
CURRENT AND PREDICTED FUTURE IMPACT OF THE NORTH AMERICAN 

RACE OF GREWOIELU, ABIET1NA ON JACK PINE IN ONTARIO 

C.E. DORWORTH AND C.N. DAVIS 

GREAT LAKES FOREST RESEARCH CENTRE 

CANADIAN FORESTRY SERVICE 

DEPARTMENT OF THE ENVIRONMENT 

1982 

INFORMATION REPORT O-X-342 



©Minister of Supply and Services Canada 1982 
Catalogue No. Fo46-14/342E 

ISBN 0-662-12107-4 

ISSN 0704 7797 

Copies of this report may be obtained from: 

Great Lakes Forest Research Centre 

Canadian Forestry Service 

Department of the Environment 

P.O. Box 490 

Sault Ste. Marie, Ontario 

PSA 5M? 



ABSTRACT 

The North American race of Grermenislla abietina (Lagerb. ) 
Morelet is not an economically serious threat to Ontario's plans for 
jack pine (Pinus banksiana Lamb. ) forest regeneration, although ther° 
have been and probably will continue to be extensive kills in local 
situations. The serious effects of the pathogen are generally limited 

to cultivated (plantation, nursery) red pine (P. resinosa Ait.). Jack 
pine needs intensive eradication treatment only where disease reduction 
is desired for reasons other than preservation of the immediate crop. 
It remains important to exercise constraint on movement of the pathogen 
from one geographic area to another. 

RESUME 

La varie'te nord-americaine de Grermsniella abietina (Lagerb.) 
Morelet ne constitue pas une menace e'conoraique serieuse pour la regener 
ation des forets de pins gris (Pinus banksiana Lamb.) projetee par 
I'Ontario, en depit du fait que, par endroits, beaucoup d'arbres aient 
deja ete tues et que cela se produira encore. En general, c'est seule-
ment le pin rouge (P. resinosa Ait.) cultive des plantations at des 
pepimeres qui est gravement endommage par ce pathogene. II n'est pas 
necessaire de soumettre le pin gris a une eradication intensive de la 

maladie a moins qu'on recherche un autre but que la protection de la 
recolte immediate. II demeure important de reprimer la propagation du 
pathogene d une region a 1'autre. 
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INTRODUCTION 

There is a large volume of written material on conifer depletion 
by Che fungus Grermeniella abietina (Lagerb.) Morelet, as reviewed 
earlier (Dorworth 1971, 1981). Much of Che available information deals 
principally with the species often damaged most severely: red pine 
(Vynus res%nosa Ait.) in North America and black or Austrian pine (Anus 
mgra Arnold) and Scots pine (P. sylvestris I.) in Europe. Other 
species of pine as well are occasionally damaged in North America by the 
North American race (Dorworth 1971, Donaubauer 1972) of G. abietina, and 
both pines and members of other genera of conifers are affected by the 
European race (Dorworth 1971, Donaubauer 1972, Roll-Hansen 1972 
Skilling 1977, 1981). ' 

The recent threat of an incursion of the European race into 
Ontario from the United States or from eastern Canada has caused Ontario 
provincial and industrial forest managers and planners to reconsider 
planting plans that employ pine (particularly red pine) for forest re 
generation. 

As one proceeds northward through Ontario, candidate species 
acceptable for forest regeneration become increasingly scarce Jack 
Pine (P. banksiana Lamb.), a valuable timber species and host of G 
abietxna, is the pine most widely used for reforestation in northern 
Ontario. 

1QSQ n T^r P. CCordeU ec ■!' 1568, Teich and Smerlis 
1969, Dorworth 1977, Robbms and Hawkins 1980) presented evidence that 
seedling and juvenile jack pines are less frequently killed than are red 
pines when exposed toff, abietina in forest plantations. Particular 
attention has been paid by the Great Lakes Forest Research Centre to Che 
estimation of damage to jack pine by G. abietina. The present r-0ort is 
a record or observations and results of experiments by Centre research 
es over the past 10 years. It also summarizes and evaluates our 
present knowledge of the impact of G. abietina on jack Dine, and the de 
gree of success that might be predicted when that species is used as a 
replacement ror red pme in areas where G. abietina prevails. 

AREA DESCRIPTIONS AND PROCEDURES 

Boreal Forest Region: Natural Regeneration 

_ The general experimental area (Dorworth and Buchan 1972) 
occupies approximately 800 km? along the Pickle Lake Road from 370 km 

nrTn8 J,*L T!,°! Ch£ tOHn °f IgnaCe °n Che trans-Caaada highway, 
or 80 km through 145 km to the north of the town of Central Patricia 
^approximate mid-mf ection area reference: Lat. N. 50°41'; Long. W. 
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The area is largely a boreal plain comprised of poorly drained 

depressions and their attendant drainage elements plus sand outwashes 
and sand eskers rising to approximately 100 m in height (Fig. U. 
Ponds and lakes range from few to numerous, depending on _ the area 
traversed, and the entire region is drained by streams and rivers that 

ultimately discharge into Hudson Say. 

The sand eskars and out wash plains support much of the jack 
pine and aspen (Populus spp.) flora, with spruce (Pioea spp.),_ cedar 
(Thuja sop.) and balsam fir (Abies balsamea [L.] Mill.) occupying the 
lower, wetter sites and various brush species distributed as appropri 

ate to the particular site. 

The general experimental area occupies a large portion of the 
total that Jas severely damaged by wildfires between 1962 and 1964 
Sandy portions were reoccupied largely by jack pine (Fig. 2), aspen and 
brushy species, the jack pine often in dense and nearly Lawn-like pro 
fusion Infection centres of G. abietina were observed and reported to 
the authors by Professor Dan Neely (now with the Illinois Natural 
History Survey). The situation was examined subsequently and work to 

estimate the impact of the disease was begun in 1971. 

Situation 1: From the original observations made 10 years ago 

(Dorworth and Buchan 1972) we inferred that 

percentage mortality of seedlings was in direct proportion to initial 
stocking. Such a premise could not properly be supported, however, 

with a single year's observations. 

Plots of 200 m2 were established thereafter in 16 locations on 
an extensive, relatively uniform, sand outwash plain among seedlings 
with various but frequently better than optimum degrees of seedling 
density (Fig 1). Each plot included one G. abietvna infection centre 

at approximately the middle of the plot. Numbers of live seedlings 
were recorded for each plot initially and again after three years. 

Situation 2: The impact of G. abietina in situations of non-
~ uniform topography was estimated by means of 10 

strip plots (100 m by 5 m) located in areas wherein it was subjectively 
estimated that jack pine density was above optimum, below optimum or 

approximately optimum for the site. Trees in the strips were recorded 
as living or dead from 1971 through 1977 (Table 1). Numbers of_G. 
abietina infection pockets that occurred or impinged upon the cruise 

lines were recorded in 1971. 

Great Lakes-St. Lawrence Forest Region: Forest Plantations 

The Great Lakes-St. Lawrence Forest Region is far more diverse 
than the Boreal Forest Region both in topography and in species of 
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Figure 1. Aerial view of a segment of the Pickle Lake Burn, Boreal 

Forest Region, showing extensive jack pine regenerat ion and 

pockets of survivors, primarily of other species. 

mmmi * 

Figure 2. Dense jack pine regeneration on the Pickle Lake Burn, Boreal 

Forest Region, surrounding fire-killed old growth, within the 

first decade after the fire. 



Table 1. Mortality among jack pine regeneration on various types of terrain in Pickle Lake Burn, 

Boreal Forest Region, Ontario, over 8 years of observations. 

10 0.9 360 338 308 280 280 22 

terminating in gully 

Depressed pLain. 

beside swamp 

t 

I 

Mortality as percentage of original stocking: strips 100 m x 5 m. 
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flora. That portion of Che region of greatest particular interest; here 
13 constituted of sand-gravel deposits. These are the sites most often 

utilized by foresters for pine regeneration (Dorworth 1978, Dorworth and 
Davis 1982). Plantings in this region fall within Che Ontario Ministry 
of Natural Resources1 overall forest management plan, in contrast with 
torest to the north of the 11th Base Line (situations 1 and 2) for which 
systematic management plans do not yet exist. 

Situation 3: One plantation disease situation, which was par 
ticularly suitable for our purposes, existed near 

Searchmont, north of Sault Ste. Marie, Ontario, in an area that has been 
the subject or earlier reports (Doworth 1972, 1979, Dorworth and Davis 
1982). It was possible to record survival of jack pine from the time of 
planting to age 9 years in an area where the pathogen prevails in quan 
tity and where 95% of an earlier plantation of red pine had been elimi 
nated by the pathogen (Fig 3). The following is adapted from a report 
in Tree Planters Notes (Dorworth and Davis 1982), with the kind per 
mission of that journal. 

A 31-ha red pine plantation (hat. N. 46°20'; Lon°- W 84D00f) 
railed to survive an epidemic of G. abietina and was replanted with jack 
pine in 1972 at 2 m x 2 m spacing. Red pines infected by G. abietina 
still in active spore production surrounded the jack pine plantation 
(Fig 3),and both naturally occurring and planted pines perpetuated G 
abietina^in the adjacent areas of the Searchmont Plains. The impact of 
G. abzetzna was recorded annually over a 9-year period beginning in 1972 
in 15 rows of jack pine, which included 37,500 trees (Table 2) Stem 
cankers were recorded as soon as they could be reliably diagnosed, the 
first year of record being 1979. what appears to be an increase over 
time in the percentage of healthy trees (Table 2) is explained by the 
fact that trees were recorded once as dead and disregarded thereafter 
Examinations were continued for 9 years, by which time most of the sur 
viving trees were more than 2 m in height and impending canopy closure 
made it difficult to differentiate G. abietina branch infections and 
consequent branch mortality from natural pruning. 

Situation U: A slightly older jack Pine plantation, also on the 
Searchmont Plains, was surveyed as well in order 

to provide an improved basis for impact predictions. 

■ « . P1°Ca °f J° Crees were established in 1969 in 12 locations with 
in 5 km of the plantation described under situation 3, but among iack 
pine that had already achieved approximately 0.5 m of growth. Initial 
mortality of 25% (Table 3) from causes undetermined (probably a combina 
tion of planting failure and damage by G. abietina) uas evident in 
1969. Measurements of tree height and of G. abietina impact upon the 
trees were recorded through 1977. 



Table 2 Impact of GrmmenUlla abizzina on 37,500 trees of a_250,00O 
tree jack pine plantation during the first 9 years alter 

planting3. 

^e^-centaoe of tallied trees 

Living without Living with Dead with 
G. ahUUm G. abistina G. aotittnt 

-b 5vmnr.omsb symptoms 
vear symptoms 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

80.7 

94.2 

85.8 

84.3 

75.8 

30.7 

29.8 

3.4 

symptoms 

< 0.1 

1.9 

13.1 

13.7 

23.4 

69.1 

67.5 

95.2 

0.0 

0.0 

0.5 

0.7 

0.3 

0.1 

2.6 

1.0 

1.1 

Dead from 

unknown 

causes 

19.3 

3.9 

0.7 

0.9 

0.1 

0.1 

0.1 

0.4 

0.3 

Percentage of 

living trees 

wi th s t em 
i a, c 

cankers 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

12.5 

17.9 

15.6 

d trees wer 
e recorded once only, and this accounts for the 

closure. 

C1979 was the first year in which stem can^rs wer, reliably discernible 
on living trees without dissection or the stems. 

Ontari 

Situation 5_: Several jack _ pine plantation, « ^. 
" Management Unit to Che ease of Sault SCB. 

mv* surveyed ,o provide information similar to that f 
i 4) but from a separate location (Fig. 4>. The 

»hich Che cause had not yet been identm 
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Individual planting rows in three separate plantations from 

which G. abietina could be read!ly isolated were staked and surveyed to 

decarmina the impact of G. ab-isiina. Surveys were repeated from 19 73 

through 1977, although lower branch mortality and concurrent symptoms 

(Dorworth 1976), from which records of disease occurrence were derived, 

could not be readily differentiated from mortality caused by canopy 

closure in the final year of the survey. Therefore, only tree mortality 

was recorded in the last year (Table 4). 

Table 3. Survival of jack pine during 0.5 n to 5 m grouch in GrerrTnsr.-ielta 

-abisiina infection area in the Greac Lakes-St. Lawrence Forest 

Region of Ontarioa. 

Gaudette Tot, Lat. 46°20'N; Long. 84°0Q 
1965. 

- seedlings planted 1964 or 

Healthy: adequate vigor and no obvious disease; Movb'id: vigor poor 

(subjective visual inspection) often with severe dieback and extensive 

stem cankers; Dead: recorded one time only in this category; 

I4i,ssi.ng: absent from apparent planting design upon plot layout or 

recorded as dead in a previous count. 



Table 4 Impact of G^menUlla abietina on juvenile piautatio* J-k pine tn the Kirkwood Management Unit:, 
Ontario; Great Lakes-St. Lawrence Forest Region. 

Plantation 

Total 

length of Avg he 

planting of trees 

rovs (in) 

% of % of trees 

lacking disease with disease 

symptoms symptoms 

% of trees dead 

since previous 

record 

location recorded (m) 1977 

Rose Twp.; 

Section 20 

Rose Twp.; 

Section 35 

4 500 

2138 

Kirkwood Twp.; 

Section 14 6213 

4.1 

3-5 

4.8 

Year 

pianted 

1969 

1969 

1969 

1973 1976 1973 1976 1973 1976 1977 

95.4 66.6 4.3 32.7 

88.2 39.5 11-0 59.6 1 

17.5 0.0 82.6 100.0 1.5 3.2 1.1 

3°49\ 'Research plots occur within 10 km of Lat, H. 46*27', hong. W. 83 49 . 

b- — of infection by G. dbietirta could not be differentiated reliably from branch mortality that occurred 

as a normal consequence of canopy closure by 1977, 

Survival was in excess of 90% of originally planted stock in 1980 
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• . 

Figure 3. Surviving red pines in a Great Lakes-St. Lawrence Region 
plantation which was severely damaged during early growth 

by Gvermeniella ahietlna. Host survivors bear cankers and 
some exhibit stem distortion. 

mm:. 
Figure 4. Young jack pine, 1972, in major infection zone of Great 

Lakes-St. Lawrence Region, which now exceed 4 m in height 
despite heavy lower branch infection. 
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RESULTS AND CONCLUSIONS 

Boreal Forest: Natural Regeneration 

A report (Dorworth and Buchan 1972) of damage in the Boreal 

Forest Region of Ontario noted that G. abietina would undoubtedly exer 
cise its full potential as a forest tree pathogen among the young jack 
pine that occupy the Pickle Lake Burn (Situations 1 and 2). Surveys 
during subsequent years revealed that to be an overstatement of the 

situation. 

Quite literally, millions of jack pine seedlings were killed by 
G abietina in this area. In the relatively small experimental area 

noted in Table 1 (1 ha), 10,000 seedlings Cl7% of the stand) were 
killed during the 8 years for which observations were available. 

During that period, a nearly incalculable quantity of spore inoculum 

was released to reinfect trees locally and, it is presumed, at dis 

tances far from the infection area. 

In a practical sense, the effects of C. abietina upon jack pine 

were negligible and may indeed have improved a forest situation that 
formerly appeared to have minimal commercial potential. The over 

stocked portions of this burn, which included much of the burn area as 

a whole, would produce only stagnant stands of small-diameter pines in 

many instances. Where maximum seedling density was noted (Fig. 5 and 
6 Table 1), eventual though gradual weakening and death of many seed 
Lings could well have extended the interval of maximum fire danger. 

Although infection was widespread in the area, extensive mor 

tality was evident only in the infection centres. Seedlings outside 
immediate infection centres on this particular plain suffered far less 
mortality (<1%), although stagnation was evident. Percentage mortality 
within the plots increased significantly (0.99) in direct proportion to 

original stocking (r = 0.875) (Fig. 5). Infection centres existed in 

sufficient number throughout the burn, however, to yield a massive 

seedling kill (Table 1). Although observations were recorded on a 
single large plain, the quantity of spores available from plot to plot 
was the consequence of natural dispersion and may have varied consider 
ably A still higher coefficient of correlation might therefore have 
been obtained in controlled inoculation experiments with standardized 

applications of spores. 

Observations made in areas of relatively uniform and of varying 

topography (Table 1) reinforced earlier commentary to the effect that 
damage by G. abietina is often more serious in topographic depressions 

and in air drainage troughs than on well drained plains and hills. The 
plots were not expressly designed to test that proposition, and the 
brief plot terrain descriptions do not adequately pinpoint the relation 
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Figure 6 Jack pine regeneration on the Pickle Lake Burn, Boreal 
Forest Region, lightly thinned by blowdown and by Gremmen-
veiia abvetvna. 

2 

s 
, ■ i '■ \ :;,;,.. 

list 
T'L±0^S^-'! LjJJar? 

7. Jack pine residual* after 15 years, Pickle Lake Burn, Boreal 
forest Region, m a major Gvermenlella abietina infection 
pocket. A_ portion of Che small-diameter material on the 
ground consists of jack pine killed by Che pathogen 
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red pine (Dorworth 1972), at minimum spacing and with considerable in 
oculum of G. abietina present. The newly planted jack pine became 
heavilv infected, as did those in concurrent studies (Tables 3, 4), but 

there was limited tree mortality. Trees that achieved 2 m or more in 
height were of sufficient vigor, regardless of infection, that mortal 
ity from G. abietina vas of Little consequence. Minor losses primarily 
reflect mortality of trees bearing residual chronic cankers (Table 3). 
Lower branches of jack pine readily become infected and serve as a base 
from which spores of G. abietina can be disseminated. From an economic 

point of view, the trees are not seriouSly affected regardless of the 
percentage of individuals infected (Table 4) by the time they reach 
heights of 4 to 5 m. Robbins and Hawkins (1980) noted the same effect 
in a plantation in Michigan, although tree size was not mentioned in 

that particular instance. 

Experience has shown, however, that mortality greater than that 
reported here and increased damage to surviving trees often occur when 
large numbers of infected seedlings are included in the planting stock 
or when infection becomes widespread within the first 1 to 3 years 

after planting. 

Where a choice of pine species must be made for replant opera 

tions, jack pine will produce a crop under circumstances where red pine 
is killed by G. abietina (Dorworth 1976) and on northern sites, at 

least, will exhibit better growth (Mullin 1975). 

General Considerations 

As indicated elsewhere (Dorworth 1976), red pine is the primary 
host of the North American race of G. abietina in Ontario, ^d econom 
ically important damage to crops of this species does occur. The dis 
ease is important in provincial replants where red Pme shows particu 
lar promise as a candidate species for regeneration Replant opera 
tions by private owners are often less extensive but oss of owner con 
fidence in reforestation could endanger certain highly beneficial pro 
vincial programs, such as those involving Agreement Forests (Staley 
1979) in the few instances where naturally occurring red pine regen 
eration was found to be affected by G. abietina, infection and damage 
wer sporadic. That point is noted for interest only, as natural re 
generation of red pine is most often found in situations shorelines o 
watercourses and Impoundments) in which spores of G. abvetina are not 
numerous. Nonetheless, red pine is almost entirely a cultivated 

IVl in nm-ario If it is indeed a relict species that could disap 
pear w t ov raa lowering in temperature (Horton and Bedell 1960)--and 
such a change is forecast (Lansford 1975)--then there are additional 
grounds for diverting our attention from this species. 
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£or ua to predict the full potential o£ pathogens such as fungi, which 
are subject to wide genetic variation. 

re-
~w =r rhp Great Lakes tores u Ms.enn.ii *,«««*■» --

Although rese/rChnaCJrheesCry we ace fully aware that forest 
fleets current trends tn ^^^ discern changes in the status of 
managers are frequently t ^^"specific training and intimate 

SS r^^H^I^-^S i.i.t«« whe, re-
quired. 

SUMMARY 

■a ha = ;=: Scleroderris canker is an economically 
lt On a province-wide basis, ^eroder infeccion appears be-

important disease of r-d pine ^ noc generally a 
£ore Che trees reah . nheignt,^ ^» ^ fc 

^S sZ"iven prefeCence in the reforestation of areas in 
which (?, abietina is a problem. 

i ^ rPdnr-p infection by G. abietina is justified in 
2. satiation war to^ reduce -f ct y ^ ̂ platings, 

red pine plantations. ««" reduction of the quantity of G, 

j acent stock. 

be transported into areas 

c rim ̂  ̂  
further crops. 

LITERATURE CITED 

Michigan. Plant Die. Rep. 32:37 39. 

2:6-11. 

1071 Disease of conifers incited by 

Can. For. Serv., Ottawa, Out. Publ. 1289, 42 p. 

D0HOKH, C.E. 1972. Epi^iology of ScUro^is 
central Ontario. Can. J. Bot. 50.751 7b3 



- 17 -

DORWORTH, C.E. 1976. Reducing damage Co rad pine by Grerameniella 

abietina in Che Great Lakes-St. Lawrence forest region of 
Ontario. Dap. Environ., Can. For. Serv., Sault Ste. Marie, 
One. Report O-X-252, 22 p. 

DORWORTH, C.E. 1977. Relative susceptibility of red pine and jack 

pine to Grermeniella abietina. Dep. Environ. , Can. For. Serv. , 
Ottawa, One. Bi-mon. Res. Notes 33:6. 

DORWORTH, C.E. 1978. Presence of a Late Pleistocene drainage system 

manifested through depredation of red pine by Grermeniella 
abietina. Ecology 59:645-648. 

DORWORTH, C.E. 1979. Stand reduction of red pine by Grermeniella 

abietina. Can. J. For. Res. 9:316-322. 

DORWORTH, C.E. _ 1981. Status of pathogenic and physiologic races of 
Gremmeniella abietina. Plant Dis. 65:927-931. 

DORWORTH, C.E., and BUCHAN, P.S. 1972. Saleroderris lagevbergU 

Gremmen in the Boreal Forest of Ontario. Dep. Environ., 
Can. For. Serv., Sault Ste. Marie, Ont. Inf. Rep. O-X-156* 
9 p. v , 

DORWORTH, C.E., and DAVIS, C.N. 1982. Impact of Grermeniella 
abietzna Ln a jack pine plantation. Tree Plant. Notes (in 
press). 

HORTON, K.W._, and BEDELL, G.H.D. 1960. White and red pine ecology, 

silviculture and management. Can. Dep. North. Aff. Nat' 
Resour. Bull. 124, 185 p. 

LANSFORD, H. 1975. Climate outlook': variable and possibly cooler. 
Smithsonian 6:140-152. 

MARTIN, J.L. 1964. The red pine mortality problem in the Kirkwood 

Management Unit, Saul: Ste. Marie District, Ontario. For. 
Insect Lab., Can. For. Serv., Sault Ste. Marie, Ont Inf 
Rep. 23 p. 

MULLIN, R.E. 1975. Planting recommendations for blueberry-sweetfern 
sites in northern Ontario. For. Chron. 51:24-26. 

PUNTER, D. 1967. Saleroderris lagerbergii Gremmen, a new threat to 
nurseries in northern Ontario. For. Chron. 43:161-164. 



- 18 -

ROBBINS, K. , and HAWKINS, B. 1980. Evaluation of future planning 

sites on Che Munising Ranger District, Hiawatha National Forest 

for Scleroderris canker, 1979. USDA For. Serv., N.E. Area 

Evaluation Rep. NA-FB/P-8, 4 p. 

ROLL-HANSEN, F. 19 72. Salsroderris lagevbevgii: Resistance and 

differences in attack between pine species and provenances. 

Eur. J. For. Pathol. 2:26-39. 

SKILLING D.D. 1977. The development of a more virulent strain of 

Salsroderris lagerbergii in New York State. Eur. J. For. 

Pathol. 7:297-302. 

SKILLING, O.D. 1981. Scleroderris canker: the situation in 1980. 

J. For. 79:95-97. 

STALEY R.N. 1979. Agreement forests. Ontario Forests. Spring and 

Summer 1979. p. 4-7. 

TEICH, A.H., and E. Smerlis. 1969. Jack pine resistance to SalsTO-
derris lagerbergii. Dep. Environ., Can. For. Serv., Ottawa, 

Ont. Bi-mon. Res. Notes 25:47. 


	Abstract

	Table of Contents

	Introduction

	Figure 1 - Aerial view of a segment of the Pickle Lake Burn 
	Figure 2 - Dense jack pine regeneration on the Pickle Lake Burn

	Table 1 - Mortality among jack pine regeneration

	Table 2 - Impact of gremneniella abietina 

	Table 3 - Survival of jack pine 
	Table 4 - Impact of gremneniella abietina on juvenile plantation jack pine

	Figure 3 - Surviving red pines in Great Lakes-St. lawrence region

	Figure 4 - Young jack pine 1972
	Results and conclusions
	Figure 5 - Jack pine survival at age 13 year

	Figure 6 - Jack pine regeneration on the Pickle Lake burn

	Figure 7 - Jack pine residuals after 15 years
	Summary, literature cited


