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The twigs of the birch Imprint the December sky 

Like branching veins upon a thin old hand . . . . 

THOMAS HARDY, December 1912 
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CHAPTER 1 



*V Lord, / beg upon my knees 

That all my various syntheses 

May not turn out to be Inferior 

To those conducted by bacteria/ 

Anon., discovered by K.V. Thimann. 



CHAPTER 1 

GENERAL INTRODUCTION AND LITERATURE REVIEW 

Deciduous monoecious trees and shrubs of the 

genus Betula, family Betulaceae (Sargent 1922; Rehder 

1940; Lawrence 1951; Dugle 1966) are widespread in 

North America (Nuttall 1842; Sargent 1896, 1905, 1922; 

Wells and Rue 1927; Halliday and Brown 1943), Europe 

(Regel 1865; Gunnarson 1925; Helms and Jorgensen 1927; 

Jentys-Szaferowa 1937; Lindberg 1939; Jenssen 1940) and 

Asia (Tkachenko 1941; Jung 1960; Wang 1961). Approx- 

imately 52 species are currently recognized (Clausen 

1973)- The geographical range of paper birch^Betula 

papyrifera Marsh^in North America is transcontinental 

(Quigley and Babcock 1969) (see Fig. 1 ) , According 

to Quigley and Babcock (1969) paper birch is a "char- 

acteristic species of the Boreal forest region of Canada 

and Alaska, becoming shrublike as it approaches the 

northern limits of its range." 

Paper, or white birch (Brittain and Grant 1965), 

is of immense economic importance in the pulp, paper, 

veneer, sawn products and furniture industries (Wells 

and Rue 1927; Davis 1953; Carpenter 1969; McDonald 1969; 

Quigley and Babcock 1969: Saunders 1969). Most of the 



2 

FIG. 1. Distribution of paper birch in North America. 

(Quigley and Babcock 1969). 
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other members of the genus Betula are economically 

valuable tree species (Biigsen and Miinch 192 9; Lehonkoski 

1940; Jenssen 1940; Hyvarinen 1968). Hence extensive 

silvicultural studies have been documented (e.g. Klaehn 

and Runquist 1952; Hutnik 1954; Clausen 1965; Marquis 

1966; Hyvarinen 1968; Bjorkbom 1969, 1971). 

A wide range of studies on Betulaceae spanning 

various disciplines have been documented. The earliest 

study on birch I have encountered is that of Leeuwenhoek 

(1695), who in the course of his anatomical investigations 

on certain plant cells, examined birch wood. Since then 

most of the work on the Betulaceae have been taxonomic, 

palaeobotanical, physiological, morphological, etc. (Table 

1-1)• Only about 20 to 25 per cent of these studies in- 

volved Betula papyrifera. It is apparent that most of 

the work reported indicates the economic importance of 

these tree species to foresters in particular. 

The occurrence of long ahd short shoots in plants 

has been documented for over a century. Areschoug (1877) 

is the first person to observe the occurrence and growth 

habits of the two shoot types in the literature. Since 

then a number of studies has been reported (Table 1-2). 

However, different approaches have been taken to under- 

stand the occurrence of these shoot types. The most 

comprehensive are those combining anatomy with physiology 
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TABLE 1-1. A survey of representative literature on 
studies of Betulaceae. 

Discipline Authors 

Anatomy Leeuwenhoek 1695; Hanstein 1868; 

Boubier 1896; Plaut 1910, 1918; 

Hoar 1916; Biigsen and Miinch 1929; 

Cousins 1933; Abbe 1935, 1938; 

Rafalski and Wardyn 1939; 

Tkachenko 1941; Thunnel 1942; 

Kujala 1946; Garrison 1949; 

Hall 1952; Gardiner 1958; 

Clausen 1963; Bhat and Karkkainen 

1981; Zimmermann and Jeje 1981; 

Bhat 1982. 

Ecology and/or Raup 1936; Hesselman 1937; 
phytogeography 

Acatay 1951; Kasa 1952; Malmstrom 

1954; Kitamura 1964; Tabata 1964; 

Dansereau and Pageau 1966; 

Maillette 1982a, 1982b; 

Oldemeyer 1982; Smith and Turney 

1982. 

Embryology Nawaschin 1894; Wolpert 1910; 

Hagman 1963; Davis 1966; Maini and 

Wang 1967. 
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TABLE 1-1 (cont'd.) 

Evolution Berry 1923; Hall 1952; Tabata 

1964; Wolfe and Leopold 1967; 

Wolfe et al. 1966; Kikuzawa 

1982. 

Floral anatomy and/or Spach 1841; Payer 1858; Wolpert 
morphology 

1910; Streicher 1918; Zimmermann 

1922; Bugsen and Munch 1929; 

Abbe 1935, 1938; Macdonald 1971. 

General Morphology Lubbock 1899; K^stal 1903; 

Moore 1909; Gunnarsson 1925; 

Foster 1928; Bugsen and Munch 

1929; Ruostalo 1954; Magomedmirzaev 

1970; Macdonald and Mothersill 

1983; Macdonald et al. 1983. 

Genetics and Cyto- Jack 1895; Woodworth 1929, 1930, 
genetics 

1931; Anderson and Abbe 1934; 

Johnsson 1941, 1944, 1945, 1949; 

Smith and Nikols 1941; Schreider 

1949; Clausen 1962a,1963, 1969, 1973 

Tucovic and Javanovic 1969; 

Dancik and Barnes 1972. 
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TABLE 1-1 (Cont'd.) 

Palaeobotany 

Palynology 

Phytopathology 

General Phenology 

Berry 1923; Flint 1947; 

Lindquist 1949; Braun 1950; 

Wolfe et al* 1966. 

Dyakowska 1937; Pohl 1937; 

Jentys-Szaferowa 1938; Kujala 

1946; Sarvas 1952; Clausen 

1962b. 

Simpson 1932; Balch and 

Prebble 1940; Hawbolt 1947; 

Barter and Balch 1950; Greenidge 

1953; Redmond 1951, 1955, 1957; 

Conklin 1969; Shigo 1969. 

Moberg 1857, 1894; Kihlman 1900; 

Kujala 1924; Kaikko 1940; 

Kienholz 1941; Burton and Leslie 

1952; Sarvas 1952; Kozlowski 

and Ward 1957; Clausen and 

Kozlowski 1967; Clausen and 

Garrett 1969; Sharik 1970; 

Danilov 1971; Kozlowski 1971; 

Dancik and Barnes 1972; Gross 1972 

Kikuzawa 1978; Clausen 1980; 



TABLE 1-1 (Cont'd.) 

General Phenology Kuivinen and Lawson 1982; 

Maillette 1982a; Schultz et al. 

1982. 

Bjorkman 1941, 1949; Dimbleby 

1952; Tranquillini 1952; Wareing 

1954; Ingestad 1957; Vaartaja 

1957, 1959; Longman and Wareing 

1959; Kawase 1961a, 1961b; 

Yelenosky 1961; Kozlowski 1963; 

Eagles and Wareing 1964; Logan 

1965; Tubbs 1965 ; 

Kozlowski and Keller 1966; 

Domanski and Kozlowski 1968; 

Hoyle and Bjorkbom 1969; Gee and 

Federer 1972; Takahashi 1972, 1973, 

1975; Harrison and Saunders 1975; 

Federer 1976, 1977, 1980; Federer 

and Gee 1976; Dathe et al. 1978; 

Downs and Bevington 1981; Tang 

and Kozlowski 1982; Oquist et al. 

1982a, 1982b; Tuomi et al. 1982. 

Physiology and 
Ecophysiology 

Gibbs 1939, 1940; 

Phytogeology Flint 1947. 
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TABLE 1-1 (Cont'd.) 

Silviculture Klaehn and Runquist 1952; 

Hutnik 1954; Marquis 1966; 

Bjorkbom 1969, 1971, 1972; 

Leak et al. 1969; Marquis et al. 

1969, etc. 

Taxonomy and De Candolle 1827; Hooker 1838; 
Cytotaxonomy 

Nuttall 1842; Regel 1861, 1865; 

Prantl 1894; Sargent 1896, 1922; 

Fernald 1902, 1945; Rosendahl 

1916, 1928; Schneider 1916; 

Winkler 1930; Hulten 1944; 

Kujala 1946; De Pouques 1949; 

Lawrence 1951; Krilssmann 1962; 

Brittain and Grant 1965, 1966, 

1967, 1968; Dugle 1966. 






































































































































































































































































































































































































































































































































































































