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Abstract 

Forest tree improvement research and application in 
the Northeast is reviewed in the perspective of past 
development and future needs. Control over provenance 
selection can provide the best quality seed for today's 
reforestation programs. Future supplies of seed must 
come from seed orchards if forest land owners are to 
attain the maximum production per unit area as indus- 
trial reforestation efforts in the region increase. 

When one considers the intensive culture of for- 
ests with any type of planting program, it is logical 
to include a tree improvement program to assure that 
you are planting seedlings of superior genetic quality. 
The very active and intensive tree improvement programs 
in the southeastern and western United States have 
focused worldwide attention on the tremendous gains 
that are possible through forest tree breeding (Zobel 
1974). Foresters from the northern states visiting 
these areas are invariably impressed with the modern 
seed extraction facilities, expansive nurseries and 
greenhouse complexes, vast acreages of seed orchards, 
and the thousands of acres of fast growing plantations. 
In this paper, I would like to place in perspective 
for northern species the tree improvement activities 
to date and what I envision the prospects to be for 
the future. Most of my comments will be directed to 
the Northeastern states in general and Maine in par- 
ticular. 

As evidenced in the southeastern and western 
states, the development of tree improvement programs 
requires economic justification for their implementa- 
tion. Forest industries and forest managers have 
responded to and accepted change only when they have 
found it economically advantageous. Several innova- 
tions in harvesting techniques in the Northeast such 
as tree-length logging and complete tree chipping have 



extended the fiber supply. These methods, however, 
became acceptable only when the lack of labor made 
it physically impossible to harvest a sufficient quan- 
tity of wood or the economics of wood production dic- 
tated a change. The same might be said of tree im- 
provement in the Northeast: the acceptance of planting 
genetically improved seedlings by industrial and other 
foresters will result only when it becomes economically 
attractive or necessary, or because a potential short- 
age of raw materials requires a new approach to forest 
management. 

PAST HISTORY OF TREE IMPROVEMENT IN THE NORTHEAST 

The development of tree improvement in the North-. 
east is well documented in the "Proceedings of the 
Northeastern Tree Improvement Conferences", which 
have been held annually since 1953 (Garrett 1972). 
Notable among these accomplishments is that the first 
large-scale breeding project in the world devoted ex- 
clusively to the genetic improvement of forest trees 
was begun in 1924 by the Oxford Paper Company of 
Rumford, Maine in cooperation with the New York Bo- 
tanical Garden (Schreiner 1975) . The objective of 
this project was to produce rapid-growing poplar 
(Populus) hybrids for pulpwood reforestation. Today 
these hybrids have been planted extensively around 
the world. They have not, however, been planted to 
any large extent by the local industries for which 
they were developed. 

Special mention should also be given to the early 
efforts made to breed American Chestnut (Castanea den- 
tata (Marsh.) Borkh.) resistant to the chestnut blight - 
fungus (-Endothia parasitica) (Jaynes 1969). This 
effort was begun in 1929 by Dr. A. H. Graves of the 
Brooklyn Botanic Garden and has been continued to date 
by the Connecticut Agricultural Experiment Station. 

With the exception of the two previously mentioned 
examples, most of the early tree improvement work in 
the Northeast was concerned with species introduction 
and provenance testing. Emphasis was placed on euro- 
pean and asiatic conifers adapted to plantation cul- 
ture. These early testsquickly pointed out the sig- 
nificant contribution genetics makes to growth rate, 
seedling survival, form, wood properties, etc. 



CURRENT RESEARCH PROGRAMS 

Programs i n  t r e e  improvement r e s e a r c h  a r e  c u r r e n t -  
l y  b e i n g  c a r r i e d  o u t  i n  a l l  o f  t h e  N o r t h e a s t e r n  and 
Lake S t a t e s  as w e l l  as t h e  Canadian p r o v i n c e s .  The 
work i s  b e i n g  conducted  by u n i v e r s i t i e s ,  f e d e r a l  
governments ,  s t a t e  a g e n c i e s  and p r i v a t e  i n d u s t r i e s .  
The a r e a s  o f  i n v e s t i g a t i o n  f o r  purposes  o f  d i s c u s s i o n  
can  b e  c a t e g o r i z e d  a s  f o l l o w s :  (1) e x o t i c  s p e c i e s  
i n t r o d u c t i o n  and provenance  t e s t i n g ;  ( 2 )  i n d i v i d u a l  
t r e e  s e l e c t i o n  and progeny t e s t i n g ;  ( 3 )  h y b r i d i z a -  
t i o n ;  and ( 4 )  v e g e t a t i v e  p r o p a g a t i o n .  

E x o t i c  s p e c i e s  i n t r o d u c t i o n  and provenance t e s t i n g .  
The n o r t h e a s t e r n  r e g i o n  o f  t h e  Uni t ed  S t a t e s  i n c l u d i n g  
t h e  Lake S t a t e s  and s o u t h e a s t e r n  Canada a r e  v e r y  f o r -  
t u n a t e  t o  have  c l i m a t e s  similar t o  s e v e r a l  n o r t h e r n  
h e m i s p h e r i c  r e g i o n s  o f  t h e  wor ld  t h a t  c o n t a i n  v a l u -  
a b l e f o r e s t  t r e e  s p e c i e s .  T h i s  c o n d i t i o n  p e r m i t s  u s  
t o  s u c c e s s f u l l y  p l a n t  s e v e r a l  o f  t h e s e  s p e c i e s  and i n  
many i n s t a n c e s  o b t a i n  growth r a t e s  s u p e r i o r  t o  o u r  i n -  
d igenous  s p e c i e s .  Today p r o p e r  s p e c i e s  s e l e c t i o n  and 
s p e c i f i c  provenance  recommendations can  b e  made w i t h  
a h i g h  d e g r e e  o f  a s s u r a n c e  f o r  s u c c e s s .  B e s i d e s  t h e  
e a r l y  provenance t e s t s ,  s e v e r a l  r e c e n t  l a r g e - s c a l e  
i n t e n s i v e  provenance  t e s t s  o f  i n d i g e n o u s  s p e c i e s  have 
been  assembled  and a r e  c u r r e n t l y  b e i n g  f i e l d  t e s t e d  
i n  b o t h  t h e  Uni ted  S t a t e s  and Canada. For  t h e  most 
p a r t ,  t h e s e  r e c e n t  t e s t s  a r e  b e i n g  conducted  on s p e c i e s  
t h a t  show a l a r g e  amount o f  g e n e t i c  v a r i a t i o n  ( e . g .  
j a c k  p i n e  ( P i n u s  b a n k s i a n a  Lamb.)) o r  s p e c i e s  t h a t  
have  g a i n e d  i n  impor tance  i n  r e c e n t  y e a r s  ( e . g .  b l a c k  
s p r u c e  ( P i c e a  mar iana  ( M i l l . )  B .S .P . )  and w h i t e  b i r c h  
( B e t u l a  p a p y r i f e r a  M a r s h . ) ) .  

Both t h e  e a r l i e r  and more r e c e n t  t e s t s  have  shown 
d r a m a t i c  d i f f e r e n c e s  f o r  such  t r a i t s  a s :  (1) growth 
r a t e  i n  w h i t e  s p r u c e  ( P i c e a  g l a u c a  (Moench) V o s s ) ,  
e a s t e r n  w h i t e  p i n e  ( P i n u s  s t r o b u s  L . ) ,  Norway s p r u c e  
( P i c e a  a b i e s  ( L . )  Karst) and Sco tch  p i n e  ( P i n u s  s y l -  
v e s t r i s  L . ) ;  ( 2 )  form and f o l i a g e  c o l o r  i n  Sco tch  
p i n e ;  ( 3 )  d i s e a s e  r e s i s t a n c e  i n  j a c k  p i n e ;  and ,  ( 4 )  
f r o s t  r e s i s t a n c e  i n  Douglas f i r  (Pseudo t suga  m e n z i e s i i  
( M i r b . )  F ranco)  ( N i e n s t a e d t  and T e i c h  1972, Wright 1970, 
Baldwin e t  a l .  1973, Wright and B u l l  1963, King and 
N i e n s t a e d t  1965, Hattmer and Konig 1 9 7 5 ) .  The g e n e r a l  
a r e a  where most i n f o r m a t i o n  i s  s t i l l  l a c k i n g  i s  w i t h  
hardwood s p e c i e s ,  however,  t h i s  v o i d  i s  r a p i d l y  b e i n g  
f i l l e d  as hardwoods a r e  d e s t i n e d  t o  become more i m -  
p o r t a n t  i n  t h i s  r e g i o n .  



I n d i v i d u a l  t r e e  s e l e c t i o n  and progeny t e s t i n g .  The 
t r e e  $mprovement programs i n  t h e  s o u t h e r n  and  w e s t e r n  
s t a t e s  have  f o r  t h e  most p a r t  been  b a s e d  on i n d i v i d u a l  
t r e e  s e l e c t i o n  and progeny t e s t i n g .  The p r imary  r e a -  
s o n  l o r  t h i s  i s  t h a t  a t  t h e  i n c e p t i o n  o f  t h e  t r e e  i m -  
provement programs i n  t h o s e  r e g i o n s  i n  t h e  1 9 5 0 t s ,  
t h e r e  a l r e a d y  e x i s t e d  e x t e n s i v e  p l a n t i n g  programs and 
t h e  immediate  need  was t o  o b t a i n  t h e  maximum amount o f  
g e n e t i c  g a i n  i n  t h e  s h o r t e s t  p o s s i b l e  t i m e  s p a n .  The 
approach  t a k e n  was t o  e s t a b l i s h  c l o n a l  s e e d  o r c h a r d s  
from h i g h l y  s e l e c t e d  t r e e s .  T h i s  need ,  t o  o b t a i n  i m -  
m e d i a t e  g e n e t i c  g a i n ,  d i d  n o t  e x i s t  t o  t h e  same d e g r e e  
f o r  most n o r t h e r n  s p e c i e s  as p l a n t i n g  programs were 
c o m p a r a t i v e l y  small. Thus, i n d i v i d u a l  t r e e  s e l e c t i o n  
was n o t  g i v e n  much emphas is .  Dur ing  t h e  l a s t  f i f t e e n  
y e a r s ,  however,  t h i s  f i e l d  o f  r e s e a r c h  h a s  expanded 
r a p i d l y  and s e l e c t i o n  programs have  been  made o r  a r e  
c u r r e n t l y  i n  p r o g r e s s  f o r  many o f  t h e  commerc ia l ly  i m -  
p o r t a n t  s p e c i e s .  P o p u l a t i o n  p a r a m e t e r s  and h e r i t a b i -  
l i t y  e s t i m a t e s  a r e  r a p i d l y  b e i n g  g a t h e r e d  f o r  t h e  com- 
m e r c i a l l y  i m p o r t a n t  t r a i t s  s u c h  as growth r a t e ,  spe-  
c i f i c  g r a v i t y ,  e t c .  (Morgens te rn  e t  a l .  1 9 7 5 ) .  

H y b r i d i z a t i o n .  I n t e r - s p e c i f i c  h y b r i d i z a t i o n  i n  t h e  
p i n e s ,  s p r u c e s ,  p o p l a r s ,  and l a r c h e s  have  produced 
s e v e r a l  combina t ions  t h a t  h o l d  c o n s i d e r a b l e  promise  
f o r  i n c r e a s e d  growth (Fowler  and  Yeatman 1 9 7 3 ) .  Per-  
h a p s  t h e  h y b r i d  i n  t h e  N o r t h e a s t  t h a t  h a s  r e c e i v e d  t h e  
most a t t e n t i o n  b e s i d e s  h y b r i d  p o p l a r  i s  t h e  L a r i x  
d e c i d u a  x leptolepis combinatibn: T r e e s  from t h i s  
c r o s s  have  made a s t o u n d i n g  growth on w e l l - d r a i n e d  s i t e s  - - 
t h r o u g h o u t  t h e  r e g i o n .  Both s e e d  and  s e e d l i n g s  a r e  
a v a i l a b l e  p e r i o d i c a l l y  from t h e  s t a t e  o f  New York. 

p e g e t a t i v e  p r o p a g a t i o n .  Methods o f  v e g e t a t i v e  propa-  
g a t i o n  by  graf ts  and c u t t i n g s  have  been  developed f o r  
t h e  i m p o r t a n t  n o r t h e r n  s p e c i e s .  Much r e s e a r c h ,  how- 
e v e r ,  s h o u l d  s t i l l  b e  conducted  on t h e  g r a f t i n g  and 
r o o t i n g  o f  s p r u c e  s p e c i e s .  E s p e c i a l l y  c r i t i c a l  i s  
t h e  p r o p a g a t i o n  o f  t r e e s  t h a t  have  been  a t t a c k e d  bv 
t h e  s p r u c e  budworm ( -Chor i s toneura  f u m i f e r a n a  ( ~ l e m e n s )  ) . 
I n  r e c e n t  y e a r s  much p r o g r e s s  h a s  a l s o  been  a t t a i n e d  
i n  t h e  methods o f  c e l l  and  t i s s u e  c u l t u r e  as a means 
o f  v e g e t a t i v e  p r o p a g a t i o n  (-Brown 1 9 7 6 ) .  

ANALYSIS OF THE APPLICATION OF RESULTS 

The u l t i m a t e  o b j e c t i v e  o f  a l l  t r e e  improvement 
programs i s  t o  c o n t r o l  s e e d  q u a l i t y .  I d e a l l y  a l l  s e e d s  
sown i n  n u r s e r i e s  o r  g reenhouses  s h o u l d  r e f l e c t  some 



degree  o f  g e n e t i c  c o n t r o l .  T h i s  o b j e c t i v e  h a s  been 
a t t a i n e d  by s e v e r a l  o r g a n i z a t i o n s ,  however, i t  i s  s t i l l  
l a c k i n g  i n  o t h e r s .  The p r a c t i c e  o f  buy ing  cones and 
s e e d  on t h e  open m a r k e t , s t i l l  e x i s t s .  The g r e a t e s t  
degree  of c o n t r o l  h a s  been a t t a i n e d  i n  t h e  Lake S t a t e s ,  
Canadian p r o v i n c e s  and t h e  s t a t e  o f  New York. I n  t h e s e  
a r e a s :  (1) s e e d  zones have been e s t a b l i s h e d  t o  regu- 
l a t e  t h e  f low of  s e e d  a c r o s s  e c o l o g i c a l  zones;  ( 2 )  
s e e d  p r o d u c t i o n  a r e a s  have been e s t a b l i s h e d  f o r  many 
s p e c i e s  t o  e n s u r e  a c o n t i n u i n g  supp ly  o f  s e e d  from 
d e s i g n a t e d  a r e a s  and envi ronments ;  ( 3 )  s e e d  o r c h a r d s  
have been e s t a b l i s h e d .  The 1974 D i r e c t o r y  o f  F o r e s t  
Tree  Seed Orchards i n  t h e  U .  S .  l i s t s  434 a c r e s  of 
s e e d  o r c h a r d s  f o r  a l l  s p e c i e s  f o r  t h e  geograph ic  r e -  
g i o n  from Connec t i cu t  t o  Minnesota.  T h i s  number i s  
q u i t e  s m a l l  when compared t o  t h e  f a c t  t h a t  F l o r i d a  
a l o n e  h a s  1606 a c r e s  o f  s e e d  o r c h a r d s .  

FUTURE PROSPECTS 

The amount o f  a c r e a g e  p l a n t e d  each y e a r  i n  t h e  
n o r t h e r n  r e g i o n  h a s  s t e a d i l y  d e c r e a s e d  s i n c e  i t  reached  
i t s  maximum i n  t h e  e a r l y  1 9 6 0 ' s .  These p l a n t i n g s  f o r  
t h e  most p a r t  were f e d e r a l l y  s u b s i d i z e d  by t h e  F e d e r a l  
S o i l  Bank Program and e s t a b l i s h e d  on abandoned farm 
f i e l d s  . 

I b e l i e v e  t h e  N o r t h e a s t  w i l l  s e e  a  d r a m a t i c  ex- 
p a n s i o n  o f  a p p l i e d  t r e e  improvement and p l a n t i n g  pro-  
grams i n  t h e  n e a r  f u t u r e .  T h i s  development ,  e s p e c i a l l y  
i n  t h e  s t a t e  o f  Maine, w i l l  be  spearheaded by f o r e s t  
i n d u s t r i e s .  The need w i l l  b e  b rough t  abou t  by t h e  
growing demand f o r  f i b e r  and t h e  r e a l i z a t i o n  by i n -  
d u s t r y  and s t a t e  governments t h a t  c u t o v e r  f o r e s t  l a n d s  
must be  f u l l y  s t o c k e d  w i t h  s u i t a b l e  s p e c i e s  a t  a de- 
s i r a b l e  s p a c i n g  a s  soon a f t e r  c u t t i n g  as p o s s i b l e  S O  
t h a t  optimum growth can be  a t t a i n e d .  The need now 
f o r  t h e  r e g i o n  i s  one of  " a p p l i e d  technologyT' .  A 
s u f f i c i e n t  background o f  i n f o r m a t i o n  from r e s e a r c h e r s  
i n  t h e  Uni ted  S t a t e s ,  Canada and t h e  Scand inav ian  
c o u n t r i e s  on c o n t a i n e r i z e d  growing, a c c e l e r a t e d  growth,  
s i t e  p r e p a r a t i o n  and g e n e t i c  p r i n c i p l e s  e x i s t s  t o  
mount a t r u l y  a c t i v e  t r e e  improvement program. 

I n  Maine a l o n e  t h e r e  a r e  approx imate ly  17 .2  
m i l l i o n  a c r e s  of  commercial f o r e s t  l a n d .  T r a d i t i o n a l l y  
t h e  S t a t e  h a s  been i n  t h e  ve ry  f a v o r a b l e  p o s i t i o n  of 
h a v i n g  a n  annua l  c u t  w e l l  below t h e  growth.  However, 
long-range f o r e c a s t s  by t h e  U .  S .  F o r e s t  S e r v i c e  pre-  
d i c t  t h a t  by t h e  y e a r  2000 we s h a l l  have  t w i c e  t h e  



demand for pulpwood than we now produce (Ferguson and 
Kingsley 1972). As implied earlier, improved utili- 
zation can augment and extend timber supplies, but 
the major long-term reliance must rest entirely on 
increased productivity of all available commercial 
forest land. This increased productivity can be 
attained by sound investment in the land and those 
trees growing on the land. 
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