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PREFACE 

Pop lars o ccupy a unique and anomalous position in the Canadian 
f orest e conomy .  They have the widest range and greatest volume of any of 
the hardwood genera yet only an ins ignificant part of the theoretical yield 
is harve sted and uti lized . Poplars grow on a wide range of s ite condit ions : 
on some s ites the growth is so  poor that merchantab le s ize is never attained , 
but on others the poplars are the f astest growing of all our nat ive species . 
Thes e  and many other paradoxical characteris tics make Populus a fascinat ing 
genus f rom a scient if ic standpoint , but an extreme ly f rust rat ing one for 
those who wish to grow and ut il ize it . 

In Europe and Asia the genus ha s received much scient if ic s tudy 
and has been intens ively cult ivated in many count ries over a wide range of 
growing conditions f or many year s .  Although some o f  the best mate rial 
orig inated in North Ame ri ca , unt il comparat ively recent ly there has been 
l it t le Canadian interest in the more ef fective ut i liz at ion of natural s tands 
or in the high y ie ld p otential of p lant ations under intens ive cultivat ion. 
Now , the general trend towards a greater utilizat ion of hardwood spe c ies , 
together with reduced wood supp l ie s  in areas close to mills is focusing 
at tention on species such as pop lar that have a capacity for high yields on 
short rotat ions . 

In response to  the rap idly deve lop ing interest in poplar , the 
Fores t ry Branch , Department of Forestry and Rural Development , organized a 
Pop lar Sympos ium in February 1967 at Harrison Hot Springs in Brit ish 
Columb ia , to review and discuss the st atus of poplar in Canada . This was 
cons idered t o  be an es sent ial preliminary to future scient if ic ,  technica l ,  
and economic p rog rams designed t o  improve the cont ribut ion o f  these species 
to  the nat ional f orest economy . A complement ary obj ective was to  make 
generally available a comprehensive and authoritat ive account of the state 
of knowledge relat ing to  p oplars in Canada . This publ ication provides such 
an account . 

All of the pape rs pres ented at the symposium by rep resentat ives of  
government , industry ,  and universit ies are included in this volume and cover 
the main a spect s  of poplar supply , silvical characterist i cs , management , 
manufacture , and market ing in Canada . To provide broader coverage , two 
addit ional papers (by O . A. Feihl and V .  Godin , and G . P .  Thoma s ) , published 
p rio r to the sympos ium, are reprinted herein .  In addition , an int roduct ory 
paper by J . S .  Maini br ief ly describes the physiography , climat e ,  and vegeta
t ion of Canada to prov ide a broad f ramework with in which the other papers 
may be oriented . Conclusions f rom the workshop sess ions held during the 
three day meet ing are not included s ince they were published in the Fores try 
Chronicle , June 1967. 
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NOMENCLATURE 

Nomenclature for  Canadian spe c ie s  used in this publicat ion gen
erally conf orms to the Checkl ist of the Nat ive Trees of Canada (Anon . 1961 ) ; 
for othe r poplars , it is according to Lit t le ' s  (193 5 )  Che ckl ist of Native 
and Naturalized Trees of the United States and to the nomenclature used in 
"Poplars in Forestry and Land Use" (Anon . 1958) . However ,  in certain 
instances whe re e ither nomenc lature or derivat ion are unclear or are con
tent ious , various alternat ives are presented . An alphabetical listing of 
all p op lars ment ioned in the report is included in � AppendixZand the 
editors would like to exp re s s  the ir grat itude to Dr.  C. Heimburger ,  Ret ired , 
Ont ario Department of Lands and Fore st s ,  Dr . L .  Zuf a ,  Ont ario Department of 
Lands and Fore s t s ,  and F . B . Armitage , Department of Fore stry and Rural 
Development , for assistance in p reparing the list . 

With in the text all native spe c ies , all European poplar specie s ,  
and wel l-known poplar variet ies are ref erred t o  by their common names , whi le 
les ser-known var iet ie s  are referred to  by the ir sc ient if ic names . For 
brevity , cultivar names directly fo llow the generic name as permit ted by the 
Int ernat ional Code of Nomenclature f or Cult ivated P lant s .  All common names 
and abbreviated cult ivar names that are used in the text are shown in the 
l isting .  
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CHAPTER I 

LANDSCAPE AND CLIMATE OF CANADA 

J .  S.  Maini 
Ontario Region 

Department of Forestry and Rural Development 
Sau lt Ste . Marie � Ontario 

INTRODUCT ION 

Th is ar t icle has been prepared t o  provide a background for sub
sequent ar t icles in this vo lume and to des cribe some salient f eatures of 
Canadian lands cape and climate ,  especially those f actors cons idered sig
nif icant in af fect ing the broad patterns of vegetat ion distribut ion. 

Canada extends through nearly 42° of lat itude (about 2, 8 00 miles ; 
4 , 480 km) and about 9 0° of longitude (about 3 , 000 mile s ;  4 , 8 00 km). With 
an area of 3 , 845 , 144 square miles (10 million km2) ,  Canada is the third 
largest country in the wor ld and is nearly equal in s ize t o  Europe . The 
enormity of the area and the s cope of this report ne cess itates broad 
generaliz at ions on the phys iography , geology , soils , climate and natural 
vegetat ion . Dominant f eatures of only the upland vegetation have been 
des cr ibed and those of Tundra (arct ic and alp ine) ment ioned brief ly .  

PHYSIOGRAPHY 

The mainland of Canada is f lanked by large island s on both east 
and wes t  coas ts and by an extensive arch ipelago on the north (F ig . 1 ) . 
Extens ive g laciat ion dur ing the Pleistocene has prof oundly inf luenced the 
phy s iography and the Canadian lands cape is t rave rsed by streams and studded 
with lakes , part icular ly in the north where water bodies occupy a h igh pro
port ion of the land surface . Canada may be divided int o the f o llowing 
phys iographic regions (Putnam 195 2; Anon . 195 7 ; Leahey 196 0) : 

Appalachian region is mountainous and comprises a number of upland 
areas (several over 4 , 000 f t  (1 , 200 m) high and some above the t reeline ) 
that are s eparated by deep val ley s and rolling t o  undulat ing lowlands . 

Canadian Shield is characterized by knobs and r idges ranging from 
5 00- 2, 000 f t  (15 0- 6 00 m) in alt itude , and an extens ive network of st reams , 
lakes , ponds and bog s ;  the height of the land generally l ies c loser to the 
northe rn boundary of the shield . 
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Region Per cent of t he Area Km2 
total area sq  mile s 

Canad ian Shield 49 . 3  1 , 89 5 , 656 4 , 9 09 , 7 27 

Interior P lains 1 8 . 3 7 03 , 661 1 ,822, 473  

Cord illeran 15 . 9  611 , 3 7 8  1 , 583 , 46 1  

Ar ctic 8 . 3 3 19 , 147 826 , 587 

Hudson Bay Lowland 3 . 5  134 , 58 0  348 , 5 60 

Appalachian 3 . 4  13 0, 7 3 5  3 3 8 , 602 

Great Lakes and S t .  Lawrence 1 . 3  4 9 , 987 129 , 466 

Canada (Total) 1 00. 0 3 , 845 , 144 9 , 9 58 , 8 7 6  

Great Lakes and St . Lawrence region is subdivided into : (i ) St . 
Lawrence P lain, comprised mainly of gent ly s loping Paleoz oic dolomite ,  
sandstone , limes tone and shales overla id by deep glacial till and by post
gla cial marine sands and c lay , and (ii )  f lat to gently rolling Southern 
Ontario P lains , f ormed by gla cial t ill and p ost-glacial lacustrine and 
alluvial deposits unde rlaid by nearly horiz ont al Paleozoic sediments . 

Hudson Bay Lowland is formed by uncons olidated g lacial and pos t
glacial depo s its unde rlaid by nearly horizontal Paleozo ic sediment s .  Most 
of the region was submerged near the end of the last glacial period ; at 
present it is poorly draine d  and abound s with bogs and shallow lakes . 

Interior P la ins cons ist of  the Mackenz ie Lowland s , mainly con
f ined to  the Northwest Territories and compris ing large tracts of muskeg 
interspersed by a f ew low rugged mount ain range s ,  and three leve ls or 
"steppes " :  (i)  f lat and undissected Manitoba Lowland s (avg alt about 750 f t ;  
225 m) , formed by water- laid c lay in the bed of Lake Agassiz , and bounded 
on the wes t  by the Man itoba escarpment ; (ii )  the Sa skat chewan P lains (avg 
alt about 1 6 00 f t ;  5 00 m) , cons isting mos t ly of rolling t ill and part ly of 
level clay , bounded on the we st by the Missouri Cot eau ; and (iii)  Alberta 
P la ins (avg alt about 2, 5 00 f t ; 775 m) , more rolling than the Saskat chewan 
P la ins but with le ss extens ive lacustrine c lays . 

Cordilleran Region comp rises two maj o r  ranges , the Rocky Mountains 
in the east (alt over 12, 000 f t ;  3 , 7 00 m) , composed of sedimentary rocks , 
and the Coast Range in the wes t  (alt over 9 , 000 f t ;  2, 7 5 0  m) , comp osed of 
granite ro cks . The latter has s teep wes tern s lope s with deep g lac iated 
valleys and f io rds . Southward , the land between the two ranges comp rises 
a series of north- south t ending valleys ; northward , it is t raversed by the 
t ributaries of the F raser River that discharges into the St rait of Georgia 
in the vicinity of Vancouver . Further northward , the region is a high 
p lateau dissected by the tributaries of the Liard , Yukon , and Porcupine 
rivers . 
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Arctic Archipelago , largely an extens ion of the Canadian Shie ld , 
is characterized by low relief , marine beache s ,  shallow lakes and boggy 
lowlands . However ,  a z one of Paleozoic sediments in the east f orms a 
mountain chain (in p la ces 8 , 000 f t , 2, 45 0 m , with pe rmanent ice cap s )  ex
tending f rom Baff in Is land to Ellesmere Island . 

CLIMATE 

Canadian climate is varied and great ly inf luenced by the shape of 
the cont inent and the phy s iographic features (Thomas 1953 ; Boughner and 
Thomas 1962; Chapman and Brown 1966) . The western range s  of  the Cordillera 
are a maj or barrier to the movement of lower atmos phere and influence the 
climate of Brit ish Columb ia and the wes tern P rairie P rovinces . Large 
bodies of water , including Hudson Bay , the Great Lake s ,  and the Gulf of St . 
Lawrenc e ,  amelio rate the climates inland f rom their lee shores . Over most 
of  Canada , winds mos t  frequent ly blow f rom a westerly direct ion , excep t 
along the Pacif ic Coast whe re southeast winds predominate . Mean wind speed 
over most areas throughout the year is about 10 mph (16 kmph) .  

Temperature 

In southwes tern Br itish Columb ia ,  the mean annual tempe rature is 
about 5 0F (lOC ) . The area south of 4 0F (5C )  isotherm includes almost all 
of southern and coastal Brit ish Columbia except for high altitudes , and the 
coastal region of the f our At lant ic P rovinces (New Brunswi ck , Nova Scotia , 
Prince Edward Is land and Newf oundland) .  Mo st densely populated and agri
cultural areas lie south of the 3 2F (OC )  isotherm. The mean annual tem
perature of mos t  of  Canada is below 3 5F (2. 0C) , and that of the Arctic 
Ar ch ipelago ranges from 0 t o  10F (- 18 to  - 1 2C ) . 

July is generally the warmest month ; the mean July daily tempera
tures range f rom 73F (23C)  in ext reme southwestern Ontario to below 4 0F 
(5 C )  in the northern Ar ctic . Areas with ave rage July temperatures above 
65F (18C) inc lude the Marit ime Provinces (New Brunswick, Nova Scotia and 
Prince Edward Island) , mos t  of southern Ontario , the southern part of the 
P ra irie Provinces (Manitoba , Saskatchewan and Alber ta) and the interio r  
valleys o f  British Columbia.  East of the Rocky Mountains , the July isotherms 
def le ct northwards , indicating the Mackenz ie Valley as the warmest part of 
Canada at high latitudes .  

Mean January temperatures range f rom 3 5F (2C ) on the Pac if ic Coast 
to  less than - 3 0F (-35C)  on the Arct ic Ar ch ipelago . Three- fourths of the 
count ry l ies north of the 1 0F (- 1 2C) January isotherm,  which runs through 
Calgary and Ot tawa , making them s imilar to Leningrad and Mos cow . D if ferences 
between the mean annual maximum and minimum temperatures in the cont inental 
interior are about 135F (5 7C) , in southern Ontario and the Arctic Archipel
ago they are 1 00F (3 8C ) , on the southeast coast f rom 8 0  to  1 00F (27-38C) and 
on the P ac if ic Coast as low as 60F (16C) . 
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Growing season and degree-days above 42F 

The growing season in Canada is def ined as that part of the year 
when the mean daily tempe rature is above 42F (5 . 6C ) ; mos t  of the plant s are 
apparently do rmant below thi s  temperature . The last spring and f irst autumn 
f rosts  occur during the growing s eason which ranges f rom 26 0 days on Van
couver Island to 4 0  days or les s  in the Arctic Archipe lago (Fig . 2) . 

Degree-day s  (dd )  above 42F (5 . 6C ) , def ined as the number of 
degrees above 4 2F f or all day s during the growing season, is a useful in
dex of the length and warmth of the growing season . Pelee Island , at the 
southern tip of Ontario and near 42N latitude , has an average of 4 , 45 0  dd 
above 4 2F ;  the area north of 2, 5 00 dd isoline has a limited agricultural 
potent ial , and 1 , 000 dd isol ine roughly approximates the southern boundary 
of the Arctic Tundra (Fig . 3 ) . 

Mois tur e 

The dist ribut ion pattern of mean annual rainfall is gene rally 
s imilar to that of the mean annual p recipitat ion . The heavies t mean annual 
p recipitat ion in Canada occurs on the Pacific Coast where it ranges f rom 
6 0  to  1 00 inches (15 0- 25 0cm) with a maximum of 175  inches (445 cm) re corded 
at Ocean Falls , about 3 00 mile s (48 0  km) north of Vancouver . West of the 
Coast Range , a pronounced rain-shadow is formed in the Okanagan Valley in 
south- cent ral Br it ish Columb ia .  In the southern parts of the Prairie Prov
inces the mean annual precipitat ion is about 1 2  inches (3 0 cm) ; northward , 
the pre c ip itation increases to 15- 18 inche s (3 8- 45 cm) f o llowed by a gradual 
decline to 10 inches (25 cm) in the Tundra and 5 inches (13 cm) in the 
Arctic Arch ipelago . Precip itat ion increases eastward f rom 1 7 . 5  inches (45 
cm) in southeastern Saskat chewan , to 20 inches (5 0 cm) in Winnipeg , Manitoba , 
3 5  inches (9 0 cm) in Ottawa , Ontario , and 5 0  inches (125 cm) along the 
At lant ic Coast . The Pacif ic Coast and Newfoundland re ce ive high wint er -
low summer p recipitat ion ; the area eas tward f rom the Rocky Mountains to  
Quebec is  characterized by high summer - low winter pre cipitat ion regime . 

Potential evapotranspirat ion and moisture indices 

Potential evapotransp irat ion is def ined as the amount of  water 
that would be t ransferred f rom the soil to  the atmosphere by evap orat ion 
and t ransp iration if water were constant ly available in opt imum quantity ; 
it is an estimate of water need and serves as an index of thermal eff i
Ciency . In Canada , water need is normally zero during the winter months , 
increasing to a maximum of about 4 . 0-5 . 5  inches (10. 0- 1 4 . 0 cm) in July ; 
only the P acif ic Coast regions have water need eve ry month . Generally , the 
areas with water def iciency l ie west of the Man itoba-Ont ario boundary and 
those with water surp lus east of this boundary (Fig.  4) . 

"Moisture indices " f or various parts of  Canada have been calcu
lated according to Thornthwaite ' s  concept s  (Sanderson 1948) . It is 
interest ing that through cent ral Canada the various moisture regimes appear 
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as north-south lines without the east-west z onation of the various parameters 
of temperature regimes (cf F ig s .  2, 3 and 4 ) . 

The f o l lowing localit ies in Canada and other parts of  the world 
have a somewhat s imila r climate : the P acif ic Coast of British Columb ia and 
the coast of Norway ; Vancouver , B . C . , and the viC inity of Bergen , Norway ; 
Victo ria, B . C . , and Belgium and Holland ; the Prairie Provinces and central 
regions of European U . S . S. R . ; Calgary , Alta . , and an area north of Mos cow ; 
Ottawa and Harbin , Manchuria ; and coastal Nova S cotia and Hokka ido , Japan 
(Boughne r and Thomas 1962) . 

SOILS 

Re lat ively lit t le t ime has e lapsed s ince the last gla c iat ion so 
Canadian s o ils are younger , generally shallowe r ,  and less weathered than 
those in many parts of the wo rld .  Howeve r ,  the interaction of parent 
material , climate , vegetation , topography and drainage has resulted in the 
development of characteristic  s o il prof iles extending up to 4 ft (1 20 cm) 
or more in depth.  Only a f ew "great so ils group s "  have been recognized 
(Leahey 1960;  Leahey 1965 1 ) on the basis  of prof i le characterist ics (Fi g .  
5 ) . More than 1 , 5 00 different types of soils have been studied and des
cribed in Canada . 

Chernozemic and Solone t z ic soils 

The we ll- drained Chernozemic soils are chie fly found associated 
with the Grassland Region in the Prairie P rovinces , where the re lat ively 
non- saline parent mate rial contains signif icant amounts of Ca,  Mg , K, P ,  
carbonates and sulphates but is very low in chlorides . Moderat ely drained 
areas with saline parent materials develop Solonetz , So lod ized- so lonetz and 
Solod so ils . A grad ient in moisture ef f iciency has mainly contr ibuted to 
the deve lopment of Brown , Dark Brown , and Bla ck so ils , which extend in broad 
concent ric be lts f rom semiarid t o  d ry subhumid climate . Degraded Black soils 
occur as an irregular band , f orm a trans ition between the Che rnozem s o il 
z one and the Grey-wooded so il zone , and are associated with the forest
grass land t rans ition . Mois ture ef f ic iency , depth of the mineral-organic 
surface horizon and depth of the lime-enriched subsurf ace horizon inc reases 
f rom Brown to Degraded B lack soils . Drought is frequent in the Chernozem 
so il z one , part icularly in the Br own soil zone . 

Podzolic and Brunisolic soils 

These so ils are wide spread in Canada and are associated with forest 
or heath vegetation .  The Podzolic soils are characterized by a leached 

1Leahey , A . , [Chairman] 19 6 5 .  Report on the s ixth meeting of the Nat ional 
So il Survey Committee of Canada . Can . Dep . Agr . Rep . (Mimeograph) . 132p . 
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greyish horizon near the surface overlying a darker subsurface illuv ial 
horizon . The Brunisolic so ils have dominantly brown prof iles , where 
leach ing has not resu lted into dist inct e lluvial and illuv ial horizons . 
The f o llowing main types of fores t so ils have been recognized in Canada 
(F ig . 5 ) : 

The Grey-wooded soils , assoc iated with the Mixedwood Se ct ion of 
the Boreal Forest covering the Interio r  P lains , have developed under cooler 
and more me sic condit ions than those in the Grass land s .  The High- lime 
so ils , occupy ing the inter lake area of the Manitoba Lowlands , are highly 
variable and are derived f rom calcareous bedrock and highly calcareous 
glacial drif t .  The Podz o l  so ils are asso c iated with a cool moist c limate , 
conif er and mixed forest cover , well-drained s ites and coarse non- calcareous 
parent material ; surface horizons are moderately to strongly acid and the 
solum gene rally has a low degree of base saturat ion . The Grey-brown P od
z o lic so ils are f ound under a cover of deciduous or mixed forest in southern 
Ont ar io , where the climat e  is warmer and more humid than the area of Grey
wooded so ils . Dark- grey Gleyso lic so ils that occur in this area are darker 
in co lor , nearly neut ral in react ion , lack the i lluvial subsurface horizons , 
and are moderately s aturated with base s .  Grey-brown Podz olic-P odz o l  Trans
it ion so ils are made up of a wide variety of so ils , including Dark-grey 
Gleyso lic soils ; Grey-brown P odzolic and Brown Fores t  soils occur on ca l
careous mate rials ; Brown Podz o lic and P odzol s o ils on sandy , non- calcareous 
materials ; and b lack muck and peat so ils develop under imperfectly drained 
cond it ions . 

Soils of the Canadian Shield Region 

Southern division : This area is characterized by shallow layer s  
of s tony ,  sandy t ill usually less than 1 0  f t  (3 m) in depth , underla id by 
resistant rock, which i s  frequent ly exposed.  A wide variety of soils are 
found in this area and include : Grey-wooded soils , commonly occurr ing on 
f ine- textured materials with low to high l ime content ; Podz o l  and Brown 
P odzolic s oils on coarse , medium and silty s ands derived f rom granites and 
gne isses , and with a low- to very low-base content ; the Brown Podzolic 
s oi ls with the organic horizon, generally more decomposed than that of the 
Podz o l ;  and the Gley and organic soils wh ich develop locally in poorly 
drained areas . 

C lay belt s have been derived from f ine-textured material eroded 
e ither f rom Paleozoic bedrock located in the Hudson Bay Lowland or from 
earlier lacustrine or morainic depo s it s .  

Subarct i c  divi sion : Thi s  component of the Canadian Shield is 
characterized by f orest cover with permaf rost in the mineral soils . The 
tree line delineates the northern l imit of this divis ion ;  however ,  the 
southern boundary is di ff icult to  def ine . 
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Arctic soils 

Soils in the southern part of the arctic resemble those in the 
subarct ic , excep t that the prof ile is even les s  deve loped , organic soils 
are not as p revalent and pe rmaf ro st l ies near the surface . 

Cordil le ran so ils 

Limited informat ion is available on the soils of the Cordilleran 
Reg ion which encompasses a wide range of alt itude and climate . The se 
s o ils , mostly der ived f rom till , are h igh ly variable ; alt itudinal z onat ion 
p lays a s ignif icant role in the comp lex s o il pattern .  Various soil types 
resemble typ ical soils of other regions . In the warm and humid coas tal 
region , Brown Podz olic , Concret ionary Brown and P odzolic soils occur widely 
under dense forest cover .  Throughout the central Inte rior P lateau , Grey
wooded and related s o il groups pr edominate . The dry int erior is occupied 
by Light Brown , Brown, Dark Brown and Black Chernozemic soils . High ly 
p roduct ive alluvial so ils occur along the main r ivers , part icularly the 
lower Fraser.  Large areas of Litho sols , Alpine and Tundra soils are found 
th roughout the reg ion at higher alt itudes . 

NATURAL VEGETAT ION 

Canada , extending between the At lant ic and Pacif ic Coasts and 
f rom the middle lat itudes to near the north pole ,  encompasses a wide range 
of habitat cond itions for p lant growth . However , rela t ively l it t le t ime 
has e lapsed s ince deglaciat ion and apparent ly some species have not yet 
attained their p otent ial distribut ion l imit s ;  compared to the southern lat
itudes , Canadian f lora is impoverished . A more or les s  homogeneous set of 
spe c ies and l if e  f orms extend over large areas . Phy s iognomically , the 
Canadian vegetat ion cons ists of three broad vegetat ion types : Gras s lands , 
Fore sts (conif erous and de ciduous ) and Tundra (Arctic and Alp ine ) . Con
sp icuous broad e cotones exist between the three vegetat ion types (F ig .  6) . 

Gras slands 

Floristically , the natural grass lands of Canada have been d ivided 
into f our geographic ent i t ies : ( i) the P alouse P rairie in British Columbia 
which has af f init ies with intermontane gras s land s of Washingt on and Idaho ; 
(i i) the Mixed P rairie and ( iii) the True P rairie in the P rairie P rovinces 
which are the nor thern extensions of the gras s lands of the Great P lains of 
the United States ; and ( iv) the Fes cue P rairie , mos t ly conf ined t o  Canada, 
found t o  the north ,  northwe s t  and west of the Mixed P rairie and in the 
Cypress Hills located in southwestern Saskat chewan and southeastern Alberta 
(Coup land 1952, 19 6 1 ;  C oup land and Bray shaw 1 9 5 3 ) . 

Figure 6 (Facing page ) . Major vegetation types of Canada. 
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Fores ts 

E ight maj or fo rest regions recognized in Canada include Boreal , 
Subalp ine , Montane , Coast , Columbia , Deciduous , Great Lake s-St . Lawrence 
and Acadian (Rowe 1959 ) . The Boreal forest is separated f rom the Grass
land and the Tund ra by two broad ecotones , the Fo rest-Gras sland Trans ition 
and Fores t-Tundra Trans ition , re spectively (Moss 1955 ; Maini 1960, 1966 ; 
B ird 1961) . 

Tundra 

The Tund ra is characterized by the ab sence of trees . It occup ies 
the area beyond the t ree line , including the north and northeas t coas ts of 
the mainland , the ent ire Arctic Archipelago , and extends southward at 
gradually inc reas ing alt itude in the mountains . At present the two comp o
nents of the Canadian Tund ra (Arctic and Alp ine ) are conne cted.  The south
ward extens ions of the Tund ra in the west comp rise a fairly cont inuous 
chain , but in the east they are isolated and conf ined to high peaks in New
f oundland and the Gaspe Peninsula in Quebec . It is pos sible that the 
present connect ion in the wes t  was occasionally severed in the past . 

VEGETATION-ENVIRONMENT RELATIONSHIPS 

Youth is the mos t striking feature of this re cent ly deglaciated,  
vast Canadian lands cape wh i ch features a wide range of phys io graphic , 
edaphic , climatic and biotic condit ions . Physiographic features such as 
the Wes tern Cordillera , Hudson Bay , the Great Lakes , the At lantic and 
Pacif i c  Coasts  s ignif icant ly inf luence the climate . 

Along the Pacif i c  Coast , the warming effect of the North Pac ific 
Drift is less eff e ct ive than the Gulf St ream on the coast o f  Europe . The 
mean annual isotherm of 4 0F includes almost all of southern and coas tal 
British Columbia where a larger proport ion of  the annual rainfall ,  ranging 
f rom 6 0- 1 00 inches (15 0- 25 0  cm) , is received during the winter rather than 
summer .  In thi s  area , Brown Podz olic , Concre t ionary B rown and Podzolic 
soils support lofty Coastal Forests comprising we stern red cedar2 and 
wes tern hemlock with S itka spruce , Douglas- f ir ,  and western white p ine . The 
de ciduous comp onent of th ese Coas tal Forests include black cott onwood , red 
a lder , and broadleaf map le . 

On the wes tern slopes of high interior mount ains ("we t belt ") , 
Grey-wooded soils supp ort the Columb ia Forest which is dominated by western 
red cedar and wes tern hemlo ck , c ommonly as sociated with Doug la s-f ir . At 
higher elevations , the Columbia Forest grade s int o the Subalp ine Fores t ,  
which i s  characterized by Engelmann sp ruce , alpine fir and lodgep ole p ine . 

2Nomenc1ature of trees is according t o  Anon . (1961) and that of the 
Gramineae according to H it ch cock (193 5) . Also see Appendices . 
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The Columbia For est also contains elements of the Boreal (black spruce , 
wh ite spruc e ,  and tr embling aspen) , Montane (Douglas-f ir )  and Coas tal 
Fores t s  (western hemlock , western r ed cedar and Amabilis f ir ) . At lower 
elevations , the Columb ia Fores t is replaced by the Montane Forest compos ed 
of Douglas-f ir , ponderosa pine , lodgepole pine and trembling aspen . Along 
the dry and warm r iver valleys of the inter ior , Cherno zemic soils support 
discont inuous patches of Pal ouse Prairie wh ich extends from about 1 , 200-
4 , 000 ft alt ( 37 0-1 , 220 m) and is characterized by Agropyron spp . and 
Artemesia spp . 

From the Rocky Mountains eas tward to the Atlantic Coas t ,  the 
annual precipi tation increases . However , the area between the Cord illera 
and Manitoba-Ontar io boundary , mostly encompa ssing the southern part of the 
Inter ior Plains , has a s emiar id to arid subhumid clima te with annual pre
c ip itat ion 12-16 inches ( 30-40 cm) and experiences wa ter def ic iency annually . 
These vas t , f lat to rolling plains have an extr eme continental type of 
climate wi th shor t warm summers and very cold long winter s .  Near ly half of 
the total annual precipitation f al ls dur ing summer and it is least dur ing 
autumn and wint er . In this Grass land area , the True Prair ie ( average height 
above 18 inches : 46 cm) is conf ined to  eas t of the 1 00th merid ian in south
wes tern Manitoba and is character ized by Andropogon gerardi� A .  scoparius� 
Panicum virgatum� Stipa spartea� Sporobolus heterolepus and Koe leria cristata . 
The Mixed Prair ie ( height 12-18 inches : 3 0-46 cm) is the mos t extens ive of 
the f our prair ie types and c overs the Brown soils and mos t of the Dark Brown 
soils in Saskatchewan as wel l  as the dr ier half of thes e  soils in Alber t a ;  
it is characterized b y  Stipa comata� S .  spartea var . curtiseta� Koe leria 
cristata� Agropyron Dasystachyum� A .  smithii� and Boute loua graci lis . The 
Fescue Prairie (height less than 12 inches: 30 cm) occupies the Bla ck soils 
in sou thwes tern and central Alb er ta and wes t-central S askatchewan and is 
characterized by Festuca scabre l la and Agropyron spp . In the Grass lands , 
the arid ity increases southward and drought is a common occurrence in the 
area with Brown soils . 

The For est-Gras sland Transit ion , also known as the Aspen Grove 
Region , is a mosaic of groves of trembling aspen and patches of Fescue 
Prair ie . Degraded Black so ils are common in this ecotone , which is more 
mesic than the Grass land . The pre sent aspen groves ar e of vegetative 
origin and regarded as r emains of a more extensive pos t-glacial fores t .  A 
limited invas ion of  grassland by tr embling aspen ha s taken place since the 
ces sat ion of widespr ead prairie f ir es (Coupland and Maini 1959) , and ac
cord ing to Maini ( 196 0) , the long- term mean annual rate of invas ion commonly 
varied from 1 . 0-2. 5 f t  ( 4 0- 7 5  cm) . 

Boreal Forests cover a large ar ea of the Canad ian Shield and the 
Interior Plains , ext ending over a wide range of edaphic , climatic and phys io
graphic conditions . The mean annual precipitat ion ranges from 4 0-5 0 inches 
( 100-125 cm) in the eas t and 1 0-15 inches ( 25-38 cm) in the wes t .  The ar ea , 
generally , has a humid continental type of clima te with very cold , snowy 
winter s , and mod erately warm summer s ,  receiving amp le precipitat ion with a 
summer maximum . Gray-wooded and Podzolic soils have developed on well
drained upland ar eas tha t suppor t conifer ous or mixedwood forests which are 
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composed of black spruce,  white spruce , tamarack , trembling aspen, balsam 
poplar , and white birch .  Common components in eastern and central p ort ions 
include balsam f ir and j ack p ine , while alp ine f ir and lodgep ole pine occu r  
in the western and southwestern part s .  

The Great Lakes- S t .  Lawrence area is characterized by a warm and 
humid climate , with prec ipitation distributed f airly evenly throughout the 
year . Soils vary cons iderably in th is are a ;  mos t common types include 
Dark- grey Gley so lic on fine textured materials , P odzo ls on sandy depos it s 
and Br own Podz o lic on acid materials . The princ ipal comp onents of the 
dominant Great Lake s-S t .  Lawrence Forests  are coniferous and deciduous 
elements and inc lude eastern white p ine , red p ine , east ern hemlock,  yellow 
b irch , maples , oaks , bas swood , tr embling aspen , balsam poplar , and lar ge
tooth asp en . 

The climate of southwestern Ontario is inf luenced by the Great 
Lakes . Deciduous Forests cover the southern part of the Southern Ontario 
Plains whe re Grey-brown Podz o l ic s o ils have develope d .  The forests are 
chiefly composed of deciduous species and the conifers are of mino r im
por tance . The characte ristic species include tulip-tree , cucumber- tree , 
papaw , sugar map le , beech , white elm , bas swood , hickor ies , and oaks , while 
eas tern white pine , tamarack , and red j uniper ar e scattered and less 
prominent . 

Most of the Atlantic P rovinces receive abundant moisture , and the 
coastal areas have a high winte r  - low summe r precipitation regime . Under 
the condit ions of mo isture surp lus , P odz o ls , E luviated Gley and Gleysol 
soil types have developed and support the Acadian Forest wh ich is character
ized by red sp ruce , balsam f ir ,  yellow birch ,  sugar maple and a l imited 
p roportion of red p ine, eastern white pine , eastern hemlock,  black spruc e ,  
white sp ruce , white b irch ,  trembling aspen , and balsam pop la r .  The Acadian 
Forest closely resembles th e Great Lake s-St . Lawrence Forest and to a 
lesser extent the Boreal Fores t .  

A broad Fores t-Tund ra transit ion comp rises a mosaic of arboreal 
and treeles s areas . The characteristics of terrain mainly determine the 
pattern of vegeta tion : the p rotected upland supports spruce parkland where 
the ground cover is composed of Cladonia� Stereocau lon� Empetrum� Vaccinium 
and Betu la glandulosa; the more me sic lakeshor es support closed canopy forests 
dominated by black spruce wi th some tamarack and the ground is cover ed with 
Hy locomium� Pleurozium� Sphagnum and Hypnum. Exposed nor therly treeless s lopes 
support Cladonia� Stereocau lon� Po lytrichum� Empetrum and Vaccinium. 

The Ar ctic Tundra is a reg ion of permaf ros t , low precipitat ion 
which decreases f rom east to wes t ,  and a sh ort growing season wh ich decreases 
nor thward. The veget ation cover and richness  of f lora declines northward 
where cryopedological process es become more prominent . The s t rait s and 
sounds between the mainland and the Arctic Arch ipelago , Hudson Bay , and the 
Mackenz ie Delta are significant barriers for dispersal of the f lora . The 
Canadian Ar ctic comp rises three phytogeographic d ivis ions : ( i )  the Arctic 
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Archipelago ; ( ii) the cont inental Northwes t  Territorie s ,  Ungava and Labrador ; 
and ( iii) the Ar ctic Yukon ; (Polunin 19 48 , Porsi ld 1955 , Rowley 1955) . 

The Alpine Tundra is divided into three sections : ( i) the Alpine 
areas in the Nor thern Alplands Section are mor e extens ive and less isolated 
than the Southern Alpland s S ection , their f lora is apparently s imilar to the 
southern Alplands ; ( ii)  the Southeastern Alplands S ections cons ist of boulder 
f ields and f el l  f ield s , both wi th spar se vegetation , and alpine meadows ; and 
( iii) the Southwestern Alp lands Section which is character ized by a higher 
precip itat ion and lower snowline . 
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CHAPTER I I  

S I LV I CS AND ECOLOGY OF POPULUS I N  CANADA 

J .  S .  Maini 
Ontario Region 

Department of Forestry and Rura l Deve lopment 
Sau l t Ste . Marie" Ontario 

INTRODUCTION 

An increased demand on Canadian f orest resources has necessi tated 
a re-evalua tion of  available r aw materials other than the traditionally 
p rized conif er s .  The o ther sp ec ies include d ec iduous tr ees (hardwood s )  
among which various spec ies o f  Populus ( poplars)  occupy a s ignificant posi
t ion . Poplars cons t itu te near ly 54% of  Canada ' s  ne t merchantable hardwood 
t imber and 9% of the entire Canad ian net merchantable t imber r esourc es 
( s ee Chap . XIV) . To meet increased timber r equirements , the p o tential of 
poplars was realized much earl ier in Eur ope than the U . S . A . , and only 
r ec ently in Canada . Featur es par ticularly favor ing poplars include their 
great ecological amplitude , ease of propagation , fast growth and the mul ti
farious uses of their wood . Judicious management of extensive areas in
habited by some of the native poplars and d evelopment of  new hybrids would 
contribute signif icantly towards Canada ' s  fu ture f ores try resour ces . All 
Populus spp . native to  Canada ext end to the U . S . A .  where numerous worker s 
are inves tigating their biology ; these s tudies have contributed considerab ly 
to our knowledge of Popu lus spp . on this continent . This report reviews 
the available inf ormation on the silvical charac teris tics and ecological 
b ehavior of Populus spp . under Canadian cond it ions . 

TAXONOMY 

Genera Populus L .  and Salix L .  constitute the family Salicaceae 
b elonging to the order Salicales . Thes e  ament- or catkin-bearing p lants 
const itute the group Amentif erae ( Benson 1 9 5 7 ) . In Canada , the genus 
Populus comprises trees with smoo th to furrowed bark and scaly , of ten re
s inous buds . Leaves are alternate , s imple , broad , often ovate ,  r ounded or 
c ordate at bas e ,  crenulate to dentate ; p e tioles terrate , channelled or 
laterally f lat tene d; s t ipules small , caducou s .  The tr ees are dioec ious with 
precoc ious f l owers borne in droop ing catkins ; staminate and pistillate 
catkins on s eparate trees ; brac ts ( scales) lacer ate to lobed ; stamens 6 to 
many , with dis t inc t f ilaments ,  on a broad disc ; ovary conic to ovoid , borne 
on a cup-shaped d is c ;  s tigmas 2 -4 ; cap sule opening by 2 -4 valves . 
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Taxonomically , the genus Populus is divided into f ive groups 
(Anon . 1958) ; the following speci es , belonging to three groups , have been 
r epor t ed as nat ive to Canada (Anon . 1961) : 

GROUPS 

Leuce 

Aigeiros 

Tacamahaca 

Leucoides 

Turanga 

P.  

P. 

P. 

P. 

P. 

P. 

P. 

SPECIES 

tremuloides Michx . ( trembling aspen) 

grandidentata Michx . ( largetooth aspen) 

deltoides Marsh . ( eas tern cot tonwood ) 

de ltoides Mar sh . var . occidentalis Rydb . (plains cot tonwood ) 

acuminata Rydb . ( lanceleaf cottonwood ) 

angustifolia James (narrowleaf cot tonwood ) 

balsamifera L .  (balsam poplar) 

P. trichocarpa Torr . and Gray (black cot tonwood ) 

No t represented in Canada 

No t r epresented in Nor th America . 

General morphological f eatures and taxonomically useful characters 
of all Canadian Populus spp . have b een described (Anon . 1961 ) ; p oplar spec ies 
occurring in Newfoundland and Labrador have b een descr ibed by Bearns ( 19 67) , 
in Quebec by Mar ie-Vic torin ( 19 64 ) , in Ontario by White and Hos ie ( 19 5 7 )  and 
Zavitz ( 19 59 ) , in Mani toba by Scoggan ( 19 5 7 ) , in Saska tchewan by Budd ( 19 52 ) , 
in Alber ta by Moss ( 1959)  and in Br itish Columbia by Garman ( 19 5 3 ) . Recently , 
Brayshaw ( 1 9 65a) has mad e a valuable contr ibut ion towards the descr iption 
and ana lys is of na tive poplars and their hybr ids found in southern Alber ta.  
Other natural hybrids of poplar s occurr ing in eas tern Canada have been re
por ted (Peto 1938 ; Rouleau 1942 ) . Character i s tic crown f orm of trembling 
aspen , largetooth aspen and balsam pop lar is valuab le in rec ogni tion of these 
spec ies f rom aer ial pho tographs taken during summer and winter ( Sayn
Wit tgens tein 1960 ;  Zsilinsky 1966) . Trembling aspen , largetooth aspen , bal
sam poplar and b lack cottonwood may be identif ied by the characteris tic 
inf rared spectra of the ethanol /benzene extractive of their wood ( Salama 1966) . 

Leaves are usually a reliable means of id entify ing var ious spec ies 
of Populus in Canada (Anon . 1 9 61) . However , great variation occur s between 
the s ize and shape of leaves borne on shor t ,  lateral shoots (brachyblas ts)  
and those borne on vigorously growing long , terminal shoots ( tur ions ) , ep i
cormic branches , s tump sprouts and on the shoots originat ing adventitiously 
from roots ( sucker s ) . There a ppears to b e  a sequential pattern in the 
var iation of the size and shape of tremb ling aspen leaves borne on the vig
orous ly growing long shoots (Maini , unpubl ished data) , therefore ,  only thos e 
leaves borne on the short shoots may b e  employed reliably in identif ication 
of the various species ( Fig . 1) . Var iation in the length of bud s  and inter
nodes has also been r ecorded in thr ee species of Popu lus (Maini 1966a ) . 
Sequential pa t terns of bud and internode leng th on the leader s of  young in
dividuals of trembl ing aspen ,  largetooth aspen and balsam poplar ar e inheren t ;  
the r elative s i z e  o f  apical and subapical bud s  is character is tic ( Fig . 2 )  and 
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Figure 1 .  Shape of leaves borne on short lateral 
shoots (brachyblasts) of Populus species reported 
in Canada (approx. X 1 /5 ) . 
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long terminal shoots (turions) of three Populus species . T� 
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may be empl oyed in identif icat ion of these three spec ies in leafless con
dition (Maini 1966a) . The following key s may b e  employed f or the ident
if icat ion of var ious spec ies of Populus by their vegetative char acter s  
( l eaves , buds , bark , roots ) , both in leafy summer condition and leafless 
winter condition (Brayshaw 19 60 and per sonal communication ; Maini 1 9 66a) . 

KEYS TO THE GENUS POPULUS IN CANADA 

Leafy Summer Cond ition 

1 .  Leaf narrow , lanc eolate , fine- toothed . Petio le about ! leng th of 
leaf blad e ,  f lattened on top . Second year branchlets whi te or 
ivory-colored . Bud resinous . Range : Western plains and f oot
hills of the Rocky Mount ains . Narrowleaf Cottonwood , P. angus
tifolia . 

Leaf ovate or broader (may be lanceolate in s eed lings of P. balsami
fera) . Second year branchlets usually greyish or yellowish • • • • • • .  2 

2 .  Petiole cyl indr ical , grooved on top , usually with glands at j unc tion 
with b lade , 1 / 3  to 1 /2 leng th of blad e .  Leaf blade ovate to 
cordate , acuminate . Buds dec idedly resinous • • . • . • . • • • • . • • • . . • • • . •  3 

Petiole , at least in upper par t ,  flattened in ver tical plane , 
about 3/4  length of blade . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

3 .  Staminate flower wi th 30 or f ewer stamens . Cap sule ovate , 2-
valved , glabr ous . Young shoots terete . Range :  Eas t , bor eal 
fore s t ,  Rocky Mountains . . • . . . . . • . • • . .  Balsam Poplar , P. 
ba Zsamifera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Stamina te f lower with 40 or more stamens . Cap sule globose , 3-
valved , young shoots commonly angled . Range : Pacific s lope 
and southern Alb erta . . • • • . . .  Black Cot tonwood , P.  trichocarpa . • . .  5 

4 .  Buds , petioles and leaves glabrous . Leaf base r ounded . . • . • . • •  

• . • . • • • . • . • . • • • • • • . • • • •  • . . • . .  P. balsamifera var . ba lsamifera. 
Buds , petioles and l ower leaf surfaces f inely puberulent . Leaf 

base broadly r ounded to cordate . P. balsamifera var . subcordata. 

5 .  Capsule s imply globose , puberulent . Leaf broadly ovate , rounded 
to sub cordate at bas e .  Range : British Columb ia ,  Yukon and 
Alaska . • • . . . . . • • . . • . . . . . • • • . • .  P. trichocarpa var . trichocarpa . 

Capsule often broadly beaked , glabrous or near ly so . Leaf cordate , 
acuminate • • . • • . . . • • . . . . • . • • • • • . •  P. trichocarpa var . hastata. 

6. Leaf orb icular to broadly ovate or ell ip t ical , glandless . Buds 
no t resinous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Aspens . . . .  7 

Leaf deltoid , often with glands at j unction of b lade and petiole . 
Buds mod erately resinous . • • • • . • • • • . . • • • • • • • • • • • •  P. de ltoides • . . .  9 

7 .  Leaf coar s ely sinuate-toothed ; usually 10 or f ewer teeth each s id e .  
Bud s grayish-downy . Range : eas tern • • • . • • • • • • . • • • • • • • • • . • • • • • •  

• • . • • • • • . . • • . . • • • • • • • • . . • • •  Largetooth Aspen , P. grandidentata. 
Leaf f inely s errate to crena t e ;  usually 15 or more teeth each s ide 

. . • • • • • • . • . • • • • • • • • • • . • • • • . • . •  Trembling Aspen , P. tremuloides • . • • 8 
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8 .  Buds glabrous , brown . Leaves glabrous . Range : transcontinental . 
• • • • • • • • • • • • • • • • • • • • • • • • • • •  P. trerrru loides var . trerrru loides.  

Buds f inely grayish-d owny . Young leaves downy . Range : on 
Pacific coast . . . . . . . . . . . . . .  P. trerrruloides var . vancouveriana. 

9 .  Bud s glabrous . Leaves glabrous , many- toothed . Range : sou thern 
Saskatchewan to Quebec . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
. . . . . . . . . . . . . . •  Eas tern Co ttonwood , P. de ltoides var . de ltoides . 

Buds and young leaves minutely puberulent . Some leaves with 12 or 
f ewer coar s e , s inuate teeth each side b elow the consp icuously 
entire apex.  Rang e :  southern Saskatchewan and Alb erta . 

. . . . . • . . .  Plains Cot tonwood , P. de ltoides var . occidentalis . 

Leafles s  Winter Condition 

1 .  Bud s non-resinous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Aspens . .  2 
Buds resinous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

2 .  Bud s glabrous , brown (with grayish down in var . vancouveriana of 
Pacif ic coas t) , the terminal longer than the subj acent lateral 
bud . Smooth bark white , gray , or pale green ;  root s pale brown . 
Range : tr anscont inental . . . . .  Tr embling Aspen , P. trerrru loides . 

3 .  

Buds grayish downy , the terminal and subj acent lateral buds of 
almost equal leng th . Smooth bark gr eenish yellow ;  roots dark 
r edd ish br own . Range : eas tern . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

· . . . . . . . . . . • . . . . . . . . . . . . •  Largetooth Aspen , P. grandidentata . 

Second year branchlets dull gray or gray-brown . 
Second year branchlets pale yellowish to white . 

Buds very resinous . . 4 
Bud s mod erately 

res loaus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

4 .  Young shoots terete ; the terminal bud longer than the subj acent 
lateral bud . Range : from continental height of land eas tward 
· . . . . . . . . . . . . . . . . . . . . . . . . . • . . • .  Balsam Pop lar , P. balsamifera . . . • •  5 

Young shoots commonly angled . Bud scales pub erulent . 
Range : British Co lumb ia , Yukon and Alaska . • . . . . . . . • . . . • . • . . • . • .  

. . . . . . . . . . . . . . . . . . . . . . . . • . . . .  Black Cottonwood , P. trichocarpa . 

5 .  Buds glabrous . . . . . . . . . . . . . . . . . . . . P. balsamifera var . ba lsamifera . 
Bud s minutely puberulent . . . . . . . . . P. balsamifera var . subcordata .  

6 .  Second year branchlets white to ivory-color ed , slender . Bud s 
usually less than 10 mm long . Rang e :  southern Alber ta . . . . . .  . 

. . . . . . . . . . . . . . . • . . . . .  Narrowleaf Cot tonwood , P. angustifo lia. 
Second year branchlets pale yellowish gray , usually s tout . Buds 

usually mor e than 10 mm long . . . . . . . . . . . . . . . . . . P. de ltoides . . . . • •  7 

7 .  Bud s glabrous . Range : southern Saskatchewan to Quebec . . . . . . . . . .  . 

. . . . . . . . . . . .  Eas tern Cottonwood , P. de ltoides var . de ltoides . 
Buds minutely puberulent . Range : southern Saskatchewan and 

Alb er ta . . .  Plains Cot tonwood , P. de ltoides var . occidenta lis . 
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Figure 3. Morphological features of P .  tr emuloides : A� typica l stand; 
B� mature bark; c� leaf; D� winter twig; E� fema le catkins� F. ma le 
catkins; G� capsu les . 
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Figure 4 .  Morpho logical features of P .  grand identata: A, typica l stand; 
B, leaf; C, mature bark; D, winter twig; E, capsules .  
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unequal deltoid teeth . Aments coar s er and larger than in P. tremuloides; 
bracts 5-7 clef t ;  ovary and capsules puberulent on a pubescent pedicel . 

P. balsamifera L .  ( syn . P. tacamahaca Mill . )  

Tr ee usual ly develops a long cy lindrical trunk and a columnar 
open crown composed of a f ew stout , mostly ascending branches ; bark at f ir s t  
smooth , greenish to r eddish-brown , darkening and furrowing with age ( Fig . 5 ) ; 
twigs lus trous , bright reddish-brown , terete ; vegetative buds wi th 5- 7 very 
resinous , pubescent and c iliate scales , fragran t .  Leaves 5-10 cm long , 
glabrous , dark green above , pa le green , generally with rus ty-brown resinous 
blotches b elow ; broad ly lanceolate to ovate ,  acuminate , rounded to sub
cordate at the bas e ,  margins coar sely crenate-serrate ; petioles ter et e .  
Br ac ts o f  aments fringed a t  broad summit b y  many f l exuous bristle-like seg
ment s ;  s tamens many on an oblique ent ire disc ; ovary and glabrous capsule 
sub tended by a symmetr ical , persistent , saucer-shaped disc ; s t igmas sessile 
with coar s ely toothed r ounded lobes ; cap sule thick-wal led , ovoid . 

Variety subcordata Hylander has cordate to subcordate leaves , 
of ten strongly asymmetr ical at the base , sl igh tly pubescent at the veins 
beneath , petioles puberulent . 

P. trichocarpa Torr . and Gray 

Tree with a s traight trunk often clear of branches for mor e than 
half the to tal height ; in dense stands narrow crown composed of short l imbs ; 
bark smooth , gr eenish-yellow to gray on young stems , dark gray and furrowed 
on o ld stems ; twigs smooth or hairy , red-brown or gray , round or slightly 
angled , terminal vegetative bud curved , long pointed , about 2 cm, long , 
orange-brown , resinous , larger than the laterals ( Fig . 6) . Leaves 6-12 cm 
long , broad ly ovate to ovate- Ianceola te , acute , f inely crena t e ,  dark green 
and smooth above , paler , s ilvery-white or rus ty-br own b elow ,  usually hairy 
when young but soon glabrous . Aments more or less hairy ; s tigmas 3 ;  capsule 
subglobos e ,  s essile or nearly so , densely pubescent , 3-valved . 

Var iety hastata ( Dode) Henry ha s glabrous capsules and somewhat 
narrower leaves than the typical species . 

Rec ent ly , Brayshaw ( 19 65b) has analysed the taxonomic s tatus of 
P. balsamifera and P. trichocarpa and their var ieties . He has sugges ted the 
following r evis ions in the nomenc lature of poplars of sec t ion Tacamahaca in 
the Cord illeran and adj ac ent regions : 

P. balsamifera L . , sub sp . ba lsamifera , var . ba lsamifera L .  

P.  balsamifera L . , subsp . balsamifera , var . subcordata Hylander 

P. balsamifera L . , subsp . trichocarpa ( Torr . and Gr ay) Brayshaw var . 
trichocarpa 

P. balsamifera L . , subsp . trichocarpa ( Torr . and Gray) Brayshaw , var . 
hastata (Dode) Henry . 
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Figure 5 .  Morpho Zogica Z features of P .  balsamifera : 
B� Zeaf -- P .  balsamifera var. subcordata; C� Zeaf 
D, capsu Zes; E� open capsu Zes; F� winter twig. 
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Figure 6. Morpho logica l features of P .  tr ichocarpa : A� mature tree; 
B� mature bark; C� fruit; D� winter twig; E and F� leaves .  (A� B� and 
C� courtesy B . C. Forest Service) .  
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P. angustifo lia James 

Usually slender tree , having a somewhat willow-like aspect with 
asc ending branches (sometimes drooping at the ends )  forming a narrowly 
pyramidal crown ; bark usually smooth , yellow-gr een becoming shal lowly fur
rowed at the base of old trunks ; twigs slender , at first yel lowish-brown , 
becoming bright white to ivory-colored by the second or th ird year . Bud 
scales glabrous , eciliate and moderat ely resinous . Leaves short-pet ioled , 
5-6 cm long , acu te to ob tuse , cuneate at base , narrow , margin finely but 
sharp tly glandular-serrate to ap ex ( Fig . 7 ) ; l ight yellowish-green above , 
s l ightly if at all paler beneath ; a fur ther yellowish cas t often produced 
by the sulfur-yellow resin secreted by the marginal glands ; petiole semi
circular in sec t ion and flattened above , rather s t iff , glabrous and egland
ular . Aments dens e ,  smooth , drooping ; fruit an ovate , glabrous , rugose , 
2-valved capsule on a pedicel 4-5 rnrn long . 

A 

Figure 7. Morpho logica l features of P .  angustifolia : 
A� leaves; B� winter twig. 
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P. acuminata Rydb . 

Tr ee with a rounded compact cr own of s tout , spr ead ing or ascending 
branches ; bark smooth , almos t white at f irs t ,  becoming gray-brown , deep ly 
furrowed on old trunks ; twigs slender , round or sl ightly angled , glabrous , 
yellow-brown . Terminal vegetative bud 1-2 cm long , narrow , sharp-pointed , 
smooth , ches tnut brown , somewha t resinous . Leaves often rhombic-lanceolate , 
abruptly acuminate , cuneate at bas e , the margin crenate , 5-10 cm long , dark 
green , sh iny above , dul l  green below ;  petioles 3- 7 cm long ( Fig . 8 ) . Aments 
loos ely arranged , smooth , droop ing ; cap sules ovoid , papillos e ;  pedicels 3- 5 
mm long . 

P. acuminata has been included in sec tion Tacamahaca ( Smith 1943) 
and is pu tatively regarded as a hybrid between P. angustifo lia and P. de l
toides var . occidenta lis (Little 1950 , 19 5 3 ;  Brayshaw 1964a) . 

Figure 8 .  Morpho logica l features of P .  acumina ta: A, leaves; 
B, capsule . 
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P. de ltoides Marsh .  

Young trees with a dense , conical crown of spr eading branches ; 
open-grown trees develop massive trunk� which are s ome times divided near 
the ground into several stout , gradually spr eading limb s and very broad , 
open crowns ; bark smooth , gr eenish-yellow on young s t erns , dark gray , deep ly 
furrowed and scaly on old trunks (Fig . 9 ) ; vigor ously growing twigs, sprouts 
angled . Terminal vegetative bud about 1 . 5  cm long , sharp-pointed , heavily 
glut inous , glabrous , ches tnut-brown , with 6 or 7 scale s ,  ou ter scales 
puberulent ; lateral buds similar to the terminal , smaller . Leaves tr ian
gular ovate , 6- 12 cm long and broad , subtruncate to subcordate at bas e ,  
acuminat e , coarsely crenate-d entate , glos sy green above , paler below ,  
ciliolate , bear ing 2-3 basal glands ; petiole f lattened a t  summit . Bracts 
of ament margina lly f imbriate wi th many flexuous thr ead-l ike , beardless 
s egments ; s tamens up to 60 or mor e ;  ovary and capsule glabrous , s t igmas 
widespr eading with broadly dilated lob es toothed ; cap sule ovoid , borne al
t ernately along the catkin axi s .  

P .  de ltoides Marsh .  var . occidenta lis Rydb . ( syn . P. sargentii Dode ) 
Tr ee wi th a s traight massive trunk and s tout , s trong widespreading 

branches ;  bark at f irst gray and smoo th , later d eep ly furrowed into broad 
rounded scaly r idges ; twigs s tout , smooth , of ten angled , light yellowish
brown becoming paler and yel lowish-gray , often angled on vigorous ly gr owing 
shoots and sap ling s .  Terminal bud abou t 1 . 5  cm long , hairy , olive-gr een to 
brown , resinous ; lateral bud s s imilar ; bud scales pubescent and ciliat e .  
Leaves cor iac eous , broadly deltoid , truncate a t  base , finely and abruptly 
acuminat e  or at tenuate at ap ex , 5-10 cm long , shor t-acuminate , light green , 
very shiny and glabrous above , paler below ; the margin var iab l e ,  from f inely 
glandular-s errate to coar sely sinuate , the prominent teeth often sl ightly 
hooked and glandular at apex (Fig . 10) . Aments glabrous , drooping catkins ; 
capsules narrowly ovate tap er ing at both end s ,  3-valved, glabrous , 9-14 mID 
long , on pedicels 5-7 mID long . Distinguished from P. de ltoides by its 
pubescent and c iliate  bud scales , the usually mor e  coars ely- too thed leaves , 
and sl ightly puberulent young petioles . 

PAST AND PRESENT DISTRIBUTION 

Pre-Pleis tocene 

Available f o ssil r ecords of the genus Popu lus have been attr ibuted 
to a t end ency of the various spec ies to oc cur on mo ist soil , wher e p lant 
r emains are preserved readily , and to the f irm textur e of the l eaves (Benson 
1957) . Thir ty species have been descr ibed from the Upper Cr etaceous period 
when they wer e ubiquitous in Nor th Americ a ,  espec ially along the borders of 
the Upp er Cre taceous sea in the west (Berry 191 7) . Popu lus along with Salix ' 
and Quercus was an impor tant c ons tituent of the Ar cto-Ter tiary boreal fl ora 
which was widespr ead nor th of 75 °N lat . ( Campbell 192 6) . Leaves of more than 
50 sp ec ies of Populus have been repor ted to be preserved abundant ly in the 
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Figure 9 .  Morpho logica l features of P .  del to ides : A� mature bark; 
B� capsu le; C� winter twig; D� leaf. 
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Figure 1 0 .  Morpho logica l features of P .  deltoides var. occidentalis : 
A� capsu les; B� leave s .  
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continental deposits of the Eocene (Berry 19 17) . During this time Populus 
occupied all the p lains and mountain country of western Nor th America , 
extending nor thward to  the mouth of the Mackenzie River and enc ircling the 
g lobe at high la titudes , while the climat e  fur ther southward was too warm 
f or Populus . Thr ee species from the Oligocene have b een described from 
wes t ern Nor th Amer ica and 30 species from the Miocene flora have been des
crib ed from along the Pacif ic in wes tern Nor th Amer ica , Greece and Spain . 
In Nor th America they were found along the Pac if ic but none along the 
Atlantic or Gulf coas t (Berry 1917) . Fos sils attr ibut ed to Populus in 
Canada have b een discussed by Dawson ( 1853) . 

Pleistocene and Pos t-Pleistoc ene 

Pollen of Populus spp . , wi th d elicate exine , is poorly pres erved , 
theref ore , it is difficult to  r econstru c t  a r el iable pos t-glacial r ec ord of 
the genus . In Alber ta and Manitob a ,  Popu lus pollen was either ab sent or 
r epresented by less than 2% of the to tal samples from r ec ent s ed iments in 
the areas where Populus was well r epres ented in the surrounding vegetation 
( Erdtman 194 3 ; Ritchie and Lichti-Federovich 196 3 ;  Lichti-Fed er ovich and 
Ritchie 196 5) . Near Guelph , Ontario , Sangster and Dale (1961) traced de
c omposition of Populus pollen through the summer and autumn of two s easons 
and f ound that the pollen decomposed at  all f our hab itats s tudied ; the 
pollen disintegrated ear lier in a f arm pond , a lake and a swamp than in a 
bog . Populus p ollen were r ec or ded in two out o f  s even p eat s ec tions sampled 
in the vic inity of Alb er ta ( Hansen 1949a) , in two out of f our sections 
sampled in wes t  c en tral Alberta ( Hansen 1949b) and in three bogs on Van
c ouver I s land ( Hans en 1950a ) , bu t pollen were abs ent in the similar samp les 
elsewhere in Br i t ish Columbia (Hansen 1950b) and Alberta ( Han sen 1952 ) . 
Recently , Ritchie and his co-worker s have inves tigated palynological prob
lems related to Populus and th ey analys ed the position of the genus in 
Holocene pollen spectra in wes t  c en tral Canada (Ritchie and Lichti-Federovich 
196 3 ;  Ritchie 1964 ; Ritchie and de Vr ies 1964 ; Lichti-Feder ovich and Ri tchie 
1965) . O ther Pleistoc ene deposits of Populus ar e r epr esented by wood , leaves , 
bud scales and catkins ; macrofossils of trembl ing aspen , east ern cottonwood 
and balsam poplar were r epor ted in a late-glacial d ep o s it from the Mis sour i 
Cot eau , Saskatchewan (Ritchie and d e  Vries 1964) . Remains o f  largetooth 
aspen and balsam poplar were r epor ted f rom the inter g lacial b eds of the Don 
Valley in Ontar io ( B erry 1917)  and in the nodules of calcar eous ma tter from 
Green ' s  Creek on the Ottawa River (Dawson 1893) . Largetooth aspen was also 
r epor t ed from Leda c lays of Montr eal (Daws on 189 3) . Fossil wood of tr embling 
aspen dated 5 , 1 30 ± 1 30 years was found in Ontario near Little Cypress River , 
on the nor thern shore of Lake Superior ( Zo l tai and Harr ing ton 1966 ) . 

During Pleistocene glaciation , the genorheitra (Genorheitr a :  
" s tr eams o f  p lant lif e laden wi th evolutive potential . . .  " Croizat 1952 : 
p .  48) , compris ing sections Leuce , Tacamahaca and Aigeiros appar ently sur
vived in the var ious r efugia loca ted on the Appalachian land-mass , the 
Cord illeran land-mass  around the B er ing S ea ,  and in the southern par t of the 
B er ing S ea area (Maini 1960) . Following glacia t ion , the ances tral populations 
of Populus seem to have invaded the denuded land from mor e than one direc tion . 
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In s ection Leuce ( Fig . 11) , 1argetooth aspen and the eas tern low
land f orm of trembling aspen were probably components o f  the eas tern biota 
while P. tremu loides var . aurea per haps evolved from the p opula tions tha t 
survived in the Yukon valley and other r efugia south of the ice sheet 
(Maini 1960) . 

One part of the genorheitron compris ing sec tion Tacamahaca ( Fig . 12)  
perhaps survived in the eas t and the sec ond par t on the Cordilleran land
mas s ; these anc estral populations segregated into ( i )  balsam poplar d is
tributed extens ively in the cooler nor thern la ti tud es east of the Rocky 
Mountains , ( ii) black cottonwo od mainly res tric ted to  the lower elevations 
between the Pac if ic Coast and the western par t of the Rockies (Maini 1960) , 
wher e ther e is high humidity , mod erate temperatur e ,  long growing season and 
abundant mois ture ( Smith 1 9 5 7 )  and ( iii) narrow1eaf cottonwood , a s outhern 
and continental species , res tr ic ted eas t  of the Rocky Mountains . Lance1eaf 
cottonwood , inhabiting sandbars and r iver banks , is putatively regard ed as 
a hybrid between narrow1eaf cottonwood and plains cottonwood ( Brayshaw 1965a) , 
both of which also inhab it the same hab i tat . 

The anc estral populat ion of sec tion Aigeiro s  (Fig . 13)  apparently 
survived south of the ice sheet and dur ing its  nor thward migration along 
river cour s es , it s egregated into eas tern cottonwood of relatively eastern 
distribution and plains cottonwood commonly distributed along banks of 
streams and river s in the wes tern prairies . 

Co lored maps on fol lowing pages : 

Figure 1 1 . Dis tribution of Populus spec&es constituting Section Leuce in 
Canada (After Maini 1 960) . 

Figure 1 2 .  Distribution of P opulus spec&es cons tituting Section Tacamahaca 
in Canada (After Maini 1 960 ) . 

Figure 1 3 . Distribution of P .  acuminata and Populus species constituting 
Section Aigeiros in Canada (After Maini 1 960) . 

3 7  



Present 

Maps showing distribu tion of spec ies within each of the thr ee 
sections of Populus r epresent ed in Canada , namely , Leuce ,  Tacamahaca and 
Aigeiros  ( Figs . 11-13) have b een synthes ized (Maini 1960) f rom those pre
pared by Bell ( 1882) , Sudwor th (1934) , Munns ( 19 38 ) , Halliday and Brown 
( 1943 , showing population intensity ) , Raup ( 1947) , Anon . ( 1961) and Fowells 
( 19 65 ) . These three maps illustrate some asp ects of the phylogenetic and 
ecological r elationships between the spec ies within a section . 

S ec tion Leuce 

P.  tremuloides Michx . ( tr embl ing aspen , quaking aspen , asp , aspen 
poplar , white poplar , p opp l e ,  smooth-barked poplar , peuplier faux- tremble) 
includ ing ( i) typical f orm widely distr ibuted in the east , ( ii)  western 
mountain variety aurea (Tid . )  Dan . , which has been found associated with the 
typical (Brayshaw 1965a) , ( iii) eas tern f orm pendu la ,  ( iv) eas tern f orm 
reniformis , and (v) var iety Magnifica Vic t .  repor ted from Quebec and Ontar io , 
and (vi) a coastal form vancouveriana ( Trel . )  Sarg . conf ined to Vancouver 
Island . This ubiquitous spec ies extends across Canada f rom the Atlantic 
coast and Hudson Bay to the Mackenzie River delta , but is abs ent along the 
wes t coast ( Fig . 11) . I t s  nor thern boundary roughly approximates the l3C 
July isotherm ( Hall iday and Brown 194 3 )  and is close to the f orest-tundra 
ecotone ( Hustich 19 66) . In the Prairie Provinces (Manitoba , Saskatchewan 
and Alberta) stands and groves of trembl ing aspen cons titute the Aspen Grove 
Region (Maini 1960)  which forms a trans ition between the Bor eal For est in 
the nor th and grass land in the south . 

P. grandidentata Michx . ( largetooth aspen , b igtooth aspen , large
tooth pop lar , peuplier a grandis dent s ) . This species is restricted to 
eastern Canada , extending f r om Nova Scotia and Pr inc e Edward Is land , through
out southwestern Quebec and southern Ontar io ( Fig . 11) , south of the height 
of land which divid es the basins of the Gr eat Lakes and Hud son Bay (Anon . 
1961) ; also r epor ted from the southeas tern corner of Manitoba ( S coggan 1957) . 

Section Tacamahaca 

P. ba lsamifera L .  syn . P. tacamahaca Mill . (balsam poplar , balm 
poplar , balm of Gilead , balm , b la ck p op lar , rough-barked poplar , tacamahac , 
peuplier baumier ) including var . subcordata Hylander , extends along the tr ee 
line from the Atlantic Coast and nor thern Quebec to the Yukon and nor thern 
and eas tern British Columbia ( Fig . 12 ) . According to Hus tich ( 19 66) it 
extends to the fores t-tundra transi tion "along river banks and southern 
slopes with good soil and less permafro s t  than the surround ings and it goes 
beyond the conif er ous tree-line in wes ternmos t  Canada and Alaska" . At one 
point on the shore of Bare tooth I sland in Lake Athabasca ( nor thwes tern 
Saska tchewan) Argus ( 19 64) found shrubby specimens of balsam pop lar growing 
on a submerged gravel b each . The species is sparsely scattered throughout 
the Aspen Grove Region wher e  it occur s  in the f orm of groves and is conf ined 
to moist depr essions and margins of sloughs (Maini 1960) . 
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P.  trichocarpa Torr . and Gray ( Black cottonwood , balsam cotton
wood , balm cot tonwood , western balm ,  cottonwood , wes tern balsam poplar) 
includ ing variety hastata ( Dode) Henry , oc curs mainly from the Rocky Moun
tains westward ( Fi g .  12) , found in southern Yukon , throughout Br itish 
Columbia (Anon . 1961)  and southwes tern Alber ta (Moss 1959 ; Smith 195 7 ;  
Brayshaw 1965b ) . 

P. angustifolia James (narrowleaf cot tonwood , wil low-leaved cotton
wood , bit ter cottonwood , black cot tonwood) is conf ined to s tr eam banks in 
southern Alberta (Fig . 1 2 ) . 

P. acuminata Rydb . ( lanceleaf cottonwood , Rydberg ' s  cottonwood , 
smooth-barked cot tonwood )  is r es tr ic ted to str eam banks of southern Alb er ta 
( Fig . 12) . 

Section Aigeiros 

P. de ltoides Marsh . ( eas tern cot tonwood , cottonwood , common cot ton
wood , peupl ier a f euilles del toides) is f ound scattered along s tr eam banks 
and river valleys in southern Quebec , s outhern Ontar io ,  southern Manitoba 
and in southern Saskatchewan ( Fig . 13) . 

P.  de ltoides Marsh . var . occidentalis Rydb . syn . P. sargentii 
Dode (pla ins cottonwood , river cottonwood , Great Plains cot tonwood) is 
res tricted to southern Alberta and in southern Saska tchewan where its range 
over laps with tha t of eas tern cottonwood ( Fig . 13) . 

ECOLOGICAL LIFE HISTORY 

Phenology 

Floral bud s of Popu lus swell and extend before the foliar buds . 
Chill ing requirements to break dormancy were apparently satisf ied by mid
January and both male and f emale twigs of trembl ing aspen brought indoors 
and maintained at room temperature ( about 72F) flowered in 10 days ; however , 
in one exploratory obs ervation , when twigs wer e  brough t indoors dur ing the 
second week of November , the flower buds extended but the male f l owers d id 
not shed any pollen (Maini 1960) . Mild periods in February ini tiate ex
tension growth of flower buds of  trembl ing aspen near Edmonton , but growth 
ceas es during subsequent cold weather (Moss 1960 ) . Dates of f lowering , 
foliation and s eed dispersal in 1959 were collec ted from about 30 localities 
in southern Saska tchewan . In southern Saskatchewan , the female trembling 
aspen flower ed and foliated 4 to 5 days earlier than the male ; towards the 
end of the growing s eason , the leaves on the f emal e  trees also turned yellow 
earlier than the l eaves on the mal e  trees (Maini 1960) . Along the southern 
par t of their range , mos t  poplars f lower in early April and foliate in mid
May . Towards the northern latitudes and higher al titudes , the phenological 
events in the spring are delayed and in the autumn they initiate ear lier than 
the populations at southern latitudes (Maini 1960) . Air temperature seems 
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to be the p r incipal f ac tor affec ting the t ime of f l ower ing and the durat ion 
of the f l owering p er iod (Maini 1960 ; Mos s 1960 ; Ritchie and Lichti
Feder ov ich 19 63)  and a "daily mean maximum t emperature exceeding 54F , over 
a period of abou t s ix day s "  appear s to be nec es sary for the flowering of 
tr embling aspen (Mos s 1960) . At Edmonton,  Alberta ( near 54°N lat . )  the 
average date of f lower ing (Moss 1938 , 1960) of trembl ing aspen is 25 Apr il 
( bas ed on 32 annual observations ) and bal sam pop lar f l owers on 5 May ( based 
on 24 annual observations) . At Winnipeg , Man . , anthes is of Popu Lus co
inc ides with day and nigh t  t emperatures of approximately 50F and 32F 
(Ritchie and Licht i-Federovich 1963) . At O t tawa , Ont . , ( about 45° 30 ' N 
lat . )  the apparent maximum and minimum threshhold air temperature for tr em
bling aspen f lower ing (mean date : 16 April)  was calculated as 2 7 . 9F and 
-9 . 2F ,  r espec t ively , and for largetooth aspen (mean dat e :  24 Apr il )  it was 
39 . 6F and 9 . 3F ,  r espec t ively (Basse t t , Holmes and Mackay 1961) . In Saskat
chewan growth ac t ivity of balsam pop lar initiates about 10 days later and 
ceases earl ier than that of trembl ing aspen . In Ontario , large tooth aspen 
flower s ,  f ol iates and sheds seeds abou t 10 day s  later than trembl ing aspen. 
The pollen d ispersal may occur over d is tanc es of 3-500 miles (Ritchie and 
Lichti-Fed er ovich 1963) . 

S exual Reproduc t ion 

Flower and s eed pr oduc t ion 

Popu Lus is normally d ioecious ; however , abnormal flor al organisa
t ion in a tremb ling aspen c lone , comprising monoecious and polygamomo
noec ious s t ems ( tr ees wi th bisexual and unis exual flower s on the same or 
differ ent ind ividuals but in the main monoec ious ) ,  was repor t ed near Sas
ka toon , Sask . , (Maini and Coupland 1964a) . 

Flower ing age in PopuLus is usually 15 year s . The author has 
ob served a f ew f l owers on 10-year-old trembl ing aspen . Mos t  flower buds are 
borne laterally on short shoots which t erminate into fo liar buds . A 2 3-
year-old , 33-f eet tall , female tremb l ing aspen located about 60 miles nor th 
of Toront o , Ont . , bore abou t 900 produc t ive sho o ts ,  2 , 200 catkins , 170 , 000 
capsules and 1 , 62 5 , 000 seeds (Maini , unpublished data) . The number of 
cap su les p er inf lor escence and the numb er of s eeds per capsule r ec orded in 
the above s tudy was s imilar to that r ep or ted from Saskatchewan (Maini and 
Coupland 1964a) but the percentage of abor t ive seeds in Ontar io was higher . 

The s eeds ar e p ear- shaped and discharged from the capsule with a 
tuf t of long silky hair attached to the proximal end . These hairs ar e no t 
an outgrowth of the seed coa t ,  ther efore not truly s eed hair . Good seed 
crops may be expec t ed every s econd or third year and during s eed d ispersal , 
the ground is c overed with white f luffy s eed s (hence the name "cottonwood " ) . 
Seeds are very light and are dispersed long d is tances from the mother tr e e ;  
one thousand tremb ling aspen seeds with hair weigh 0 . 1768 g and the seed 
hair s cons t i tute 38% of the total weight (Maini and Coupland 1964a) ; one 
million seed s  with hair weigh about 180 g ( about 6 . 5 o z )  and nearly 2 . 5  
million s eeds with hair weigh 1 lb . (Maini 1960) . 
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S eed germination and early development of s eedling 

Taxa compr is ing s ec t ions Aigeiros  and Tacamahaca (cot tonwoods , 
black pop lar s , and balsam poplars )  inhabit moi s t  habitat and s eedlings of 
these spec ies and of their hybrids apparently establ ish naturally on mois t 
freshly expos ed s o il ( Smith 195 7 ;  Bray shaw 1965a) . However , the estab
lishment of s eedlings of s ec tion Leuce ( aspens)  is rare and restric ted to 
moist freshly exposed mineral soil l (Maini 1960) . In central Alberta , 
natural longevity of s eeds of trembl ing aspen and balsam poplar is 2 to 4 
weeks ; however , the germinative capac ity may be prolonged by storing s eed s 
on calc ium chlor ide at -5C (Mo s s  1935) . In laboratory tests , germinat ion 
of f reshly collec ted trembling aspen s eeds was over 95% (Maini 1960) and 
laboratory tests on large tooth poplar and balsam poplar show s imilar levels 
of percentage germination . Paucity of trembling aspen seedlings in nature 
was due to ( i )  short seed viability , ( ii)  pr esence of  a wat er-soluble g erm
ina tion and growth inhib itor in the "s eed hair " , ( iii)  occurrenc e of un
favorable mois tur e condit ions dur ing seed d i spersal on upland s i tes tha t 
aspens usually inhabit , ( iv )  susc ep tibility of  seedl ings to high temperatures 
that occur on soil surfaces b lackened by f ire , (v) suscep tibility of s eedl ings 
to fungal at tack , (vi) adverse inf luence of d iurnal temperature f luctuat ions 
on init ial s eedl ing growth , and (vii) unf avorable chemical natur e of some 
substrates on which the seeds are likely to fall (Maini 1960) . In nor th
eastern Nova Scotia , Mar t in (1955 ) recorded es tablishment of large tooth 
aspen seedl ings on mineral soil the s econd year af ter forest f ire . The 
author has obs erved tr embl ing aspen seedlings es tab lished on fr eshly-exposed , 
moist mineral soil near Lac la Rong e ,  Sask . 

Largetooth aspen seeds , placed on mois t sand at 75F and under an 
IS-hour photoper iod , showed over 80% germina tion af ter 1 day .  Within the 
f irs t 2 4  hours of the s tudy , the radicle emer ged f rom the seed , came in 
contac t with the subs trate , and a brush of f ine hair s developed a t  the 
j unct ion of hypocotyl and the radicle . Thes e  delicate hairs elongate and 
come in very close contact with soil par ticles and anchor the seedl ing to 
the soil surface . Accord ing to Mos s ( 1938) , these ha irs are absorptive in 
funct ion . Af ter 48 hour s , elongation of hypocotyl had raised the cotyledons 
from the ground . When the seedlings were 144 hours old , the rad icle penet
rated the substrate wh ile the cotyledons expanded and shed the testa ( Fig . 
14) . 

Tr icotyled onous s eedlings and one seedl ing with two hypocotyls 
have been recorded in trembling aspen (Maini 1960) . Morphological charac
teristics of largetooth aspen s eedlings have b een illus trated by Brayshaw 
(1959 ) . 

I Horton , K . W .  and J . S .  Main i . 1 9 64 . Aspen r eproduct ion : Its characteris
tics and control .  Can . Dep . Forest . ,  Fore st Res . Br . Rep . 6 4 - 0 - 12 . 8 5  p .  
( Mimeograph ) .  Limited d istribut ion . 
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Figure 1 4 .  Various stages in germination of P .  grandidentata seedlings . 
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Asexual Reproduc tion 

Stem cu ttings 

Stem cu tt ings from the species compr�s �ng sect ions Tacamahaca and 
Aigeiros root with relative eas e ;  however , rootability of aspen stem cuttings 
is extremely poor . Root ing is mostly restric ted to the basal end and is 
better on the cutt ing s bearing expanding f ol iar buds . 

Smith , Haddock and Hancock ( 1956)  investigated the influence of  
age , length , diameter , depth of  planting and tropophysis on the growth of  
stem cu t t ings ob tained from 3-year-old black cottonwood . They concluded 
that survival and growth of cuttings is influenced by tropophysis ; while 6-
inch long cuttings ob tained from a l-year-old leader were preferab le , s imilar 
growth may be expec ted f rom cut tings taken from pr imary and s econdary 
branches and both 1- and 2-year-old leaders . When shoots of l-year-old black 
cottonwood were divided into quar ter s  and maintained in an atmospher e of 
100% humidity at 4C , roots on the lowes t  quarter were the longest and mos t 
numerous (Bloomberg 1959 ) . Cuttings ob tained from the base of b lack cotton
wood shoots produced a larger number of longer roots than cu t tings f rom the 
top ; rooting improved with an increase in the mois ture content of cu ttings , 
temperatur e ,  and with age of parent shoot up to a maximum of 10 months 
(Bloomberg 1963 ; also see Bloomberg 1962 ) . In b lack cottonwood stem cuttings , 
the product ion of basal callus and the associa t ed wound root s  d ecreased when 
the relative turgidity of the bark was below the 80% level (Bier 1961) . 

Adventit ious roots on the basal end of black cottonwood stem cu t
tings develop ed mos tly from the callus tis sue surrounding the cu t surface 
(Bloomberg 1963) and callus produc tion increased wi th temperature and mois ture 
content of the cu tting s (Bloomberg 1964) ; cu ttings from the basal region pro
duced more callus than those from the apical region , and the lat t er cuttings 
produc ed more cal lus on the bas ipetal end than the acropetal end (Bloomberg 
1964) . 

S tern cut tings of balsam poplar grown in dis tilled wa ter produced 
more roots and the callus masses that developed on these cu ttings were larger , 
more irregularly shaped and sof ter than those on the cut t ings grown in sat
urated CaS4 maintained at pH 6 . 0 to 11 . 0 ;  callus mas ses as well a s  emergence 
and subsequent growth of adventitious roots decreased with increas ing al
kalinity ( Cormack 196 5 ) . The growth of new roots c eased when the cut tings , 
f irst grown in dis tilled wa ter , were transferred to CaS04 solution ( pH 11 . 0) . 
However , when the procedure was rever s ed ,  almo s t  every rootless callus mas s , 
originally produc ed in saturated CaS04 solution , formed at least one root and 
the roots grew s everal inche s during the f ir s t  of 10 days (Cormack and L emay 
1966 ) .  

S tump and collar sprou ts 

Sprouts f rom s tump and root  collar , have b een occasionally re
ported on young aspen up to sapling sizel but no t from older trees (Maini 1960) . 
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An increase in sprou ting with incr eas ed s tump height l is perhaps related t o  
acropetal increase i n  bud length (Maini 1966a) . I n  l ight ly , as well as in 
moderately burnt aspen forest s , sprouts wer e less abundant than suckers of 
both aspen spec ies l • 

Roo t  suckers 

Reproduc tion by f ormat ion of adventitious shoots on roots ( sucker s)  
is the mos t c ommon phenomenon among p oplars . However , p lains co t tonwood 
does not form suckers as readily as o ther poplars (Anon . 1961) , par ticular ly 
aspens . When a 5-year-01d s tand of trembling aspen was s lashed , the stand 
r egenerated vegetatively and the regeneration c omprised 82%  sucker s ,  12%  
collar sprout s ,  and 6 %  s tump sprouts l . 

Factors inf luenc ing root suckering 

Commerc ial imp or t ance of aspens , which commonly regenerate by 
root suckers (Maini 1960) , ha s prompted invest igations on various ecological 
and phys iological aspec ts of sucker ing under f ield and controlled condit ions l . 
For laboratory s tudies 2 , op t imum leng th of cut tings of aspen roots was f ound 
t o  be 10 cm . The r esults of various s tud ies on sucker ing of aspens are 
synthesized below .  

Polarity in sucker f orma t ion : The number of suckers and buds 
formed on the p roximal half is s ignif icantly greater than tha t on the dis
tal half of 10 cm long root cut t ing s ; this polarity is ind ependent of light 
and gravity (Maini 1968a) . S imilar ob s ervations were made in f ie ld s tudies 
when portions of roo t s  were severed from trees and r etained in situ l • 

Clonal variation : Repeated vegetative r eproduc tion of d ioecious 
PopuZus has resulted in the f ormat ion of male and f emale c lones of a f ew to 
s everal hundred trees (Maini 1960) . When suckers were stimulated on root 
cut t ing s from f our clones each of trembling aspen and 1argetooth aspen main
tained at 60 , 7 5 , 85 and 95F (Maini 196 7 ) , the clones of both species had a 
s ignif icant t o  highly s ignificant inf luenc e on the produc tion of suckers and 
buds at  all temperatures except trembl ing aspen at 95F ( Fig . 15) . Boekhoven3 
c ompared suckering r esp onse of  one male and one female clone of each of the 
two aspen species ; his results suggest that f emale aspens out-produced the 
male in the number of stems , buds and shoots , and new root s .  However , in 
view of the c lonal variab ility described above , a larger numb er of clones 
should be inves t igated to arr ive at a valid conclus ion . 

2Main i , J . S . 196 5 . On the organ izat ion and growth of aspen roots . I I I . 
Relat ionsh ip between length of r oot cutt ing and production of suckers . 
Can . Dep . Forest . ,  Forest Res . Br . Rep . 6 5 - 0 - 10 . 5 p .  (Mimeograph) . 

3Boekhoven , L . W . D .  1964 . Relative sucker ing capacity of male and female 
aspens . Can . Dep . Forest . ,  Forest Res . Br . Rep . 64-0 -5 . 6 p .  (Mimeograph) .  
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Figure 1 5 .  Variation in sucker formation on root cuttings obtained 
from four c lones of each of the two aspens, maintained at four temp
erature regimes (After Maini 1 9 6 7 ) . 

Age and vigor : Fie ld observations by Rowe ( 1955)  suggested that 
aging aspen s tands d ecrease in suckering capacity . In exper iments under 
c ontrolled cond it ions , sucker ing was s imilar in chronolog ically c omparable 
root cu t t ings (wi th 7-15 growth r ings)  ob tained from 20- and l50-year-old 
trees 1 • 

Root thickness and d epth : Suckers usually or igina te on shallow , 
cord- like lat eral roots  (Maini 1960) . Sucker-bearing roots of trembling 
aspen range from 0 . 2  to 2 . 0  inches in thickness and those  of largetooth 
aspen range from 0 . 2  to  4 . 5  inches ; greatest proport ion of suckers origin
ate on roots less than 1 in�h in d iameter 1 • Mos t  sucker-bearing tr embling 
aspen roots are located in the upper 2 inches of soil (rang e <1 . 0- 4 . 0  inches ) 
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and thos e  of large tooth aspen are up to  3 inches deep in the mineral soil 
(range < 1 . 0- 7 . 0  inches) . 

Temperature : Field obs ervations and s tud ies und er controlled con
dit ions show that temperature is the mos t  s ignif icant fac tor in sucker 
f ormation (Maini and Hor ton 1966a) . Minimum , optimum , and maximum tempera
tur e for sucker f ormation in a c lone of trembling aspen was 60 , 75 and 95F , 
respectively . However , s ignif icant variation in sucker ing response to f our 
temperatur e regimes ( Fig . 15)  was recorded among f our clones of each of 
the two aspen species (Maini 196 7 ) . 

Soil aeration : Only well-aerated root cuttings of aspens f orm 
suckers ;  cut tings p laced in soil saturated or f looded wi th water wer e not 
produc tive and rot ted . However , members of sect ion Aigeiros may have an 
inher ent capacity to sucker under relatively wet cond itions . 

Vegetation compe tition : Since insolation-induced increase in 
soil temperature favors sucker produc tion (Maini and Hor ton 1966a) , shad e 
from trees and underbrush canopy is unf avorable for suckering (Maini and 
Horton 1966b ) . Maini and Hor ton ( 19 66b ) r ep or ted that in some aspen s tands 
growing on sandy outwash , the d ense canopy of pteridium aqui Zinum (bracken) 
is a severe hindrance in suckering . Reproduc tive r esp ons e and competit ion 
between aspens and as sociated bracken to various s ilvicu1tural treatments 
was evaluated by employing Repr oduc tion Index where equal significance was 
attribu ted to numb er , s tocking and size of aspen sucker s and bracken . 

Ecological d is turbances : Any dis turbanc e that results in an in
crease in soil temperatur e will s t imulate aspen suckering . Common dis
turbanc es , favorable to suckering , include cutting of trees , removal of 
associated vegetation , fire and s carification1 , 4 , 5  ( Horton and Hopkins 196 5 ; 
Maini and Hor ton 1966b) . Prolific sucker ing af ter cu tting of aspen trees 
was mainly attr ibu ted to  the r esultant change in ecological cond it ions , 
i . e . , increased insolation and resu ltant increase in soil temperature (Maini 
and Horton 1966a) . Suckering response increased with an increase in the 
intensity of f ire (Maini and Horton 1966b) and int ens ive burning was in
eff ec t ive f or the elimina tion of sucker s �Hor ton and Hopkins 1965) . Suckering 
may be minimized by poisoning aspen trees and by applicat ion of suitable 
cultural operations which r esult in a minimum increase in soil temperatur e 
(Maini and Hor ton 1966b) . 

4Waldron , R . M .  1961 . Poplar sucker ing increased by basal spraying of under
brush . Can . Dep . For est . ,  Forest Res . Br . Rep . MS-14 7 .  (Mimeograph ) .  

5Horton , K . W . , J . S .  Maini and E . J .  Hopk ins . 196 2 . Soil temperature under 
d ifferent forest seedbed cond it ions . Can . Dep . Forest . ,  Forest Res . Br . 
Rep . Ont o 6 2-18 . 18 p .  ( Mimeograph ) .  ( Present ed at Symp . For est Meteor . 
and Microclimat e ,  Cowichan Lake , B . C . ) .  

6Waldron , R . M .  196 3 .  Observations on aspen sucker ing in Manitoba and 
Saskatchewan . Can . Dep . Forest . ,  Forest Res . Br . Rep . 6 3-MS-2 2 . 18 p .  
( Mimeograph ) .  
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Development and Growth 

S t em growth 

Pop lar s are very intolerant of shade and grow best under full 
sunlight . Black cottonwood , a pioneer on river banks , shows a very rap id 
initial growth , and is ther efore ab le to survive the compe tition from 
r elatively s lower-growing associa t ed spec ies (Anon . 196 1 ;  Brayshaw 1965a) . 
Aspen su cker s or iginate s ingly or in clumps ; the height of d ominant shoots 
in a clump incr eas ed with an incr ease in the number of shoots per clump l . 
Heigh t  growth of trembling aspen sucker s was initially faster than that o f  
the s eedlings ; this is apparently d u e  to  a n  already well-d eveloped r o o t  
sys t em o n  which the suckers originat e .  Dif f er ences between the height o f  
suckers and stem sprouts were non-s ignif icant 1 • High mor tality , r ec orded 
among the sucker s tems , was largely among suppressed stems 1 • 

Form of young ind ividual s of tremb ling aspen is det ermined by the 
sequent ial pa t t ern of buds ( Fig . 2) and of int ernodes on the lead er ; branch 
length is related to the length of the bud from which it d eveloped (Maini 
1966a) and growth potential of some of the lower bud s on aspen lead ers is 
greater than tha t of the ap ical (Maini 1966b) . Light browsing and pruning 
of lower branches of 3-year-old aspen suckers , debudd ing lower half to  
thr ee-f our ths of the l-year-old suckers during the dormant season , and d e
capi tat ion of suckers a f ew days-old had no adver se effec t  on subs equent 
height growth (Maini 1966b , c ;  Maini and Dance 1965) . Ap ical inj ury 
extended the gr owth period and in some cases the height increment of the 
inj ur ed sucker s exc eeded tha t of the uninj ured suckers .  Records of seas onal 
ex tens ion growth of buds on lead ers of several young tr embling aspen ( Fig . 
16) , growing 60 miles nor th of Toronto , ant . , showed that the growth of the 
basal branches ceased about 7 weeks ear lier than the apical (Maini , unpublishe " 
data) . At Cedar Lake , Ont . , ( 5 0 0  IS ' N long . , 9 3 0  IS ' W la t . ) ,  the radial 
growth of trembl ing aspen commenced at  the end of May 1950 , ceased on 
September 11 and 50% of the seas onal growth had been laid by about July 12 
(Belyea , Fraser and Rose 1951) . 

Poplars grown in c lo s ed stands have c lear boles wh ich are branch
less f or more than two- thirds of their height . The crown is usually 
conical on the younger trees but r ound- topped in the older trees . When 
growing in exposed condi tions s trong basal branches develop on the stem of 
tr embling aspen (Maini 1960) as well as on o ther poplars . 

Clonal var iat ion : Intraspecific genetic d iver sity is manif es ted 
in var iations in growth and reproduc tive resp onse of Popu lus clones growing 
within a given locality and between widely separated popula tions . As d es
cr ibed ear lier , repeated vegeta tive propagation r esu lts in the f ormation 
of male and f emale clones of variable size and the stems c ons tituting a 
clone are genet ically identical . Field observations showed c lonal var iat ions 
in pheno logy (Maini 1960) , growth , f orm and disease r esis tance 1 and in r e
produc t ive response of aspens (�aini 196 7 ) . This var iation of aspen c lones 

• . • PA <Y"  Pd�J,,'W� . 1 h . f . lS used ln breedlng programS to enc our age super lor c ones over t e ln er lor 
'\ 
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Figure 1 6 .  Time of cessation of length growth of branches and 
the leader on a young individua l of P .  tremu1oides . 

by employing suitable si1vicu1tura1 t echniques to promot e  sucker ing from 
"root tr ees " 7 

Photoper iod ecotypes : Vaar taj a ( 1960) obtained trembling aspen 
seeds from Prince Alber t , Sask . ( 54 0  N la t . ) and Eagle River , Wis c . , U . S . A . 
( 4 6 0  N lat . )  and compar ed growth resp onse of the seedlings grown under a 
var iety of pho top er iods . His results demons tra ted tha t pho toperiodic eco
types have evolved in the p opula t ions of latitudinally dis tant s ites ; he 
also demons trated a s imilar phenomenon in eas tern co t tonwood seed lings . 
Pauley and Perry ( 1954) grew many clones of black cottonwood from cut tings 
obtained from British Columb ia and the wes tern United S tates ; the time of 

7Maini , J . S .  
Manus cript . 

1 9 6 5 . 
6 p .  

"Root trees " for aspen s i lviculture . Unpublished 
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height growth ces sat ion was correla ted with the orlgln of the sour ce as 
follows : ( i) differ ent lati tudes and ( ii) diff erent alt itudes ( and corres
pond ing leng th of the growing s eason pr evailing in the na tive hab itat ) but 
at the same latitud e .  These authors also recorded observations o n  th e 
occurr enc e of photoperiodic ecotype s in clones of eas tern cottonwood and 
balsam poplar . 

Growth-r ing analysis : In s tudies on growth-ring analys is of 
trembling aspen , diff icult ies were encount er ed due to inaccurate count ing 
of growth r ings (Maini and Coupland 1964b) . Accord ing to Kirby ( 1953)  87%  
of the f ield count s on the gr owth ring s in tremb ling aspen ar e unr el iab le . 
Use of discs (Kirby 19 5 3 ;  Ghent 1953) , impr egnation of d ecayed wood wi th 
paraffin ( Ghent 1954) and rep lac ing air in the increment cores with light 
oil (Rose 1957)  was useful to overcome this diff iculty . A s imple rap id 
technique invo lves water inf i ltration of incr ement cores under low pressure 
(Maini and Coupland 1964b) ; this treatment would al so overcome other in
accurac ies in growth measur ements similar to those caused by the shrinkage 
of increment cor es from largetooth aspen (Brace 196 6 ) . 

Roo t  gr owth 

Ear ly development :  Little inf ormat ion is availab le on ini tial 
development of roots on Popu lus seedlings ; in the case of aspens , it is due 
to  the paucity of seed ling s in natur e .  Two secondary roots were obs erved 
on as early as 7-day-old largetooth aspen seedling s gr own on moist sand 
maintained at 75F . The pr imary root , when only a f ew days old , is very 
s ens itive to excessive temperatur es and drought (Maini 1960) . During the 
fir s t  year , the pr imary root tend s to extend deeper into the soil . Sub
s equently adventitious roots develop near the root collar and ext end lat
erally in the superf icial soil . 

Advent it ious roots on sucker s arise at  the basal par t of the s tem 
or on the par ent root near the sucker bas e .  Appar ently growth r egula tory 
sub s tanc es , produced in the l eaves , stimulate rooting . The new roots also 
emerge on the dis tal end of root cut tings (Maini , unpub lished data) . 
Following sucker or igin , a thickening develops on the dis tal side of the 
parent root bes ides the sucker l (Maini 1960) . Development of ano ther type 
of unusual tub erous root thickening was attributed to root inj ury 8 . 

Spatial organizat ion : Root sy stem of aspens is shal low and lat
erally very extens ive (Fig . 17) . A compara tive s tudy of the root system of 
trembling aspen and largetooth aspen growing under various ecological con
di tions showed that largetooth aspen roots wer e located mor e deep ly than 
thos e  of trembl ing aspen ; the former were al so less branched and with fewer 
adventitious roots than the la t t er ( Figs . 18 and 19) . S trong , ver tically 

8Maini , J . S .  1 9 6 5 .  On the organi zat ion and growth of aspen roots . I .  
Unusual root growth following stem and root inj ury . Can . Dep . For est . ,  
Forest Res . Br . Rep . 6 5 - 0 - 8 . 1 3  p .  ( Mimeograph ) .  
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ROOT SYSTEM OF P. GRANOIOENTATA 

o .. .  t .  r .  10 20 30 

Figure 1 7. Latera Z extension of Populus grand identata root system. 

penetrating roots , originat ing near the tr ee base and " s inker s" aris ing 
the lateral root system provide a good anchorage to the trees . Usually 
or f ive s trongly develop ed laterals origina t e  from the tree bas e and br 
within 2 f t .  Some of the cord-like branch roots , wh ich extend a long d 
tance without furcat ion or r edu ct ion in th icknes s ,  ar e par t icu lar ly su i 
for sucker produc tion (Maini 1960) . Thes e cord- like root s grow faster 
the rap id ly- tapering laterals 9 • The root sys tem of trembl ing aspen growing 
in the forest grass land eco tone was excavated by the bisect method and its  
vertical and lateral ext ens ion described by Maini ( 1960) . In an ll-year
o ld aspen stand of sucker origin located in the Boreal For es t of Ontar io , 
the roots wer e excavated by a hydraulic method and the dis tribut ion of  root 
sys tem described ( Hor ton and Maini) l . Accord ing to Vaar taj a ( 1960) , the 
development of roo t sys t em in aspen f rom the northern la titudes is greater 
than that f rom the southern lati tudes ; Vaar taj a cons id ered th is as an adap t
at ion to cold soils in the nor th . 

Root connec tions : Suckers originating on a root sys tem (of a 
parent tree) r emain connec ted by par ent roots , even af ter they have develop ed 
their own root sys tems . Radial growth of the root connec tion is negligible 
( Fig . 18) and the connection between the two trees remains alive unt il one of 
the two trees dies (Maini 1960 ) . While excavat ing the root sys tems of aspens , 
live connec tions between 65-year-old tr ees wer e ob served . Trans locat ion of 
wat er-solub le dye was r ecorded through the root connections wh ich wer e found 
to retain their capacity to form sucker s (Maini , unpubl ished data) . Roo t  
graf ting i s  rare in aspen s tands . 

9Maini , J . S .  195 5b . 
Rap idly tapering and 
Rep . 5 5 - 0 - 9 .  10 p .  

On the organizat ion and growth of aspen roots . I I . 
cord-like roots . Can . Dep . Forest . ,  Forest Res . Br . 
( Mimeograph ) . 
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Figure 1 8 . Root system of P .  grand iden tata s howing cord- like 
root connection on the proxima l side of the tree and a thicken
ing of parent root on the dista l side . There are only a few� 
sma l l  adventitious roots on the deeply pene trating root system. 

Figure 1 9 .  Root system of P .  tremuloides s howing 5-6 shal low 
latera ls branching profuse ly to form a we l l-deve loped root 
crown at the tree bas e .  
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BIOTIC , CLIMATIC AND EDAPHIC RELATIONSHIPS 

Poplar s are intolerant pioneer spec ies colonizing a wide range of 
hab itat conditions . Some member s  of s ections Tacamahaca and Aigeiros 
(balsam poplar s , cottonwoods)  colonize wet-mesic to mesic habita t s  including 
r iver banks and freshly exposed sandbars .  However , aspens cons tituting 
sect ion Leuce commonly occur in burnt ,  cu tover or otherwise dis turbed 
forests located on upland , well-drained s i tes . 

Trembling aspen , largetooth aspen and balsam p oplar play a s ig
nif icant success ional role in the ecosys t ems of variou s  s ec tions consti
tu ting the Boreal For est Region . Laca t e ,  Hor ton and Blyth ( 1965)  have 
described the role of tr embling aspen and bal sam poplar in the primary and 
s econdary success ion along the Lower Peace River in Alb er ta and Nor thwest 
Terr itor ies where repeated f ires maintain mor e  or less even-aged stands of  
Populus and r etard their replacement by mor e tolerant wh ite spruc e .  Along 
the Lower Liard River in the Nor thwest Terr itories , Jeffrey (1964)  analysed 
the forest types in relation to land type s and found tr embl ing aspen and 
balsam poplar as important constituents of forests on f lat to undulating 
terraces as well as on anc ient f lood plains ; both land types wer e situated 
at an elevat ion of 600-700 feet . On these two hab itats , 70- to 100-year-old 
Populus may attain a height of 90 to 100 f eet . 

In the Boreal For est Region (Rowe 1959 ; Chap . I ) , aspens occur 
on upland sites in the f orm of pure stands of either species , or mixed 
s tands of the two species or they ar e as socia ted with spruce , p ine , and 
b irch . Light intensity exerts a s ignif icant inf luenc e on the composit ion 
of lesser vegetation under aspen canopy ( Swan and Dix 1966) . In Alb er ta ,  
Mos s  ( 1932) descr ibed 1 78 vascular plants and 38 mos ses and lichens in 
forests domina ted by trembling aspen and balsam poplar . In aspen s tands 
(with charac ter ist ically l ight canopy ) , located on mesic sites in the boreal 
f orest , common shrubs occurr ing include ,  Symphoricarpos, Cory lus, A lnus, 
Cornus ,  Ame lanchier, Frunus virginiana L . , P. pensy lvanica L . , Salix , 
Lonicera, Ribes and Viburnum; among herbs , Ara lia nudicau lis L . , Pyro la 
asarifo lia Michx . , Comus canadensis L . , Maianthemum canadense Desf . , 
Smi lacina ste llata (L . Desf . ) , Fragaria virginiana Duchesne , Rubus tri
florus Richard , and Vio la canadensis are found mos t commonly (Moss 1932 ; Bird 
1930 ; Rowe 1956 ; Maini 1960 ; Swan and Dix 1966) . In dry-mesic areas , the 
as soc iated ground f lora comprises f ewer species and on well-drained med ium 
sand in Ontar io ,  the ground may be covered with a dens e mat of pteridium 
aqui linum (L . )  Kuhn (Maini and Hor ton 1966b) . Tr embling aspen is assoc iated 
with largetooth aspen on dry-mesic and mesic s ites and with balsam poplar 
on we t-mes ic s ites . Mos s  ( 19 32 )  has described the f l or istic composition of 
mixed stands of trembl ing aspen and balsam poplar in Alber ta.  

Balsam pop lar is more exacting in its  ecological requ irements and 
is u sually restricted to moist depressions , river bottoms and along the 
shores of s tr eams and lakes . However , near its nor thern limit of dis
tr ibution , Argus ( 1966)  obs erved balsam poplar growing on a sandy , dry , 
south-facing esker slop e .  In pure s tands of balsam poplar on wet-me sic 
sites in Alber ta , the ground vegetation is compos ed of Comus sto lonifera 
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Michx . , Salix� Ribes�  Alnus�  Lonicera� Mertensia pi losa ( Cham . ) DC . , Equise
tum� Petasites pa lmatus (Ait . )  Gray , Galium triflorum Michx . , Mite l la nuda 
L . , Actaea� Hy locomium splendens ( Hedw . ) Warns t . , Au lacomnium palustre (Web . 
& Mohr ) Schwaegr . ,  Thuidium recognitum ( Hedw . ) Lindb . (Moss  1932 ) . 

Clumps of trembling aspen and occasionally of balsam poplar c on
stitu te the ecotone between the Bor eal For e s t  and Grassland (Aspen Grove 
Region) in the Nor thern Great P lain of wes t ern Canada . Obs ervation on the 
dynamics of this ecotone have b een r ecorded in Alb er ta (Moss 1932 , 1944 , 
1952 ; Mos s  and Campbell 194 7 )  and in Manitoba (Bird 1930 , 1961) . An anal
ysis of the pat tern , rate and extent of invas ion of grassland by trembling 
aspen shows that a limited amount of arboreal extens ion has occurred in 
grass land s ince the advent of Europeans and c onsequent cessation of wide
spread prair ie f ir es ( Coupland and Maini 1959 ; Maini 1960) . In dune sand 
areas within the grass land region of Saska tchewan , Hule t t ,  Coupland and Dix 
( 1966)  have d escr ibed the phytosoc iological behavior of trembling aspen . 
Extens ion of trembling aspen f orest  into grass land of nor th and central 
Brit ish Columbia has been r epor ted (Br ink and Fars tad 1949) . 

A wide range of dis tribu tion of tr embl ing aspen growing on a 
variety of habitat s ,  pr ovided an excellent oppor tunity to s tudy the in
fluence of a range of ecological c onditions on its height growth (Maini 
1968b) . Dominant height of ma ture trembl ing aspen trees was measured in 96 
stands located in an approximately 750 mile-long s outh-nor th transec t ,  
s tar ting in grassland from near the sou thern boundary of Saska tchewan ( 4 9 0  
N lat . )  and extending across  the var ious vegetation and clima t ic z ones 
(Chap . I) to  the nor thern limit of the bor eal f orest near the nor thern 
boundary of Saskatchewan ( 6 0 0  N la t . ) .  Aspen was absent at the forest
tundra transit ion invest igated at 610 N lat . (Maini 1966d ) . The sample c om
pr ised 39 s tands located in the Grassland , 15 in the f or es t-grassland trans
ition and the remaining 42 wer e located in the Boreal Forest  Region .  Growth 
of aspen is limited by the mois ture towards the s ou th (Maini 1960) and by 
temperature and other edaphic f actors towards the nor th . Results show that 
in Saskatchewan , aspen attained maximum height growth in the Bor eal For est 
between 550  and 56 0 N lat . ( Fig . 20) , in the s tands located nor th of the 
height of land wher e r ivers f low towards Hudson Bay (Maini , unpub lished 
data) . Trembling aspen stands showing excellent growth seem to b e  located 
north of this height of land in other par ts of Saskatchewan , eas tern Alber ta , 
Mani toba , and Ontario . The aspen trees ar e relatively shorter s outhwards 
in the f orest-gras s land transition and in the grassland as well as towards 
the nor thern dis tribution limi ts of the spec ies near the f orest- tundra 
trans ition . In the la tter ecotone , aspen is s tunted and attains a shrubby 
appearance (lyrell 189 8 ;  Ritchie 1959 ; Argus 1966 ) . Observat ions on the 
distribut ion l imit s ,  gr owth and reproduc tion of trembling aspen and balsam 
poplar in various par ts of northern Canada have been recorded by Hus t ich 
( 1949 , 1950 , 1954 , 1955 , 195 7 , 1965 , 1966) . 

Ano ther int er es t ing f eatur e in the ecology of a widely distr ibuted 
species is exhibited by the predominant mod e of reproduc tion of trembling 
a spen in Saskatchewan at its  nor thern and southern limits of distribution 
and by its regeneration poten t ial at intermediate locations (Maini 1968b ) . 
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Figure 20.  Influence of a c limatic gradient (as re lated to 
latitude) on height growth of P .  tr emuloides in Saskatchewan 
(based part ly on Maini 1 960 and partly on Maini 1 968b ) . 

Near the fores t-tundra eco tone ( e . g .  S tony Rap ids , Sask . , near 60 ° N lat . ) 
and in the for est-grass land eco tone , the species regenerat es vegetatively 
by formation of root suckers (Coupland and Maini 1959 ; Maini 1960) . Argus 
(1964 , 196 6 )  and Hus tich recorded s imilar obs ervations , i . e . , trembl ing 
aspen and balsam poplar r eproduc e  vegetatively towards their nor thern 
l imits . However , in the middle of the boreal fores t  ( e . g . , Lac la Ronge , 
Sask . , near 5 5 °  N lat . ) the author has obs erved aspen seedlings well 
established on freshly exposed , moist mineral soil . Apparently trembl ing 
aspen survives the advers e  c ond it ions at the northern and southern limits 
of  it s range by as exual propagation ,  

I n  the Great Lakes and S t .  Lawrenc e Forest Region (Rowe 1959 ; 
Chap . I ) located along the Great Lakes and S t .  Lawrence River valley , 
Populus spp . are a minor c omponent of these forests  which are d ominated by 
tolerant hardwoods such as beech , elm , maple , basswood , ash , walnut , y ellow 
b ir ch and by conifers includ ing pine and hemlock. 

60 



Eastern cottonwood was the lead ing dominant in only two s tands 
and trembling aspen in only one s tand out of a total of 131 s tands sampled 
in the Deciduous For est in southwestern Ontar io (Maycock 1963) . Wher eas 
balsam poplar was distributed on mesic to wet sites and attained the max
imum importance at the wet end of a moisture grad ient , largetooth aspen 
was distributed from dry to wet s it es and its impor tance showed a bimodal 
pat tern (Maycock 1963) . 

In Coas t ,  Columb ia , and . Montane Forests (Rowe 1959 ; Chap . I ) , 
black cottonwood is a p ioneer on f reshly exposed soil along r iver s and 
streams and is eventually rep laced by more tolerant species . Acc ord ing to 
Smith ( 19 5 7 )  and Smith and Blom ( 1966) , black cot tonwood grows best at low 
elevations and in the more s outherly lat itudes wi th a long growing s eason. 
Mois t r ich and well aerated soils wi th pH 6 to 7 provid e optimum c onditions 
for its growth ; vigorous growth of Cornus spp . and Sambucus spp . is ap
parently assoc iated with excellent growth of black cottonwood . Smith 
described three broad site classes for black cottonwood in Brit ish Columbia .  
On S ite I ,  b lack cottonwood i s  associated with Rubus spectabi Zis Pur sh , 
Urtica spp . and with PoZystichum munitum (Kaulf . )  Presl . or Athyrium fi Zix
femina ( L . )  Roth and at age 2 5 ,  it is about 111 feet tall and 16 inches dbh . 
Site I I  may be recognized by the presence of Cornus sto Zonifera� Lonicera 
invo Zucrata (Richards . )  Banks , Symphoricarpos aZbus (L . )  Blake , Rubus 
parvifZorus Nutt . and Rosa nutkana Pres l . ,  on this site , 2 5-year- old trees 
are 92 f eet tall and 12 inches dbh . Site III is usually low-lying and 
subj ect to annual f lood ing f or up to 6 weeks ; Equisetum arvense L .  and E. 
hyema Ze L .  are usually f ound on this sit e ,  where at age 2 5  the tr ees at tain 
a height of 72 f eet and 8 inches dbh . 

Palatability and forage value of trembl ing aspen has been evaluated 
in Saskatchewan (Clarke and Tisdale 1945) . Although cat tle do not find 
aspen palatable , a few domesti� and wild animals utilize par ts of the tree 
for f ood (Bird 1930 , 196 1) . Snowshoe rabbits , which at their peak of abun
danc e may numb er up to s everal hundred per squar e mile of aspen f ores ts , 
eat the bark and sometime s girdle and kill over 60% of aspen trees (Bird 
1930) . Considerable damage to young trembling aspen , large tooth asp en , and 
balsam poplar is common thr oughout their range and results from browsing of 
stem and branch apices by deer , moo s e ,  elk , and other animals 1 0 (Bird 1930 , 
196 1 ;  Mos s  1932 ; Banfield 1949 ; Black and Bourchier 1952 ; Argus 1966 ) . When 
available , poplars are the pref err ed f ood of beaver s ( Castor canadensis ) 
which have been repor ted to caus e severe damage to various poplar spec ies 
including b lack cottonwood by girdling the tree base ( Smith and Blom 1966 ) . 
Poplar s are al so used in the cons truction of beaver dams ; c onsequently , the 
genus is of great s ignif icanc e ,  not only to beaver s ,  wh ich are among the mos t  
impor tant fur-bearing animals i n  Canada ( Harkness 1954 ; de  Vos and Cr ingan 
1957) , but als o  to o ther fur-bearing animal s  occupying the habitat created by 
the beaver dams . Voles (Microtus townsendi) damage black cottonwood by 
eating the roots ( Smith and Blom 1966) . Buf faloes wer e once impor tant in
habitants of aspen f or es t-grassland transition in Manitoba (Bird 1930) . The 

l OPimlott , D . H .  1 9 5 5 . Moos e and Newfoundland forests . Can . Dep . Mines 
Resources , Wildlife Div . Rep . 2 6  p .  ( Mimeograph ) .  

61 



aspen forests  of Manitoba were divided into s ix s trata and B ird ( 1930) 
describ ed the distribution of  mammals , b irds and inver tebra tes in each 
s tratum .  

Hail storms may strip the l eaves and small branches from aspen 
tr ees and bruise the bark , thereby s tunting the trees as well as creating 
lesions for entrance of pa thogenic fungi and insects (Mos s 1930 ; Riley 
1953) . Pathogenic ity of impor tant ins ects and fungi on pop lars in Canada 
has b een r eviewed by Davidson and Prentice ( Chap . VII) . 

B lack cottonwood is suscep tible to la te frosts , sleet s torms , and 
is permanent ly b ent by wind s torms ( Smith 195 7 ;  Smith and Blom 1966 ) . 
Because of the nature of its  natural hab itat , soil erosion along waterways 
may cause consid erable damage to b lack cot tonwood stands . Occas ionally , 
young aspens , growing at the edge of a s tand ar e buried under snow drif t s  
and a r e  b ent or broken . Tr embling aspen is suscep tible to atmospher ic 
sulfur-dioxide emit ted f rom petroleum ref iner ies and the inj ury is evid ent 
f rom f ol iage discoloration ( Linzon 1965 ) . Trembling aspen may be eliminated 
by girdling at breast height , by applying 2-4-5-T as basal spray or in basal 
frills (Waldron 196 1 )  and by aerial spraying with 2-4-D ( Pratt 1966 ) . 
Extrac t s  of trembling aspen and largetooth aspen from Nova Scotia , when 
tes ted f or the pr esence of antibac ter ial subs tances , were inactive agains t 
Staphy lococcus aureus and Escherichia coli (MacDonald and Bishop 1953) . 

CONCLUSION 

Populus species des erve cons ideration in meeting the increas ing 
demand on present and future forest resources . A number of Canadian poplars 
are par ticularly suitab le because of their wood charac teristics , fas t growth 
rat e ,  wide ecological amplitude , ease of sexual and asexual propagation , 
intraspec ific genetic variability , and ease of natural and induced hybr id
izat ion . 

Presently , some us eful informa tion is available on the management ,  
silvics and ecology of a spens which are commerc ially the mos t  valuable 
nat ive species of Populus , as well as the mos t  widely distributed tr ees of 
Canada .  However , our knowledge on aspen-habi tat rela tionship and on the 
performance of other p oplars is scanty . There is a definite need for de
f ining research and management prob lems on a regional and country-wide scale 
and coordinating res earch ac tivities on var ious aspects of Popu lus b iology 
in Canada . 
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CHAPTER I I I  

S I LVI CULTURE AND MANAGEMENT OF NATURAL POPLAR STANDS 

J .  M .  Jarvis 
Forest Research Laboratory 

Department of Forestry and Rural Development 
Winnipeg3 Manitoba 

SPECIES , RANGE , VOLUME 

The commerc ially important poplar occurr ing naturally in Canada 
are trembling aspen , largetooth aspen , balsam poplar , black cottonwood , and 
eastern cottonwood . 

Tremb ling aspen and balsam poplar ar e found in all provinces and 
extend nor thward to  the limit o f  trees . The c ommercial rang e is r estr ic ted , 
however , to  nor theas tern and c entral Br itish Columb ia , c entral Alber ta , 
c entral Saskatchewan , c entral Manitob a ,  c entral Ontario and central Quebec . 
Largetooth aspen occurs pr imar ily in Nova Sco tia , Prince Edward I sland , 
New Brunswick and in the s outhern and central par ts of Quebec and Ontario . 
The c ommercial range is mainly in c entral Quebec and in c entral and south
ern Ontar io . Black c o t tonwood is f ound throughout mos t  of Br it ish Columb ia 
but the commerc ial range is r e s tr ic ted to the c entral sou thern par ts of the 
provinc e .  Eas tern cottonwood is f ound in the s outhern par t s  of Quebec , 
Ontario , Manitoba , and Saskatchewan but the supply of c ommerc ial ma terial 
is limited (Anon . 1961) . 

Fitzpatr ick and Stewar t ( Chap . XIV) have es timated that the f orests 
of Canada contain a net merchantab le poplar vo lume of 6 5 . 6  b ill ion f t 3 and 
that the annual allowabl e  cut is 1 . 5  billion f t3 . Five per cent of the 
poplar resource is in the Yukon and Nor thwes t  Territories , 2 1% in Br itish 
Columb ia , 26% in Alber ta , 13% in Saska tchewan , 3 %  in Manitoba , 2 7 %  in Ontario , 
4 %  in Quebec , and 1% in the Mar itime Provinces . 

GROWTH AND YIELD 

Poplars ar e small to large , fas t-growing , mois ture-loving trees . 
Tr embling aspen and large tooth aspen ar e considered small- to med ium- size 
and under good condi tions will attain a height of about 90 to 100 f eet and 
a diameter o f  about 1-2 f eet . Balsam poplar and eas tern cottonwo od ar e 
medium- to large-size trees ; they will a ttain a height of 100 feet or more 
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and a diamet er of over 4 feet in favorable locat ions . Black cottonwood is 
the larges t of the native poplars and tr ees over 2 00 f eet tall and 8 feet 
in diameter have been repor t ed .  

Young trees grow rap id ly and on good sites s tand s of aspen and 
balsam pop lar will reach minimum pulpwood s ize ( 3 . 6  inches dbh) in 20  to 
30 year s . Black cottonwood will attain a s imilar size in about half that 
t ime . Volumes of ma tur e stand s are comparable to thos e of the more highly 
s ought-af ter conif er s such as white spruce and jack pine.  In Saskatchewan , 
f or inst ance , the gros s volume of aspen s tands a t  100 years of age and wi th 
average stocking and density ( empirical yield) is reported by Kirby et aI .  
( 1957)  to vary from about 3 , 000 f t 3 per acre on poor sites  to about 5 , 000 
on good s ites ( Table 1) . Da ta collected by MacLean and Bedell ( 1955)  in 
the nor thern clay belt of Ontar io ind icate tha t emp ir ical yield ther e is 
s imilar to that in Saskatchewan . Normal yield tables for aspen in nor thern 
Ontar io (Plonski 1956) show that volume varies from about 8 , 500 f t 3 per 
acre on good si tes to abou t 5 , 000 f t 3 on poor si tes at 100 year s ( Table 2 ) . 

Growth and yield data for black cottonwood are shown in Tables 
3 ,  4 and 5 .  These data show the yield from black cottonwood s tands in 
Br itish Columbia is greater than that from aspen stands in o ther par ts of 
Canada (Thomas and Podmore 19 5 3 ; Smith 195 7 ;  Mahon 1966) . Smith ( 1957)  
conc lud ed that Resmer ' s  yield tables for  German pop lar would be applicable 
in Br itish Columb ia .  Smith and Blom ( 1966)  obs erved stand s in the lower 
Fras er and Squamish r iver valleys equivalent to Resmer ' s  s ite I and stands 
in the Skeena , upper Fraser and upper Thomson r iver val leys equivalent to 
sites I I  and III (Table 6 ) . 

Decay 

Although gross volumes of poplar stand s compare favorably with 
thos e of mos t  conifer ous s t ands , merchantab le volume is ser iously limited 
by decay . When commerc ial utilization is attempted gros s  s tand volumes 
b ear little r elationship , if any , to those ac tually utilized . S o  far there 
does not appear to be any clear ly defined relationship between amount of 
d ecay and site ( Riley 1952 ) . 

In general , as trees get old er def ect and decay become more pre
valent and for mos t poplar stands rotation age is , in the c las s ical sense , 
a pathological r otation .  In eas tern Canada and the Pr airie Provinc es 
rotat ion age for largetooth aspen and trembling aspen varies from about 65 
to 80 years and for balsam poplar from about 80 to 100 years . For b lack 
cot tonwood in Br itish Columb ia r o tation age varies generally from about 80 
t o  120 year s . Rowever , under management i t  may b e  possible to r educ e 
rotations for black cot tonwood to between 40 and 60 years in the Skeena 
r iver valley and to about 25 years in the lower Fraser r iver valley ( J . R . G .  
Smith , p ersonal communication) . 

Data from cull s tud ies car ried out in Manitoba and Saskatchewan 
have been s elec ted to illus trate ( Fig . 1 )  general tr ends of cull development 
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TABLE 1 .  EMPIRICAL YIELD PER ACRE FOR TREMBLING ASPEN I N  SASKATCHEWAN 1 

Age Height DBH Number Basal Gros s Volume Cub ic Feet 
( years)  ( feet) ( inches) tr ees area To tal Merchantab1e2 

Site  I {good} 
2 0  3 3 . 5  2 . 2  2 , 2 3 7 58 . 5  948 

30 45 . 3  3 . 0  2 , 094 90 . 7  1 , 889 266  

40 55 . 0  4 . 0  1 , 261  109 . 5  2 , 711 916 

50 6 3 . 6  5 . 2  7 74 12 2 . 2  3 , 392 2 , 09 3  

60 71 . 8  6 . 6  538 131 . 6  3 , 9 38 3 , 020 

70 79 . 2  7 . 8  404 138 . 4  4 , 358 3 , 539 

80 85 . 4  9 . 2  307 143 . 2  4 , 70 7  3 , 89 3  

90 90 . 5  10 . 4  244 147 . 3  4 , 962 4 , 145 

100 94 . 2  11 . 3  210 150 . 1  5 , 2 1 5  4 , 354 

S ite II ( average} 
20 2 6 . 5  1 . 9  2 , 68 7  5 3 . 3 6 5 7  

30 36 . 9  2 . 6  2 , 515 82 . 6  1 , 45 3  102 

40 45 . 7  3 . 5  1 , 515 99 . 7  2 , 158 511 

50 53 . 6  4 . 6  92 9 111 . 3  2 , 74 7  1 , 2 80 

60 61 . 0  5 . 8  646 119 . 9  3 , 2 00 2 , 2 56 

70 6 7 . 8  6 . 9  485 126 . 0  3 , 544 2 , 7 75 

80 73 . 4  8 . 1  369 130 . 4  3 , 805 3 , 109 

90 7 7 . 8  9 . 1  2 9 3  1 34 . 1  4 , 00 2  3 , 306 

100 80 . 7  9 . 9  2 52 136 . 7  4 , 158 3 , 451 

Site I I I  �Eoor2 
20  19 . 5  1 . 7 3 , 011 46 . 0  384 

30 28 . 5  2 . 3  2 , 819 71 . 3 1 , 044 31 

40 36 . 4  3 . 1  1 , 698 86 . 0  1 , 6 39 262 

50 43 . 6  4 . 0  1 , 041 96 . 1  2 , 14 2  7 2 0  

6 0  50 . 2  5 . 1  724 103 . 5  2 , 509 1 , 480 

70 56 . 4  6 . 0  543 108 . 8  2 , 7 79 2 , 009 

80 61 . 4  7 . 1  413 112 . 5  2 , 959 2 , 346 

90 65 . 1  8 . 0  328 115 . 7  3 , 083 2 , 516 

100 6 7 . 2  8 . 7  2 8 3  118 . 0  3 , 16 6  2 , 612 

I Data from Kirby , Bailey and Gilmour 
2Trees 6 inches dbh and over . 

195 7 .  
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TABLE 2 .  NORMAL YIELD PER ACRE FOR TREMBLING ASPEN IN ONTARIO l 

Age Height DBH 
( year s )  ( feet) ( inches) 

20  38 . 7  3 . 5  

30 5 3 . 8  5 . 0  

40 6 6 . 7 6 . 5  

50 7 7 . 1  7 . 9  

60 85 . 0  9 . 3  

70 90 . 7  10 . 5  

80 94 . 4  1l . 5  

90 96 . 4  12 . 3  

100 9 7 . 5  12 . 8  

20  30 . 8  3 . 1  

30 43 . 9  4 . 3  

40 55 . 2  5 . 3  

50  6 4 . 6  6 . 6  

60 7 2 . 1  7 . 8  

70 77 . 6  8 . 8  

80 81 . 1  9 . 8  

90 82 . 9  10 . 5  

100 8 3 . 8  11 . 0  

20 2 2 . 6  2 . 2  

30 33 . 9  3 . 3  

40 44 . 0  4 . 3  

50 52 . 3  5 . 3  

60 59 . 3  6 . 3  

70 64 . 6  7 . 2  

80 6 7 . 9  7 . 9  

90 69 . 5  8 . 5  

100 70 . 2  8 . 8  

l Data from Plonski 1956 . 

Number Basal 
trees area 

Site I {good} 
1 , 022 68 . 5  

698 9 5 . 0  

508 116 . 2  

389 132 . 6  

307 144 . 5  

2 5 3  152 . 4  

2 1 7  15 7 . 3 

193 159 . 8  

179 16 1 . 0  

Site I I  {average} 
1 , 2 36 6 2 . 9  

884 90 . 3  

6 6 7  1l0 . 2  

520 124 . 9  

412 135 . 5  

334 142 . 7  

2 80 146 . 7 

246  148 . 4  

2 2 5  148 . 8  

Site I I I  (poor )  

1 , 66 7  42 . 2  

1 , 200 71 . 6  

905 9 2 . 7  

698 108 . 0  

550 118 . 7 

447  125 . 3  

3 7 7  12 8 . 4  

3 31 129 . 1  

302 12 8 . 7  

7 3  

Gross Volume Cubic Feet 
Tot al Merchantable 

1 , 308 420 

2 , 62 0  1 , 604 

4 , 06 7 2 , 903 

5 , 413 3 , 9 32 

6 , 5 30 4 , 694 

7 , 375  5 , 2 13 

7 , 95 3  5 , 52 4  

8 , 301 5 , 684 

8 , 4 7 9  5 , 75 7  

9 9 7  159 

1 , 983 942 

3 , 175  2 , 150 

4 , 355 3 , 203  

5 , 350 3 , 962 

6 , 103 4 , 464 

6 , 62 0  4 , 76 1  

6 , 930 4 , 89 6  

7 , 08 7  4 , 9 15 

562 -

1 , 18 2  2 2 3  

1 , 9 7 8  8 34 

2 , 842 1 , 693  

3 , 604 2 , 6 11 

4 , 1 79 3 , 109 

4 , 561 3 , 346 

4 , 784 3 , 420 

4 , 888 3 , 375  



Age (year s )  

2 0  

3 0  

40 

50 

60 

70 

TABLE 3 .  YIELD PER ACRE , BLACK COTTONWOOD 
SKEENA RIVER VALLEY , BRITI SH COLUMBIAl 

Age Net volume2 
(years )  b d  f t  p er acre 

2 0  4 , 700 

30 10 , 000 

40 16 , 700 

50 22 , 800 

60 2 7 , 800 

70 2 9 , 400 

l Data collected in Skeena River Valley of 
Br it ish Columbia ( Smith 1 9 5 7 ) . 

2Tr ees mor e  than 11 inches dbh . 

TABLE 4 .  EMPIRICAL YIELD PER ACRE FOR 
BLACK COTTONWOOD IN THE LOWER FRASER VALLEy l 

Site  c lass 

I II 

Volume cub ic f eet 
2 , 892 

3 , 564 3 , 383 

3 , 348 3 , 314 

3 , 564 3 , 564 

3 , 865 3 , 72 7  

3 , 839 3 , 34 3  

I II 

3 , 315 

3 , 599 

3 , 499 

3 , 72 7  

3 , 9 31 

l Data f rom Mahon , J . E .  1966 , includes only trees 8 inches dbh and over . 
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TABLE 5 .  GROWTH AND YIELD CHARACTERISTICS OF BLACK COTTONWOOD , 
QUESNEL REGION , BRITISH COLUMBIA1 

Height to Gross volume from 
Total Age DBH Base of crown s tump to a 10-inch top 

( years)  ( inches )  ( feet) bd ft  

80 15 52 235 

90 17 56 2 95 

100 19 60 365 

110 20  62  450 

120 2 2  6 4  545 

1 30 2 3  6 7  6 5 5  

140 25 69 780 

150 26 70 935 

160 2 8  7 1  1 , 110 

170 29 n 1 , 310 

180 31 7 3  1 , 520 

190 32 73 1 ,  no 
200 33 7 3  1 , 9 20 

I From Thomas and Podmore 195 3 .  

TABLE 6 .  BLACK COTTONWOOD SITE CLAS SIFICATION1 

Site Classes 
Age I I I  ( year s )  

Height DBH Height DBH Height 
( feet) ( inches) ( f eet) ( inches ) ( f eet ) 

5 25 - 2 1  - 16 

10 47 5 . 7  43  4 . 8  3 3  

15 n 9 . 5  59 7 . 1  46 

20 95 12 . 5  79 9 . 0  5 9  

2 5  111 16 . 0  92 12 . 0  n 
30 118 20 . 0  102 14 . 5  82 

35 125 2 2 . 0  108 1 7 . 0  89 

I Data from Hesmer , Das Pape Zbuch cit ed by Smith 19 5 7 . 

75 

cu ft 

44 

54 

64 

76 

89 

105 

12 3 

146 

1 7 3  

2 0 0  

2 2 5  

2 50 

2 7 3  

III  

DBH 
( inches)  

-

3 . 6  

5 . 9  

6 . 5  

8 . 0  

10 . 5  

12 . 0  
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Figure 1 .  Percentage of cu ll  in aspen in re lation to age of tree. 

• 

in poplar s tand s (Kirby , Bailey and Gilmour 195 7 ; H . A. Peacock , unpublished 
data) . S tudies in Brit ish Columbia show that decay in b lack cottonwood 
with no external sign of defect ranges up to 35% and for trees with defect 
showing up to about 45% . 

The f orego ing shows that Canada has an overabundant supply of a 
low quality resour c e .  Low qual ity , r esulting mainly from decay , has had a 
s ignif icant and retard ing ef f ect on its past development and will have a 
s ignif icant inf luence on its  futur e .  For ins tance , Thomas ( Chap . VII I )  
stated that in Alb er t a  the p op lar-based indus try will have to make greater 
use of sma ll-size logs , such as those f rom trees 50 years of age or younger , 
if the problem of decay is to be overcome . 

S ILVICULTURE AND MANAGEMENT 

Utilization 

In spite of the many uses of p oplar ( e . g .  cons truc tion lumber , 
veneer , particle board , boxes , cra tes , pulpwood , poles , pos t s ,  fuel-wood ) 
the amount being u tilized at present is negligible in r elation to the amount 
available . In Ontario , Bri t ish Columbia , the Prair ie Provinces , Nova Scotia 
and New Brunswick the combined average annual harvest of poplar from Crown 
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lands is less than 1 %  of the estimated annual allowable cut . However , in 
some local areas utilization is quite good . For ins tanc e ,  in southeastern 
Manitoba the ac tual cut in 1966 was within 2 0 %  of the annual allowable cut 
for that part of  the provinc e .  

S tand management 

B ecause of the low inter est and almost  ins ignificant utilization 
of poplar , s carc ely any s tands in Canada have been managed . Generally the 
poplar-bas ed indus try may be divided into two categor ies -- users of large
dimension logs , and user s  of small-dimension logs . In the former category , 
woods operations ar e highly selec tive . S ince large logs are needed opera
t ions are carried out in s tands of advanced age and many of the tr ees are 
so  defec t ive they cannot be utilized . Cut ting is usually "from above" and 
to cer tain diameter limi t s . In some operations , , trees ar e s elected for 
cutting by trained tree markers but more of ten they ar e selec ted by the 
cutters . Because cutter s  are usually paid on a net scale bas is they mus t  
be carefully supervis ed o r  they will cut only the very b e s t  trees . Adequate 
diameter , branchiness , kno t  size , number of logs per tree and abs ence of 
visible defec t s  are the main cri ter ia in s elec t ing trees for cu tting . 

In poplar plywood logging operations in Alb er ta , only those trees 
which wil l  yie ld two or mor e suitable peeler logs , each 8 f t  8 inches long 
with a diameter of 9 inches ins ide bark at the small end , are felled . Trees 
are usually cut by power s aws , then skidded in long l engths to bush landings 
where they are bucked into standard leng ths and sorted for load ing . In 
some operations , trees are bucked wher e they fall and the merchantable logs 
are skidded to d ecking areas and piled for truck load ing . Skidding may be 
done with hors es , crawler tractors or rubber- t ired tractors . The latter 
are a mor e  recent innovation and this type of machinery is becoming more 
widely accep t ed for skidding . Along with the increased us e of rubber- tired 
trac tors there is als o  a trend to logging longer lengths ( Jackson 1966) . 

Woods operations f or the s econd category , users of small-d imens ion 
logs , are less s el ec tive . For the mos t par t s tands are designated for 
merchantable c lear cut ting and , if a s tand i s  reasonably sound , mos t  of the 
trees will be taken . However , in many ins tances trees are very defec tive , 
hence these operations , l ike the f irs t category , tend to be of a high
grad ing nature .  In some pulp operations in Bri tish Columb ia ,  cutters r esist 
felling b lack cottonwood trees smaller than 20 inches dbh ; they claim that 
felling smaller trees increases produc tion cos ts exc essively ( Smith and 
Blom 1966) . 

Because of poor utilization prac tices , young growth wh ich may be 
present af ter logging is suppres s ed by the residual trees . Shrub species 
monopolize the openings created by logging and poplar suckering is in
hibited . The net r esult is that many cut-over areas , even on the best s ites , 
support second-growth s tands of a lower quality than that of the or iginal 
s tand . 
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Figure 2 .  Se lectively cut pop lar 
stand� southeastern Manitoba . 

Figure 3 .  Clear-cut area foreground; 
uncut pop lar stand background; south
eastern Manitoba. 

Al though pop lar stands in Canada have r eceived lit tle at tention 
in the past , expanding markets , scarcity o f  other spec ies within ec onomical 
hauling dis tances , and improving t echnology are caus ing manager s to focus 
mor e at tention on poplar . Some provinces and some industries are under
taking pop lar silvicultur e .  For example , the Ontar io Depar tment of Lands 
and Forests has s tarted trials in cut-over s tand s on the bet ter s i tes to  
promote  sucker ing . Treatment cons ists of felling all res iduals lef t by the 
loggers so that solar radiat ion wi ll warm the soil and induce the formation 
of sucker buds (Maini and Horton 196 6a) . Also , some thinning tr ial s are 
being und er taken in some of the mos t  promising young s tands . 

The provinc e of Saskatchewan r equir es operator s cut t ing poplar 
f or chipboard on Crown land to do a thorough clear-cut on their des ignat ed 
areas . The aim is also to promote  sucker ing . Until recently , p oplar woods 
operat ions in southeas tern Manitoba wer e highly selec tive ( Fig . 2 )  but stands 
are now being clear- cut and skidd ing is being done ' in full tree lengths 
( Figs . 3 to 5 ) . 
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Figure 4 .  Clear-cut area foreground; uncut pop lar stand back
ground; southeastern Manitoba. Note whole trees have been 
skidded to central location and bucked into log lengths . 

Figure 5 .  Close-up of logs bucked and pi led for loading; note 
defect on ends of logs . 
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Figure 6 .  Aspen suckers on 
cut-over area� 1 year after 
Zogging. 

This type of operat ion almos t completely r emov es the aer ial p or
t ions of the competing vegetation and creates favorable environments f or 
p op lar sucker ing . Ob servations show tha t mos t  of the c lear-cut areas are 
well s tocked to thr ifty aspen suckers ( Fig . 6 ) . 

SILVICULTURAL RESEARCH 

S tudies to eliminat e  poplar 

Most of the silvicu ltural resear ch und er taken by the f ederal 
government has been conc erned primarily with conif erous species . Much o f  
the ear ly work was des igned t o  eliminat e  p op lqr , es tabl ish conifers on 
treated areas and to s tudy the effects of intermediate and r eleas e cut t ing 
on the growth of the conifer s  (Daly 1950 , 19 5 1 ;  Robertson 1935 , 1939 ; 
S t eneker 1963) . In the fir s t  s tud ies , axes and saws wer e us ed for felling 
trees , but with the introduc tion of chemic al herb icides , s tudies wer e 
carr ied out to determine their effectiveness . The aer ial p or tions of aspen 
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sucker s and trees may be killed successfully by fol iage sprays app lied from 
the ground or from the air and by basal bark spraying with or without axe 
frilling ( Su tton 1958 ; Waldron 196 1 ;  Prat t  1965) . Of the various foliage 
sprays tested , 2 , 4-D and 2 , 4 , 5-T mixed with water appear to be as good as 
any . For ins tanc e ,  good kills of aspen sucker s have been ob tained wi th 
spray app lied from the ground at concentrations as low as 1 , 000 ppm . Good 
top kill of aspen tr ees has also been ob tained by aerial spraying at the 
rate of 5 gal of aqueous so lution ( 48 oz acid equivalent of 2 , 4-D) per acr e .  
Basal spraying in suf f icient quantity to drench the s t em with 2 , 4-D and 
2 , 4 , 5-T in diesel oil ( 8  to 16 lb . acid equivalent per 100 gal) has pro
duced good results . Applying ammonium sulphamate to the sapwood r egion of 
s tumps at the rate of one tablespoon of  amma te crys tals for each 3 inches 
of stump diameter has been effective in killing roots and pr even ting 
suckering ( Quaite 1953) . 

Thinning and pruning 

S tud ies have been init iated at the Petawawa For es t Experiment 
S tat ion and in Manitoba to determine whether intermediate cu t ting and 
thinning would improve the yield and quality of poplar s tands . Thinning 
canno t increase the growing capaci ty of any g iven acre but it can increase 
produc tion through utilization of the ant icipated mor tality . It will also 
affect the s iz e  of trees in the f inal crop , s ince growth tha t would have 
occurred on the thinnings is transferr ed to the trees tha t ar e lef t .  

Studies have shown that poplar s r espond excep tionally well to 
thinning , espec ially during their early lif e .  Diame ter gr owth increases 
rap idly and in direct r elat ion to thinning int ens ity . Tr ees of all sizes 
are affected bu t the larger ones maintain a greater rate of  growth than the 
sma ller ones . These points are illus trated in Fig . 7 ,  which shows the 
10-year diameter increment ( 1950 to 1960) by diame ter c lass for trees on 
unthinned plots and on plots thinned to spacings of 8 x 8 f eet and 12 x 12  
f eet . At  the time of thinning in 1950 the stand was 2 3  year s old . Tr ees 
on the more heavily thinned plots grew faster than those on the less 
heavily th inned plot s ;  also on each plot the lar ger trees grew faster than 
the smaller ones . 

Figure 8 shows tha t growth of res idual trees is better on good 
s i tes than on poorer one s . The top curve shows the periodic annual basal 
area increment of  the 200 largest trees p er acre by res idual basal for good 
s ites in Manitoba ; the bot tom curve is for medium s i tes . Only the 200 
larges t trees ar e used for comparison since th is is roughly the numb er that 
may be expec ted to be in the f inal s tand at matur ity . Also , cons idering 
the silvics of aspen , the larges t trees are the ones mos t  likely to reach 
matur ity . 

Thinning s tudies in Manitoba and Saskatchewan have shown tha t 
total cubic foot volume production can be increased by 2 5 %  with l ight to 
moderate thinning a t  5-year intervals ( S teneker and Jarvis 1966 ) . To 
achieve the fastest per acr e  growth rate 10- , 20- , 30- , 40- , and 50-year old 
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Figure 7 .  Ten-year diameter increment (1 950-1960)  by diameter 
c Zasses (Steneker and Jarvis 1 966) . 

s tands should be maintained at about 30 , 50 , 65 , 85 and 100 f t2 of basal 
area per acr e ,  respectively . However , at such s tocking levels the maximum 
diameter rate of ind ividual trees is not r eached . This is illus trated by 
Fig . 9 ,  which shows gross and net basal area increment and annual d iame ter 
growth of the 200 largest trees per acre by r es idual basal area for the 
period 1950 to 1960 . The data are f or a s tand which was 23 years old in 
1950 . As can be seen ,  gross basal area increment reached a maximum at about 
50 f t2 of residual basal area . Below that s tocking level growth was less 
becaus e of und er s tocking . Net basal area increment also reached a maximum 
at about 50 f t2 of r es idual basal area ; i t  was less at higher d ensities 
b ecause of mor tality and at lower dens i t ies because of unders tocking . 

The top curve in Fig . 9 shows tha t the d iameter increment of the 
2 00 largest trees per acre continues to increase at basal area levels less 
than that which produc ed the maximum basal ar ea growth per acr e .  This 
ind icates that if thinning is to b e  und er taken for lumb er or veneer , s tand s 
should be maintained at basal area levels below those that are optimum for 
total volume produc tion . Data indicate that by adop ting a heavy thinning 
schedule , and beginning treatment at age 10 , crop trees should average at 
leas t 8 inches dbh by age 40 . Wi th no thinning , crop trees will average 
about 6 inches dbh at the same age ( S teneker and Jarvis 1966 ) . 
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Figure 8 .  Periodic annual basal area increment of the 200 largest  trees per 
acre by residual basal area per acre (Steneker and Jarvis 1 966 ) . 

Smith in his paper d eal ing wi th the silvicultur e and management of 
poplar plantat ions (Chap . V) , discusses r elationship s between individual 
tree growth and per acre growth . Also , he shows wha t  spacings ar e likely to  
be necessary t o  produce specific growth rates and desired end products . 

S ome of the maj or pa thogens caus ing hear twood d ecay in poplar , 
ent er the trees by branchwood infections and of ten the fung i  r equire a num
ber of years to become es tablished . This suggests tha t branch pruning at  
an early age might subs tantially r educe the amount of d ecay in trees at 
maturity or t ime of cutting . Therefore , in 1964 a s tudy was star ted in 
Manitoba to  determine whether pruning in 10- to IS-year o ld s tand s would 
reduce the amount of d ecay in the s tem . In addition ,  pruning of young trees 
may improve their f orm and perhaps increase their height growth (Maini 196 6 ) . 

Regeneration s tud ies 

The f irs t inf orma tion on poplar regeneration was ob tained on pine 
sites at the Petawawa For est  Exper iment S tation . In the 192 0 ' s  s tudies 
were init iated to  determine the r e tard ing ef fects  of 20- to 50-year o ld 
poplar and white  b irch on the es tablishment and growth of c onifer s eedlings . 
Plots were es tablished in the s t ands then thinned by various amounts . 
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Poplars may well b e  a suitable species for shor t rotation manage
ment in Canada . They regenerate easily and will tolerate a wide variety of  
s it es . Fur thermore , j uvenile trees have thin bark and , as indicated earl ier , 
they grow rap idly . Mature poplars are presently being used for the manuf ac
tur e of pulp , f iberboard and ch ipboard and authorit ies have ind icated tha t 
j uvenile tr ees are also suitable f or such products ( H . B .  Marshal and J . L .  
Keays , personal communicat ion) . 

The future for poplar management in Canada is mos t  pr omis ing . 
However , research is needed to ob tain basic informa tion on the mechanical , 
physical and chemical proper ties of poplar s so that new and bet ter uses can 
be found for the spec ies . Also , res earch is needed to obtain more inform
ation on the b iology of the specie s  as a base for the development of econ
omical management and harves ting procedur es . 
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form of  trembling aspen , a potentially valuable parent in the production of 
aspen-like poplars for the prairies . 

P. acuminata x ' Eugenei ' .  The seed parent ( lanceleaf cot tonwood )  
i s  na tive t o  southern Alber ta where i t  is quite drought resistant and not 
damaged by chinooks to the same extent as introduced poplars . The pollen 
parent is a der ivate of one of the many hybrid s  between eas tern cottonwood 
and European black poplar origina ted in wes tern Europe . This cross yield ed 
about a dozen vigorous seedl ings wi th great var iation in suscep tibility to 
leaf rust and in rooting ab ility from s tem cut ting s .  They wer e rather la te 
in matur ing their shoots and in their leaf-fall and are probably suitable 
for growing in the southern prairies only . 

Brayshaw ( 1966 ) bel ieves that lanc eleaf cot tonwood is a derivat e  
of narrowleaf cottonwood f rom na tural hybridization with plains cot tonwood . 
Hybrid s  of th is kind could well be used in poplar breeding for the south
wes tern part of the prairie r egion , where drought and chinook resis tance 
ar e as important as hardiness and good rate of growth . There is also the 
possib ility of s elec tion f or good rooting abi lity from s tem cu ttings wi thin 
such hybrids . 

P. beroZinensis x ' Nor thwes t ' .  Both parental forms ar e hybrids 
involving balsam poplars and eas tern and plains cot tonwood s .  P. beroZinensis 
is a hybrid of P. Zaurifo Zia� a balsam poplar f rom Siber ia , with Lombardy 
poplar and P. ' Nor thwes t ' ,  the lat ter being a natural cottonwood x balsam 
pop lar hybr id from North Dakota . The s eedlings of  this cross showed marked 
var iation in growth rate and in their leaf and s t em charac ter s , as was ex
pected f rom a cross of two inter sec tional hybrids . About one-half of the 
plant s showed the str ong j uvenile branchines s  of the P. bero Zinensis parent . 
This , in turn , is inherited from Lombardy poplar and may be a desirable 
charac ter for shelterbelt mater ials . Only 26 s eedl ings were selec ted and 
this numb er d id not represent the numerous possibil it ie s  from such a cros s . 
Cuttings of  some of  the mos t  promising seedlings wer e later sent to the 
For est Nursery Station at Indian Head , Sask . , for testing and one P. ' BNW #4 ' ,  
has recently been used in crosses there ( Cram 1960 , 1963) . For the purposes 
of  breeding valuable poplar ma terials f or shel terbelts in the prair ies , this 
cross appears to  be very promis ing and warrant s repeated produc tion on a 
larger scale than was possible in 1 9 38 . 

In 1944 seeds wer e  collected from some P. rasumowskyana at the 
Petawawa Forest Experiment S tation . This poplar belongs to the group of the 
so-called "Russian" poplar s , introduced by ear ly settler s  to the prairies and 
representing various hybr ids between European b lack poplar and P. ZaurifoZia. 
The seeds yielded numerous na tural hybrids with native bal sam poplar . Several 
of these hybr id s eedl ings were inoculated with Septoria musiva by Dr . L . P . V .  
Johnson , then o f  the National Research Council o f  Canada , t o  test their 
resis tanc e to this pathogen . About one half of the seedlings so tes t ed 
proved to  b e  resis tant ( Johnson 1942a) . This may ind icate that a s ingle dom
inant gene f or suscep t ibility is carried by P. rasumowskyana in hetero zygous 
cond it ion and thus the breed ing of "Russian" poplars f or r esis tance to S. 
musiva would be r elat ively s imple . 
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For a number of year s , numerous poplar c lones have been grown and 
tes ted at the Forest Nur s ery S tat ion ( s inc e 196 3 ,  designated as Tree Nurs ery , 
P . F . R . A . ) ,  Indian Head , S ask . , f or propagat ion and dis tribut ion to  prairie 
shelterbelts and windbreaks . Several of thes e ,  such as the P. ' Northwest '  
and P. ' Saskatchewan ' ar e natural hybrids (P. jackii) of eas tern c o t tonwood 
and balsam poplar taken into cultivation . Other s , such as P. ' Brooks ' and 
P. ' Bassano ' ,  are natural hybrids of na t ive eastern cot tonwood with the 
"Russ ian" poplars . The clones P. ' Volunt eer ' and P. ' Dunlop ' are repor ted to 
be open-pollinated seedling s of the "Russ ian" poplar s .  P. ' F . N . S .  #44-52 ' is 
a selec ted seedl ing of eas tern cottonwood and P. ' Suther land 4 '  a selec ted 
clone of nat ive balsam poplar . The mor e recent r esults of such tests in
c luded several clones obtained from Petawawa and Maple ( Cram 1960) . Ar ti
f ic ial poplar hybrid izat ion s tar ted ther e in 1962 and was c ontinued in 196 3 .  
The c lones P. ' F . N . S .  #44-52 ' , P. ' B . N . W .  #4 , P .  ' Northwest ' "  P. ' Saskat
chewan ' ,  and P. tristis were used as parents ( Cram 1963) . The r esulting 
s eedlings are being evalua ted in respect to  vigor , rooting ability from s t em 
cu ttings , growth habit , d is ease resis tance , and suitability f or shelterbelt 
plant ing . The cross  P. ' F . N . S .  #44-52 ' x ' S askatchewan ' has yielded some 
seedlings with good roo ting ab ility from stem cuttings (Cram 1965) . 

POPLARS FOR HIGH QUALITY PLYWOOD AND MATCH STOCK 

The main obj ec tive of poplar breeding initiated in 1935  at the 
Petawawa For est Exper iment S tation and c ont inued s inc e 1946 at the Southern 
Research S tat ion , Maple , Ont . , has been to d evelop high quality poplars f or 
plywood and match stock . The work has been summarized by Heimburger ( 1956 , 
1958) and only the mos t imp or tant r ec ent developments are described in the 
following . 

The produc tion of aspen-like hybrids suitable for growing in 
southern Ontario , having good growth rate and growth f orm , good wood and 
ease of vegetative propagation , are aims of the p op lar breed ing proj ec t .  
The problem of raising aspen s eedlings on an indus trial scale under our 
climat ic and soil cond i tions has not yet b een solved . Ther efor e ,  the main 
obj ec t ive has been the produc t ion of new hybrids with good rooting ability 
fr om stem cu tting s .  Although some poplar sp ecies of the sec tions Aegeiros 
(cottonwood s )  and Tacamahaca (balsam poplar s )  with very good rooting ability 
from stem cut t ings can b e  crossed with aspens , they have not , unt il very 
recently , y ielded any promis ing hybrids . Mor eover , the f er tility of such 
hybr id s is not known . Theref or e ,  European white poplar is , f or the time 
being , the only s our c e  of material with good rooting ab ility from s t em 
cuttings available f or transfer into aspen-l ike types . The f er tility of 
its hybrids with aspens has been established (Peto 1938) . Great var iation 
in root ing ability has been f ound among the European white poplar acquisi
t ions tes ted in this respec t .  The best rooting ha s been f ound in the 
sou thwes t ern part of it s rang e ,  in southern Franc e ,  Spain , and North Africa . 
Good rooting is als o  f ound in materials from northern I taly . Unf ortuna tely , 
mos t  of the good rooters have very poor growth form and several are lacking 
in wint er-hard iness at Maple , Ont o The best growth forms wer e  f ound in 
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Figure 1 .  A gray poplar of 
Polish origin, male parent in 
recent crosses, Maple, Ont.  
Height - about 33 ft, age 9 
years . 

eas tern Europe -- Poland , Aus tr ia ,  Hungary , C zechoslovakia and Yugoslavia . 
Their rooting ab ility is usually much poorer than in the wes tern forms , 
although they are better adapted to our c l ima t e .  Crossing wes tern and 
eas tern f orms of European white poplar to combine good rooting ability with 
good growth f orm and better climat ic adaptation has yielded some hybr ids 
with a rooting ability super ior to that of bo th parental f orms . This is 
interpreted as being due to complementary genes for rooting ability in 
wes tern and eas tern forms of European white p oplar and is prob ab ly related 
to the evolutionary his tory of this spec ies dur ing the Pleis tocene . 

Mos t European white poplar planted in eas tern Canada appear to be 
of Normandy origin , i . e . , they belong to the wes t ern form .  Some of their 
hybrids with aspens in western Europe and eas tern Nor th America root r eason
ably well . This rooting ability is as sumed to b e  der ived f rom the European 
white poplar parent but is also inf luenced by the aspen parent . The rooting 
ability of ar tif icial hybrid s  of certain good-rooting European white poplar 
with differ ent aspens was found to dif fer according to their aspen parentag e .  
Hybrids with trembling aspen r o o t  rather poorly in comparison with hybrids 
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Figure 2 .  A natura l European 
white pop lar x largetooth aspen 
on property of Rosedale Go lf Club, 
Toronto, Ont . Male parent in 
recent crosses . Height - about 
37 ft, age 1 0  years . 

of the same European white poplar with largetooth aspen and Europ ean aspen . 
Hybr ids with P. davidiana (As ia tic aspen) occupy an int ermediate position 
in th is respec t between the two American aspens . The hybrids with P. 
siebo ldii ( Japanese aspen) ob tained thus far , root even better than hybrids 
with largetooth aspen . 

Occas ionally hybrids with tremb ling aspen with very good roo ting 
ability can be obtained . These excep tions app ly also to the s trong pho to
p er iod ic reac tion of mos t  nor thern aspens , which are dominant in hybrids 
with Europ ean wh ite poplar . It is probable tha t such excep tions ar e cau sed 
by occas ional r ec essive genes f ound wi thin the very heterogeneous populations 
of nat ive aspens . 

The poor roo ting ability of the eas tern forms of European white 
poplar is also found in their natural hybrid s  with Eur opean aspen , the so
called P. canescens ( gray pop lar ) . By cros s ing gray poplar types from 
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Figure 3 .  Trembling aspen 
(Map le ) x European aspen 
(Italy ) in arboretum at 
Map le� Ont.  Height 28 ft� 
age 9 years . 

eastern Eur opean with natural Europ ean white p op lar x aspen hybrids of 
eas tern Canada , it is p o s s ible  at one and the same time to comb ine the 
rooting ab il ity of the eastern and western forms of European white poplar 
and to ob tain hybr id vigor from a comb ina tion of d if f er ent asp en species 
of the or iginal hybrids .  

This is the pr esent explanat ion of the breakthrough in 196 3 .  At 
tha t t ime , some aspen-l ike seedl ings wi th rooting ability of over 90% wer e 
obtained from a cros s of a f emale gray poplar from Czechos lovakia wi th 
pollen of one of our natural Eur opean whi te pop lar x 1argetooth aspen 
hybr ids ,  both parents rooting below 20% . Later , the comb ination of a f emale 
Eur opean white p oplar x 1argetooth aspen with a male gray poplar from Poland 
ha s yielded comparable r esult s .  As some of our f irs t-generat ion Europ ean 
wh ite p op lar x aspen hybr id s of known parentage and rooting perf ormance are 
beginning to flower , we can expec t gradually improving results from this 
method . The s eed lings obtained by means of such double crosses ar e extreme
ly heterogeneous and ar e ,  at present , being pr opagated and screened in 
r espect to their nur sery perf ormance pr ior to f ield tes t ing . 
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Figure 4 .  Trembling aspen 
(Maple ) x P .  david iana (Asiatic 
aspen ) (Korea) in arboretum 
at Maple� Ont o Height 30 ft� 
age 9 years . 

The pop lar mat er ials ar e t es t ed by plant ing 7- inch cut t ing s in 
the f al l .  By following a plant ing plan that includes replication and ran
d omization of the c lones tes ted , a r easonably r el iable ind ica t ion of the 
total rooting ab il ity of the test ed ma terials is ob tained . To tal rooting 
ability in such t es ts cons titut es , not only root f ormat ion by the cu ttings , 
but also the ability to survive and to  grow into an accep table plant during 
one growing season . The r esults vary with the original position , physiol
ogical age , and s ize of the cu ttings , and with the weather during the year 
of t es t ing . 

To estima t e  the genetic component of rooting ability , it has been 
neces sary to r epeat the tests of any given c lone f or 3 years , and to use 
cut tings of comparable s ize and phys iological age .  The perf ormance of the 
clones test ed is compared with tha t  of stand ard c lone s with known rooting 
ability . Such standard clones also serve in the evaluation of the growing 
c onditions of any given y ear in r elat ion to the overall p er formance o f  
the mat er ials tes ted i n  that year . 
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Figure 5 .  Gray pop lar (Czecho
s lovakia ) x (European white 
pop lar x largetooth aspen) 
Toronto in pop lar p lantation� 
Wainflee t Township� Ontario .  
Height 29 ft� age 7 years . 

S eed ling populat ions of aspen hybrids are screened for rooting 
ability by p lanting one cut t ing from the basal part of each seed l ing of 
acceptable size at the end of the second growing season . The seed lings are 
then at the 1-1 stage . The r emaining s tumps of such seedlings are used for 
evaluat ing the f ield p erf ormance of the populations in test plantations . 
The cutting s are bulk-planted at a rather close spac ing in the fall and the 
number of accep table plant s in the following year are tallied in r elation 
to  the total numb er of cutting s origina lly set out . Cut tings are again 
made from all acceptable plant s , and the process is repeated for 1 year . 
Dur ing this p er iod ther e is a steady increase in the propor tion of cu ttings 
yield ing accep table plants wi thin populations containing good rooting abil
ity . In other populations there is a steady decr ease in the to tal number 
of p lants , un til af t er 3 year s of such mass selec tion , ther e are either no 
plants lef t or the f ew r emaining plants show p oor rooting ab il ity when 
t ested individually . Af ter 3 year s of ma ss selec tion in the above manner , 
the rooted cu ttings from promis ing popula t ions are made into clones . 
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Ther e are several other me thods of br eed ing superior aspens for 
plywood and match stock . In Eur ope , hybrids between trembl ing aspen and 
European aspen of su itable origin show distinc t hybr id vigor and a wider 
s ite adap tat ion than their par ental forms . In Sweden , some of the best 
such f irs t-gener at ion hybrids have eigh t times the current annual incr ement 
of nat ive aspens . This method is undoub ted ly simp ler than the cumb ersome 
introduc t ion of European white pop lar with its high s ite r equ irement s ,  
of ten poor growth f orm and climatic adap tat ion into a br eed ing program. 

The tr end in int ens ive silviculture is towards wid er spac ing in 
plantations to avo id the expensive and unproductive early thinning s .  This , 
in turn , raises the demand s for quality , espec ially in r espec t to growth 
form and growth rate of the planting s tock . Even the mos t  promis ing progeny
tes ted aspen c lones with good specific combining ab ility are so heterozygous 
that a great propor tion of the ir hybrid seedlings are of poor growth form 
and otherwise no t acceptab le as p lant ing s tock.  Inbreeding of one or both 
parent species will undoubtedly result in more unif orm hybrid off spring , 
but th is will also be time-c onsuming and have its pitfalls . Under our 
present c ond it ion a preferred plant ing s tock would be a mixture of thor ough
ly tested hybrid clones , s l igh tly varying in their s ite requirements and 
all of acceptable growth f orm and growth rate and be easily propagated on 
an industrial scal e .  

POPLARS FOR PULPWOOD 

Very little poplar breeding specific for pulpwood has been done 
in Canada . I t  is imp l ied tha t  pop lar p lantat ions es tablished for shelter
belts and for p lywood wi ll produc e pulpwood from int ermed iate cu ttings . If 
and when the more spec if ic r equir ements of super ior poplar pulpwood are 
known , it is quite pos sible that poplar with these qualities could be 
developed through appropriate breeding programs . Pop lar s are so diverse  
in their wood quality tha t s everal possibilit ies exis t in this r espec t .  

Dur ing the last war , a ser ies of poplar hybr id s wer e produced at 
the Petawawa For est Exper iment Station having as their female par ent , P. 
angu Zata , a southern form of eas tern cottonwood . The pol len parent was P. 
simonii , a Chinese balsam poplar . Both par ent trees were growing in the 
arbore tum of the Centr al Exper imental Farm , Ottawa , Ont o The r esulting 
hybrid seedl ing s wer e extreme ly he ter ogeneous . From among thes e ,  several 
clones were selected with good j uvenile growth rat e ,  rather wide s ite r e
quirements and good gr owth f orm . Cut ting s of these have been dis tribu ted 
to several wood-u sing indus tries in Ontar io and elsewhere and the r esults 
to date , for pulpwood produc tion , have been comparable to those of similar 
pop lar mater ials pr oduced in Europ e and the United States . 

With the incr easing tr end towards pulpwood produc tion , even under 
intens ive forest management conditions , the use of balsam poplars in 
breed ing for pulpwood may be quite promis ing . The dark core of balsam pop
lar from the eas t is less pr onounced when it is grown in the wes t .  In 
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northern Alberta , native balsam poplar is us ed for plywood produc tion and 
cons titutes as yet an untapped s ource of breeding mat er ials for both plywood 
and pulpwood produc t ion . 

OTHER WORK 

In the discus s ion of his work wi th the P. jackii x songarica 
hybrids , Skinner ( 19 6 7 )  mentions the appl icat ion of colchic ine to induce 
polyploidy . I t  is not known if any of these are polyploid or if the great 
variation among them is the r esul t  of gene tic s egregation only . 

Dur ing our work with test  plantations in cooperation with the 
Ontario Paper Company on Manitoulin I sland , a trembl ing aspen c lone with 
abnormally large and th ick leaves was discovered . Materials of this clone 
wer e later f orwarded to the Ins titute of Paper Chemistry in Apple ton , Wisc . ,  
where work with triploid a spens is in progr ess . The triploidy o f  this 
clone has been c onfirmed and it  is being used in the breeding work of that 
Institute . 

Johnson ( 1942b) made a preliminary s tudy of the wood quality o f  
s ome na tural aspen hybr id s growing near Ottawa . His results ind icate that 
rap id growth is not s eriously detrimental to wood quality f or plywood manu
factur e .  Rate of growth was f ound to  have lit tle effect on f iber length , 
bu t showed highly signif icant c or rela tion with f iber diame ter . 

In another s tudy Johnson ( 1946)  invest igated the inheri tance of 
s everal morphological charact er s  and of rooting abi li ty of some na tural 
European white poplar x largetooth aspen hybr ids . An F2 generation and 
some back-crosses to  European white p oplar were pr oduced and the resul ting 
seedlings scor ed in respec t to pubesc enc e ,  leaf c olor , shape , margin and 
apex , and rooting ability in a greenhous e  t es t .  The good rooting ab ility 
of the original European white poplar parent was transmi t t ed as a d ominant 
charac ter . The rooting ability of s ome hybrids of the same Eur opean white 
poplar parent with trembling asp en were much inf er ior and it was assumed 
that the la t ter species carried s ome r o o t ing inhibi tors . This has been 
conf irmed by our subsequent resul t s  f r om a much wid er range o f  ma terials . 

GROWTH OF HYBRID POPLARS 

In the fall of 1959 , s ome height measurements and survival c ounts 
were made in the Manit oulin I sland plantat ion of the Ontario Paper Co . on 
aspen hybrids s e t  ou t there in 1955 and 1956 . The height growth varied f rom 
less than 1 foot to about 3 feet a year , and was cons iderably s lower than 
the height growth of hybr id c o t t onwoods which can grow up t o  6 f eet a year 
dur ing the f irst  3-4 years . Recent es t ima tes of height growth under more 
f avorable growing c onditions in the Wainfleet plantat ion (WeIland County , 
Ont . )  gave averages of up to 6 f eet a year f or 5-year aspen hybr ids ;  growth 
rates fully c omparable with tho s e  of the better cottonwood hybrid s .  In 
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addition ,  the cottonwood hybrids planted there are s tagnat ing due to sod 
f orma tion and other factors tha t cause an unfavorable ecoc 1ima t e .  The 
aspen hybr ids ar e gradually shad ing the grass out and do not show any s igns 
of height growth retardation . S ome height measurements of young plantings 
of aspen hybr ids growing at  the Morgan Arboretum , Macdonald Colleg e ,  P . Q . , 
are also available . Their growth is s lightly super ior to those on Mani
toulin Is land but not as good as the ones in the Wainf 1eet plantat ion . The 
mater ials in the la tter plantation c onsis t of our mos t recent and advanced 
hybrids while those on Manitoulin I sland and at the Mor gan Arboretum are 
older materials . Apparently aspen-like hybr id s  can be produc ed whose 
height growth initially is somewha t inf erior to that of cottonwood hybrids 
bu t with more sustained height growth under conditions unf avorable to 
cottonwoods .  This advantage has been demons trated in trees at  least up to 
a heigh t of 25-30 f eet . Some apparently succes sful hybrids are shown in 
Figs . 1-5 . Also , the wood quality of such hybr ids is much superior to that 
of the cottonwood hybrids for plywood manufac ture . 
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CHAPTER V 

S I LV I CULTURE AND MANAGEMENT OF POPLAR PLANTATI ONS 

J .  Harry G .  Smith 
Facu Zty of Forestry 

University of British Co Zumbia 
Vancouver 8, B. C. 

INTRODUCTION 

From a wor ld point of view much is known about silv iculture and 
management of poplars (Anon.  1958 ; S chreiner 1959 ; Bradley , Chr is t ie and 
Johnston 19 6 6 ;  Prevos t o  1966) . A vas t  body of information is potent ially 
available t o  guide Canad ian foresters concerned with improved growth of  
poplars . 

However ,  the maj or purpose of  this chapter must be t o  point out 
the desirability of undertaking the f o rmal experiment at ion required to 
develop methods that are ef f icient for Canadians under Canadian condit ions . 
Only long term and sustained observat ion of carefully planned and adequately 
maintained exper imenta l  p lantat ions can lead t o  methods which are like ly to 
be b iologically sound . It  is equally necess ary t o  develop economic systems 
of management that pay adequate attent ion to the high cost of Canadian 
labor and the need for mechanization of opera t ions . This lat ter point is 
espe cial ly necessary because such large surp luses of relat ively low quality 
poplar exis t  in Canada . The Brit ish Columbia Fore st Service e s t imated that 
the gross cubic f oot volume of  b lack cott onwood in Brit ish Columbia was 
10 billion f t3 in 1957 . This was much les s  than the 17 billion ft 3 of 
t rembling aspen reported for Brit ish Columbia . F itzpat r ick and Stewart 
( Chap . XIV) have estimated that the net merchantab le vo lume of b la ck cotton
wood and a sp en combined for Bri t i sh Columb ia is  14 . 0  billion ft3 • Total 
volume of  these poplar spec ies utilized in a typ ic al year , is only about 
4 . 5 million f t3 according to the Annual Reports of the Brit ish Columb ia 
Fores t Service . Therefore , p lantat ions of poplar can only be j us t i f ied if 
they provide some thing mor e  than a r aw mat erial supp ly . P lantat ions mus t  
produce better wood or more economical wood than that whi ch can be s ecured 
by logging of exist ing natural s t ands . 

PLANTATION EXPERIENCE 

The report on Man-Made Fores ts in Canada ( Cay ford and Bickers taff , 
In press)  showed that 10 . 4 thousand acres of abandoned farmland had been 
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p lanted with poplar s ince 1909 . Cay ford (personal c ommunicat ion) est imated 
that this included 9 , 900 acres p lanted with Carolina poplar in Ontario and 
500 acres with various species in Saskat chewan . In addition, 2 9 . 2 million 
poplars have been planted on an estimated 2 9 . 2  thousand acres in the f o rm 
of f arm shelterbelts and blocks in the agricultural areas of  Manitoba, 
Saskat chewan , and Albert a .  Cram (1960)  described growth and survival of 
17 poplar clones in Saskat chewan . Aird ( 19 6 2 )  summarized h is studies of 
f ertilization and weed control to  improve estab lishment and early growth of 
popla r .  

Vez ina (personal communicat ion) reported that Dr.  Mar t in Hubbes 
recent ly has established 14 exp eriment al p lantations along the S t .  Lawrence 
River in Quebec . In these up to 40 hybrids are currently being tested for  
vigor , growth , and p re sence of f ungi and other defec t s .  Some have been 
p lanted in cooperation with Canadian Internat ional Pape r Company at its 
Harring ton Tree Farm. Dr . L.  P arrot also has estab lished three small p lant
ations s ince 1962  with 50 poplar clones f rom Italy , the United States , 
Ont ario and Queb e c .  Thes e  p lantat ions are located in Mat ane on the Gaspe 
Peninsula and in S t-Raymond near Quebec City . Hubbes (personal communica
t ion) repor ted : 

"The material we work with comes from Dr . E .  S chreiner , North
eastern Forest Experiment S tation, U . S . A. From 68 specie s , hybrids 
and clones , we planted in five p lantations s cattered over the Province 
of Quebec , the f o llowing hybrids p roved to be the mos t  resistant 
agains t pathogens and climatic condit ions : 

P. anguZata x de Ztoides 
P. candicans x beroZinensis 
P. angu Zata x trichocarpa ( 6 )  
P. angu Zata x trichocarpa (34)  
P .  de Ztoides x nigra var . caudina ( 2 5 )  
P.  de Ztoides x nigra var .  caudina ( 5 2 )  
P. de Ztoides x nigra var .  caudina ( 5 3 )  
P.  nigra x ' Eugenei '  
P. de Ztoides x nigra var . p Zantierensis 
P. maximowiczii x trichocarpa 
P. de Ztoides x nigra var . caudina 
P. petrowskyana x nigra var . caudina 

"Thes e  results are considered p re liminary s ince the p lantat ions are 
only 3 years o ld and each spe c imen was only f ive rep licates p lanted 
in each p lantation. But f o r  the t ime being this type of plantat ion 
seems very usef ul to  s ingle out the highly sus cept ib le material . At 
the moment , we have 14 plantat ions ( t rial p lots)  of 1 . 5 acres each of 
these  resistant hybrids in the P rovince of Quebe c " .  

Cayford (personal communication) des cribed the p op lar plantations 
in Ontario as follows : Manitoulin I s land , 103 varie t ies on 40 acres ; 
Wainf leet near Thorold , 100 acres ; Grand Bend , 10-1 5  acres ; Elmvale , 20  
acres ; Petawawa Forest  Exper iment Station, 10 acres ; Coburn Is land (near 
Manitoulin) , 4 . 5 acres not successful.  He also said that a number of 
hybrids have been p lanted at Dropmore , Man . , and there are now about 5 acres 
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in the arboretum in Skinner ' s  nur sery . Near 
Hardp ly Corporat ion has 20 acres of poplar s ,  
are the "Russian poplar" and P. ' FNS 44- 5 2 ' .  
Cayf ord , 5 acres near the town of Slave Lake 
hybrid pop lar variet ies . 

Prince Albert , Sask. , the 
3-10 years o ld .  Spe c ies used 

In Alberta,  according to  
have been p lant ed with 35-40 

The p lantations established by West Tree Farms ( 2 , 000 acres )  and 
by Columb ia Cellulo se ( 400 acre s )  in Bri tish Columb ia are the large st 
established as commercial forestry ventures in Canada . The f irst decade 
of experience with these  and othe r small p lant at ions in Bri t ish Co lumb ia 
was described by Smith and Blom ( 1966) . Annual growth rates in exces s of 
1 inch dbh , 5 f eet in height , and 200 f t3 per acre have been achieved but 
they concluded that much long term research was needed to reduce the risks 
invo lved . Figures 1-3 show typical poplar p lantat ions . 

Maini (personal communicat ion) examined the poplar plantat ions 
in Wainf leet Township during the summer of 1966 . An attempt was made 
there to f ie ld test numerous hybrids and to grow comme rcially two clones 

FigUl'e 1 .  View of populetum., Gardner 
Is land., B. C. Planted as rooted materia l 
in 1 959. 
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Figure 2 .  Fast growing pop lar c lone 8 years after p lanting. 

104 

Figure 3 .  A 1 959 p lanting of 2-year
old P .  'robusta ' sets on Harper Main
land Property . Grass sod strip p lowed 
to both sides and trees p lanted in 
4-inch auger ho les . Two treatments 
of Dowpon around base of trees to 
suppress grass . Trees pruned to 8 
feet in 1 964 . Picture taken in 1 967 .  



P. ' Raverdeau ' and P.  ' IH- 78B ' .  The f irst is a clone of  P. ' Robusta ' and 
the second is a cro s s  between eastern cottonwoo d  ( from Mis sis s ipp i )  and 
European b lack p oplar.  His comments were rather discouraging : 

"The plantation is located on poorly draine d ,  f ine textured soil 
with f ragipan about 15 inches below the surface and much mott ling in 
the prof ile . The eff e ct of spacing , fertilizers and other cultural 
opera t ions was to have been observed in the Wainf leet p lantat ion . 
Unf ortunately the operat ions were very haphazard and d isorganiz ed 
and the plantat ion was very much neglected.  No valid conclus ions 
could be drawn on the e f f ect of spacing , fertil izat ion or cult ivat ion . 
Both of these hybrids are unsuitable for the f ine textured and poorly 
drained s oils of the p lantation . Mortality is high in both hyb rids 
(P. ' IH- 78B ' , 55% ; P. ' Raverdeau ' , 70%) . The roots of  P. ' IH- 78B ' 
penetrate deeper than those of P. ' Raverdeau ' ,  but the former is 
more sus cep tive to suns cald than the latter .  Bet ter growth o f  sur
viving P. ' Raverdeau ' t rees ( than P. ' IH- 7 8B ' ) was partly attr ibuted 
to  their shallower r oot sys tem distributed ext ensively above the 
f ragipan and in the upper 8 inche s . "  

Although the Wainfleet p lantations of the Ontario Pape r Company 
Limited have been disappoint ing , much of value s t ill may be learned f rom 
their Gore Bay plantat ions on Manitoulin Island . The ir Chief Forester , 
J . F .  Walker (unpublished dat a) , obs erve d :  

"The basic difference between the hybrid poplar plant at ions on 
Manitoulin and in Wainfleet should perhap s be pointed out . The 
Manitoulin plantat ion,  estab lished in 1955 , was des igned to f ield 
test a large numbe r  of the mos t promising hybrid poplars , either 
co lle cted (f rom all over the world ) , or developed by Dr . Carl Heim
burge r ,  Resear ch Division , Department of  Lands and Forests o f  Ontario . 
F ield tests included variations in spacing , cult ivation , f ert iliz at ion , 
pruning , et c .  ( Several unpublished reports on this expe rimental work 
are available . )  About 108 variet ies of hybrid poplars are current ly 
growing in the Gore Bay p lantat ions . 

"The Wainf leet p lantat ion was designed to exp lore the economic 
and s ilvicultural aspe cts of growing , on a "comme rcial" basis , fast 
growing hybrid p op lars on abandoned f arm land in the vicin ity of the 
Thorold Mill , to provide a readily available source of accept ab le 
wood f iber f or future use . " 

Heimburger (per sonal communication) took a pe ssimis t ic view of 
poplar cultivat ion in Ont ario . He s aid : 

"Poplar growing in east ern Canada is largely a series of  frus tra
t ions interrupted by a few promising result s . Two main t rends are 
in evidence . S ome people show great interest and enthus iasm, make 
good s it e  preparation and p lantat ion e stablishment , but over- expend 
the ir eff orts on maintenance . The pop lars are pruned , cult ivat ed and 
various ly manicured to death . Somehow , the novelty does not wear off 
soon enough and this r esult s in bad publicity and f rustrat ion. Other 
people make only f air s ite p reparat ion and good p lant ing followed by 
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very poor or no maintenance . Under su ch cond it ions , cottonwood 
poplars grow int o  large shrubs surrounding a dead st ick , but many 
aspens do quite well . S ince the re is no pruning , much varia t ion in 
natural p runing abi lity of the planted materials can be observed 
and used as a basis f or selection .  This is one of  the reasons why 
I am much more int erested in aspens than in cottonwood s . Also , the 
potential growing area for  asp ens is far greater than the area 
suitable f o r  cottonwoods in eastern Canada . Many farmer ' s  woodlots , 
also on relat ively wet land , could p robably b e  converted to aspen 
hybrids with good economic result s .  

" In our own work, on Crown land , we p lant poplars usually at 
8 x 8 f t  spacing , in the f al l  when the p lanting areas are drier and 
more acces sible than in the spring , af ter one full season of cul
t ivation t o  eliminate sod.  Stump p lanting , as with t eak, is used , 
t o  save on packing and t ransportation . One good sprout is left 
during the f ir s t  f all af ter p lant ing and grows into a t ree . We prune 
in the middle of the summer , leaving everything on the ground . This 
usually is conducive to good ecoclimate and pop lar growt h .  None of 
our own poplar p lantat ions have as yet reached th inning age and we 
have no exp erience [ in this ] . " 

CHO ICE OF STOCK 

As if the choice between aspen and cottonwood is not suf f icient ly 
comp licated , the Canadian f ores t  manager is f aced with a bewildering choice 
f rom many o ther spec ies and hundreds of hybrids . Usually , if there i s  any 
local exp erience with hybrid poplars , the se have b een grown as ornamental s 
often off-s it e ,  with a minimum of care , and f rom h ighly uncertain source s .  
Careful s tudy can glean some use ful c lues f rom growth of such t rees but 
much risk is involved . 

It s eems obvious that long- term observation of Populetums such as 
that establ ished on the Univers ity of  Brit ish Columbia Resear ch Fores t 
(Walters 1963 , 1966)  and on Gardner Island ( Smith and Blom 19 66)  will be 
needed to g ive some assurance that the t rees use d  operat ionally are among 
the bes t .  More work of the kind reported by Pet o ( 1938)  is needed .  

I n  many situat ions and e specially f o r  growth of pulpwood the 
s af est approach will be to sele ct superior clones f rom nat ive poplar stands 
that have alr eady p roven the ir suitab ility for the s ites invo lved .  Cott on
woods should be favored over aspens because they grow faster than aspens 
and are easier to propagate.  Smith (195 7 )  reported f rom 3 to 5 f eet annual 
height growth for b lack cot tonwood f rom coastal regions , which is much 
sup er ior t o  the 0 . 8 t o  1 . 6 f eet of he ight growth es t imated f or trembling 
aspen by Heinselman and Z asada ( 1955 ) . 

Thanks t o  the eff ort s of the late Dr.  J . E .  Bier and others , e . g .  
Boyer ( 19 61) , i t  now should b e  pos s ib le t o  great ly reduce the damage caus ed 
by t he various d iseases wh ich prevente d  large s cale use of black cot tonwood 
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stock by Wes t  Tree Farms ( Smith and B lom 1966) . However ,  considering f orm, 
natural p runing , growth rate and resistance to pes t s  P. ' Robus t a '  st ill 
seems to be preferable to ordinary clone s of b lack cottonwood f or the lower 
Fraser River Valley . 

MANAGEMENT ALTERNATIVES 

Once he has decided on a spe c ie s ,  the forest manager also has to 
choo se among intensive management of land close to the mil l ,  extensive 
management of more distant land , or combining one of thes e  with a cont inual 
p ro ces s of improving utiliz at ion methods to deal more eff e c t ively with 
grades , sizes , and species of t re es that are economically marginal.  

This th ird alterna t ive is se ldom open to managers of most inten
s ively managed poplar stands who usually enj oy the benefits of a t imber 
hungry economy . But Canadians have no j ustif icat ion f or methods wh ich 
s imply maximize f ib er product ion without regard to cos t s  and alt ernat ives . 
Instead we usually have diff iculty recovering our cos t s  of growing wood 
because stumpage prices still are l imited by tho s e  f or easi ly available 
natural s tands . 

It wil l  be many years before local data o f  the kind reported by 
P revosto ( 19 66) are available . He s elected:  " 1 , 2 2 3  sample p lant ations 
vary ing in age f rom 3 to 15 years f rom t ime of plant ing , covering a tot al 
of over 5 , 000 hectares and containing about 2 million plant s ,  i . e .  about 
10% of the p lant s  of c lone P. ' 1- 2 14 ' grown in the Lombardy-Piedmont p lain" . 
He concluded : "both the rotat ion of the maximum volume product ion and the 
economic rotation are of about 9 years in dense p lant at ions (about 200- 400 
t rees per B�gf:Ee) in all c lasses taken int o consideration . In average , <? <i!re 
dense p lantations (about 120- 160 trees per he etaye) the rotat ion of maximum 
volume p roduction is 13 years in good (product ivity) classes , and 11- 12 
year s  in poor ones ; the economic rotat ion is 1 1  years in the forme r and 
about 10 year s  in the latter one s . In widely- spaced p lant at ions (about 80-lfi.crt-
100 trees per lv' i t.,,:e.) the rotat ion of the maximum volume p roduct ion is of 
about 14-15 years whi le the economic rotation is of about 13 years in all 
product ivity classes " .  

Maximum annual product ion of p oplar f iber will come f rom very 
c los ely spaced stands grown on short rotations . However ,  the cap it al costs 
involved in establishing such p lant at ions would also be high . Wes t  Tree 
Farms ' co sts for growing and p lanting each short cut t ing were 3 . 5  cent s .  
Using 10 , 000 of these p er acre would cost $350 . 00 and impose an annual 
int eres t charge of $ 17 . 50 at 5 % .  Stumpage value s at current pr ices on even 
5 00 f t3 growth per acre/year could barely meet the interest charges .  T rees 
per acre would have to be reduced to perhap s 1 , 000 before there would be 
any hope f or recovery of minimum capital costs of $3 5 . 00 as wel l as int erest . 
New t echnolog ies involving s i lage (McAlpine et al.  196 6 )  and chip groundwood 
(Eberhardt 19 65)  methods might improve this s ituation . 
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A f ormula f or est imat ion of tree and s tand volume f or black cott on
wood can b e  used to i llus t rate the dimensions within which forest managers 
can plan the ir operat ions . Smith and Munro ( 19 6 5 )  observed f o r  b lack 
cottonwood that V/B equals 0 . 3 6  H ,  whe re V is t ota l  cubic f oot volume inside 
bark ( ib ) , B is basal area outside bark at breast height , and H is total 
t re e  he ight . For t remb ling aspen V/B equals 0 . 42 H .  Smith and Kozak ( 1967)  
reported that b lack cottonwood ib  volume s must be increased by  2 2 %  f or bark 
and that t rembl ing aspen ib volumes mus t be increased by 19% for bark. 

When solving this V/B relat ionship f o r  the limit of annual height 
growth , which is about 10 f ee t  f or hybrid poplars , it is evident that a 
stand mus t have 28 f t2 of basal area per acre to support an annual growth of 
100 f t3 • To grow 500 f t3 per acre , a poplar stand would have to have 139 
f t2 of basal area at the beginning of the year and gain 10 f eet in height 
during the year . To grow 100 f t3 per acre when annual height growth is 
1 foot , 2 7 8  f t 2 of basal area per acre are needed . Early development of the 
required level of basal area obvious ly involves many p roblems . 

To provide the 2 8  f t 2 of basal area per acre needed to support 
annual growth of 100 f t3 asso c iated with annual height growth of 10 feet we 
must have 2 8  t rees 13 . 5  inches dbh , 280 t rees 4 . 3 inches dbh , or 2 , 800 trees 
1 . 4 inches dbh .  Unle s s  there are wel l  deve loped markets that wil l  pay for 
very young , small t rees (th innings )  there mus t be a sacrif ice of product ive 
capacity while basal area is being built up to des ired leve ls . 

A measure of the loss associated with incomplete s to cking of 
poplars during this j uvenile pe r iod also exis t s  in the rat io of the crown 
width (CW) of open grown poplars to their dbh . Exp ressed as CW in feet to 
D in inches th i s  ratio averages 1 . 67  for both open and forest g rown b lack 
cottonwood ranging from 7 to 25 inches dbh (Pearson 1962) . Smith (1966) 
reported that crown widths of bo th open and f orest grown trembl ing aspens 
were 4 . 0 + 1 . 30 t imes dbh . For open grown balsam poplar CW = 3 . 0  + 1 . 75 D ,  
and f o r  f orest grown balsam poplar CW = 2 . 5  + 0 . 95 D .  Basal area per acre 

1 5 . 42 
equals for s quare spacing ( Smith 1965 ) . If the des ired s iz e  at 

( CW/D) 2 
harvest  i s  estab lished by t echnical or economic cons iderat ions that are 
known, it then is possib le to further def ine the l imit s within which the 
species can be grown . For example , 16 inches dbh was cons idered as the op
t imum in ear ly plans for development of the Wes t  Tree Farms p rogram . Then 
the forest manager want ing to s tart p roduct ion quickly might choose to plant 
62 t rees or sets per acre and to grow them throughout their l ife without 
competition unt il they reach the desired harvest siz e of 16 inches dbh . 
Such t rees would p roduce reduced y ields per acre at full stocking but a 
maximum rate of growth per acre for that size  of t ree . Alte rnat ively , the 
manager might choose to f orce his t rees into full sto cking and normal den
s ity when they are only 2 inches dbh .  Then the stand would have 4 , 000 t rees 
per acre and compet it ion would eliminate the weakest ,  or le ss fortunate , 
naturally as they grew in dbh to the desired 1 6  inches average . When this 
stand reached 16 inches it would contain perhap s 67 trees but these would be 
nearly twice as old and might be nearly twice as tall as the poplars grown 
without compe t ition ( Smith 19 6 6 ) . 
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One good compromise is t o  p lant j us t  enough t rees t hat the des ired 
average dbh will be ach ieved by the number of t rees required f or normal 
y ield.  This could be done by p lanning t o  p lant enough t rees t o  create full 
st ocking and open stand density at 8 t o  10 inches dbh . The number of t rees 
or sets required t o  do this will be about 170 per acre . 

The re may also be a legitimate des ire to sacrif ice y ie ld per acre 
for even lower e stablishment cos t s  and a h igh rate of growth per tree . This 
can be done by p lant ing hybrid p op lars or cottonwoods at spacings of 20 x 20  
or 15 x 3 0  f ee t . The latter spac ing facilitates  all operat ions involved in 
establishment and harve s t  of the stand. The 97 to 109 t rees p lanted per 
acre could be harve sted when they average 16 inches dbh or be he ld unt i l  
they average about 2 1  inches dbh and achieve normal y ie ld s .  Mortality of 
such t rees should be low , but long t erm observat ions are needed to conf irm 
this op inion . 

The wide spacings j ust discussed app ly very well to b lack cotton
woods capable of growing f rom 3 to 5 feet in height annually .  Much c loser 
spacings are needed t o  p rovide the basal area required to ut iliz e the site 
more fully when p lant ing aspens that may only grow f rom 1 t o  2 f eet annually 
in height . 

To use an annual growth cap ac ity of 5 0  f t3 per acre with an aspen 
50 2 s tand growing 1 f oot a y ea r  in height . 44 or 1 13 . 5 f t  of basal area are 

needed . If the t rembling aspen s tand were increasing in height by 2 f eet 
annual ly ,  only 57 f t 2 of basal area would be needed . Even then, spac ing 
with t rees 1 inch dbh would have to be about 2 x 2 feet to fully ut i lize 
the s ite capacity with 10 , 400 t rees per acre . Unless the re i s  an excellent 
market f or very small pulpwood , op t imum spacing f or t rembling aspen will be 
about 14 x 14 or 10 x 20 f eet . This should produce a maximum harvest of 
8- 12 inch dbh trees at a minimum cost per  acre . 

OPTIMUM MANAGEMENT CONDITIONS FOR BLACK COTTONWOOD 

The system that is mos t  l ikely to prove p rof itab le in Canada will 
involve a minimum of hand labor and wi l l  aim at rap id product ion of large 
s iz ed trees . Strip c le ar ing with a IS-foot bulldozer b lade leaving every 
second s tr ip f ree facilitates plant ing of sets at a spacing of 15 x 30 f eet . 
Potent ially competitive t rees between rows should be killed .  Us e of sets 
10 to 12 f eet tall should g ive high survival and require a minimum of weeding 
and c le aning . Unt il superior local b lack cott onwood hybrids can be deve loped,  
wel l  t es ted European poplars such as P. ' Robust a '  should be used . P lanta
t ions should be inspected periodically in order to detect and p lan any 
necessary action agains t pests , and reduce the p robab ility of losses caused 
by trespas s ,  but little maint enance can be af forded . If trees are to be 
grown for veneer ,  pruning will be necessary and this may be facilitated by 
use of "Tree Monkeys "  ( F ig .  4 ) . (These S achs t ree-pruning machines are dis
t r ibuted in Canada by Vanguard S teel Ltd . , Vancouver 1 ,  B . C .  They are 
powered with a power saw motor and are designe d  to climb and p rune 5-10 inch 
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Figure 4 .  Tree monkey� used for pruning� costs $1300 (US) . 

dbh trees to a 4 inch top dob . They climb at about 10 f eet per minute to a 
height of 40 f eet ) . It wo uld be mos t  desirab le ,  economically ,  to p rune in 
one operat ion to a height of about 30 f eet t o  g ive three veneer b locks when 
trees are about 60 f eet tal l ,  which is within the present 4-10 inch diameter 
range of the Tree Monkey . It may be p os s ib le to remove every second tree 
within rows in a th inning or these may be regarded as a reserve against 
mor tality . Probab ly mo st cottonwo od stands should be harvested when they 
average about 16 inches dbh . 

CONCLUS IONS 

A good st ar t on some aspects of pop lar cultivat ion has been made . 
Much more must be learned,  however ,  about growth and y ie ld f rom species and 
spac ing trials and about the methods and e conomics of managing commer c ial 
pop lar plantat ions . Forma l ,  large s cale , comprehens ive , well p lanned and 
adequately f inanced resear ch p rograms are needed now to secure the bas ic 
data required to plan and manage poplar p lantations to sat isfy inc reas ing 
needs for high quality poplar in Canada . 
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CHAPTER VI 

POPLARS FOR GRASSLAND PLANTI NGS 

W .  H .  Cram 
Tree Nursery� P. P. R. A .  

Canada� Department of AgricuZture 
Indian Head� Bask .  

INTRODUCTION 

Federal. tree nurseries have , s ince 1901 , p rovided material for 
some 350 , 000 acres o f  shelterbelt plantings in the Prairie Provinces . 
Eight per cent of this acreage was poplar . Annual p lantings of  poplar have 
ranged f rom 101 to 960 acres or 140 , 000 to 1 , 315 , 000 trees . Climatic and 
o ther condi tions have aff ected the annual demand for poplar , thus during 
the 1930 ' s  p lant ings decreased to 142 , 000 annual ly . However , s ince 1960 
the demand for poplars has exceeded the material available so that produc
tion is b eing expanded at Indian Head to permit plantings of 2 million 
roo ted cuttings a year by 19 7 0 .  

POPLARS IN SHELTERBELTS 

Pop lars were formerly p lanted around prairie f arm homesteads to 
p rovide early shelter , but f ew p ersis ted b eyond 16 years b ecause of adverse 
effects  o f  drought , s ite , diseas e ,  and possib ly ins ects . They were later 
p lanted as a "nurs e" o r  t emporary species in mixed shelterbelts alternat ing 
in the row wi th s lower-growing but more permanent species of deciduous trees , 
such as e lm and ash . More recently , poplars have been p lanted as the out
s ide rows in home shelterb elts to p rovide early shelter and to facili tate 
r emoval when the inner rows of the more permanent sp ecies afford sufficient 
shelter . 

Before 1940 , planting s tock o f  poplar dis tributed by the Tree 
Nurs eries was l imited to three c lones , P. ' Northwes t ' , P. ' Saskatchewan ' and 
P .  petrowskyana� one o f  the "�uss ian" poplars . As new c lones b ecame availa
ble this numb er was increased to 13 by 1958 but s ince 1965 distribution has 
b een res tricted to the f ive clones that performed best in local and regional 
tests . These clones , now b eing mass produced and dis tributed for p rairie 
p lanting are P.  ' Northwes t ' , P. ' Saskatchewan ' ,  P. ' FNS 44-5 2 ' , P. ' Gelrica ' 
and P. ' Tristis ' .  
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NURSERY PRODUCTION 

Before 1963, p l anting material was produced and d i stributed as 
8- inch hardwood cut tings obtained f rom s tooling or cu tting b ed s .  These 
cu t tings were normally s tored over winter by heeling- in out-o f-doors and 
packed and shipped in the spring. The production of roo ted cu tting s ,  which 
ensure better s tand s ,  has been made pos sible by the mechanizat ion of all 
phases o f  nurs ery operation s .  The use o f  herbicides and irrigation, the 
deve lopment of a hydrau lic cut ter, and mechanical harves ters and p l anters 
have reduced cos ts per 1, 000 roo ted cut tings from $23 to $ 11 since 1964. 
Thi s  c o s t  inc ludes $ 2 . 48/ 1000 for the produc tion o f  hardwood cut t ing s ,  
$ 2 . 47/ 1000 for p l anting, $ 1 .34 for nursery cu l ture and $ 4 . 63 f o r  harve s t ing 
and s torage. I t  is antic ipated that cos t s  wi l l  be further reduced to abou t 
$ 7/ 1000 wi th refrigerated b in s torage. 

All pop lar p lanting material was produced and d i s tributed as 
8- inch hardwood cu ttings prior to 1963 as the mo s t  economical method . 
Nurs ery produc tion o f  pop lar s  entai l s  the e s tab l ishment o f  s tooling or "cut
tings "  bed s ,  from which shoo ts of the current growth are harves ted each fal l 
and made into hardwood cu ttings .  Normal ly ,  these cuttings are s tored over 
the winter by hee ling- in ou tdoor s for the spring packing and shipp ing opera
tions.  With gradual mechanization of harves ting, p lanting and cu l tural 
operations on the nur s ery, the production and d i s tribution of " roo ted" cut
ting s has proven more prac tical and economical to ensure better stand s .  
For examp le, the hand labor required t o  harves t  and make hardwood cuttings 
has been reduced from 2 . 4  man-hours per 1, 000 in 1964 to 1. 6 man-hours per 
thou s and with hydrau l ic cut ters in 1966, or by 65% . U ti l ization o f  roo ted 
cu ttings wou ld material ly reduce the c o s t s  of es tab li shing she1terbe1t s  and 
refores tation operations . 

S tudies on 17 c l ones between 1951 and 1956 (C ram 1960) showed one 
female c lone, P.  ' FNS #44-52 ' ,  to be ou t s tanding wi th a survival rate o f  
94% and a height o f  2 5  fee t after 6 year s .  S ix o ther c lones ,  P. ' 38P38 ' ,  
P. ' Tr i s t i s  #1 ' ,  P. ' Ge1ric a ' , P. ' BNW #4 ' ,  P. ' Northwes t '  and P. ' S askat
chewan ' ,  had survival rates of 75-100% and attained heights of 12-20 fee t. 
Ten c lones P. deZtoides var. occidentaZis� P. ' Incrassata ' ,  P. angustifoZia� 
P. ' Dunlop ' ,  P. ' Vo lunteer ' ,  P. ' Whee ler #4 , P. ' AS #2 ' and P. ' Brooks #4 ' ,  
P. ' Brooks #7 ' and P. ' Brooks #10 ' , were highly susceptible to disease or 
advers e  c l imatic conditions and were deemed o f  l i ttle value for she1ter
b e l t s  in the Indian Head area .  A breeding program to incorporate the rooting 
abi li ty ,  vigor and d isease r e s i s tance of the s even b e s t  c lone s  was ini tiated 
in 1962 . Hybrid s elections f rom these c ro s ses are now being evaluated. 

INVESTIGATIONS 

Rooting capac i ty of hardwood cu ttings has been f ound to increase 
with matur i ty of shoots from the c lonal material. Cuttings harves ted in 
195 7  from three c l ones P .  ' N orthwest ' , P. ' Brook s '  and P. ' 44-52 ' ,  on Oc tober 
9 and 29 , had an average rooting capac i ty of 43 and 53% in 1958, wi th an 
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aver age top growth o f  3 0  and 4 5  cm, respec tive ly . Previou s and subsequent 
s tudies have confirmed the superiori ty of cut tings from mature wood . 

S torage o f  hardwood cut tings has also been investigated . In the 
f all o f  1965 ou tdoor s torag e  o f  three clones was c ompared with re frigerated 
s torage at 0, 28, and 34F , with and wi thou t polyethylene and vermicu lite 
pro tec tive coverings . Average s tands of cu ttings in 1966 fol lowing s torage 
until May 30 were 5% for ou tdoor s torage compared to 44% for "bare" , 59% for 
vermiculite and 7 5% for poly-covered cutting s .  S tands following refrigerated 
s torage at OF were greater than those stored at 28 and 34F . On the o ther 
hand, average s tands for the three c lones fol lowing OF s torage were 84% for 
the poly-covered and 80% for the "bare" cut tings . S torage at OF with poly
e thy lene coverings has been acc ep ted as a s tandard nursery p rac tice . 
S ignifican t  reduc tions in handling and labor c o s ts are now pos sible by 
u tiliza tion o f  refrigerated s torage in poly- lined pallet s .  

Herbic ide inves tig ations have demons trated that L inuron a t  2 lb . /  
ac re ( ac tive) produces good to excel lent results throughout the g rowing 
season in plantings of roo ted pop lar . On the o ther hand , app lications of 
simazine at 3 lb . / acre were toxic to es tablished plantings o f  poplar . 

TEST PLANTINGS 

Regiona l te s t  plantings of pop lar have been conduc ted on a co
operative basis since 1964 with the Alber ta Department o f  Agricu lture , the 
S a skatchewan Department o f  Natural Resources,  and the federal Department 
o f  Fores try and Rural Deve lopment in Manitoba .  These tes ts are planned to 
evaluate the po tential for she lterbelts and pulp o f  all available poplar 
clones in the three regions . S ome 163 clones of poplar have been acquired 
at the Tree Nursery to date and will be propaga ted for inc lu sion in future 
regional tes ts . 
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CHAP1ER VI I 

I NSECTS AND D I SEASES 

A .  G .  Davidson and R .  M .  Prent ice 
Directorate of Program Coordination 

Department of Forestry and Rural Deve lopment� Ottawa 

INTRODUCTION 

The poplars in Canada are hos t to a wid e variety of insec t s  and 
disease organisms . For example , at least 300 insects and 150 fungi have 
been recorded by the Forest Insect and D isease Survey on l iving t rembling 
aspen alone . Many of these cause little , if any , damage and the importance 
of others is unknown . This paper reviews present knowledge of some of  the 
more important insect and d isease problems f rom the standpoint of hosts , 
distribut ion , present or potent ial impact , l ife hist ory , and control . 

INSECTS 

Def oliators 

On the bas is of f eed ing hab it s , the def oliators are by far the 
largest group of insect sp ecies attacking poplar . The extent of damage by 
this group depends on the severity of defolia t ion , the t ime of the year 
when defolia t ion occurs , and the frequency of succes s ive defoliat ions . 

The insects defoliat ing pop lar belong mainly t o  two order s ; 
Lep idoptera (moths and but terf lies ) , and the Coleop tera (beetles ) . While 
both the larvae and adults of Coleop tera are leaf feed ers , only the larvae 
of Lep idoptera cause damage . 

Outbreaks of def oliating insects can generally be controlled by 
the app licat ion of chemicals such as DDT or malathion . Although small-scale 
control programs are carried out against these ins ects in towns , c it ies , 
recreation areas , and p lantat ions , the present level of ut ilizat ion of 
poplar in Canada does not warrant the spraying of ext ens ive forest stands . 

Lepidoptera 

Forest t ent caterpillar , Ma lacosoma disstria Hhn . :  This tent 
caterp illar f eeds on a number of  broad-leaved spec ies , but trembl ing aspen 
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is the pref erred hos t .  Infes tations occur period ically in trembl ing aspen 
s tands f rom the Maritime Prov inc es to Brit ish Columbia . The mos t extens ive 
of these have developed in central Canada where asp en f orms a maj or com
ponen t  of many fores t  s tands . Outbreaks in this reg ion have covered areas 
of up to  100 , 000 square miles . T�e typ ical pattern of outbreaks has been 
descr ibed by S ippell ( 1962)  and a number of workers have prepared carto
graph ic his tories of inf estat ions in Canada and adj acent areas in the 
United S tates (Duncan and Hodson 1958 ; Hildahl and Reeks 1960 ; S ippell 1962 ) . 
High populations of the f orest tent caterp illar usually appear suddenly and 
per sist for 2 or 3 years . They frequently cause comp lete defoliation of 
hos t trees by early summer . For tunately trees that are heavily def oliated 
at this t ime of the year usually produc e new foliage . De sp ite the sp ec
tacular nature of outbreaks of this ins ec t ,  ther e have been few ins tanc es of 
apprec iable tree mortality . Some branch mortality may occur but the main 
effect of outbreaks is the r eduction in the annual growth of s everely 
defoliated trees (Barter and Cameron 195 5 ;  Hildahl and Reeks 1960 ; Ro se 
1958) . This reduc t ion in growth may continue for 2 years following ou t
breaks . The growth reduc tion from an outbreak in Manitoba and Saskatchewan 
dur ing the early 1950 ' s  amounted to 2 cords per acre over 1 . 5  million acres 
( Hildahl and Reeks 1960 ) . Dur ing outbreaks , the large number of larvae 
and the unsightly app earanc e of denuded trees are a nuisanc e in resort 
areas . 

Figure 1 .  Trembling aspen stand defo
liated by the forest tent caterpillar. 
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The t ime of egg hatch of the forest tent caterp illar is influenced 
by weather and may occur from late April to mid-May . Young larvae appear 
on the trees at about the t ime the buds are bursting and at f ir s t  f eed 
gregariou s ly .  Later they scatter throughou t the crown and feed vorac ious ly 
on the develop ing foliage until mid-June . Cocoons are spun either on the 
leaves of the host trees or on nearby shrub s and ground p lants . Mo ths 
emerge 8 to 12 days later and lay their eggs in conspicuous bands on the 
twigs of the hos t .  The insect overwinter s a s  a f irst-instar larva within 
the egg shell . 

The number of egg band s on the trees provide an ind icat ion of the 
int ens ity of inf estat ion that may be expected the following year . However , 
the valid ity of f orecas t s  based on autumn egg surveys can be s trongly 
inf luenced by the failure of eggs to hatch (Prentice 1954) and extremes of 
weather immed iat ely following hatching (Blais et a l . 1955) . 

Outbreaks are usually terminated by natural control f actors such 
as s tarvat ion , paras ites , predator s , d is ease , and unfavorab le weather 
condit ions (Brown 1966 ) . S tarvat ion is a part icular ly imp ortant control 
factor because the number of insects often increases so rap id ly that trees 
are defoliated and the f ood supp ly is exhausted before the caterpillars are 
fully grown . 

Over 40 spec ies of ins ect paras ites at tack the f orest tent ca ter
p illar ; some at tack the eggs , some the caterp illars , and others the cocoons . 
One of the f lesh-f lies , Sarcophaga a ldrichi Park , is the mos t imp ortant of 
these paras ites ; living maggots are depos ited on the cocoons and f eed on 
the body t is sues of the ins ect within . 

Unfavorable weather appears to be the only natural control factor 
capable of bringing an outbreak to an end within the f irst 3 years . Out
breaks have been terminated by cold spe lls which occurred immed iately before , 
or soon after , the hatching of the eggs . Cold spells after the caterpillars 
have hatched may cause their death by freezing the leaves so that the cater
pillars cannot eat , or by making them too s luggish to f eed . 

Large aspen tortrix ,  Choristoneura conflictana (Wlk . ) : The large 
aspen tortrix , like the forest tent caterp illar , f eeds on a number of broad
leaved trees but p ref ers trembl ing aspen . I t  occur s across Canada but is 
mos t common f rom Ontar io wes t where it periodically caus es severe def oliat ion 
of aspen (Prent ice 1965 ) . S evere inf estat ions cover ing 10 , 000 square miles 
or more have been recorded in Manitoba and Saskatchewan . Generally , severe 
outbreaks p ersist  only 2 or 3 years in any particular area . Although little 
is known about the ef f ec t  of s evere infestation on aspen s tand s , tree 
mortality to date has b een negligib le . I t  may b e  expec ted that some losses 
would occur should aspen s tands be succ essively attacked by t ent caterpillar 
and the aspen tortrix .  

The eggs o f  the large asp en tortrix are la id in f lat clusters on 
the aspen leaves from mid-June to early July , and the larvae hatch 7 to 10 
days af t er oviposition (Prentice 1955) . The f irs t-ins tar larvae are gregarious , 
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congregat ing between f lat surfaces of leaves they web together . The larvae 
skeletonize the f o liage , but f eed ing damage is not conspicuous at this 
s tage . During the lat ter part of Augus t the larvae descend to the base of 
the trunk and overwinter in hibernacula . Second-ins tar larvae emerge from 
hibernat ion in early May . They ascend the trees , mine the swelling aspen 
buds and again f eed on ep idermal leaf tissu e .  From the latter part of the 
third-ins tar until pupat ion , the larvae f eed wi thin rolled leaves , eat ing 
all bu t the larger leaf veins . I t  is during this per iod of larval develop
ment that mos t def oliation occurs . The larvae pupate f rom early June to 
mid-June and the adults emerge 7 to  14 days later . 

Second- and third- ins tar larvae remain in mined buds and devel
oping leaf c lus ters for a per iod of 10 to 14 days in the spring . Samp ling 
at this t ime provides an estima te of the potent ial p opulat ion and f orms the 
basis f or def oliation forecas t s . 

The large aspen tortrix has many paras ites , some of which at tack 
other common fores t insec ts . Birds and ants also a ttack the larvae . In 
one area , hiberna ting s ec ond- instar larvae were inf ec ted by a fungus but 
its impact as a control has not b een evaluated . 

Satin moth , Sti Zpnotia saZicis L . : The satin moth , native to 
Europe and wes tern As ia , was f irst discovered in New Wes tmins ter , B . C . , in 
1920 and at several points in the Maritime Provinc es in 1930 . I t  has now 
b een recorded in Newfoundland , Prince Edward Is land , Nova Sco t ia , New 
Brunswick ,  Queb ec , and Br itish Columb ia (Reeks and Smith 1956 ; Prentice 
196 2 ) . The insect a ttacks s ilver pop lar , Carol ina p oplar , trembl ing a spen ,  
Lombardy poplar , balsam poplar , b lack cot tonwood , and other poplars . 
Natural s tands have been a t tacked in British Columb ia and Newf oundland , but 
the ins ect is pr imarily a pes t of p lanted poplars ( Reeks and Smith 1956) . 
Repeated s tripp ing of poplar foliage for f our cons ecutive years may caus e 
limited tree mor tality bu t cons iderable branch-killing . For example , 
branch mortality as high as 80 to 90% has b een rec orded on Carolina poplar 
in the Maritime Provinces . 

The life his tory of the sat in moth var ies with clima te but in 
general the moths appear during midsummer . Eggs are laid in masses on tree 
trunks , pos t s , bu ild ings , and other obj ec ts . Af ter ha tching th e young 
larvae skeletonize the foliag e .  In la te summer or early autumn , the larvae 
move to the s t ems and branches and f orm hibernat ing webs in which they 
overwinter . The following spring the larvae feed again and consume mos t  
o f  the leaf t is sues exc ept the pe tioles and larger veins . Pupat ion occur s 
ins ide cocoons formed on f oliage , build ings , or other s ites . 

The ins ec t is eas ily c ontrolled on shade trees by spray ing in the 
spring when the leaves are fully developed or la ter before hatching is at 
its peak ( Reeks and Smith 1956 ) . With summer spraying it is only nec essary 
to treat the trunk and lower branches ; the young larvae are killed by the 
d irect and residual ef fect of DDT dur ing migrat ion over the bark surfac e .  
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Bruc e spanworrn . Operophtera bruceata (Huls t) : The Bruce spanworm 
occurs in Canada f rom Newfoundland to the interior of British Columb ia 
(Prentice 1963) . I t  f eed s on a variety of broad- leaved trees with trembling 
aspen being the pref erred hos t in wes tern Canada . High numbers some times 
develop locally in the Maritime Provinc es and Quebec and fair ly extensive 
outbreaks have been r ecorded in Alberta and northeastern Brit ish Columb ia .  
In 1958 , trembling aspen over abou t 50 , 000 square miles wer e mod erately or 
s everely infes ted in Alberta ( Brown 196 2 ) . As with the forest tent cater
pillar and large aspen tortrix , the main ef fect on trees has b een a r e
duct ion in growth . 

The eggs , laid s ingly in bark crevices or in other protected 
locations on the tree , are deposited late in the fall and remain dormant 
until the following spring . Development is comp leted early in the spr ing 
and young larvae usually ha tch when the a spen bud s begin to burst . Shortly 
af ter hatch ing many larvae spin down on long s trands of s ilk and are of ten 
carried long dis tanc es by wind . This is the chief method of dispersal 
b ecause adult f emales are wingles s . If cool weather delays leaf development , 
the young larvae bore through the bud scales and f eed on the soft tissues 
in the bud . These bud s may be c omp letely destroyed . If rap id bud develop
ment begins j us t  after the larvae have entered the bud s , evidenc e of th is 
early f eeding appears as holes in the unf old ing leaves . 

The larval per iod usually b egins in late May and lasts  approximate
ly 5 to 7 weeks . The larvae may f eed openly on the leaves or within the 
shelter of loos ely r olled or webbed leaves . They spin large amounts of s ilk , 
of ten fes tooning the trees . Feeding is usually complete about the third 
week in June . Pupa tion occurs in thin silken cocoons in the soil or in the 
duff b enea th the trees ; the pupal period lasts  unt il la te fall . Upon 
emergenc e the f emales asc end the trees . Adults are active at low temp era
tures and f emales some t imes lay eggs when there is snow on the ground . 

A number of  paras ites have been r eared f rom the Bruc e spanworm in 
Alber ta.  None were numer ous enough to have had an apprec iab le effec t  on 
host number s during the las t outbreak , but parasites may be important during 
periods of end emic populations . In Quebec , where the spanworm pref ers sugar 
maple and beech , the populat ion decline in a recent outbreak was caused 
princ ipally by a virus d is ease (Martineau and Monnier 1966 ) . 

Aspen leaf miner s : The asp en leaf miner (Phy Z Zocnistis popuZie Z Za 
Cham . ) has been c ol lected from Newf oundland to Brit ish Columbia (Forbes , 
Underwood and Van Sickle 196 2 ; Mar tineau and Ouellette 196 7 ;  Prentice 1965 ; 
Warren 196 7 ) . In Canada , only adu lts reared f rom trembling asp en have been 
authoritatively identif ied as P. popuZie Z Za al though the ins ec t (probab ly 
undescrib ed spec ies) has been reported on other poplars ( Condrashoff 1964) . 
The insect has been abundant in parts of Alb erta and British Columb ia 
(Baranyay and S tevenson 1966a ; Molnar , Harris and Ros s  1966 ) . Unlike those 
of the previous spec ies the larva e f eed inside the leaf , mining the ep idermal 
layers .  S evere at tacks may cause leaf d iscolora t ion , desiccat ion and sub
s equently early leaf-fall . The long- term eff ec t  of the leaf miner on trees 
has not been assessed but s ome worker s attr ibute the death of  aspen trees to 
severe inf estations over s everal year s ( Condrashoff 196 2 ) . 
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In spring , when the trembling aspen bud s open , the mo ths deposit 
eggs on both upper and lower leaf surfac es . Oviposition cont inues until 
the leaves reach approximat ely two- thirds full s ize . The develop ing larvae 
mine the upp er and lower ep idermis , attaining ful l  s ize in 4 or 5 weeks , 
and then sp in cocoons . Ninety per c ent of the mining occurs in the third 
or f inal mining ins tar ; this las ts 4 or 5 days . The f ourth ins tar does no t 
mine . The pupal s tage las ts about 2 weeks . New adults are frequently seen 
res ting on trees and shrubs during June , July , and August ; they hibernate 
soon afterwards .  There is only one generation per year . 

In British Columb ia , excellent control of the leaf miner was 
ob tained by spraying the fo liage of young trembl ing aspen with Thiodan 
( endosulfan) and Rogor ( d imethoate) in May . One month later treated trees 
had grown cons iderably taller than untreated trees , which suggests tha t the 
leaf miners may reduce growth cons id erably (Condrashoff 1962 ) . 

The asp en blotch miner (LithocoZ Ze tis saZicifoZie Z Za Cham . ) occurs 
from New Brunswick to western Saskatchewan but is mos t common in central 
Canada where it sometimes causes conspicuous damage to trembling aspen 
foliage (Prentice 1965) . In Ontario foliage with in 10 f t  of the ground on 
small trees has suf f ered the greates t injury (Martin 1956 ) . 

The insec t is s imilar to the aspen leaf miner in lif e his tory but 
d if f er s  f rom it in f eed ing hab its . Eggs of the blotch miner are laid on 
the under s ide of the leaves and the larvae , upon hatching , eat through the 
lower ep idermis and f eed on the mesophyl l  of the leaf . 

Two maj or factors , larval competition and paras itism ,  have been 
observed to be operat ive in the control of the aspen blotch miner in Ontario 
(Martin 1956 ) . 

Coleoptera 

The gray willow-leaf beetle , Ga Zeruce ZZa decora ( Say) : The gray 
willow-leaf beetle causes moderate to s evere skeletoniz ing of the foliage 
of tremb ling aspen , balsam poplar , and p lanted hybrid poplar s throughout 
southern Man itoba , Saskatchewan , and Alber ta . 

The adults of the gray willow- leaf b eetle appear f ir s t  in late 
summer and fall , and overwinter in the leaf mould and debr is under natural 
s tands of pop lar and willow .  They emerge the following May (Peter son 1949 ) . 

The adults are quite gregarious upon emergence in the spring , and 
are heavy f eeder s . They frequently migrate in large numbers and may f ly 
long d is tances to s ettle en masse on farm shelterbelts and shad e trees , or 
on natural s tands . Their sudden appearanc e is due to this migratory habit . 
Such migrat ions may occur unt il early June . Init ially no pref erence is 
shown for pop lar and willow ,  and trees of  all s izes are attacked . By late 
May when mating becomes c ommon , the smaller s econd-growth aspen and willow 
appear to b e  preferred , and by late June , when the migratory phas e is 
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largely over , f eed ing is l imited almo s t  entirely to wi llow , on which the 
eggs are laid . Although the adults may be f ound f rom early May to early 
July , they rarely r emain in a f arm she1terbe1t for mor e  than a week or 
10 days , unless willow is p resent . 

Ovipos it ion takes place during June and ear ly July , and is 
believed to occur only on willow .  Like the adults , the larvae are gre
garious and s everal f eed on one leaf . The larvae skeletonize the f oliage 
leaving only the veins and a thin transparent membranous layer . The 
damaged leaves turn rusty and if many are affected the willows appear 
scorched by mid-August . Upon comp le ting their growth in July or August , 
the larvae leave the foliage and enter the soil where they remain f or about 
2 weeks and emerge as adults . 

Feeding by adul ts in the fall is usually l ight , and is conf ined 
to pop lar . As the adults do no t migrate in the fall , bu t remain in the 
s tand where they emerge,  nat ive aspen is chief ly affected . With cooler 
weather , the adul ts again go into hibernat ion as describ ed . 

High beetle p opulations in c er tain years are due to the high 
reproduc tive capac ity of the species and to the pauci ty of natural control 
fac tors . I ts rap id decline to very small numbers is brought about by a 
marked increase in natural c ontrol factors . Mos t of this natural mor tality 
appears to  be due to paras i tes which are espec ially ef f ec t ive agains t the 
larvae . 

S erious s tripp ing of she1terbelts , shade trees , and natural stand s 
takes p lac e in the interval between peak abundance of the b eetle and of the 
parasi tes . During this interval the app lication of artif ic ia l  control 
measur es may become nec es sary . 

The aspen leaf b eetle , Chrysome la crotchi Brown : The aspen leaf 
beetle f eeds primarily on trembling aspen but occas ionally on large tooth 
aspen , balsam p op lar , and willow .  It has b een r ecorded from Nova Sco tia 
to Alb erta ( Brown 1956)  but per iodically defoliates trembl ing aspen in 
Saskatchewan , Manitoba , and Ontario . An ext ens ive outbreak of the aspen 
l eaf b eetle was recorded between 1961 and 1964 in Manitoba and Saska tchewan 
( Ellio t t  and Wong 1966) . At the peak of the outbreak , trembl ing asp en 
leaves were mod erately to s everely skeletonized over some 74 , 000 square 
miles . Aspen rep roduct ion was generally the mos t  s everely attacked but in 
some areas the foliage of trees up to 8 inches dbh was completely skel
etonized . Ext ensive areas of heavy infes tation occurr ed on all s izes of 
trembling aspen in many par ts of wes t ern and c entral Ontario in 1964 
( S ippe11 , MacDonald and Ros e  1965 ) . Thes e infestations were of par ticular 
conc ern s ince the beetle skele tonized the second crop of foliage that 
appeared fol lowing comp lete defoliation earlier by the forest t ent cater
p illar . 

The lif e his tory of the ins ect ( Smereka 196 5 )  is s imilar to  that 
of the gray-willow leaf b eetle . 
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Figure 3 ( left) . Mined leaf 
characteristic of the aspen 
leaf miner feeding. 

Figure 4 (be low) . Aspen 
leaf beetle : left - adu lt, 
right - larva. 



Paras ites , predators , and winter conditions have some regu lating 
effect on numb ers of the aspen leaf beetle . Predators of immature s tages 
and overwintering mor tality app eared to be the mos t  impor tant control 
factors in Ontario ( Smereka 1965) and a predator tha t at tacks the eggs and 
larvae was the main caus e of p opula tion decline in Manitoba and Saskatchewan 
( Elliott and Wong 1966 ) . 

The American aspen beetle, Gonioctena americana ( Schaef . ) : 
Almos t  every year this beetle s everely defolia tes young trembl ing aspen and 
occasionally trees up to 6 inches dbh a t  widely scattered locat ions in 
Manitoba , Saskatchewan , and Alb er ta .  However , inf estat ions usually persist 
for only 1 or 2 years and affec ted trees read ily refolia t e .  The Amer ican 
aspen beetle is common also in Ontario and Quebec . Its lif e his tory (Rose 
and Smereka 1959)  is s imilar to that of the other defoliating beetles . 

Borers 

The larvae of a numb er of Coleop tera bore in the roots , stems or 
branches of living poplars . The adult s  of th ese ins ects may also f eed on 
leaves and tender bark but mos t of the damage results from the larval 
f eeding . Two typ es of borers are recognized (Craighead 1950) . The f irs t ,  
includ ing the poplar borer and the pop lar-and-willow borer , at tacks spar
ingly over the stem ,  boring ind ividual gal leries under the bark and into 
the wood of apparently healthy trees ; the second typ e ,  including the bronz e 
pop lar borer , at tacks in great numbers over a cons iderable portion of 
weakened trees and the larvae mine under the bark of the larger branches 
or the en tire trunk . 

The control of borers in living trees is difficult . Many spec ies 
of borers attack only weakened or dying trees , and af ter attack the larvae 
are wel l  protected by a thick layer of impervious bark . In the forest , it 
is imp ractical to attemp t control exc ep t through the sacrifice of the in
f es ted tr ee ; and of ten in shad e and ornamental trees , the cond it ion is 
discovered too late to app ly a remedy (Craighead 1950) . 

Plant ed trees have been protected f rom borers by wrapp ing the 
trunks with paper or burlap to ward off ovipos iting adults until the trees 
become es tablished and are growing vigorously .  

In valuable trees the s implest method of treating some borers is 
to p lace one of the common fumigants into the borer tunnel or if the borers 
are numerous , to spray or paint the trunk with a spray containing the 
fumigant . With other borers , the app lication of ins ectic ides when the 
adults are ac t ive will kill the ins ec ts before oviposition takes p lace . 
S ince some borers enter wounds , wounds should b e  painted or covered with a 
waterproof dress ing until th ey have healed . 

The poplar borer, Saperda calcarata Say :  The pop lar borer occurs 
throughout mos t  of the range of poplars in Canada . It is known to attack 
almost all spec ies of pop lar ( Craighead 1950) . Mos t of the impor tant damage 
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in rec ent year s seems to have occurred in Saskatchewan where the insec t has 
been responsible for heavy root-collar damage to young trembling aspen and 
balsam p op lar (Drouin , McLeod and Wong 196 1)  and damage to the trunk and 
branches of living aspen in the parkbelt ( Peterson 1947) . 

Adult beetles f eed on poplar and wi llow ,  particularly the f oliage , 
petioles , and bark of tend er twigs (Peterson 194 7 ) . Following mating , 
oviposition punc tures are made in the bark and the eggs are placed between 
the bark and outer sapwood . In the f ir s t  season , the larva mines beneath 
the bark , and in the next , into the sapwood and hear twood where it f eed s 
unt il mature . The lif e cycle var ies f rom 3 to 5 years but is usually com
pleted in 4 years . 

Small trees are often killed by the larvae gird ling under the 
bark but greater damage r esults from the decay that becomes es tablished in 
the abandoned mines and the breaking off of trees where the hear twood has 
been weakened (Craighead 1950) . 

The poplar-and-willow borer , Cryptorhynchus (Sternochetus) 
Zapathi (L) : The pop lar-willow-borer occurs throughout mos t  of southern 
Canada ( Harr is 1966)  but is impor tant only in Brit ish Columb ia and Alberta 
( Baranyay and Stevenson 1966b ; Silver and Ros s  1965) . Al though damage 
caused to wild trees is seldom of economic s ignif icanc e ,  the borer some
times becomes a pes t  by attacking plantati ons and ornamental s . Trees 
usually are no t killed bu t may be def ormed by severe and persis tent at tack 
( Harris 1966 ) . 

The borer breeds in wi llow ,  poplar , alder , and b irch . Young trees , 
over I-year old but with thin , smooth bark are pref erred . Newly planted 
trees are par ticularly suscep t ible . Willows are the pref erred hosts  and 
when these are abundan t ,  p oplars or alders are usua lly free of at tack . 
Attacks are unknown on tremb l ing aspen and mos t hybrid pop lars planted in 
British Co lumb ia are less suscep tible than the nat ive black cot tonwood . 

The adult f eeds on the young succulent bark of branches and th e 
main s tem . Eggs are laid in young stems throughout the season but usually 
in July and Augus t .  Newly ha tched larvae do little mining before winter ; 
in the spr ing they mine through the bark and in June bore into the wood . 

The bronze poplar borer ,  Agri Zus Ziragus Bar ter and Brown : The 
bronze poplar borer , known to occur from New Brunswick to British Columb ia , 
a ttacks a numb er of pop lar species includ ing tremb ling aspen , largetooth 
aspen , balsam pop lar , black cottonwood , and eas tern cottonwood (Barter and 
Brown 194 9 ) . 

The borer weakens and often kills the hos t  through its attacks on 
the branches and s tems (Barter 196 5 ) . The larvae make z igzag galleries 
inj uring the phloem and camb ium and apparently disrup t the normal trans loca
t ion of essential p lant nutrients . Some chlorosis and absc ission of leaves 
may occur in the year of at tack but ther e is no apparent suppression of 
increment until the next year . The mor e  numerous the galleries the greater 
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Figure 5 .  Damage caused by the pop lar-and-hli l lohl borer: left - externa l 
appearance on b lack cottonhlood stems� right - longitudina l section of stem. 

the gird ling ef f ec t ,  wh ich intensif ies if the attack ent er s the crown . 
Other sp ecies of borers are usually present in tr ees heavily infes ted with 
the bronze poplar borer (Barter and Cameron 1955) . 

S tud ies in New Brunswick (Barter 196 5 )  have shown tha t survival 
of the bronze pop lar borer is highly dependent on hos t cond ition. Any 
weakening fac tor predisposes tr ees to at tack and enhanc es borer survival .  
One of the mos t  important fac tors weakening heal thy aspen is defoliat ion by 
the forest tent caterp illar because it may occur over several consecutive 
years . Other pred isposing fac tors inc lude Hyp oxylon canker , wind breakage , 
and drought . 

The bronze poplar borer reduc es tree vigor by des troying the 
trans locat ion tissues of the tree . This leads to increased borer at tack 
in successive years . In vigorous trees ear ly at tacks usually fail because 
larvae d ie young , but the trees may be weakened enough to allow later 
successful at tack.  Suf f icient numbers of  beetles to sus tain such repeated 
attacks on heal thy trees may result in s tands adj acent to or containing 
s everal heavily inf es ted trees . 
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Besides weakening trees and increasing their suscep t ib ility to 
borer at tack , there is evid ence that the inc idence of Hypoxylon canker is 
increas ed by the borer ( Barter 1965 ) . In a sample of 50 trembl ing aspen 
and f our largetooth aspen trees , which suppor ted rec ent and well-advanced 
Hypoxylon inf ec tions , 13% of the cankers were over borer galler ies . Borer 
inj ury was invariably involved whenever the cankers were rec ent enough to 
determine the exac t site of inf ec tion . 

Adults f eed regularly on aspen leaves , usually between mid-June 
and late Augus t .  The eggs are laid in bark crevic es and the young larvae 
bore direc t ly to the cambium where they mine , entering the wood to molt . 
The larvae ma ture after 1 or 2 seas ons . 

damage 
196 5 ) . 

The aspen agrilus : 
to  p lanted and nat ive 

Its life history and 
pop lar borer . 

Agri Zus granu Zatus ( Say) occas ionally causes 
pop lars in wes tern Canada (Br own and S tevenson 
hab it s  are s imilar to those of the bronze 

DISEASES 

The most important diseas es of pop lar are caused by fungi and 
cons equently , this discuss ion is conf ined ma inly to fungous d is eases . In 
add it ion , pop lars are damaged occasionally by other agenc ie s inc lud ing 
drought (Riley and Hildahl 1963) , wind ( Forbes and Davidson 196 2 ) , f reezing 
rain (Davidson and Newell 1 9 5 7 ) , hail (Riley 1953) , frost (Cayf ord et a Z . 
1959) , sulfur dioxide ( Linzon 1965)  and animals ( Smith and Blom 1966 ; 
Molnar 1963) . 

Heart Ro t 

Decay of hear twood by fungi is the mos t importan t cause of f iber 
loss in living poplars in Canada . I t  is estima ted that 20 to 25%  of the 
merchantab le volume of poplar is af f ec ted by decay . All pop lar species are 
susceptib l e .  

Heart-rotting fungi are transmit ted b y  spores that are produced in 
spec ia lized fruiting s truc tures developed on decayed trees or s lash or on 
the ground near decayed roo ts . The spores are spread mos tly by air currents 
bu t also by ins ec ts , b ird s , or other anima ls . Upon contac t ing a suitable 
sub stratum and under favorab le conditions , the spores germina t e .  As the germ 
tube cannot penetrate bark or l iving sapwood , the spore mus t  come into con
tact with exposed heartwood or on dead wood d irectly connec ted with heartwood 
for decay to s tart in a living tree . Hear t rot can take p lac e ,  therefor e ,  
in any tree exposed to inf ect ion as the result o f  injury o r  na tural p runing . 
Some decay fungi grow in roots and may spread from inf ected roots through the 
soil to the roots of uninfec ted tr ees or through a common roo t ,  e . g . , between 
suckers and parent tree . Following estab lishment , the causal fungi destroy 
the heartwood and pred ispose the trees to breakage from wind s , ice ,  and snow . 
The rate at which decay is initia ted and develops depends on the tree species , 
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s ite , and causal fungus but generally , the volume of decay increases with 
stand age . In Alberta , more decay is present in trembling aspen than in 
balsam p op lar and more is present in aspen on mes ic than on dry s ites 
(Thomas , Etheridge and Paul 1960) . In Ontario , trembling aspen s tand s 
located on mes ic s ites are generally less defective than s tand s located on 
dr ier or wetter s ites , part icularly the f ormer (Basham 1958 ) . However , 
there is a tendency for trembling aspen to have a greater volume of but t  
rot , which comprises a smaller proportion of  the total hear twood decay than 
trunk rots , on dry s it es . 

Many fungi cause decay in p op lar but in any part icular species , 
a f ew cause most of the los s . In trembl ing aspen the mos t imp or tant fungi 
are : Radu Zum casearium (Morg . )  Lloyd , Fornes igniarius ( L . ex Fr . )  Kickx , 
and Peniophora poZygonia (Pers . ex Fr . )  Bourd . & Galz . (Corticium poZygonium 
Per s . )  (Thomas , Ether idge and Paul 1960 ; Basham and Morawski 1964) ; in 
balsam poplar , Fornes igniarius and PhoZiota destruens ( Brond . )  Quel . 
(Thomas , Etheridge and Pau l 1960) ; and black cottonwood , PoZyporus de Zectans 
pk . and PhoZiota destruens (Thomas and Podmore 1953) . 

Losses from heart rot can be reduced through various management 
pract ices . Bark wounds cons titute the main avenue of entranc e for Fornes 
igniarius ( Ether idge 1961) , the mos t  impor tan t  cause of decay in poplar . 
Inj ur ies , theref ore , should be avo ided during logging , and priority in 
cutting should be g iven to s tand s damaged by s torms , insec ts , o r  other 
diseases . On the o ther hand , Radu Zum casearium and Peniophora poZygonia 
generally enter through branch s tubs . Art if icial pruning to reduc e  trunk 
rot is therefore an int eres ting pos s ib il ity but its use will depend on 
economic and util ization considerations . 

The volume of decay by hear t-ro tting fungi generally increases 
with s tand age so s tands should be cut bef ore decay losses become s er ious . 
For example , in Ontar io , if trembling asp en is harves ted a t  an age of 80 
y ears or less high losses from decay can be avoided (Basham and Morawski 
1964 ) . The average volume of decay in black cot tonwood is low ( Thomas and 
Podmore 1953)  and at no point up to age 200 years does decay increment 
exceed or equal gross wood increment .  In th is sp ec ies , decay i s  apparently 
not imp or tant exc ep t  in trees cut for special ty produc t s  such as p lywood . 

Cankers 

Pop lars are at tacked by a number of fung i that kill areas of  the 
bark caus ing "canker s " . The cankers caus ed by the mos t  impor tant of these 
fungi gradually enlarge until they girdle and kill the main stem ,  or the 
inf ected part becomes weakened and breaks off . Several of the more impor t
ant canker d iseas es are discus sed below .  

Hypoxylon canker , 
pruinatum (Klotzsch) Cke . ) : 
diseases of tr embling asp en 
inces with the excep tion of 

HypoxyZon mammatum (Wahl . )  Miller (HypoxyZon 
Hypoxylon canker is one of the mos t  ser ious 

in Canada . I t  has been rec orded in all prov
Newfound land (Conners 196 7 ) . 
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Figure 6 .  Decay in trem
b Zing aspen caused by 
Fornes igniar ivS . 

Figure 7 .  Fruiting body of 
Fornes igniari.V5 on trembUng 
aspen. 



Although no overall loss f igur es are availab l e ,  the f o llowing will 
ind icate something of the impact of the disease . Counts in immatur e s tands 
throughout the Marit ime Provinces showed that 20% of the trees wer e diseased 
of which 40% wer e dead or had broken off following girdl ing by the canker 
( Forbes , Underwood and Van S ickle 196 7) . In Ontario , the inc id enc e of the 
disease var ies from less than 10% in the western and nor thern districts as 
high as 65 and 77% in parts of the southern districts (Danc e and Lynn 196 5 ) . 
Incidenc e levels ranging from 4 to 58% with a mean of 18% have been reported 
in Manitoba and Saskatchewan ( Elliot t ,  Laut and Brand t 196 7 ) . 

Of the poplars nat ive to Nor th America , tremb ling aspen is very 
suscep t ible to Hypoxy lon , 1argetooth aspen is mod erat ely suscep t ible , and 
balsam pop lar is rarely inf ec ted (Ander son 1956 ) . Stand s 15 to 40 years 
old are mos t  suscep tib le but appreciab le losses also occur in o lder stands . 
Both dominant , vigorous and suppre ssed ,  weak trees ar e equally suscep tible . 

Figure 8 .  Hypoxy lon canker in a stand of trembling aspen. 



Poorly stocked s tands are mor e suscep t ible to  infec tion and s er ious damage 
than well-s tocked stands . 

The means by which the fungus inf ects aspen is not def initely 
known (Anderson 1956 ) . Apparently germ tubes of airborne spores enter the 
tree through wounds in l iving bark . Insec t wounds are reported to be com
monly associated with infec t ions . Failure to induce inf ection ar tificially 
by inoculating wounds with spores , however , sugges ts that fac tors other 
than the presence of a wound are imp ortant . Mos t  cankers originate in the 
immed iate vicinity of dead branch s tubs or old s cars , bu t there is no 
evidence that entrance was through the dead t is sue in such areas . Rec ently , 
Hubbes ( 1966)  conc luded tha t H. mamma tum is a sapwood pathogen and not a 
typ ical bark paras ite as formerly believed . This conc lusion was based on 
the f ollowing fact s :  ( 1) living aspen bark is highly toxic to  H. mammatum 
and ( 2 )  it was demonstrated that the fungus grows in sapwood under sound 
bark . To successfully inf ec t the tree , the fungus probably enter s through 
a wound or dying bark tissue that has lost its toxicity through oxidation . 
This would exp lain why H. mammatum can at tack aspen in spite of the natural 
protect ion provided by chemical inhib itors p res ent in its bark . 

No direct c ontrol measures are known (Anderson 1956 ) . Poor s ites 
and under s tocked s tands are less able to ab sorb the impac t of the disease 
and remain produc tive . It has been recommended , therefor e ,  that p oorer 
aspen s ites be conver ted to  other spec ies and that in poplar regeneration , 
spec ial efforts be made to obtain high init ial stocking . 

S eptoria canker , Septoria musiva Pk . : This canker is wid ely 
distributed in Canada and is p robably transcont inental . It has been re
corded on mos t  native poplars and a number of na tive and exo tic hybr ids 
(Bier 1939) . The fungus causes a leaf spot of l ittle impor tance on all 
p op lars ; nat ive p op lars wi thin their na tural range ar e not subj ect to cank
ering . However , certain native hybrids , part icularly those with European 
b lack poplar , balsam p oplar , and eas tern cottonwood parentage ( e . g .  P. 
' Northwest ' and P. ' Saskatchewan ' ) ,  and exo tic hybr ids , espec ia lly those 
known as "Russ ian" poplars , are highly susceptible . The incidence and 
severity of canker ing increase greatly when these suscep t ible hosts  are 
subj ected to unfavorab le environmental cond i tions . 

In Alb erta , Sep toria canker was pr esent in 13  she1terbe1 ts 
examined in the parkland r egion in 1963 1 ( Baranyay 1964) . The percentage 
of inf ection ranged from 4 to 100 . P. petroU)skyana one of the "Rus s ian" 
poplar s , appeared to be more suscep t ible than P. ' Northwes t '  as 12 of the 
13 infected she1terbe1ts cons is ted of the former . In 1962 a moderate 
occurrenc e of cankers was r epor ted in Gr if f in poplar in one she1terbe1t 
( Baranyay and Bourchier 1963) . In Saskatchewan , severe to moderate cank
ering has b een r epor t ed on Grif f in poplar and P. ' Nor thwest ' hybr id s 
(Laut and Hi1dah1 1965 ) . 

1 Baranyay , J . A .  1964 . Report on the cond it ion of shelterbelts in Alberta , 
with spec ial reference to d iseases , insects , and cultural practices . 
Inform . Rep . , Forest Entomol . Pathol . Lab . , Dep . Forest . ,  Calgary , Alta . 
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The fungus overwinters in dead leaves and cankers (Bier 1939 ; 
Wat erman 1954) . Primary inf ec tions in the spring origina te f rom ascospores 
develop ed in the p erithec ia of the Mycosphaere l la s tage produced on over
wintered leaves or cankers or f rom conid ia produced in pycnidia on cankers .  

Initial leaf inf ec tions appear 3 to 4 weeks af ter bud-break , and 
are mos t ly conf ined to leaves on the lower branches . Later inf ec tions are 
general throughou t the trees . The fungus causes nec ro tic spots of var ious 
shapes and s izes which often coalesc e  to invo lve large areas of the leaf . 
Individual les ions are brown with yellowish to whi te centers , and pycnid ia 
develop throughou t the les ions on both leaf surfaces . 

The canker stage originates in the bark of twigs of the current 
year , ent er ing the host through mechanical wounds , lenticels , stipules , or 
leaf petioles . By early summer a very consp icuous symp tom is the presence 
of  one or more dead leaves on the leaders , at the ring scars , or on the 
axillary branches on 2-year-old stems . At the base of the dead leaves 
cankered bark , usually black , is evident ; this frequently encloses yellow
ish to white areas in which the pycnidia may be found . The c anker s may 
girdle and kill the leader and axillary branches dur ing the f irs t year and 
later spread from the axillary branches into the main s t em.  On enter ing 
the main stem the pathogen may produce a perennial canker r esulting in 
cons iderable malf orma tion . Isolations from the diseased bark at the margin 
of older canker s frequently produce cultures of Cytospora chrysosperma 
(Per s . ) Fr . ,  and it is p os s ible that advanc ed cankers may r esult f rom a 
comb ined at tack of Septoria and other fungi such as Cytospora. 

Septoria canker is diff icul t to control af ter it becomes es tab
lished in a p lant ing . Theref ore , measures that will prevent or imped e the 
progres s  of inf ec tions should be adop ted in new plantings . 

Pop lars should be planted under favorab le cond itions to ensur e 
reasonable health and vigor so that they will not be suscep tible to the 
canker s tage of the diseas e .  A number of promis ing sp ec ies and clones are 
quite res is tant to the disease ( Chap . IV) and thes e should b e  favored in 
planting . New p op lar clones should b e  tes ted to es tab lish the ir susc ept
ibility or resis tance prior to general distribution . 

Although resis tant c lones only are s elected for planting , they 
should be es tablished in randomized p lots or mixed groups , par ticularly 
when grown under climatic or soil condit ions unlike those in which their 
res is tance was tes ted . This will minimize los ses from infec tion due to 
changes in suscep t ib ility tha t may occur under the new environment .  Pre
caut ionary measures that will tend to pr event inf ec tions in a new planting 
include surface s teril izing of dormant cutt ings with Semesan , spraying 
s tool beds with a fungic ide such as Bord eaux mixtur e to prevent leaf inf ec
t ion , and spac ing trees to provide adequate aeration near the ground , thus 
preventing high humid ity f avorab le for the inf ection of leaves and s tems . 

Dothichiza canker , Dothichiza popu lea Sacc o & Br iard : Dothichiza 
canker is unimportant in natural s tands of poplars in Canada , but impor tant 
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Figure 9 .  Dieback of Lombardy pop lar caused by Dothichiza canker. 

in nurseries and p lantations . In many parts of Europe , th is dis ease is the 
wor st enemy of pop lar growing (Anon . 1958) . 

The causal fungus has been recorded in Nova Scotia , New Brunswick , 
Quebec and Ontar io (Conners 196 7) . In Canada ser ious damage occur s primar
ily to introduced poplars , par ticular ly Lombardy and Carolina , and hybr ids 
with European black poplar anc es try . 

In 1959 (Ouellette 1960) Dothichiza was assoc iated with dieback 
symp toms on P. de ltoides x P. pe trohlskyana hybrids in Quebec damaged by 
drought and gras s competition . In 1962 (Dance and Lynn 1963)  the fungus 
ind ir ectly caused severe damage to mos t  clones in a large p lantat ion of 
young Ital ian hybrids . Cankers were appar ently induced by s ever e pruning 
and the top s of inf ected trees wer e broken by winds . 

On trees mor e than 15 years 
in a typ ical dieback (Wat erman 1 9 5 7 ) , 
Und er suitable condit ions D. populea 
younger pop lar s . 

old , s tem and branch cankers result 
reduc ing increment and wood quality . 
is an ac tive parasite and may kill 
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Inf ect ion occurs through lentic els , buds , and bark cracks . In
fected t is sues are at f ir s t  d iscolored and sunken . Later , a c anker is 
formed that may girdle and kill the branch or the tre e .  When conditions 
favor the hos t , a cork barrier develops and the fungus becomes inac t ive . 
Under less favorable c ircums tanc es ( low temp eratures , drought , t ransplanting , 
etc . )  resulting in reduced hos t vigor , the fungus may reach the cambium and 
the sapwood . Once behind the c ork barr ier , the pathogen resume s activity 
during unfavorable per iods par t icularly dur ing the dormant season , and the 
host has no fur ther means of def enc e .  Fruiting bodies (pycnid ia) ar e 
produc ed on the aff ec t ed parts from early spr ing to late fall and the fungus 
is spr ead mainly by conid ia which are produced mos t abundantly during late 
spring . The occurrence of the per f ec t  s tat e ,  Cryptodiaporthe popuZea 
( Sacc . )  But in , was rec ently r eported for the f irst  t ime in Canada (Ouellette 
196 7 ) . 

No ef f ec t ive chemical control of  the d is ease is known (Waterman 
195 7 ) . However , damage can b e  r educed by careful handling of transplants 
during transp ortation , choice of suitable s i tes f or p lantations , use of the 
more resis tant var ieties , and general sanitation . 

Cytospora canker , Cytospora chrysosperma (Pers . )  Fr . :  The fungus 
caus ing Cytospora canker occurs on mos t poplars in Canada . I t  usually 
at tacks weakened trees and occas ionally causes impor tant damage .  Trees 
growing out s ide the ir normal range and with cons equent low vigor are parti
cu larly susc ep t iblel . S tudies show ( Bloomberg 196 2 )  that canker growth 
varies proport ionally with temp erature and invers ely with shoot mois ture 
cont ent , relat ive humidity , and s o il mois tur e c ontent . In Alberta shelter
belts , drough t , heavy competit ion f rom herbaceous vegetation , s elf comp eti
t ion caus ed by lack of thinning , and o ther non-inf ect ious conditions are 
the pred isposing factor s . S ixty-f our per c ent of the shelterbelts surveyed 
were af f ec t ed by C. chrysosperma , a lthough 2 6 %  had only a trace of damage l . 
In 10% of the shel terbelts more than 25%  of the crown was d ead , usually the 
topmost branches . This damage greatly reduc es the eff ec tiveness  of such 
shelterbelts as wind breaks . Mos t  of the heavily damaged shel terbelts were 
in the dry prairie region . The warmer clima te and low relative humid ity 
and soil mois ture in th is reg ion provide op t imum conditions for C. chrysos
perma . In the Parkland and Boreal regions , heavily damaged shelterbelts 
had been pred isposed to C. chrysosperma by a comb inat ion of  herbaceous 
vegetation , hail , fros t , and mechanical damage . 

Elimination or mod if icat ion of predispos ing fac tors , e . g . , 
mechanical inj ury , lives tock damage ,  herbaceous competition , and drought , 
are imp or tant in the control of Cytospora canker . Trees with Cytospora 
infections should be p runed , some t imes to ground level , to remove inf ec ted 
parts . Sprout s from the roots will replace the tr ees removed . The prunings 
should be burned to reduce spore sourc es . 

Planting of less suscep tib le hybr id s  is the best preventativ e .  
Cram ( 1960) f ound tha t  3 o f  1 7  p op lar c lones tes ted f o r  survival over a 6-
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year period demons tra ted resis tance to Cytospora and pr ovided better sur
vival and height growth than the widely propagated Northwes t  or "Russian" 
hybr ids . 

Galls 

In an inoculat ion test  with D.  tumefaciens, P. ' Br ooks ' ,  P. car
deniensis, P. ' Nor thwest ' ,  P. petrowskyana and P. tristis wer e  suscep tible , 
wh ile Plains cottonwood , P. ' Vernirubens ' and P. ' Volunteer ' appear ed to be 
resistant ( Zalasky and Fenn 1965) . 

The fungus pene trates the intact cut ic le and epidermis and stim
ulates hyper tr ophy of the xylem , phloem ,  and cambium ( Zalasky 1964b ) . 
Crowns and boles of infec ted trees may be aff ected by numerous galls on 
twigs and smaller branches ,  and by galls , war t-like swellings and rough 
bark on larger limbs and bole s . Tr ee thus affec ted become weakened and 
subj ect to infection by canker fungi . Infection at the base of bud s may 
result in dwarf ing and brooming or eventual death of the twig . Trees of 
all ages may be affected . The fungus may persist in the bark f or many 
years (Zalasky 1965 ) . 

Poplar bud-gall mit e ,  Aceria parapopuZi (Keif er ) : The p op lar bud
gall mite is f ound from Vancouver I sland to nor thern Manitoba . I t  at tacks 
many pop lars including the nat ive trembling aspen , the cottonwoods ,  and 
many of the hybrid poplars 2 . In r ec ent years it has caused s er ious damage 
to hybrid p op lar shelterbelts in southern Alber ta . 

The mite feeds on the tissue of the galls on the exter ior surface 
and in pockets within the galls . Many insects and other sp ecies of mites 
are found on or in the galls .  

Because the mite lives within the gal l ,  control by ordinary 
chemical spray s  is not effective . S everal years of mite attack and popula
tion build-up are necessary befor e  ser ious damage occurs to tr ees . The 
spread of this mite from tree to tree and from shelterbelt to shelterbelt  
is  slow ,  so the r emoval of  the galls provides an effec tive contr ol measure .  
On small trees the gal ls should b e  r emoved individually during the d ormant 
period . As migration to the new gall s ites takes place about the f ir s t  of 
June in southern Alberta all pruning mus t  be complete by tha t date . On 
larger trees the r emoval of individual galls is impractical and pruning of 
infected branches is r ecommended . This pruning should take p lace during 
the winter or ear ly spring to minimize shock to the trees . It is importan t  
to prune a l l  infes ted trees i n  a shel terbelt the same winter t o  prevent 
spread of the mite to newly pruned trees . 

2Brown , C . E .  Habit s and control of the poplar bud-gall mit e . Inform . 
Rep . , Forest Entomol . Pathol . Lab . , Dep . Forest . ,  Calgary , Alta . 
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Some hybrid poplars are almo s t  c omp letely immune to at tack f rom 
this mit e ;  others show varying degrees of susceptib ility . P. ' Nor thwes t ' ,  
f or examp le ,  appears to be more suscep tible to pop lar bud-gall mit es than 
the Gr if f in pop lar . Fur ther investiga tions may show that c ertain more 
resistant hybr id poplars can be recommended f or p lanting in areas where 
this mite is abundant . 

Foliage Diseases 

Many fungi attack the leaves of poplar and may have local s ig
nif icanc e .  Thes e  fungi kill small to large areas of l eaf tissue but are 
of c onsequence mainly when defoliat ion is moderate to s evere .  Small trees 
suff er the most damage and these may b e  killed . Generally , however , 
damage f rom foliage diseases , like that of defoliating insec ts , is conf ined 
to reduced growth of severely affected trees . In forest s tand s the amount 
of damage caused does not warrant contro l .  For mor e valuable trees in 
towns , cities , nurserie s , and plantations , these d iseas es can b e  kept under 
control by destroy ing diseased material and by several app licat ions of a 
suitable protec tant fungic id e .  

Ink spot , Cibopinia whetze Zii (Seaver) Seaver : This d isease 
occurs from Newf oundland to Br itish Columb ia (Conner s 196 7 ) . Trembling 
aspen is the maj or host ( Baranyay and Hiratsuka 196 7 )  bu t the d isease has 
also been record ed by the Canadian Forest Ins ect and Disease Survey on 
balsam p oplar , eastern cottonwood , largetooth asp en , Lombardy p oplar , and 
various p op lar hybrids (unpubl ished data) . I t  per iodically causes c on
s iderable early defoliation of trembl ing aspen ( Baranyay and Hiratsuka 196 7 )  
occas ionally over extens iv e  areas ( Baranyay 1965 ) . Young trees may be 
killed (Pomerleau 1940 ; Reid and Grif f in 1960) . 

Inf ect ion takes place in the spr ing from ascospores produced in 
apothec ia developed on overwint ering sclerotia . The only symp tom of the 
diseas e is a brown disc oloration of the leaf at the site of inf ec tion , 
which becomes surrounded by concentric light zones . These early symptoms 
are mos t  evident on the upper surface of the leaf . The leaves later die 
and scler o t ia appear . S clero t ia d rop from the leaves in Augus t (Baranyay 
and Hiratsuka 196 7 ) . 

Leaf and twig bligh ts , Ventupia spp . : Leaf and twig b light caused 
by Ventupia tpemuZae Aderh . ,  imperf ec t s tate Po Z Zaccia padiosa ( Lib . )  Bald . 
& C if . (Dance 1959 ) , is perennially present on trembling asp en , largetooth 
aspen , and on various introduc ed species and variet ies of the sec t ion Leuc e 
(Dance 196 1a )  from Newfound land to British Columb ia ( Conners 196 7) . The 
pathogenic capability of the causal fungus varies with d ifferent hos ts , and 
within one sp ec ies o r  clone according to the age of individual specimens ; 
larger trees may b e  relatively unaf f ec ted , while seedlings and sucker s 
generally are s everely at tacked . This r esults in the los s of es tablished 
regenerat ion , in the def ormation of saplings , and in a delay of one or more 
years in establ ishing new s tands . The disease cons titutes a problem for 
tree breeders s eeking to create new hybrids which are eas ily propagated , 
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Figure 1 0 .  Ink spot of 
trembling aspen caused by 
C ibor inia whit ze1 i i .  

Figure 1 1 .  Leaf and twig 
blight of ba lsam pop lar 
caused by Ventur ia popu1ina . 



fast-growing , d isease-resis tant , and superior to existing spec ies and 
varieties in silvicultural charac ter is t ic s  (Dance 196 1a) . 

Venturia popuZina ( Vuill) Fabric . ,  imperfec t s tate Po Z Zaccia 
e Zegans S erv . , causes a leaf and twig b light of balsam poplar ( Dance 1961b )  
and b lack cottonwood ( Conners 1967) . The fungus may be conf ined to p op lars 
of the s ec t ion Tacamahaca , although exp erimental evidence suggests that 
pop lars of the sect ion Aigeiros also may be susc ep t ible : they are in Europe 
(Dance 1961b ) . The mos t  s er ious danger from V. popuZina l ies in the thr eat 
it poses to hybr id poplars whose parentage includes suscep tib le exotic 
species or varieties . Tr ee breeder s should consider this hazard in select
ing mat er ial f or their crosses . 

The blight caused by V. popuZina is recognizab le at any time of 
year . When in the leaf less c ondition , the crowns of affec ted trees appear 
c losed , s tunted , and decadent . In newly inf ected sapl ing s , the principal 
dis ease symp tom is the large number of b lighted , r ef lexed shoo ts or 
"Shepherd ' s  crooks " . S ince infec tions of V. popu Una seem to p ersist f or 
only a s ingle season , perennial reinfec tion mus t occur to ensur e perpetua
tion of the fungus . 

Primary inf ections are initiated by ascospores ej ected from 
perithec ia wh ich develop on overwintered , blighted balsam p oplar shoot s .  
These infect ions usually app ear in May on whorls of leaves that have 
emerged f rom wint er buds subj ac ent to the dead , peri thec ia-bearing part o f  
the dis eased terminal shoots . The t ip of each leaf in each whorl is cur led , 
b lack , brittle , and truncated , whereas healthy leaves have acute or short
acuminate t ips . Secondary inf ections f ir s t  appear early in June on the 
leaves and towards the t ips of mos t  new shoots aris ing from , or below , 
whorls of leaves with pr imary inf ections . They are s tarted by conid ia f rom 
primary infec tions . The diseased t is sues turn black and bri ttle while the 
shoots r ef lex to f orm charac teristic c rooks . Shoo ts and leaves produced 
subsequently also may be subj ect to conidial inoculation and infec tion ; if 
s o , the resulting symp toms are indistinguishable f rom thos e that appear 
earlier . While secondary inf ections may develop on apparently mature l eaves 
of water sprouts and sucker s , none will be f ound on the blades of ma ture 
leaves that b ear primary infec tions a t  their t ips . Should this pathogen 
become locally des tructive , as a result of a f avorable c ombination of en
vironmental factors , it probably could b e  c ontrolled by eliminating the 
s ourc e of primary inoculum through pruning of b lighted shoots . 

Leaf rus t s , Me Zampsora spp . : Leaf rusts  caused by Me Zampsora spp . 
occur sporad ically on poplars thr oughout Canada and heavy inf ec tions may 
develop occasionally , part icularly in wes tern Canada (Molnar 1961 ; Molnar , 
Harris and Ros s  1966 ) . The primary eff ec t  of Melamp sora rust is prematur e 
leaf d rop and accompanying loss of vigor ( Jokela 1966 ) . Young , suscep tible 
trees may be s everely damaged . 

A cons iderab le numb er of spec ies of Melampsora have been recog
nized ( Jokela 1966 ) . All are heteroec ious and generally have a conif er as 
the a lternate hos t . In Canada , valid records have been obtained on four 
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spec ies on poplar , namely M. abietis-canadensis Ludwig ex Ar th . M. aZber
tens is Ar th . , M. medusae Thuem . , and M. occidenta Zis Jacks . (Conner s 196 7) . 
These rusts  al ternate between poplar and spec ies of f ir ,  larch , spruce , 
p ine , Douglas-f ir , or hemlock ( Ziller 1965) . 

In the spr ing , basid iospores f rom overwintey ed telia on poplar 
leaves inf ect the needles of nearby suscep t ib le coniL ers .  Pycnia and aec ia 
are produced on these and the aeciospor es inf ect suscep tible spec ie s of  
pop lar during the summer . They cannot r einf ec t  the conif erous hos t .  
Yellowish leaf spots bear ing uredia appear a s  the first symptoms of pop lar 
infection 2 or 3 weeks later . Reinfections of poplar by uredospores and 
the formation of tel ia begin in the summer and continue unt il fal l .  

T o  avoid damage t o  plantings of suscep t ible poplars , coniferous 
host s  of the rusts should be removed from the vicinity of p lantations or 
plantations should be e s tabl ished in ar eas where the coniferous hos ts are 
absent . Since there ar e many inherently resis tant c lones of poplar 
( Schreiner 1959) , these should be given considerat ion when poplar s are to 
be p lanted . 
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CHAPTER VI I I 

DECAY AS A LIMITI NG FACTOR ON POPLAR UT I LI ZATION
l 

G .  P .  Thomas 
Fores t  Research Laboratory 

Department of Fores try and Rural Development 
Calgary3 A lberta 

A discu s s ion on the effec t s  that wood decay might have on poplar 
utilization should be prefaced by a few basic fac ts concerning decay, o ther
wise there could be a tendency to overes t ima te the impac t of decay on pop
lar . We need to keep in mind that wood decay i s  a completely natural 
phenomenon that is common to all spec ie s o f  trees,  not poplar alone, nor 
poplar in p ar ticu lar . Decay is po tentially, bu t not always an important 
fac tor to the utilization of all spec ies of tree s - pop lar inc luded , bu t 
no t poplar exc lus ively . 

Dec ay i s  ma.in1y important only when relatively large vo lumes o f  
wood are des troyed, bec au se it represents a d irec t l o s s  o f  timber yield . 
I t  c o s t s  jus t  as much to grow a defec tive tree, and to protec t i t  from fire, 
as i t  does a heal thy tree, and i t  c o s t s  just as much to.  fell, buck, skid , 
transport and remanuf ac ture defec tive wood as  i t  does sound wood . 

Under p articu lar sets  o f  c ircumstances,  but not all c ircums tanc es,  
decay lo sses  in  any s pec ies of tree vary from ins ignificant to  seriou s ,  
even t o  the ex tent o f  limiting the possibilities f o r  utilization and ,  in 
ex treme s i tu ations ,  to p rohibiting economic u tilization .  I believe i t  will 
be u se ful to keep thes e  points  in mind through our d i scu s s ions ,  and also to 
acknowledge that the long- term solu t ion to the utili zat ion problems c au sed 
by exce s s ive decay lies in t imber management prac t ices . The cure for dec ay 
( like fire) i s  p revention, and decay p revention i s  a by-produ c t  of timber 
management . 

To retu rn to our topic , which i s  to cons ider decay as i t  affec t s  
pop 1 ar . u ti 1i zation i n  Albe rta,  I believe i t  wou ld be a serious error from 
the timber management point o f  view to ever accep t  wood dec ay as a prohi
bitive f ac tor to poplar utilization . However, let us be frank to admit 

lTh is paper was p repared for the Industria l  Wood Product s Seminar , 
N ovember 8- 9 , 1966 , E dmonton , A lberta . It is included here as the problems 
dis cussed with refe rence t o  A lberta are s imilar to those faced by pop lar 
users throughout Canada . ' 
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that under current conditions in Alberta, decay has become a limiting fac 
tor to pop l ar u t i lization . Correc tive measures are needed to meet this 
s i tuation, the prob lem i s  what measures are needed and how to apply them . 
A s  a s t ar t ing point let u s  take time to identify and examine briefly the 
princ ipal fac tors that have given rise to this s i tuation . Perhaps thi s  wil l  
give the l ead s we need t o  make s ome progr e s s  with the prob lem o f  exce s s ive 
decay in popl ar . I think we need to look fir s t  at the pop lar timber re
source, and next at the popl ar-bas ed indus try to see if somehow thes e  two 
fac tors might be contributing in maj or ways to the probl em  o f  utilizing 
defec tive pop l ar . 

We have in Alberta a very large and heretofore unmanaged inven
tory o f  natura l ly grown pop lar .  The annual gro s s  yield of new wood from 
this inventory exc eeds by many times the annua l  cut o f  pop lar,  with the 
resu l t  that each year we fal l further behind in the utilization of poplar 
growth . Year by year ,  bec au s e  o f  far too sma l l  a cu t,  the overal l condi
tion of the pop l ar inventory becomes increasingly decadent for the very 
basic reason that pop lar matures relatively early ( about 7 0  year s for trem
b l ing aspen and about 110 years for bal s am pop lar ) . At these ages,  on our 
mos t  produc tive pop l ar si te s ,  tremb ling asp en is about 25% decayed and bal
s am pop lar about 12% decayed . 

Let u s  switch momentarily to look at the pop lar-based indu s try . 
In re lation to the size o f  our pop lar inventory ,  we have in Alberta a very 
smal l ,  al though e f f ic ient, pop lar-based indus try that up to now has depended 
very heavily upon l arge-dimens ion log s .  The indus try is far too sma l l ,  in 
terms of i t s  annual wood requirement,  to utilize more than a token p ropor
tion of the annual growth of poplar . I think it i s  fair to say that the 
indus try up to now has l acked diver s i ty in terms o f  the variety o f  produc t s  
i t  produce s . Rather, i t  has based i t s  operations on the increasingly dif
ficu l t  to get large sound log . 

On the one hand we have a s teadi ly deprec iating pop lar inventory, 
and on the o ther we have a highly s e lec tive pop lar indu s try. If both 
s ituations per s i s t  indefinitely ,  we can only s teadi ly progr e s s  toward s a 
pop lar resource s o  depreciated in quality as to defy u t i l ization by today ' s 
standards .  This i s  a mos t  discouraging prospec t, bu t nonethele s s  a very 
real one .  There i s  no s atis fac tory alternative but to find a s o lution to 
thi s  dilemma . Meanwhile, i t  i s  quite true, decay is a l imiting fac tor to 
pop l ar utilization under pres ent-day conditions in Alberta.  I t  i s  l imiting 
because of the increasingly decadent condi tion of the pop lar resourc e, and 
it i s  l imiting becau s e  o f  the smal lne s s  o f  our non-divers i f ied pop lar-based 
indu s try .  

In a l i t t le more detai l ,  what i s  the condi tion o f  the pop lar in
ven tory right now? Some fac t s  are avai lab le from a survey of cul l  conc luded 
about 6 year s  ago through the j oint effor t s  of the Alberta F orest S ervice 
and the federal Dep ar tment of F orestry, in which some 800 tremb ling aspen 
and 600 bal s am  pop lar s  were cut and examined wi thin the b road triangle 
Grande Prairie-Whitecourt-Swan River . Three c l early dis tingui shab le s i te 
conditions allowed for a s ep aration of the to tal s ample into con tras ting 
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unit s .  For lack of  better terminology , we can refer to  these in terms of 
soil moisture c ond it ions as dry s ites or pure trembl ing aspen s it es , mo ist 
s ites o r  mixed trembling aspen and balsam p oplar s ites , and wet s ites or 
pure balsam p op lar s ites . 

The s tandards of measurement s us ed were : s tump height = 1 foot 
log length = 8 feet 8 inches ,  minimum diameter ins id e bark at small end = 

3 . 5  inches when referring to  cub ic measure ; and 6 inches f or foot board 
measure ( fbm) , I-inch trim a llowance added to rot d iameters when u s ing fbm ,  
logs 6 7 %  defec t ive culled when us ing fbm . 

Emp loying these s tandards ,  the survey showed that the t ime re
quired to grow a tree that will y ield at least one log measuring 10 inches 
ins ide bark at the small end is as f ollows : dry s ite aspen = 100 years , 
moist s ite aspen = 80 years , moist s ite balsam poplar = 70 years , wet site 
balsam pop lar = 60 years . The survey also showed that : 100-year old 
trembling aspen is likely to  be 35% decayed ( cub ic foot bas is)  or 80% de
cayed ( fbm basis) ; 80-year old tremb ling aspen would be 28%  decayed ( cub ic 
foot basis) or 7 3 %  decayed (fbm basis) ; 70-year old balsam pop lar would be 
7% decayed ( cub ic f oot basis )  or 14% decayed ( fbm bas is ) ; and 60-year old 
balsam poplar would be 4 %  decayed ( cubic f oot basis ) or 8%  decayed ( fbm bas is ) . 

The possib ilities for growing trembl ing aspen to supply an indus t
ry requiring 10-inch minimum-s ized logs are c learly not good , even when 
decay is the only l imiting factor to  utilization . If add itional l imit ing 
factors are introduced into ut ilizat ion s tandards ( e . g . , prohib it ion of 
surface knots , shake , heartwood stain ,  etc . ) ,  the possib ilit ies of produc ing 
acceptable 10-inch trembl ing aspen logs are even more remote . At best , I 
would think that subs id iary markets for the maj or amounts of small d imension 
and o therwise rej ected ma terial would be almost neces sary to make the large
log trembling aspen indus try an economic enterprise . Failing this , such an 
indus try would have to resort to a high-grading system of utilization .  On 
the other hand , the possib ilit ies for growing balsam pop lar to supply a 
large-log indus try are much b etter than for trembling aspen . 

I f  the s tandards of utilization were lowered to admit a log of 
minimum top d iameter of 3 . 5  inches ,  the survey showed that the t ime required 
to grow a tree that will y ield at least one such log of trembling aspen is 
20 years in both moist and d ry s ites . At this age dry- site trembl ing aspen 
is likely to  be 5 %  decayed and moist-site aspen to be 4 %  decayed . In fac t , 
it is likely that we could s tay below the 10% cull level , includ ing heart
wood stains , by growing trembling aspen to 40 years , and to 50 years if we 
can accept 15% cul l .  Forty-year old tremb ling aspen has an approximate 
average d iameter at breast  height of 5 . 5  inches in dry s it es and 6 . 3  inches 
in moist s it es . F if ty-year o ld trees are 6 . 5  inches in dry s ites and 7 . 5  
inches in moist s ites . While trees of such d imens ions do not satisfy the 
large-log indus try , they do p roduce sub stantial amounts of f iber at these 
ages . The minimum y ield of f iber from dry s ite trembling aspen is in the 
nature of 1500 f t3/ acre at 50 y ears . 
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I t  appear s  to me that a major shif t  o f  emphasis is needed in the 
kind of pop lar u tilization we prac tice in Alberta, i f  we are to overcome the 
limiting factor of decay .  The shift wi ll lik ely have to be in terms of a 
greatly increased u se of small-dimension logs such as c an be p roduced from 
trees 5 0  year s old and younger . C oncurrently, a maj or expansion o f  the 
pop lar indu stry is obviou sly needed, to bring u tilization more in to line 
with the size and g rowth c ap ac i ty o f  the poplar inventory . 

It appears to me al so,  that some attention should be given to 
improving the quality of poplar through stand improvement prac tices . By 
way of illus tr ating how cu ltu ral prac tices might improve the quality o f  
pop lar, I want t o  refer t o  some research results that have followed the 
cull survey mentioned earlier . Briefly , it has been found that pos sibili
ties exist for preventing about 4 0% of the decay normally found in older 
aspen trees . This has come to light by learning that some of the major 
fungi that c ause hear twood dec ay in aspen enter trees via branchwood infec t
ion s ,  and that branchwood infec tions are abou t twice as frequ ent in moist 
sites as in dry sites . I t  i s  known now that about 8 years are required for 
branchwood infec tions to become es tablished, i . e . ,  infections do no t occur 
much if any earlier than 8 years fol lowing the death of branches . This 
could mean that branch p runing by ar tific ial means of selec ted trees at an 
ear ly age, s ay 10- 15 year s ,  would sub stantially reduc e  the amount o f  dec ay 
that would o therwi se be expec ted in trees at the time of cutting . An expe r
imental pruning of thi s natu re was made 2 years ago in Mani toba, and I am 
hopeful that it  will yield good resu l ts . Cultural prac tices o f  this kind 
might yield long- term b enefits to pop lar u tilization, and therefore they 
should be consid ered . 
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QWJJER IX 

ANATOMY AND FUNDAMENTAL WOOD PROPERTI ES OF POPLAR 

R .  W .  Kennedy 
Forest  Products Laboratory 

Department of Forestry and Rural Deve lopment 
Vancouver, British Columbia 

INTRODUCTION 

This paper is a review of the lit erature concerning the anatomy 
and wood properties of the g enus Popu lus , with special attention given to 
the f ive Nor th American spec ies of commercial s ignif icanc e .  Thes e  f ive 
species are spr ead throughout thr ee s ec t ions of the genus : Leuce 
trembling aspen , largetooth aspen ; Tacamahaca - balsam poplar , b lack cotton
wood ; Aegeiros - east ern cot tonwood . 

Much of the total experience with poplar derives from cont inental 
Europe , wher e no t only rap id growth rates can be achieved , but the l ight 
weigh t ,  toughness ,  abras ion r esis tance and lack of extrac tives makes poplar 
mor e  at trac tive than low-d ensity , impor ted tropical t imber s in European 
markets (Mayer-Wegelin 1958) . As a consequence ,  European as well as Nor th 
Amer ican literature is reviewed , s ince the diff erent species of pop lar d is
play similar behavior and character istics . 

ANATOMY 

General 

Poplars in general are low-density , diffus e-porous hardwoods .  
There is some tendency for fas t-grown cottonwoods to exhibi t  a s emi-ring 
porous structure . Spec ies of poplar cannot be separated with accuracy , 
although the aspens have a somewha t f iner texture .  I n  aspens , the largest 
vessels have a maximum tangential d iameter of 50 - 100 � ,  while in the 
cottonwood s and balsam poplar the corr esp ond ing range is 75 - 150 � 
( Panshin , de Zeeuw and Brown 1964 ) . Meyer-Uhlenried ( 1958) has carried this 
concept fur ther in order to s eparate the f ive sec tions of the genus on the 
basis of the tangent ial diameter of the f ir s t-formed earlywood vessels . 

Vessels occupy approximately 2 0  to 33%  of the cross sec tion and 
f ibers 56 to 79% ( Anon . 1958 ; Mayer-Wegelin 1953) . The average ray 
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parenchyma volume for thr ee Nor th American species is 11 . 4 % ( Panshin , de 
Zeeuw and Brown 1964) . The ray s  are uniser iat e ,  al though Gabriel ( 1956)  
has f ound cer tain clones of eas tern and b lack cottonwood with multiser iate 
rays . Ver t ical parenchyma is rarely present as more 
zone of boundary tissue at the end of a growth r ing . 
count promotes f elting of pulp made from poplar , and 
high tear s trength (Mayer-Wegel in 1953) . 

than an interrup ted 
The low par enchyma 

r esults  in a paper of 

The heartwood is generally cream-colored in the aspens , and shades 
of gray or brown in the o ther spec ie s .  Sachsse ( 1965)  found colored hear t
wood f orma tion b eg inning 3 years b ehind the camb ium in poplar hybrids , wher e 
its f ormat ion was encouraged by green pruning which decr eased the vitality 
of living parenchyma cells . 

Fiber length 

Variation in f iber length has been s tudied intensively , s ince it 
is directly r elated to pulp s tr ength , particular ly tear and bur s t  
( Buij tenen , Einspahr and P eckham 1962 ; Einspahr , Buij tenen and Peckham 196 3 ) . 
The mos t elemental form of length variation occur s wi thin a single growth 
increment ,  wher e latewood f ib er s  are 10-2 0% longer than thos e of ear lywood 
( Johnson 194 2 ;  Liese and Ammer 1958) . Superimposed upon this pattern is 
the much more s ignif icant variation due to number of r ings from pith . This 
pattern is d emons trated graphically in Fig . 1 ,  which was cons tructed from 
data of Kennedy ( 19 5 7 )  for black cottonwood . Fib er length is s een to in
crease rap idly with increasing age f rom the p i th , but no pa t tern with 
height is evident . The values compare f airly clos ely with thos e  of Liese 
and Ammer ( 1958)  who not ed an increas e in f ib er length from 0 . 71 mm to 
1 . 13 mm in the f ir s t  10 r ings , after which length remained essentially con
s tant , and with thos e  of  Boyce and Kaeis er ( 1961)  who found an increase 
from 0 . 70 mm in the 5 th r ing f rom p i th to 1 . 38 mm in the 40th ring . 

The inf luence of rate of growth on fiber length is also shown in 
Fig . 1 .  Analys is of varianc e indicated tha t  f as t  rate of growth was s ig
nif ican tly r ela ted to long er f iber s . S imilar r esults have been noted in l
and 2-year-old cut tings , seedlings and sprouts of  various poplar species 
(Kennedy 195 7 ; Kennedy and Smith 1959 ; Cech , Kennedy and Smith 1960 ; S chulz 
1962 ) .  Boyce and Kaeiser ( 1961)  also concluded that rate of growth , as well 
as age , inf luenced f ib er leng th of eas tern cottonwood . Differences in tr ee 
d iamater f or r ings of the same age accounted f or about 3% of the variation 
in f ib er length . Their r esults  showed tha t  the 10th r ing from pith at 
breas t height could b e  expected to have a f ib er length of 1 . 01 mm in a tree 
6-inches in diameter , and 1 . 0 7  in a tree l2-inches in diameter . Johnson 
( 1942)  also concluded that fast rate of growth was corr elat ed with long 
f ibers among poplar hybrids , but his failure to elimina te the confound ing 
influence of age from p i th invalidates his conc lus ion . On the o ther hand , 
Brown and Valentine ( 1963)  found no influence of  growth rate in controlling 
f ib er length of tr embl ing aspen . 

A moderate to s tr ong genetic inf luence on f ib er length has been 
observed . Estimat es of genetic variance r ange f rom a cons ervative 0 . 30 in 
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Figure 1 .  Fiber length variation (mm) for the first 15 years 
from pith in four fast- and four s low-grown trees of b Zack 
cottonwood. Each value represents the mean of 40 fibers from 
four trees . 

eas tern cottonwood ( Boyce and Kaei ser 196 1)  to a gross heritability of 0 . 86 
in tr iploid trembling aspen ( Einspahr , Buij tenen and Peckham 1963) . 
Buij tenen , Joranson and Einspahr ( 1958)  found tha t f ive trip loid aspens had 
an average f iber length 2 6% greater than five s imilarly growing , normal 
diploids . Dif f erences in f iber leng th among clones of the same species 
have been r egular ly no ted ( Gabr iel 1956 ; Brown and Valent ine 1963) . Schulz 
( 19 6 2 )  found as much as a 40% diff erence between clone s with s imilar growth 
rates when grown under the same environmental conditions . 

React ion wood 

Tension wood , the r eac tion xylem of hardwoods , is found extens ive
ly in poplar . I t s  presence is associated with leaning s tems , par ticular ly 
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if the angl e  o f  lean is greater than 4 degrees (Kaeiser and Pillow 1955) . 
Contrary t o  g eneral belief , there is ample evidence that tension wood in 
poplar is not necessarily associa ted with stem eccentricity (Wahlgren 195 7 ;  
FAO 1958 ; Griff ioen 1958 ; Lass en 1959 ) . The gelatinous f iber s  wh ich 
charac terize tension wood are usually concentrated on the upper side of 
leaning s t ems , par ticularly at lower levels in the bol e ,  but they may be 
arbitrar ily scatter ed throughout the cros s sect ion , especially at greater 
heights . 

Tension wood may be f ormed in poplar s and other hardwoods in 
r eaction to low levels of auxins and presence of growth inhibitors . Ther e 
is some evid ence that the mor e  frequent occurr enc e of tens ion wood on the 
upper s ides of leaning s t ems may be due to movement of auxin to the under 
s ide . Necesany ( 1958)  was able to prevent the f ormation of tension wood 
on b ent seedling s of P. monilifera by application of indole acetic acid 
( IAA) to the upper surface of the s tem . Application of IAA to the upper 
surf ac e  of branches of European white poplar also succeeded in pr eventing 
tension wood f ormation . Fur thermor e ,  application of an anti-auxin to erect 
stems of r ed mapl e ,  and white elm caus ed t en sion wood to form near the site 
of application ( Cronshaw and Morey 1965 ; Kennedy and Farrar 1965) . 

Tens ion wood may b e  reduced to a minimum by eliminat ing leaning 
s tems from fore s t  s tand s , or by genetic s elec t ion , s inc e stem s traightnes s 
appears to b e  an inherited trait in poplar ( Boyce and Kaeiser 1964 ) , and 
c ertain clones may b e  predispos ed to f ormation of tension wood (Anon. 1958) . 
Pruned poplar hybr ids f ormed s ignific antly mor e tension wood than unpruned 
controls ( Sachsse 1965) . Approxima tely three times as much tension wood 
was noted in three of the f ive hybr id s  pruned . S ince living branches as 
well as dead ones wer e  r emoved , the increas ed tension wood may have resulted 
from a d ecrease in auxin availabi lity a t  the cambium . 

S ever e  t ension wood is charac terized by a high propor tion of 
gelatinous f ibers and r educed vess el volume ( Fig . 2 ) . Sachsse ( 1964)  in
vest igated the ultra- structure of the gelatinous f ibers in P. ' Regenerata ' ,  
and found norma l  Sl and S2 layers in the secondary wall , and a thickened , 
gelatinous S3 layer with a honeycomb ed ,  f aintly lamellar s truc ture . The 
lumen side of the S 3 layer was bordered by a very thin , elec tron-dense ,  
t erminal lamella . Kaeiser ( 1956)  f ound that the length o f  gelatinous f ibers 
was unrelated to lean of the s tem . 

Bec ause of the common occurrence of tens ion wood in poplar , its 
special inf luence is discussed in the survey of physical properties which 
follows . 

SPECIFIC GRAVITY 

Variation between species 

The average specif ic gravities for the f ive impor tant Nor th 
Amer ican poplars are summarized in Table 1 .  Black cottonwood appears to 
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Figure 2 .  Arc of tension wood produced on the upper side 
of a trembling aspen seedling ti lted 70 degrees from the 
vertical for a 1 4-day period. The arc is typified by 
masses of ge latinous fibers and reduced vessel volume . 

be cons iderably less dense than eas tern cottonwood or the aspens . The rel
ative lack of data for balsam poplar and the d iscrepancy between the two 
values r epor ted allow no conclus ion to be drawn for this species . 

Variation within species 

The wide varia t ion not ed in Table 1 suggests tha t sp ec ific gravity 
is subj ect to environmental and /or genetic control . One of the mos t  cri
t ical wood quality considerations in management of fast-gr owing poplar 
s tands and plantations is the effect of rapid growth on dens ity , upon which 
produc tion of solid wood subs tance depend s . For examp le , P aul ( 1956)  has 
shown that with a spec if ic grav ity of 0 . 40 ,  one cord of poplar will yield 
1 ton of dry wood , whereas 1 . 33 cords ar e necessary to produce the equ iv
alent weight of  dry wood at a spec ific gravity of 0 . 30 .  

The influence of growth rate on specific gravity in poplars is 
controver s ial . Paul ( 1956 , 196 3 )  has summarized data from 360 specimens of 
poplar species and hybr ids .  He found a negative l inear relationship be
tween growth rate and specific gravity such that specific gravity decreased 
f rom 0 . 37 wi th a growth rate of 0 . 05 inch per year to 0 . 30 with annual 
growth rate of 0 . 95 inch . Age showed no r ela tionship to specific gravity . 
The relationship between clonal source , growth rate and specific gravity 
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TABLE 1 .  AVERAGE SPECIFIC GRAVITY FOR NORTH AMERICAN POPLARS 

Species 

Tr embling aspen 

Largetooth aspen 

Balsam poplar 

Eas tern co ttonwood 

Black cottonwood 

Specific gravity 
( gr een volume ) 

0 . 374 

0 . 35 

0 . 375  

0 . 389 

0 . 390 

0 . 35 

0 . 372 

0 . 30 

0 . 35 2  

0 . 3 7 

0 . 366 

0 . 380 

0 . 29 5  

0 . 32 

0 . 31 

I S tandard deviation . 

2Range .  

Var iation Sour ce 

Kennedy ( 1965)  

--- Markward t and Wilson 
( 1935)  

0 . 32 5-0 . 42 12 Wilde and Paul ( 1959)  

0 . 310-0 . 4 70 2 Buij tenen , Einspahr and 
Joranson ( 1959)  

± 0 . 032 I 

± . 036 1 
0 . 28 7-0 . 518 2 

0 . 320- . 4612 

± . 0 2 7 I 

. 2 8- . 402 
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Kennedy ( 1965)  

Markwardt and Wil son 
( 1935)  

Kennedy ( 1965)  

Markward t and Wilson 
( 1935)  

Kennedy ( 1965)  

Markward t and Wilson 
( 1935)  

Walters and Bruckmann 
( 1965)  

Farmer and Wilcox ( 1966) 

Kennedy ( 1965)  

Markward t and Wilson 
( 1935)  

U . S .  Dep . Agr . , For . 
Serv . ( 1965)  



as determined by Cech , Kennedy and Smith ( 1960)  on I-year old b lack cot ton
wood is shown in Fig . 3 .  The p ronounced inf luence of growth rate is 
evident as well as a clonal eff ec t . I t  is not known , however , whether this 
density-growth rate relationship would cont inue to be evident wi th in
creasing age . 

Mayer-Wegelin ( 1953) , speaking of pop lar in general , s tated tha t 
there was an invers e  relat ionship between growth rate and dens ity . Mayer
Wegelin later ( 1958)  summarized some Eur opean and Nor th American literatur e 
which ind icated a general value of  0 . 33 f or poplar of 10 mm annual growth 
rate , increasing to 0 . 3 7 for annual increment s of only 3 mm . Jayroe and 
Harder s-Steinhauser ( 19 54 ) , Griff ioen ( 1958) , Kennedy and Smith ( 1959)  and 
Sacre ( 19 6 3 )  all conclude tha t mor e  rapid growth rate is corr ela ted with 
lower density . Sacre ( 1963)  f ound a d ensity diff erent ial of about 0 . 0 3 for 
ring widths between 5 and 13 mm in hybr id p op lar s . Hardness , compress ion 
and bending s trength s  also decreased wi th wider r ing widths in this latter 
s tudy . 

On the o ther hand , Johnson ( 19 42 ) , Anon . ( 1958) , Boyce and Kaeiser 
( 1964) , Wal ter s and Bruckmann ( 1965)  and Farmer and Wilcox ( 1966 ) could f ind 
no relationship between growth rate and dens ity . However , the latter two 
studies dealt with a narrow range of rap id growth rates , in which number of  
r ings per inch varied from 4 . 0  to 8 . 8  and 1 . 0  to 2 . 5 ,  respec t ively . The 
effect of growth rate on spec ific gravity is not readily apparent unless a 
wide range of r ing wid ths are available for s tudy . 
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Figure 3 .  Specific gravity variation due to c lona l source and 
rate of growth in l-year o ld b lack cottonwood. 
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Brown and Valentine ( 19 6 3 )  have r ep or ted bo th positive and 
negative c orrelations with growth rate in tr embling aspen clones . I t  is 
perhaps s ignif icant that , with the excep tion of this inves tigation , s ig
nif icant relationships between growth rate and specif ic gravity have been 
negative . �he weight of evid enc e  thus suggests faster growth r at es may 
lead to lower sp ecif ic gravities , but th is tr end may not b e  s tr ong , nor 
may the losses in dens ity be of great practical importance except when com
paring extreme r ates of growth . 

Conf licting results of growth rate-den sity s tudies may also b e  due 
to conf ounding with a genet ic influence .  Fig . 3 shows the s trong inde
pendent inf luence of c lone on specific gravity of 1-year-01d b lack cot ton
wood . Clones 5 7-12 and 5 7- 3  had s imilar average growth rates ( 15 . 1  and 
15 . 5  mm) , yet s ignif icantly diff erent average spec ific gravities of  0 . 366 
and 0 . 4 2 3 ,  r espec tively . Growth rate alone may therefore not be r eliable 
in predicting spec if ic gravity of genetically variable mat erial . 

The spec ific gravity of trembling aspen was s tudied by Valentine 
( 1962)  and Brown and Val entine ( 1963) . Specific gravity varied signif ic
antly among 23 areas sampled within the Adirondack mountains . Although the 
area means ranged from 0 . 34 3  to  0 . 4 32 , a low intra-c lass correlation co
eff icient of 0 . 17 indica ted a wide varia tion among individual trees within 
a given area . An intensive inves t igation of f our clones showed a signi
f icant variation within trees in three of the clone s .  Such differences 
within clones point to a s tr ong environmental effec t on specific gravity . 
Buij tenen , Einspahr and Joran son ( 1959)  r eached a s imilar conc lus ion in an 
independent s tudy of  trembling aspen clone s . The wid e range of  specif ic 
gravity within clone s , coupled with small c lona l diff erences , led to a 
gro s s  heritability estimate of only 0 . 1 7 .  A fur ther s tudy ( Buij tenen , 
Einspahr and Peckham 196 2 )  produced es t ima tes ranging from 0 . 1 7 to 0 . 4 3 ,  
while Einspahr , Buij tenen and Peckham ( 1963)  found a value to 0 . 38 .  

In summary , although some s tudies show only low to moderate 
genetic inf luence on sp ec if ic gravity , the possible deleter ious influence 
of f as t  growth on density pr obably can be overcome by s election. Pechmann 
( 1958) has cited two poplar c lones growing in the Po valley under op timal 
cond itions for 10 y ear rotations , where the mean sp ecific gravity of one 
c lone is 0 . 32 ,  while that of the o ther is 0 . 40 .  

The anatomical element mos t clos ely as soc ia ted wi th density 
variation in poplar is the f ib er ( Scaramuzzi and Ferrar i 1964 ) . The ratio 
of f ib er wall thickness  to f ib er radius accounted f or 86% of the total 
variation in 25 pop lars whose specific gravities ranged from 0 . 264 to 0 . 509 . 
I t  can b e  assumed that propor tion of vess el s  is not an impor tant variable , 
s ince the s imple perc entage of f ib er s  was l ikewis e  not c los ely r elated to 
specific gravity . 

Effect of r eaction wood 

It is to be anticipated that the thick gel atinous layer present 
in t ension wood fiber s  should cause an increase in specif ic gravity . An 
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increase in specific gravity from 0 . 02 to 0 . 06 units ha s b een r eported in 
the litera ture ( Lassen 1959 ; S acre and Evrard 196 3 ;  P erem 1964 ) . Boyce and 
Kaeiser ( 1964)  found an average specif ic gravity of 0 . 360 in 170 cores from 
s traight and crooked logs of eas tern cottonwood . The cores with specific 
gravity greater than 0 . 4 10 general ly came from the upper s ide of crooked 
s tems , where tens ion wood reaches its bes t d evelopment . Among thr ee trees 
inves tigated intensively , the propor tion of gelatinous fib er s  and the wall 
thickness of non-gelatinous f ib er s  increased with higher spec ific gravity . 
Regardless of the incr eased specif ic gravity ob tainable from tens ion wood , 
reac tion tissue is undesirable b ecause of its limi ting phys ical propert ies 
describ ed in the s ec tions : Mechanical Proper ties , Machining and Process ing , 
Moisture Relations and Shr inkage .  

CHEMICAL CONTENT 

The carbohydrate cont ent of poplar s is remarkably high , and the 
lignin content correspondingly low.  Trembl ing aspen ha s the highes t 
chlorite holocellulose ( 8 0 . 3%) and the next-to-lowest lignin content ( 18 . 1%)  
of 8 hardwoods and 8 softwood s commercially important in Canada ( Clermont 
and S chwart z  195 1 ,  1952) . Browning ( 1963) al so ind icates this spec ies as 
having the highest glucan ( 5 7 . 3%)  and the lowes t  lignin ( 16 . 3%)  content of 9 
hardwoods and 10 sof twoods lis t ed . The lignin cont ent is apprec iably lower 
than the average ( 2 2 . 5%)  for the remaining 8 hardwood s .  Worster and Sugiyama 
( 1962)  have f ound a low lignin content in both trembling aspen ( 18 . 5%)  and 
b lack cottonwood ( 19 . 0%) . 

Rela tively f ew s tud ies have been carr ied out on the inf luence of 
growth and her edity on chemical content . Wilde and Paul ( 1959 ) found no 
s ignif icant diff erence in chemical composition of tr embl ing aspen grown on 
a variety of soil types . Cech , Kennedy and Smith ( 1960) found no inf luence 
of rate of growth or clonal source on holo- or alphacellulose content in 
1 year old cut tings or s eedl ings of b lack cottonwood . Higher cellulose 
contents in suckers were attr ibu ted to tension wood associated with their 
leaning habit . 

The higher c el lulose content of tension wood is not neces sarily 
advantageous , becaus e lower hemicellulose content may result in weaker pulp . 
Clermont and Bender (1958)  pulped tr embling asp en tens ion wood and f ound 
that more beating time was required to get the same freenes s as normal wood , 
and slightly lower breaking length and folding endurance was realized , 
although burs ting s tr ength was the same as normal wood , and tear s trength 
higher . The tension wood contained 5 . 3% mor e alphacellulose and 1 . 1% less 
lignin ( oven-dry wood basis ) . 

Klauditz ( 1958)  emphas ises tha t normal poplar wood has an average 
alphacellulos e  content of 4 2 . 5 % ,  and tha t values exceeding 44% ( and rising 
to mor e than 60%) are due pr imar ily to tension wood . I t  therefor e  appears 
that ther e may b e  little varia tion in c ellulose content in s tems free of 
tension wood , and tha t gene tic and growth factors o ther than a leaning 
hab it may not influence cellulose p ercentage . 
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Figure 4 .  Scatter diagram of maximum crushing stress of North 
American pop lars (solid circ les) and other commercial species 
of similar specific gravity (open circles) . (See footnotes of 
Table 2 for list of species) .  

MECHANICAL PROPERTIES 

Becaus e of its low specific gravity , poplar wood in general is 
weak . Its nail-holding capac ity is also na turally poor , but its low 
tendency to split in nailing makes it a us eful wood for boxes and crates . 

In order to determine whether pop lars are inherent ly weaker than 
other spec ies due to fac tors other than low dens i ty ,  the effect of specific 
gravity mus t  f ir s t  b e  r emoved before making int er-species compar is ons . 
Figur e  4 shows green maximum crushing s tress plot ted agains t specific grav
ity for p oplars and all other commercial Canadian species of  comparable 
spec ific gravity ( 0 . 30 to 0 . 39 )  (Kennedy 1965) . S imilar data for these 
spec ies f rom United S tates is also included (Markward t and Wilson 1935) . 
The poplars appear to have a lower s tr ength-specif ic gravity ratio ( specif ic 
s tr ength) than other species . This was conf irmed s tatistical ly through a 
"t"  test that compared the specific s tr ength of poplars to tha t of  the 
r emaining species using the combined Canadian and U . S .  data . The r esults of 
s everal comparisons are summarized in Table 2 ,  which shows the infer iority 
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TABLE 2 .  S IGNIFICANCE OF DIFFERENCES IN SPECIFIC STRENGTH AND VOLUMETRIC 
SHRINKAGE BETWEEN POPLARS AND OTHER SPECIES OF SIMILAR SPECIFIC 
GRAVITY1 

Specific proper ty Mean of Mean of 
poplars2 others 3 t 

max crushing s tress ( gr een) psi 6181 72 38 4 . 44*** 
max crushing s tress ( air-dry) p s i  132 18 14968 4 . 4 1*** 
modulus of  rup ture ( gr een) psi 14108 14982 2 . 09* 
modulus of  rupture ( air-dry) psi 24481 2 580 7 1 . 74 
modulus of elas tic ity ( gr een) 10 3 psi 2 9 36 30 7 7  0 . 8 3 
modulus of ela s tic ity ( air-dry) 10 3 psi 3841 3882 0 . 2 2 
volumetric shrinkage 

( green to oven-dry) % 34 . 4  2 9 . 8 4 2 . 89** 

l Calculated from combined data of Kennedy ( 1965) , Markwardt and Wilson ( 1935)  
2 Spec ies : Trembling aspen , largetooth aspen , balsam poplar , black cott onwood 

and eas tern cot tonwood . 

3 Includes red ald er , basswood , bu tternut , eas tern white cedar , wes tern red 
cedar , amabilis f ir , balsam f ir ,  eas tern white pine , western white p ine , 
red pine , Engelmann spruce ,  red spruc e ,  S itka spruce and white spruce .  

4Exc luding bas swood . 

* S ignificant at the 5%  level . 

** S ignif icant at the 1% level . 

*** S ignif icant at the 0 . 1% level . 

of p oplars in compression s tr ength in both the green and air-dry ( 12 %  moisture 
content) condition . Spec ific bending s tr ength (modulus of rup ture)  is like
wise reduced in green poplar , but does not extend to the air-dry condition . 
Modulus of elasticity is not lower in poplar when compared with o ther species 
of equivalent specific gravity . The low crushing resis tanc e of poplars 
may be related to their low lignin content , s ince it is commonly assumed 
that lignin enhances the compr essive s tr ength of wood . 

Effect of react ion wood 

Few data are available on the comparative mechanical proper ties of 
t ension and normal wood . The only two s ignif icant s tudies on Nor th American 
pop lars (Las s en 1959 ; Perem 1964 ) are summar ized in Table 3 .  Al though 
specific gravity is higher in tension wood , mos t s tr ength properties appear 
to be r educ ed .  Thus th is d iscrepancy in s tr ength would be mor e  marked if 
t ens ion and normal wood wer e compared on a spec if ic s tr ength basis . 

Toughness looms as a very imp or tant excep t ion to the s tr ength
tension wood relationship . Sacre and Evrard ( 1963)  have also reached this 
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Species 

Tr embling 
aspen1 

Eas tern 
cot tonwood 2 

TABLE 3 .  DIFFERENCES IN MECHANICAL PROPERTIES BETWEEN 
TENSION WOOD AND NORMAL WOOD OF POPLAR 

Moisture Difference between tension and normal 
cond it ion ( per cent of normal wood ) 

Sp gr f iber mod of mod max 
stress rup ture of crush 
at prop elast- s tress 
limit icity 

green +8 . 0  -24 . 6  -2 . 2  -1 . 6 -3 . 5  
air-dry +6 . 7  -15 . 6  -5 . 3  -0 . 7  -5 . 3  

air-dry +4 . 7  +6 . 6  - 7 . 1  

I per em ( 1964) . 
2Lassen ( 1959) . 

wood 

tough-
ness 

+ 62 . 3  
+ 43 . 4  

+12 4 . 6  

conclus ion in an investigation of poplar hybrids . The increased toughness 
of tens ion wood has been corr ela ted with the numb er of gelatinous f ib er s  
present ( Lassen 1959 ) . 

MACHINING AND PROCESSING 

Because of its low sp ec ific gravity and por ous s tructure , poplar 
can be expec ted to cut roughly , and present a somewhat heavy surfac e .  
Cantin ( 1965)  found that largetooth and tr embl ing aspen were generally some
wha t inf erior to denser Canadian sp ecies in machining proper ties . The best 
performance of the aspens was in bor ing tests , while they were generally 
unsatisfac tory in turning . 

The characteristic low densi ty of poplar is an advantage in the 
manufacture of particle board . Und er a g iven pressure , low-d ensity chips 
f orm a mor e compact board of greater s tr eng th due to better bond ing between 
ind ividual chips . 

The tendency to r oughness on machining can be accentuated greatly 
by the presence of reaction wood (Wahlgr en 195 7 ;  Clark 1958 ; Haskell 1958 ; 
Lassen 1959 ; Per em 1964) , par ticularly in green t imber . The wooliness and 
proj ecting f ibers charac teristic of sawn poplar with a s ignificant number 
of gelatinous f iber s  are shown in Fig . 5 .  Transverse surfaces of such wood 
feel s ilky to the touch , presumably due to the gelatinous f iber s  being 
pulled rather than cut cleanly from the wood . The presence of gelatinous 
f ibers , along with the extr eme growth s tres ses that may be present in areas 
of tension wood , can also pinch and clog saws , thereby contr ibu ting to ov er
heating , dulling and loss of eff ic iency in sawing ( Haskell 1958 ; Lassen 1959 ; 
Per em 1964) . 
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Figure 5 .  Woo l ly surface produced by sawing b lack cotton
wood containing tension wood. Lack of ge latinous fibers 
in upper-right corner of b lock resu lted in comparative ly 
smooth surfaces in this area. 

Tension wood is al so respons ible for extr eme wooliness noted in 
pop lar veneer (U . S .  For est Prod . Lab . 1950 ; Sacre and Evrard 1963) . Such 
fuzzy veneer may require as much as 60% mor e  glue on its sur faces (Schreiner 
1959) . 

MOISTURE RELATIONS AND SHRINKAGE 

S tanding poplar tr ees have a high moisture content . Gibbs ( 1935) 
found an average mo is ture cont ent of 1 30% in tr emb ling aspen in winter , 
which decr eased to 6 5 %  in the summer months . Bend tsen and Rees ( 1962)  found 
a similar s et of values of 113 decr easing to 80 % .  In both of these studies , 
the sapwood generally had a higher moisture content than the hear twood . 

The f ib er satura tion point of poplar wood has been estimated to 
be 32 (Anon . 1958) or 33% (Mayer-Wegelin 1953) . On the basis of this un
usually high figure , a greater than aver age shr inkage can b e  expec ted . The 
average volume tr ic shrinkage (gr een to oven-dry) for the five commerc ially 
impor tant species in Canada is qu ite constant , rang ing only from 11 . 6  to 
l l . 8 %  (Kennedy 1965) . Es timates for the same species in the Uni ted S tates 
vary from l O . 5  to l 4 . l% .  The f inal l ine in Table 2 compares spec ific vol
umetr ic shrinkage (volumetric shrinkage f specific gravity) for poplars vs . 
o ther commer cial sp ec ies of similar dens i ty .  I t  is necessary to calcula te 
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specif ic volumetric shrinkage f or this comparison , s ince shrinkage is a 
funct ion of sp ecific gravity . Bas swood was not included among the other 
species , b ecause its extremely high sp ecif ic shr inkage ( 50 . 2 %) places i t  in 
a very special posit ion . With basswood elimina ted from cons ideration , the 
poplars have a s igni ficantly higher specif ic shrinkage ( 34 . 4 %) than the 
other species ( 2 9 . 8%) agains t which they have been compared . 

The reduced volumetric shr inkage of poplars compared to basswood 
is of fset by the f ac t  that p oplars have a high ratio of tangential to 
radial shrinkage . The estimat e  for this rat io obtained from combined Can
ad ian-U . S .  f igures is 2 . 2  for poplars and 1 . 4  for bas swood . Thus the poplars 
will be mor e  subj ect to cupping and diamonding , s eas oning defects that 
result from a discrepancy between tangential and radial shrinkage . 

Longitudinal shrinkage is generally negligib le for normal wood 
of all spec ies , averaging about 0 . 2 % .  Tension wood , however , has a s ig
nif icantly higher longitudinal shrinkage , which leads to bowing , crooking , 
and more s evere checking of lumber and buckling of  veneer . Longitudinal 
shrinkage in aspen tens ion wood has been repor ted as 0 . 34% ( Perem 1964) . 
Terrell ( 1952 ) found a variation in longitudinal shrinkage in aspen from 
0 . 16 to 0 . 72 % .  Both Terrell and Wahlgren ( 1957)  ob tained a s ignif icant 
correlat ion between long itudinal shr inkage and the propor t ion of th ick
walled gelat inous f ibers . 

PERMEABILITY 

Very little inf orma tion is available on the permeability of  poplar . 
MacLean ( 1935)  placed cottonwood and largetooth aspen in the second of four 
groups of wood s ranked in order of decreasing ability to accept preserv
atives under pressur e .  Species in this group are cons idered t o  have hear t
wood moderat ely diff icult to penetra te . Since coastal Douglas-f ir is also 
in this group , it may be argued tha t no s erious limitations exist in treating 
poplar s with preservatives und er pressur e .  

I f  tylos es are present in the heartwood , the permeability may be 
markedly reduced . S tone ( 1956)  found that tremb ling aspen hear twood had 
the next- to-lowest permeability to air among eight softwoods and 19 hardwoods 
t es ted . However , the hear twood of both eas tern cottonwood and balsam poplar 
was very easily penetrated , as was the sapwood of trembl ing aspen . S ince 
tylosis f ormation is limited in poplars , permeabi lity wil l  probably b e  
satisfac tory i n  mos t  cases . 

DECAY RELATIONS 

Decay is commonly encountered in l iving trees of all poplar 
spec ies and results in s ignif ican t  losses in pulpwood and veneer logs . Black 
cottonwood stands may have between 32 and 7 7 %  of the trees measurably de
cayed at ages 80 and 180 years , respectively ( Thomas and Podmore 1953) . 
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Over 90% of  the loss in this species is caused by Polyporus de lectans and 
Pholiota destruens . Initial decay by the latter fungus reduced lengthwis e  
compressive s tress b y  7 . 5% .  

Approximat ely 70% of  the trees in typical trembl ing aspen stands 
may be decayed ( Basham 1958 ; Thomas , Etheridge and Paul 1960) . The white
rot  organism , Fornes igniarius , is r espons ible for the bulk of the decay in 
this spec ies . Fritz ( 1954) found that this and mos t  other fungi at tacking 
living trees wer e unable to continue to cause deterioration in s tored mix
tur e of trembl ing aspen and balsam p oplar pulpwood . The excep t ion was 
Poria cocos , which may continue to produce a brown rot in pulpwood bolts . 

S tored pulpwood deter iorates rapidly . Fr itz ( 1954) found four 
spec ies of white-rot fungi which were able to attack wood , and caus e ad
vanced decay af ter only two seasons of s torage as pulpwood . Af t er s torage 
of eastern cottonwood bolts for 48 weeks , Eslyn ( 1966)  found specif ic 
gravity losses up to 15 . 4% for white rots  and 9 . 4% for brown ro t s .  

All poplars are also subj ect to  a variety o f  hear twood discolora
tions and stains , some of which are associated with bac ter ia (Wallin 1954 ; 
Anon . 1958 ; Schreiner 1959) , and termed "wetwood" .  Wallin found this type 
of inf ection in an irr egular zone between the sapwood and hear twood . Wetwood 
is characterized by a darkened appearanc e ,  and unusually high moi s ture con
tent . In utilization of wood from young s tands , discolorations associated 
with wetwood may assume more impor tance than heartwood decay . 

SUMMARY 

The various species of poplar have similar microscopic character
istic s , thereby making spec ies s eparation impractical . About two-thirds of 
the volume of poplar wood is composed of f ib ers which have a mature leng th 
in the range of 1 . 2  to 1 . 4  mm .  Fiber length can b e  improved through genetic 
s elect ion , r esu lting in a superior pulp produc t .  I n  tens ion wood , the f ib er 
is mod ified to include a gelatinous layer next to the lumen . Gelatinous 
f ib ers r esult in somewhat increased sp ecif ic gravity , higher cellulose con
t ent , lower spec ific strength properties wi th the impor tan t  excep tion of 
toughness , higher longitud inal shrinkage ,  and the produc tion of fuzzy or 
woolly surfaces when machined . 

The average spec ific gravities of Nor th Amer ican poplars show no 
impor tant differ enc es among species , with the except ion of black cot tonwood 
in which it may be lower . Rapid growth rate app ear s to depress average 
specific gravity . Failur e to find such a rela tionship in some s tudies may 
be due to interact ion with heredity , s ince specific gravity is under 
moderate genetic control . Through clonal selec tion , it may be possible to 
achieve both high volume increment and high specific gravity , thereby s ig
nif icantly increasing dry-weight yield . 
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Pop lars have an extremely low lignin and high alphacellulose 
content compared to other tr ees . They ar e weaker than other low-density 
spec ies in leng thwise compres sion , pos s ibly due to their low lignin content . 

Consider ing its low d ens i ty , normal pop lar wood machines as well 
as could be expected , but the frequent pr esenc e of tension wood often g ives 
the impress ion that it is a rough-surfaced wood . Normal poplar wood shr inks 
somewhat more than that of other low-density species with the excep t ion of 
basswood , and has a mod erat ely high ratio of tangent ial to rad ial shr inkage . 
The high longitud inal shrinkage of tens ion wood may lead to increas ed 
checking and warping of lumber and veneer . 

Pop lar s ar e fair ly permeable except when tyloses are encountered 
in the heartwood . 

Poplar s tands are heavily infec ted with heartrot , and the timber 
is very perishab le after cu tting . S tains , some of which ar e associated with 
bac ter ial infec tion , are also common . Decay and dis colorat ion reduce the 
us efulness of pop lar as a pulp and veneer sour c e .  
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CHAPTER X 

USE OF POPLAR FOR THE fv1ANUFACTURE OF PULP AND PAPER 

D .  W .  Clayton 
Pulp and Paper Research Institute of Canada 

Pointe Claire� Que . 

INTRODUCTION 

Of the eight species of the genus Popu lus native to Canad a ,  f ive 
occur in commerc ial size and quantity ( Irwin and Doyle 19 61) . These are :  
tr embling aspen , 1ar getooth aspen , balsam poplar , eastern cottonwood , and 
b lack cottonwood . The cost of transpor t ing pUlpwood is high ; cons equently , 
although all f ive of these species of poplar are used in the manufacture of 
pulp , paper and board in Canada , the sp ec ies or mixture of species used in 
a particular case depends upon the location of the mill . With f ew ex
cep tions , poplar and other hardwoods are no t shipped over long dis tanc es , 
and many mills , espec ially in eas tern Canada , purchase their supp lies of 
thes e pulpwoods from local farmers .  The dis tribution of poplar species in 
Canada has been discussed by Maini ( Chap . I I ) ; as might be expec ted from 
his data , tr embling aspen is the pr edominant pop lar species used by pulp 
mills eas t of the Rocky Mountains . In British Columb ia poplar usage is 
conf ined exc lus ively to black cottonwood . 

Volumes of poplar used in pulping in Canada 

The amounts of all pop1ar l spec ies used for pulp ing in Canada 
and in separate provinc es ar e shown in Fig . 1 for the years 1953 to 196 5 ,  
the latest year for which of ficial s tatis tics were available when this 
r eview was being prepared ( Anon . 19 5 3-1965 ) .  The quantity used was rel
at ively s tab le over this 12 year per iod , averaging about 480 , 000 cord s per 
annum f or the country as a whol e .  In Ontar io in 1965 ( Fig . 2 ) , poplar 
accounted for about 7% of  the r oundwood pulpwood used in that pr ovince ,  
with the o ther provinces using 1 . 5-2 . 0% in their roundwood supply . Figure 3 
shows the quantities of poplar used in various pulp ing processes throughout 
Canada . Increasing amount s  have b een utilized in mechanical and semi
chemical methods , reaching a peak of 2 20 , 000 to 2 35 , 000 cord s in the per iod 
1960-1964 : although the volume dropped to 180 , 000 cords in 1965 this was 

I Vo1umes of poplar in Figs . 1 ,  3 ,  4 and 5 ,  and percentage relat ionships in 
Figs . 2 , 10 and 11 refer to roundwood only . S ee p .  1 7 5 . 
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Figure 3 .  Vo lumes of poplar used in each type of pu lping 
process in Canada� (1 953-1 965) . 
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equivalent to 85  ft3 of solid wood. 

(3) Soda pu lp is not now produced in Canada. In 
recent years the output of this type of pulp 
has been small  and in 1 965� pulpwood described 
by the Dominion Bureau of Statistics as used 
in "Sulfate and Soda " pulping was entirely used 
in sulfate (kraft) pulping . 
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PROD U C T I O N  Y E A R  
Figure 4 .  Volumes of poplar used in each type of pu lping 
process in Quebec3 (1 953-1 965) . Notes as in Fig. 3 .  

are conver ted to a weight basis . The basic d ensit ies of the poplar species 
used for pu lp ing in Canada r ange from about 19  to abou t 2 4  lb . of mois ture
free wood per cub ic foot of green volume (Besley 1960) , wher eas the average 
f or Canadian hardwoods excluding poplar spec ies is about 31 lb . /f t 3 • S ince 
pulp yield per cord increases with basic density , these considerations have 
contributed to the decline in the use of poplar for alkaline pulping . 

Figure 10 r eveals tha t hardwoods as a whole ( includ ing poplar ) 
accounted f or nearly 7 %  of the roundwood pulpwood used in Canada in 1965 , 
compared with about 4%  in 1952 . The use of pop lar had not increas ed pro
portionately : in 1953 it account ed for 4%  of the r oundwood pulpwood and 
for over 80% of the hardwoods used . Dur ing the next 12 year s , the amounts 
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Figure 5 .  Volumes of poplar used in each type of pulping 
process in Ontario� (1 953-1 965) . Notes as in Fig. 3 .  

used per annum never exceeded 4% of the roundwood pulpwood and in 1965 were 
less than 3 . 0% .  This decline in the use of  poplar r elative to other hard
woods is shown in Fig . 11 . Although , in 1 96 5 , it still comprised about 
40% of the total hardwoods used in pUlping ther e had been a s tr iking down
ward trend s inc e 1952 , bar ely checked in the period 1956-58 . As Fig . 1 
shows , this genus has been holding its own , with relatively minor f luc
tuat ions , on a vo lume bas is , bu t no sus tained increase was record ed dur ing 
the 12 years ending in 1965 . 

. The latest f igur es available ( for 1965)  on the use of poplar as 
pulpwood are collected in Tab le 1 .  Comparison of these f igur es with those 
for 1964 (Table 2) shows , inter alia , tha t al though the consumpt ion of 
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Figure 6 .  
1 953-1 961 . 

Average value of pu lpwood per cord in Quebec> 
Anon . 1 953- 1 965 . 

roundwood pulpwood in Canada increased from about 16 . 1  million cords in 1964 
to near ly 16 . 5  million cords in 1965 , the consump tion of  poplar d ropped 
from about 490 , 000 to  less than 450 , 000 cord s .  Thus the r oundwood poplar 
used , calculated as a percentage of the roundwood pulpwood consumed , dropped 
from 3 . 0  to 2 . 7 % .  

All the above f igur es , including the calculations on which Figs . 
2 ,  10 and 11 are based , refer to roundwood only . In 1965 , wood res idues 
including sawmill and veneer mill chips , s labs and edgings , shavings , saw
dus t ,  and but ts and cores equivalent to an addit ional 4 . 3  million cords 
accounted for 20 . 7 % of the total consumption ( 2 0 . 8  million cord s )  of pulp
wood . Pr el iminary f igures for 1966 (Anon . 196 7)  indicate an increase in the 
consumption of residue s to the equivalent of 5 . 1  mill ion cords , r epresenting 
2 2 . 4 % of the total pulpwood consumpt ion in 1966 . Data ar e not available 
on the ind ividual species compr ising these residues , but in 1965 it was 
recorded (Anon . 196 5 )  that only 3% of them were hardwood s .  Even if it were 
to be assumed that nearly all of the hardwood residues were p oplar spec ies , 
this still would no t raise the amount of poplar used , calcula ted as a per
c entage of the total pulpwood ( includ ing r esidue s )  consumed in 1965 , sig
nif icantly above the 2 . 7 % calcula ted on the basis of roundwood only . 
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Ontario .. 

A preliminary estima te (Anon . 196 7 )  ind icates tha t about 482 , 000 
cords of poplar roundwood were used in 1966 . This still represents only 
about 2 . 7 % of the roundwood pulpwood consumed in tha t year . The demand is 
l ikely to increas e in only a f ew special cases , e . g .  for the manufacture 
of groundwood for t oilet t is sues , and of neutral sulfite semi-chemical (NSSC) pulp for corrugating medium and as a f iller f or newsprint . 

The ana tomical and physical charac ter istics of poplars have been 
descr ibed by Isenberg ( 1951) , Irwin and Doyle ( 1961) , Bes ley ( 1960)  and 
more recently by Kennedy (Chap . IX) , and data on their ch emical const itut ion 
have b een obtained in a number of laboratories (Isenberg 1951 ; Browning 
196 3 ,  p .  70 ; Rydholm 1 96 5 , p .  95) . The pulping characteris tics of poplar 
have been investigated exhaus tively , and good b ibliographies are available (Brown , Saeger and Weiner 195 7 ; Ro th and Weiner 1964) . 

KRAFT PULPING 

Although all species of pop lar are probably used in ch emical 
pulp ing , both kraf t and sulfite , trembl ing aspen is the mos t  widely used 
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for this purpose , some times al one but more frequently in admixtur e with 
other species . In the kraft pulping of mixed western softwoods about 5 %  
of b lack cot tonwood i s  some times included in the mixture but the to tal 
amount used in th is way is relatively small . 

Table 3 summarises the f iber dimensions , wood density and chemical 
cons titution of trembling aspen and the proper t ies of bleachab le-grade 
kraft pulps in comparison with whi te b ir ch , Douglas-f ir ,  and black spruce.  
Hardwoods in general have a lower lignin cont ent than softwoods . Conse
quently they pulp faster than sof twoods and g ive a higher yield at a given 
pulp lignin content . Mos t  specimens of trembl ing aspen have an even lower 
lignin content than o ther hardwood s and thus g ive somewhat higher pulp yield s 
on a dry weight basis . However , the basic density of poplar spec ies is low 
-- lower than that of all o ther Canad ian hardwood s except basswood . Con
sequently , since pulpwood is bought on a volume basis , the yield of pulp per 
c ord of poplar is f requently lower than with the denser hardwoods . 
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The kraft process is not as sens itive to extractives as the sul
f ite proces s , bu t one mill has repor t ed diff iculties due to deposit ion of 
poplar resins dur ing the b leaching and screening of a kraf t pulp blend 
containing a 50 : 50 mixture of tr embling aspen and j ack p ine , although s im
ilar problems do not occur in papermaking . 

As with o ther hardwoods , the f iber length of poplar is lower than 
that of sof twoods , and pop lar pulps ar e weaker than sof twood pulps . Fiber 
length has a part icular ly marked effect on tear fac tor which decreases with 
decreasing f iber leng th ( Table 3) . Poplar pulp has an even lower tear 
factor than b irch , a relatively long-f iber ed hardwood . Poplar kraft pulps 
are not made d irectly into paper or conver ted into market pulp because of 
the diff iculty of running pur e pop lar pulp on the machines ; the wet web 
strength is too low to allow the pulp to be run at r easonable produc tion 
speeds . Consequent ly the poplar pulp is blended with a longer-f iber ed 
softwood pulp , frequently j ack pine or a mixture of spruc e and j ack pine . 
Even then , diff icul t ies ar e exper ienced if the content of poplar pulp 
reaches or exceeds 7 5 % .  In one mill a blend of j ack pine kraf t ( about 45%  
yield) and poplar kraf t ( about 55%  yield) is made by cooking the two species 
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PRODUCTI ON YEAR 
Figure 1 0 .  Hardwoods used in pUlping, as a percentage 
of the roundwood pulpwood used in Canada, 1 946-1 965 . 
Note : Wood residues not included. See p .  1 75 .  

in separate digesters and b lowing s imul taneous ly .  The pulps ar e then 
bleached in the form of the blend . 

Poplar kraft pulp has high opacity and good bulk and printability . 
Blend s  wi th softwood kraf t containing 10-50% poplar ar e used in book paper s , 
off set printing pap er and many o ther f ine paper s .  Mixed hardwood pulps are 
similar to a pur e poplar pulp and are also used for such paper s : the ad
vantage of cooking poplar alone is that longer cooking t imes are required 
for the denser hardwoods ,  partly because the impr egnation time mus t  be geared 
to the r equ ir ements of the least easily impregnated wood . Poplar itself is 
very eas ily impregnated unless it contains tyloses ( S tone and Green 1958) . 
In deciding whether to  cook poplar alone or in admixtur e and if the lat ter , 
in what propor tion , an ind ividual mill mus t  consid er in some detail the econ
omics of the cooking cycle requir ed for denser hardwood s ,  and weigh these 
against the availability and r elative cost per unit of dry weight (rather 
than per cord) of dif f er ent woods , as wel l  as agains t the demand of customers 
for pulp s of  a par ticular spe cificat ion . In general , as discussed above and 
shown in Fig . 3 ,  the us e of poplar for kraft  pulp ing is decreasing . One mill 
ceased kraf t cooking pure poplar in 1955 , and in 1966 was pulping mixed hard
woods , predominantly maple and elm , with only 3 . 6 % poplar in the mixture .  
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SULFITE PULPING 

In Ontar io and Queb ec the local species of poplar are pulped alone 
or in admixtures by the sulf ite process . Calcium base sulfite liquor has 
trad itionally been us ed , but at least one mill has conver ted to sodium base .  
The sod ium base sulf ite pulping of poplar involves an impregnation stage 
of 3 . 5  hours at l60C , g1v1ng a pulp yie ld of about 51% . As in the case of 
kraf t pulps , the opacity of poplar sulfite pulps is higher than that of 
sof twood pulps at a s imilar y ie ld , but the pulps are weaker than sof twood 
sulf ite pulps ( Table 4) because of the shor ter f iber length of poplar . 
Poplar has a somewha t higher pitch cont ent than the spruce-bal sam mixture 
commonly pulped by the sulf ite proces s , but gives no particular trouble in 
process ing pr ovided it has been seasoned . 

Like poplar kraf t ,  p op lar sulfite pulp conf er s good formation on 
pulp blend s and is used in admixtur e  wi th o ther pulp s , e . g . , spruce kraft 
or sulf ite , and mixed hardwood kraf t ,  in all grades of f ine paper s ,  in 
amount s  ranging up to 40% .  
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Mechanical and 
Semi- Chemical 

Process 
Poplar Pulpwood Poplar 
cords cords % 

Quebec 4 5 , 324 2 , 94 5 , 815 1 . 5  
Ontario 90 , 769  1 , 52 5 , 356 6 . 0  
B . C .  1 2 , 142 9 2 5 , 9 5 7  2 . 4  
O ther Prov o n , 1 2l  1 , 2 14 , 2 10 1 . 8  
Canada 180 , 356 6 , 6 1 1 , 338 2 . 7  

TABLE 1 .  THE USE OF POPLAR AS PULPWOOD IN CANADA IN 1965a 

Sul f i t e  Kraft Defibrat ion and Explosion 

Poplar Pulpwood Poplar Poplar Pulpwood Poplar Poplar Pulpwood Poplar 
cords cords % cords cords % cords cords % 

20 , 549  2 , 28 7 , 280 0 . 9 2 4 , 5 7 7  1 , 032 , 4 74 2 . 4  1 7 , 294  90 , 839 1 9 . 0  
7 3 , 600 1 , 2 52 , 109  5 . 9  95 , 92 7  1 , 1 74 , 074 8 . 6  9 , 21 1  2 0 , 980 4 3 . 9  
1 9 , 6 76 9 1 5 , 83 7  2 . 2  - 9 38 , 2 1 7  - - - -

643 1 , 400 , 704 <0 . 1  - 74 3 , 932 - 7 , 91 5  1 9 , 299  41 . 0  
114 , 468 5 , 85 5 , 9 30 2 . 0  120 , 504 3 , 88 8 , 69 7  3 . 1  34 , 420  1 3 1 , 118  26 . 3  

3Anon . 196 5 .  No t e :  Wood res idues not included . See t ex t  • 

Mechanic a l  and 
Semi-Chemical 

Proc ess 
Poplar Pulpwood Poplar 
cords cords % 

Quebec 4 7 , 009 2 , 85 9 , 353  1 . 6  
Ontario 101 , 84 3  1 , 4 76 , 604 6 . 9  
B . C .  2 5 , 0 2 7  863 , 54 3  2 . 9  
Ot her Prov o 45 , 8 7 1  1 , 12 9 , 96 7  4 . 1  
Canada 1 1 9 , 750 6 , 32 9 , 46 7  3 . 5  

TABLE 2 .  THE USE O F  POPLAR AS PULPWOOD I N  CANADA I N  1 964a 

Sulf i t e  Kra f t  Defibr a t i on and Explosion 

Poplar Pulpwood Poplar Poplar Pulpwood Poplar Poplar Pulpwood Poplar 
cords cords % cords cords % cords cords % 

18 , 01 5  2 , 2 53 , 33 7  0 . 8  2 2 , 036 1 , 02 0 , 493 2 . 2  1 3 , 805 9 5 , 48 3  14 . 5  
6 4 , 596  1 , 3 35 , 362 4 . 8  120 , 701 1 , 209 , 244  10 . 0  9 , 000b 44 , 706 20 . 1  
1 7 , 166 944 , 2 40 1 . 8  - 82 2 , 32 5 - - - -

1 , 053  1 , 350 , 789 0 . 1  - 72 3 , 460 - 6 , 04 1  1 7 , 896 3 3 . 8  
100 , 8 30 5 , 883 , 72 8  1 . 7  142 , 7 3 7  3 , 7 75 , 522 3 . 8  2 8 , 846 158 , 085 18 . 2  

_ .  

3Ano n .  (�196i') . No t e :  Wood residues not included . S e e  t ext . 

All Proc esses 

Poplar Pulpwood Poplar 
cords c ords % 

107 , 744 6 , 356 , 408 1 . 7  
269 , 50 7  3 , 9 72 , 51 9  6 . 8  

4 1 , 818 2 , 780 , 01 1  1 . 5  
30 , 6 7 9  3 , 3 78 , 145 0 . 9 

449 , 748 16 , 4 8 7 , 08 3  2 . 7  
..... 

All Procc e s  

Poplar Pulpwood Poplar 
cords cords % 

100 , 865 6 , 2 2 8 , 666 1 . 6  
296 , 140 4 , 065 , 916 7 . 3  

42 , 193  2 , 6 30 , 108 1 . 6  

52 , 965 3 , 22 2 , 112 1 . 6  
492 , 2 74 1 6 , 146 , 802 3 . 0  

- -----

tThis f i gure is an e s t ima t e , based on the graph in Figure 5 ,  of the quan t i ty of poplar used in d e f ibrat ion and explosion processes in 1 964 : f rom Figure 
5 i t  may be inf erred that the t o t a l s  repor ted for 1963 and 1964 for Ont ario were too high . They probably included some poplar u s ed for par t i c leboard . 
The to tals for ' a ll processes ' have been correc t e d  to agree with t h i s  e s t ima t e .  
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Basic Dens i ty , 1b . / cu f t  
Average Fiber Leng th ,  mm 
Average Fiber Diamet erf , mm 
Gr oss Comp o s i t ion of 

Ext r a c t ive-free Wood : 
Lignin , % 
C e llulos e ,  % 
Hemicellulos es , % 

Anhydrosugar s , % in 
Ext r a c t ive-free Wood : 

G lucan , % 
Mannan , % 
Xylan , % 
Galac tan , % 
Arab inan , % 

Kra f t  PulpP : 
To t a l  Y ield , % ,  at Roe 
No . - 5 ( sw) ; - 2 . 5  ( hw) 

Paper Proper t iesP 
at 300 cc CSF : 

Beat ing Time , min 
Breaking Length , km 
Tear Fac tor 
Burs t Fac tor 
Bulk , c c / g  

TABLE 3 .  PROPERTIES OF KRAFT PULPS FROM POPLAR AND OTHER WOODS 

Average , Trembl ing 
Doug las-Fir B lack Spruce Aspen Whi t e  B irch Canadian 

Sof twoods 

2 8a 2 5a 2 2 a  30a 2 4b 
3 . 9a 3 . 3a L oa 1 .  9a 3 . 5b 
0 . 040a 0 . 02 8a 0 . 0 1 9a 0 . 0 2 5a 0 . 035e 

2 5 - 30g 2 8h 16k 19k 29k 
38-47 46 5 3  4 1  4 3  
28-32 26 31 40 28 

4 3 . 5m 49 . 0  5 7 . 3m 4 4 . 7k 
10 . 8  10 . 8  2 . 3  1 . 5 

2 . 8  5 . 6  16 . 0  2 4 . 6  
4 . 7  3 . 2  0 . 8  0 . 6  
2 . 7  1 . 3 0 . 4  0 . 5 

4 7 . 7h 46 . 7  59 . ln 54 . 8n 

6 8  7 5  40 37 
13 . 6  1 4 . 6  10 . 7  12 . 5  

130 1 1 3  7 4  9 6  
106 110 6 1  8 4  

1 .  33 1 . 40 1 .  30 1 .  34 
-.. -----.. ---�- - -- � .. ��------�� 

a 
b - e  
f 

Average f igur es calcula ted or c i ted by B e s ley ( 1960) from data given by I s enberg ( 19 51 ) . 
Aver ages of values l i s t ed in ( a )  f or : b = 1 9 ;  c = 15 ; d = 10 and e = 1 7  spp . respec t ively . 
Is enberg ( 1 9 5 1 )  used the t erm " f iber d iame t e r " , r a ther than " f iber wid th" . 
Data on extr a c t ive- f r ee Douglas- f ir from I s enberg ( 19 5 1 ) . 

Average , Average , 
Canadian Canadian Hardwoods Hardwoods 

exc . 
Poplar 

28c 3 1d 
1 . 2c 1 .  3d 
0 . 024c 0 . 02 3d 

2 1k 2 2 k  
4 5  4 3  
34 35 

g 
h 

k 

Analyt ical d a t a  f or b lack spruce wood , and pulp y ield and paper proper t ies of b lack spruce and Douglas- f ir kraf t 
pulps are f rom prev i ous ly unpubl ished results ob t a ined a t  the Pulp and Paper Research Ins ti tu t e  of Canada . 

m 
n 
P 

Data on extrac t ive-free wood f rom Rydholm ( 19 6 5 )  p .  9 5 .  
Data o n  anhydrosugars from Browning ( 19 6 3 )  p .  70 . 
Pulp y ie ld and paper proper t ies f rom Legg and Har t ( 19 5 9 ) . 
Laboratory-made pulps . 

sw = s o f twood ; hw = hardwood ; CSF = Canadian S tandard Freeness . 



TABLE 4 .  PROPERTIES OF COMMERCIAL BLEACHED SULFITE PULPS FROM POPLAR AND 
SPRUCE-BALSAMa 

Pulp Beating Freeness ,  Dens ity , Bur s t  Tear Printing 
Time minb ml , CSFb g / ccb Fac torb Fac torb Opac ityC 

Poplar 0 635 0 . 71 2 5  79 
( Eas tern spec ies) 2 615 0 . 72 30 66 

4 587 0 . 74 34 6 3  71 . 1  

8 495 0 . 76 40 58 

Spruce- 0 689 0 . 69 34 109 
Balsam 2 6 7 3  0 . 71 44 90 

4 658 0 . 73 49 81 66 . 8  

8 610 0 . 75 56 72 

aData from Anon . ( 19 6 7A) .  

bAverage values f or standard b eater tests on weekly compos ite samples . 

COpac ity values : poplar , average of thr ee tes t s ;  spruce-balsam,  average 
of  53 tes t s . 

DIS SOLVING PULP 

Mixed hardwood s ,  including poplar , are used in the manufacture of 
cer tain grades of diss olving pulp . The high percentage of xylan in hard
wood s is a disadvantage in the produc tion of acetate grad e  pulps but poses 
no problem when the pulp is destined for cellophane or textile ( rayon) 
manufactur e .  One mill uses a mixture containing about 7% poplar . The shor t 
f ibers of poplar and other hardwoods can be a disadvantage because in the 
slurry s teep ing s tep f or prepar ing alkali c ellulose f or the viscose process 
the drainage is poorer than with the long-f iber ed wood s .  Drainage rate at 
this stage often determine s the rate of production of a viscose plant and 
therefore fiber leng th may be a mat ter of concern . 

MECHANICAL AND SEMI-CHEMICAL PROCESSES 

Mechanical pulping 

The pref erred species for newsprint groundwood are spruce and 
balsam , bu t a number of  mills in Ontar io and Quebec includ e small amounts 
1% or less of poplar in the mixtur e .  Their supp ly of th is poplar , bough t 
from local farmers , is variable . Larger amounts of poplar are included in 
groundwood for the manufactur e of insulating board : one insula ting board 
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Wood Dens ity , 
lb . / cu f t  

Wood Moistur e ,  % 
Gr ind ing Pressure , 

p s i  
Produc tion , od 
Tons /sq f t /2 4  hrs 
Hp Days/ad Ton of  

Wood 
S cr eened Pulp 
Charac ter is tics : 

Freeness ,  ml Can S td 

Bur s t  Factor 
Tear Factor 
Breaking Length ,  

metres 
Bulk , cc /g 
Brightness ,  G . E . , % 

TABLE 6 .  PROPERTIES OF GROUNDWOOD PULPSa 

MINIATURE GRINDER 

Hybr id Pop lar Trembling Aspen Spruce Trembling Aspen 

2 0  20  2 5  2 5  2 6  2 6  -
56 56 55 55 54 54 -

24 . 7  30 . 0  24 . 7  2 7 . 3 32 . 6  37 . 9  -

0 . 46 0 . 86 0 . 98 1 . 54 2 . 12 2 . 6 3 

240 176 116 90 83 76 -

55 90 73  143 116 164 82 

11 . 2  10 . 4  12 . 7  11 . 9 1 7 . 4  14 . 5  9 . 3  
38 38 42 5 7  6 4  5 2  2 5  

2850 2 510 3100 2 7 30 3980 3400 2 190 
2 . 4 5  2 . 60 2 . 41 2 . 5 5 2 . 4 9  2 . 8 1 2 . 45 
61 . 4  6 5 . 9 70 . 9  68 . 4  6 3 . 1 6 1 . 2  5 7 . 6 

, 

aData from de Montmorency and S tone ( 1959) . 

MILL 

Spruceb 

Average Range 

- -

- -

- -

75 -

8 7  6 6-108 

16 . 3  l3 . 5-l8 . 7  
41  38-47 

3210 2865-3620 
2 . 44 2 . 15-2 . 68 

- -

bThe proper ties of commercial spruce groundwood pulps are quoted from tes t  data obtained recently in 
the laboratories of the Pulp and Paper Research Ins titute of  Canada by W . H.  de  Montmor ency . The 
values differ s l ight ly from the older data given by de Montmorency and S tone ( 1959) . 



t-' 00 --.J 

Sample 
Treatment 

No . 

1 D i r e c t  d i s k  r e f ining of poplar 
chips 

2 2 . 4 %  NaOH + 2 . 3% Na 2S03 ' 30 min , 
l 7 5 F ,  atmospher i c  pressur e ,  then 
d isk-ref ined 

3 Sample 2 ,  bleached with 0 . 6 % 
H202 

4 2 . 7 % NaOH + 4 . 1 % Na2 S0 3 ' 10 min , 
l 7 3 F ,  60 psig , then d i s k-
r e f ined 

5 Commerc ia l ly produced poplar 
chemi-mechani c a l  pulp 

6 Spruce s tone groundwood 
( Typ ical book grade) 

aData supp l ied by Leask ( 1 96 7 ) . 

TABLE 7 .  POPLAR - CHIP GROUNDWOOD AND CHEMI-MECHANICAL PULpa 

Ref iner TAPPI S tandard 
Brake Hp 

Days/ad Ton Freene s s , Burst Tear Breaking T . E . A . b S tr e t c h , 
of Wood ml Can S td Factor Factor Leng t h , m ft l b . /sq f t  % 

8 7 . 0  143 7 . 8  34 . 9  2440 - -

52 . 6  1 2 9  19 . 7  6 3 . 0  3 7 50 1 . 02 1 . 4  

52 . 6  112 22 . 8  5 7 . 8  5400 2 . 0 3  1 . 6  

5 5 . 5  190 1 5 . 9  56 . 0  3780 1. 36 1 . 6  

6 5  140 2 1 . 2  6 2 . 7  4 2 00 2 6 . 2  2 . 7  

- 76 1 3 . 1  4 5 . 0  3850 - -

bThe tens i l e  energy absorp t ion is not TAPP I  S tandard . 

Bulk, Brightnes s ,  % 

c c / g  As Delivered pH 4 . 5  O pa c i t y  

2 . 49 5 8 . 9 6 0 . 1 96 . 9  

2 . 02 6 4 . 0  6 3 . 8 9 1 . 0  

1 .  94 7 3 . 0  7 3 . 0  84 . 5  

2 . 16 6 6 . 0  66 . 0  89 . 0  

2 . 00 55 . 5  56 . 5  88 . 5  

2 . 4 7 60 . 0  - 96 



Although such proces s es are not ye t ( in 1967)  applied commercially 
to hardwoods in Canada , they offer interesting possib ilities which may well 
lead to  increases in the use of poplar by the pulp and paper indus try . 

Neutral sulf ite semi-chemical pulping (NS SC) 

Ther e is a s teady demand for poplar , especially in eas tern Canada , 
for use in neutral sulf ite s emi-chemical pulping . This process involves 
treatment of the chips with a solution of sodium sulf it e buffer ed with 
sod ium carbonate to a pH clos e to neutrality . Conventional NSSC cooking 
involves a maximum cooking temperature of l 70-l80C , a total cooking t ime of 
3-5 hours , and a sulfite to carbonate ratio of 3 : 1  ( pH 8 . 5 ) .  Cont inuous 
vapor phase NS SC pulping may us e a temperature as high as 200C , and cooking 
t imes may be r educed to 10-20 min ( Rydholm 1965 , p .  422) . These treatments 
weaken the interfib er bonds , and the sof tened chips ar e then defibrated in 
disk refiners . Such pulps , typ ically produced in yields ranging from 70-
85% , contain a high per centage of lignin and hemicelluloses . Cons equently 
they have comparatively low conventional s trength but possess high s tiffness 
-- a quality which fits them for use as c orruga ting medium . 

The NSSC process is more suited to hardwoods than to softwoods 
because of the lower lignin cont ent of the hardwood s .  Poplar , with a lower 
l ignin content even than o ther hardwood s ,  is thus a desirab le wood for this 
purpos e .  It produces a brighter NS SC pulp than do sof twoods under the same 
condi tions and i ts cost per cunit is lower . Vis-a-vis the dense hardwoods ,  
it gives a lower y ield per cord but th is mus t  be weighed against the ease 
with which it is pulped by the NSSC process , coupled with its ready avail
ability in cer tain areas . Few NSSC mills pos sess barking facilities and 
poplar is obtained on a sap-peeled basis . One mill repor ts that the supply 
of s ap-peeled wood is diminishing and that barking f acilities will eventually 
have to be provided . 

S ome wood mixtures used for NS SC pulping have been repor ted as 
follows (per c entages in parentheses) : 

1)  Poplar ( 2 3 ) ; wh ite b ir ch ( 19 ) ; yellow b irch ( 34 ) ; map le ( 1 5 ) ; 
o ther hardwoods ( 5 ) ; softwoods (4) . In this case the poplar 
consis ted of trembling aspen ( 80) ; large tooth aspen ( 15 )  and 
balsam poplar ( 5 ) . 

2 )  Poplar ( 50 ) ; elm ( 15 ) ; maple ( 1 5 ) ; b ir ch ( 10 ) ; others ( 10) . 

The pulps made from such mix tures are destined almost ent ir ely f or 
use in corrugating medium . The operation of a mill producing 54 , 000 tons 
per year of 9 pt corrugating medium by the NSSC pulping of a wood mixtur e 
containing 38% pop lar has r ecently been described (Anon . 1966) . Other NSSC 
pulps , made from mixtur es of poplar wi th softwoods , are used as a f il ler 
for newsprint . One mill is currently (1966)  using about 18 , 000 cords of  
poplar p er annum (60%  tr embl ing aspen , 40% largetooth aspen) pulped as a 
mixtur e of 75% poplar with 2 5 %  spruce-balsam .  The pulp is us ed in s tandard 
newsprint , the furnish containing 1 2 %  poplar as NSS C  pulp . 
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DEFIBRATION AND EXPLOS ION PROCESSES 

As shown in Figs . 3 ,  4 and 5 ,  a small amount of poplar is used in 
these processes . The quantities repor ted for Ontario for 1963 and 1964 ar e 
erroneous ly high , probably because they included some poplar used for the 
manufactur e of par t icle board . This is not a true pulping process becaus e 
it does not involve the weakening or breakage of interf iber bond s .  Mos t  of 
the poplar r ep or ted as us ed in defibration and exp los ion pr oces ses is 
probably destined for such products as Masonit e .  In the Masonite proces s , 
the wood chips are rapidly heated to about 200C with high-pres sure s team 
and then to 2 80-285C for a few s econds . Rap id release of the pressur e de
f ibrates the wood with exp los ive violenc e .  The use of pop lar rather than 
other hardwood s for such processes is probably bas ed ent ir ely on con
s iderations of wood costs and availability .  In 1965 poplar account ed for 
abou t 2 6 %  of the roundwood used in Canada under this heading (Table 1) but 
s inc e the total volume of production was small , the quantity of poplar thus 
consumed was only about 34 , 000 cords . 

CONCLUS IONS 

The us e of poplar species as pUlpwood in Canada did not increase 
propor tionately with the use of other hardwoods during the period from 1953 
to  19 6 5 .  Although these speci es are the only hardwoods which have b een 
ground with any degree of success , pop lar groundwood is used mainly in 
toile t  tissues and has not b een used extensively in newsprint , the maj or 
product of our pulp and paper indus try . Poplar d oes f ind application as a 
newsprint filler when pulped by the NSSC process , but the main use of poplar 
NSSC pulp is as corruga ting medium .  I t  i s  possible that the disk refining 
of poplar chips , which produces a s tr onger groundwood pulp than tha t ob
tained by conventional s tone grinding , may ultima tely lead to increased use 
of poplar groundwood , but this process has not yet b een commercially applied 
to  poplars in Canada .  

Poplar has also fai led t o  keep pace with the rap idly-growing pro
duc t ion of kraft  pulp in Canada , mainly b ecause it offer s  insufficient 
advantages over mixed har dwoods for this purp os e .  On the wes t Coas t , p oplar 
is in high demand , but in eas t ern Canada ,  increased use of poplar will 
depend largely on successful compe tition with other hardwoods . 
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CHL\PTER XI 

UTI LIZATI ON O F  POPLAR I N  F I BERBOARD AND PARTI CLEBOARD 

S .  H .  Baldwin and M .  M .  Yan 
Abitibi Paper Company Ltd. 

Research Center 
Sheridan Park3 Ontario 

INTRODUCTION 

In surveying the utilizat ion of poplar in the Canadian manufac ture 
of f iberboard and par ticleboard , it is r elatively s traightf orward - though 
not necessarily easy - to es tabl ish what is b eing done and what is planned . 
All one need s is a good deal of correspondenc e ,  wires and phone calls , good 
cooperat ion from a fairly large number of busy mill managers who normally 
dislike being bothered with questionnair es , several sharp penc ils and an 
uncanny knack of ' guesstimating ' mis s ing f igures . Some earlier surveys of 
this general top ic (Burns 1966 ; King 1956 ) do not focus suf f ic iently on 
poplar . We have now tr ied our hand at such a survey and will present the 
r esults , bu t wi th no c laim to being s tatis ticians . When it comes to com
ple ting the pictur e ,  however , and surveying its potential , it is neces sary 
to look mor e deeply into the natur e and requir ements of the par ticular pro
cesses and produc ts invo lved and the proper t ies of poplar itself when used 
in these pr ocess es . 

As a gener al refer enc e ,  Fig . 1 shows very brief ly the main s tep s 
in the s everal maj or panel-type f ib erboard and par ticleboard processes 
currently being used . The key paths show the rout ings to follow for each 
of the listed process es . For example , the S-l-S ( smooth-one- s ide) wet hard
board process consists of chipping , f iber preparation (usually s team cooking 
and mechanical ref ining ) , washing and chemically treating the furnish 
(resins , s iz es , pH adj us ting chemicals ) ,  forming the mat , cold pressing , ho t 
pres s ing the cold pres s ed mat ( on a s cr een) , pos t-baking or temper ing the 
pressed board and fabrica ting and finishing . Wet process S-2-S ( smooth- two
s ides)  f ollows the same initial pa ths to the cold pressed ma t but then the 
mat goes into dryer s where the moistur e content is reduc ed to a low value . 
The mat is then hot pressed at high temperature and pressure at shor t cycles 
without a backing s creen .  I t  then rej o ins the S- l- S process flow for post
treatment , fabricat ion and f inishing . Insulation board follows the S-2-S 
wet process but does not go through the hot pres s ing s tage . Particleboard 
is a dry process and follows a d if f er ent proc ess of par ticle preparation , 
furnish treatment and mat formation . However , it then goes through the hot 
pressing and pos t-hot press treatments ,  though , of course , emp loying dif
f er ent techniques . 
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Figure 3 .  Canadian poplar consumption in dry tons with bark. Based on 
Dominion Bureau of Statistics FPoduction Reports� Dec .  1 965 - Nov.  1 966.  

1 /2-inch insu lat ion board on the average have roughly the same basis weight , 
i . e . , 700- 725  dry pounds per thousand square f eet . However , the basis 
weight of S IB-inch partic leboard at approxima tely 2000 pounds per thousand 
square f eet is thr ee t imes that of l iB-inch hardboard and l /2-inch insula
t ion board . If we magnify the particleboard produc tion bar by a factor of 
three (dotted bars in Fig . 2) then the r elative wood consump tion of the 
thr ee industr ies on a weigh t basis b ec omes apparent and we see tha t they run 
fair ly close to each o ther . 

Poplar consump tion ( Fig . 3) - perhaps the mor e interes ting for 
this sympos ium - is shown on a direc tly comparable moisture-free weight 
basis . In compil ing these data from questionnaire replies , we used the 
following volume-weight conver s ion units f or poplar : 

1 cord (with bark) 
1 cord (with bark) 
1 cunit ( no bark) 

O . BO cunits (no bark) 
1 740 lb . dry (wi th bark) 

= 1 . 09 tons dry (with bark) . 
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I t  will b e  s een from this graph that al though we f or esee a d oub
ling of poplar consumption in 196 7 f or Canadian hardboard , the total amount 
used in tha t indus try will s till b e  only one-seventh of that c onsumed for 
particleboard and a little more than one-quar ter that us ed in insulation 
board . The big poplar increase in the hardboard indus try is mainly due to 
a new mill s tar t-up in 1967 , though ther e wer e also indic ations in our sur
vey that some increase in percentage poplar usage was being contempla ted by 
other s .  There wer e maj or variations from mill to mill in their r epor ted 
p lans for poplar usage in insulation board in 196 7 .  

Other interesting fac ts brought out by our questionnaire wer e : 

- In all three indus tr ies poplar is mainly procured in the unbarked 
log f orm . Two par t ic leboard mills purchase peeled logs and one a 
small amount of veneer cores . 

- Poplar bark is generally used in the furnish by hardboard mills and 
by all but one of the poplar-us ing insulation board mil ls . However , 
only about half of the par ticleboard mills use the bark in their 
board . 

The poplar spec ies used in all three industries is predominantly 
trembling aspen with some largetooth aspen . 

Maj or advantages of poplar f or particleboard manufacture c ited in
cluded low dens ity and henc e good compactability , light color , and 
availab ility . Problems mentioned wer e higher glue consump tion and 
longer press cycles . 

- Insulat ion board mills rep or ted good results with poplar up to 75% 
of furnish but beyond th is pr oblems are encountered with low produc t 
s trength and with f ormation . 

- For hardboard , some diff iculty was repor ted in sizing poplar furnish 
and with s low draining f ib er s to ck . 

- Several mills repor ted trouble with barking frozen poplar . 

WET PROCESS HARDBOARD 

Though poplar is a broad-leaved , deciduous tree we do not regard 
it as a "hardwood " s ince it b ehaves and exhibits  properties in the wet 
hardboard process more like a hybrid of the softwoods and the u sual heavy 
hardwoods . This is one of its desirable f eatur es s ince it is less s ensitive 
in def ibrat ion than the sometimes tricky heavy hardwoods and yet mor e  eas ily 
def ibrated than the more s tubborn sof twoods . It is thus eas ier to maintain 
cons is tent pulp quality and henc e produc t uniformity with p op lar . Such 
uniformity is mos t  impor tant in many of today ' s  industrial hardboard markets . 
In spec ific gravity , 0 . 37 to 0 . 4 2 ,  it is also not extreme , thus making it 
versat ile and usable f or both low and higher dens ity produc ts (fundamentally 
it is diff icult to make a low density composite board out of a high density 
wood ) . Similarly , bulk of the formed poplar ma t is a reasonab ly happy me
dium between the bulky sof twood extr eme which can cause consolidat ion and 
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complete bark r emoval is extr emely dif f icul t and cos tly , we naturally favor 
wood spec ies wher e bark is both more eas ily removab le and least obj ection
able in the proces s .  Pop lar is one of these - though in our case , even wi th 
poplar we had to ins tall a Centric1 eaner operat ion in our Alp ena , Mich . , 
S-2-S mill to r emove the res inous sc1ereid par tic les wh ich occur in the pop
lar bark . The se caus ed prohibi tive pin-holing in our board sur face when they 
s tuck to the hot press platen sur faces , were pulled out of the board and then 
wer e impress ed into subs equent boards . Figur es 6 and 7 show the def ec t and 
the bark partic les in question . The r emed ial cleaning ap proach solved our 
problem because the obj ec tionab le poplar par ticles wer e amenab le to such cen
tr ifugal c leaning action . The same approach would no t have worked satisfac
torily with the barks of su ch spec ies as birch or oak - both of wh ich are 
equally obj ect ionab le in the board . Such a properly cleaned pop lar S-2-S  
board is  a pr emium produc t on today ' s  marke t for f inishing purp oses . 

Figure 6 .  Pit-ho les left in surface of hardboard sheet when speck pu l ls out 
in press (arrow) and 'moats " left around periphery of imbedded specks . X 35 . 
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Figure 7 .  Concentrated centric leaner rejects showing resinous sc lereid 
partic les from pop lar bark. X 1 5 . 

FORE S TRY AND WOOD HANDLING 

We hav e been d i s cuss ing the b ehavior of p o p lar in the b o ard 
manufacturing p r o c e s s  i t s e l f . From the f o r e s try and wo od hand l ing vi ew
p o int , pop lar exh ib i t s  in t er e s t ing charac ter i s t ic s  and some imp or tant 

advan t ages . 

I t  is wel l r ecognized tha t r econs t i tu ted wood prod u c t s  such as 
f ib erboard and par t ic leboard are ideal f o r  p op lar u t i l i z a t ion s inc e these 
indu s t r ies d o  no t d emand large pr emium logs . By the t ime poplar gets t o  
lar g e  l o g  s i z e  r o t  u sually s e t s  in . Fore s t er s  in our Alp ena , Mich . , 
oper a t ion r epor t that if proper ly c u t , p op lar will reproduce s t r ongly and 
qu ickly a t  r e la t ively low co s t .  Wher ever p o s s ib l e  they pref er c l ear cut
t ing , which will result in r eg ener a t ion by root suc ker s in 4 0  y ear s t o  8 
inches dbh . Our average u s e  diame t er currently runs ab out 6 1 / 2 inche s and 
we a c c ep t  any 100- inch s t ick having a minimum d iame t er of 4 inches at the 
sma l l er end . They e s t ima t e  that if thinning of r eg ener a t ed c lear-cut s t and s 
wer e ec onomically f ea s ib le ,  i . e . , if a sui table marke t were found f o r  the 
thinning s , the c u t t ing cyc l e  might be as sho r t  as 20 year s . 

Poplar is f a ir ly s tr a igh t , l imb s easily , and b arks e a s i ly ( exc ep t 
when f r o z en) . I t  is b e l ieved tha t the high mo is ture c on t ent ( 100- 1 2 0 %  on 
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oven-dry weight basis) i s  an aggravating fac tor in the lat ter as well as a 
detriment in the par t icleboard furnish drying s tage . Pop lar wi ll rot rather 
rapid ly if lef t to lie in moist  c ondit ions , and once this degrad ing process 
begins excess ive wood loss is suf f er ed at the barkers and eventually the 
wood will break up . Hence poplar should not b e  run on a long s tock-p ile 
s torage sys tem . 

A fur ther fores try factor exists in our Alpena , Mich . , operat ion 
which may be novel to the Canad ian scene . The woodland s in the lower Michi
gan p eninsula are privately owned by hunt c lubs and we purchase our wood 
from these land s . Thus fores try prac tices mus t  also b e  gear ed to the rec
r eational use of the land , which means the management and suppor t of the 
large deer herd in the area . Here again poplar has proven to be a pref erred 
spec ies s ince it is a good deer f ood as well as a good raw mat er ial f or 
f ib erboard . The problem is to grow it in a way which will keep both the game 
managers and the mill manager s happy . Shorter cut t ing cyc les would be one 
way to please both . 

CONCLUS ION 

In summary , we b elieve the following can be said about poplar 
utilization . 

1 .  Far from it s orig inal "weed spec ies" r ole , poplar is now a species 
of maj or importanc e for f ib erboard and par ticleboard manufactur e .  

2 .  Pop lar i s  an excellent wood for partic leboard and Canad ian manufac
turer s have fully recognized this f ac t  in the ir operations - four maj or mills 
are using 100% pop lar furnish . 

3 .  Pop lar is a maj or species in the manufacture of Canad ian insulation 
board , usually compris ing at least 50% of the furnish , but is almos t always 
used in conj unc tion with other species , usually sof twood , mainly for strength 
improvement r easons . 

4 .  Pop lar is not a maj or factor in the p resent Canadian hardboard wood 
supply pic tur e ,  the highes t  content at any mill b eing only 2 2 % .  We f eel tha t 
its potential here has not yet b een realized . I t  is a par ticular ly good wood 
for high quality wet proc ess S-2-S hardboard but this process is not presently 
being us ed in Canada .  
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C-HAPTER XI I 

UTI LIZAT I ON OF POPLAR FOR PL'r'WOOD AND LlJv1BER 

w .  G .  Harris 
NorpZy Corporation Ltd. 

Nipigon., Ontario 

INTRODUCTION 

The lumber and plywood indu s try o f  C anad a  has an entrep reneurial 
base . Mo s t  of the f irms operating in C anada in 196 7  owe their beginnings 
to the hard work and enterprise o f  an ind ividual or group o f  individuals 
as mos t  lumber and plywood companies began as small private companies .  
Bec ause the embryonic pioneering approach to developing natural resources 
i s  different than the approach tradi tionally taken in C anada ' s  pulp and 
p aper and mining indu s tries the patterns o f  development and growth have also 
been quite different . 

Today ,  many o f  our larger plywood and lumber c ompanies are pub lic
ly owned and a few of them are world corpora tions . The species innova tion 
in the indus try continues to c ome from the private firm, partly because the 
smaller firms do not have subs tantial timber resourc es of presently favored 
species , and also because the individual s awmill operator has been first to 
locate on the fur thest fringe of exi s ting transportation networks . F or 
these reasons , pop lar utilization has p rogres sed fur thes t  in C anada in the 
lumber and plywood indu s try .  In both these indu s tries mos t  o f  the manufac t
uring for many years was c arried on by smaller firms and in s ome c ases it 
was this s tart which allowed the firms to grow and diversify eventually 
into o ther spec ies as their sou rce o f  supply . F or the s ame reasons the 
development of the pop lar lumber and poplar plywood indu s tries has been un
even, and the future is somewhat unc ertain . A lthough there are s everal 
medium- s ized firms ( annual s ales of over 2 mi ll ion dollar s )  that u tilize 
poplar as their main timber supply,  no large firm today in the lumber and 
plywood industry is heavily committed to poplar and the indus try ' s largest  
firm has  recently begun redu c ing its produc tion o f  this species . 

The challenge and appeal which the tremendou s quantities o f  pop
lar in C anada have for the entrepreneur is  undeniable, yet the uneven results 
that have been obtained, the relatively low utilization still being realized 
and the inc lination o f  thos e  c ompanies already in pop lar produc tion to diver
s i fy out o f  the spec ies are all ind ic ators that the lumber and plywood c om
panies o f  C anada have not found pop lar to be a satis f ac tory ,  long term 
inve s tment . 
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H ISTORICAL 

LUIllber 

In both eastern and we stern C anada, some p op l ar lUIllber ha s alway s 
been manu f ac tu red from large trees while logging primarily for o ther species . 
N o  exac t record has been kep t of  the development of  pop lar lumber , but 
p ackin g  c ases made from poplar lUIllber were certainly produced on a sma ll 
s c ale in the 1920 ' s , and for many year s poplar timbers or half s awn logs 
were a favored material for s t able floor s becau s e  it was believed to be a 
very tough wood . However , no s awmi ll in C anada has ever cut more than 
10, 000 cunits of  poplar in a ye ar . One or two companies in Ontario tried 
to set up small units  with dry ing fac ilities specializing exc lu s ively in 
poplar, bu t these p lans were shor t- lived and soon the mil l s  were converted 
to a mix ture of  spec ies , wi th the p op lar c on tent being les s than 3 , 000 
cunit s  per y ear . 

The technical prob lems invo lved in produc ing poplar lumber were 
never very difficu lt to solve if someone wished to apply himself to the 
prob lem. Poplar lumber had a repu tation for twisting, which was p robably 
well des erved becau se of  the large quanti ties of  ten sion wood in almo s t  
every tree � C o ttonwood trees in wes tern C anada had a sub s tantial amount of  
ring shake which made s awing difficu lt,  but wide board s cou ld be produc ed 
by a good sawyer from mo s t  o f  these large log s . In the 19 5 0 ' s several mills 
dec ided that dry ing fac i lities were e s sential if the large United S tates 
market for inexpens ive lumber was to be tapped . In many c ases this poplar 
had to compete again s t  undried sou thern hardwood spec ies such a s  gum and 
the extra c o s t  of drying cou ld se ldom be made up in freight savings .  

Occasiona lly a lUIllber producer wou ld be exc ited by the po s s ibility 
of  produc ing clear lumber for indu s trial u s e, par ticu larly in the furniture 
market,  and a few thou s and cunits wou ld be brought into the plant in an 
attemp t to high- grade ou t the best  material . A lot o f  excel lent c lear lum
ber was produced but mo s t  mills found that their recovery from both aspen 
and c o ttonwood logs was too low to ju s ti fy the ir continued effor t .  

P lywood 

The history of the poplar plywood indu s try is quite dif feren t . 
In 19 32,  a Ru s sian immigrant named Dvorj e tz produced commercial quantities 
of  poplar plywood a t  N ew Wes tmins ter , B . C . ,  but a few year s  later moved his 
plan t  to  Nel son, B . C .  This fir s t  operation wa s short  lived , but the ex
ample wasn ' t lost on Mr . John Bene, a C zechos lovakian, who arrived in C anada 
with a b ackground in European pop lar s . When Mr . B ene s tar ted his own firm, 
Wes t ern Plywoods Limit ed , in Vancouver , B . C . , in 1945 , he concentrated on 
producing high grade p lywood having poplar faces and a softwood core . The 
p ane l was aimed at the furni ture and c ab inet producers who were dis s atis fied 
with the heavy grain of  f ir plywood . The produ c t ' s  unique qualities s oon 
won many buyer s .  U tilizing black cottonwood from the lower F raser Valley 
area, Wes tern P lywood s continued to grow, and , inc identally ,  to expand into 
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o ther spec ies , cu lminating their pop lar efforts in 195 6  with a mi ll in 
Edmonton des igned to use pop lar exclusive ly . S ince that t ime, this company 
has expanded p roduc tion into the p rovince o f  Ontario bu t has cut back the 
level of its pop lar plywood produc t ion in Albert a  and British Columbi a .  

About the same t ime a s  Mr . Bene was outflanking the ex isting fir 
plywood producers in Vancouver by using poplar, Mr . M . A . Rogers from Ed
monton, A lta . ,  who had been pee ling small quantities of veneer in a mill
work shop in Edmonton, together with o ther s ,  started the Hamjea Plywood 
Company at Hudson B ay ,  Sask . ,  to u tilize ex tensive aspen s tands in the area . 
They p roduced their first plywood in 1948 . 

These first ventures were amazingly successfu l ;  but the who le 
c ons truc t ion plywood indu s try in those years was qui te p rofitable and it 
is difficu lt to say that the poplar plywood manufac turers were any more 
successful than the trad i tional fir plywood manu fac turers . In any case, 
poplar plywood became better known in the maj or markets o f  eastern C anada 
and imitators quickly fol lowed . The mill at Hud son Bay,  S ask . ,  had been 
p roducing 4 by 4 foo t plywood panels wi th a single 4-foot lathe and very 
basic plywood equipment . A better 4- foot mill was establ ished in 19 5 2  at 
P rince A lbert ,  S ask . ,  and , at abou t the same time, an 8- foo t  mill was 
star ted in G rande Prai rie ,  Alta . Sho rtly af ter this the Forest P roducts 
L aboratories published their definitive work on the peeling o f poplar for 
plywood p roduc t ion (Irwin and Doyle 19 6 1 ) , and soon other mi lls were be ing 
established in Ontario, Quebec and the Prairie Provinces . In the last 10 
year s ,  as many as 18 poplar plywood plan ts have been in operation in C anada, 
but only 10 of  thes e plants were operating in 19 6 7 ,  and only half o f  these 
list poplar as their primary spec ies . This is mainly attributed to erro
neous estimates of the poplar resources suitable for ec onomic plywood manu
fac ture . 

PROBLEMS IN UTILIZATION 

Resource es timation 

The N ational F ores try C onference meeting at Montebello , P . Q . , 
F ebruary 19 6 6 ,  compiled some figure s suppied by the Forest Resources 
Inventory (F . R . I . )  o f the various provinces,  and conc luded that the allow
able cut o f  pop lar in C anada was 15 mi llion cunits per year, the second 
highe s t  allowab le cu t for any spec ies . The kind o f  optimism and promise 
indicated by these figures permeates down through all leve ls of government 
until at the local leve l, avai lable figures for almos t  any communi ty in the 
Boreal Region o f  C anada indic ate that sub stantial quantities of poplar are 
there for anyone who c an invent a commerc ial app lic ation . The local repre sen
tatives o f  fores try departments wi ll be enthusiastic abou t the quanti ties o f  
pop lar shown on inventory map s and wi ll give f igures which the novice con
siders accurate, or even understated fo r veneer bolts because cull figures 
of 5 0% have been applied in arriving at the total poplar resource of  the 
area.  However ,  subsequent experience by plywood manuf ac turers indicated tha t 
the pop lar s tand s were grossly over es tima ted for veneer bolts . 
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This over estimation i s  no t limited to  p op l ar veneer bolts,  as 
there are also examples of lumber companies operating in areas for pop lar 
lumber where the ac tual sawlog produ c tion was much less than estimated . 
Many pulp companies have found, at leas t in northern Ont ario,  that the avail
able p oplar pulpwood was sub stantially les s  than they had b een led to be
lieve by the F . R . I .  

The entrepreneur and the local Chamber o f  C ommerce planning a 
p lywood mi ll are o f  c ourse,  not only too impressed by the figu res o f  the 
F . R . I . ,  but also by what they had seen with their own eyes . "Everyone" 
knows of large s t ands of pop lar where the 2 0- inch s tems rise s traight and 
c lean 50 to 80 feet before b reaking into a small crown . In British C o lumbia 
the fertility o f  the soil makes the trees even b igger . In hardwoods straight 
c lean logs are rare, and only the s l ightes t encouragement by the Indus trial 
D evelopment B ank o r  some finance c ompany will get the loc al group of  inve s
tors into the p lywood bu siness . 

Wood d ecay 

I t  was not until later that some of  the s t ruc tural prob lems o f  
C anada ' s  pop lar inventory became evident t o  the individual plywood plants . 
I t  was soon realized that no t more than one-half of  even a good tree cou ld 
be u tilized as a veneer bo l t .  The res t  of  the tree wasn ' t too small, i t  
was u sually too rotten .  S econdly ,  some o f  the trees wer e s o  rotten that 
they might not c on tain even one veneer bolt, and cutter s  are cautiou s about 
cutting trees that do not have at least two 8- foot veneer bo lts in them . 
There fore, large stands o f  poplar that had appeared to  be sufficient for 
many years' cutting were soon dep leted, and the c ompanies had to  go fur ther 
afield . This low vo lume of  veneer bolts per ac re was the cause of r apidly 
increasing log costs  for p roducers in the prairies and eas tern C an ada, and 
poplar ' s  one maj o r  advantage - - its logs cost  less than coniferous spec ies 
- soon disappeared . When this happened , the pop lar sheathing mi lls,  p ar
ticularly in the Edmonton area, were pressu red into o ther spec ies when i t  
was found that o ther c oniferous spec ies besides f i r  made excellent plywood, 
par t icularly spruc e .  The cu stomer wou ld also pay more for spruce than pop
lar becau se, al though the species was kno ttier than p op lar, the knots were 
much smal ler and therefore more attrac t ive in sheathing . 

Resource ownership and availabil ity to manufacturers 

In eas tern C anad a  a second problem exis ted bec ause of  the dominant 
ownership pos ition of the large pulp and p aper companies . The use of  pop
lar by the pulp and p aper c omp anies in eas tern C anad a  and on the prairies 
is very sma ll -- on ly one company cuts more than 20, 000 cunits per year . 
S ome of  the best poplar occurs in mixed s tands with o ther pulpwood spec ies 
or on ridges , which are attrac t ive for building road s . B ecause pop lar has 
very lit tle economic value for these owners, large quan ti ties of the pop lar 
allowab le cut suitable for veneer bolts will be bu lldozed to make roads o r  
damaged when the coniferous spec ies are t aken out .  Becau s e  Ont ario and 
Quebec have no s trong logging integration legislation, these prac tices wi ll 
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continue ; in my es tima tion at least hal f o f  the poplar in Ontario and 
Quebec is no t available to  the plywood c ompanies bec au s e  i t  is mixed wi th 
o ther spec ies in areas over which plywood companies have no right s .  

We s ee, therefore, that not only d o  the mature p oplar s tands in 
C anada contain less than 2 5% veneer bolt material, which is the maj o r  eco
nomic use for mature poplar ,  bu t over half the mature poplar occurs in 
mixed stands o r  in small patches on areas owned by people who have li ttle 
or no interes t in poplar uti lization . Assuming the se figures to be approx
imately c or rec t ,  the amount of pop lar available for lumber and plywood pro
duc tion would therefore be not more than 12% of the gro ss poplar vo lume o f  
all mature poplar on f avorable sites . 

Deter ioration of present resources 

A third prob lem is only now beginning to be felt by the plants in 
exis tence for 10 years or more . Trad i tionally, pUlpwood o r  s awlog p roduc ers 
are used to  working wi th coniferous stand s that have relatively long lives,  
a slow rate o f  decay and a relatively even distribution o f  age c lass through
out the stand . P oplar is just  the opposite . On an excellent aspen site in 
Ontario, Quebec or the P rairie P rovinces,  the poplar begins to deteriorate 
when about 100 years old and the s tand is almo s t  u seless by the time i t  is 
12 5 years old .  Because o f  its growth rate, the stand cou ldn ' t  be cu t be
fore i t  is 75 years old, and this leaves less than 50 years during which 
the pop lar stand is merchantable . A fur ther prob lem is that mo st of the 
large pop l ar stands were es t ablished at the end o f  the last century . Set tle
ment fires and rai lway fires were major c auses of the largest and some of 
the best pop lar stands over the Boreal Region of C anad a  today ;  such fires 
are not reoccurring to the s ame extent as previously . Even if the fires 
did occur, in many c ases the governments rush in with their c oniferous 
seeding programs to ensure that the tradit iona lly economic spec ies are 
reproduced . Logging cutovers from both pulpwood and saw timber harvests 
were ano ther source o f  poplar stand s of  today, but the increased planting 
p rograms of the provinces mean that mo st of these are turned over to coni
ferou s  p l antations even though the site may be marginal for c oniferous 
spec ies . Many member s at  the annual meeting o f  the C anadian Institu te o f  
F ores try a t  F o r t  Will iam in 1965 were surprised to see the Ontario Depar t
ment o f  L ands and Forests c learing a relative ly good poplar stand to .  plant 
c oniferou s spec ies in an area which many fores ters considered a poor c oni
ferous site, and thi s when the local plywood mi ll was sho rt of veneer bo lts . 
These fac tors,  combined with the short u tilization period for poplar, mean 
that there are large age g ap s  in the management plans o f  the pop lar plywood 
mi lls . It  means that large scale inves tment c anno t be c ontinued and that 
companies c annot c ontinue to grow because they do not know where their 
timber wi ll be coming from in 25 years ' t ime . 
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STATE OF THE INDU STRY AND A LOOK AT THE FUTURE 

The pre sent u tilization of poplar in eastern and wes tern C anada 
has been increa sing at a slow rate over the last 10 year s , and presently 
poplar is being u tili zed for lumber and plywood at the rate of 200 , 000 
cuni ts per year (Table s  1 and 2 ) . During the rec ent decline in lumber 
markets , the price of  poplar lumber in the Uni ted S tates indu strial mark e t  
was severely affec ted and many mi lls i n  C anada cur tailed poplar produc tion 
in 19 65 . The poplar plywood indu s try has been heavily hi t by a recent in
c rease in produc tive capaci ty and a general decline in plywood prices due 
to a lack of growth in plywood markets , bu t the situation is expec ted to 
correc t itself by the end of 19 67 . 

E s tima tes made at the National F ores try C onference would indicate 
tha t the c onsumption of poplar for lumber and plywood could inc rease to as 
much as 700, 000 cuni ts by 19 75 provided su fficient timber can be made avai l
ab le . In all provinc es , much of the allowab le cu t of poplar exi sts beyond 
the pre sent transpor tation sy stems , and will no t likely be u sed for many years . 

Quebec 

Ontario 

Albe rta 

British 

To tal 

Ontario 

TABLE 1 .  POPLAR PLYWOOD PRODUCTION ESTIMATED FOR 19 65 

Plywood produc ed 
sq . f t .  1/4" equiv . 

20 , 000, 000 

7 2 , 000, 000 

6 2 , 000 , 000 

Columbia 50, 000 , 000 

2 04 , 000, 000 

TABLE 2 .  LUMBER PRODUCTION ESTIMATED FOR 19 64 

Lumber produced 
fbm 

Poplar used 
cuni ts 

10, 000 

36 , 000 

2 8 , 000 

13 , 000 

85 , 000 

Poplar u sed 
cunits 

Other P rovinc es 

25 , 000, 000 

15 , 000, 000 

36 , 000 

22 , 000 

To tal 40, 000, 000 58 , 000 

206 



However ,  a tremendou s wa s te presently occu rs in the prac tices of  companies 
logging for o ther species,  bec ause poplar has no t yet rec eived widespread 
c ommercial succ ess . If the trend towards bu lldozing merchantable s tand s 
and was ting poplar in mixedwood Boreal types c an be arre sted, and if inte
grated logging bec omes a fac t ,  I would es tima te tha t it should be po ssible 
to u tilize as much as  1 . 5  mi llion cuni ts of  poplar per year in the saw10g 
and plywood indu s tries of C anada by the year 2 000 . Because these indu s tries 
have a very high emp loyment factor per cuni t u sed, and becau se plants are 
loca ted close to the forests,  the es tabli shment o f  a poplar indu s try o f  this 
size would resu l t  in subs tantia lly increa sed loc al emp loyment oppor tuni ties 
in the fores ted areas themse lve s .  Fu rthermo re, high quali ty sk ills are 
required in the plywood indu s try and the high sala rie s paid for such skills 
would help to keep highly skilled people in small communi ties . 

I f ,  on the o ther hand ,  signi ficant steps are no t taken by Ontario, 
Quebec and the P rairie P rovince s  some o f  the exis ting plants wi ll close,  
some wi thin a year, and the long term fu ture o f  poplar, bo th as  a saw10g 
spec ies and as  a plywood spec ies wi ll dec line . 

At the present time there is a gre a t  demand for the large areas 
o f  even tex tured whi te wood which exi sts between the dark brown kno ts o f  a 
poplar tree . I t  wi ll be unfor tuna te i f  government c anno t c ombine wi th in
du stry to ensure tha t a s ati sfac tory supply is made avai lable to the ma rke t .  

L ooking a t  the long- term future , i t  would seem po ssible to me that 
reasonably good ac reage will earn a high retu rn both in the C l ay Be lt of  
northern Ontario and on marginal farm land in the p rairies if fast  growing 
poplars were es tabli shed on a 12- to 2 0-year rotation . L and avai lable in 
the F raser Valley command s a price of $ 5 00 to $ 1000 per acr e ;  at present 
establishing planta tions on the se sites wou ld appe ar to  be uneconomic . 
Good, low cost  si tes ad j acen t  to existing plywood mi lls do exi st on the 
prairies and in Ontario, some o f  it already purchased under the A . R . D .A . 
program o f  the federal and provincial governments,  and the se should be 
planted now . 

I f  government ,  as  the land owner, wi ll accept responsibi lity to 
supply the se plywood plants in the future years,  the growth of the present 
indu s trial uni ts could exceed the growth due to new plant instal lations, 
and the more inacc es sible stand s of poplar might never be requi red . In the 
meantime, the poplar plywood indu s try is rapidly trying to pu t i tself into 
the posi tion of the poplar lumbe r indu stry , i . e . ,  trying to become less 
dependent on poplar . Unle ss major p rograms c an be ini tia ted soon by the 
forest owners,  the diversific a tion efforts o f  the manu fac tu rers o f  lumber 
and plywood may become so successful that poplar wi ll onc e again revert to 
being a weed species . 
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CHAPTER XI I I  

VENEER AND PLYWOOD FROM TREMBLI NG ASPEN 

O .  Feihl and V .  God in 
Forest Products Laboratory 

Department of Forestry and Rura Z Deve Zopment 
Ottawa� Ontario 

INTRODUCTION 

Tr embling aspen is one of the mos t  widely dis tributed spec ies in 
Canada ; it is found from the Atlantic Coast  to the Mackenzie River . This 
timb er spec ies is of incr eas ing impor tance as a commerc ial wood and the 
manufactur e of veneer and plywood is one of the mos t r ecent f ield s of 
utilization .  To assist in the efficien t  use o f  trembl ing aspen for this 
purpos e ,  the For est Products Laboratory at O ttawa has carried ou t research 
on the cutt ing of veneer and the manufacture of p lywood from this sp ec ies . 
The main par t  of this s tudy was conducted during the year s 1952 and 195 3 .  
However , fur ther cu tting experiments have been made on this species s ince 
that t ime and a long term s tudy of exter ior glue bond in poplar plywood is 
still in p rogress . 

The veneer logs 

The logs used for the primary s tudies wer e ob tained from Saska t
chewan and Ontario . The For es try Branch of the Saska tchewan Depar tment of 
Natural Resources pr ovided eight 10-foot logs , chosen as representative of 
the average quality of veneer logs avai lable to commerc ial p lywood plant s . 
Their diameters ranged f rom 1 1  to 15 inches and their general appearance 
was good . The only external defects wer e a few knot s  and sl ight crooks . 

Twelve logs f rom Ontar io were provided by an interes ted f irm . 
They wer e chos en not as peeler logs but as being representative of the 
average quality of logs generally available . Some were high grade logs 
while other s contained numerous knots , r ing shakes , crooks , limb scar s ,  and 
some decay . They wer e 14 feet long and from 12 to 18 inches in diameter . 
All logs wer e sawn to 3- or 4-foot lengths and s tored in water prior to 
peeling . 
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Figure 1 .  Section of a veneer lathe showing knife and 
nose-bar positions and adjustments . 

ROTARY CUTTING STUDIES 

The resear ch method involved s eparating a number of interrela ted 
variables and assessing the effect of  each on the quality of the veneer 
produc ed . Thes e  variables were : 

( a) veneer thicknes s ,  
(b)  angle of veneer knife at various diameters , 
( c )  horizontal opening between knif e  tip and nos e  bar , 
(d)  vertical opening between knife tip and nose bar , 
( e) knif e  bevel , 
( f )  shape of nos e  bar edge , 
( g )  bolt diameter , and 
(h) bolt temperatur e .  

Lathe knife and nos e-bar posit ions and adj ustments are shown in Figure 1 .  

I n  these studies the quality o f  veneer was assessed on the bas is 
of the smoothness , the wooliness , the t ightness , and the unif ormity of 
th ickness . Two thicknesses of veneer were peeled , 1 /16 inch and 1 /8 inch . 
For both thicknesses a medium degr ee of compression from the nose bar gave 
the best results . To ob tain a uniform quality of veneer all through the 
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bolt it was nec essary to decrease the knife angle during the peeling process . 
Exper iments on the effect of the cutting speed showed no differ ence in 
quality between veneer cut at 60 fpm or 200 fpm .  One of the charact er istics 
of trembling aspen veneer is the frequent format ion on its sur face of a 
wood composed of an agglomeration of loose f iber s .  I t  was found that prac
tically no wool of th is natur e was formed when the wood was cut at a tem
perature near the freezing point but that the amount of wool increas ed 
generally as the t emperatur e increased above 32 F .  However , th is·  wool is 
only loosely attached t o  the veneer and , if necessary or desirable , it could 
be removed easily from the dried veneer by means of a l ight brushing . I f  
the wool is allowed to r emain o n  the veneer when the plywood panels are 
assembled , i t  will b e  pressed into the surf ac e  and , when it falls away , will 
leave t iny depressions in the faces . 

The op timum cutting temperature was found to be slightly above 
the freezing point , although good veneer can be cut at room temperature 
( 70F) . I f  a bolt is cu t whi le f ro zen , the veneer contains deep lathe 
checks extending through its entire thicknes s and is too delicate to be 
hand led without tear ing . For winter operations it would , therefor e ,  be 
necessary to provide a log s torage wher e the temp erature could be main
tained s lightly above freezing to thaw the logs pr ior to peeling . From the 
r esults of th is investigation , and subsequent exper ience in cutting various 
veneer thicknesses , the lathe adj us tments g iven in Table 1 appear to b e  
optimum . Nevertheles s , before applying the inf ormat ion provided i n  this 
table it is impor tant to r ealize tha t a la the , which has been properly ad
j usted when a new knife or nos e  bar is ins talled , may get out of adj us tment 
as soon as the cut ting operation is s tar ted . This can occur as a r esult 
of p lay in the knife and nose-bar assembl ies or , f or species wh ich r equir e 
heating , as a result of heat dis tor t ion when cu tt ing hot logs ( Feihl 1960) . 

TABLE 1 .  OPTIMUM LATHE SETTINGS AND LOG TEMPERATURE FOR ROTARY CUTTING 
TREMBLING ASPEN VENEER 

Veneer thickness ( inches) 1 / 16 1 / 10 1/8  
Thickness set ( inches) 0 . 062 0 . 100 0 . 124 
Knife angle at 2 4  inches d iam . 90 ° 30 ' 90 ° 30 ' 90 ° 30 ' 
Knife angle at 9 inches d iam . 8 9 ° 00 ' 89 ° 00 ' 89 ° 00 ' 
Horizontal opening of pressure bar ( inches ) 0 . 0 54 0 . 090 0 . 110 
Ver tical opening of pressure bar ( inches)  0 . 010 0 . 02 0  0 . 02 0  
Recommended tempera ture ( F )  32 32 32 
Maximum accep table temperature ( F) 70 70 70 

NOTES : 1 .  Knife bevel = 2 0 ° .  Concavity of knife face = 0 . 001 inch . 

1 / 6  
0 . 166 
90 ° 30 ' 
89 ° 00 ' 
0 . 148 
0 . 0 30 
32 
70 

2 .  Ang le between nose bar f ace and ver t ical when bar is in position 
in the lathe = 14° . 

3 .  The knife angle should decrease steadily dur ing the peeling 
process . 
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VENEER YIELD 

Af ter the opt imum lathe settings had been determined , eight 4-
foot bolts from Saska tchewan and twelve 4-f oot bolts from Ontario were 
peeled for the yield study . The volume of veneer and was te obtained is in
d icated in Table 2 .  

TABLE 2 .  RESULTS OF YIELD AND WASTE STUDY ON TREMBLING ASPEN BOLTS FROM 
SASKATCHEWAN AND ONTARIO 

Avg Diam To tal Veneer Rounding Clipp ing Core 

Province ( inches )  Produced Waste  and Tr im Waste 

Bolts Cores Per Cent of Bolt Volume 

Saskatchewan 12 4 . 0  69 . 7  15 . 6  6 . 0  B . 7 

Ontario l4 . B  4 . 5  71 . 9  13 . 6  6 . 9  7 . 6  

The yield of veneer f rom logs of both s ources was approximately 
the same , i . e . , about 70% of the log volume . I t  is pointed out tha t these 
yield f igures wer e ob tained under laboratory conditions and are not directly 
applicable to industrial cond itions . I f  B-foot logs wer e peeled inst ead of 
the 4-foot bolt s cu t at the laboratory , the rounding waste would be higher 
because of a larger difference between the large and small diameters and 
greater crook and sweep . The clipp ing was te would be apprec iab ly higher 
than at the labora tory where a minimum of defec t s  were clipped out . The 
core d iameter would also be larger when peeling B-foot logs , hence a higher 
percentage of core waste  in indus trial operat ions . Finally , the sanding 
and tr imming was tes of the f inished plywood wh ich have not been consider ed 
in this s tudy should b e  added to the other items . 

VENEER GRADES 

All the veneer produced in the yield s tudy was grad ed after dry
ing . As the pres ent Canadian S tandards As soc iat ion (CSA) S tandard 0-153-
196 3 f or Poplar Plywood d id not exist at the time this s tudy was made , the 
grad ing s tandard used was essentially the same as that in the CSA Specific
atio9 0-115-1952 f or Hardwood Plywood . The following is an abridged des
crip tion of the grades : 

Grad e A - Tight , smoothly cut veneer , f ree of knots ,  mineral s tr eaks , 
s tain , and discoloration . 

Grade 1 - Tight , smoothly cut veneer , f ree of knot-holes and doze , 
sound tight knot s  up to 3 lB- inch d iam permit ted . Suitable 
for painting . 

2 11 



Grad e  2 - Tightly cut veneer with open knot-holes not exceeding 3 /8-
inch diam . Suitable for  painting af t er minor pa tching and 
f illing . 

Grade 3 - Rej ect grade containing open knot-hole s up to  1-1 / 2- inches diam. 

Of the to tal. veneer cut in the yield s tud ies the per c entage of 
each grade is indicated in Tab le 3 .  

TABLE 3 .  RESULTS OF GRADE STUDY ON TREMBLING ASPEN VENEER FROM SASKATCHEWAN 
AND ONTARIO 

Pr ovince Grade A Grade 1 Grade 2 Grade 3 
% % % % 

Saska tchewan 0 49 . 1  20 . 6  30 . 3  
Ontario 2 . 4 2 5 . 9  2 4 . 6  4 7 . 1  

When c ons idering these grades it mus t  b e  remembered that the logs 
f rom Saskatchewan wer e all p eeler logs , whereas thos e from Ontario were 
chos en to represent a wide range of log grades . However , a y ield of  at least 
30% of b o th Grade A and Grade 1 c ombined should b e  consider ed a satisfac tory 
distribu tion of quality from the production of 1 / 4  inch 3-ply panels . Two 
typical panels of trembl ing aspen p lywood are shown in Figure 2 .  

Figure 2 .  Typical trembling aspen p lywood pane ls 40 by 30 inches showing 
various qualities of face veneers . Left panel shows no defects� and right 
panel shows ful l  knots� open knots� pin knots� and stain streak. 
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GLUING TESTS 

The obj ec t  of these tests was to determine the quality of bonds 
produced in aspen plywood by a r epresentative hot-press urea resin adhesive 
and a representative hot-press phenol res in adhes ive . Plywood panels con
sisting of three plies of 1 / 16-inch veneer were prepared with each type of  
adhesive which was mixed , app l ied , and cured according to the manufacturer ' s  
recommendat ions . Panels glued with urea resin adhesiv e  were subj ected to 
the f ive-cycle delamination test for interior type plywood as specif ied in 
C SA Spec if icat ion 0- 115-1952 for Hardwood Plywo od . In addition s tandard 
p lywood tension shear specimens were prepared and tested dry . 

Panels glued with phenol resin adhes ive were cut to yield s tandard 
p lywood tens ion shear specimens . Half of these were tested d ry ,  and the 
remaining half were subj ected to a cyclic boil treatment prior to tes t .  No 
dif f icult ies were encountered in bonding the plywood , and the test r esu lts 
ind icated high quality bonds in all cases . 

PROPERTIES OF TREMBLING ASPEN PLYWOOD 

Aspen is a low density wood ; its average weight per cubic f oot 
air dry is 28 lb . as compared to yellow b irch (43 lb . )  or Doug las- f ir 
( 34 lb . ) .  I t s  low density ,  c ombined wi th excellent gluing charac ter istic s ,  
makes trembl ing aspen veneer an ideal core and cross-band ma terial for 
panels f ac ed with more valuable hardwood or exotic veneers . On the o ther 
hand , its toughness , l ight weight , resistance to splitting in nailing , 
smoothnes s  in wearing without splinters , and its lack of odor are very de
sirable qua lities for shipping container s .  Trembling aspen is superior to 
many species in paint and enamel hold ing proper t ies , and its light color 
and lack of grain ar e an additional advantage in painting . Thus a large 
market is open for trembl ing aspen p lywood in pa int ed and unpainted fur
niture , built-in f ixtures , wall panelling , s igns , display f ixtures , and 
furnitur e back panels . Lower grades with the appropriate type of bond are 
suitable for sheathing , f loor und erlay , and other cons truc t ion purposes . 
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CIW>TER XIV 

THE POPLAR RESOURCE AND I TS CHALLENGE TO CANADIAN FORESTRY 

J .  M .  Fitzpatrick and J .  V .  Stewart 
Forest  Economics Research Ins titute 

Department of Forestry and Rura l Deve lopment 
Otta1iJa� Ontario 

INTRODUCTION 

Current inter est in the poplar resource of Canada is a ref lection 
of technological progress in hardwood-us ing indus tries throughout the wor ld 
and a growing concern about the future role of hardwood s in Canada.  Hard
wood species make up almo s t  one-fif th of all merchantable timber l in Canad a .  
The poplars account for 54% o f  all net merchantable hardwood o r  9 %  o f  our 
entire net mer chantable for es t  resources . Although the poplars with their 
soft textur e and shor t f iber have been used for lumb er and pulp for many 
year s , only s inc e World War I I  have the prospec ts f or poplar been greatly 
s tr engthened by maj or technological development s  in the us e of hardwood s 
for paper p roducts as well as for veneer and plywood , f iberboard and par
ticleboard and for many other newer uses . 

The poplar resource in Canada has only been used to a very limited 
extent due , in par t ,  to the fact tha t Canada is in the favored pos ition of 
controlling nearly one-quar ter of the conif erous area of the world . Histor
ically , becaus e of : (a) the ease of working mos t conifer s ; (b) their longer 
f iber s ;  ( c )  their strength with r espec t  to weigh t and (d)  the large size of 
some spec ies , conif ers have earned a plac e of preference over hardwoods in 
the build ing trades and in the manufactur e  of pulp and paper . Many wood
us ing indus tries are organized to use mainly conifers and it can be expec ted 
that Canada will continue to place maj or emphasis on conifer usage . 

When looking to  the future , however , the challenge of the pop lar 
r esource should also be viewed in rela tion to the maj or compe titive threats 

I Volume data for poplar trees in the 4- inch dbh c lass and over , as supplied 
by the var ious provincial forestry department s ,  were placed on a common 
bas is of net merchantable t imber , i . e . , gross volume less the volumes for 
tops , stumps and cull . Provincial cull factors were used where available . 
This init ial step was not requir ed for all provinces s ince some provinces 
reported volume data on the net merchantable bas is . Poplar volumes reserved 
from commercial use , such as in National Parks , were excluded from the cal
culations . 
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to Canada ' s  prominent wor ld position for industrial wood production .  These 
are outlined by the Royal Commiss ion on Canada ' s  Economic Prospects (Davis , 
et aZ .  195 7 )  and are as f ollows : ( a) the increased use of United S tates 
hardwoods for pulping ; (b)  the possib ility of technological advances per
mitting gr eat ly amplif ied use of tropical hardwoods and ( c )  a pos s ible 
increase in Soviet wood expor ts . The competitive threats to Canada from 
the extended us e of hardwoods may seem in the far dis tant future due to our 
high degree of specialization in the use of conif er s and the vas t  amounts 
of conifer ous species at our disposal . I t  does , however , p oint up how 
rap idly the technology in fores try has and is expected to advance ,  part icu
larly with r espect  to hardwoods . 

Pop lar is cons id er ed by some as a "weed tree" , or a tree having 
little or no economic value ; by a few as a " c inderella tree" , or a tree 
whose economic value is incr eas ing rapidly ; and by many as a hardwood of 
considerable interest but for which more inf orma tion is required . The 
purpose of this paper is to provide informat ion on the p op lar resource ,  its 
utilizat ion and some insigh t  into the use of p oplar by maj or poplar users 
across Canada . 

POPLAR RESOURCE 

General 

Poplar is found throughout the forest zone of Canad a .  Eight 
species are nat ive , f ive of wh ich are suitable for commerc ial use , namely 
trembling aspen , largetooth aspen , balsam poplar , eastern cottonwood , black 
cottonwood ( Chap . I I ; Anon . 1961) . All are intolerant of shade ,  fast 
growing , and short-lived p ioneer spec ies . 

The phys ical charac teristics of the wood of all species of p op lar 
are very s imilar , and so  are the uses of the wood ( Chap . IX; Irwin and 
Doyle 1961) . Because of th is , the term "poplar" , used when speaking abou t 
the pop lar resource , inc ludes all species . Any exceptions to  th is are 
not ed as they occur . 

Curr ent ownership or leasing of timber limit s  in which poplar 
occurs can , in the long run , change as the utilization of pop lar changes . 
It is as sumed , tha t when demand increases to the extent that poplar is in 
short supp ly , forest au thor ities through negot iations or through some other 
means can and will render available any pop lar not being used by limit 
holders . 

Location 

The r ange of the various spec ies of  poplar (Anon . 1961) , while of 
int erest , is of secondary impor tance f rom the viewpoint of the user . What 
is of pr ime importance is the locat ion of the maj or s tands of p op lar that 
are of the size , qual ity , and volume suitab le f or commercial us e .  Thes e  are 
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the s tands that will eventually suppor t a poplar based indus try . Poplar 
outs ide the poplar belt will likely be harvested coinciden t  with other 
species for indus tries mor e dependent on spec ies other than on pop lar . 

Figure 1 shows the maj or poplar area in Canada . I t  s tretches in a 
relatively narrow band f rom wes t ern Quebec , through nor thern Ontar io , across 
the prairies , and into northeas tern Br itish Columb ia .  Ther e is also a maj or 
concentrat ion of poplar in the central inter ior of British Columbia .  Some 
poplar is r eported in the Marit ime Provinces but the volume there is rel
atively small , scattered , and occur s in association with other boreal spec ies . 
There is no maj or poplar area in Newf oundland . In the Yukon and Nor thwest 
Territories there is a sub s tant ial volume of p op lar but because of its re
moteness from markets it is not commerc ially impor tant at the present time . 

Volume 

Table 1 shows the r elationship between net merchantable volume of 
poplar and other tree spe cies by r egion and pr ovinc e .  The to tal net merchant
able volume of poplar in Canada is estima ted at 6 5 . 6  billion f t 3 and compr ises 
54% of the total volume of all hardwood s and 9% of the combined volume of 
hardwoods and softwoods . The estimated allowable annual cut f or poplar is 1 . 5  
billion f t3 ( Fig . 2 ) . The Prair ie Region and the Yukon and Nor thwest 
Territories has almo s t  31 b illion ft 3 of net merchantable poplar wh ich is 47% 
of  the to tal volume of poplar in Canada . The Central Region (Ontario and 
Quebec) and Br itish Co lumb ia follow in impor tance with a combined volume 
amount ing to 5 2 %  of the poplar vo lume in Canada . The remaining volume occurs 
in the Atlantic r egion . 

Prairie Provinces : In the thr ee Prair ie Provinces , p oplar account s 
f or about 4 7 %  of the to tal Canadian poplar resourc e .  I ts main occurrence is 
in the Mixedwood S ection of the Boreal Fores t Region , which extends f rom 
southeas tern Manitoba to the foothills of the Rocky Mountains in Alber ta . The 
charac ter is t ic forest assoc iation of the well drained uplands in this area 
is a mixture in vary ing propor tions of trembling aspen , balsam poplar , wh ite 
b irch , white spruce and balsam f ir (Rowe 1959) . Poplar is the cover-type 
of greatest aer ial ext ent , pr imarily b ecau s e  of its ability to regenerate 
r eadi ly following dis turbance .  To the wes t  of the Mixedwood Sec t ion , in the 
Lower Foothills s ec tion , lodgepole pine and poplar are the distinc tive tree 
spec ies . To the nor th , pop lar is scattered and grows best on alluvial f lats 
border ing r ivers and lakes , on s andy soils in association with j ack pine , 
and on low r idges ; south in the Aspen Grove section , there is a c lear height 
gradat ion in mature stand s from the fores t  to the Prairie ( Chap . I I ) . 

Of the three Prairie Provinces , Alberta with 16 . 7  billion ft 3 of 
net merchantable poplar , has the largest volume . I t  is located ch iefly in 
the southern par t of the Peace and Lac La Biche inventory sub-d ivisions and 
the S lave Lake sub-d ivis ion ( Fig . 3) . Poplar is the only hardwood recorded 
in the Alberta provincial fores t inventory . Pop lar comprises 36% of the 
combined volume of hardwood and softwoods and has an estima ted allowable 

Figure 1 (Page 21 7) . Range of commercial pop lar species and major area of 
poplar volume in Canada . 
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TABLE 1 .  THE POPLAR RESOURCE OF CANADA 

Net merchantable volume billion f t3 

Poplar Total All 
Poplar as a Pe c entage of 

Total All Total Poplar Hardwoods Species Hardwoods Spec ies Volume in Canada 

Prairie , Yukon and N . W . T .  

Alber ta 
S askatchewan 
Manitoba 
Yukon and N . W . T .  

Total 

Central 

Ontario 
Quebec 

Total 

British Columb ia 

Atlan tic 

New Brunswick 
Nova S co tia 
Prince Edward I s land 
Newfoundland 

Total 

All Regions 
�--.----------- �--------- . ..... .. 

16 . 7  16 . 7  
8 . 7 10 . 1  
2 . 2 3 . 2  
3 . 3  4 . 6  

30 . 9  34 . 6  

1 7 . 6  36 . 1  
2 . 5  2 3 . 4  

20 . 1  5 9 . 5  

14 . 0  19 . 6  

. 5  3 . 9 

. 1  2 . 6  
- . 7  

Nil . 5  

. 6  7 . 7 

65 . 6  121 . 4  
. ... 

46 . 3  
2 2 . 5  
12 . 2  
2 1 . 0  

102 . 0  

9 7 . 3  
106 . 8  

2 04 . 1  

36 5 . 7 

14 . 4  
8 . 4  

. 9  
13 . 5  

37 . 2  

709 . 6  
�--------.--------

Note : Volume of all trees in the 4-inch dbh class and over . 

100 36 2 6  
86 39 13  
85  18  3 
72 16 5 

91  30 4 7  

49 18 2 7  
1 1  2 4 

34 10 31 

71 4 2 1  

13 4 . 8  
4 1 . 1  

- - -
Nil Nil Nil 

8 2 1 

54% 9% 100% 
------



• E 
.: 
o > 

..! 
..0 
a .. c 
a 

J:. u .. • 
� 
.. • Z 

1 • .456 mil l ion 
c u  ft 

� 
� 
, 

.47.4 mill ion 
cu ft .4.4.4 m i l l ion 

- cu ft 
,.---

232, m il lion 

c u  ft 
c-- 103 m ill ion 

c u  ft 
, " 'e 63 million 58 m il l ion -

cu ft cu ft 
,....,.".- 15 m i llion 

n ':, cu ft 
,e, <e 

,.....----, 

Canada A l b e rto Onta rio Sas k - B ritish Quebec Man ito ba Atlantic 

atchewan Colu m b i a  

Figure 2 .  A l lowable annual cut of pop lar. 

Prov i n ces 

annual cut of 474 million f t3 . The maj or areas of Alber ta account for 91% of 
the total poplar volume in the province ( Table 2 ) . 

The Saskatchewan forests contain 8 . 7  billion f t 3 of  ne t merchantable 
poplar . Poplar is located chief ly in the Huds on Bay , Prince Albert and Meadow 
Lake adminis trative sub-d ivisions (Table 3) . The se areas account for 68% of  
the to tal p oplar volume in the provinc e .  Poplar comprises 86% o f  the hardwood 
volume and 39% of the combined hardwood and sof twood volume in Saskatchewan . 
The allowable cut for poplar is estimated at 2 32 million ft 3 . 

The forests of Manitoba contain 2 . 2  billion f t 3 of net merchantable 
poplar almos t 60% of which is in the Southeas tern , Lowland s South , Winnipeg 
River , and Mountain inventory sub-d ivis ions (Table 4 ) . Poplar comprises 
85% of  the to tal hardwood volume in Manitoba but only 18% of the combined 
volume of hardwood and sof twoods . The allowable annual cut f or Manitoba 
poplar is estimat ed at 58 million f t3 . 

Central Region : The forests of Ontar io and Quebec contain 20 . 1  
bill ion f t3 of net merchantable poplar of which 1 7 . 6  b illion ft 3 are loca ted 

Figure 3 (Page 2 21 ) . Major poplar area� net merchantable vo lume � and al low
able annual cut of poplar for the prairie region. 
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TABLE 2 .  THE POPLAR RESOURCE IN ALBERTA 

Net merchantable volume , b illion f t3 

Total Al l Total 

Poplar as a P ercentage of 

All To tal Pop lar Volume Poplar Hardwoods Species Hardwoods Spec ies in Alber ta 

Maj or Areas 

Peace River , South 4 . 8  4 . 8  10 . 5  

Lac La Biche , South 2 . 8  2 . 8  7 . 5  

S lave Lake 4 . 1  4 . 1  8 . 8  

White Cour t 1 . 7  1 . 7  5 . 6  

Grand Pra ir ie 1 . 8  1 . 8  5 . 4  

Total 15 . 2  15 . 2  37 . 8  

Other Ar eas 1 . 5  1 . 5  8 . 3  

Total 16 . 7  16 . 7  46 . 1  

No te : Volume of all trees in the 4-inch dbh class and over . 

100 46 2 9  

100 37 17 

100 4 7  2 4  

100 30 10 

100 33 11 

100 40 91 

100 18 9 

100 36 100 
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TABLE 3 .  THE POPLAR RESOURCE IN' SASKATCHEWAN 

Net mer chantable volume billion f t 3 Poplar as a P ercentage of 
Areas Total All Total Poplar Hardwoods Spec ies Hardwoods 

Maj or Areas 

Pr ince Albert 1 . 6  1 . 8  4 . 9  89 

Meadow Lake 1 . 6  1 . 8  2 . 7  89 

Hudson Bay 2 . 7  2 . 9 4 . 1  9 3  

Total 5 . 9  6 . 5  11 . 7 91  

Other Areas 2 . 8  3 . 6  10 . 8  78 

Total 8 . 7  10 . 1  2 2 . 5  86 

Not e :  Volume of all trees in the 4-inch dbh c lass and over . 

TABLE 4 .  THE POPLAR RESOURCE IN MANITOBA 

All Total Poplar Volume 
Species in S aska tchewan 

33 18 

59 18 

66 32 

50 68 

2 6  3 2  

3 9  100 

Net mer chan able volume billion f t 3 Poplar as a Percenta�e of 

Areas Poplar Total All 
Hardwoods Spec ies 

Maj or Ar eas 

Sou theastern . 1  . 1  . 4  

Winnipeg River . 2  . 2  . 9  

Mountain . 8  1 . 0  1 . 7  

Total 1 . 1  1 . 3  3 . 0  

O ther Areas 1 . 1  1 . 3  9 . 2  

Total 2 . 2  2 . 6  12 . 2  

Note : Volume of all trees in the 4-inch dbh class and over . 

Total All Total Poplar Volume 
Hardwoods Spec ies in Manitoba 

100 2 5  4 

100 2 2  8 

80 47 38 

85 3 7  50  

85 12 50 

85 18 100 



in Ontario ( Table 5 ) , and 2 . 5  billion f t 3 in Quebec ( Table 6 ) . The maj or 
poplar area in Central Canada is in a taper ing band str etching from nor th
wes tern Quebec to the Ontar io-Manitoba border (Fig . 4 ) . Poplar is found 
chief ly in pure s tands or as the dominant spec ies in as sociat ion with other 
Bor eal hardwoods and softwoods . Nor th of this band , black spruce pre
dominates and poplar s tand s ar e relegated to r iver valley bottoms , around 
some lakes , and on south-fac ing slopes where favorable clima te and soil 
conditions exis t .  South of  th is band the general charac ter istics of the 
soil and climate favor the pine communities . 

The pop lar volume in Ontario is evenly d is tr ibu ted across the 
North . Th is area has 78% of the total poplar volume in the province with 
almos t  50% center ing in the Kapuskas ing-Cochrane , Port Ar thur- Sioux Lookout 
forest distric ts . Poplar account s for 49% of the total hardwood volume and 
18% of the volume of all spec ies - an indicat ion of it s r ela tive importance 
in the predominantly sof twood North . The allowable annual cut for poplar 
in Ontario is estimated at 444 million f t3 . 

Quebec has only 2 . 5  billion f t3 of net merchantable poplar , 
chiefly in the nor thwest part of the province , south of James Bay . Poplar 
account s f or 11% of the total hardwood volume and 2 %  of the combined vo lume ' 
of hardwood and sof twood s ( Table 6 ) . The allowab le annual cut for poplar 
in Quebec is estima ted at 6 3  mill ion f t3 

Br i tish Columbia : In Br itish Columbia ther e ar e two main pop lar 
spec ies , black cot tonwood and trembl ing aspen . Black cot tonwood occurs 
chief ly on the coast and s outhern int er ior . On the coast it  grows well on 
moist lowland in association wi th S itka spruce and wi th other hardwoods ; in 
the inter ior it is associated with Western r ed cedar and Engelmann spruce . 
Tr embling a spen is  found in the nor thern part of the centr al int erior and 
in the extreme nor theastern par t of the province (Fig . 5 ) . 

Poplar volume in Br itish Columb ia is estimated at 14 . 0  billion f t3 
of net merchantable timber and comprises 2 1 %  of the total pop lar volume in 
Canada . Ninety-one per cent of the poplar vo lume is located in the central 
and northeas tern part of the province ( Table 7) . In total , poplar accounts 
f or 71% of the volume of all hardwoods in Br itish Columbia but only 4% of 
the volume of all species . The allowable annual cut is es timated at 103 
million f t 3 • 

At lantic Region : The to tal volume of ne t merchantable poplar in 
the Atlantic Region is estima ted at about 600 million ft 3 ( Table 8 ) , wi th 
an allowable annual cut of 15  million f t3 • Eighty-thr ee per cent of the 
poplar volume is scat tered throughout New Brunswick (Anon . 1966a) . Little 
poplar is  found in Prince Edward Is land and no commercial poplar is 
reported in Newf oundland . The ent ir e poplar vo lume of the Atlantic Region 
is only 1% of the total f or Canada . 

Figure 4 (Page 227) . Major poplar area� ne t merchantable volume� and al low
able annual cut of pop lar for Ontario and Quebec . 
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TABLE 5 .  THE POPLAR RESOURCE IN ONTARIO 

Net merchantable volume , billion ft 3 Poplar as a Percentage of 

Ar eas Total All Total Pop lar Hardwoods Spec ies Hardwoods 

Major Areas 

S ioux Lookout 2 . 2  2 . 7  1 1 .  3 81 

Port Arthur 1 . 9  2 . 8  8 . 0  68 

Kenora 1 . 5  1 . 7 4 . 8  88 

Gerald ton 1 . 4  2 . 1  6 . 8  67  

Sub-Total 7 . 0  9 . 3 30 . 9  75 

Kapuskas ing 2 . 4  2 . 7  8 . 7 89 

Cochrane 1 . 1  1 . 4  5 . 4  79 

Gogama . 9  1 . 3  3 . 6  69 

White River . 8  1 . 6  3 .  7 50 

Chapleau . 8  1 . 4  3 . 7 57  

Temiskaming . 7  1 . 0  2 . 1  70 

Sub-Total 6 . 7 9 . 4  2 7 . 2  71 

Other Areas 3 . 9  17 . 4  39 . 2  2 2  

Total 1 7 . 6  36 . 1  9 7 . 3  49% 

L--. ____ .. __ . ____ �. _ ____ ... ___ - - - -_ ...... __ ... _----_ ... _--- -- - ----... --------� .---... -----.. --. 

Note : Volume of al l trees in the 4-inch dbh class  and over . 

All Total Pop lar Volume 
Spec ies in Ontar io 

19 12 

24 11 

31 9 

2 1  8 

2 3  40 

2 8  13 . 6  

20  6 . 2  

2 5  5 . 2  

2 2  4 . 5 

2 2  4 . 5  

33 4 . 0  

2 5  38 . 0  

10 2 2  

18% 100% 

- _ . .. __ .. _---- ----
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TABLE 6 .  THE POPLAR RESOURCE IN QUEBEC 

Net merchantable volume . billion f t 3 Poplar 

Total All Total 
Poplar Hardwoods Species Hard-

woods 

2 . 5  2 3 . 4  106 . 8  11% 

Note : Volume of all trees in the 4-inch dbh class and over . 

as a Percentage of 

All To tal 

Species Poplar 
Volume 

2%  100% 

COMPARISON OF POPLAR RESOURCE TO UTILIZATION IN CANADA 

A comparison of the poplar resource in Canada with the commerc ial 
utilizat ion of poplar shows that of the 65 . 6  billion f t 3 of poplar , with an es
tima ted annual allowable cu t of 1 . 5 billion f t3 , only an average of 76 . 2  million 
f t3 were used annually dur ing the 5-year per iod , 1961-6 5 , ( Fig . 6 ) . Annual 
commercial use of pop lar is , therefore , 5 . 2 % of the total allowable annual cut 
of  net merchantable poplar in Canada .  Insufficient data are available to 
estima te the quantity of poplar used by reg ion , however , it is estima ted that 
three-quarters of all p oplar cut for commerc ial use is f rom Ontario and Quebec . 
Even here , only 13% of the allowable annual cut of ne t merchantable poplar is 
being utilized . 

Maj or commercial use of poplar is as f ollows : pulp and paper mills -
5 7 . 6% (Anon . 1960-1965a -- 5-year avg) ; veneer and plywood mills - 13 . 2 %  (Anon. 
1960-1965b -- 5-year avg) ; par ticleboard mills - 12 . 3% ( Anon . 1966b) ; 
expor ts of poplar plywood - 10 . 7 % ( Dominion Bureau of Statistics , Cat . 6 5-004 , 
Ottawa) ; sawmills - 6 . 2 % (Anon . 1960-1965c -- 5-year avg . Convert at 85 f t 3/ 
cord and 200 f t3 / 1 , 000 bd f t ) . 

In add ition to the above uses , poplar is also used , for example , as 
f irewood and posts . While no data ar e available , the quantity used for other 
uses is cons idered to be small . 

COMMENTS BY MAJOR USERS 

Underutilizat ion of poplar is of prime concern to Canadian fores try . 
In order to ob tain fur ther ins ight into : (a)  the use of the poplar resour c e ;  
( b )  price diff erentials b etween poplar and other species ; ( c )  problems en
countered in its use and (d)  the likely change in poplar requ irements 5 years 

Figure 5 (Page 231 ) . Major poplar area� net merchantab le vo lume� and a l lowable 
annual cut of poplar for British Co lumbia. 
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TABLE 7 .  THE POPLAR RESOURCE IN BRITISH COLUMBIA 

Net merchan able volume b ill ion f t 3 Poplar as a Percentage of 

Areas Poplar To tal 
Hardwood s 

Major Areas 

Nor th Eas t  9 . 1  11 . 0  

North Central 2 . 1  3 . 4  

South Central 1 . 5  2 . 0  

Total 12 . 7  16 . 4  

Other Ar eas 1 . 3  3 . 2  

Total 14 . 0  19 . 6  

All Total 
Spec ies Hardwoods 

81 . 0  8 3  

85 . 2  62 

31 . 4  75  

197 . 6  7 7  

168 . 1  41  

36 5 . 7 71% 
��---.-------.-------.---.. � -� 

All 
Species 

11 

2 . 5  

4 . 8  

6 . 4  

. 8  

3 . 8% 
�-�--.. ---- � 

N Not e :  Volume of all trees in the 4- inch dbh c lass and over . � o 

TABLE 8 .  THE POPLAR RESOURCE IN THE ATLANTIC REGION 

Total Pop lar Volume 
in Br it ish Columbia 

6 5  

15 

11 

91 

9 

100% 
�.-.---� � ----------.. �-�-

Net merchan table volume billion f t 3 Poplar as a Percentage of 

Ar eas Poplar To tal All 
Hardwoods Spec ies 

New Brunswick . 5  3 . 9  14 . 4  

Nova Scotia . 1  2 . 6  8 . 4 

Pr ince Edward I s land - . 7  . 9  

Newf oundland Nil . 5  13 . 5  

Total . 6  7 . 7  3 7 . 2  
� 

Note : Vo lume of all trees in the 4-inch dbh c lass and over . 

Total All To tal Pop lar Volume 
Hardwoods SpeCies in the 

Atlantic Region 

13  3 . 5  8 3  

3 . 8  1 . 2  1 7  
- - -

Nil Nil Nil 

7 . 8% 1 . 6% 100% 
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1,456 million 

cu ft 

-

A l lowable 

Cut 

76 mill ion 

Tota l P u l p  a n d  

Poplar Used P a pe r  Mil ls  

P lywood 

M i l ls 

(a) 5 YEAR AVERAGE, 1 961 - 1965 
(b) SPECIAL SURVEY, 1 966. 

Partic leboard 

Mi l ls  

Exports 

Poplar  

P u l pwood 

Saw mil ls  

Figure 6. A comparison of al lowable annual cut to commercia l pop lar uti li
zation for Canada . 

henc e , a special survey of maj or poplar users was conducted by the Depart
ment of Fores try and Rural Development . The comment s  of maj or pop lar users 
in the pulp and paper , plywood and partic leboard indus tr ies are summar ized 
for th is paper . 

In the lumb er industry , there ar e a large numb er of  s awmills using 
poplar acro s s  Canada .  However , in 1964 , ther e wer e  only 11 mills with a 
poplar product ion of 500 thousand board feet or more .  While insuffic ient 
comments have been r eceived from sawmill owner s in the special survey , the 
Dominion Bureau of S tatis tics' annual survey of sawmills shows that poplar 
lumber shipments declined from 1960 to 1963 but showed a mod erate increase 
for 1964 and 196 5 .  Poplar lumber and dimension s tock may play a role of 
increas ing imp or tance in the futur e .  In a survey o f  export oppor tuni ties 
for Mani toba forest produc ts in the Mid-West United S tates (Anon . 196 5 )  it 
was found that "ther e is an excellent potential for aspen poplar dimension 
s tock provided that it is well manufac tured to conf orm to grad es specif ied . 
This market is not well supplied at the pr esent time , but an active pro-
gram to improve manufactur ing is underway by Government agenc ies .  A degree 
of urgency exists to become well es tablished as a supplier before competition 
increases . "  

2 3 3  



Pulp and paper mills 

Twenty-s ix of the maj or poplar us er s in the pulp and paper in
dustry have commented on their use of pop lar in the spec ial survey by the 
Department of For estry and Rural Development . The poplar users in the 
special survey account f or over three-quar ter s of all the poplar pulpwood 
us ed . Two mills ar e located in New Brunswick , nine in Quebec ,  ten in 
Ontario , three in the Prairie Provinces and two in Br itish Columb ia .  

Poplar us ed in pu lp and paper mills falls into thr ee categor ies 
( Table 9 ) : (a) poplar used for specialty paper produc t s  such as napkins , 
t issue , towelling , paperboard , f ine paper and sanitary tissue . S ixty per 
cent of 2 2 6  thousand cords of poplar was used f or th is purpos e ;  (b)  pop lar 
used for building boards , including insula ting board , c eiling tiles and 
hardboard . S eventy-eight thousand cords of poplar was used for th is pur
pose and ( c )  poplar used in the general pulping processes . Seventy-s ix 
thousand of the total 380 thousand cords of poplar was consumed as ground
wood , kraf t ,  semi-chemical and bleached sulf i te pulp . 

Three hundred and fif teen thousand or 83% of the poplar pUlpwood 
used in the 26 plants was purchased ; over one-half of these plants repor ted 
purchasing their total poplar requirement s .  When pur chas ing p op lar pulpwood , 
the maximum allowabl e  cull per cord ranged from 3 to 5%  but two companies 
stated they would allow up to 10% cull p er cord . When cutting pop lar bolts , 
mos t  companies cu lled out poplar if 50% or more of the face of a poplar bolt 
was unusable . Companies es t ima ted that an average of 8 c ords of us able 
poplar per acre in pure stands would be r equir ed before th ey cons idered it 
wor thwhile cutting the stand . The maximum dis tance pop lar could be econ
omically hauled from the s tand to the mill averaged 54 miles . 

Generally , p eeled poplar was purchased at the mill at a cost of 
$ 2 . 00 to  $ 3 . 00 less per cord than the mill price f or r ough spruce or balsam 
f ir .  A price differ ential of $ 7 . 00 to $8 . 00 per cord existed between the 
price per cord of rough poplar and rough spruce or balsam f ir .  

Poplar is suitable for pulping by al l commerc ial methods and is 
now b eing commercially pulped by mechanical , s emi-chemical , sulfate , sul
f it e  and defibration processes . Where p lants had adap ted to us ing hardwoods , 
50 to  100% of the pulp mix could have been poplar . Where plants used mainly 
sof twood s ,  20% or les s poplar was the maximum tha t could be us ed in the 
pulp ing proces s . There were a number of p lants producing spe c ialty paper 
produc t s , build ing boards and using poplar in the general pulping processes , 
where up to 100% pop lar could have b een us ed , using present pulp ing methods . 

Maj or prob lems in using poplar were : ( a) the diff iculty in pur
chas ing peeled poplar ; (b) the diff iculty in ob taining labor f or peeling 
p op lar ; ( c )  the heavy and unpred ic table cull due to overma turity and ex
cessive r o t ;  and (d)  the incr eas ing costs of cutting and hauling poplar from 
more dis tant s tands . S inc e a high proportion of poplar pUlpwood f or us e in 
pulp and paper mills was purchased , either peeled or rough , the maj or concern 
expressed was either r elated to the purchas ing of p eeled bo lts or to the 
d if f iculty in obtaining manpower to do the peeling . 
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TABLE 9 .  MAJOR US ES FOR POPLAR PULPWOOD AND REQUIREMENTS , SPECIAL SURVEY , 
PULP AND PAPER MILLS , 1966 

Main uses 
for 

poplar 

SEecial EaEer Eroduc ts 

napkins , t issue , 
towels ,  paperboard , 
fine paper , sanitary 
tis sue , roof ing felt 

Build ing boards 

insulating board , 
ceiling tiles and 
hardboard 

PulE - general use 

groundwood , kraf t ,  
semi-chemical , 
bleached sulf ite 

Total 

No . of  
plants Pulpwood 

purchased 

- - - - - -

12 174 , 661 

7 7 7  , 600 

7 6 3 , 0 79 

2 6  315 , 340 

Poplar 
Pulpwood cut 
on own 

cord s 

limits 

- - - -

51 , 804 

-

13 , 242 

65 , 046 

Total 

- - - -

22 6 , 46 5  

77 , 600 

76 , 321 

380 , 386 

Poplar requirements in pulp and paper mills , 5 years from now , wer e 
estima ted by the plant managers as follows : 

Product 

Spec ial paper products 

Build ing board s 

Pulp - general use 

Total 

1966 

- - -

2 2 6 , 46 5  

7 7  , 600 

76 , 32 1  

380 , 386 

19 71 Increase in pop lar 
requirements 

cords - - - - per cent -

2 5 4 , 703 12 . 5  

85 , 6 50 10 . 4  

78 , 491 2 . 8  

418 , 844 10 . 1  
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Veneer and plywood mills 

Eight veneer and plywood mills repor ted us ing poplar in the spec ial 
survey . These plant s used 55 mi llion board f eet of p op lar in 1966 ( Table 10) . 
The Dominion Bur eau of S tatistics ' annual survey of veneer and plywood mills , 
1964 , estimated total utilization of poplar a t  56 million board fee t .  

Poplar ut ilizat ion for plywood has incr eased about 1 6  mill ion board 
f eet in the pas t 5 years . One of the newes t  plants to produc e p oplar ply
wood is the $ 1 . 5  million automated plywood plant at Longlac , Ontario (Anon . 
1966c) . Plywood is produced in 4 x 4 sheets in 1 / 4- , 3/8- , 1 /2- , 5 /8- and 
3 /4-inch thick sheets . Approximat ely 70% of production is unsanded and sold 
for sheathing . The r emaining sanded output is sold for f loor underlay . This 
p lant is exp ected to produce 150 , 000 f t2 ( 1 /4-inch basis ) of plywood per day . 

Minimum diameter s of pop lar logs r equ ired for p lywood operations 
in eas tern Canada , accord ing to plant managers ,  was from 8 to 9 inches . In 
west ern Canada , it ranged from 10 to 15 inches . Logs wer e cons idered cull 
when the c enter cu ll defect in a 9- to II-inch diam log exceeded 3 inches 
and in l2-inch diam logs when it exc eeded 4 inches . Companies purchased 6 2 %  
of poplar requ ir ements and estima ted that f rom 5 to 8 cords p e r  acre of 
usable poplar would be required to warrant cutting on their own limits . From 
this s tudy , a price differ ential between poplar logs and other species for 
plywood operations could not be det ermined . Generally , the price paid for 
veneer bolts of poplar was lower than for other species pur chased , however , 
some companies wer e pay ing more for poplar veneer bolts than for other spec ies . 

Maj or problems in the use of poplar in eas tern and wes tern Canada 
were : 

Eas tern Canada - ( 1) Poplar veneer bolt s are b ecoming diff icult to obtain 
in suf f icient quantit ies . A number of plant managers s tated that poplar 
veneer bolts were only available as other species were cut and the quantity 
of poplar bolts was unpr edictab l e .  

TABLE 10 . POPLAR USED IN VENEER AND PLYWOOD MILLS , EASTERN AND WESTERN 
CANADA , SPECIAL SURVEY , 1966 

Ar ea 
No . of 
plants Pur chased 

- - - - -

Eastern Canada 4 20 , 0 75  

Western Canada 4 14 , 100 

Total 8 34 , 1 75 

2 36 

Poplar 

Cut on own 
l imi ts 

thousand board feet - -

1 3 , 500 

7 , 700 

2 1 , 200 

Total 

- - -

33 , 575  

2 1 , 800 

55 , 375 



( 2 )  Was tage of poplar was high due to overmatur i ty and rot . 

( 3) Transpor tat ion costs were becoming a maj or problem .  
One company estimat ed that freight costs were 30% of  the deliver ed price o f  
poplar when the haul exc eeded 50 mile s .  

Wes tern Canada - ( 1 )  Overmaturity and the exc essive rot in pop lar is f orcing 
companies to use other species ent ir ely or restric t the use of poplar . 

( 2 )  The volume per acr e of usable p oplar is cons idered too 
low in many new areas for companies to even attempt to implement a cu tting 
program .  

( 3 )  Logging and milling costs f or poplar were cons idered 
high . One c ompany estimated tha t the recovery of plywood from poplar was 
2 0% less than for conif erous species . 

Poplar requirements for plywood plants , 5 year s from now , were 
estimated by the plant managers to be as follows : 

Area 1966 19 71 Change in poplar 
r equirements 

- thousand board feet - - per cent -

Eastern Canada 33 , 5 7 5  51 , 350 +52 . 9  

Wes tern Canada 2 1 , 800 19 , 12 5  -12 . 3  

Total 5 5 , 3 7 5  70 , 4 75  +2 7 . 3  

Par t icleboard plants 

S ix part icleboard plants repor ted us ing poplar in the special 
survey . Of the 110 thous and cords used , approximately one-half was purchased 
and the remainder cut from plant l imits . The preferred diameter of poplar 
bolt was from 9 to 12  inches , however , plant s repor ted us ing poplar bolts 
from 4 inches in diameter and up as long as the bolts were chippab1e.  

For those cu t t ing poplar on their own limits , it was es tima ted that 
a mlnlmUm of 8 to 10 cords of usable poplar was necessary for an economic 
cutting operation . The maximum dis tance tha t p op lar c ould be economically 
transpor ted was 40 to 50 miles . Generally , poplar sold from $ 3 . 50 to $ 6 . 00 
per cord less than for o ther species used in par t icleboard plant s . However , 
one plant cons idered all wood of the same value for par ticleboard product ion . 

I t  was estimated , by plant managers ,  tha t pop lar r equir ements for 
par t ic leboard will increase from the present 110 thousand cord s to about 164 
thousand cords 5 years from now , or by 49% .  
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CONCLUSIONS 

The challenge of the poplar resource to Canadian forestry can now 
be looked at in full focus . Nationally , there is an estimat ed 65 . 6  b illion 
ft 3 of pop lar and an allowable annual cut of net merchantable poplar of 1 . 5  
b illion f t3 • Only 78 million f t 3 of p oplar are now being used commercially 
with a possibility of 94 million f t3 b eing used in 5 years time . This is 
only a proj ec ted incr ease of from 5 . 4  to 6 . 5 % of the allowab le annual cut 
of net merchant able poplar . 

The r easons why poplar has not been us ed more are mu1t ifo1d . One 
maj or point is that there has b een little need to us e poplar when spruces 
and f irs have been readily available and in abundance . A s econd is tha t 
much of the poplar is within the Prairie Provinces and these provinc es are 
j us t  now beginning to overcome the transportation barrier f or wood produc ts . 
A third point , is that poplar has been bypassed for so long that many of 
the s tands are overmature, decadent and consumed with rot . High-grad ing 
poplar has assis ted many stands in becoming less productive . 

The challenge of  the poplar resource to Canadian fores try is one 
in which this Sympos ium can take the impor tant initial step in meeting . The 
challenge is to estab lish overall guid elines as to what should be the long 
run policy for poplar utilization in Canada . Hardwoods , and particularly 
poplar , will be play ing a stronger commerc ial role as t echnological d e
velopments in Canada , the United S tates and many other countries of the 
wor ld are applied to hardwood problems . Will our poplar stands of the 
future be in such a condit ion that when newer techniques in the prof itable 
app licat ion of pop lar are developed , suitab le timber will no t be available? 

Answers to a numb er of quest ions may ass is t  in develop ing guide
lines . For example , are there young s tands of pop lar that should b e  set 
aside to form part of the resource for new companies willing to risk their 
capital in its development? Should thos e  who cut on Crown lands a ssume 
some of the respons ibility for developing and us ing the poplar resource? 
Should incentives be given to companies to fur ther encourage the res earch 
and us e of poplar ? Should effective r egeneration be promoted through clear 
cutting , thus encouraging suckering in the first three years ? What other 
means of rehabilitation are needed? What types of forestry complexes are 
best suited for the development of the poplar resour ce? 

These are bu t a f ew of the questions to cons ider in establishing 
guid elines . If we do p lan and set long term guidelines for poplar , the 
dividends can be rewarding . The s takes ar e high : 9%  of our entire net 
merchantable forest  resources . Wha t guideline s are needed to assist in the 
futur e development of the poplar r esourc e?  This is indeed the challenge 
we are faced with today . 
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APPENDIX I 
BOTANICAL AND COMMON NAMES OF POPLARS CITED IN THIS REPORT 

BOTANICAL NAME 

P. acuminata 

P. aZba 

P. alba var . nivea 

P. angu Zata 

P. angustifo lia 

P. ' AS If 2 '  

P. baZsamifera 

P. ba lsamifera var . subcordata 

P. ' Bas sano ' 

P. bero linens is 

COMMON NAME SCIENTIFIC OR CULTIVAR NAME : DERIVATION 

Lanceleaf cottonwood P. acuminata Rydb . (Anon . 1961) . (Putatively 
cons ider ed as a hybr id between P. angustifo Zia 
Jame s and P. de ltoides Mar sh .  var . occidenta lis 
Rydb . by Brayshaw 196 5 ) . 

European white poplar P. alba L .  (Anon . 1958) . 

Silver p oplar 

Narrowleaf cottonwood 

Balsam p oplar 

P. a lba L .  var . nivea Willd . (Anon . 1958) . 

P. de Ztoides Mar sh .  subsp . angu Zata Ait . 
(Anon . 1958) . 

P. angus tifo lia James (Anon . 196 1) . 

P. de Ztoides Mar sh .  subsp . angu Zata Ait .  x 
P. simonii Carr . ( Heimburger 1968) . 

P. ba lsamifera L .  (Anon . 1961) . ( Syn . P. 
tacamahaca Mill (Little 1953) ; Bray shaw ( 1965)  
cons iders this to be a sub-spec ies , P. baZ
samifera L. sub sp .  balsamifera Brayshaw) . 

P. balsamifera L .  var . subcordata Hylander 
( Fernald 1950) . (Brayshaw ( 1965)  cons iders 
this to be a var iety of a sub-sp ec ies , P. 
ba lsamifera L .  subsp . ba lsamifera Brayshaw 
var . subcordata Hylander ) .  

P. de ltoides x "Russ ian" p op lar ( Heimburger 
1968) . 

P. x beroZinensis Dippel (=P. Zaurifo lia Ledeb . 
x ?  P. nigra L .  cv . ' italica ' (Anon . 1958) . 
Sometimes referred to  as one of the "Russian" l 
poplars ) .  



N .l>I-' 

BOTANICAL NAME 

P. ' BNW II 4 '  

P. ' Brooks II l '  

P. ' Brooks II 4 '  

P. ' Br ooks II 7 '  

P. ' Brooks II 10 ' 

P. x canadensis 

P. candicans 

P .  canescens 

P. ' cardeniens is ' ( ? )  

P .  davidiana 

P. deZtoides 

P. deZtoides var . occidentaZis 

COMMON NAME 

Gr if f in poplar 

Carolina poplar 

Balm of Gilead 

Gray poplar 

Eas tern cottonwood 

Plains cottonwood 

SC IENTIFIC OR CULTIVAR NAME; DERIVATION 

P. x bero Zinensis Dippel x P. x jackii Sarg . 
( Cram 1960) . 

P. de Ztoides x "Russian" poplar?  
( Cram 1968) . 

P. de Ztoides x "Russ ian" p oplar?  ( Cram 1960) . 

P. de Ztoides x "Russian" poplar ? ( Cram 1960) . 

P. de Ztoides x "Russian" poplar? ( Cram 1960) . 

P. x euramericana (Dode) Guinier (=P. de ltoides 
Marsh . x P. nigra L .  and reciprocal (Anon . 1958» . 

P. candicans Ait . (Anon . 1958) . (A pis tillate 
clone of P.  balsamifera L.  or of a hybrid in
volving this species (Little 1953» . 

P. x canescens Sm. Generally regarded to be of 
hybrid origin ; der ived f rom the cross ing of P . 
tremu la L .  with P. alba var . nivea Willd . ( Anon . 
1958) . 

No cer tain identification . Probably not a 
mis spelt render ing of P. canadensis as is some
times thought (Walker 1968) . 

P. davidiana Dode ( an As iatic aspen) (Anon . 
1958) . 

P. de ltoides Marsh . (Anon. 1961) . (Listed by 
Lit tle ( 1953)  as P. de ltoides Bar tr . ) .  

P. deltoides Marsh . var . occidentalis Rydb . 
(Anon . 1961) . (Listed by Little ( 1953)  a s  P. 
sargentii Dode , with P. de ltoides Bartr . var . 
occidenta lis Rydb . given as a synonym . 
Lis ted by Brayshaw (1965)  as P. de ltoides 
Bartr . ex Marsh . var . occidentalis Rydb . ) .  



BOTANICAL NAME 

P. ' Dunlop ' 

P. ' Eugenei ' 

P. ' FNS /I 44-52 ' 

P. ' Gelr ica ' 
tv +:-tv 

P. grandidentata 

P. ' IH- 78B ' 

P. ' 1-214 ' 

P. ' Incras sata ' 

P. 1 I talica ' 

P. jackii 

P. laurifo Ua 

COMMON NAME 

Largetooth aspen 

Lombardy pop lar 

SCIENTIFIC OR CULTIVAR NAME; DERIVATION 

This p oplar has obvious af f inites with P. 
de ltoides Mar sh . although Cram ( 1960) states 
tha t it is a male of "Rus s ian" type .  A clone 
developed from cuttings taken by Dunlop from an 
es tablis hed shelterbelt on a farm near Conque st , 
Saska tchewan (Walker 1968) . 

P. x euramericana (Dode) Guinier cv . ' eugenei '  
(Anon . 1958) . 

A clone developed from a select ion made by 
Walker from open pollinated progeny of a P. 
de ltoides Marsh. tree growing near "Rus s ian" 
poplars at Forest Nursery S tat ion , Indian 
Head , Saska tchewan . Almos t  certainly a hybrid 
(Walker 1968) . 

P. x euramericana (Dode) Guinier cv . ' gelrica ' 
(Anon . 1958) . 

P. grandidentata Michx . (Anon . 1961) . 

P. x euramericana ( Dode) Guinier cv . ' Jacomet t i  
78B ' (Muller and Sauer 1961) . 

P. x euramericana (Dode) Guinier cv . ' 1-214 ' 
(Anon. 1958) . 

P. nigra hybr id ( Cr am 1960) . 

P. nigra L .  cv . ' ital ica ' (Anon . 1958) . 

P. x jackii Sar g .  (=P. ba lsamifera L .  x P. 
de ltoides Marsh . (Little 1953) . Heimburger 
( 1968) has no ted that P. jackii also inc ludes 
the product of the reciprocal cross and its 
derivates) . 

P. laurifolia Ledeb . ( a  balsam poplar native to 
S ib er ia) (Anon. 1958) . 



I', � 

N .f::' W 

BOTANICAL NAME 

P. maximo'Wiczii 

P. moni Zifera 

P. nigra 

P. nigra var . caudina 

P.  nigra var . p Zantierensis 

P. ' Northwes t '  

P.  petro'Wskyana 

P. rasumo'Wskyana 

P.  'Raverd eau ' 

P. ' Regenerata ' 

P. ' Robusta ' 

P. ' Saskatchewan ' 

COMMON NAME 

European black poplar 

SCIENTIFIC OR CULTIVAR NAME; DERIVATION 

P. maximo'Wiczii Henry (a balsam p oplar native 
to  nor theastern Asia) (Anon . 1958) . 

P. de Ztoides Marsh . subsp . moni Zifera Henry 
(Anon . 1958) . 

P. nigra L .  (Anon . 1958) . 

P. nigra L .  var . caudina Tenore ( Anon . 1958) . 

P. nigra L .  var . p Zantierensis ( S imon-Louis ) 
Schneid . ( Houtzagers 1937) . 

P. x jackii Sarg . (Anon . 1958 , Heimburger 1968) . 
Introduced as a clone f rom the U . S . A .  via 
Prairie Nursery , Estevan , Sask. (Walker 1968) . 

P. x petro'Wskyana S chr . ( =P. Zaurifo Zia Ledeb . 
x P. nigra L . )  One of  the "Russ ian" poplars . 
Rehder (1951)  indicates that it is a hybrid of 
P. ZaurifoZia Ledeb . x P. de Ztoides Marsh . and 
cites the au thority as Schneid . 

P.  x rasumo'Wskyana S chr . (=P. ZaurifoZia Ledeb . 
x P. nigra 1 . ) ;  one of the "Russ ian" poplars 
(Anon . 1958) . (Rehder ( 1951) lis ts the author
ity as Schneid . ) .  

P. x euramericana (Dod e) Guinier cv . ' robusta 
raverdeau ' .  A cl one of ' robusta ' from Franc e 
( Heimbur ger 1968) . 

P. x euramericana ( Dode)  Guinier cv . ' r egenerata ' 
( Anon . 1958) . 

P. x euramericana ( Dode) Guinier cv.  ' r obus ta ' 
(Anon . 1958) . 

P. x jackii Sarg . (Heimburger 1968) . The ortet 
of this c lone was found growing on the banks of 
the South Saska tchewan River near Saskatoon 
(Ross 1939 ) . 



BOTANICAL NAME 

P. sieboldii 

P. simonii 

P. songarica 

P. ' Su ther land 4 '  

P. ' 38P38 ' 

P. tremula 

P. tremu loides 

N P. tremuloides var . aurea 
.!:-
.!:-

P. tremuloides f .  pendula 

P. tremu loides f .  reniformis 

P. tremuloides var . magnifica 

P. tremuloides var . vancouveriana 

P. trichocarpa 

P. trichocarpa var . hastata 

COMMON NAME 

Eur opean aspen 

Trembl ing aspen 

Black cot tonwood 

SCIENTIFIC OR CULTIVAR NAME; DERIVATION 

P. sieboldii Miq . ( a  Japanese aspen) ( Anon . 
1958) . 

P. simonii Carr . A balsam poplar occurr ing from 
Western China to Korea (Anon . 1958) . 

An asiatic Tacamahaca ma le c lone imp orted from 
The Kew Gardens (Heimburger 1968) . 

Selec ted c lone of P. ba lsamifera L .  ( Heimburger 
1968) . 

A clone of P. balsamifera L .  x P. simonii Carr . 
( Cram 1960) . 

P. tremu la L .  (Anon . 1958) . 

P. tremu loides Michx . (Anon . 196 1) . 

P. tremuloides Michx . var . aurea (Tid . )  Dan .  
(Little 1953) . 

P. tremuloides Michx . form pendula Jaeger 
Beis sner ( Fernald 1950) . 

P. tremu loides Michx . form reniformis Tid . 
( Fernald 1950) . 

P. tremuloides Michx . var . magnifica Viet . 
( Fernald 1950) . 

P. tremuloides Michx . var . vancouveriana ( Tre1 . )  
Sarg . ( Sudwor th 1934) . 

P. trichocarpa Torr . & Gray (Anon . 196 1) . 
(Lis ted by Bray shaw ( 1965) as P. ba lsamifera L .  
subsp . trichocarpa (Torr . & Gray) Brayshaw) . 

P. trichocarpa Torr . & Gray var . has tata ( Dode)  
Henry (Moss 19 59) . (Lis ted by Bray shaw ( 1965)  
as P. ba lsamifera L.  subsp . trichocarpa (Torr . 
& Gray) Bray shaw var . has tata ( Dode) Henry ) .  



IV 
� 
V1 

COMMON NAME 

P. tris tis 

P. ' Tr istis # l '  

P. ' Vernirubens ' 

P. ' Volunt eer ' 

P. l Whee1er II 4 '  

SCIENTIFIC OR CULTIVAR NAME; DERIVATION 

P. tris tis Fisch . A central As ian balsam 
poplar (Rehder 1951) . 

Heimburger ( 1968)  cons iders this to be a c lone 
of P. tristis Fisch . , bu t Cram ( 1960) has des
cr ibed it as a cros s of P. ba lsamifera L. and P. 
tristis Fisch . possibly produced by Dr . F . L .  
Skinner . 

P. x euramericana (Dode) Guinier cv . ' verni
rubens ' (Anon . 1958) . 

A f emale clone of "Russ ian" (P. Zaurifo Zia 
Led eb . x P. nigra L . )  origin ( Heimburger 
1968) . The ortet was selected by Kerr at the 
Fores t Nursery S tat ion , Suther land (Walker 1968) . 

The Wheeler clones are der ived from select ions 
made by Kerr among naturally occurring s eedlings 
on the farm of S igurd Wheeler at Ros thern , Sask. , 
where na tive balsam poplars and other variet ies , 
introduced in sh e1terbe1t plantings , occurred 
(Walker 1968) . I t  is clear that th is c lone is 
der ived at least in part f rom P. ba lsamifera L .  
although Cram (1960)  states the parentage as 
P. de ltoides Marsh . x ? 

l "Rus sian" poplar is the name commonly applied to hybr ids of wh ich one of the parent spec ies is P. 
laurifo lia Ledeb . Examples include P.  x bero linensis� P. x rasumowskyana� and P. x petrowskyana. Ros s  
( 19 3 9 )  referred to three species of "Ru s s ian" poplar a s  having been introduced into th e Prairie 
Provinces of Canada . He lis ted them as P. petrovski� P. certinensis and P. wobs tiriga . Rehder ( 19 5 1 )  
records that P. certinensis D ieck . is assoc iated with P. x berolinensis Dippel a s  derivat ives o f  the 
hybrid P. laurifolia Ledeb . x P. nigra L .  cv . ' italica ' . He lists P. woobstii (Reg . ) Dode ( wh ich 
Walker ( 19 6 8 ) believes to be synonymous with Ros s ' "P. wobs tiriga" ) as a hybrid of P. laurifo Zia Ledeb . 
and P. tristis Fisch . It is evident that the term "Russian " poplar is very general and ill-defined . 
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APPENDIX I I  
COMMON AND BOTANICAL NAMES OF TREES OTHER THAN POPLARS 

COMMON NAME 

Alder , red 

Ash 

Bas swood 

Beech 

Birch , white 

Birch , yellow 

But ternut 

Cedar , eas tern wh ite 

Cedar , western red 

Cucumber-tree 

Douglas-f ir 

Elm , white 

Fir 

Fir , alpine 

Fir , amabilis 

Fir , balsam 

Gum 

Hemlock 

Hemlock , eas tern 

Hemlock , wes tern 

Juniper , r ed 

Larch 

Maple 

Map le , br oadleaf 

Map le ,  red 

Map le , sugar 

Oak 

Papaw 

Pine 

Pine , eas tern white 

BOTANICAL NAME 

A lnus rubra Bong . 

Fraxinus L .  

TiZia americana L .  

Fagus grandifolia Ehrh.  

Betu la papyrifera Marsh . 

Betu la al leghaniensis Britt . 

Juglans cinerea L .  

Thuja occidenta lis L .  

Thuja p licata Donn 

Magnolia acuminata L .  

Pseudotsuga menziesii (Mirb . ) Franco 

Ulmus americana L .  

Abies Mill . 

Abies lasiocarpa (Hook . ) Nut t .  

Abies amabi lis (Doug l . ) Forb . 

Abies ba lsamea (L . ) Mil l .  

Nyssa L .  

Tsuga (Endl . ) Carr . 

Tsuga canadensis (L . ) Carr . 

Tsuga heterophy l Za (Raf . ) Sarg . 

Juniperus virginiana L .  

Larix Mill . 

Acer L .  

Acer macrophy l lum Pursh 

Acer rubrum L .  

Acer saccharum Mar sh . 

Quercus L .  

Asimina tri loba (L . ) Dunal 

Pinus L .  

Pinus strobus L .  

2 4 7  



COMMON NAME 

P ine , j ack 

Pine , lodgepole 

Pine , ponderosa 

P ine , red 

P ine , western white 

Spruce 

Spruce , black 

Spruce ,  Engelmann 

Spruce ,  r ed 

Spruce ,  S itka 

Spruce , white 

Sycamore 

Tamarack 

Tulip-tree 

Walnut , black 

Willow 

BOTANICAL NAME 

Pinus banksiana Lamb . 

Pinus contorta Doug l .  

Pinus ponderosa Laws . 

Pinus resinosa Ait .  

Pinus monticoZa Dougl . 

Picea A .  Dietr . 

Picea mariana (Mill . )  BSP . 

Picea enge Zmannii Parry 

Picea rubens Sarg . 

Picea sitchensis (Bong . )  Carr . 

Picea gZauca (Moench) Vos s  

PZatanus occidenta Zis L .  

Larix Zaricina ( Du Roi) K .  Koch 

Liriodendron tuZipifera L .  

JugZans nigra L .  

Salix L .  

2 4 8  



SUBJECT INDEX 

Aceria parapopu Zi (Keifer ) , 135  

Agri Zus granu Zatus ( Say) , 12 7 

AgriZus Ziragus Barter and Br own , 12 5 

Alber ta Plains , 2 

Anatomy 
( also  see Wood Character istics)  

bending s treng th , 155 
compress ion , 155 
f ib ers , 145 , 157 , 163 , 183 , 184 
gela tinous f ib ers , 152 , 157 , 160 , 162 , 1 7 3  
hardnes s ,  155 
hear twood , 150 , 162 , 163 
ray parenchyma , 149-150 
reaction wood , 151 , 156 , 159 
spec ies identification , 149 
tangent ial diameter of ves s el s , 149 
tension wood , 151-152 , 156 , 15 7 ,  159 , 160 , 162 , 163 
tylos is , 162 , 164 , 1 7 5  

Appalachian Region 
area , 2 
phys iography , 1 

Ar c tic Archipelago 
area , 2 
physiography , 3 
soils , 12  

Asp en Grove Region , 16 , 59 , 2 16 

Atlantic Provinces , 4 

Bark , utilization , 195 , 19 7-198 

Biotic Relationships , 58-62 

Br eeding f or 
branchiness , 89-91 
drought r esis tance , 89 , 90  
matchs tock , 91 , 97  
miscellaneous , 94 
p lywo od , 91 , 9 7  

2 49 



Breeding f or ( cont inued) 
pulpwood , 9 7-98 , 106 
resis tance to Me1ampsora leaf rus t ,  89 , 90 , 138 
res is tance to pathogens , 98 , 114 , 136-138 
resis tance to  Septoria musiva , 90 , 131 , 132 
she1terbe1ts and windbreaks , 88 
wood quali ty , 153 , 163  

Canada 
area , 1 
Atlantic reg ion , 2 1 6 , 2 2 5  
Central r egion , 2 1 6 , 2 2 0  
climate ,  4-9 
natural vegetation , 12-15 
physiographic regions , 1-4 
Prairie region , 2 1 6  
soils , 9-12 
vegetat ion-environment rela tionships , 15-18 

Canadian Shield 
area , 2 
physiography , 1 
soils , 10 
vegetat ion , 16 

Chemical Content , wood , 157  

Chipboard 
logging for , 78 

Choristoneura confZictana (W1k . ) ,  118 

Chrysome Za crotchi Brown , 122 

Ciborinia whetze Zii ( S eaver ) Seaver , 136 

Climatic Relat ionships , 58-62 

Clones 
harves ting techniques , 77-78 
tes t of new , 9 5-98 , 115 
var ia tion , 50 , 151 , 153 , 1 5 6 , 15 7 ,  1 6 3  

Cordilleran Region 
ar ea , 2 
physiography , 2 
soils , 12 
vegetation , 15-16 

Corticium poZygonia Per s .  128  
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Crypicdiaporthe popuZ.ea ( S acc . )  Butin , l34 

cryptorhynchus (Sternochetus ) Z.opathi (L) , 125 

Cultivat ion for 
matchs tock , 88 , 9 1 ,  9 7  
plywood , 88 , 9 1 ,  9 7  
shelterbelts and windbreaks , 88-89 , 113 

Cytospora chrysosperma ( Per s . )  Fr . ,  132 , 134 

Damage 
animal , 61-62 
climatic , 62 
pathogens , 106-107 

Decay 
age r elat ionsh ips , 146 , 162 
causal organisms , 12 7-12 8 ,  163 
following pruning , 83 
heart rot , 12 7-128 
inf luence on growth and yield , 71 , 7 7 ,  147 
inf luence on pulp produc tion , 184 
inf luence on sp ec if ic gravity , 163 
rot  and produc tion of hardboard , 200 
ut ilizat ion problem ,  145-148 , 163 , 204 , 2 34 ,  2 36 , 2 3 7  
wet wood , 1 6 3  

Dip Z.odina tumefaciens ( Shear ) Zalasky , 1 3 5  

Diseases , fungal ( also s e e  individual lis ting s )  
canker s ,  89 , 128-134 
clones resis tant to , 89-90 , 9 3 ,  110 
control , 132-134 
foliage , 1 36-139 
galls , l35-l36 
hear trot , 12 7-128 

Dis tr ibut ion , native species 
commerc ial , 70 , 215  
past  and present , 36-43 

Dothichiza popu Z.ea Sacc o & Briard , 132 , 133 

Edaphic Relationships , 58-62 

Erad ication 
herbicides for , 6 2 , 80-81 

Fiberboard , 191 
( also s ee utili zation of Poplars ) 

manuf actur ing process es , 192-198 
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Fib erboard ( continued) 
produc t ion , 193 
utilization of poplars f or , 192 

Fiber Length 
burs t ing s tr eng th and , 184 
clonal var iation and , 151 
genetic inf luenc e on , 150-151 , 163 
growth rate and , 150-151 
of trip10ids , 151 
tear factor and , 178 

Fornes igniarius (L.  ex Fr . )  Kickx ,  128 

Forest Regions of Canada , 15 
Acadian , 17 
bor eal , 15 , 16 , 1 7 , 58 , 59 , 60 
coas tal , 15 , 16 , 61  
Columbia , 15 , 16 , 61  
Great Lakes-S t .  Lawrence ,  15 , 1 7 , 60 
montane , 15 , 16 , 61  
subalpine , 15 

GaZeruceZ Za decora (Say) , 121 

Gonioctina americana ( S chaef . ) , 124 

Great Lakes and S t . Lawr ence Region 
area , 2 
physiography , 2 
soils , 1 7  
vegetat ion , 1 7  

Growth and Yield 
of native poplars , 70 , 71 , 14 7-148 
of hybr ids , 98-99 , 102-106 , 114 

Hudson Bay Lowland 
area , 2 
phys iography , 2 

Hypoxy Zon mammatum (Wahl . )  Miller , 128 

Hypoxy Zon pruinatum (K10tzch) eke . , 128 

Insects (also see individual lis tings ) 
borers , 124-12 7 
control , 116 , 118 , 119 , 120 , 12 1 ,  1 2 4  
def oliators , 116-124 

2 52 



Insulation board 
manuf ac turing proces s ,  191 , 192 , 197-198 
p roduction , 193 
utilization of poplar for , 193-194 

Inter ior Plains 
area , 2 
phys iography , 2 
soils , 9-10 
vegetation , 16 

Life History , na tive poplar s 
asexual r eproduc tion , 49-52 , 60 
development and growth , 53- 5 7 , 59 , 70- 71 
phenology , 4 5-46 
s exual reproduc tion , 46-48 , 60 

Lithocol letis salicifo lie lla Cham . , 121 

Lumber 
futur e utilization of poplar for , 2 06-2 0 7  
ut ilization of poplar for , 202 

Mackenzie Lowlands 
phys iography , 2 

Macpophoma tumefaciens Shear and Huber t ,  135 

Malacosoma disstpia Hbn . , 116 

Manitoba Es carpment , 2 

Manitoba Lowlands 
phys iography , 2 

Maritime Provinces , 4 

Me lampsopa abietis-canadensis Ludwig ex Ar th . , 139 

Me lampsopa albeptensis Ar th . , 139 

Me lampsopa medusae Thuem . , 139 

Me lampsopa occidentalis Jacks . ,  139 

Missour i Coteau , 2 

Mycosphaepe l la ( s tage of S.  musiva) , 132 

Nur s ery Practices 
costs , 114 
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Nur s ery Pr actices ( continued) 
herb icides , 114 , 115 
method s ,  114 , 115 

Operophtera bruceata ( Hulst) , 120 

Par t icleboard , 191 
manufac turing proces s ,  191-192 , 195-198 
produc tion , 192-194 
utilizat ion of poplar s  for , 193-194 

Peniophora polygonia (Per s . ex Fr . )  Bourd . & Galz . ,  128 

Pho liota destruens (Brond . )  Que l ,  128 

Phy l locnis tis populie l la Cham . , 120 

Plantations 
ar ea in Canada , 102-106 
cost s , 107 
fertil izat ion , 102 
gr owth rat e ,  105 
management , 107 , 109-110 
pruning in , 106 , 109-110 
spac ing , 9 7 ,  106 , 109 
weed contr o l , 102 

Plywood 
( also see Utilization of Poplars) 

future utilizat ion of poplar for , 206-207 
logging f or , 77-78 
propert ies of trembling aspen , 2 1 3  
r otary gluing tests , 2 1 3  
utilization of pop lar for , 202-203 

Pol laccia e legans Serv . , 138 

Pol laccia radiosa (Lib . )  Bald . & Cif . , 136  

Polyporus de lectans Pk . , 128  

Prair ie Provinc es , 4 ,  216  

Pulping Processes 
alkaline , 1 7 3  
characteris tics , 1 76 
defibrat ion and explosion ,  185 , 2 34 
d issolving pulp , 183 
kraf t ,  171 , 176-179 , 234 
mechanical and semi-chemical , 169 , 183-188 , 2 34 
neutral sulf ite s emi-chemical pulp ing (NSS C) , 1 7 6 , 188 , 189 
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Pulping Processes ( continued ) 
sulfate and sod a ,  171 , 2 34 
sulf ite , 178 , 180-18 3 ,  2 34 

Pulpwood 
transportation , 169 
utilizat ion of , quantity , 169-176 
value , 167-173 

Radulum casearium (Morg . )  Lloyd , 128 

Resource 
allowable annual cut , 216 , 2 38 
and uti lizat ion , comparison of , 2 2 9 , 2 38 
deteriorat ion , 205 
estima tes , 71-76 , 2 03-204 
gener al , 214-2 38 
in various regions and provinces of Canada ,  216-2 2 5  
location o f  commerc ial , 2 1 5  
net merchantable volume , 2 1 6  
ownership , 2 04-205 

Seperda calcarata Say , 124 

Sarcophaga aldrichi Park,  118 

Saskatchewan Plains , 
phys iography , 2 

Septoria musiva Pk . , 90 , 131 

S ilvicultur e and Management of Na tural S tands 
futur e ,  85-86 
logging , 77 
pruning , 81-82 , 148 
r egeneration , 8 3-85 
res earch , 80 
r o tation age , 71 
s tand management ,  7 7-80 
stand volume , calculations , 108-109 
s tocking , 8 3-84 
thinning , 83-84 

S o ils of Canada 
Arc tic , 12 
brunisolic , 9-10 
chernozemic , 9 
podzolic , 9-10 
s olonetz ic , 9 
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Southern Ontario Plains 
physiography , 2 
soils , 10, 1 7  
vegetat ion , 17 

Species , Poplar 
identification key , 2 3-24 
in Canada , 20 

Spec ific Gravity 
age , 153-155 
effect of react ion wood on , 155-156 , 163 
growth rate and , 153-156 , 163  
inf luence of  decay on , 163 
inf luence on mechanical proper ties , 158 
influence on machining and proc essing , 160 
in r elation to hardboard manufacture , 195 
var iat ion , clonal , 153 , 156 , 163 
var iation , inter specif ic , 152-15 3 ,  163 
variation , intr aspecific , 153-156 

Stand Volume 
calculations , 108-109 

S t . Lawr enc e Plain 
physiography , 2 
vegetation , 1 7  

Sti lpnotia salicis L . , 1 1 9  

Sulfur dioxide , 12 7 

Taxonomy , 2 0-33 

Transpor tation 
economic dis tance ,  2 34 , 2 3 7  
costs , 2 34 ,  2 3 7  
pulpwood , 169 

Utilizat ion of poplars 
animals , 61-62 , 200 
boxes and crates , 158 
building board s ,  2 34 
decay and wet wood , 163 
f ib erboard , (also see Fiberboard ) 191 , 192-19 5 ,  196 , 199-200 
general , 76- 7 7 , 2 14-2 38 
lumber , 162 , 202 , 2 33 
maj or commerc ial , quantity , 229  
paper products , special ity , 2 34 
part icleboard , ( also s ee Par t icleboard ) 160 , 191-196 , 22 9 ,  2 3 7  
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Utilization of poplars ( continued) 
plywood , 2 0 3-204 , 208 , 2 2 9 , 2 36 
present and future , 206-20 7 ,  2 14-2 38 
problems in , 2 0 3-205 , 214 , 22 9 ,  2 34 ,  2 36 ,  2 3 7  
pulp and paper , 169-189 , 2 2 9 , 2 34 
sawmills , 2 2 9  
veneer , 161 , 162 , 22 9 ,  2 3 6  

Vegetation o f  Canada 
for ests , 15 
fores t-gras sland trans it ion , 1 5 ,  59 
forest-tundra trans ition , 1 7 ,  59 
grass lands , 12 , 16 
tundra , 15 , 17 

Veneer 
grades of , 2 11-2 12 
inf luence of cutting speed on qual ity , 2 10 
inf luence of cut ting temper atur e on qual ity ,  2 1 0  
optimum lathe setting , 210 
thickness ,  209 
yield of , 211 

Venturia populina ( Vui11)  Fabr ic . ,  138 

Venturia tremulae Aderh . ,  136 

Wetwood , 163 

Wood Charac teris tics 
anatomy 149-152 
chemical proper ties , 15 7 ,  16 3 ,  164 
density , 1 7 3  
machining and process ing , 160-161 , 163-164 
mechanical proper ties , 158-160 , 163  
mois ture r elations and shr inkage,  161-164 , 199-200 
permeability , 162 , 164 
phys ical proper ties , 149-15 7 ,  16 3 ,  1 76 
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