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I T 1I2COIDUICTTIONMN

nnosus RoOT roT, found on all continents, is caused by The fungus Hererobasidion
Annosom (Fr.) Bref. {Fomes anvosus[Fr.] Kanst.), amember of the Polyporaceae
family. Polypores are easily identified by thein characreristic Truiting bodies
GrROWING ON TREE TRunks and causing wood decay and discolouration, However, H. annvostm
and frs associated disease are less well kvown becavse in Quebee, the fungus was
discovered only recently, i.6. iv 1989, in a red pine (Pines resivosa AinL) plantation
(Laflamme and Blais 1993). Neverthizless, since H. anvosum CausEs exrensive damage in
foresrs anound THe world, ir is considered 10 be one of The most destruciive pathogens

iN everGreen forests.

The disease was first idenrified by the German researcher Robert Harrig (1874), 1he
pioncew of forest parhology. Hamig (1900) demonstrated thai 1he disease is Teansmitred
from 1rEE TO TREE by ROOT CONTACY, CREAYING cHARACKERISTIC «circles of moriality»,

The research on 1he disease made a grear leap forward half A century larer. In 1951,
the Englisk pathologist Jolin Rishiberh discovered thar the fungus becomes established in
a siand by spores thar colowize freshly cur stumps. The discovery of this key element in
the propagarion of the disease finally made it possible 1o develop methods aimsd ar
conrrolling the introduction of the disease in forests through the Treatment of stumps,
Vanrious chemical products were then 1ested and Rishiberh (196 3) was 1he first 1o use

biological control in his experiments, with promising resulis.
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Hefershasidion annesum
in Ohntario in 088
(Whitney 1988} and
Chuchec in 1993,

plantarions that had bees thisned approximately 1en vears earlier (Hord and Quinke
1995). Afer 1957, the disease was reported in several other places in Onrario,
including the Larose Forest near the Quebec-Ontario border (Figure 1),

‘ In Eastern Canada, the disease was first Found on red pine. It was in Owntario, in Two
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In The autumn of 1967, a spore sampling operation in New Brunswick (Redfern and Van
Sickle 1968) revealed, on The one hand, Thar viable aiRbornEe spores from H. anvosum
WERE PRESENT in THE AiR, Although the disease had ot yer been idenrified in New Brunswick
forests and, on the other hand, thatr H. avvosum spores can Travel Grear distances., In
facr, The closest source of infecrion was over 110 km away, in Maine.

In 1970, asimilar operarion was carried ourt in Quebec (Marrtineau and Lavallée 1970),
with negarive resulis. Nevertheless, in 1982, because of the proliferation of the disease
in THe nearby Larose Forest, the forest pathology comminee of the ministére des
Ressources naturelles du Québec (secteur Forérs) recommended that foresters begin
TREATING sTUMPS WiTH borax afrer Thinnings. In 1987, A MONITORING PROGRAM WAS SET U
i The province and, in Seprember 1989, the first case of annosus koot rot in Quebec
was discovered approximarely 40 km from the Larose Forest (Laflavme and Blais 1993%).

HOSTS

he disease is found in over 170

species of conifers and hardwoods

worldwide. Although The exent of
The damage varies from species 10 species,
1he Greatest damage occurs in conifens.

In Eastern Canada, red pine is the most
affecred species. In fact, reports have
indicared thar the disease is introduced
into A plantation Through red pine stumps,

FUNGUS

he fungus was Traditionally called
Fomes annosus (Fr.) Karsten, bur
was renamed H. anvosum due 10
progress in THe classification of fungi.
H. anwvosum reproduces sexually by
forming A fruiting body or conk, which in
turn  produces basidiospores Thar
propagarte The fungus and thus The disease.

and THE situation seems 1o be The same in
the wortheastern United Svates. Aside
from pines, OTHER SPECiES GROWING NEAR
red pines infected with H. avvosum have
also been found 10 be infected with The
fungus, bur These species Generally do nor
SERVE AS ENTRY siTes ANd ARE NOT Given
PREVENTIVE TREATMENT.

We“-dwelopecl {r'ui|inq bodies
of Heterobasidion annosum
funqi on a stump ”u:»uq'nf to be g

the infection centre.
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The disease can be detected by the presence
of the fungus’ characteristic fruiting bodies
(Figure 2). The upper surface of The conk
is embossed and Rranges in colour from
buff or 1an over most of its surface, 10
black near the juncrion with The Tree, 10
white on THe margin. hs lower spore-
bearing face (hymenium) is white and
porous. Conks Are generally 10 cm wide
bur can reach 20 cm. Immature Fruiting
bodies are tiny, i.€ 1 10 2 cm i size; They
consist of small, white porous pustules
found on The bark of Trees, At The same
level as the lirrer (Figure 3), and sometimes
in the lirer itself.  Fruiting bodies can
usually be observed in Autumn, berween
Seprember and THe first frosts. Afierwards,
fruiting bodies blacken and disinregrare
the following year. However, they have
occasionally been reporied as early as
July, bur this situation is due 1o The cli-
matic conditions of cermain cool and wer

SUMMERS.

Fruiting bodies of
Helerokasidion annosum
revealed I')IJ removing the
Imlep of organic maller
around the base of the
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The fungus also reproduces asexually; This
1ype of reproducrion generally occurs in
the laborarory on isolartes in pure culture.
The fungus forms characreristic conidia
(Figure 4), and the asexual form of 1he
fungus is called Spiniger meineckella
(Olson) Sralpers.

Recent research suggests THat There Are
several biological species of H. anwosum.
InNorth America, The preliminary findings
point 10 TWo species (Chase eTal. 1989):
the «P» group, which is found most ofren
on pine (Pinus spp.) bur may also infecr
other conifers, and The «S» group, which
aracks only spruce (Picea spp.) In Fu-
rope, A Third species exisis: 1he «F»
Group, which is observed on firs (Abies
spp.) only in the MediTERRANEAN REGION
(Korhonen, personal communication).
Since the fungus was found primarily on
red pine in Quebec, THe «P» Group is very
likely The one present. However, specific
1ests musT be carried our 10 confirm This
ASSERTION.




he spores of the fungus are capable

of wravelling long distances.  In

New Brunswick, as we saw before,
Redfern and Van Sickle (T 968) collecred
viable spores of the fungus more than
110 km from the nearest source of in-
fection. Rishberh (19%9) found viable
spones oveRr The ocean more Than 300 kw
from 1he closest possible source of in-
fection. Thus, afrer being transported by
the wind, the basidiospores of the fungus
serrie on the surface of freshily cur stumps
and Germinare there (Figure ).
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The surface of a freshly cur stump is
selective For a number of microorganisws,
including H. anvosum. Therefore, scon
aher felling, it must colonize the suriace of
the stump before other microorganisms
move in.  This window of oppomunity
varies and, acconrding 10 research done
on various Hosts in differenty climares, can
ranGe from a few days 10 1hree or four

weeks. However, infeciion rarely occurs
mors than wo weeks afrer felling (Hodges
1969).

The myceliom of H. anvosum develops as
a saprophyze in 1he stump and gradually
decomposes it in THE same way as othenr
wood-roring fongi. It then progresses
down into The roors, spreading its infection
aren. Fhis area, which was ar first confined
1o The stump surface, expands and afier
while reaches 1 10 2 m in diamerer.
Problems begin 1o occur when the
H. anwosum comes into contact with the
roovs of a living conifer: it can infecr the
irek, FiTher killing it or causing burr ror,
depending on the species, The fungus will
contingg 10 colonize nearby trees (Fige
urt 73, PROGRESSING AT A RATE EsTimATEd TO
be less sthan 1 m a year. Harrig's phrase
«circles of monralitys refers 1o this ex-
pansion from the inirial infecrion centre in
a stand 10 A widening circle of desiruc-

TioN,

Thereforg, the disease spreads fairly stowly
from a ceninral point; unfortunarely,
Thinning OpERATIONS in A plaNTATION CREATE
large numbers of potential infecrion sites.
However, the most pesnicious aspect of
this disease is that the fungus can survive
for long periods of fime in srumps. For
example, Greig and  Prair (1976)
observed H. anwvosum living in stumps for
periods of up 10 62 years and this is nov
the absolure maximum length of rime,
Reforesiarion of these sires is a problem in
such a situarion becauvse seedlings Are
ofren quickly killed by 1he disease.




SEECTTRCOOMN COOF ASEASIE

he finsy step in derecting the disease

in thinnved red pine plantarions is

10 look for dead trees onr 1rees
whost entire crown shows signs of dieback,
such as reddened or small needles or a
crown with sparse foliage (see cover
page). A cruise line is therefore carnied
ourt, preferably in Seprember, Ocrober or
November,

The next step is 10 look on and around 1he
base of These yrees and on nearby stumps
for the characrenistic fruiting bodies,
which are signs of the disease. Alhough
the fruiting bodies may be readily appar-
ent (Fiqure 2), they are usually hidden by
A layer of livrer thar must be removed with
a weeden or another ool (Figures 3
and 6). Furthermonre, fruiting bodies may
be present only in their immature form,
visible only as white porous pustules.
Since there amre several species of

IDANAANCGE CALUUSEDD
2N FL AYYCISUNA

iNcE ANNOSUS ROOT RoT Has only

recently been discovered in

Quebec, The damage ohserved iy
the province from the disease Has been
very limited 5o far (Figure 1}. In facr, as
this disease vsually follows Thinnings, it is
undensiandable thar it Has wot been
obsenved 10 any grear degree in the past,
since our red pive plantaions are siill
relarively young., However, many planta-
rions are now old enough to reguine

Cultivotor used lo remeve orqanic malier (.onceulinq {milinq

1’ cr'd'ion L TeaH N

Leclios of Fiek

ijllﬂlﬁ i (;. MO”[’?

Polyponaceae, it is recommended thar a
sample of the fruiting bodigs be 1aken 10
1he diagrosiic laborarory of the ministine
des Ressounces warurelles du Quebec (sec-
1eur Forfrs) for identification,

thirening, which will make them susceprible
10 thE disease.

According 10 observarions in Europe
(Delatour 1972), ANNOSUS ROOT ROT CAUSES
w0 Types of damage in Trees of thinning
AGE:

Dearh of Tree

The fungus infects and kills The roors
and then progresses up 10 THe RoOT




C2COM

crown and into The cambium, causing
the death of the Tree soon Alerwards.
The fungus is not able To mravel further
up the mree because of inkibitors
present in The Trunk. This belaviour
is found in red pine.

55‘25 Ror

The fungus rors the core of The roors
withour necessarily killing them and
then progresses 1o The base of the
munk, Although e disease does nor
kill 1he tree directly, This anaclk ar the
base of 1he 1ree makes it more sus-

F2COL. NAETTHCOIDS

FIRRAIDIICATION

Owce H. anwvosum has infecred a siand, it
is very difficulr 1o eradicare because 1he
fungus can survive for decades in the
roots of stumps lefr afren Felling. The only
effective way of elivinating the disease is
10 rRemovE Thie infected stumps and destroy
them. The infecred srumps and surrounding
organic maner Have 10 be dug our and
yransporied 10 A disposal site, which
requines  heavy machinery (hydraulic
shovel or bulldozer).

This method is sill sconomically feasible in
Quebec because the disease is fairly recent
and  relatively limired geographically
speaking. The objecrive of this Treammen is
10 eradicare existing pockers of infecrion
white they are still small, before even more
EXPENSIVE TREATMENTS ARt ReQuired. For
example, in England, A bulldozer was
reguired 10 remove all the stumps From

ceprible 1o breaks, and stands with a
high percentage of infecied 1rees ane
more prone 1o windehrow. Conrrary
10 THE previous cast, e disease shows
no easily derectable symproms except
invery advanced stages, when fruiring
bodies appear on 1he runk of the Tree
despire the fact i is still alive. v
Europe, this behaviour is found mainly
inn spruce (Picea spp.).

In seedbings, the disease can cause death
relavively ouickly, evin in specirs in which
core ROT 0ccuns only iv older Tress.

badly infecied sies (Greig 1984). This
expensive TReATMENT did nor eradicare The
diseast, bur was only aimed a1 reducing its
impact on 1he new plantarion. This is the
ype of sivuarion 1har must be avoided here
in Quebec.

E SUBSTITUTION

ANOTHER way 10 rebiabilizate sies infecred
with H. anwvosum is 1o reforest them with
species 1Har are less susceprible 1o 1he
disease, such as hardwoods. However, no
valid recommendarions on replacement
species can be made ar this rime because of
the lack ol informarion available.
Furihiermone, it is ot always possible 1o
find another species suived 1o the sire,
However, with a berrer knowledge of the
«S» and «P» Groups of H. anvosum, we




may be able 10 reforest some pine planta-
1ions with conilers that are berrer adapred
10 the sive and less prone 1o The «P»
variery of he fungus.

PIREVENTIONN

Since conrrolling this fungus is very
expensive, It isstrongly recommended thar
MEASURES b 1aken 1o prevent i intro-
ducrion inte A stand. The corrent method
used iv several counries is 1o rear The
stumps afier Felling operations,

Treatmeny must be adminisrened immediarely
abrer Felling, bur it could be delayed for
one day or more onby in THe event of lieavy
rains, when the product might be washed
AWAY.

Preventive mearments, whether chemical
or biological, should be administered from
sid-May or As SOON As TEMPERATURES REACH
8°C acconding 10 Finwish researchers, 1
mid-December or as soon as The ground is
covered with snow.

a) Chemical rreatment

The purpose of chimical treament is 10
crente A fungitoxic environment on the
surface of the stump. Tests performed i
Onrario (Myren 1981) have shown thar
borax {decahydrare sodium rErraborate)
and sodium sieite are borh very effecrive
in protecting the stumps against
H. anwosum. However, borax is 1he only
product curaently approved o This 1ype
of meament, since cerain doses of sodium
NiTRiTE can bt Toxic 10 animals,

The mreament consisis in sprinkling
powdered borax with a shalker on the

surlace of freshly cur stumps (aF the pare

of 311 kg/m®) (Figure 7). The exacr
amount of powder 10 be applicd need nor
b calculared; the sorface of each stump
must be complerely covered with powder.
To assess he puantity (Q) of borax reguired
70 TrReat A plantarion, the following for-
mula should be used 10 reat 1 hia and The
resulr shoutd be mubiiplied by the number

of hectares 10 be menncd,

Otkgrhn) = ((D?/4)x 3.1416)x0.011

x N /1,000
whine
D = average siump diamerer
0.011 = concenration {110 g/m?
on 0.011 g/lem™)
N = numwberofmreestobe felled
per hecrang,

I'-'xumizlw of o shober
aser] 1o freal sl
will Lrax Lo prevent
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© piameiER | NOMBEROF | QUANTITY OF
eeMy | STEMS FELLED | BORAX (KG)

10 100 0.09

10 500 0.43

10 800 0.69

15 100 0.19

15 500 0.97

15 800 1.55

20 100 0.7%

20 700 1.73

20 800 2.76

2% 100 0.54

29 200 2.70

25 800 4,32

30 100 0.78

30 700 5.89

30 800 6.22

For example, in a planiarion where
800 siems per Hecrare are 1o be felled,
gach kaving an average stump diamerer of
15 cm, THE Quantity of borax reguirgd witl
be 1.6 ke/ha, Table 1 provices the guani-
ries of borax required for various stump
diametess.

Although borax can also be applied in A
10% agueous solution, This is not
recommended since it Has not been Tested
under the conditions of our forests.

In Findand, urea is preferred 10 borax
because the laer, although it is considered
very safe, can be somewhar Ttoxic 1o

kumans when bandled. Unlike borax, urea
does not Form a fungitoxic barrier on 1he
stump, bur rarher promores the
colonizarion of the stump by compering
sapropliyric microorganisms, Thenreby
preventing M. anwvosum from becoming
established.

The urea is applied in A 309 agucous
solurion (Korkonen, personal communi-
caTion) using A brush or sprayer. A dye
should be added 1o the solurion so thar
stumps thar Have been rreated can easily be
identified. The enine surface of the stump
should be thoroughly wemed with he
solution. To assess The guanrity of solution
1o be prepared, the following formula
should be used 1o TREAT 1 hia and The resuly
shoutd be mulriplied by the number of
heciares 10 be meated.

S (L/ha) = (D?/ 4) x 3.1416) x 0.2
x N/ 1,000

whens

D = average stump diamerer
0.2 = concentration (2 Lim? or
0.2 ml/em®)
N = number of rees 7o be felled
pER HECTARE.

for example, in a plantation where
800 stems per Hectare ane 1o be Felled,
gach having an average stump diamersr of
15 cm, 28 Lihaof solution will be reguired.

b) Biological TRearment

Rishbeth (1963 )was the first reseancher
10 ouite successfully experiment with
biological control against H. annosium.
He had observed thar unireated stumps
weie ofren colonized by the saprophyiic
fungus Phiebiopsis gigantea (Fr.) 1ol




(Peniophora giganrea  [Fr.] Massee).
Once ssiablished, this Fungus prevented
H. anwosum From infecring the stump.
P. giganiea has the addivional advantage
of producing large quantities of spones
when cultivated in the laboratory. Like
many other wood-rooting fungi,
P. giganrea spreads by forming a fungal
Thin and porous Layer on The surfacs of The
substratum that the fungi decomposes.
This form is usually referred 10 as
RESUPINATE,

Ovenr the bast Thirty yeans, P, giganrea kas
been 1esied on various Tree species under
various conditions. Commercial
preparations of P, GiGanTea Are currenily
being used in some counteies but according
10 Sierota {personal communication),
native isolares should be used instead of
adoptring A commenrcial isolste from A
country with ecological conditions
different from ours.

In Quebec, no commercial preparations
of the fungus containing A martive isolare
are available, bur over rwo hundred isolares
are currenily being tested. IF a produc
becomes available, the spore soluiion will
have 10 be prepared like any orher powdenr
according 1o the proportions indicated
onTHe package. The «S» formula provided
above should be used 1o calculais the
solurion volume,

AN AUTOMATIC SpRAYER MOUNTEG ON A TREE
feller is being tested in Finland,  This
device should make it possible 1o inoculare
stumps avtomarically with the fungi
P. giganrea(Korhonen, personal commu-
NiCATION).




1 CIOCONINAT HEDATICOMNS

IVEN OUR cURReNnT siate of

knowledge on ANNOSUS ROOT ROT

and Quebec’s climatic condivions,
we present 1he following recommendarions
thar minimize vhe risk of infecrion ar 1He
lowest possible cosi:

The wreamment must be administered

on stumps berween mid-May and mid -
December, immediarely afrer 1ree
felling.

The onby producy curreatly approved
for  fREATING STUMPS AGAiNST
H. anwvosum is borax; urea and
P. giganrea ane siill i the 1esting and
development siage.

THe species 10 be Treared Are red pine
and Scors pine (Pinus sylvesiris L)
(this exotic species has been severely
damaged by this disease in Europt)
and the treatment should be
administered regardless of the loca-
1ion of planvarions in Quebec, given
the long distances thar H. anvosum
basidiospores can travel. Since the
stumps of pines other than red pine
Have also been infecred in southern
Ontario, This recommendarion may
be expanded in the Future.

The treatment must be carefully
monitored 10 ensure i1 is done
properly; Tests in Onranio Have shown
thar faiturgs are Not due o The product
vsed, but rather 10 a cepiain
percentaGe of stumps lefr unireated,

ofien because they are covered with

branches.

As long as the sumber of infected
plantarions in Quebec remaing small
ANd SINCE PREVENTIVE bORAX TREATMENTS
Have been administered inv several
planrations sivce 1982, b s
recommended thar the disease be
eradicared in idemified infecrion

CENTRES.

Should The situarion change in
Quebec, these recommendations will
kave 10 be nevised in collaborarion
with the minisitre des Ressources
naturelles dy Québec (secreur Fo-
révs). However, given the knowledge
we have in 1994, we believe these
RECOMMENGATIONS ARE very realistic,

|




CCCOMNCLUISTICOMN

NE CENTURY aGo, H. anvosum roor rot was described by Hartig (1894). This

forest parhologist discovered that The disease is 1ransmirred from tres 10 TrEE

by rooT contacr. Howeven, the forestry community lad 1o wair almoss 60 years
before Rishberh (197 1) demonstrated the link berween the appearance of the disease in
A plantation and the colonizarion of freshily cur stumps by H. anvosusspores. The disease
thus had the chance 10 infect many thinved plantations in Furope and elsswhere in the
world,

In Quebec, we are at 1he same point as European foresters were at the rurn of e century.
Many of our red pine plantarions are now old enough 1o reguire a first 1hinning. Luckily,
we art fairly familiar with 1he epidemiotogy of annosus root rot, and researchers Have
developed methods 1o prevent the contamination of our plamarions, which, once
infecred, are very expensive 10 meat. Therefore, we have a choice To make, and prevention
is clearly the most effecrive and the least costly solurion offered 10 us.
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Recommendarions for pesricide use in this publication are intended as quidelines only.
Any application of a pesticide must be in accordance with direcrions printed on The
producr fabel of thar prsticide as prescribed under the Pest Conrrol Producrs Acr.
Always read the label. A pesticide should also be recommended by provincial authoniries.

Consulr them for specific advice,







