


MUCH of the s i l v i c a l  information on our fo r -  
e s t  t r e e s  i s  widely s c a t t e r e d  and some- 

times d i f f i c u l t  t o  f ind.  To make t h i s  mater ial  
more r ead i l y  a v a i l a b l e ,  the  Fo re s t  Se rv i ce  i s  
assembling information on the  s i l v i c a l  charac-  
t e r i s t i c s  of a l l  t he  impor tan t  n a t i v e  f o r e s t  
t r e e  spec i e s  of the  United S t a t e s .  I t  is  ex-  
pected t h a t  t h i s  information w i l l  be published 
a s  a comprehensive s i l v i c s  manual. 

This  r epo r t  p resen ts the  s i l v i c a l  charac- 
t e r i s t i c s  of one species.  It contains the essen- 
t i a l  information t ha t  w i l l  appear i n  the general 
manual but has been wr i t ten  with par t icu la r  r e f -  
erence t o  the species i n  the Northeast. Similar  
r epo r t s  on o ther  spec ies  a r e  being prepared by 
t h i s  Experiment S t a t i o n ,  and by severa l  of the  
other  reg iona l  f o r e s t  experiment s t a t i o n s .  
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s WEET b i r c h  (Betula lenta) i s  a l s o  known a s  b l ack  
b i rch  and cherry b i rch  (27). It is commercially l e s s  . , 

important than the two pr inc ipa l  members of the genus, ye l -  
low b i r ch  (Betula a1 leghaniensis) and paper b i r ch  (Betula 
papyri fera). 

Although the  wood of sweet birch is s l i g h t l y  heavier 
and harder than tha t  of yellow birch (2, 9) ,  the two species 
a r e  sometimes accepted  t o g e t h e r  f o r  such common uses a s  
fu rn i tu re ,  f l oo r ing ,  con ta ine r s ,  woodenware, and i n t e r i o r  
f i n i s h ,  a s  well as  fo r  hardwood d i s t i l l a t i o n  and f u e l  (32, 
46). U t i l i z a t i o n  s t a t i s t i c s  usua l ly  lump both spec ies  t o -  
gether  under the common name, "birch",  but  sweet b i r ch  ac- 
counts fo r  only a  very small pa r t  of the t o t a l  "b i rch"  pro- 
duction. 

Th i r ty  or f o r t y  years  ago, sweet b i r ch  was used i n  
making imitat ion mahogany furn i ture  (22). The comon loca l  
name of "mahogany" or "mountain mahogany" probably origina-  
ted  from t h i s  prac t ice .  Occasionally, sweet birch has a l s o  
served as  a  subs t i t u t e  for  cherry and hickory. 

The presence of a  spicy o i l  i n  the inner bark was the 
bas i s  f o r  another e a r l y  indus t ry- - the  e x t r a c t i o n  of b i r ch  
o i l  a s  a  s ~ ~ b s t i t u t e  fo r  o i l  of wintergreen. This substance 
is a l s o  found i n  yellow b i rch  but i n  smaller quan t i t i e s  (4, 
17). In the southern Appalachians, ex t rac t ion  was done with 
crude sti l ls,  often a s  a  family en t e rp r i s e  (34). D i s t i l l a -  
t i on  operat ions were a l s o  conducted on a  few s t a t e  f o r e s t s  
i n  northern Pennsylvania (22). Today, synthe t ics  have r e -  
placed the na tu ra l  product. 

Formerly, b i rch  beer was made by fermenting the s ap  
of sweet b i rch  (4, 29). Today, t h i s  process,  never wide- 
spread,  i s  seldom prac t iced  and l i t t l e - k n w n .  



EDAPHIC 

Sweet b i rch  occurs pr imar i ly  on three  of the  major 
s o i l  groups : podzol , brown podzolic, and gray-brown podzol- 
i c .  The species grows best  on moist well-drained gray-brown 
podzolic s o i l s ,  but  a l s o  occurs on a wide v a r i e t y  of l e s s  
favorable  s i t e s  wi th  rocky,  coa r se - t ex tu red ,  o r  shal low 
s o i l s  ( 4 ,  8 ,  1 4 ,  1 5 ,  1 7 ,  22 ,  4 3 ) .  Due t o  i ts occasional  
abundance on rocky mountains i n  Pennsylvania, it has been 
suggested t h a t  sweet birch may be valuable fo r  s o i l  protec- 
t ion (22) .  01 other poor s o i l s ,  however, such as the exces- 
s i v e l y  dry por t ions  of the Harvard Fores t ,  sweet b i r ch  is 
pa r t i a l l y  or completely replaced by oaks and conifers  ( 4 1 ) .  

PHYSIOGRAPHIC 

Sweet birch occurs over a wide range of a l t i t ude  from 
near sea level  along the New England coast  ( 4 )  t o  an upper 
extreme of 4,000 (35) t o  4,500 ( 2 3 )  f e e t  i n  the  southern  
Appalachian Mountains ( f i g .  1). In New England, the species  
is f a i r l y  c m o n  i n  southern Maine, the highlands of southern 
New Hampshire, western Vermont, the highlands of Massachu- 
s e t t s  and Rhode Is land ,  and throughout Connecticut ( 4 ) .  In 
the southern Appalachians, where sweet birch grows bes t ,  the 
optimum e leva t ion  is i n  the range from 2,000 t o  4,500 f e e t  

(23) 

Moist ,  p ro tec ted  n o r t h e r l y  o r  e a s t e r l y  s lopes  a r e  
considered most favorable f o r  sweet b i rch  i n  both northern 
(28)  and southern (15)  port ions of i t s  range. 

BIOTIC 

Sweet b i r c h  is found i n  eleven of the  cover types 
recognized by the Society of American Foresters (37): 

Type 20--White pine-northern red oak-white ash 

Type 21--White pine 

Type 22 --White pine -hem1 ock 

Type 23--Hemlock 



F i p r e  1. --The nntural range of sweet birch. 

Type 25- -Sugar nlaple-heecll-yellow birch 

Type 27--Sugar maple 

Type 29--Black cherry 

Type 46--Eastern red cedar 

Type 54--Northern red oak-basswood-white ash 

Type 57- -Ye1 law poplar 

Type 60--Beech-sugar maple 

In the southern Appalachian region, sweet birch reaches i t s  
be s t  development i n  Types 21, 22, 25, 54, and 57 ( 2 3 ) .  In 
a d d i t i o n  t o  t h e  v a r i o u s  t r e e  s p e c i e s  found i n  t h e  ahove 
eleven types, the p lan t  assoc ia tes  of sweet birch include a 
wide var ie ty  of f e rn ,  shrub, and herbaceous species.  

Sweet b i r ch  provides l i m i t e d  amounts of cover and 
food i n  the form of browse, buds, and seeds a s  contributions 
t o  the welfare of its animal assoc ia tes ,  which include deer ,  
r a b b i t s ,  mice, r u f f ed  grouse, and songbirds.  Data on the  
seasonal preferences of whi te - ta i led  deer  i n  c e n t r a l  Penn- 
sy lvania  revea l  t h a t  sweet b i r ch  may be important a s  dee r  
food only during the win te r ,  and even i n  t h i s  season it is 
not heavi ly browsed (6). 



When woods a r e  pastured, and i f  herbaceous forage is 
scarce,  sweet birch may be heavily browsed by c a t t l e .  In a 
s tudy made in  western North Ca ro l ina ,  it  ranked f i f t h  i n  

p a l a t a b i l i t y  among 16 a s soc i a t ed  t r e e  spec i e s  (3). 

SEEDING HABITS 

Sweet b i rch ,  i n  comnon with the other  members of the 
genus Be t u l a ,  is monoecious. The staminate ca tk ins  develop 
in  l a t e  summer and autumn t o  a length of about 3/4 inch; the 
p i s t i l l a t e  ca tk ins ,  however, remain enclosed in  the buds un- 
t i l  spring.  The flowers open i n  Apr i l  through mid-May, a t  
about the time the  leaves  a r e  unfolding. The seeds r i pen  
during the following autumn from mid-August t o  mid-September 
and are  disseminated by wind from September through November 

(45) 

Seed production begins when the t r e e s  a r e  about 40 
years old, and good seed crops occur every 1 or 2 years (45). 

Seed may be s tored  under conditions of good ven t i l a -  
t ion a t  room temperature for  a t  l e a s t  1 year without ser ious 
reduction in  v i a b i l i t y .  During such s torage ,  moisture con- 
t en t  of seeds should not exceed about 8 percent.  In  t e s t s  
a t  the Boyce Thompson I n s t i t u t e ,  seeds  having a moisture 
content of 11.8 percent deter iorated a t  room temperature -but 
retained v i a b i l i t y  f a i r l y  well f o r  a year a t  8O C. A t  17.6 
percent moisture they l o s t  t h e i r  v i a b i l i t y  even a t  the lower 
temperature (26). 

VEGETATIVE REPRODUCTION 

Sweet birch reproduces vegetatively by sprouting from 
small stumps (14). but seems t o  be l e s s  p r o l i f i c  i n  t h i s  r e -  
spect  than many of i t s  assoc ia tes - - red  maple, sugar maple, 
beech, and some of the oaks (48). 



SEEDLING DEVELOPMENT 

The germinative capaci ty of sweet b i rch  seed is ex- 
tremely var iab le ,  ranging from 5 percent t o  87 percent with 
an average of 43 percent. In  nursery s w i n g s ,  delayed germ- 
inat ion is frequently due t o  embryo dormancy; s t r a t i f i c a t i o n  
i n  cool, moist sand or peat fo r  42 t o  70 days is recommended 

(45)  

The optimum constant temperature for  the germination 
of a i r -dr ied  seeds is about 32O C . ,  and the minimum tempera- 
tu re  is  about 30' C. However, a f t e r  5 t o  6 months of cold, 
moist s t r a t i f i c a t i o n ,  germination may take place a t  temper- 
a tures  a s  low as 0' C. ( 2 6 ) .  

Under fo re s t  condit ions,  germination normally occurs 
during the spring following seed d ispersa l .  Nursery experi- 
ence i nd i ca t e s  t h a t  i t  may extend over a period of 4 t o  6 
weeks (26,  4 5 ) .  Moist mineral s o i l ,  r o t t en  logs,  and humus 
serve  a s  su i t ab l e  germination media, although possibly not  
equal ly favorable t o  subsequent development. 

Sweet b i rch  seedl ings s t a r t  and develop bes t  during 
t h e i r  e a r l y  yea r s  when p ro t ec t ed  by s i d e  shade or  l i g h t  
overhead shade (14 ,  4 5 ) .  Scat te red  ind iv idua ls  frequently 
occur a s  advance reproduction i n  openings i n  mature s tands 
or under younger stands of l i g h t  t o  moderate crown densi ty.  
Cn the Harvard Fores t ,  sweet birch is sometimes present  i n  
the advance hardwood growth under o ld- f ie ld  white pine about 
50 t o  70 years  old. Cn f a i r l y  cool moist s i t e s - - s h e l t e r e d  
ravines,  north t o  e a s t  aspec ts ,  or moderately heavy s o i l s - -  
heavy or c lear -cu t t ing  of these stands general ly r e s u l t s  i n  
a higher proportion of sweet birch i n  the succeeding repro- 
duction than was present  i n  the advance growth (7, 20, 28, 
4 3 ) .  Ch the other hand, as shown by studies  i n  northwestern 
Pennsylvania ( 3 3 ) ,  c l ea r - cu t t i ng  of immature second-growth 
northern hardwood s t ands ,  before an understory has devel-  
oped, is followed by an abundance of in to le ran t  species with 
only a poor representation of sweet birch and to le ran t  hard- 
woods. 

SAPLING STAGE TO MATURITY 

The average growth r a t e  of sweet b i rch  sapl ings has 
been described as  moderate ( 1 4 )  t o  r e l a t i v e l y  rap id  ( 4 3 ) .  



According t o  a  s t u d y  i n  v i r g i n  hemlock-hardwood s t a n d s  i n  
nor thwestern Pennsylvania,  sweet b i r c h  s a p l i n g s  i n  t h e  un- 
d e r s t o r y  grow about twice a s  f a s t  a s  hemlock, beech, sugar  
maple, and red maple, s l i g h t l y  f a s t e r  than yellow b i rch ,  and 
a t  about t h e  same r a t e  a s  black cher ry ,  In  t h i s  i n s t a n c e ,  
the  sweet b i r c h  requ i red  an average of 12  years  t o  reach a  
he igh t  of 6 f e e t  (19). With more l i g h t  and l e s s  r o o t  com- 
p e t i t i o n ,  growth would, of course ,  be much f a s t e r .  

Data from p l o t s  loca ted  on apparen t ly  average s i t e s  
i n  Delaware County, New York, and F o r e s t  and P o t t e r  Coun- 
t i e s ,  Pennsylvania, show t h a t  sweet b i rch can a t t a i n  a  diam- 

Figure 2.--Characteristic bark of mature sweet birch. 
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Figure 3. --Young sweet birch, of good form, growing 
under fairly dense conditions. 

e t e r  a t  b r e a s t  h e i g h t  of about  4 inches  i n  20 y e a r s ,  7 i n -  
ches  i n  40 years ,  and 10  inches  i n  80 years  (14). F igures  
f o r  the  Anthrac i t e  Region of Pennsylvania i n d i c a t e  s l i g h t l y  
f a s t e r  growth r a t e s .  In  unmanaged s t a n d s  of t h i s  r eg ion ,  
sweet b i r c h  reaches  14 inches  d.b.h.  i n  85 y e a r s  on S i t e  I 
and 12 inches i n  80 years  on S i t e  11. For managed s t a n d s ,  
it is est imated the  same s i z e s  would be reached i n  10 t o  15  
years  l e s s  time (13) .  



(h t h e  very b e s t  s i t e s ,  sweet b i r c h  reaches a  he igh t  
of  70 t o  80 f e e t  and a  d.b.h.  of 24 t o  60 inches  (35). I n  
most a r e a s ,  however, it  is a  t r e e  of medium s i z e ,  50 t o  60  
f e e t  t a l l ,  and 24  inches  o r  l e s s  i n  diameter  (17) .  

Sweet b i r c h  genera l ly  is r a t e d  a s  a  s h o r t - l i v e d  t r e e  
(38). In  the  Pennsylvania Anthrac i t e  Region, 10-year cubic 
volume production begins t o  dec l ine  when the  t r e e s  a r e  14 t o  
16 inches  d.b.h.  (13) ,  t h a t  is ,  a t  about 100 years  o f  age.  
S t i l l ,  o l d e r  t r e e s  a r e  comnon and two ind iv idua l s  of 192 and 
265 years of age have been 'found i n  Pennsylvania (20). 

Sweet b i rch  has been r a t e d  by some a u t h o r i t i e s  a s  i n -  
t o l e r a n t  (38, 43) and by o t h e r s  a s  in termediate  (1, 17 ,  42).  
Typical ly ,  i t  is  a  minor component of the  sub-climax o r  c l i -  
max f o r e s t  throughout i t s  range ( 7 ,  14, 17, 3 7 ) .  

Where t h e  s t a n d  is s u f f i c i e n t l y  dense ,  a  l o n g  and 
f a i r l y  c lean  bole is developed (17) ( f i g .  3 ) ;  but low, th ick 
branches a r e  produced on open-grown t r e e s .  A 1  though exposure 
by c u t t i n g  surrounding t r e e s  may r e s u l t  i n  epicormic branch- 
i n g  (18, 24), observat ions  on the  Allegheny Nat ional  Fores t  
i n d i c a t e  t h a t  sweet b i r c h  does no t  p o d u c e  such branches a s  
profusely  a s  yellow b i rch  and some of i ts  o ther  common asso-  
c i a t e s  (18). 

I n  n o r t h w e s t e r n  P e n n s y l v a n i a ,  g l a z e  s t o r m s  have 
caused  a p p r e c i a b l e  damare t o  t h e  crowns of  swee t  b i r c h  
t r e e s .  Avai lable  d a t a  i n d i c a t e ,  however t h a t  t h i s  spec ies  
r a t e s  a s  in termediate  (12) t o  f a i r l y  r e s i s t a n t  (22) t o  glaze  
i n  comparison with  o the r  nor the rn  hardwoods and common asso- 
c i a t e s .  I n  add i t ion  t o  the  primary e f f e c t s  of i c e  damage i n  
d i r e c t l y  reducing crown volume, g laze  storms may c o n t r i b u t e  
t o  the  dec l ine  and subsequent death  of  both yellow and sweet 
b i rches  by a f fo rd ing  an opportuni ty  f o r  the entrance of wood 
decay organisms o r ,  poss ib ly ,  by causing crown d e t e r i o r a t i o n  
through sudden excess ive  exposure (20).  No s p e c i f i c  informa- 
t i o n  is a v a i l a b l e  on the  damage r e s u l t i n g  from glaze storms 
o u t s i d e  Pennsy lvan ia ,  b u t  t h i s  hazard  p robab ly  e x i s t s  i n  
many p a r t s  of  s o u t h e r n  New England,  t h e  Middle A t l a n t i c  
S t a t e s ,  and the  h i g h e r  e l e v a t i o n s  of t h e  sou thern  Appala- 
ch ian  Mountains. 

Sweet b i r c h  does no t  seem t o  be very s u s c e p t i b l e  t o  
w i n t e r - k i l l i n g .  As a  r e s u l t  of the  severe  winter  of 1942-43, 



p a r t i a l  o r  complete k i l l i n g  of many s p e c i e s  occurred  i n  

1 Maine, bu t  sweet b i r c h  appeared t o  be unin jured  (32) .  

A s tudy  of the  e f f e c t s  of  the  1930 drought on oak 
fo re s t s  near Pennsylvania S t a t e  College indicated t h a t  sweet 
birch is intermediate i n  drought resistance. Percentage re -  
duction of basal  area from drought mortal i ty  was 36 percent 
f o r  sweet birch,  11 percent f o r  sugar maple, 50 percent fo r  
red maple, and 15 percent fo r  white ash. Other common asso- 
c i a t e s  were about equal ly d i s t r i bu t ed  above and below sweet 
birch i n  the proportion of basal  area l o s t  (30) .  

Several infect ious diseases a t tack  l i v ing  sweet birch 
t r e e s ,  and stems f requent ly  become h ighly  d e f e c t i v e  a t  an 
ea r ly  age. Data from the Anthraci te  Region of Pennsylvania 
show tha t  c u l l  normally exceeds 10 percent of the  t o t a l  cu- 
b ic - foot  volume when the t r e e s  a r e  9 inches i n  diameter on 
S i t e  I and 5 inches on S i t e  I1 ( 1 3 ) .  The most important 
pathogens a r e  Fomes igniarius (white trunk r o t ) ,  Pholiota 
adiposa (yellow cap fungus), and Nectria gal ligena (Nectria 
canker) (5). Throughout i t s  e n t i r e  botanical  range, sweet 
birch i s  af fec ted  by t h i s  l a s t  d i sease ,  Nectr ia  canker, and 
avai lable information indicates  t ha t  t h i s  t r ee  is one of the 
most susceptible  species (5, 16, 36, 39, 47) .  Cankers on the 
bole a r e  more ser ious  than branch cankers s ince  the former 
reduce merchantable volume and increase  s u s c e p t i b i l i t y  t o  
stem breakage. 

Sweet birch is ea s i l y  damaged by ground f i r e s  because 
it has extremely t h i n  bark. D i r ec t  m o r t a l i t y  may r e s u l t  
from severe burns, but even l i g h t  scorching a t  the  base of 
the t r ee  w i l l  lower i ts  resis tance t o  the a t tacks  of various 
d iseases  or  i n s e c t s  such a s  Xyloterinus politus (ambrosia 
bee t l e )  (40) .  

Seve ra l  l e a f -  feeding  i n s e c t s  occas iona l ly  i n f e s t  
sweet b i rch .  The most preva len t  ones a r e  Acrobasis betu- 
lella, Bucculatrix canadensisella ( b i r c h  s k e l e t o n i z e r ) ,  
Cnidocampa f Eavescens ( o r i e n t a l  moth), Porthetria dispar 
(gypsy moth), and Croesus lat itarsis (dusky birch sawfly).  
Wooden a r t i c l e s  manufactured from sweet b i rch  a r e  sometimes 
damaged by Lyctus spp. (powder-pos t beet les  ) (22).  

~ ~ { n r h .  JI). M Pl*u. ' Mi- d a m ' j c  
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The most d i s t i n c t i v e  c h a r a c t e r i s t i c  of sweet b i rch  is 
t h e  p r e s e n c e  o f  b i r c h  o i l  i n  t h e  i n n e r  b a r k  o f  s t e m s ,  
b r a n c h e s ,  and r o o t s .  A s  p r e v i o u s l y  ment ioned,  t h i s  was 
formerly used a s  a  s u b s t i t u t e  f o r  o i l  of wintergreen. 

Sweet bi rch is sometimes found a s  a  s t i l t - r o o t e d  t r e e  

- - a  f e a t u r e  commonly observed i n  yellow b i r c h  (27).  T h i s  
happens when the  t r e e  grows on top  of a  stump o r  f a l l e n  t r e e  
t runk  which e v e n t u a l l y  decays ,  l e a v i n g  t h e  t r e e  suppor ted  
above the  su r face  of the  ground by i ts  r o o t s  alone. 

A low growing b i r c h  t r e e  wi th  unusual ly  small  leaves  
was found i n  Wythe County, Vi rg in ia ,  and named Betula lenta 
var .  uber. Unsuccessful a t t empts  t o  discover  s i m i l a r  i n d i -  
v i d u a l s  i n d i c a t e  t h a t  t h i s  v a r i e t y  i s  n o t  even l o c a l l y  
abundant  (25) .  

A n a t u r a l  hybr id  of  Betula lenta and Betula purnila, 
which o c c u r r e d  a t  t h e  Arno ld  Arboretum,  was d e s i g n a t e d  
Betula jackii (35) .  



(1) h k e r ,  F. S. 
1949. A revised tolerance table .  Jour. Fores t ry  47: 179-181. 

(2) Bet ts ,  H. S. 
1929. Tbe s t rength  of North American woods. U. S. Dept. Agr. 

Misc. Pub. 46. 18 pp. 

(3)  Biswell, H. H., and Hoover, M. D. 
1945. Appalachian hardwood t r e e s  browsed by c a t t l e .  Jour. For- 

e s t r y  43: 675-676. 

(4)  Blakeslee, A. F. and J a r v i s ,  C. D. 
1911. New England t r ees  in  winter. S t o r r s  Agr. Ekpt. S t a .  Bul. 

No. 69. 574 pp-. 

(5) Boyce, J. S. 
1948. Forest  p tho logy .  Ed. 2 ,  550 pp., New York. 

(6)  Bramble, W. C., and Gcddard, M. K. 
1953. Seasonal browsing of woody plants  by whi te- ta i led  deer i n  

the ridge and val ley  sec t ion  of cen t r a l  Pennsylvania. 
Jour.  Fores t ry  51: 815-818. 

(7) Bromley, S.  W. 
1935. The o r ig ina l  fo res t  types of southern New England. Ecol. 

Monog. 5: 61-89. 

(8)  Brooks, A. B. 
1920. West Virginia t r ees .  W. Va. Agr. Expt. S t a .  Bul. 175. 242 

PP. 

(9) Brown, H. P., Panshin, A. J . ,  and Forsaith,  C. C. 
1949. Textbook of wood technology. 652 pp., New York. 

(10) Campbell, W. A. 
1937. Decay hazard r e su l t ing  from i c e  damage t o  northern hard- 

woods. Jour.  Forestry 35: 1156-1158. 

(11) Craighead, F. C. 
1950. Insect enemies of eas tern  fo res t s .  U. S.  Dept. Agr. Misc. 

Pub. 657. 679 pp., i l l u s .  

(12) Downs, A. A. 
1938. Glaze damage i n  the birch-beech-maple-hemlock type of 

Pennsylvania and New York. Jour. Forestry 36: 63-70. 



(13) Ferree,  M. J. 
1948. Growth, c u l l ,  and morta l i ty  as  f ac to r s  i n  managing timber 

i n  the  Anthracite Region. U. S.  Fores t  Serv. Northeast. 
Fores t  Expt. S t a . ,  S ta .  Paper 15. 21 pp. 

(14) Frothingham, E. H. 
1915. The northern hardwood f o r e s t :  Its composition, growth, and 

management. U. S.  Dept. Agr. Bul. 285. 80 pp. 

(15) - - - - - - - - - -  
1931. Timber growing and logging p rac t i ce  i n  the southern Appal- 

achian region. U. S .  Dept. Agr. Tech. Bul. 250. 93 pp. 

(16) Grant,  T. J., and Chi lds ,  T. W. 
1940. Nectria canker of nor theas tern  hardwoods in  r e l a t i o n  t o  

s tand improvement. Jour.  Fores t ry  38: 797-802. 

(17) Harlow, W. M.,  and Harrar,  E. S. 
1950. Textbook of dendrology. Ed. 3, 550 pp. New York. 

(18) Hough, A. F. 
1936. Epicormic branching of Allegheny hardwoods. U. S. Forest  

Serv. Allegheny Fores t  Expt. S t a .  Tech. Note 10. 2 pp. 

(19) - - - - - - - - - -  
1936. Height growth of hemlock and hardwood seedlings i n  a 

v i rg in  s tand on East  Tionesta Creek. U. S. Fores t  Serv. 
Allegheny Fores t  Expt. S t a .  Tech. Note 12. 2 pp. 

(20) - - - - - - - - - -  and Forbes, R. D. 
1943. The ecology and s i l v i c s  of fo re s t s  i n  the  high plateaus of 

Pennsylvania. Ecol. Monog. 13: 299-320. 

(21) - - - - - - - - - -  and Taylor,  R. F. 
1946. Response of Allegheny northern hardwoods t o  p a r t i a l  cut -  

t ing .  Jour.  Fores t ry  44: 30-38. 

(22) I l l i c k ,  J .  S. 
1923. Pennsylvania t r ee s .  Pa. Dept. Forestry Bul. 11. Ed. 4,  

238 pp. 

(23) Jernison, G .  M . ,  and Hepting, G. H. 
1949. Timber stand improvement i n  the southern Appalachian re-  

gion. U. S.  Dept. Agr. Mjsc. Pub. 693. 80 pp. 

(24) - - - - - - - - - -  and Schumacher, F. X .  
1948. Epicormic branching in  old-growth Appalachian harrlwoais. 

Jour .  Fores t ry  46: 252-255. 

(25) Johnson, A .  G. 
1954. Fktula lenta  var.  uber Ashe. Rhodora 56: 129-131. 

(26) Joseph, H. C. 
1929. Germination and v i t a l i t y  of birch seeds. Rot. Gaz. 87: 

127-151. 



(27) L i t t l e ,  E.  L . ,  Jr. 
1953. Check l i s t  of nat ive  and natura l ized t r ees  of the United 

S t a t e s  (including Alaska). U.S. Dept. Agr. Handbook 41. 
472 pp. 

(28) L.utz, R. J . ,  and Cl ine ,  A. C. 
1947. Results of the f i r s t  t h i r t y  years of experimentation i n  

s i l v i c u l t u r e  in  the Harvard Forest ,  1908-1938. Par t  I. 
The conversion of stands of old f i e l d  or ip ip  by various 
methods of cu t t ing  and subsequent cu l tu ra l  treatments. 
Harvard Forest  h 1 .  23. 182 pp. 

(29) Mathews, F. S. 
1915. Fie ld  book of American t r ees  and shrubs. 465 pp. New 

York and London. 

(30) McIntyre, A. C., and Schnur, G .  L. 
1936. E f fec t s  of drought on oak fores ts .  Pa. S t a t e  Col l .  School 

Agr. and Expt. Sta .  Bul. 325. 43 pp. 

(31) Nash, R. W. 
1943. Winter k i l l i n g  of hardwoods. Jour. Forestry 41. 841-842 

(32) Neubrech, W. L. 
1938. American hardwood f loor ing and i t s  uses. U.S. Lkpt. Comm. 

Trade Promotion Se r i e s  186. 35 pp. 

(33) Cktrom, C. E. 
1938. Clear cu t t ing  of young northern hardwood stands.  Jour.  

Forestry 36: 44-49. 

(34) R i t t e r ,  E. 
1940. The d i s t i l l a t i o n  of birch o i l .  Jour.  Fores t ry  38: 517-518. 

(35) Sargent,  C. S. 
1933. Manual of the t r ees  of North America. 910 pp. New York 

and Boston. 

(36) Society of American Foresters.  
1935. Forest  d isease  control i n  New England. Jour. Forestry 33: 

469-473. 
(37) - - - - - - - - - -  

1954. Forest  cover types of North America (exclusive of Mexico). 
67 pp. Washington, D.C. 

(38) - - - - - - - - - -  
1955. Forestry handbook. 1212 pp. New York. 

(39) Spaulding, P., Grant, T. J . ,  and Ayers, T. T. 
1936. Invest igat ions  of Nectria diseases i n  hardwoods of New 

England. Jour.  Forestry 34: 169-179. 

(40) S t i cke l ,  P. W. 
1934. Forest f i r e  damage s tudies  in  the Northeast, I. Bark- 

beet les  and fire-damaged hardwoods. Jour.  Forestry 32: 
701 -703. 



(41) Stout.  B. B. 
1952. Species d i s t r ibu t ion  and s o i l s  i n  the Harvard Forest. 

Harvard Forest  Bul. 24. 29 pp. 

(42) Toumy, J. W., and Korstian, C. F. 
1947. Foundations of s i lv i cu l tu re .  Ed. 2 ,  468 pp. New York and 

London. 

(43) Tryon, H. H. 
1943. P rac t i ca l  fo res t ry  i n  the Hudson highlands. Black Rock 

Forest  Bul . 12. 50 pp. 

(44) United S ta t e s  Department of Agriculture.  
1941. Climate and man. U.S. Dept. Agr. Yearbook 1941. 1,248 pp. 

(45) United S ta t e s  Forest  Service.  
1948. Woody ~ l a n t  seed manual. U. S. Dept. Agr. Misc. Fub. 654. 

416 pp. 

(46) - - - - - - - -  --  
1955. Wood handbook. U. S. Dept. Agr. Handbook 72. 528 pp. 

(47) Welch, D. S. 
1934. The range and importance of Nectria canker on hardwoods in  

the Northeast .  Jour.  Forestry 32: 997-1001. 

(48) Westveld, R. H. 
1949. Applied s i l v i c u l t u r e  in  the United S ta t e s .  Ed. 2, 590 pp. 

New York. 

A G R I C U L T U R E . F O R E S T  S E R V I C E - U P P E R  DARBV 



This is one of a s e r i e s  mf 15 s i l v i c a l  papers t o  be 
puhl ished by t he  Nor theas te rn  Fores t  Experiment S t a t i o n .  
The s e r i e s  w i l l  include papers on the foilowing species:  

Green ash 
White ash 
Beech 
Paper birch 

*Sweet birch 
Yellow birch 
Black cherry 

Red maple 
Balsam f i r  
Red spruce 
Eastern hem1 ock 
Eastern white pine 
Pitch pine 
Virginia pine 
At lan t ic  white-cedar 

*Already published. 




