (11) 

spruc e, b alsam fir New Brunswick, Can. ( 3 9 )  

pine Swed en ( 9 , 3 3 )  

aspen Sweden ( 3 3 )  

birch Swed en (33)  
aspen Sweden (33)  

birch Swed en (33)  

pine Swed en (10)  
pine, spruc e Swed en ( 11) 

pine Swed en ( 9 ,  33)  
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