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Frontispiece: Red pine trees killed by Fames annosus are surrounded by 

infected trees as evidenced by the sparse foliage in 

their crowns. 



ABSTRACT 

Seedlings of sugar maple {Acer saoohavvm Marsh.), red maple 

{Acer- rubnm L.) , tulip poplar (Liriodendron tulipifera L.), red oak ̂ 

(Queraus rubra L.), white ash (Frcxinus ameriaana L.), basswood (Tilia 
americana L.), black walnut (Juglans nigra L.), butternut {Juglans 
oinerea L.), white pine (Pinus strobus L.), red pine (Finns resinosa 
Ait.)> and European larch (Larix decidua Mill.) were planted in a 

0.57 hectare clearcut of a 59-year-old red pine plantation infected 

with Fomes annosus (Jr.) Karst. The plantation was located near 

St. Williams, Norfolk County, Ontario. Natural regeneration within 

the clearcut area was recorded before, shortly after, and 6 years 

after cutting. 

Six years after planting, survival and total height, respec 

tively, of the red and sugar maple, tulip poplar, red oak and white 

ash seedlings ranged from 93 to 97% and from 121 to 190 cm. Survival 

and height of black walnut, basswood and butternut were poor. Total 

height of European larch was 208 cm but survival was only 62%. 

Survival and height of the planted white and red pine seedlings 

were 79 and 51%, and 140 and 87 cm, respectively. 

Isolation of Fomes annosus from the roots of five planted red 

pine, three planted European larch and three naturally regenerated 

white pine indicated that the fungus was still active in the clearcut 

area. 

To minimize the risk of serious loss from Fomes annosus 

attacks it Is recommended that (1) hardwood species best suited to 

the planting site be planted, (2) hardwoods be planted either alone 

or in mixture with conifers, (3) more than one hardwood species be 

planted, and (4) all planting be carried out as soon as possible 

after logging to minimize competition from shrubs and weeds during 

the early years after planting. 



RESUME 

L'auteur fit planter des semis d'Erable a Sucre (Acer saaahavwn 

Marsh.), Arable rouge {Acer vubrum L.), Tulipier (Liviodendvon tulipi-
fera L.) » Chene rouge (Querous rubra L.), Frene blanc (Fmxinus ameviaana 
L.), Tilleul (Tilia americana L.), Noyer noir (Juglans nigra L.), Noyer 
cendre (Juglans ainevea L.), Pin blanc (Pinus strobus L.), Pin rouge 

(Pinus v&sinasa Ait.) et Meleze europeen (Larix decidua Mill.) dans une 

aire coupee a blanc (0.57 ha) a-meme d'une plantation de Pins rouges de 

59 ans infectes par Forms annosus (Fr.) Karst. Cette plantation est sise 

pres de St-Williams, Norfolk County, Ontario. L'auteur prit note de la 

regeneration naturelle dans la dite aire avant, peu apres et 6 ans apres 

coupe. 

Au bout de six ans, la survie et la hauteur totales des semis des 

firables rouge et a sucre, du Tulipier, du Chene rouge et du Frene blanc 
variaient de 93 a 97% et de 121 a 190 cm respectivement. Chez le Noyer 

noir, le Tilleul et le Noyer cendre, les resultats furent pauvres. La 

hauteur totale du Meleze europeen faisait 208 cm mais la survie se limite 

a 62%. Les survies et hauteur du Pin blanc et rouge furent de 79 et 51% 

et 140 et 87 cm respectivement. 

On isola Fomes annosus des racines de cinq Pins rouges plantes, 

trois Melezes europeens plantes et trois semis de Pins blancs venus 

naturellement et ceci indique que le Champignon etait encore actif dans 

I1aire coupee a blanc. 

Afin de minimiser les risques de pertes serieuses causees par 

Fames annosus, l'auteur recommande ce qui suit: (1) planter les feuillus 

les plus appropries a la station; (2) planter des feuillus seuls ou en 

melange avec des resineux; (3) planter plus d'une essence de feuillus; 

et (4) planter au complet des la coupe a blanc terminee afin de minimiser 

la concurrence des arbustes et des mauvaises herbes. 
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INTRODUCTION 

During the next decade many red pine (Pinus res-inosa Ait.) 

plantations in southern Ontario will reach maturity and will have to 

be harvested. Until the discovery of the root and butt rot caused by 

Fomes annosus (Fr.) Karst. (Jorgensen 1956) it was assumed that these 

plantations would be reforested again with red pine because this species 

has produced excellent growth when planted on abandoned farmland with 

light-textured soils. However, the losses already caused by F, annosus 

in many red pine plantations together with the serious threat of dis 

astrous future losses due f.o possible infection with the European race 

of Gremmeniella canker caused by Grermeniella abietina (Lagerb.) Morelet, 

which is now devastating coniferous plantations in upper New York State 

and Vermont (Setliff et al. 1975, Skilling 1977, Skilllng et al. 1977), 

give rise to serious doubt about the advisability of reforesting har 

vested red pine plantations with a second generation of red pine. 

An alternative is the reforestation with hardwood species either 

by natural generation, in pure hardwood plantations, or in mixture with 

coniferous species (Plonskl 1970) . The advantages of reforestation 

with hardwoods are their low susceptibility to infections by F. annosus 

and their immunity to Greimneniella canker. 

To develop suitable hardwood planting methods and to compare 

the survival and early growth of the planted hardwood species with 

those of planted conifers and natural regeneration of both conifers 
and hardwoods, seedlings of eight hardwood and three coniferous species 
were planted in a clearcut red pine plantation infested by F. annosus. 

The 6-year results of this study are reported here. 

METHOD 

The study was carried out in a 0.57 ha clearcut of a 59-year-old 
red pine plantation located near St. Williams, Norfolk County, Ontario 
The original red pine seedlings had been planted by shovel in the spring 
of 1913 on abandoned farmland with a soil of fine sandy loam and good 
natural drainage. The Ontario Soil Survey places the soil in the Fox 

Series (Anon. 1928). Between 1930 and 1964 the plantation was thinned 
repeatedly. In 1955 the root and butt rot caused by F. annosus was 
identified as the cause of death of several groups of red pine trees 
scattered throughout the plantation (Jorgensen 1956) . From 1955 to 

1972 more trees died each year on the periphery of the original centres 
of infection. These trees were salvaged each year, and openings of 
various diameters, depending on the number of trees removed, were 

created. In these openings natural regeneration of several hardwood 
species established itself from seed supplied by trees in the surround 

ing stands. At the same time the openings were invaded by blackberries 
(Rubus spp.), staghorn sumac (Rkus typhina L.), nightshade {Solanim 
spp.), and sedges (Cyperus spp.) which competed vigorously with the 



tree seedlings. While the strongest tree seedlings were able to out 
grow the competition, most of the weaker seedlings were suppressed 
severely (Fig. 1). 

Figure 1. Dense cover of blackberries providing 

intense competition for the planted 

tree seedlings. 

In the winter of 1971-1972 a section of the plantation that had 

lost a number of trees to F. annosus was clearcut. The average total 

height and DBH of the cut trees were 22 m and 25 cm, respectively. 

All trees were felled with chainsaws and were skidded full length to a 

central landing. All slash was piled and burned. 



Shortly before and after logging the natural regeneration in 

the clearcut area was mapped and recorded by species to determine the 

number and location of seedlings present before logging and the number 

of seedlings destroyed during logging. 

In April, after winter logging, 70 seedlings each of red maple 

{Acer rubrum L.) (2+0), sugar maple (Acer sacaharum Marsh.) (2+0), 

tulip poplar (Liriodendron tulipifera L.) (2+0), red oak (Querous 

Tubra L.) (2+0), white ash (Fraxinus americana L.) (2+0), basswood 

(Tilia americana L.) (2+0), black walnut (Juglans nigra L.) (1+0), 

butternut (Juglans ainerea L.) (1+0), white pine (Pinus strobus L.) 

(3+0), red pine (Pinus resinosa Ait.) (3+0), and European larch, 

(Larix decidua Mill.) (3+0) were planted by spade in random mixture at 

an approximate spacing of 2.7 x 2.7 m. Survival and height of all 

planted trees were recorded each autumn and the number and height of 

the naturally established seedlings were recorded by species in autumn 

of the sixth year after logging. 

RESULTS 

Before clearcutting, 428 naturally established white pine 

seedlings per 0.4 hectare were recorded in the area to be cut. Logging 

destroyed 942 of these seedlings (Table 1). Of the 241 red maple 

seedlings present as advance regeneration, 48% were destroyed by 

logging; 43% of all the advance hardwood regeneration and 89% of the 

conifer regeneration were destroyed by logging. After clearcutting, 

largetooth aspen (Populus gvandidentata Michx.) started to seed into 

the cut area in large numbers with the result that, 6 years after 

logging, seedlings of this species were the most numerous in the 

clearcut. Increases in natural regeneration, after logging, of all 

other hardwoods ranged from a few seedlings of red oak and white ash 

to no regeneration for most other species. Natural regeneration of 

white and red pine increased by 42 and 30 seedlings, respectively, 

while that of European larch increased by 14 seedlings. 

The survival and height growth of the planted seedlings varied 

greatly with the species (Table 2). Red maple (Fig. 2), sugar maple, 

tulip poplar, red oak, and white ash survived and grew well, while 

basswood, black walnut and butternut survived and grew poorly. 

European larch grew very well but survival was only 62%. White pine 

also grew well and had satisfactory survival, while red pine survived 

and grew poorly (Fig. 3). 

Roots of three planted larch, five planted red pine and three 

naturally grown white pine seedlings, all of which had died during the 

sixth summer after planting, had root decay caused by F. annosus. 
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Figure 2 

Red maple seedling six years 

after planting. 

Figure 3 

Conifer and hardwood 

seedlings six years 

after planting. 
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Table 1. Principal species of natural regeneration in clearcut area before, shortly 
Biter, and 6 years after logging (numbers per 0.4 hectare) 



Table 2. Survival and height o£ species planted in the clearcut of a 59-year-old red pine 

plantation infected with F. annosus. 

Reduction in height was due to dieback during the winter 



DISCUSSION 

Red pine has long been a preferred plantation species in 

Ontario because planting stock, is relatively easy to produce in the 

nursery and to plant in the field, tree growth and tree form are 

generally good, and the trees may be utilized as pulpwood, sawlogs 

or poles. Until the presence of F. annosus root rot was discovered in 

plantations in southern OnCario and the European strain of Greimeniella 

canker in New York State and Vermont, the species was relatively free 

of serious diseases. It was therefore assumed that red pine would be 

grown in the second rotation in plantations that had produced satisfac 

tory yields. While this may still hold true for many plantations that 

have not been infected by F. annosus root rot, alternatives must be 

explored for stands where the presence of F. annosus has been con 

firmed. 

Little information is at present available for Ontario planta 

tions to forecast with certainty the extent of future losses, if red 

pine is planted again on land where trees of the previous rotation were 

infected by F. annosus. Greig and Low (1975) in England found that up 

to 75% of Scots pine and 65% of the Corsican pine (Pinus nigra var. 

aalabrica [London] Schneider) planted on infested sites had died after 

infection by F. annosus. Froelich et al. (1977) reported that in 

planted slash pine (Pinus elliottii) an unexpectedly high frequency of 

root infection was found in trees with vigorous crowns and that height 

growth was reduced by as much as one third during a 3-year study period. 

Burdekin (1972), working with Scots pine in England, stated that total 

volume loss might be twice as great as that attributed to dead trees 

alone. 

Fomes annosus causes a root rot that kills living root tissue 

and decays the wood (Boyce 1948). The fungus is of worldwide distribu 

tion in the North Temperate Zone and usually occurs on conifers but 

occasionally on hardwoods (Wilson 1927). It may attack virtually any 

coniferous species. Although attacks on hardwood species have been 

reported occasionally, such reports are relatively uncommon and the 

extent of damage caused is generally much less than in coniferous 

plantations (Punter 1968). While the decay causes a root and butt rot 

as well as marked reduction in growth rate of many coniferous species, 

rendering the trees susceptible to windthrow, infected pines are 

commonly killed outright. 

The disease may attack trees of all age classes and may occur 

in almost any forest environment. However, the great majority of out 

breaks of F. annosus root rot in Ontario have been reported in red pine 

plantations that have been thinned, especially those growing on former 

agricultural land. Second rotation conifer stands appear to be partic 

ularly vulnerable as well (Punter 1968). Since it is very difficult to 

eradicate the disease once it has become established, it is most impor 

tant to prevent it from infesting a plantation. The best method of 



prevention for red pine and jack pine (Pinus banksiana Lamb.) in Ontario 
is the treatment of all newly cut stumps with borax (Myren and Punter 
1972, Myren 1973). 

Attempts to eradicate the disease after clearcutting have met 
with little success (Punter 1968). However, Greig and Low (1975) found 
that stump removal significantly reduced killing by F. annosus in 
second rotation crops of pine. They also found that if replanting was 
delayed mortality proved to be lower. However, this treatment was much 
less effective than the removal of stumps. 

Therefore, in view of the losses from F. annosus experienced in 
other countries it appears unwise, or at least extremely risky, to 

establish pure coniferous plantations in Ontario on the same land where 
the previous crop had sustained losses from F. annosus. This fungus is 
known to persist in old roots and stumps for many years and would un 

doubtedly cause substantial mortality of coniferous trees planted in a 
second rotation. Serious consideration should also be given to the 

threat of future losses due to possible infection of coniferous planta 

tions with the European race of Gremmeniella canker. 

Since the eradication of F. annosus is nearly impossible and the 

removal of all stumps is economically unattractive, one alternative to 

a second rotation of conifers is the conversion of pine plantations 

infected by F. annosus to hardwood or mixedwood stands. 

Not all red pine plantations will be suitable for conversion to 

high production hardwood forests: poor site quality may be a limiting 

factor (von Althen 1972). However, many areas now occupied by red pine 

plantations were highly productive hardwood forests before they were 

cleared for agriculture, abandoned and later afforested with red pine. 

Naturally, site conditions have changed greatly in the intervening 

years, but there are many examples of natural regeneration of various 

hardwood species, especially red and sugar maple, that have invaded 

older pine plantations and have formed valuable stands. 

In this study the survival and early growth of planted red 

maple, sugar maple, tulip poplar, red oak and white ash seedlings were 

good while the survival and growth of the more demanding basswood, black 

walnut, and butternut seedlings were poor (Table 2). Since no disease 

or insect damage was apparent on any seedlings of the three slow-growing 

species it is believed that their unsatisfactory survival and growth 

were mainly the result of unsuitable site conditions (von Althen 1972). 

These species grew very slowly after the first year, and were therefore 

subject to increased competition and suppression from other more rapidly 

growing tree and shrub species. It is unlikely that many seedlings of 

these species will now attain a dominant position in this plantation. 



Survival of the planted white pine seedlings was 79% after 

6 years while that of the planted red pine and European larch was 

only 51 and 62% respectively. All three species suffered 19 to 29% 

mortality during the year of planting. This cannot be explained 

since the seedlings were planted at the same time and by the same 

method as the hardwoods which, with the exception of basswood, achieved 

much better survival. 

At the end of the sixth growing season F. annosus was isolated 

from the roots of five red pine and three European larch. Only these 

eight seedlings, which had died recently, were inspected and all of 

them exhibited extensive root decay. This suggests that infections by 

F. annosus were responsible for their death. It is possible that 

F. annosus was also involved in some of the mortality suffered by 

European larch and red pine seedlings between the first and the sixth 

years. 

No F. annosus infections have been found on any of the planted 

white pine seedlings but the disease has been confirmed as the cause of 

death of three seedlings of the natural white pine regeneration. 

Height growth of the European larch seedlings has been excellent, 

while white pine growth has been good and red pine growth satisfactory. 

In the study plantation F, annosus had killed a number of trees 

each year during the last 20 years before clearcutting. The stand 

canopy was thereby opened gradually in a more or less circular fashion, 

and natural regeneration of different species became established to 

gether with shrubs and weeds. Shortly before logging there were 1179 

tree seedlings per 0.4 hectare. Logging destroyed 765 of these, leaving 

a residual natural regeneration of 414 seedlings per 0.4 hectare. Six 

years after logging the number of naturally established seedlings had 

increased to 905 per 0.4 hectare of which 756 were hardwoods and 149 

conifers. Most: of the Increase was due to the establishment of 374 

largetooth aspen which seeded into the clearcut shortly after logging. 

If we discount the aspen regeneration, which generally does not 

form a desirable stand, the clearcut contained 293 hardwood and 149 

conifer seedlings for a total natural regeneration of 442 desirable 

trees per 0.4 hectare. Had these trees been distributed evenly across 

the clearcut area, they might have been able to form a satisfactory 

stand even if their numbers were few. Unfortunately, most conifer 

regeneration was concentrated around the edge of the clearcut, while 

the natural hardwood regeneration was bunched in those areas that had 

been opened previously by the removal of groups of red pine killed by 

F, annosus. 

Had no planting taken place to fill the areas that lacked natural 

regeneration, the future stand would probably have remained spotty and 

understocked for several decades. Planting also improved species mixture 

greatly and is expected to improve the yield of the stand. 
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Since blackberries, staghorn sumac, and other shrubs and weeds 

invaded the clearcut area quickly and grew vigorously, planting in the 
spring after winter logging proved to be most important. This greatly 

facilitated planting and enabled the planted seedlings to become estab 
lished and to outgrow the shrubs before the latter became well estab 
lished. Any seedlings unable to grow quickly and to establish a domi 

nant position over the competition were soon suppressed by the vigor 
ously growing weed species. 

SUMMARY AND RECOMMENDATIONS 

The results of this study show that planting hardwood seedlings 

or a mixture of hardwood and coniferous seedlings is a workable alter 

native to planting only coniferous seedlings in the reforestation of 

F. annosus infected red pine plantations. In this study planted seed 

lings of red maple, sugar maple, tulip poplar, red oak, and white ash 

survived better and grew nearly as well as or better than the planted 

white pine, red pine, and European larch seedlings. Limitations in 

site quality are believed to have been responsible for the poor growth 

of planted black walnut, basswood, and butternut seedlings. 

Logging reduced the advance natural regeneration of 626 hard 

wood and 553 conifer seedlings per 0.4 hectare to 354 and 60 seedlings, 

respectively. During the first 6 years after logging an additional 402 

hardwood seedlings, 374 of them largetooth aspen, and 89 conifer seed 

lings seeded into the area. Despite the natural regeneration of 905 

seedlings per 0.4 hectare, seedling distribution over the total area was 

very spotty, with most hardwood seedlings other than largetooth aspen 

concentrated in the areas where F, annosus had killed groups of red pine 

previous to clearcutting, and most conifers along the edges of the clear-

cut. Planting of hardwood and coniferous seedlings greatly improved 

seedling distribution and species mixture. 

During the six-year renieasurement, infection by F. annosus was 

confirmed as the cause of death of five planted red pine, three planted 

European larch and three naturally grown white pine seedlings and may 

have been involved in the death of additional missing conifers. This 

proves that the disease is still active in the clearcut area. While the 

number of confirmed deaths from F. annosus infections has been small, 

the threat of future losses of many of the conifers still exists. 

To minimize the danger of serious loss from F. annosus root and 

butt rot in plantations established on land where F. annosus is known to 

be present in roots and old stumps it is recommended that: 

1. hardwood seedlings be planted either alone or in 

mixture with coniferous seedlings with the choice 

of individual species depending on site; 
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2. more than one species of hardwoods and conifers 

be planted to minimize the risk of plantation 

failure; 

3. planting be carried out as soon as possible after 

logging to minimize the risk of seedling suppression 

by competition from shrubs and herbaceous weeds. 
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