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ABSTRACT

PHYSIOLOGICAL GENETICS STUDIES OF 
POPULUS GRANDIDENTATA, P. TREMULOIDES,

AND THEIR HYBRID, P .  XSMITHII

BY

GREGORY LYNN REIGHARD

P o p u l u s  t r e m u l o i d e s  ( t r e m b l i n g  a s p e n )  and  P. 

g r a n d i d e n t a t a  ( b i g t o o t h  a s p e n )  a r e  s y m p a t r i c  M ic h i g a n  

s p e c i e s  w h ich  o c c a s i o n a l l y  h y b r i d i z e .  T h i s  s t u d y  

i n v e s t i g a t e d  t h e  g r o w t h  p o t e n t i a l  and p h y s i o l o g i c a l  g e n e t i c s  

o f  206 f a m i l i e s  o f  P. t r e m u l o i d e s , P. g r a n d i d e n t a t a , and 

t h e i r  h y b r i d ,  P.  X s m i t h i i . Twenty  P. X r o u l e a u i a n a  

b a c k c r o s s e s  w ere  a l s o  t e s t e d .  S e v e n  f u l l - s i b  f a m i l i e s  w e re  

s t u d i e d  u s i n g  g a s - e x c h a n g e  and h y d r o p o n i c  s y s t e m s  t o  m e a s u r e  

p h o t o s y n t h e s i s ,  r e s p i r a t i o n ,  r o o t  d e v e l o p m e n t ,  and c a r b o n  

p a r t i t i o n i n g .  In  a d d i t i o n ,  e i g h t  c u l t u r a l  m e t h o d s  f o r  

p l a n t i n g  a s p e n  w e re  e v a l u a t e d .

The b e s t  p l a n t i n g  m ethod  was p l a c i n g  t h e  s e e d l i n g  r o o t  

c o l l a r s  15 cm b e l o w  t h e  s o i l  s u r f a c e  and u s i n g  t h e  p r e -  

e m e r g e n t  h e r b i c i d e ,  s i m a z i n e .  The h e r b i c i d e s  d i u r o n  and 

l i n u r o n  w e re  n o t  e f f e c t i v e  i n  c o n t r o l l i n g  w e ed s .

A p r o g e n y  t e s t  was r e p l i c a t e d  o v e r  f i v e  M ic h i g a n  s i t e s  

t o  e v a l u a t e  g r o w th  p e r f o r m a n c e .  P e r f o r m a n c e  o f  t r e m b l i n g  

a s p e n  f a m i l i e s  was a b o v e  a v e r a g e  a t  a l l  s i t e s  and i n c r e a s e d  

w i t h  l a t i t u d e  o f  p l a n t a t i o n  s i t e .  P. Xr o u l e a u i a n a  h y b r i d s  

b a c k c r o s s e d  t o  t r e m b l i n g  a s p e n  m a l e s  w e re  s u p e r i o r  in  g r o w th  

a t  t h e  t h r e e  Lower P e n i n s u l a  s i t e s .  M ost  P. Xs m i t h i i  

f a m i l i e s  had g r o w t h  r a t e s  b e l o w  t h e  mean.



GREGORY LYNN REIGHARD 

I n i t i a l  g r o w th  and s u r v i v a l  o f  b i g t o o t h  a s p e n  was p o o r  a t  

a l l  p l a n t a t i o n s .  A n a l y s e s  o f  two n e s t e d  m a t i n g  d e s i g n s  

showed t h a t  g e n e r a l  c o m b i n i n g  a b i l i t y  was p r e s e n t  i n  g r o w t h  

t r a i t s .

T r e m b l i n g  a s p e n  l e a f e d  o u t  e a r l i e r  and d r o p p e d  l e a v e s  

l a t e r  t h a n  b i g t o o t h  a s p e n .  H y b r id  p h e n o l o g y  was 

i n t e r m e d i a t e .  M o r p h o l o g i c a l  t r a i t s  had b o t h  a d d i t i v e  and 

n o n - a d d i t i v e  g e n e t i c  v a r i a n c e .  For  t h e s e  t r a i t s ,  h y b r i d s  

r e s e m b l e d  t h e  m a t e r n a l  p a r e n t .  H y b r i d s  s u f f e r e d  f rom  s h o o t  

d i e b a c k ,  bud a b o r t i o n ,  and a d v e n t i t i o u s  s p r o u t i n g .  S a p e r d a  

i n o r n a t a  and V e n t u r i a  t r e m u l a e  w ere  t h e  m o s t  s e r i o u s  i n s e c t  

and d i s e a s e  p r o b l e m s ,  r e s p e c t i v e l y .

No s i g n i f i c a n t  d i f f e r e n c e s  w ere  found  f o r  

p h o t o s y n t h e s i s  and d a r k  r e s p i r a t i o n  r a t e s  i n  t h e  two s p e c i e s  

and P. X s m i t h i i . W hole  p l a n t  p h o t o s y n t h e s i s  and r e s p i r a t i o n  

w ere  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  l e a f  d r y  w e i g h t ,  s h o o t  

d r y  w e i g h t ,  and l e a f  a r e a .  S e e d l i n g s  w i t h  h i g h  n e t  

p h o t o s y n t h e t i c  r a t e s  and l a r g e  l e a f  a r e a s  a s s i m i l a t e d  t h e  

m o s t  d r y  m a t t e r .  T r e m b l i n g  a s p e n  p r o d u c e d  m ore  p r i m a r y  

r o o t s  and l e s s  s e c o n d a r y  r o o t s  t h a n  b i g t o o t h .  P. X s m i t h i i  

p r o d u c e d  s l i g h t l y  m ore  p r i m a r y  and s e c o n d a r y  r o o t s  t h a n  

e i t h e r  s p e c i e s .  T r e m b l i n g  a s p e n  had a 50% s m a l l e r  r o o t  t o  

s te m  r a t i o  t h a n  b i g t o o t h .  H y b r i d s  had  r a t i o s  s i m i l a r  t o  

t h e i r  m a t e r n a l  p a r e n t s .
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INTRODUCTION

T r e m b l i n g  a s p e n  (P o p u l u s  t r e m u l o i d e s  Michx.)  and 

b i g t o o t h  a s p e n  (P. g r a n d i d e n t a t a  Michx.)  a r e  s y m p a t r i c  

s p e c i e s  t h r o u g h o u t  M ic h i g a n .  H y b r i d i z a t i o n  b e t w e e n  t h e  

s p e c i e s  i s  i n f r e q u e n t  u n d e r  n a t u r a l  c o n d i t i o n s  b e c a u s e  o f  

p r e z y g o t i c  i s o l a t i o n  b a r r i e r s  a t t r i b u t e d  t o  d i f f e r e n c e s  in  

f l o w e r i n g  t i m e s  ( H e im b u rg e r  19 3 6 ,  P a u l e y  195 6 ,  B a r n e s  1961,  

and P r e g i t z e r  and B a r n e s  1980) .  T r e m b l i n g  a s p e n  i s  a b o r e a l  

s p e c i e s ,  and b i g t o o t h  a s p e n  i s  a t e m p e r a t e  m e s i c  s p e c i e s  

( F o w e l l s  1 965) .  T r e m b l i n g  a s p e n  e x p l o i t s  a w i d e r  r a n g e  o f  

s i t e s  i n  M i c h i g a n ,  b u t  on s i t e s  w i t h  b o t h  s p e c i e s ,  b i g t o o t h  

a s p e n  o u t c o m p e t e s  t r e m b l i n g  a s p e n  (Graham e t  a l .  1 9 6 3 ) .

Many d i s e a s e s  and  i n s e c t s  a t t a c k  b o t h  s p e c i e s  ( D a v i d s o n  and 

P r e n t i c e  1 9 6 8 ) .  H o w ev er ,  b i g t o o t h  a s p e n  i s  much l e s s  

s u s c e p t i b l e  t o  H y p o x y lo n  c a n k e r  w h ich  c a u s e s  t h e  l a r g e s t  

a n n u a l  l o s s  (8.5 m i l l i o n  c u b i c  m e t e r s )  o f  a s p e n  g r o w in g  

s t o c k  i n  t h e  Lake  S t a t e s  ( M a r ty  1 9 7 2 ) .  A b u n d an t  n a t u r a l  

g e n e t i c  v a r i a t i o n  i n  p h e n o l o g y ,  m o r p h o l o g y ,  p h y s i o l o g y ,  and 

wood p r o p e r t i e s  h a s  b e e n  fo u n d  in  t r e m b l i n g  a s p e n  b y  v a n  

B u i j t e n e n  ^ t  al^. (1 9 5 9 ) ,  E i n s p a h r  and B enson  (1967) ,  B a r n e s  

(1 9 6 9 ) ,  C h e l i a k  and  D a n c ik  ( 1 9 8 2 ) ,  and many o t h e r s .

A l t h o u g h  much l e s s  s t u d i e d  t h a n  t r e m b l i n g  a s p e n ,  b i g t o o t h  

a s p e n  h a s  a l s o  b e e n  r e p o r t e d  to  h a v e  l a r g e  a m o u n ts  o f  

g e n e t i c  v a r i a t i o n  ( B a r n e s  1969 ,  O kafo  1 9 7 6 ) .

T r e m b l i n g  and b i g t o o t h  a s p e n  a r e  t h e  m o s t  i m p o r t a n t  

p u lp w o o d  s p e c i e s  in  M ic h i g a n  ( B l y t h  and S m i th  1 9 8 2 ) .  Volum e 

p r o d u c t i o n  o f  n a t u r a l  s t a n d s  a t  a g e  50 h a s  b e e n  r e p o r t e d  to
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b e  a s  h i g h  a s  52 a n d  53 c o r d s  p e r  a c r e  f o r  t r e m b l i n g  a n d  

b i g t o o t h  a s p e n ,  r e s p e c t i v e l y  ( P e r a l a  1 9 7 7 ) .  The demand f o r  

t h i s  r e s o u r c e  i s  i n c r e a s i n g  a s  t h e  f o r e s t  p r o d u c t s  i n d u s t r y  

d e v e l o p s  new t e c h n o l o g i e s  t o  u s e  a s p e n  f o r  p r o d u c t s  ( i e . ,  

p a r t i c l e b o a r d ,  o r i e n t e d - s t r a n d  b o a r d ,  f l a k e b o a r d ,  e t c . )  

o t h e r  t h a n  t h e  t r a d i t i o n a l  p u l p ,  p a p e r ,  and m a t c h s t i c k s .  

T h e re  a r e  now a d i s p r o p o r t i o n a t e  number  o f  o l d ,  l o w - q u a l i t y  

a s p e n  s t a n d s  i n  M ic h i g a n  (James  W ad sw o r th ,  p e r s o n a l  

c o m m u n i c a t i o n ) .  To s u p p l e m e n t  t h e  n a t i v e  a s p e n  r e s o u r c e ,  

P a c k a g i n g  C o r p o r a t i o n  o f  A m er ica  i s  p l a n t i n g  h y b r i d  p o p l a r s  

i n  s h o r t - r o t a t i o n  f i b e r  p l a n t a t i o n s .  The u s e  o f  a s p e n s  in  

t h e s e  p l a n t a t i o n s  h a s  b e e n  a v o i d e d  b e c a u s e  g e n e t i c a l l y -  

im p ro v e d  p l a n t i n g  s t o c k  i s  n o t  r e a d i l y  a v a i l a b l e  and 

e c o n o m i c a l  e s t a b l i s h m e n t  p r o c e d u r e s  h a v e  y e t  t o  b e  

a d e q u a t e l y  d e v e l o p e d .

To h e l p  r e s o l v e  t h e s e  e c o n o m i c a l l y - b a s e d  p r o b l e m s ,  t h i s  

s t u d y  had t h r e e  p r i m a r y  o b j e c t i v e s .  The f i r s t  o b j e c t i v e  was 

t o  f i n d  a  p l a n t i n g  s y s t e m  b a s e d  on h e r b i c i d e s  w h ich  w ou ld  

s u c c e s s f u l l y  e s t a b l i s h  a s p e n  on o l d - f i e l d  s i t e s .

The s e c o n d  o b j e c t i v e  was t o  i m p r o v e  t h e  g e r m p la s m  b a s e  

o f  t h e  p l a n t i n g  s t o c k .  Even t h o u g h  e x t e n s i v e  n a t u r a l  

v a r i a t i o n  e x i s t s  i n  M ic h ig a n  p o p u l a t i o n s  o f  t r e m b l i n g  and 

b i g t o o t h  a s p e n ,  g e n e t i c  g a i n  i n  g r o w t h  r a t e  c a n n o t  o c c u r  

u n t i l  t h e  s p e c i e s  h a v e  b e en  p r o g e n y  t e s t e d .  A c o m b i n a t i o n  

h a l f - s i b  and f u l l - s i b  p r o g e n y  t e s t  was i n i t i a t e d  t o  i d e n t i f y  

s u p e r i o r  p a r e n t s ,  f a m i l i e s ,  and i n d i v i d u a l s .  F u r t h e r m o r e ,  

t h e  two s p e c i e s  w ere  h y b r i d i z e d  in  an a t t e m p t  t o  i n c o r p o r a t e



3

H y p o x y lo n  mamma turn r e s i s t a n c e  i n t o  t r e m b l i n g  a s p e n ,  t o  

i n c r e a s e  t h e  s i t e  a d a p t a b i l i t y  o f  b i g t o o t h  a s p e n ,  t o  

d i v e r s i f y  t h e  b r e e d i n g  p o p u l a t i o n ,  and t o  g e n e r a t e  t h e  non­

a d d i t i v e  g e n e t i c  v a r i a n c e  ( h e t e r o s i s )  w h ic h  h a s  b e e n  

r e p o r t e d  i n  g r o w t h  r a t e s  o f  w h i t e  p o p l a r  x b i g t o o t h  a s p e n  

h y b r i d s  ( H a l l  e t  j i l .  1 9 8 2 ) .

The t h i r d  o b j e c t i v e  was t o  q u a n t i f y  t h e  am ount  o f  

a d d i t i v e  and n o n - a d d i t i v e  g e n e t i c  v a r i a n c e  i n  t h e  two 

s p e c i e s  and t o  d e t e r m i n e  how t h e s e  t y p e s  o f  g e n e t i c  v a r i a n c e  

w e re  e x p r e s s e d  in  t h e  h y b r i d  (P o p u l u s  X s m i t h i i  B o i v i n ) .

F i e l d  m e a s u r e m e n t s  and c o n t r o l  l e d - e n  v i r o n m e n t  s t u d i e s  u s i n g  

g a s - e x c h a n g e  and h y d r o p o n i c  s y s t e m s  w ere  u s e d  t o  m e e t  t h i s  

o b j e c t i v e .
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CHAPTER 1

EFFECTS OF CHEMICAL WEED CONTROL AND SEEDLING 

PLANTING DEPTH ON SURVIVAL AND GROWTH OF ASPEN

( A c c e p t e d  f o r  P u b l i c a t i o n  i n  T r e e  P l a n t e r s '  N o te s )

ABSTRACT

E i g h t  c u l t u r a l  t r e a t m e n t s  i n v o l v i n g  p r e e m e r g e n t  

h e r b i c i d e s  and p l a n t i n g  d e p t h  w ere  t e s t e d  f o r  e f f e c t s  on 

a s p e n  g r o w th  and s u r v i v a l .  D e e p - p l a n t i n g  a s p e n  s e e d l i n g s  by 

p l a c i n g  t h e  r o o t  c o l l a r  15 cm b e l o w  t h e  s o i l  s u r f a c e  r e d u c e d  

i n j u r y  f rom s i m a z i n e .  S i m a z i n e  g a v e  e x c e l l e n t  weed c o n t r o l ,  

w h e r e a s  d i u r o n  and l i n u r o n  w ere  n o t  a s  e f f e c t i v e .  Non- 

l e t h a l  h e r b i c i d e  damage t h a t  a f f e c t e d  e a r l y  s e e d l i n g  g r o w th  

becam e i n s i g n i f i c a n t  a s  t h e  t r e e s  g rew  o l d e r .  T h e r e f o r e ,  

s u r v i v a l  was more i m p o r t a n t  t h a n  e a r l y  g r o w th  a s  a c r i t e r i o n  

f o r  e v a l u a t i n g  h e r b i c i d e s  f o r  a s p e n  e s t a b l i s h m e n t .
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INTRODUCTION

Spawned by  t h e  e n e r g y  c r i s i s  o f  t h e  7 0 ' s ,  r e s e a r c h  

i n t e r e s t  i n  s h o r t - r o t a t i o n  t r e e  p l a n t a t i o n s  f o r  b io m a s s  

p r o d u c t i o n  c o n t i n u e s  t o  grow. S p e c i e s  o f  P o p u l u s  a r e  

f r e q u e n t  c h o i c e s  f o r  t h e s e  p l a n t a t i o n s  i n  t h e  Lake  S t a t e s  

b e c a u s e  o f  t h e i r  f a s t  g r o w th  and c o p p i c i n g  a b i l i t y .  D e s p i t e  

t h e i r  p o p u l a r i t y ,  i n e x p e n s i v e  means  o f  p l a n t a t i o n  

e s t a b l i s h m e n t  a r e  l a c k i n g  f o r  m o s t  P o p u l u s  s p e c i e s .  H y b r id  

p o p l a r s ,  c o t t o n w o o d ,  and a s p e n ,  a l o n g  w i t h  m o s t  o t h e r  

hardw ood  s p e c i e s ,  n e e d  good s i t e  p r e p a r a t i o n  and weed 

c o n t r o l  i n  t h e  f i r s t  2 -3  y e a r s  i n  o r d e r  t o  be  s u c c e s s f u l l y  

e s t a b l i s h e d  on a b a n d o n e d  f i e l d s  (4,  13 ,  14) .  C u l t i v a t i o n  i s  

e f f e c t i v e ,  b u t  e x p e n s i v e .  C h e m ic a l  weed c o n t r o l  i s  an 

a l t e r n a t i v e  m e thod  t h a t  i s  l e s s  e x p e n s i v e ,  b u t  i t  i s  more 

r i s k y .  Im p ro v ed  p l a n t i n g  p r a c t i c e s  t h a t  i n c l u d e  c h e m i c a l  

weed c o n t r o l  and e x c l u d e  c u l t i v a t i o n  n e ed  t o  be  d e v e l o p e d  

and r e f i n e d  f o r  a l l  p o p l a r  s p e c i e s ,  e s p e c i a l l y  t h e  s e n s i t i v e  

b a l s a m  p o p l a r s  and a s p e n s .

Much o f  t h e  p r e v i o u s  p o p l a r  r e s e a r c h  c o n c e r n i n g  

p r e e m e r g e n t  h e r b i c i d e s  h a s  b e e n  d i r e c t e d  a t  t h e  c o t t o n w o o d  

( S e c t i o n  A i g e i r o s )  , b a l s a m  p o p l a r s  ( S e c t i o n  T a c a m a h a c a ) , and 

t h e i r  h y b r i d s .  H e r b i c i d e  r e s e a r c h  on a s p e n  (P o p u l u s  

g r a n d i d e n t a t a  M ichx .  and j?. t r e m u l o i d e s  M ichx .  o f  S e c t i o n  

L e u c e ) , h o w e v e r ,  h a s  b e e n  l i m i t e d .  S i n c e  a s p e n s  a r e  

a b u n d a n t  and r e g e n e r a t e  e a s i l y  f rom  e s t a b l i s h e d  s t a n d s ,  

t h e r e  h a s  b e e n  l i t t l e  p a s t  i n t e r e s t  i n  p l a n t i n g  them. W ith  

t h e  r e c e n t  u p s u r g e  o f  r e s e a r c h  on e n e r g y  p l a n t a t i o n s ,  a s p e n s



8

a r e  now b e i n g  c o n s i d e r e d  a s  a p o s s i b l e  p l a n t a t i o n  s p e c i e s .

The work r e p o r t e d  h e r e  t e s t e d  t h e  e f f i c a c y  o f  t h e  

p r e e m e r g e n t  h e r b i c i d e s ,  s i m a z i n e  ( 2 - c h l o r o - 4 , 6 - b i s  

( e t h y l a m i n o ) - s - t r i a z i n e ) , d i u r o n  ( 3 - ( 3 , 4 - d i c h l o r o p h e n y 1 ) -  

1 , 1 - d i m e t h y l u r e a ) , and  l i n u r o n  ( 3 - ( 3 , 4 - d i c h l o r o p h e n y 1 ) - 1 -  

m e t h o x y - l - m e t h y l u r e a )  i n  c o n t r o l l i n g  weed c o m p e t i t i o n  on an 

a b a n d o n ed  f i e l d  i n  s o u t h e r n  M i c h i g a n .  T h e se  h e r b i c i d e s  h a v e  

b e e n  u s e d  p r e v i o u s l y  i n  p o p l a r  p l a n t a t i o n s  b y  num erous  

s c i e n t i s t s  i n c l u d i n g  von A l t h e n  (11, 1 4 ) ,  D ickm ann,  e t  a l .  

(6 ) ,  and  N e t z e r  and  N o s t e  (8) .  I n  c o n j u n c t i o n  w i t h  t h e s e  

h e r b i c i d e s ,  d e e p - p l a n t i n g  o f  t h e  s e e d l i n g s  and t h e  u s e  o f  

p l a s t i c  m u lc h  w e re  e v a l u a t e d  f o r  p r o t e c t i o n  f rom  c h e m i c a l  

i n j u r y .  The p u r p o s e  o f  t h e s e  t r e a t m e n t s  was t o  f i n d  a 

s y s t e m  u s i n g  c h e m i c a l s  t h a t  c o u l d  be  a p p l i e d  t o  p l a n t i n g  

a s p e n s  on a b a n d o n e d  f a r m l a n d  in  M i c h i g a n .

MATERIALS AND METHODS

An a g r i c u l t u r a l  f i e l d  t h a t  had  b e e n  i d l e  f o r  25 y e a r s  

was  c h o s e n  a s  a p l a n t i n g  s i t e .  The  f i e l d  i s  l o c a t e d  i n  

Ingham C o u n ty  (S 6 T3N R1W), M i c h i g a n .  The s o i l  s e r i e s ,  

a M a r l e t t e  f i n e  s a n d y  lo am ,  i s  c l a s s i f i e d  a s  a m i x e d ,  m e s i c  

G l o s s o b o r i c  H a p l u d a l f .  The s o i l  p r o p e r t i e s  and c h e m i s t r y  o f  

t h e  Ap h o r i z o n  w ere  a n a l y z e d  by  t h e  M i c h i g a n  S t a t e  

U n i v e r s i t y  S o i l  T e s t i n g  L a b o r a t o r y  ( t a b l e  1 .1 ) .  The f i e l d  

was mowed i n  S e p t e m b e r ,  1980 and s p r a y e d  w i t h  s e v e n  

l i t e r s / h e c t a r e  g l y p h o s a t e  i n  o n e - m e t e r  s t r i p s .  The m a jo r  

v e g e t a t i o n  c o v e r  a t  t h e  t i m e  o f  s p r a y i n g  was q u a c k g r a s s  

(A g ro p y ro n  r e p e n s  L. B e a u v . ) .
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T a b l e  1 . 1 .  S o i l  p r o p e r t i e s  o f  t h e  Ap h o r i z o n  o f  t h e  f i e l d .

S o i l  S e r i e s T e x t u r e
( C l a s s )

O r g a n i c  
M a t t e r  (%)

C la y
(%)

PH C a t i o n  E x c h an g e  
C a p a c i t y  (meq/g)

M a r l e t t e  
F i n e  Sandy  
Loam

Sandy
C la y
Loam

2 . 0 2 1 .3 6 . 7 6

N u r s e r y - g r o w n ,  1 - 0  s e e d l i n g s  o f  b i g t o o t h  a s p e n  (P o p u l u s  

g r a n d i d e n t a t a  Michx.)  and q u a k i n g  a s p e n  (P o p u l u s  t r e m u l o i d e s  

M ic h x . )  t h a t  h a d  b e e n  l i f t e d  i n  M a r c h  a n d  s t o r e d  i n  a 

r e f r i g e r a t e d  room w e re  p l a n t e d  May 8 ,  1981 i n  5 -7  t r e e  

p l o t s  i n  a r a n d o m iz e d  b l o c k  d e s i g n  w i t h  s e v e n  r e p l i c a t i o n s .  

The t r e e s  w e re  s p a c e d  1.2 m w i t h i n  rows and 2.4 m b e tw e e n  

row s .  T h e re  w ere  e i g h t  p l o t s  ( t r e a t m e n t s )  p e r  r e p l i c a t i o n .  

Each p l o t  c o n t a i n e d  b o t h  s p e c i e s  and was r a n d o m l y  a s s i g n e d  

one  o f  e i g h t  p o s s i b l e  t r e a t m e n t s  ( t a b l e  1 .2 ) .  The d o s e a g e  

(2 .8 k g / h a  a . i . )  f o r  a l l  c h e m i c a l  t r e a t m e n t s  was an 

a r b i t r a r y  c o n c e n t r a t i o n  t h a t  f e l l  w i t h i n  t h e  l o w e r  r a n g e  o f  

a p p l i c a t i o n  r a t e s  commonly u s e d  f o r  t h e  t h r e e  h e r b i c i d e s .  

O p t i m a l  h e r b i c i d e  d o s e a g e s  w e re  n o t  t e s t e d .  P l a n t i n g  

p r o c e d u r e s  c o n s i s t e d  o f  m ak ing  a  s l i t  down e a c h  s p r a y e d  row 

w i t h  a t r e e  p l a n t e r  a n d  t h e n  h a n d  p l a n t i n g  t h e  t r e e s  i n  t h e  

s l i t .  The r o o t  c o l l a r s  o f  a l l  t r e e s  i n  e a c h  t r e a t m e n t  p l o t  

w e r e  p l a c e d  e i t h e r  3 o r  15 cm b e l o w  t h e  s o i l  s u r f a c e .  I n  

one  t r e a t m e n t ,  a 3 0 - c m - s q u a r e  b l a c k  p l a s t i c  m u l c h  was p l a c e d  

a r o u n d  e a c h  t r e e .

On May 1 2 t h ,  a l l  p l o t s  t o  r e c e i v e  a h e r b i c i d e  t r e a t m e n t  

w e re  c o m p l e t e l y  s p r a y e d  u s i n g  a 9.5  l i t e r  L o f s t r a n d  (Model
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1730) h a n d s p r a y e r  t h a t  had  b e e n  c a l i b r a t e d  a t  3 0 -40  P S I .

The c o n t r o l  p l o t s  w e re  hand  c u l t i v a t e d .  R a in  (7.6 cm) f e l l  

on  t h e  t e s t  s i t e  f r o m  May 1 0 t h  t o  May 1 5 t h .  R a i n f a l l  w as  

n o r m a l  (18.5  cm) f o r  May and J u n e  o f  1981.  The f o l l o w i n g

A p r i l  (1982) a l l  p l o t s  w e re  s p r a y e d  w i t h  2.8 k g / h a  a . i .

s i m a z i n e .

One m onth  a f t e r  t h e  1981 s p r a y i n g ,  a  s u b j e c t i v e  r a t i n g  

( t a b l e  1.2) o f  h e r b i c i d e  i n j u r y  t o  e a c h  t r e e  was t a k e n .  In  

S e p te m b e r  o f  1981 ,  weed c o n t r o l  was e v a l u a t e d  f o r  e a c h  p l o t .  

T r e e  h e i g h t s  w ere  m e a s u r e d  i n  t h e  f a l l  o f  1 9 8 1 ,  1982 ,  and 

1983.  D i a m e t e r s  a t  5 cm a b o v e  g r o u n d  l e v e l  w ere  m e a s u r e d  in  

1982 and 1983.  P e r c e n t  s u r v i v a l  f o r  e a c h  t r e a t m e n t  was

r e c o r d e d  f o r  a l l  t h r e e  y e a r s .

A n a l y s i s  o f  v a r i a n c e  was p e r f o r m e d  on p l o t  means f o r  

e a c h  t r a i t  e x c e p t  s u r v i v a l  and weed c o n t r o l .  H e r b i c i d e  

damage r a t i n g s  w ere  t e s t e d  f o r  n o r m a l i t y  b e f o r e  a n a l y s i s .

The s u r v i v a l  and weed c o n t r o l  d a t a  w ere  n o t  n o r m a l l y  d i s t r i ­

b u t e d ,  so  F r i e d m a n ' s  two-way c l a s s i f i c a t i o n  t e s t  (10) was 

u s e d  t o  d e t e c t  d i f f e r e n c e s .  An LSD t e s t  was a p p l i e d  t o  t h e  

t r e a t m e n t  means  f o r  t h e  1981 h e i g h t  and h e r b i c i d e  damage 

d a t a .  C o r r e l a t i o n s  b e t w e e n  y e a r s  w e re  g e n e r a t e d  f o r  

t r e a t m e n t  means o f  h e i g h t  and d i a m e t e r .  N o n - p a r a m e t r i c ,  

r a n k  c o r r e l a t i o n s  w e re  c a l c u l a t e d  f o r  t h e  r e l a t i o n s h i p  o f  

weed c o n t r o l  t o  t h e  t r e a t m e n t  means f o r  h e i g h t  and d i a m e t e r .



T a b le  1 . 2 .  E f f e c t s  o f  e i g h t  h e r b i c i d e  t r e a t m e n t s  on weed c o n t r o l ,  and a spen  growth  
and s u r v i v a l .

T r e a tm e n t s P h y t o t o x i c i t y Growth Data  (T rea tm en t Means)

Chem ica l  
H e r b i c i d e  

(2 .8  k g /h a )

P l a n t i n g  O the r  
Depth 

(3 o r  15 cm)

H e r b i c i d e
I n j u r y 1
(aspen)

Weed
C o n t r o l 2

(%)

1983
S u r v i v a l

(%)

1981
H e ig h t

(m)

1983 1983 
H e ig h t  Diameter-* 

(m) (cm)

S im az in e R eg u la r .67 87 62 .67 2 .7 3 .1
S im az in e Deep .12 89 89 .72 3 .0 3 .5
S im az in e R e g u la r  P l a s t i c  Mulch .65 82 79 .74 2 .7 3 .2
Diuron R eg u la r .69 59 77 .76 2 .9 3 .5
Diuron Deep .72 56 71 .75 3 .2 3 .5
L in u ro n R eg u la r 1 .2 3 62 55 .69 2 .8 3 .1
L in u ro n Deep .92 62 61 .73 3 .1 3 .4
None R eg u la r  C u l t i v a t e d .00 100 98 .90 3 .4 4 .0

LSD ( .0 5 ) .35 .13
S i g n i f i c a n c e ** ** * * n . s . n . s .
o f  F - v a l u e

^ I n j u r y  r a t i n g  was:  0 = no damage;  1 = y e l l o w  l e a v e s ;  and 2 = y e l l o w  and b l a c k  l e a v e s .  
^ P e r c e n t  o f  s p r a y e d  g round  w i t h o u t  l i v e  w eeds .
■^Diameter a t  5 cm above g ro u n d  s u r f a c e .
* /**  S i g n i f i c a n t  a t  t h e  5 and 1 p e r c e n t  l e v e l s ,  r e s p e c t i v e l y .
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RESULTS

The c o n t r o l  and one s i m a z i n e  ( d e e p - p l a n t i n g )  t r e a t m e n t  

had  t h e  l e a s t  h e r b i c i d e  i n j u r y  and t h e  b e s t  weed c o n t r o l  

( t a b l e  1 .2 ) .  The two l i n u r o n  t r e a t m e n t s  had  t h e  m o s t  

i n i t i a l  h e r b i c i d e  damage.  S i m a z i n e  g a v e  b e t t e r  weed c o n t r o l  

t h a n  e i t h e r  d i u r o n  o r  l i n u r o n .  D e e p - p l a n t i n g  r e d u c e d  

c h e m i c a l  i n j u r y  on s i m a z i n e  p l o t s  b u t  n o t  on t h e  d i u r o n  o r  

l i n u r o n  p l o t s .

The c o n t r o l  t r e a t m e n t  had  t h e  h i g h e s t  s u r v i v a l  in  e a c h  

o f  t h e  t h r e e  y e a r s .  One s i m a z i n e  ( d e e p - p l a n t i n g )  t r e a t m e n t  

a l s o  had  good s u r v i v a l .  The two l i n u r o n  t r e a t m e n t s  and one 

o t h e r  s i m a z i n e  ( r e g u l a r - p l a n t i n g )  t r e a t m e n t  g a v e  p o o r  

s u r v i v a l .  D e e p - p l a n t i n g  i n c r e a s e d  s u r v i v a l  on s i m a z i n e  

p l o t s  b u t  n o t  on t h e  d i u r o n  and l i n u r o n  p l o t s .  L i t t l e  

m o r t a l i t y  o c c u r r e d  a f t e r  t h e  f i r s t  y e a r ;  t h e r e f o r e ,  t h e  

s u r v i v a l  r a n k i n g s  o f  t h e  t r e a t m e n t s  r e m a i n e d  u n c h a n g e d  

t h r o u g h o u t  t h e  t h r e e  y e a r s .

F i r s t - ,  s e c o n d - ,  and t h i r d - y e a r  h e i g h t s  and d i a m e t e r s  

w e re  g r e a t e s t  in  t h e  c o n t r o l  p l o t s .  The s i m a z i n e  ( r e g u l a r -  

p l a n t i n g )  t r e a t m e n t  g e n e r a l l y  g a v e  t h e  p o o r e s t  h e i g h t  and 

d i a m e t e r  g r o w th .  In  t h e  s e c o n d  and t h i r d  y e a r s ,  t h e  d e e p -  

p l a n t e d  p l o t s  o f  s i m a z i n e ,  d i u r o n ,  and l i n u r o n  g rew  more 

t h a n  t h e  r e g u l a r l y - p l a n t e d  p l o t s .  T h i s  t r e n d  was a l s o  t r u e  

f o r  d i a m e t e r  e x c e p t  t h e r e  w ere  no d i a m e t e r  d i f f e r e n c e s  i n  

t h e  d i u r o n  p l o t s  f o r  t h e  t h i r d  y e a r .  The s e e d l i n g s  t h a t  

w e re  d e e p - p l a n t e d  a p p e a r e d  t o  s u f f e r  no d e t r i m e n t a l  

p h y s i o l o g i c a l  e f f e c t s  f rom t h e  p l a c e m e n t  o f  t h e  r o o t  c o l l a r
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15 cm b e l o w  t h e  s o i l  s u r f a c e .  T h i s  o b s e r v a t i o n  a g r e e d  w i t h  

B enson  (4) who r e p o r t e d  t h a t  d e e p - p l a n t i n g  a s p e n  10 t o  30 

cm a b o v e  t h e  r o o t  c o l l a r  d i d  n o t  c r e a t e  any  a d v e r s e  

e s t a b l i s h m e n t  e f f e c t s .

T r e a t m e n t  means  f o r  h e i g h t  and d i a m e t e r  w ere  

s i g n i f i c a n t l y  c o r r e l a t e d  a t  t h e  1 p e r c e n t  l e v e l  b e tw e e n  

y e a r s  198 1 -8 2  and 1 9 8 2 -8 3  and a t  t h e  5 p e r c e n t  l e v e l  f o r  

y e a r s  1981 and 1983 ( t a b l e  1 .3 ) .  N o n - p a r a m e t r i c ,  r a n k  

c o r r e l a t i o n s  b e t w e e n  weed c o n t r o l  and t h e  g r o w th  d a t a  were  

lo w  (r=  .05 t o  .20) and  n o n - s i g n i f i c a n t  a t  t h e  5 p e r c e n t  

l e v e l  o f  p r o b a b i l i t y .

T a b l e  1 . 3 .  Y e a r - t o - y e a r  c o r r e l a t i o n s  o f  t h e  t r e a t m e n t  means  
f o r  h e i g h t  and d i a m e t e r  o f  t h e  e x p e r i m e n t a l  a s p e n  
s e e d l i n g s .

Y e a r s  C o r r e l a t e d H e i g h t D i a m e t e r

1981 w i t h  1982
1981 w i t h  1983
1982 w i t h  1983

. 84 ** 

. 7 7  * 

.9 7  ** .9 5  **

* /  ** S i g n i f i c a n t  a t  t h e  5 a n d  1 p e r c e n t  l e v e l s ,  r e s p e c t i v e l y .  
1D e g r e e s  o f  f r e e d o m  = 7.

DISCUSSION

T h r e e - y e a r  r e s u l t s  o f  h e i g h t  and d i a m e t e r  g r o w th  f o r  

e a c h  t r e a t m e n t  i n d i c a t e d  t h a t  c u l t i v a t i o n  a l o n e  was 

s u p e r i o r  t o  a l l  c h e m i c a l  t r e a t m e n t s ,  b u t  t h e  d i f f e r e n c e s  

b ecam e i n s i g n i f i c a n t  a f t e r  t h e  f i r s t  g r o w in g  s e a s o n .  The 

s m a l l e r  and l e s s  s i g n i f i c a n t  c o r r e l a t i o n  ( t a b l e  1.3) o f  t h e
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t r e a t m e n t  means  f o r  h e i g h t  b e t w e e n  y e a r s  1981 and  1983 

i n d i c a t e  t h a t  f i r s t - y e a r  t r e a t m e n t  d i f f e r e n c e s  w ere  

d e c r e a s i n g  w i t h  t i m e ;  e . g . ,  t h e  mean h e i g h t  o f  t h e  p o o r e s t  

t r e a t m e n t  i n c r e a s e d  f rom  74% (1981) t o  79% (1983) o f  t h e  

mean h e i g h t  f o r  t h e  b e s t  t r e a t m e n t  ( t a b l e  1 .2 ) .  The i n i t i a l  

s u p e r i o r i t y  i n  g r o w th  and s u r v i v a l  o f  c u l t i v a t e d  t r e e s  was 

a t t r i b u t e d  t o  t h e  a b s e n c e  o f  b o t h  weed c o m p e t i t i o n  and 

p h y t o t o x i c  e f f e c t s  f ro m  t h e  c h e m i c a l  t r e a t m e n t s ,  a s  w e l l  as  

i n c r e a s e d  s o i l  a e r a t i o n .

S i m a z i n e ,  d i u r o n ,  and l i n u r o n  a r e  t o x i c  t o  s e n s i t i v e  

s p e c i e s  o f  P o p u l u s  a t  low  c o n c e n t r a t i o n s .  The p r i n c i p a l  

means  o f  u p t a k e  o f  t h e s e  c h e m i c a l s  i s  by  r o o t  a b s o r p t i o n .  

J a c i w  ( p e r s o n a l  c o m m u n ic a t io n )  o b s e r v e d  i n  O n t a r i o  t h a t  

d e e p - p l a n t e d  w h i t e  p o p l a r - a s p e n  h y b r i d s  w ere  n o t  damaged by 

s i m a z i n e .  T h e r e f o r e ,  a v o i d a n c e  o f  h e r b i c i d e  c o n t a c t  w i t h  

t h e  r o o t  s y s t e m  i s  e s s e n t i a l  f o r  e s t a b l i s h i n g  c h e m i c a l -  

s e n s i t i v e  s p e c i e s  s u c h  a s  t h e  n a t i v e  a s p e n s .

R o ad h o u se  and B i r k  (9) f o u n d  t h a t  s i m a z i n e  a p p l i e d  

a t  a r a t e  o f  2.2  k g / h a  a . i .  on a c u l t i v a t e d  f i e l d  d i d  n o t  

p e n e t r a t e  b e l o w  t h e  t o p  15 cm o f  s o i l  d u r i n g  t h e  f i r s t  

g r o w in g  s e a s o n .  In  a d d i t i o n ,  W eldon  and Timmons (15) 

s h o w e d  on a s a n d y  c l a y  l o a m  an d  a l o a m y  s a n d  s o i l  t h a t  

d i u r o n ,  when a p p l i e d  a t  r a t e s  o f  2 .2  a n d  4 .5  k g / h a  a . i . ,  

d o e s  n o t  p e n e t r a t e  b e l o w  10 cm in  t h e  s o i l  r e g a r d l e s s  o f  

t h e  am ount  o f  i r r i g a t i o n  u s e d .  T h e se  f i n d i n g s  s u g g e s t  t h a t  

d e e p - p l a n t i n g  o f  a s p e n  s e e d l i n g s  15 cm b e l o w  t h e  s o i l  

s u r f a c e  s h o u l d  m i n i m i z e  h e r b i c i d e  c o n t a c t  w i t h  t h e  r o o t
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s y s t e m .  The s i m a z i n e  r e s u l t s  h e r e  s u p p o r t  t h i s  h y p o t h e s i s .  

The one s i m a z i n e  ( d e e p - p l a n t i n g )  t r e a t m e n t  h a d  89 p e r c e n t  

s u r v i v a l  a f t e r  t h r e e  y e a r s  com pared  t o  62 p e r c e n t  f o r  t h e  

o t h e r  s i m a z i n e  ( r e g u l a r - p l a n t i n g )  t r e a t m e n t .

The r e a s o n s  f o r  t h e  f a i l u r e  o f  t h e  d i u r o n  and l i n u r o n  

d e e p - p l a n t i n g  t r e a t m e n t s  t o  p r e v e n t  h e r b i c i d e  i n j u r y  may b e  

b e c a u s e  t h e s e  two c h e m i c a l s  a r e  more  w a t e r  s o l u b l e  t h a n  

s i m a z i n e ,  and t h e y  a l s o  a r e  f o l i a r  a b s o r b e d .  W a te r  s o l u b i ­

l i t y  o f  s i m a z i n e  i s  5 ppm (2 ) ,  com pared  w i t h  42 ppm f o r  

d i u r o n  and  75 ppm f o r  l i n u r o n  (1) .  The p l a n t i n g  s l i t  may 

h a v e  o p en ed  s l i g h t l y  b e c a u s e  o f  s o i l  s h r i n k a g e  f rom 

e v a p o t r a n s p i r a t i o n ;  t h e  s o i l  t e x t u r e  o f  t h e  Ap h o r i z o n  

c o n t a i n e d  21 p e r c e n t  c l a y ,  w h ic h  i n c r e a s e s  t h e  s o i l  

s h r i n k a g e  p r o p e r t i e s  (12) .  D u r in g  May, h e a v y  r a i n s  c o u l d  

h a v e  c a r r i e d  more  o f  t h e  more s o l u b l e  h e r b i c i d e s ,  d i u r o n  and 

l i n u r o n ,  down i n t o  t h e  s l i t  co m p ared  w i t h  t h e  h i g h l y  

i n s o l u b l e  s i m a z i n e .

The o t h e r  e x p l a n a t i o n  f o r  t h e  i n c r e a s e d  damage i n  t h e  

d i u r o n  and l i n u r o n  d e e p - p l a n t e d  t r e a t m e n t s  was t h a t  s u b ­

s t i t u t e d  u r e a  h e r b i c i d e s ,  i n  c o n t r a s t  t o  s i m a z i n e ,  a r e  more  

r e a d i l y  a b s o r b e d  by  t h e  f o l i a g e  (1 ,  5 ,  7 ) .  At t h e  t i m e  o f  

t h e  h e r b i c i d e  t r e a t m e n t ,  a few t r e e s  i n  e a c h  p l o t  had new 

l e a v e s  j u s t  b r e a k i n g  t h r o u g h  t h e  bud s c a l e s .  No a t t e m p t  was 

made t o  c o v e r  t h e  s e e d l i n g s  when e a c h  p l o t  was s p r a y e d  

b e c a u s e  t h e  s p r a y i n g  p r o c e d u r e  was t o  s i m u l a t e  a c t u a l  f i e l d  

a p p l i c a t i o n  c o n d i t i o n s .  T h e se  e a r l y  l e a f i n g  s e e d l i n g s
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s u f f e r e d  f o l i a g e  i n j u r y  and may h a v e  a b s o r b e d  s u f f i c i e n t  

h e r b i c i d e  t o  k i l l  them.

The e f f e c t i v e n e s s  o f  p l a s t i c  m u lc h  in  c o n t r o l l i n g  

c h e m i c a l  i n j u r y  was i n t e r m e d i a t e  when com pared  t o  t h e  two 

s i m a z i n e  t r e a t m e n t s .  The p l a s t i c  m u lc h  ( s i m a z i n e )  t r e a t m e n t  

had  p o o r e r  s u r v i v a l  t h a n  t h e  d e e p - p l a n t i n g  ( s i m a z i n e )  t r e a t ­

m e n t ,  b u t  b e t t e r  s u r v i v a l  t h a n  t h e  r e g u l a r - p l a n t i n g  

( s i m a z i n e )  t r e a t m e n t .  A l t h o u g h  t h e  p l a s t i c  l e s s e n e d  s im a ­

z i n e  i n j u r y ,  i t  d i d  n o t  p r e v e n t  i t .  The m ain  p r o b l e m  w i t h  

t h e  p l a s t i c  was t h a t  i t  c o l l e c t e d  and p o o l e d  t h e  h e r b i c i d e  

s p r a y  and t h e n  f u n n e l e d  some o f  t h e  c h e m i c a l  t h r o u g h  t h e  

p l a s t i c  a t  t h e  h o l e  a r o u n d  t h e  r o o t  c o l l a r .  The  u s e  o f  

p l a s t i c  m u lc h  a r o u n d  i n d i v i d u a l  s t e m s  t o  p r e v e n t  h e r b i c i d e  

damage s h o u l d  be  r e e v a l u a t e d  b e c a u s e  o f  i t s  c o s t  i n  l a b o r  

and m a t e r i a l s  a s  w e l l  a s  i t s  u n c e r t a i n  e f f e c t i v e n e s s .

The good t o  e x c e l l e n t  (82-89%) weed c o n t r o l  p r o d u c e d  by  

s i m a z i n e  com pared  t o  t h e  m o d e r a t e  (56-62%) weed c o n t r o l  

e x h i b i t e d  by  d i u r o n  and l i n u r o n  was d u e  l a r g e l y  t o  t h e  

c h e m i s t r y  o f  t h e  h e r b i c i d e s .  The low  s o i l  o r g a n i c  m a t t e r  

(2.0%) and t h e  s l i g h t l y  a c i d i c  pH (6.7) o f  t h e  Ap h o r i z o n  

w e re  f a v o r a b l e  f o r  c h e m i c a l  a c t i v i t y  o f  a l l  t h r e e  

h e r b i c i d e s .  H ow ev er ,  u n d e r  t h e s e  c o n d i t i o n s  s i m a z i n e  g a v e  

b e t t e r  weed c o n t r o l  p a r t l y  b e c a u s e  s i m a z i n e - t o l e r a n t , l a t e -  

s e a s o n  g r a s s e s  d i d  n o t  i n v a d e  t h e  s i m a z i n e  p l o t s  i n  l a t e  

summer. S i m a z i n e  was p r o b a b l y  more  p e r s i s t e n t  i n  t h e  s o i l  

b e c a u s e  i t  was more  i n s o l u b l e  and l e s s  v o l a t i l e  t h a n  d i u r o n  

and l i n u r o n .
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A c h i e v i n g  e x c e l l e n t  weed c o n t r o l  (75-100%) by u s i n g  

m o d e r a t e  t o  h i g h  a p p l i c a t i o n  r a t e s  o f  c h e m i c a l s  s u c h  a s  

s i m a z i n e  may n o t  be a d v i s a b l e  b e c a u s e  o f  t h e  i n c r e a s e d  r i s k  

o f  m o r t a l i t y .  T h i s  was t h e  c a s e  w i t h  t h e  s i m a z i n e  p l o t s ,  

w h ich  a v e r a g e d  86 p e r c e n t  weed c o n t r o l  co m pared  t o  60 

p e r c e n t  f o r  t h e  d i u r o n  and l i n u r o n  p l o t s .  D e s p i t e  h a v i n g  

b e t t e r  weed c o n t r o l ,  s i m a z i n e  ( r e g u l a r - p l a n t i n g )  p l o t s  had 

p o o r e r  s u r v i v a l  and g r o w t h  a f t e r  t h r e e  y e a r s  t h a n  d i d  t h e  

d i u r o n  ( r e g u l a r - p l a n t i n g )  p l o t s .

The a b s e n c e  o f  s i g n i f i c a n t  c o r r e l a t i o n s  b e tw e e n  f i r s t -  

y e a r  w eed  c o n t r o l  a n d  t h e  t h r e e  y e a r s  o f  g r o w t h  d a t a  

s u g g e s t e d  t h a t  t h e  i n i t i a l  weed c o n t r o l ,  w h ic h  was a s  low  a s  

35 p e r c e n t  in  some p l o t s ,  was s u f f i c i e n t  t o  a v o i d  s e r i o u s  

g r o w th  i n h i b i t i o n  f ro m  weed c o m p e t i t i o n .  T h i s  l a c k  o f  

c o r r e l a t i o n  b e tw e e n  w eeds  and g r o w th  a g r e e d  w i t h  Benson  and 

E i n s p a h r  (3) who fo u n d  t h a t  when g r e a t e r  t h a n  50 p e r c e n t  

o f  t h e  v e g e t a t i v e  c o v e r  was c o n t r o l l e d ,  low  s u r v i v a l  o r  

r e d u c e d  t r e e  g r o w th  r e s u l t e d ,  p r e s u m a b l y  f rom  c h e m i c a l  

t o x i c i t y .  They c o n c l u d e d  t h a t  c o m p l e t e  c o n t r o l  o f  w eeds  i s  

n o t  n e c e s s a r i l y  a good c r i t e r i o n  t o  j u d g e  t h e  u s e f u l n e s s  o f  

h e r b i c i d e s .  T h e se  r e s u l t s  i m p l y  t h a t  p r e v e n t i o n  o f  

h e r b i c i d e  i n j u r y  w h i l e  s t i l l  a c h i e v i n g  good s u r v i v a l  and 

g r o w th  i s  a b e t t e r  s t r a t e g y  t h a n  t r y i n g  t o  c o n t r o l  a l l  

w e e d s .  T h e r e f o r e ,  on an a v e r a g e  o r  b e t t e r  s i t e ,  a s p e n  c a n  be 

s u c c e s s f u l l y  e s t a b l i s h e d  e v e n  i f  weed c o n t r o l  i s  50 p e r c e n t  

o r  l e s s  f o r  t h e  f i r s t  g r o w in g  s e a s o n .
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CHAPTER 2

PROGENY TESTING OF NATIVE ASPENS AND THEIR HYBRIDS 

FOR BIOMASS PRODUCTION IN MICHIGAN

( P r e s e n t e d  a t  t h e  1984 NEFTIC M e e t in g  in  M o rg an to w n ,  WV.)

ABSTRACT

An a s p e n  p r o g e n y  t e s t  c o n s i s t i n g  o f  206 f a m i l i e s  o f  

t r e m b l i n g  a s p e n  (P o p u l u s  t r e m u l o i d e s ) , b i g t o o t h  a s p e n  (P. 

g r a n d i d e n t a t a ) , and t h e i r  h y b r i d s  (P. Xs m i t h i i  and  P. 

Xr o u l e a u i a n a ) was p l a n t e d  on f i v e  M ic h i g a n  s i t e s  and 

e v a l u a t e d  a f t e r  two g r o w in g  s e a s o n s .  Growth p e r f o r m a n c e  o f  

t r e m b l i n g  a s p e n  f a m i l i e s  when com pared  w i t h  a l l  a s p e n  t a x a  

was a b o v e  a v e r a g e  and i n c r e a s e d  w i t h  t h e  l a t i t u d e  o f  t h e  

p l a n t a t i o n  s i t e .  B a c k c r o s s e s  o f  t r e m b l i n g  a s p e n  m a l e s  t o  

w h i t e  p o p l a r - b i g t o o t h  a s p e n  (£. X r o u l e a u i a n a ) f e m a l e s  

p r o d u c e d  t h e  f a s t e s t  g r o w in g  f a m i l i e s  a t  a l l  Lower 

P e n i n s u l a  p l a n t a t i o n s .  Most  h y b r i d  a s p e n  (P. X s m i t h i i ) 

f a m i l i e s  had  g r o w th  r a t e s  b e l o w  t h e  p l a n t a t i o n  m eans .  

B i g t o o t h  a s p e n  f a m i l i e s  had  p o o r  s u r v i v a l  and g r o w th  a t  a l l  

p l a n t a t i o n s .  A n a l y s e s  o f  two n e s t e d  m a t i n g  d e s i g n s  showed 

t h a t  g e n e r a l  c o m b in in g  a b i l i t y  ( a d d i t i v e  g e n e t i c  v a r i a n c e )  

f o r  h e i g h t  and d i a m e t e r  g r o w th  was p r e s e n t  i n  t h e  a s p e n  

p o p u l a t i o n .  G e n o ty p e  x e n v i r o n m e n t  i n t e r a c t i o n  was s m a l l  a t  

t h e  f a m i l y  l e v e l .

20
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INTRODUCTION

The a s p e n s  a r e  f a s t - g r o w i n g  t r e e s  t h a t  h a v e  b e e n  

s t u d i e d  by  n um erous  p o p l a r  b r e e d e r s ,  b u t  u n f o r t u n a t e l y  

l i t t l e  p r o g r e s s  h a s  b e e n  made in  i m p r o v i n g  t h e  g e n e t i c  b a s e  

o f  t h e  s p e c i e s .  L a r g e  a m o u n t s  o f  g e n e t i c  v a r i a t i o n  in  

t r e m b l i n g  a s p e n  (P o p u l u s  t r e m u l o i d e s ) and b i g t o o t h  a s p e n  

(P o p u l u s  g r a n d i d e n t a t a ) h a v e  b e e n  r e p o r t e d  ( P a u l e y  19 4 9 ,  

E i n s p a h r  and Benson  1967 ,  B a r n e s  1 9 6 9 ) .  T h i s  g e n e t i c  

v a r i a t i o n  p r o v i d e s  an  a m p le  g e r m p la s m  b a s e  f o r  a  t r e e  

im p ro v e m e n t  p r o g ra m .  F u r t h e r m o r e ,  t h e  e a s e  o f  h y b r i d i z a t i o n  

b e tw e e n  t h e  two s p e c i e s  ( P a u l e y  19 5 6 ,  Henry  and B a r n e s  1977) 

p e r m i t s  t h e  b r e e d e r  t o  c r e a t e  a d d i t i o n a l  v a r i a t i o n  in  

d e s i r e d  t r a i t s .  The p r o b l e m  t h a t  g e n e t i c i s t s  h a v e  

e n c o u n t e r e d  when b r e e d i n g  a s p e n  i s  how t o  q u a n t i f y  and 

" c a p t u r e "  t h e  g e n e t i c  v a r i a t i o n  fo u n d  in  t h e  s p e c i e s .  I t  

h a s  b e e n  d i f f i c u l t  t o  e s t a b l i s h  t e s t  p l a n t a t i o n s  f o r  t h e  

s p e c i e s  and t o  e l i m i n a t e  b i a s  f rom  g e n o t y p e  x e n v i r o n m e n t  

i n t e r a c t i o n s  ( E i n s p a h r  and Mohn, p e r s o n a l  c o m m u n i c a t i o n ) .

The o b j e c t i v e s  o f  t h i s  a s p e n  p r o g e n y  t e s t  w e re  t o :

(1) q u a n t i f y  t h e  g e n e t i c  v a r i a t i o n  in  t h e  n a t i v e  a s p e n  

p o p u l a t i o n s  i n  M i c h i g a n ,  (2) c r e a t e  a d d i t i o n a l  g e n e t i c  

v a r i a t i o n  by  h y b r i d i z i n g  t h e  two n a t i v e  a s p e n  s p e c i e s ,

(3) i d e n t i f y  f a s t - g r o w i n g  a s p e n  f a m i l i e s  f o r  s h o r t - r o t a t i o n  

b i o m a s s  p l a n t a t i o n s ,  and (4) e s t a b l i s h  a p r o g e n y  t e s t  on 

d i f f e r e n t  s i t e s  i n  o r d e r  t o  i n v e s t i g a t e  g e n o t y p e  x 

e n v i r o n m e n t  i n t e r a c t i o n s .
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MATERIALS AND METHODS 

P r o g e n y  P r o d u c t i o n  and  M a t in g  D e s ig n

Seed  and c a t k i n - b e a r i n g  b r a n c h e s  o f  b i g t o o t h  and 

t r e m b l i n g  a s p e n  w e re  c o l l e c t e d  f ro m  43 c o u n t i e s  i n  b o t h  

p e n i n s u l a s  o f  M ic h i g a n  d u r i n g  March and A p r i l  o f  1979 and 

1980.  S i m i l a r  m a t e r i a l  f rom two p u t a t i v e  w h i t e  p o p l a r -  

b i g  t o o t h  a s p e n  (P. X r o u l e a u i a n a ) h y b r i d s  l o c a t e d  in  t h e  

s o u t h e r n  Lower P e n i n s u l a  o f  M ic h i g a n  was a l s o  c o l l e c t e d .  

C o n t r o l  l e d - p o l  1 i n a t i o n s  w e re  made u s i n g  t h e  c u t - b r a n c h  

t e c h n i q u e  ( E i n s p a h r  and  B enson  1964) .  P r o g e n i e s  f rom t h e  

p o l l i n a t i o n s  r e p r e s e n t e d  48 h a l f - s i b  and 66 f u l l - s i b  

f a m i l i e s  o f  b i g t o o t h  and t r e m b l i n g  a s p e n .  In  a d d i t i o n ,  72 

f u l l - s i b  f a m i l i e s  o f  h y b r i d  a s p e n  (P. X s m i t h i i  = P. 

g r a n d i d e n t a t a  X P. t r e m u l o i d e s ) and  20 b a c k c r o s s e s  o f  

b i g t o o t h  and t r e m b l i n g  a s p e n  t o  t h e  p u t a t i v e  w h i t e  p o p l a r  

h y b r i d ,  P. X r o u l e a u i a n a  (P. a l b a  x P. g r a n d i d e n t a t a ) , w e re  

p r o d u c e d .

The m a t i n g  d e s i g n  u s e d  i n  t h e  p r o g e n y  t e s t  was a n e s t e d  

d e s i g n  (N o r th  C a r o l i n a  D e s i g n  1) w h ich  l a t e r  was r e d u c e d  in  

s i z e  b e c a u s e  o f  t h e  f a i l u r e  o f  some c r o s s e s  t o  p r o d u c e  

s u f f i c i e n t  s e e d .  A f t e r  a d j u s t m e n t  f o r  m i s s i n g  f a m i l i e s ,  two 

n e s t e d  d e s i g n s  w ere  c o n s t r u c t e d  f rom  46 o f  t h e  158 f u l l - s i b  

f a m i l i e s  t h a t  w e re  w e l l  r e p r e s e n t e d  i n  t h e  f i e l d  t e s t s .  The 

f i r s t  d e s i g n  had  e i g h t  m a l e s  ( f o u r  e a c h  o f  b i g t o o t h  and 

t r e m b l i n g  a s p e n )  w h ic h  w ere  e a c h  c r o s s e d  t o  two f e m a l e s  o f  

e a c h  s p e c i e s .  T h e o r e t i c a l l y ,  random s a m p l i n g  o f  t h e  

p o p u l a t i o n  i n  t h e  n e s t e d  d e s i g n  w o u ld  d i c t a t e  t h a t  f e m a l e s
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b e  c r o s s e d  o n l y  o n c e ,  b u t  i n  t h i s  t e s t  f o u r  f e m a l e s  w e r e  

u s e d  t w i c e  b e c a u s e  o f  s i g n i f i c a n t  m o r t a l i t y  i n  some 

f a m i l i e s .  The d e s i g n  c o m p r i s e d  32 f a m i l i e s  (8 m a l e s  and 28 

f e m a l e s )  and was r e p l i c a t e d  s i x  t i m e s  i n  one  p l a n t a t i o n .

The s e c o n d  d e s i g n  t e s t e d  s e v e n  t r e m b l i n g  a s p e n  m a l e s  w h ich  

w e re  e a c h  c r o s s e d  w i t h  two d i f f e r e n t  t r e m b l i n g  a s p e n  

f e m a l e s .  T h e r e  w e re  14 f a m i l i e s  (7 m a l e s  and  14 f e m a l e s )  i n  

t h i s  d e s i g n ,  and t h e y  w ere  r e p l i c a t e d  16 t i m e s  a c r o s s  t h r e e  

p l a n t a t i o n s .

Seed  was sown in  t h e  n u r s e r y  on May 26 ,  1981,  and 

c u l t u r a l  p r o c e d u r e s  s i m i l a r  t o  t h o s e  o f  Benson  and Dubey 

(1972) w e re  u s e d  t o  g row  t h e  s e e d l i n g s .  I n s e c t s  w ere  

c o n t r o l l e d  w i t h  O r t h e n e .  The mean h e i g h t  f o r  e a c h  f a m i l y  i n  

t h e  n u r s e r y  was r e c o r d e d  b e f o r e  t h e  s e e d l i n g s  w ere  l i f t e d  

t h e  f o l l o w i n g  M arch  and p l a c e d  in  c o l d  s t o r a g e  u n t i l  t h e  

p l a n t i n g  s e a s o n  s t a r t e d .

P l a n t a t i o n  S i t e s  and  Aspen E s t a b l i s h m e n t  P r o c e d u r e s

The f i v e  p l a n t a t i o n  s i t e s  c h o s e n  f o r  t h i s  s t u d y  w e re  

a b a n d o n e d  a g r i c u l t u r a l  f i e l d s .  T h r e e  p l a n t a t i o n s  a r e  i n  t h e  

Lower P e n i n s u l a  o f  M i c h i g a n  and two a r e  i n  t h e  Upper  

P e n i n s u l a .  The Lower P e n i n s u l a  p l a n t a t i o n s  a r e  a t  M ic h ig a n  

S t a t e  U n i v e r s i t y ' s  (MSU) Russ  E x p e r i m e n t a l  F o r e s t  (Cass  Co. ,  

L a t .  42 .0°N ,  Long. 86.0°W) , MSU W ate r  Q u a l i t y  R e s e a r c h  Area  

( I n g h a m  C o . ,  L a t .  4 2 . 7 ° N ,  L o n g .  84.5°W) , a n d  M i c h i g a n  

C o n s o l i d a t e d  Gas Company 's  g a s  s t o r a g e  f i e l d s  n e a r  t h e  town 

o f  S i x  L a k e s  ( M e c o s t a  C o . ,  L a t .  4 3 . 5 ° N ,  L o n g .  8 5 . 2 °  W). The 

s o i l  t e x t u r e s  o f  t h e  Russ  F o r e s t ,  W ate r  Q u a l i t y ,  and S i x
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L a k e s  s i t e s  a r e  a s a n d y  lo a m ,  a f i n e  s a n d y  lo a m ,  and a s a n d y  

lo a m ,  r e s p e c t i v e l y .  G r a s s e s  and p e r e n n i a l  w eeds  w ere  t h e  

d o m i n a n t  v e g e t a t i o n  on t h e s e  s i t e s .

The two Upper  P e n i n s u l a  p l a n t a t i o n s  a r e  a t  t h e  M ic h i g a n  

S t a t e  a g r i c u l t u r a l  f i e l d  s t a t i o n  n e a r  Chatham  ( A l g e r  Co.,  

L a t .  46 .3°N,  Long.  86.9°W) and on N e e b i s h  I s l a n d  (Chippewa 

C o . ,  L a t .  4 6 . 3 ° N ,  L o n g .  8 4 .2 ° W ) .  The C h a t h a m  p l a n t a t i o n  i s  

on a f o r m e r  a l f a l f a  f i e l d  w h i c h  h a s  a  f i n e  s a n d y  l o a m  

s o i l  t e x t u r e .  The N e e b i s h  I s l a n d  p l a n t a t i o n  was a c l o v e r  

and t i m o t h y  f i e l d  w i t h  a h e a v y  c l a y  s o i l  w h ich  was m o t t l e d  

a t  a d e p t h  o f  20 cm. The s o i l s  a t  a l l  p l a n t a t i o n s  e x c e p t  

N e e b i s h  I s l a n d  w ere  w e l l - d r a i n e d .

S i t e  p r e p a r a t i o n  f o r  e a c h  o f  t h e  f i v e  p l a n t a t i o n s  

c o n s i s t e d  o f  mowing t h e  e x i s t i n g  v e g e t a t i o n  w i t h  a r o t a r y  

mower i n  A u g u s t ,  1981 and s p r a y i n g  s e v e n  l i t e r s / h a  o f  

g l y p h o s a t e  i n  o n e - m e t e r - w i d e  s t r i p s  t h r e e  t o  f o u r  weeks  

l a t e r .  In  A p r i l  and May o f  1982 ,  t h e  s e e d l i n g s  w ere  p l a n t e d  

a t  t h e s e  f i v e  M i c h i g a n  l o c a t i o n s .  The s e e d l i n g s  w ere  

m a c h i n e - p l a n t e d  i n  t w o - t r e e  p l o t s  w i t h  a s p a c i n g  o f  1.8 

m e t e r s  b e t w e e n  t r e e s  w i t h i n  ro w s ,  and  2.4 m e t e r s  b e t w e e n  

ro w s .  The e x p e r i m e n t a l  d e s i g n  was a r a n d o m iz e d  b l o c k  w i t h  

s i x  r e p l i c a t i o n s  a t  e a c h  p l a n t a t i o n .  F o l l o w i n g  s p r i n g  

p l a n t i n g ,  2.8 k g / h a  a . i .  o f  s i m a z i n e  was a p p l i e d  o v e r  t h e  

t o p s  o f  t h e  s e e d l i n g s  and o n t o  t h e  g l y p h o s a t e - s p r a y e d  

s t r i p s .  The p l a n t i n g  s t r i p s  i n  t h e  W ate r  Q u a l i t y  and S i x  

Lakes  p l a n t a t i o n s  w e re  s p o t - s p r a y e d  on ce  w i t h  g l y p h o s a t e  i n  

J u l y ,  1982 t o  c o n t r o l  i n v a d i n g  g r a s s e s .
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D a ta  A n a l y s e s

H e i g h t ,  b a s a l  d i a m e t e r ,  and s u r v i v a l  o f  t h e  f a m i l i e s  in  

a l l  t h e  p l a n t a t i o n s  e x c e p t  N e e b i s h  I s l a n d  w ere  t a l l i e d  i n  

1982 and 1983.  The d i a m e t e r s  w ere  s q u a r e d  and t h e n  

m u l t i p l i e d  by  t h e  h e i g h t s  t o  g i v e  an i n d e x  o f  b i o m a s s  

p r o d u c t i o n  (=b iom ass  p r o d u c t i o n  i n d e x ) .  A n a l y s e s  o f  

v a r i a n c e  and c o r r e l a t i o n s  w ere  c a l c u l a t e d  f o r  a l l  h e i g h t ,  

b a s a l  d i a m e t e r ,  b i o m a s s  p r o d u c t i o n  i n d e x ,  and o t h e r  g r o w th  

m e a s u r e m e n t s .  F a m i l y  p e r f o r m a n c e s  i n  a l l  a n a l y s e s  w ere  

b a s e d  on t h e  p l o t  m ean  o f  e a c h  f a m i l y  w h i c h  was  e x p r e s s e d  i n  

p e r c e n t  o f  t h e  b l o c k  ( r e p l i c a t e )  mean. F a m i l y  and s p e c i e s  

p e r f o r m a n c e s  w i t h i n ,  and b e tw e e n  g e o g r a p h i c a l  r e g i o n s  o f  

M ic h i g a n  w ere  e v a l u a t e d  f o r  t r e n d s  and g e n o t y p e  x 

e n v i r o n m e n t  i n t e r a c t i o n s .  H e r i t a b i l i t y  e s t i m a t e s  f o r  h e i g h t  

and d i a m e t e r  w e re  d e r i v e d  f rom a n a l y s e s  o f  v a r i a n c e  o f  t h e  

f i r s t  n e s t e d  d e s i g n .  M a le  and f e m a l e  e f f e c t s  w e re  t e s t e d  

and e v a l u a t e d  f o r  t h e  p a r e n t s  u s e d  i n  b o t h  n e s t e d  d e s i g n s .  

A g e -a g e  c o r r e l a t i o n s  w ere  c a l c u l a t e d  f o r  t h e  r e l a t i o n s h i p  o f  

f i r s t - y e a r  n u r s e r y  h e i g h t  t o  t h e  t w o - y e a r - o l d  p l a n t a t i o n  

h e i g h t  d a t a .

RESULTS AND DISCUSSION 

F a m i ly  P e r f o r m a n c e  Among P l a n t a t i o n s

T w o -y ea r  s u r v i v a l  o f  t h e  f a m i l i e s  w i t h i n  e a c h  c r o s s  

( ta x o n )  i s  l i s t e d  i n  T a b l e  2.1 f o r  t h e  t h r e e  b e s t  

p l a n t a t i o n s .  The Russ  F o r e s t  and N e e b i s h  I s l a n d  p l a n t i n g s  

w ere  n o t  l i s t e d  b e c a u s e  m o r t a l i t y  was g r e a t e r  t h a n  50% d u e  

t o  h e r b i c i d e  damage and d r o u g h t .  S u r v i v a l  i n c r e a s e d  w i t h
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d e c r e a s i n g  l a t i t u d e  o f  t h e  p l a n t a t i o n s .  S u r v i v a l  a t  t h e  

Cha tham  p l a n t a t i o n  was s e v e n  and 11 p e r c e n t  l e s s  t h a n  t h a t  

a t  S i x  Lakes  and W a te r  Q u a l i t y  ( E a s t  L a n s i n g ) ,  r e s p e c t i v e l y .  

The f r e e z e - f r e e  p e r i o d  o r  g r o w in g  s e a s o n  a t  Chatham i s  100 

d a y s  com pared  t o  126 d a y s  a t  S ix  La k es  and 151 d a y s  a t  E a s t  

L a n s i n g  (Mich .  D e p t .  A g r i c .  1 9 7 1 ) .  The s h o r t e r  g ro w in g  

s e a s o n  and o t h e r  e n v i r o n m e n t a l  s t r e s s e s  s i g n i f i c a n t l y  

r e d u c e d  t h e  s u r v i v a l  o f  P. X s m i t h i i  f a m i l i e s  a t  Chatham. 

S u r v i v a l  o f  t h e  two n a t i v e  a s p e n s  v a r i e d  l i t t l e  a c r o s s  t h e  

t h r e e  p l a n t a t i o n s .

T a b l e  2 .1 .  T w o -y ea r  s u r v i v a l  i n  p e r c e n t  f o r  a s p e n  t a x a  a t  
t h r e e  p l a n t a t i o n s .

Taxa 
(F em ale  X Male) Chatham 1

P l a n t a t i o n  S i t e

S i x  L a k e s  W a te r  Q u a l i t y

P o p u l u s  t r e m u l o i d e s  
X P.  t r e m u l o i d e s

92 90 97

P. t r e m u l o i d e s
X P .  g r a n d i d e n t a t a

68 89 91

(P .  X r o u l e a u i a n a )
X P. t r e m u l o i d e s

84 88 99

P.  g r a n d i d e n t a t a  
X P. g r a n d i d e n t a t a

72 73 75

P.  g r a n d i d e n t a t a  
X P. t r e m u l o i d e s

72 86 87

(P .  X r o u l e a u i a n a )
X P. g r a n d i d e n t a t a

64 63 79

A l l  Taxa Combined 79 86 90

^ ■ R e p l i c a te s  4 - 6  w ere  n o t  i n c l u d e d  b e c a u s e  o f  h e r b i c i d e  o v e r d o s e .
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R a p id  j u v e n i l e  g r o w th  i s  p o s i t i v e l y  c o r r e l a t e d  w i t h  

a s p e n  s u r v i v a l  ( P a u l e y  e t  al_. 1 9 6 3 a r H a t t e m e r  and  S e i t z  

1967 ,  M e l c h i o r  and S e i t z  19 6 6 ,  M o h rd ie k  1 9 7 9 a ) .  The f a s t e s t  

g r o w in g  f a m i l i e s  i n  t h i s  t e s t  a l s o  had  t h e  l o w e s t  m o r t a l i t y .  

B i g t o o t h  a s p e n  and t h e  h y b r i d s  g rew  p o o r l y  on t h e  Chatham 

s i t e  and c o n s e q u e n t l y ,  s u f f e r e d  s i g n i f i c a n t l y  h i g h e r  

m o r t a l i t y  t h a n  t h e  t r e m b l i n g  a s p e n  f a m i l i e s .  These  

i n i t i a l l y  s l o w - g r o w i n g  s p e c i e s  and h y b r i d s  s h o u l d  n o t  b e  

p l a n t e d  in  a r e a s  w i t h  s e v e r e  c l i m a t i c  c o n d i t i o n s  b e c a u s e  

e a r l y  m o r t a l i t y  i s  l i k e l y  t o  be  h i g h .  H ow ev e r ,  i f  some o f  

t h e s e  f a m i l i e s  become f a s t  g r o w e r s  o n c e  t h e y  a r e  

e s t a b l i s h e d ,  t h e  e a r l y  m o r t a l i t y  c a n  be  c o m p e n s a t e d  f o r  by  

p l a n t i n g  a t  h i g h e r  d e n s i t i e s .

The a n a l y s e s  o f  v a r i a n c e  showed t h a t  d i f f e r e n c e s  i n  

h e i g h t ,  b a s a l  d i a m e t e r ,  and b i o m a s s  p r o d u c t i o n  in d e x  w e re  

s i g n i f i c a n t  (P<.05) f o r  i n d i v i d u a l  f a m i l i e s  and f a m i l i e s -  

w i t h i n - t a x a  a t  a l l  p l a n t a t i o n s  i n  y e a r s  1982 and  1983.  The 

h i g h e s t  f a m i l y  means  f o r  t w o - y e a r  h e i g h t  and d i a m e t e r  a t  t h e  

b e s t  p l a n t a t i o n  (W ater  Q u a l i t y )  w e re  2.8 m e t e r s  and  3.3 cm., 

r e s p e c t i v e l y  ( T a b l e  2 .2 ) .  The h e i g h t  and d i a m e t e r  o f  t h e  

f i v e  t o p  f a m i l i e s  when a v e r a g e d  o v e r  f o u r  p l a n t a t i o n s  w ere  

1.6 m e t e r s  and 1.9 cm., r e s p e c t i v e l y .  E a r l y  g r o w th  o f  t h e s e  

f a m i l i e s  was c o m p a r a b l e  o r  g r e a t e r  t h a n  t h a t  r e p o r t e d  f o r  

p r o m i s i n g  f a m i l i e s  o f  t r e m b l i n g  a s p e n  ( P a u l e y  e t  a l .  1 9 6 3 b ) ,  

h y b r i d  a s p e n  ( P a u l e y  e t  a ^ .  1 9 6 3 c ) ,  t r i p l o i d  h y b r i d  a s p e n  

(Benson and E i n s p a h r  1 9 6 7 ) ,  w h i t e  p o p l a r - b i g t o o t h  h y b r i d s  

( J o h n s o n  1 9 4 2 ) ,  and w h i t e  p o p l a r - a s p e n  t r i h y b r i d s  (Maynard  1 977) .
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T a b l e  2 .2 .  T w o -y e a r  g r o w th  p e r f o r m a n c e  o f  t h e  b e s t  f a m i l y  
and  i n d i v i d u a l  o f  e a c h  a s p e n  t a x o n  a t  t h e  W ate r  
Q u a l i t y  p l a n t a t i o n .

B e s t  F a m i l y  (Mean) B e s t I n d i v i d u a l

Aspen Taxon 1983 H t 1 1983 Diam2 
(cm) (cm)

1983 Ht 
(cm)

1983 Diam 
(cm)

P o p u l u s
t r e m u l o i d e s

273 3 .1 395 4 .6

P .  g r a n d i d e n t a t a 232 2 . 6 345 3 . 8

P .  X s m i t h i i 275 3 .3 435 5 .6

(P .  X r o u l e a u i a n a )
X P .  t r e m u l o i d e s

254 2 . 9 360 4 . 6

^ H e i g h t s  w e re  m e a s u r e d  t o  t h e  n e a r e s t  5 cm.
2 D i a m e t e r s  w ere  m e a s u r e d  a t  5 cm a b o v e  t h e  s o i l  s u r f a c e .

To e v a l u a t e  t h e  g r o w th  p o t e n t i a l  o f  t h e s e  f a m i l i e s ,  t h e  

b i o m a s s  p r o d u c t i o n  i n d e x ,  b a s a l  d i a m e t e r  s q u a r e d  t i m e s  

h e i g h t ,  was u s e d .  C o r r e l a t i o n s  o f  h e i g h t  t o  b a s a l  d i a m e t e r  

w i t h i n  p l a n t a t i o n s  r a n g e d  from .73 t o  .89 and were  

s i g n i f i c a n t  a t  t h e  one  p e r c e n t  p r o b a b i l i t y  l e v e l .  M o h rd ie k  

(1979a)  s u m m ar iz ed  t h e  f i n d i n g s  o f  many P o p u l u s  g e n e t i c  

s t u d i e s  and c o n c l u d e d  t h a t  h e i g h t  i s  h i g h l y  c o r r e l a t e d  w i t h  

d i a m e t e r  f o r  a l l  p o p l a r s .  S i n c e  t h e  c o r r e l a t i o n  b e tw e e n  

h e i g h t  and d i a m e t e r  i s  h i g h  in  p o p l a r s ,  t h e  b i o m a s s  

p r o d u c t i o n  i n d e x  was c o n s i d e r e d  a v a l i d  m e a s u r e  o f  b i o m a s s  

p r o d u c t i v i t y .

The b i o m a s s  p r o d u c t i o n  i n d e x  o f  e a c h  t a x o n  a t  f o u r  

p l a n t a t i o n s  i s  shown i n  T a b l e  2.3.  The number  o f  f a m i l i e s  

o f  e a c h  t a x o n  t h a t  w e re  among t h e  t o p  25 f a m i l i e s  i n  b i o m a s s
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p r o d u c t i o n  i n d e x  a t  e a c h  p l a n t a t i o n  a r e  s u m m ar ized  i n  T a b l e

2 .4 .  The number  o f  t r e m b l i n g  a s p e n  f a m i l i e s  i n  t h e  t o p  25

i n c r e a s e d  w i t h  i n c r e a s i n g  l a t i t u d e  o f  t h e  p l a n t a t i o n  s i t e ,  

w h i l e  t h e  number  o f  h y b r i d  and t r i h y b r i d  f a m i l i e s  i n c r e a s e d  

w i t h  d e c r e a s i n g  l a t i t u d e .  T r e m b l i n g  a s p e n  f a m i l i e s  

c o m p r i s e d  19 o f  t h e  25 b e s t  f a m i l i e s  o v e r a l l .  F a m i l i e s  o f  

t r e m b l i n g  a s p e n  and t h e  t r i h y b r i d  w e re  b e s t  i n  t e r m s  o f  

b i o m a s s  p r o d u c t i o n  in d e x  o v e r  a l l  f o u r  p l a n t a t i o n s .  The 

b e s t  f a m i l y ,  a t r i h y b r i d ,  a v e r a g e d  28% a b o v e  t h e  mean 

b i o m a s s  p r o d u c t i o n  in d e x  f o r  a l l  f a m i l i e s  a t  a g e  two.

T a b l e  2 .3 .  B iom ass  p r o d u c t i o n  in d e x  ( d i a m e t e r ^  X h e i g h t )
i n  % o f  p l a n t a t i o n  mean f o r  f i v e  a s p e n  t a x a  in
f o u r  M ic h i g a n  p l a n t a t i o n s .

P l a n t a t i o n L a t i t u d e AGxT1

Taxon

TT2

(F em a le  X 

TG,GT3

Male)

AGXG4 GG5

___ &______

Chatham 4 6 . 3°N. 114 133 74 66 46
S i x  La k es 4 3 . 5°N. 125 116 81 86 51
W ate r  Q u a l i t y 4 2 . 7°N. 123 116 94 74 61
Russ  F o r e s t 4 2 . 0°N. 160 108 76 86 76

Combined 122 120 84 77 56

1 ( P o p u l u s  a l b a  X £ .  g r a n d i d e n t a t a ) X P .  t r e m u l o i d e s  

2P .  t r e m u l o i d e s  X P .  t r e m u l o i d e s

3P .  t r e m u l o i d e s  X P. g r a n d i d e n t a t a  and t h e  r e c i p r o c a l  c r o s s  

4 (P .  a l b a  X P .  g r a n d i d e n t a t a ) X P .  g r a n d i d e n t a t a  

5P .  g r a n d i d e n t a t a  X P .  g r a n d i d e n t a t a
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T a b l e  2 .4.  Number o f  f a m i l i e s  o f  e a c h  t a x o n  t h a t  c o m p r i s e  
t h e  25 f a m i l i e s  w i t h  t h e  h i g h e s t  b io m a s s  
p r o d u c t i o n  i n d i c e s  a t  e a c h  p l a n t a t i o n .

P l a n t a t i o n  S i t e

Taxon 
(F em a le  X Male) Chatham

S ix
Lakes

W ate r
Q u a l i t y

Russ
F o r e s t Combined

P o p u l u s  t r e m u l o i d e s  
X P .  t r e m u l o i d e s

20 16 12 11 19

(P .  x r o u l e a u i a n a )
X P .  t r e m u l o i d e s

2 4 4 6 4

P .  X s m i t h i i
( p l u s  r e c i p r o c a l )

2 5 7 6 2

(P .  X r o u l e a u i a n a )
X P .  g r a n d i d e n t a t a

- - 1 1 -

P .  g r a n d i d e n t a t a  
X P .  g r a n d i d e n t a t a

1 — 1 1 —

F a m i l y  x S i t e  I n t e r a c t i o n

C o r r e l a t i o n s  b e t w e e n  t a x o n  p e r f o r m a n c e  (b io m a ss  

p r o d u c t i o n  in d e x )  a t  e a c h  p l a n t a t i o n  w i t h  i t s  r e s p e c t i v e  

p e r f o r m a n c e  o v e r  a l l  p l a n t a t i o n s  a r e  l i s t e d  in  T a b l e  2 .5 .

The p e r f o r m a n c e  o f  i n d i v i d u a l  f a m i l i e s  a t  e a c h  p l a n t a t i o n  

s i t e  was s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e i r  a v e r a g e  

p e r f o r m a n c e  o v e r  t h e  f o u r  s i t e s  (r=  .68 t o  . 7 7 ) ,  a l t h o u g h  

b i g t o o t h  a s p e n  f a m i l i e s  a t  S ix  L a k e s  w ere  an e x c e p t i o n .  The 

c o r r e l a t i o n  d a t a  i m p l i e d  t h a t  a l t h o u g h  g e n o t y p e  x s i t e  

i n t e r a c t i o n s  w ere  p r e s e n t ,  t h e y  w ere  n o t  s t r o n g  a t  t h e  

f a m i l y  l e v e l  u n d e r  t h e  p a r t i c u l a r  c o n d i t i o n s  o f  t h i s  t e s t .  

T h e se  f i n d i n g s  a g r e e  w i t h  t h o s e  o f  H a t t e m e r  and S e i t z  (1967) 

who r e p o r t e d  t h a t  f a m i l y  x s i t e  i n t e r a c t i o n s  f o r  h e i g h t  d a t a
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o f  h y b r i d  a s p e n  i n  Germany w e re  n o n - s i g n i f i c a n t .  The 

r e s u l t s  s u g g e s t  t h a t  m o s t  a s p e n  f a m i l i e s  had  good 

c o r r e s p o n d e n c e  in  p e r f o r m a n c e  a t  two y e a r s  a c r o s s  t h e  

e n v i r o n m e n t s  t e s t e d .  T h e r e f o r e ,  t h e  f a s t - g r o w i n g  g e n o t y p e s  

e x p r e s s e d  g r o w th  s u p e r i o r i t y  i n  d i f f e r e n t  e n v i r o n m e n t s .

T a b l e  2 .5 .  C o r r e l a t i o n s  o f  t a x o n  p e r f o r m a n c e  (b io m a s s
p r o d u c t i o n  i n d e x )  a t  e a c h  p l a n t a t i o n  w i t h  mean 
p e r f o r m a n c e  o f  e a c h  t a x o n  f o r  a l l  p l a n t a t i o n s .

Taxon 
(F em a le  X Male)

Number o f  
F a m i l i e s

P l a n t a t i o n  S i t e ^

S ix  W ate r  
Chatham  Lakes  Q u a l i t y

Russ
F o r e s t

P o p u l u s  t r e m u l o i d e s  
X P .  t r e m u l o i d e s

73

------------------------r ---------------

. 6 3  . 6 1  .6 2 .7 4

P .  t r e m u l o i d e s
X P .  g r a n d i d e n t a t a

37 .7 3  .5 8  .86 .7 8

P .  g r a n d i d e n t a t a  
X P .  g r a n d i d e n t a t a

34 .68  - . 0 5  n s  .70 .90

P .  g r a n d i d e n t a t a  
X P .  t r e m u l o i d e s

35 .3 1  ♦ . 7 5  .5 8 .67

A l l  Taxa Combined 179 . 7 7  .7 4  .6 8 .7 1

A l 1 c o r r e l a t i o n  c o e f f i c i e n t s  w i t h o u t  a s t e r i s k s  a r e  
s i g n i f i c a n t  a t  t h e  1 p e r c e n t  l e v e l .

♦ S i g n i f i c a n t  a t  t h e  5 p e r c e n t  l e v e l ,  
n s  N o n - s i g n i f i c a n t  a t  t h e  5 p e r c e n t  l e v e l .

T r e m b l i n g  a s p e n  and t r i h y b r i d  f a m i l i e s  had s i m i l a r  

b i o m a s s  p r o d u c t i o n  i n d i c e s  and e x h i b i t e d  g r o w th  r a t e s  t h a t  

e x c e e d e d  t h e  mean a t  a l l  p l a n t a t i o n s .  H ow ever ,  t r e m b l i n g  

a s p e n  f a m i l i e s  were  s u p e r i o r  in  g r o w th  and s u r v i v a l  t o  a l l
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o t h e r  a s p e n  t a x a  a t  Chatham  (Upper P e n i n s u l a ) ,  w h e r e a s  

t r i h y b r i d  f a m i l i e s  g rew  t h e  b e s t  a t  t h e  t h r e e  Lower 

P e n i n s u l a  p l a n t a t i o n s .  T r e m b l i n g  a s p e n  f a m i l i e s  d i d  w e l l  i n  

t h e  Upper P e n i n s u l a  b e c a u s e  t h e  s p e c i e s  i s  more  a d a p t e d  to  

n o r t h e r n  c l i m a t e s  t h a n  t h e  o t h e r  t a x a  t e s t e d .  P e r f o r m a n c e  

o f  t r e m b l i n g  a s p e n  f a m i l i e s  i n  r e l a t i o n  t o  t h e  o t h e r  a s p e n  

t a x a  i n c r e a s e d  w i t h  i n c r e a s i n g  l a t i t u d e  o f  t h e  p l a n t a t i o n  

s i t e .

The p e r f o r m a n c e  o f  t r e m b l i n g  a s p e n  f a m i l i e s  f rom s i t e  

t o  s i t e  d i f f e r e d  f rom  t h o s e  o f  b i g t o o t h  a s p e n  and t h e  

t r i h y b r i d ,  P. X r o u l e a u i a n a  X P.  t r e m u l o i d e s . The P. 

X r o u l e a u i a n a  b a c k c r o s s e s  w e re  n o t  w e l l  a d a p t e d  t o  t h e  

s h o r t e r  g r o w in g  s e a s o n  and c o l d e r  t e m p e r a t u r e s  a t  Chatham.  

The P. a l b a  l i n e a g e  i n  t h i s  c r o s s  p r o b a b l y  o r i g i n a t e d  in  

C e n t r a l  o r  S o u t h e r n  E u ro p e  and was l e s s  e c o l o g i c a l l y  

a d a p t a b l e  i n  t h e  U pper  P e n i n s u l a  t h a n  t h e  n a t i v e  a s p e n s .

T h i s  h y b r i d  d i d  p e r f o r m  w e l l  in  t h e  Lower P e n i n s u l a  

p l a n t a t i o n s ,  p o s s i b l y  b e c a u s e  o f  t h e  m i l d e r  c l i m a t e .  A l l  

o t h e r  h y b r i d  t a x a  p e r f o r m e d  b e l o w  t h e  mean a t  t h e  f o u r  

s i t e s .  T h e se  h y b r i d s  may be  l a t e  s t a r t e r s ,  o r  a r e  m ore  s i t e  

s p e c i f i c  s i n c e  t h e i r  p e r f o r m a n c e  v a r i e d  m a r k e d l y  w i t h  s i t e .  

B i g t o o t h  a s p e n  g rew  p o o r l y  a t  a l l  s i t e s ,  b u t  g r o w th  was 65 

p e r c e n t  b e t t e r  a t  t h e  s o u t h e r n m o s t  p l a n t a t i o n  (Russ F o r e s t )  

t h a n  a t  t h e  n o r t h e r n m o s t  one  (Chatham).  In  g e n e r a l ,  

t r e m b l i n g  a s p e n  f a m i l i e s  g rew  b e s t  on n o r t h e r n  M ic h i g a n  

s i t e s ,  and h y b r i d  and b i g t o o t h  a s p e n  f a m i l i e s  g rew  b e t t e r  on 

s o u t h e r n  M ic h i g a n  s i t e s .
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The u n i d i r e c t i o n a l  c l i n e s  i n  r e l a t i v e  p e r f o r m a n c e  o f  

t r e m b l i n g ,  b i g t o o t h ,  and t r i h y b r i d  a s p e n  f rom  n o r t h e r n  t o  

s o u t h e r n  p l a n t a t i o n s  w ere  u n d o u b t e d l y  i n f l u e n c e d  b y  t h e  

l a t i t u d e  and c l i m a t e  o f  t h e  p l a n t i n g  s i t e .  Once t h e  

a p p r o p r i a t e  s p e c i e s  o r  h y b r i d  i s  c h o s e n  f o r  a s p e c i f i c  

c l i m a t i c  r e g i o n ,  f a m i l y  s e l e c t i o n  c a n  t h e n  b e  b a s e d  on t h e  

a v e r a g e  p e r f o r m a n c e  f o r  a l l  p l a n t a t i o n s  w i t h i n  t h a t  r e g i o n .  

From t h i s  s t u d y ,  t r e m b l i n g  a s p e n  f a m i l i e s  w o u ld  be s e l e c t e d  

f o r  t h e  Upper  P e n i n s u l a  and c o l d  r e g i o n s  o f  t h e  Lower 

P e n i n s u l a ,  w h e r e a s  t r i h y b r i d  f a m i l i e s  w o u ld  be p l a n t e d  

t h r o u g h o u t  t h e  o t h e r  a r e a s  o f  t h e  Lower P e n i n s u l a .  

G e o g r a p h i c  S i g n i f i c a n c e  o f  P a r e n t

P a u l e y  e t  al^. (1963a) f o u n d  t h a t  P. t r e m u l a  f a m i l i e s  

f rom  C e n t r a l  E u ro p e  g rew  f a s t e r  t h a n  N o r t h e r n  E u r o p e a n  

f a m i l i e s  i n  W e s to n ,  M a s s a c h u s e t t s .  In  t h i s  t e s t ,  t h e  20 

b e s t  f a m i l i e s  o v e r a l l  w e re  p r o d u c e d  by  35 p a r e n t s  (17 

f e m a l e s  and 18 m a l e s )  r e p r e s e n t i n g  26 w i d e l y  d i s p e r s e d  

c o u n t i e s .  F a m i l i e s  f rom  t h e  206 in  t h e  p r o g e n y  t e s t  t h a t  

i n c l u d e d  a t r e m b l i n g  a s p e n  p a r e n t  f rom  n o r t h e r n  Lower 

M ic h i g a n  ( a b o v e  L a t .  43.8°N) g rew  two p e r c e n t  l a r g e r  t h a n  

f a m i l i e s  w i t h  Upper  P e n i n s u l a  t r e m b l i n g  a s p e n  p a r e n t s ,  and 

f i v e  p e r c e n t  l a r g e r  t h a n  f a m i l i e s  w i t h  s o u t h e r n  Lower 

M ic h i g a n  ( b e lo w  L a t .  43.8°N) t r e m b l i n g  a s p e n  p a r e n t s .  

F a m i l i e s  t h a t  had b i g t o o t h  a s p e n  p a r e n t s  f rom s o u t h e r n  Lower 

M ic h i g a n  g rew  two t o  t e n  p e r c e n t  l a r g e r  t h a n  f a m i l i e s  w i t h  

b i g t o o t h  a s p e n  p a r e n t s  f rom n o r t h e r n  Lower M ic h i g a n  and t h e  

Upper  P e n i n s u l a .  The b e s t  h y b r i d  f a m i l i e s  (£ .  X s m i t h i i )
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w e r e  p r o d u c e d  f rom  p a r e n t s  o f  b o t h  s p e c i e s  t h a t  w ere  l o c a t e d  

in  s o u t h e r n  Lower M ic h i g a n .  T h e se  f a m i l i e s  g rew  two t o  

e i g h t  p e r c e n t  l a r g e r  t h a n  d i d  h y b r i d s  w i t h  p a r e n t s  f rom 

n o r t h e r n  Lower M ic h i g a n  and t h e  Upper P e n i n s u l a .

F i n d i n g  an e x i s t i n g  n a t u r a l  a s p e n  p o p u l a t i o n  (50-100  

c l o n e s )  w i t h  s u p e r i o r  g ro w th  w o u ld  i n c r e a s e  t h e  g a i n  t h a t  

w o u ld  be a c h i e v e d  i n  t h e  f i r s t  b r e e d i n g  c y c l e .  H ow ev er ,  t h e  

c l o n a l  n a t u r e  o f  a s p e n  ( B a r n e s  1 9 6 6 ,  Kemperman 1976) and i t s  

l a r g e  g e n e t i c  v a r i a b i l i t y  w o u ld  n e c e s s i t a t e  a s a m p l e  s i z e  so 

l a r g e  t h a t  i t  w o u ld  be  i m p r a c t i c a l  t o  p r o g e n y  t e s t .  T h i s  

s t u d y  c o n t a i n e d  h a l f - s i b  and f u l l - s i b  p r o g e n y  f ro m  125 

c l o n e s  r e p r e s e n t i n g  43 c o u n t i e s .  The number  o f  f a m i l i e s  

(206) u s e d  in  t h i s  t e s t  was i n a d e q u a t e  t o  e s t i m a t e  t h e  

w i t h i n ,  and b e t w e e n  s t a n d  v a r i a t i o n  o f  t h e  two s p e c i e s .  

F u r t h e r m o r e ,  t h e  f a i l u r e  o f  some 50 o t h e r  c l o n e s  t o  p r o d u c e  

p r o g e n y  r e d u c e d  t h e  e f f i c a c y  o f  t h e  m a t i n g  d e s i g n s  t o  d e t e c t  

g e n e t i c  v a r i a t i o n .

Even  t h o u g h  s u p e r i o r  a s p e n  s t a n d s  w e re  n o t  i d e n t i f i e d ,  

t h e  g e n e r a l  g e o g r a p h i c  l o c a t i o n  o f  t h e  p a r e n t s  was i m p o r t a n t  

t o  t h e  p e r f o r m a n c e  o f  t h e  c r o s s e s .  Okafo  (1976) fo u n d  t h a t  

w e s t e r n  Upper  P e n i n s u l a  s o u r c e s  o f  b i g t o o t h  and t r e m b l i n g  

a s p e n  grow f a s t e r  u n d e r  g r e e n h o u s e  c o n d i t i o n s  t h a n  o t h e r  

M ic h i g a n  s o u r c e s .  O t h e r  a s p e n  r e s e a r c h e r s  ( B a r n e s  1959 ,  

P a u l e y  e t  a l .  1 9 6 3 a ,  J o h n s s o n  1976 ,  M e l c h i o r  and S e i t z  1966) 

h a v e  fo u n d  t h a t  a s p e n  p a r e n t s  f rom s p e c i f i c  g e o g r a p h i c  

r e g i o n s  p r o d u c e  t h e  b e s t  p r o g e n y .  In  t h i s  s t u d y ,  t h e  b e s t  

b i g t o o t h  and t r e m b l i n g  a s p e n  p a r e n t s  came f rom  n o r t h e r n  and
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s o u t h e r n  Lower M i c h i g a n ,  r e s p e c t i v e l y .  S i n c e  t r e m b l i n g  

a s p e n  i s  a b o r e a l  s p e c i e s ,  t h e  c l i m a t e  and s o i l s  o f  n o r t h e r n  

Lower M ic h i g a n  a r e  s i m i l a r  t o  t h e  n o r t h e r n  r a n g e  o f  t h e  

s p e c i e s .  S o u t h e r n  Lower M i c h i g a n ,  h o w e v e r ,  h a s  s o i l s  and 

c l i m a t e  t h a t  a r e  l e s s  r e p r e s e n t a t i v e  o f  t h e  b o r e a l  h a b i t a t  

o f  t r e m b l i n g  a s p e n .  G e n e r a l l y ,  p o p u l u s  p r o g e n i e s  f rom 

n o r t h e r n  l a t i t u d e s  grow p o o r l y  a t  l o w e r  l a t i t u d e s  b e c a u s e  

t h e  s h o r t e r  p h o t o p e r i o d  and warmer t e m p e r a t u r e s  a r e  t h o u g h t  

t o  i n d u c e  g r o w th  c e s s a t i o n  ( P a u l e y  and P e r r y  1954) .  T h i s  

t r e n d  was a p p a r e n t  i n  some f a m i l i e s ,  b u t  was r e l a t i v e l y  

i n s i g n i f i c a n t  du e  t o  t h e  l a r g e  v a r i a t i o n  in  p h e n o l o g y  w i t h i n  

e a c h  g e o g r a p h i c  p o p u l a t i o n .  H ow ever ,  o n l y  one  o f  t h e  f o u r  

m e a s u re d  p l a n t a t i o n  s i t e s  was i n  t h e  Upper  P e n i n s u l a ;  

c o n s e q u e n t l y ,  t h e  two p e r c e n t  l o w e r  g r o w t h  r a t e  o f  f a m i l i e s  

w i t h  t r e m b l i n g  a s p e n  p a r e n t s  f rom  t h e  Upper P e n i n s u l a  may 

p a r t i a l l y  be  a t t r i b u t e d  t o  t h i s  l a t i t u d i n a l  e f f e c t .

I n  c o n t r a s t  t o  t r e m b l i n g  a s p e n ,  b i g t o o t h  a s p e n  g row s  on 

d r i e r  s i t e s  and t o l e r a t e s  warmer t e m p e r a t u r e s .  B i g t o o t h  

a s p e n  a p p e a r s  t o  o c c u r  more f r e q u e n t l y  t h a n  t r e m b l i n g  a s p e n  

on t h e  f a r m l a n d  o f  M i c h i g a n ' s  s o u t h e r n  t i e r  c o u n t i e s  

( R e i g h a r d ,  p e r s o n a l  o b s e r v a t i o n ) .  The h i g h e r  g r o w th  r a t e s  

o f  b i g t o o t h  f a m i l i e s  f rom  s o u t h e r n  M ic h ig a n  may be  due  to  

t h e  commonly o b s e r v e d  g e n e t i c  t r e n d  t h a t  s o u t h e r n  

p o p u l a t i o n s  o f  many t r e e  s p e c i e s  s a c r i f i c e  c o l d  h a r d i n e s s  

f o r  f a s t e r  g r o w th  r a t e s  ( W r ig h t  1 9 7 6 ) ,  o r  i t  may be  t h a t  t h e  

l o n g e r  l e a f  r e t e n t i o n  o f  t h e  s o u t h e r n  s o u r c e s  ( R e i g h a r d ,
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u n p u b l i s h e d  d a t a )  i s  an a d v a n t a g e  b e c a u s e  o f  autumn 

p h o t o s y n t h e s i s .

The b e s t  h y b r i d  f a m i l i e s  had  p a r e n t s  o f  b o t h  s p e c i e s  

from s o u t h e r n  Lower M ic h i g a n .  B a r n e s  (1961) and A n d r e j a k  

and B a r n e s  (1969) h a v e  r e p o r t e d  t h a t  n a t u r a l  h y b r i d i z a t i o n  

i s  c u r r e n t l y  o c c u r r i n g  b e t w e e n  b i g t o o t h  and t r e m b l i n g  a s p e n  

i n  s o u t h e r n  M i c h i g a n .  Due t o  t h i s  g e n e  f l o w  b e tw e e n  t h e  two 

s p e c i e s ,  t h e  s o u t h e r n  M ic h i g a n  p o p u l a t i o n s  o f  t h e s e  s p e c i e s  

p r o b a b l y  s h a r e  more g e n e s  t h a n  do t h e i r  n o r t h e r n  M ic h ig a n  

p o p u l a t i o n s .  T h i s  i n t r o g r e s s i o n  may r e d u c e  t h e  d e g r e e  o f  

chromosome n o n - h o m o lo g y  in  h y b r i d  f a m i l i e s  t h a t  a r e  p r o d u c e d  

from s o u t h e r n  M ic h i g a n  p a r e n t s  b e c a u s e  many n o n - v i g o r o u s  

h y b r i d s  i n  t h e  p l a n t a t i o n s  s u f f e r e d  f rom  a d y s g e n e s i s  

syndrom e w h ic h  i n c l u d e d  c h l o r o p h y l l  b r e a k d o w n ,  bud  a b o r t i o n ,  

and  s h o o t  o r  w h o le  t r e e  d e a t h .  P a u l e y  e t  al^. (1963c)  fo und  

a s i m i l a r  t y p e  o f  p h y s i o l o g i c a l  ‘b re a k d o w n  when he  r e p o r t e d  

t h a t  39 o f  41 p r o g e n y  o f  a h y b r i d  a s p e n  f a m i l y  d i e d  a t  a g e  

e i g h t  f rom  unknown c a u s e s .  T h e se  p h y s i o l o g i c a l  a b n o r m a l ­

i t i e s  and P e t o ' s  (1938) f i n d i n g s  t h a t  h y b r i d  a s p e n  p r o g e n i e s  

commonly h a v e  c h ro m o so m a l  i r r e g u l a r i t i e s  s u c h  a s  u n i v a l e n t s  

and t r i v a l e n t s  c a s t s  s u s p i c i o n  on t h e  f i t n e s s  o f  h y b r i d  

a s p e n  o v e r  an e n t i r e  r o t a t i o n  p e r i o d .

G e o g r a p h i c  S e p a r a t i o n  o f  P a r e n t  S t a n d s

C e r t a i n  f a s t - g r o w i n g  h y b r i d  a s p e n  p r o g e n i e s  ( i e .  P^ a l b a  

X £ .  g r a n d i d e n t a t a  o r  P. g l a n d u l o s a ; P. t r e m u l a  X P. 

t r e m u l o i d e s ) h a v e  b e e n  p r o d u c e d  b y  c r o s s i n g  L euce  p o p l a r s  

t h a t  w e re  g e o g r a p h i c a l l y  and e c o l o g i c a l l y  d i s j u n c t  ( Z s u f f a
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1 973) .  H i g h l y  p r o d u c t i v e  f a m i l i e s  h a v e  a l s o  b e e n  p r o d u c e d  

by h y b r i d i z i n g  t h e  s y m p a t r i c  s p e c i e s  P. a l b a  and P. t r e m u l a  

(M o h rd iek  1979b) and a l l o p a t r i c  p o p u l a t i o n s  o f  P. t r e m u l a  

( J o h n s s o n  1 9 5 6 ) .  In  t h i s  s t u d y ,  t h e r e  w e re  no a p p a r e n t  

t r e n d s  i n  t h e  b i o m a s s  p r o d u c t i o n  i n d i c e s  o f  t h e  f u l l - s i b  

f a m i l i e s  o f  t r e m b l i n g  and h y b r i d  a s p e n  in  r e l a t i o n  to  t h e  

g e o g r a p h i c  d i s t a n c e  b e tw e e n  t h e i r  p a r e n t s  ( T a b l e  2 .6 ) .  

H ow ever ,  t h e r e  was a s m a l l  d e c r e a s e  i n  t h e  b io m a s s  

p r o d u c t i o n  in d e x  o f  b i g t o o t h  a s p e n  f a m i l i e s  w i t h  i n c r e a s i n g  

g e o g r a p h i c  d i s t a n c e  b e tw e e n  t h e  p a r e n t s .  T h i s  t r e n d  had a 

s i g n i f i c a n t  (P<.05)  c o r r e l a t i o n  o f  - . 2 5 .

J o h n s s o n  (1956) and M uh le  L a r s e n  (1970)  h a v e  assumed 

t h a t  n o n - a d d i t i v e  g e n e t i c  v a r i a n c e  ( h e t e r o s i s )  was 

r e s p o n s i b l e  f o r  t h e  g r o w th  s u p e r i o r i t y  o f  h y b r i d s  b e tw e e n  

g e o g r a p h i c a l l y  i s o l a t e d  a s p e n  s p e c i e s  and p o p u l a t i o n s .  The 

a b s e n c e  o f  h e t e r o s i s  i n  t h e  p r o g e n y  t h a t  w e re  p r o d u c e d  by 

c r o s s i n g  g e o g r a p h i c a l l y  d i s t a n t  p o p u l a t i o n s  o f  t r e m b l i n g  

a s p e n  may be  a t t r i b u t e d  t o  g e n e  f l o w  o c c u r r i n g  b e tw e e n  t h e  

t r e m b l i n g  a s p e n  p o p u l a t i o n s  i n  M ic h i g a n .  On t h e  o t h e r  h a n d ,  

a d d i t i v e  g e n e t i c  v a r i a n c e  (M o h rd iek  1980) h a s  b e e n  r e p o r t e d  

i n  g r o w th  t r a i t s  o f  a s p e n .  I f  a d d i t i v e  e f f e c t s  w e re  i n d e e d  

i m p o r t a n t  i n  t h e  p e r f o r m a n c e  o f  o u t s t a n d i n g  h y b r i d  f a m i l i e s ,  

t h e  v a r i a t i o n  w i t h i n  M i c h i g a n ' s  a s p e n  p o p u l a t i o n s  may h a v e  

b e e n  e q u a l  t o  o r  g r e a t e r  t h a n  t h e  v a r i a t i o n  b e tw e e n  

p o p u l a t i o n s .  The l a r g e  g e n e t i c  v a r i a t i o n  w i t h i n  a s p e n  

p o p u l a t i o n s  h a s  b e e n  w e l l  d o c u m e n te d  by B a r n e s  ( 1 9 6 9 ) ,  

C h e l i a k  and D a n c ik  (1 9 8 2 ) ,  and many o t h e r s .  T h e r e f o r e ,
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maximum g e n e t i c  g a i n  c o u l d  be  a c h i e v e d  f rom  s e l e c t i n g  w i t h i n  

one  l a r g e ,  g e n e t i c a l l y  t e s t e d  p o p u l a t i o n .

T a b l e  2 .6 .  B io m ass  p r o d u c t i o n  in d e x  in  % o f  r e p l i c a t e  mean 
o f  f a m i l i e s - w i t h i n - t a x a  i n  r e l a t i o n  t o  t h e  
g e o g r a p h i c  d i s t a n c e  b e t w e e n  p a r e n t s .

D i s t a n c e  (Km) 
Be tw een  
P a r e n t s

P .  t r e m u l o i d e s  
X

P.  t r e m u l o i d e s

P a r e n t a l  Taxon

P. g r a n d i d e n t a t a  
X

P. g r a n d i d e n t a t a P. X s m i t h i i

O p e n - p o l l i n a t e d 114 77
1 -1 7 5 132 50 84

1 7 6 -3 2 5 121 46 90
3 2 6 -6 5 0 130 45 76

A v e r a g e 121 59 84

The s l o w e r  g r o w t h  o f  many JP. X s m i t h i i  f a m i l i e s  

when com pared  t o  p r o m i s i n g  a s p e n  h y b r i d s  s u c h  a s  P. 

X r o u l e a u i a n a  may be  i n d i r e c t l y  t h e  r e s u l t  o f  t h e  p h e n o l o g i c a l  

i s o l a t i o n  o f  b i g t o o t h  and t r e m b l i n g  a s p e n  ( P r e g i t z e r  and 

B a r n e s  1980) o v e r  much o f  t h e i r  M ic h i g a n  r a n g e s .  T h i s  

p h e n o l o g i c a l  b a r r i e r  t o  i n t r o g r e s s i o n  e x e r t s  upon e a c h  

s p e c i e s  a fo rm  o f  a s s o r t a t i v e  m a t i n g  w h ich  h a s  b e e n  

d e m o n s t r a t e d  b y  G r e g o r i u s  (1980) t o  be  a p r o c e s s  t h a t  

i n c r e a s e s  t h e  r a t e  o f  chromosome e v o l u t i o n  v i a  a l l e l i c  

m u t a t i o n s  and u l t i m a t e l y  l e a d s  t o  c h a n g e s  i n  ch ro m o so m a l  

ho m o lo g y  b e t w e e n  two p o p u l a t i o n s  o r  s p e c i e s .  The 

c h ro m o so m al  i r r e g u l a r i t i e s  i n  t h i s  h y b r i d  w ere  p r o b a b l y  

r e s p o n s i b l e  f o r  i t s  i n f e r i o r  f i t n e s s  i n  t h e  p r o g e n y  t e s t .  

H ow ever ,  a n o t h e r  e x p l a n a t i o n  f o r  t h e  l a c k  o f  v i g o r  i n  P.
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X s m i t h i i  i s  t h a t  b o t h  p a r e n t  s p e c i e s  may h a v e  e v o l v e d  u n d e r  

s i m i l a r  e n v i r o n m e n t a l  c o n d i t i o n s  i n  e a s t e r n  N o r t h  A m e r i c a ,  

and  t h e r e f o r e ,  may b e  more  a l i k e  g e n e t i c a l l y  t h a n  o t h e r  

a s p e n  s p e c i e s  u s e d  t o  p r o d u c e  h y b r i d s .  We do n o t  know why 

i n c r e a s e d  g e o g r a p h i c  d i s t a n c e  b e t w e e n  b i g t o o t h  p a r e n t s  

r e d u c e d  p r o g e n y  p e r f o r m a n c e ,  b u t  s a m p l i n g  e r r o r  d u e  t o  t h e  

low  number  (34) o f  f a m i l i e s  a n a l y z e d  c a n n o t  be  r u l e d  o u t .

O p e n - p o l l i n a t e d  f a m i l i e s  o f  t r e m b l i n g  a s p e n  ( T a b l e  2.6) 

d i d  n o t  p e r f o r m  a s  w e l l  a s  f u l l - s i b  f a m i l i e s .  The o p p o s i t e  

was t r u e  f o r  b i g t o o t h  a s p e n .  The b i o m a s s  p r o d u c t i o n  i n d e x  

o f  t h e  o p e n - p o l l i n a t e d  f a m i l i e s  o f  t r e m b l i n g  a s p e n  was 13 

p e r c e n t  b e l o w  t h e  mean b i o m a s s  p r o d u c t i o n  i n d e x  o f  i t s  f u l l -  

s i b s .  In  c o n t r a s t  t o  t r e m b l i n g  a s p e n ,  t h e  o p e n - p o l l i n a t e d  

f a m i l i e s  o f  b i g t o o t h  a s p e n  g rew  29 p e r c e n t  b e t t e r  t h a n  i t s  

f u l l - s i b s .  F a rm e r  and  B a r n e s  (1 9 7 8 ) ,  h o w e v e r ,  f o u n d  t h a t  

o p e n - p o l l i n a t e d  f a m i l i e s  o f  t r e m b l i n g  a s p e n  showed no more 

g e n e t i c  v a r i a t i o n  t h a n  f u l l - s i b  f a m i l i e s .  S i n c e  o p e n -  

p o l l i n a t e d  f a m i l i e s  u s u a l l y  h a v e  more  t h a n  one  m a l e  p a r e n t  

and f u l l - s i b  f a m i l i e s  a r e  f a t h e r e d  by  o n e  m a l e  p a r e n t ,  i t  

w o u ld  b e  e x p e c t e d  t h a t  h a l f - s i b  f a m i l i e s  w o u ld  show more 

v a r i a t i o n  in  p h e n o t y p i c  t r a i t s .  We do n o t  know why t h e  

number o f  p o l l e n  p a r e n t s  p e r  f a m i l y  a f f e c t e d  e a c h  s p e c i e s  i n  

a d i f f e r e n t  m a n n e r .

H e r i t a b i l i t y  and  G e n e r a l  C o m b in in g  A b i l i t y

H e i g h t  and d i a m e t e r  a n a l y s e s  o f  t h e  two n e s t e d  d e s i g n s  

showed t h a t  t h e  f e m a l e - w i t h i n - m a l e  v a r i a n c e  co m p o n en t  was 

s i g n i f i c a n t  (P < .0 1 ) , b u t  t h e  m a l e  c o m ponen t  was n o t .
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N a r r o w - s e n s e  h e r i t a b i l i t i e s  f o r  h e i g h t  (h 2=.31) and d i a m e t e r  

(h2 =.39) w e re  o b t a i n e d  f rom  t h e  v a r i a n c e  c o m p o n e n t s  o f  t h e  

f i r s t  n e s t e d  d e s i g n  w h ich  i n c l u d e d  d a t a  f rom  a s i n g l e  

p l a n t a t i o n .  H e r i t a b i l i t i e s  c o u l d  n o t  b e  o b t a i n e d  f rom  t h e  

s e c o n d  d e s i g n  w h ich  i n c l u d e d  d a t a  f rom  t h r e e  p l a n t a t i o n s  

b e c a u s e  o f  n e g a t i v e  mean s q u a r e s  f rom  i n s u f f i c i e n t  

o b s e r v a t i o n s  i n  t h e  s a m p l i n g  p r o c e d u r e s .

The f i r s t  n e s t e d  d e s i g n  g a v e  r e l a t i v e l y  l a r g e  n a r r o w -  

s e n s e  h e r i t a b i l i t i e s  ( a d d i t i v e  g e n e t i c  v a r i a n c e )  f o r  h e i g h t  

and d i a m e t e r .  The t r u e  h e r i t a b i l i t y  o f  t h e s e  t r a i t s  i s  much 

l e s s  b e c a u s e  t h e  g e n o t y p e  x e n v i r o n m e n t  i n t e r a c t i o n  v a r i a n c e  

c o u l d  n o t  be  p a r t i t i o n e d  o u t .  E i n s p a h r  e t  a ] . .  (1967)

r e p o r t e d  s i m i l a r  n a r r o w - s e n s e  h e r i t i b i l i t i e s  o f  .24 ( h e i g h t )  

and  .35 ( d i a m e t e r )  f o r  f u l l - s i b  f a m i l i e s  o f  t r e m b l i n g  a s p e n .  

L i k e w i s e ,  t h e i r  h e r i t a b i l i t i e s  w ere  b a s e d  on a s i n g l e  t e s t  

p l a n t a t i o n .

The n e s t e d  d e s i g n  a n a l y s e s  show t h a t  s e l e c t i o n  o f  t h e  

f e m a l e  p a r e n t  was i m p o r t a n t  i n  t h e  m a t i n g  d e s i g n .  The 

c h o i c e  o f  t h e  m a l e  p a r e n t ,  h o w e v e r ,  was n o t  f o u n d  t o  be 

s t a t i s t i c a l l y  i m p o r t a n t .  T h i s  may b e  d u e  t o  a s t r o n g  

m a t e r n a l  e f f e c t  o r  e x p e r i m e n t a l  e r r o r .  The l a t t e r  i s  

assum ed  b e c a u s e  M o h rd ie k  (1979b) r e p o r t e d  t h a t  b o t h  t h e  

m a t e r n a l  and p a t e r n a l  p a r e n t s  w ere  i m p o r t a n t  i n  c r o s s e s  o f  

P. t r e m u l a  and  p. t r e m u l o i d e s , and i n  t h e  n e s t e d  d e s i g n s ,  

t h e  b e t t e r  m a l e s  p o s s e s s e d  good g e n e r a l  c o m b in in g  a b i l i t y  

(GCA). The t o p  m a l e  i n  d e s i g n s  1 and  2 had  a  g e n e r a l  

c o m b in in g  a b i l i t y  (GCA) o f  18.5  and 7 .9  u n i t s  a b o v e  t h e
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mean,  r e s p e c t i v e l y .  In  Germany,  H a t t e m e r  and  S e i t z  (1967) 

f o u n d  t h e  GCA o f  p a t e r n a l  a s p e n  p a r e n t s  t o  b e  t h r e e  t o  f i v e  

t i m e s  t h e  GCA o f  t h e  m a t e r n a l  a s p e n  p a r e n t s  i n  d i a l  l e i  

c r o s s e s .  T h ese  a n a l y s e s  and t h e  t h e  n a r r o w - s e n s e  

h e r i t a b i l i t y  d a t a  s u g g e s t  t h a t  m a t i n g  d e s i g n s  t h a t  s c r e e n  

f o r  a d d i t i v e  g e n e t i c  v a r i a n c e  s h o u l d  be  u sed  to  i m p ro v e  t h e  

b r e e d i n g  p o p u l a t i o n  o f  L euce  p o p l a r s .

A g e -a g e  C o r r e l a t i o n s

A g e - a g e  c o r r e l a t i o n s  b e t w e e n  n u r s e r y  h e i g h t  and t h e  

a v e r a g e  t w o - y e a r  f i e l d  h e i g h t  w i t h i n  e a c h  c r o s s  a r e  

p r e s e n t e d  in  T a b l e  2 .7 .  M o h rd ie k  (1979a)  fo u n d  p o s i t i v e  

a g e - a g e  c o r r e l a t i o n s  o f  .46 b e t w e e n  y e a r s  one and  20 and .83 

b e t w e e n  y e a r s  n i n e  and 20 f o r  g r o w t h  t r a i t s  i n  a s p e n .

A f t e r  e v a l u a t i n g  d a t a  f ro m  36 a s p e n  p r o g e n y  t r i a l s ,  he 

recommended t h e  e i g h t h  y e a r  a s  t h e  e a r l i e s t  t i m e  t o  b e g i n  

i n t e n s i v e  s e l e c t i o n .  The a g e - a g e  c o r r e l a t i o n  in  t h i s  s t u d y  

b e t w e e n  n u r s e r y  h e i g h t  g r o w t h  and t h e  h e i g h t  g r o w th  a f t e r  

two f i e l d  g r o w in g  s e a s o n s  f o r  a l l  a s p e n  f a m i l i e s  a s  a g r o u p  

was s i g n i f i c a n t  ( P < . 05) b u t  somewhat lo w  ( r = .4 8 ) .

F a m i l i e s  o f  t r e m b l i n g  a s p e n  and t h e  t r i h y b r i d  had  

s i g n i f i c a n t  a g e - a g e  c o r r e l a t i o n s ,  i n  c o n t r a s t  t o  n o n ­

s i g n i f i c a n t  o n e s  f o r  b i g t o o t h  a s p e n  f a m i l i e s .  Taxa w i t h  

b i g t o o t h  a s p e n  a s  t h e  f e m a l e  p a r e n t  w ere  n o t  s i g n i f i c a n t l y  

c o r r e l a t e d ,  b u t  t h e  o p p o s i t e  was t r u e  f o r  t r e m b l i n g  a s p e n  a s  

t h e  f e m a l e  p a r e n t .  The a g e - a g e  c o r r e l a t i o n  o f  f a m i l i e s  w i t h  

a t r e m b l i n g  a s p e n  f e m a l e  was l e s s  s i g n i f i c a n t l y  c o r r e l a t e d  

(P<.05)  i f  t h e  m a l e  p a r e n t  was b i g t o o t h  a s p e n .  One
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e x p l a n a t i o n  f o r  t h e  d a t a  i s  t h a t  f a m i l i e s  o f  t r e m b l i n g  a s p e n  

and t h e  t r i h y b r i d  w e re  f a s t  g r o w e r s  t h e  f i r s t  few y e a r s  f rom 

s e e d ,  w h e r e a s  b i g t o o t h  a s p e n  was a s l o w  g ro w e r  f o r  t h e  f i r s t  

two y e a r s .  In  t h e  s e c o n d  g r o w in g  s e a s o n  i n  t h e  f i e l d  ( t h r e e  

y e a r s  f rom  s e e d ) ,  b i g t o o t h  a s p e n  b e g a n  t o  grow a s  r a p i d l y  a s  

t r e m b l i n g  a s p e n .  T h i s  i n i t i a l  s l o w  s t a r t  w o u ld  e x p l a i n  why 

t a x a  w i t h  b i g t o o t h  a s p e n  p a r e n t s  h ad  lo w  and n o n - s i g n i f i c a n t  

a g e - a g e  c o r r e l a t i o n s  a t  an e a r l y  a g e .  H y b r i d s  c o n t a i n i n g  

E u ro p e a n  w h i t e  p o p l a r  (P. a l b a ) p a r e n t a g e  had  t h e  l a r g e s t  

a g e - a g e  c o r r e l a t i o n  o f  a l l  t h e  t a x a  and w ere  t h e  f a s t e s t  

g r o w in g  i n  t h e  n u r s e r y  and t h e  f i e l d  p l a n t i n g s .

T a b l e  2 .7 .  A g e -a g e  c o r r e l a t i o n s  o f  t h e  mean f a m i l y  h e i g h t  
i n  t h e  n u r s e r y  w i t h  t h e  mean f a m i l y  h e i g h t  
a v e r a g e d  o v e r  f o u r  p l a n t a t i o n s .

Taxon F a m i l i e s
(F em ale  X Male) P er  Taxon C o r r e l a t i o n

P o p u l u s  t r e m u l o i d e s  
X P .  t r e m u l o i d e s

59 .3 8  **

P .  t r e m u l o i d e s 18 .5 1  *
X P .  g r a n d i d e n t a t a

P .  g r a n d i d e n t a t a  
X P .  g r a n d i d e n t a t a

14 .3 3  n . s .

P .  g r a n d i d e n t a t a  
X P .  t r e m u l o i d e s

19 .2 8  n . s .

(P .  X r o u l e a u i a n a ) 17 .64  **
X P o p u l u s  s p e c i e s

A l l  Taxa 127 .4 8  **

* /* *  S i g n i f i c a n t  a t  t h e  5 and 1 p e r c e n t  l e v e l s ,  r e s p e c t i v e l y .
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F o r  s h o r t - r o t a t i o n  b i o m a s s  p l a n t a t i o n s ,  s e l e c t i o n  

w i t h i n  t h i s  p r o g e n y  t e s t  a t  a g e  t h r e e  may b e  e f f e c t i v e  a t  

t h e  s p e c i e s  l e v e l  ( i e . ,  e l i m i n a t e  b i g t o o t h  f a m i l i e s ) ,  b u t  

s e l e c t i o n  a t  t h e  f a m i l y  l e v e l  w o u ld  o n l y  b e  p a r t i a l l y  

e f f e c t i v e  u n t i l  a p p r o x i m a t e l y  y e a r  e i g h t .  By t h e  e i g h t h  

y e a r ,  many f a m i l i e s  w o u ld  be f l o w e r i n g  ( V a l e n t i n e  1 9 7 5 ) .  

T h e r e f o r e ,  t h e  h i g h  a g e - a g e  c o r r e l a t i o n s  f o r  g r o w th  

t r a i t s  and p r e c o c i o u s  f l o w e r i n g  found  i n  t h e  a s p e n s  m ig h t  

p e r m i t  an e i g h t - y e a r  b r e e d i n g  c y c l e  w h ich  i s  c o n s i d e r a b l y  

s h o r t e r  t h a n  many o t h e r  t r e e  s p e c i e s .
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CHAPTER 3

G e n e t i c  A n a l y s e s  o f  F i f t e e n  P h e n o l o g i c a l , 

P h y s i o l o g i c a l ,  and M o r p h o l o g i c a l  T r a i t s  in  

P o p u l u s  g r a n d i d e n t a t a , P .  t r e m u l o i d e s , and T h e i r  H y b r i d s

(P a p e r  t o  be  p r e s e n t e d  a t  t h e  1985 N o r th  C e n t r a l  
T r e e  Im p ro v em en t  C o n f e r e n c e  a t  E a s t  L a n s i n g ,  MI)

ABSTRACT

A c o m b i n a t i o n  h a l f - s i b / f u l l - s i b  p r o g e n y  t e s t  o f  P o p u l u s  

g r a n d i d e n t a t a , P. t r e m u l o i d e s , and t h e i r  h y b r i d s  was p l a n t e d  

a t  f o u r  l o c a t i o n s  i n  M i c h i g a n .  N ine  t r a i t s  and 

s u s c e p t i b i l i t y  t o  s i x  p e s t s  w ere  e x a m in e d .  P h e n o l o g i c a l  

t r a i t s  i n  P. g r a n d i d e n t a t a  and P. t r e m u l o i d e s  e x h i b i t e d  

c o n s i d e r a b l e  a d d i t i v e  g e n e t i c  v a r i a n c e .  JP. t r e m u l o i d e s  

l e a f e d  o u t  e a r l i e r  and  d r o p p e d  l e a v e s  l a t e r  t h a n  £ .  g r a n d i ­

d e n t a t a . H y b r id  p h e n o l o g y  was i n t e r m e d i a t e .  D a te  o f  l e a f  

f a l l  and t h e  l e a f  a r e a  d u r a t i o n  p e r i o d  w e re  s i g n i f i c a n t l y  

c o r r e l a t e d  w i t h  g r o w t h  p e r f o r m a n c e .  M o r p h o l o g i c a l  t r a i t s  

s u c h  a s  au tum n l e a f  c o l o r ,  b r a n c h i n e s s ,  and bud c h a r a c t e r i s ­

t i c s  had  b o t h  a d d i t i v e  and n o n - a d d i t i v e  g e n e t i c  v a r i a n c e .

F or  t h e s e  t r a i t s ,  h y b r i d s  r e s e m b l e d  t h e  m a t e r n a l  p a r e n t  more  

so  t h a n  t h e  p a t e r n a l  p a r e n t .  H y b r i d s  s u f f e r e d  f rom  a number  

o f  d i s o r d e r s  i n c l u d i n g  s h o o t  d i e b a c k ,  bud a b o r t i o n ,  and 

a d v e n t i t i o u s  s p r o u t i n g .  S a p e r d a  i n o r n a t a  and V e n t u r i a  

t r e m u l a e  w e re  t h e  m o s t  s e r i o u s  i n s e c t  and d i s e a s e  p r o b l e m s .  

G e n e t i c  r e s i s t a n c e  o f  a p h y s i o l o g i c a l  n a t u r e  t o  i n s e c t s  and 

d i s e a s e s  was n o t  f o u n d .  H ow ever ,  d i f f e r e n c e s  i n  

s u s c e p t i b i l i t y  e x i s t e d  among f a m i l i e s  and s p e c i e s .
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INTRODUCTION

The i n c r e a s i n g  r e l i a n c e  on a r t i f i c i a l  r e g e n e r a t i o n  by 

t h e  m a j o r  f o r e s t r y  c o m p a n ie s  t o  p r o d u c e  h i g h - q u a l i t y  wood 

f i b e r  h a s  e x p a n d e d  t h e  m a r k e t  f o r  g e n e t i c a l l y  im p ro v e d  

p l a n t i n g  s t o c k  o f  c o m m e r c i a l l y  v a l u a b l e  t r e e  s p e c i e s .  T r e e  

b r e e d e r s  h a v e  b e e n  somewhat  s u c c e s s f u l  i n  f u l f i l l i n g  t h e  

i n d u s t r y ' s  n e e d s  b y  l o c a t i n g  s u p e r i o r  p o p u l a t i o n s  and 

f a m i l i e s  o f  many t r e e  s p e c i e s  t h r o u g h  p r o v e n a n c e  and p r o g e n y  

t e s t i n g  and e s t a b l i s h i n g  s e e d  o r c h a r d s  w i t h  t h e s e  s e l e c t e d  

t r e e s  (W r ig h t  1 9 7 6 ) .  From t h e  e a r l y  s o u t h e r n  p i n e  s e e d  

o r c h a r d s ,  maximum g e n e t i c  g a i n s  a b o v e  c o m m e r c i a l  n u r s e r y  

s t o c k  o f  32% f o r  l o b l o l l y  p i n e  (W e i r  1 9 8 3 )  a n d  45% f o r  s l a s h  

p i n e  ( K o s s u th  ^ t  a_l. 1982) h a v e  b e e n  r e p o r t e d .  Second  

g e n e r a t i o n  s e e d  o r c h a r d s  h a v e  a l r e a d y  b e e n  p l a n t e d  w i t h  s e e d  

p r o d u c e d  f rom  m a t i n g s  o f  s u p e r i o r  f i r s t  g e n e r a t i o n  f a m i l i e s .  

H ow ever ,  t h e  o r i g i n a l  g e r m p la s m  b a s e  w o u ld  soon  s h r i n k  i f  

c o n t i n u e d  m a t i n g  o c c u r r e d  b e tw e e n  s u p e r i o r  f a m i l i e s  o r  t h e i r  

p r o g e n y .

To m a i n t a i n  p o t e n t i a l l y  i m p o r t a n t  g e n e s  and t o  

i n c o r p o r a t e  new o n e s ,  some g e n e t i c i s t s  d i v e r s i f y  t h e  g e n e  

p o o l  o f  t h e  i n i t i a l  b r e e d i n g  p o p u l a t i o n  by  h y b r i d i z i n g  r a c e s  

o r  s p e c i e s .  H y b r i d i z a t i o n  b e t w e e n  s p e c i e s  h a s  b e e n  

s u c c e s s f u l  i n  i n c r e a s i n g  t h e  g e n e t i c  v a r i a t i o n  o f  i m p o r t a n t  

s e c o n d a r y  t r a i t s  ( i e . f f o l i a g e  c o l o r ,  d i s e a s e  r e s i s t a n c e ,  

e t c . )  i n  t h e  g e n e r a  P i c e a  (Kudray and H a n o v e r  1 9 8 0 ) ,  P i n u s  

(La F a r g e  and K ra u s  1 9 8 0 ) ,  and P o p u l u s  ( Z s u f f a  1 9 7 3 ) .  

H o w e v e r ,  g e n e s  f o r  some o f  t h e s e  t r a i t s  a r e  l o s t  when
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s e l e c t i o n  s t r a t e g i e s  e m p h a s i z e  o n l y  t h e  a v e r a g e  g r o w th  r a t e  

o f  e a c h  f a m i l y .  T h i s  i s  u n d e s i r a b l e  c o n s i d e r i n g  t h a t  

s e c o n d a r y  t r a i t s  s u c h  a s  p h e n o l o g y  ( N i e n s t a e d t  and King 

1 9 7 0 ) ,  c o l d - h a r d i n e s s  ( S a k a i  and W e is e r  1 9 7 3 ) ,  i n s e c t  and 

d i s e a s e  r e s i s t a n c e  (Pow ers  and K rau s  1 9 8 3 ) ,  c rown 

a r c h i t e c t u r e  ( I s e b r a n d s  and N e l s o n  1 9 8 2 ) ,  and d r o u g h t  

a v o i d a n c e  ( P e r e i r a  and  K o z lo w s k i  1976) h a v e  b e e n  shown t o  

s i g n i f i c a n t l y  a f f e c t  g r o w th  and s u r v i v a l  o f  c o m m e r c i a l  t r e e  

s p e c i e s .  T r e e  b r e e d e r s  o f t e n  t a k e  t h e  m y o p ic  v i e w  t h a t  

m a t i n g  t h e  t a l l e s t  t r e e s  w i l l  a l w a y s  g i v e  t h e  m os t  g e n e t i c  

g a i n  i n  t h e  s h o r t e s t  t i m e .  I n s t e a d ,  g e n e t i c i s t s  need  t o  

i n v e s t i g a t e  t h e  p h e n o l o g i c a l ,  p h y s i o l o g i c a l ,  and 

m o r p h o l o g i c a l  t r a i t s  c o n c u r r e n t l y  w i t h  g r o w t h  r a t e  so  t h a t  

s e c o n d a r y  t r a i t s  t h a t  a f f e c t  g r o w th  r a t e  c a n  be  i d e n t i f i e d .  

In  a d d i t i o n ,  knowing  t h e  h e r i t a b i l i t y  and t y p e  o f  g e n e t i c  

v a r i a n c e  o f  e a c h  t r a i t  f a c i l i t a t e s  t h e  i n c o r p o r a t i o n  o f  i t s  

g e n e s  i n t o  t h e  b r e e d i n g  p o p u l a t i o n .

The o b j e c t i v e s  o f  t h i s  s t u d y  w e re  t o  i n v e s t i g a t e  t h e  

r e l a t i o n s h i p  b e t w e e n  t h r e e  p h e n o l o g i c a l  t r a i t s  and  t h e  tw o -  

y e a r  g r o w th  p e r f o r m a n c e  o f  206 f a m i l i e s  o f  P o p u l u s  

g r a n d i d e n t a t a , P. t r e m u l o i d e s , and t h e i r  h y b r i d s  in  f o u r  

M ic h i g a n  p l a n t a t i o n s .  I n  a d d i t i o n ,  i n t e r p r e t a t i o n s  o f  

i n t e r -  and i n t r a s p e c i f i c  i n h e r i t a n c e  p a t t e r n s  and g e n e t i c  

v a r i a n c e  c o m p o n e n t s  o f  n i n e  p h e n o l o g i c a l ,  p h y s i o l o g i c a l ,  and 

m o r p h o l o g i c a l  t r a i t s  w ere  made b a s e d  upon e i t h e r  q u a n t i t a ­

t i v e  ( n e s t e d  d e s i g n  a n a l y s e s )  o r  q u a l i t a t i v e  (mean r a n k s )  

d a t a .  L a s t l y ,  r e s i s t a n c e  t o  s i x  a s p e n  p e s t s  was e v a l u a t e d .



51

MATERIALS AND METHODS

M e a su re m e n t s

N in e  t r a i t s  w e re  q u a n t i t a t i v e l y  m e a s u re d  i n  1982 and 

1983 i n  f o u r  M i c h i g a n  p l a n t a t i o n s  o f  a c o m b i n a t i o n  h a l f -  

s i b / f u l l - s i b  a s p e n  p r o g e n y  t e s t  o f  P o p u l u s  g r a n d i d e n t a t a , P. 

t r e m u l o i d e s , P. X s m i t h i i , and b a c k c r o s s e s  t o  P. X r o u -  

l e a u i a n a . The p l a n t a t i o n  s i t e s  and p r o g e n y  t e s t  h a v e  b e e n  

p r e v i o u s l y  d e s c r i b e d  by  R e i g h a r d  (1984) .  The n i n e  t r a i t s  

w e re  t i m e  o f  l e a f  f l u s h  and l e a f  f a l l ,  l e a f  a r e a  d u r a t i o n ,  

au tum n l e a f  c o l o r ,  t h e  number o f  p r i m a r y  b r a n c h e s ,  bud 

o r i e n t a t i o n  f rom  t h e  s t e m ,  bud  s c a l e  p u b e s c e n c e ,  s h o o t  

d i e b a c k ,  and t h e  p r e s e n c e  o f  r o o t  c o l l a r  s p r o u t s .  In  

a d d i t i o n ,  s i x  a s p e n  p e s t s  w ere  e v a l u a t e d  f o r  damage t o  

s h o o t s  and l e a v e s :  t h e  " s h e p h e r d ' s  c r o o k "  f u n g u s  (V e n t u r i a  

t r e m u l a e ) , an u n i d e n t i f i e d  v i r u s  l e a f  s p o t ,  t h e  p o p l a r - g a l l  

b e e t l e  (S a p e r d a  i n o r n a t a ) ,  t h e  w i l l o w  s h o o t  s a w f l y  (J a n u s  

a b b r e v i a t u s ) , t h e  p o p l a r  t e n t m a k e r  (C l o s t e r a  i n c l u s a ) , and 

t h e  w h i t e t a i l  d e e r  (O d o c o i l e u s  v i r g i n i a n u s ) .

The n i n e  t r a i t s  and t h e  l e a f  s p o t  and w i l l o w  s h o o t  

s a w f l y  damage w e re  m e a s u r e d  o r  r e c o r d e d  a t  t h e  E a s t  L a n s i n g  

p l a n t a t i o n  ( I n g h a m  C o . ,  L a t .  4 2 . 7 ° N ,  L o n g .  8 4 .5 ° W ) .  D e e r  

b r o w s i n g  and t h e  number  o f  S a p e r d a  g a l l s  p e r  t r e e  w e re  

s c o r e d  a t  t h e  S i x  L a k e s  p l a n t a t i o n  (M e c o s ta  Co.,  L a t .

43 .5°N ,  Long.  85.2°W). D e f o l i a t i o n  by  t h e  p o p l a r  t e n t m a k e r  

was t a l l i e d  a t  t h e  D e c a t u r  p l a n t a t i o n  (Cass  Co.,  L a t .

42 .0°N,  Long.  86.0°W). L a s t l y ,  V e n t u r i  a - i n f e c t e d  s h o o t s  

w e re  c o u n t e d  in  t h e  Chatham  p l a n t a t i o n  ( A l g e r  Co.,  L a t .
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4 6 .3 ° N f Long. 86.9°W) a s  w e l l  a s  a t  t h e  S ix  La k es  and E a s t  

L a n s i n g  t e s t  s i t e s .

L e a f  f l u s h  d a t a  w e r e  r e c o r d e d  a s  t h e  n u m b e r  o f  d a y s  

a f t e r  May 1, 1983 u n t i l  l e a f  f l u s h  o c c u r r e d  on t h e  t e r m i n a l  

l e a d e r .  T r e e s  w ere  s c o r e d  a s  l e a f e d  o u t  when t h e  f i r s t  l e a f  

had  em erged  f rom  t h e  t e r m i n a l  bud and was c o m p l e t e l y  

u n r o l l e d .  The t r e e s  w ere  s c o r e d  e v e r y  f o u r t h  d ay .

The l e a f  f a l l  m e a s u r e m e n t  i n  t h i s  s t u d y  was e q u a t e d  

w i t h  t h e  l o s s  o f  p h o t o s y n t h e t i c a l  l y - a c t i  v e  f o l i a g e .  L e a f  

f a l l  d a t a  w e r e  r e c o r d e d  a s  t h e  n u m b e r  o f  d a y s  a f t e r  

S e p t e m b e r  1 ,  1 9 8 2  u n t i l  e a c h  t r e e  h a d  e i t h e r  l o s t  90% o f  i t s  

g r e e n  l e a v e s ,  o r  90% o f  i t s  l e a v e s  h a d  c h a n g e d  t o  t h e i r  

au tum n  c o l o r .  T r e e s  w ere  v i s i t e d  e v e r y  s e v e n t h  d a y .  L e a f  

a r e a  d u r a t i o n  was c a l c u l a t e d  by summing t h e  d a y s  b e tw e e n  t h e  

d a t e s  o f  l e a f  f l u s h  and l e a f  f a l l  f o r  e a c h  t r e e .  Autumn 

l e a f  c o l o r  o f  e a c h  t r e e  was  j u d g e d  t o  b e  o n e  o f  f i v e  c o l o r s :  

(1) y e l l o w ,  (2) y e l l o w - o r a n g e ,  (3) o r a n g e ,  (4) o r a n g e - r e d ,  

and (5) r e d .  i f  t h e  l e a v e s  on a t r e e  t u r n e d  f rom g r e e n  t o  

b r o w n  o r  b l a c k ,  i t  w as  r e c o r d e d  a s  h a v i n g  no p i g m e n t  

c o l o r a t i o n .

The number o f  p r i m a r y  b r a n c h e s  o r i g i n a t i n g  f rom  t h e  

c e n t r a l  s t e m  o f  e a c h  t r e e  w e re  c o u n t e d .  The c e n t e r  a x e s  o f  

t h e  l a t e r a l  b u d s  on t h e  t e r m i n a l  l e a d e r  w ere  s c o r e d  as  

e i t h e r  a p p r e s s e d  ( p a r a l l e l  o r  i n c l i n e d  in w ard )  o r  d i v e r g e n t  

( i n c l i n e d  o u tw a rd )  w i t h  r e s p e c t  t o  t h e  a x i s  o f  t h e  t e r m i n a l  

s h o o t .  The t e r m i n a l  bud was s c o r e d  a s  h a v i n g  e i t h e r  0 ,  < 5 0 ,  

o r  > 5 0  p e r c e n t  o f  i t s  bud s c a l e s  sh o w in g  d e n s e  p u b e s c e n c e .
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S h o o t  d i e b a c k  f rom  p h y s i o l o g i c a l  d y s g e n e s i s  was r e c o r d e d  in  

t h e  s p r i n g  o f  1983.  A l s o ,  t h e  p r e s e n c e  o f  r o o t  c o l l a r  

s p r o u t s  was n o t e d .  The amount  o f  s h o o t  d i e b a c k  and 

s p r o u t i n g  on e a c h  a f f e c t e d  t r e e  was n o t  r e c o r d e d .

The v i r u s  l e a f  s p o t  and V e n t u r i a  t r e m u l a e  d i s e a s e s  w e re  

s c o r e d  f o r  e a c h  t r e e  a s  e i t h e r  p r e s e n t  o r  a b s e n t  d u r i n g  

J u n e ,  1982. The number  o f  t e r m i n a l  and s p r o u t  s h o o t  t i p s  

g i r d l e d  by  t h e  w i l l o w  s h o o t  s a w f l y  w ere  t a l l i e d  t h r o u g h o u t  

J u n e  a n d  J u l y  o f  1 9 8 3 .  The n u m b e r  o f  S a p e r d a  g a l l s  p e r  t r e e  

and  t h e  number o f  t r e e s  b ro w se d  by  d e e r  w ere  c o u n t e d  in  

S e p t e m b e r ,  1983. A l s o ,  i n  S e p t e m b e r ,  1983 t h e  number  o f  

t r e e s  o f  e a c h  s p e c i e s  t h a t  w ere  d e f o l i a t e d  by  t h e  p o p l a r  

t e n t m a k e r  w e re  r e c o r d e d .

S t a t i s t i c a l  A n a l y s e s

A n a l y s e s  o f  v a r i a n c e  w ere  c a l c u l a t e d  f rom p l o t  means  

a t  t h e  f a m i l y  and s p e c i e s  l e v e l  f o r  t h e  f o u r  l e a f  t r a i t s  

m e a s u r e d .  P e a r s o n  c o r r e l a t i o n s  w ere  c a l c u l a t e d  f o r  t h e  

r e l a t i o n s h i p s  b e t w e e n  t h e  l e a f  f l u s h ,  l e a f  f a l l ,  and l e a f  

a r e a  d u r a t i o n  d a t a .  C o r r e l a t i o n s  w ere  a l s o  c a l c u l a t e d  

f o r  t h e  a s s o c i a t i o n  b e t w e e n  t h e s e  l e a f  c h a r a c t e r s  and t h e  

g r o w th  m e a s u r e m e n t s  r e p o r t e d  by R e i g h a r d  (1984) f o r  t h i s  

p r o g e n y  t e s t .  N a r r o w - s e n s e  h e r i t a b i l i t i e s  and g e n e r a l  

c o m b in in g  a b i l i t y  (GCA) w e re  c a l c u l a t e d  f rom t h e  l e a f  f l u s h  

and l e a f  c o l o r  d a t a  f o r  a n e s t e d  d e s i g n  (N o r th  C a r o l i n a  

D e s ig n  1) o f  32 f a m i l i e s  (8 m a l e s ,  28 f e m a l e s )  f ro m  t h e  E a s t  

L a n s i n g  p l a n t a t i o n .
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The d a t a  c o l l e c t e d  f rom  t h e  o t h e r  e l e v e n  c h a r a c t e r s  i n  

t h i s  s t u d y  w e re  n o t  n o r m a l l y  d i s t r i b u t e d  a c c o r d i n g  t o  t h e  

K o lm o g o r o v - S m i r n o v  o n e - s a m p l e  t e s t  f o r  n o r m a l i t y  ( H u l l  and 

Nie  1 9 8 1 ) ;  t h e r e f o r e ,  F r i e d m a n ' s  two-way c l a s s i f i c a t i o n  t e s t  

( S t e e l  and T o r r i e  1960) f o r  n o n - p a r a m e t r i c  d a t a  f rom  a 

r a n d o m iz e d  b l o c k  d e s i g n  was u s e d  t o  d i s c e r n  d i f f e r e n c e s  

b e t w e e n  s p e c i e s .  F u r t h e r m o r e ,  K e n d a l l ' s  r a n k  c o r r e l a t i o n  

f o r  n o n - p a r a m e t r i c  d a t a  was u s e d  t o  d e t e c t  t h e  e f f e c t s  

o f  b r a n c h  num ber ,  S a p e r d a  i n o r n a t a , V e n t u r i a  t r e m u l a e , and 

d e e r  b r o w s i n g  upon t h e  h e i g h t  and d i a m e t e r  g r o w th  i n  t h e  

p l a n t a t i o n s .

RESULTS AND DISCUSSION

L e a f  P h e n o l o g y

H i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  w ere  fo u n d  in  

p h e n o l o g y  b e t w e e n  and w i t h i n  t h e  a s p e n  s p e c i e s  and h y b r i d s  

( T a b l e  3 .1 ) .  T r e m b l i n g  a s p e n  f a m i l i e s  f l u s h e d  o u t  e a r l i e r ,  

r e t a i n e d  t h e i r  l e a v e s  l o n g e r ,  and  in  e f f e c t ,  had t h e  l o n g e s t  

g r o w in g  s e a s o n  in  c o m p a r i s o n  t o  t h e  b i g t o o t h  and h y b r i d  

f a m i l i e s .  On t h e  o t h e r  h a n d ,  p h e n o l o g y  o f  b i g t o o t h  a s p e n  

f a m i l i e s  was j u s t  t h e  o p p o s i t e .  The h y b r i d  f a m i l i e s  w ere  

midway b e t w e e n  t h e  p a r e n t s .

The a v e r a g e  t i m e  p e r i o d  f o r  l e a f  f l u s h i n g  and l e a f  f a l l  

i n  a l l  t a x a  w as  12 d a y s  f o r  l e a f  f l u s h  a n d  21 d a y s  f o r  l e a f  

f a l l .  A l t h o u g h  t h e  h y b r i d s  w ere  g e n e r a l l y  i n t e r m e d i a t e  in  

p h e n o l o g y ,  some P. Xs m i t h i i  f a m i l i e s  e i t h e r  f l u s h e d  l a t e r  

o r  d r o p p e d  t h e i r  l e a v e s  e a r l i e r  t h a n  a l l  f a m i l i e s  o f  b o t h  

t r e m b l i n g  and b i g t o o t h  a s p e n .  The l a t e  f l u s h i n g  t i m e



T a b le  3 . 1 .  Leaf  f l u s h ,  l e a f  f a l l ,  and l e a f  a r e a  d u r a t i o n  in  p e r c e n t  o f  r e p l i c a t e
mean a t  t h e  E a s t  L an s in g  p l a n t a t i o n  f o r  t h e  e a r l i e s t  and l a t e s t  p h en o -
l o g i c a l  f a m i l i e s  o f  P. t r e m u l o i d e s , P. g r a n d i d e n t a t a , P. X s m i t h i i , and
P. X r o u l e a u i a n a  b a c k c r o s s e s .

L e a f  F l u s h ^ L e a f F a l l 2 L e a f  Area D u r a t i o n 3

Taxa E a r l i e s t L a t e s t X E a r l i e s t L a t e s t X Minimum Maximum x

9.

P . t r e m u l o i d e s 43 111 80 89 126 107 97 112 104

( P .X r o u l e a u i a n a )  
X P . t r e m u l o i d e s

60 120 86 70 107 96 89 105 100

P . X s m i t h i i 61 256 118 66 107 96 83 105 98

( P .X r o u l e a u i a n a )
X P . g r a n d i d e n t a t a

99 136 112 77 104 92 92 101 96

P . g r a n d i d e n t a t a 97 161 126 70 104 92 86 102 95

S i g n i f i c a n c e  
o f  F - v a l u e ** ** **

** S i g n i f i c a n t  a t  t h e  1% l e v e l  o f  p r o b a b i l i t y .

1 Mean v a l u e  o f  a l l  f a m i l i e s  (100%) = 14 days  from May 1 s t  (May 1 4 t h ) .

2 Mean v a l u e  o f  a l l  f a m i l i e s  (100%) = 61 days  from Septem ber  1 s t  (O c to b e r  3 1 s t ) .

3 Mean v a l u e  o f  a l l  f a m i l i e s  (100%) = 170 d a y s .
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(3 w e e k s  l a t e r  t h a n  t h e  mean f o r  a l l  f a m i l i e s )  o f  some 

h y b r i d  f a m i l i e s  was p r o b a b l y  due  in  p a r t  t o  a b n o r m a l i t i e s  

in  t h e  g e n e  r e g u l a t i o n  o f  c y t o k i n i n  p r o d u c t i o n  and 

t r a n s l o c a t i o n ,  s i n c e  t h e  p r o d u c t i o n  o f  c y t o k i n i n - l i k e  

s u b s t a n c e s  h a s  b e e n  d e m o n s t r a t e d  t o  be a s s o c i a t e d  w i t h  bud 

f l u s h i n g  in  s p e c i e s  o f  P o p u l u s  (Domanski and K o z lo w s k i  1968,  

H e w l e t t  and W a re in g  1 9 7 3 ) .  The e a r l y  l e a f  d r o p  o f  some 

h y b r i d  f a m i l i e s  (3 w eeks  e a r l i e r  t h a n  t h e  mean f o r  a l l  

f a m i l i e s )  may r e s u l t  f rom a p r e m a t u r e  i n c r e a s e  i n  e t h y l e n e  

p r o d u c t i o n  d u e  t o  an i m b a l a n c e  b e tw e e n  a b s c i s i c  a c i d  and 

g r o w th  p r o m o t e r  h o rm o n e s .  The l e a f  a r e a  d u r a t i o n  o f  t h e s e  

a b e r r a n t  f a m i l i e s  was a s  l i t t l e  a s  29 d a y s  l e s s  t h a n  t h e  

p l a n t a t i o n  mean o f  a l l  f a m i l i e s .

D a te  o f  l e a f  f l u s h  o f  t h e  f a m i l i e s  was s i g n i f i c a n t l y  

c o r r e l a t e d  a t  t h e  1% l e v e l  w i t h  d a t e  o f  l e a f  f a l l  {r  = - . 3 8 )  

and t h e  l e n g t h  o f  t h e  l e a f  a r e a  d u r a t i o n  p e r i o d  ( r  = - . 7 7 ) .  

D a te  o f  l e a f  f a l l  was a l s o  s i g n i f i c a n t l y  c o r r e l a t e d  ( P < . 0 1 )  

w i t h  t h e  l e a f  a r e a  d u r a t i o n  p e r i o d  ( r  = . 8 6 ) .  E a r l y  l e a f i n g  

f a m i l i e s  w e r e  more  l i k e l y  t o  d r o p  t h e i r  l e a v e s  l a t e r  and 

t h u s  h a v e  a l o n g e r  l e a f  a r e a  d u r a t i o n  p e r i o d .  B a r n e s  (1969) 

r e p o r t e d  s i m i l a r  f i n d i n g s  f o r  t h r e e  t r e m b l i n g  a s p e n  c l o n e s  

i n  n o r t h e r n  M ic h i g a n .

The e a r l y  f l u s h i n g  o f  many t r e m b l i n g  a s p e n  f a m i l i e s ,  

when com pared  t o  t h e  b i g t o o t h  f a m i l i e s ,  may b e  d u e  t o  

g r e a t e r  s e n s i t i v i t y  t o  t e m p e r a t u r e .  L a t e  w i n t e r  and e a r l y  

s p r i n g  t e m p e r a t u r e s  a r e  known t o  i n f l u e n c e  t h e  p h y s i o l o g i c a l  

p r o c e s s e s  t h a t  c o n t r o l  l e a f  f l u s h i n g  in  many t r e e  s p e c i e s
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(Kramer and K o z l o w s k i  1 9 7 9 ) .  Genes  t h a t  r e g u l a t e  hormone 

s y n t h e s i s  i n  t h e  r o o t s  and  b u d s  o f  t r e m b l i n g  a s p e n  may 

r e q u i r e  l o w e r  minimum t e m p e r a t u r e s  t h a n  s i m i l a r  g e n e s  i n  

b i g t o o t h  a s p e n  b e f o r e  t h e y  become a c t i v a t e d .  A n o t h e r  

h y p o t h e s i s  f o r  t h e  s p r i n g  p h e n o l o g y  d i f f e r e n c e s  i n  t h e  

a s p e n s  i s  t h a t  t h e  b r e a k d o w n  o f  i n h i b i t o r  h o rm o n es  o c c u r s  

more  r a p i d l y  i n  t r e m b l i n g  a s p e n  a s  t h e  t e m p e r a t u r e s  warm 

a b o v e  f r e e z i n g .  S i n c e  m o s t  P.  X s m i t h i i  f a m i l i e s  f e l l  

b e t w e e n  t h e  two s p e c i e s  f o r  t h i s  p h e n o l o g i c a l  c h a r a c t e r ,  

a d d i t i v e  g e n e t i c  v a r i a n c e  was assum ed  t o  be  i n v o l v e d .  

H ow ever ,  t h e  u n u s u a l l y  l a t e  f l u s h i n g  t i m e s  o f  some h y b r i d  

f a m i l i e s  c o u l d  b e  t h e  r e s u l t  o f  e p i s t a t i c  e f f e c t s  o r  genome 

i n c o m p a t i b i l i t y .

On t h e  o t h e r  h a n d ,  t h e  l e a f  f a l l  r e s u l t s  s u g g e s t  t h a t  

b i g t o o t h  a s p e n  and m o s t  h y b r i d s  w e re  m ore  s e n s i t i v e  t h a n  

t r e m b l i n g  a s p e n  t o  d e c r e a s i n g  p h o t o p e r i o d  b e c a u s e  t h e y  

d r o p p e d  t h e i r  l e a v e s  e a r l i e r .  T h e se  d a t a  i m p l i e d  t h a t  e a c h  

s p e c i e s  was s e n s i t i v e  t o  d i f f e r e n t  e n v i r o n m e n t a l  s t i m u l i .  

H ow ev er ,  i f  d e c r e a s i n g  s e a s o n a l  t e m p e r a t u r e s  a r e  m ore  

i m p o r t a n t  t h a n  d a y l e n g t h  c h a n g e s ,  i t  w o u ld  t h e n  seem l o g i c a l  

t h a t  t r e m b l i n g  a s p e n  s h o u l d  d r o p  i t s  l e a v e s  l a t e r  b e c a u s e  o f  

t h e  h y p o t h e s i s  t h a t  g e n e  a c t i v a t i o n  o f  horm one  s y n t h e s i s  

o c c u r s  a t  l o w e r  t e m p e r a t u r e s  i n  t r e m b l i n g  a s p e n .  A 

p h y s i o l o g i c a l  a d a p t a t i o n  t o  l o w e r  g r o w i n g - s e a s o n  

t e m p e r a t u r e s  w o u ld  b e  b e n e f i c i a l  f o r  a b o r e a l  s p e c i e s  s u c h  

a s  t r e m b l i n g  a s p e n  s i n c e  c o o l  n i g h t s  a r e  common t h r o u g h o u t  

much o f  i t s  n a t i v e  r a n g e .
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The n a r r o w - s e n s e  h e r i t a b i l i t i e s  c a l c u l a t e d  from t h e  

n e s t e d  d e s i g n  d a t a  a t  t h e  E a s t  L a n s i n g  p l a n t a t i o n  g a v e  a 

h e r i t a b i l i t y  o f  0 .17 f o r  l e a f  f l u s h .  H e r i t a b i l i t i e s  f rom  

t h e  l e a f  d r o p  d a t a  c o u l d  n o t  b e  c a l c u l a t e d  b e c a u s e  o f  

n e g a t i v e  mean s q u a r e s  f ro m  e x p e r i m e n t a l  e r r o r  i n  t h e  m a t i n g  

d e s i g n .  H ow ever ,  t h e  f e m a l e - w i t h i n - m a l e  v a r i a n c e  co m p o n e n t  

was h i g h l y  s i g n i f i c a n t  f o r  b o t h  p h e n o l o g i c a l  c h a r a c t e r s ,  

w h e r e a s  t h e  m a l e  c o m p o n e n t  was s t a t i s t i c a l l y  n o n ­

s i g n i f i c a n t  .

D e s p i t e  t h e  s t a t i s t i c a l  i n s i g n i f i c a n c e  o f  t h e  m a l e  

p a r e n t s  i n  t h e  d e s i g n ,  t h e r e  was s t i l l  a s i z a b l e  d i f f e r e n c e  

i n  m a l e  e f f e c t s  ( g e n e r a l  c o m b in in g  a b i l i t y )  b e tw e e n  t h e  

e a r l i e s t  and l a t e s t  m a l e s  f o r  l e a f  f l u s h .  The g e n e r a l  

c o m b in in g  a b i l i t i e s  (GCA) o f  t h e  e a r l i e s t  and l a t e s t  m a l e s  

f o r  l e a f  f l u s h  a v e r a g e d  - 2 3  a n d  30 p e r c e n t  f r o m  t h e  m e a n ,  

r e s p e c t i v e l y .  G a i n s  c o u l d  be  made i n  b r e e d i n g  f o r  e i t h e r  

e a r l y  o r  l a t e  f l u s h i n g  g e n o t y p e s .

I n  a d d i t i o n  t o  t h e  l a r g e  v a r i a t i o n  i n  p h e n o l o g y  b e t w e e n  

and w i t h i n  t h e  a s p e n  s p e c i e s  and h y b r i d s ,  t h e r e  was a l s o  a 

l a t i t u d i n a l  o r  p h o t o p e r i o d i c  r e s p o n s e  shown by  f a m i l i e s  f rom 

d i f f e r e n t  l a t i t u d e s  a t  t h e  E a s t  L a n s i n g  p l a n t a t i o n  ( T a b l e  

3 .2 ) .  T r e m b l i n g  a s p e n  f a m i l i e s  f rom  n o r t h  o f  44.2°N 

l a t i t u d e  f l u s h e d  up t o  13% e a r l i e r  t h a n  f a m i l i e s  s o u t h  o f  

t h i s  l a t i t u d e .  L e a f  d r o p  among t r e m b l i n g  a s p e n  f a m i l i e s  

d i f f e r e d  o n l y  in  t h e  Upper  P e n i n s u l a  (UP) s o u r c e s  w h ich  

d r o p p e d  t h e i r  l e a v e s  t h r e e  p e r c e n t  e a r l i e r  t h a n  t h e  r e s t  o f  

t h e  f a m i l i e s .  The l e a f  a r e a  d u r a t i o n  p e r i o d  f o r  t h e s e  UP
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f a m i l i e s  was a l s o  t h r e e  p e r c e n t  l e s s .  I n  b i g t o o t h  a s p e n ,  

t h e  Upper  P e n i n s u l a  f a m i l i e s  f l u s h e d  much l a t e r  t h a n  t h e  

Lower P e n i n s u l a  s o u r c e s  and d r o p p e d  t h e i r  l e a v e s  e a r l i e r  and 

h ad  s h o r t e r  l e a f  a r e a  d u r a t i o n  p e r i o d s  t h a n  Lower P e n i n s u l a  

s o u r c e s .  T h e se  s h o r t  l e a f  r e t e n t i o n  p e r i o d s  u n d o u b t e d l y  

c o n t r i b u t e d  t o  t h e  p o o r  g r o w th  o f  UP b i g t o o t h  f a m i l i e s  in  

t h e  s o u t h e r n  M i c h i g a n  p l a n t a t i o n s .

T a b l e  3 .2 .  P h e n o l o g y  d i f f e r e n c e s  i n  p e r c e n t  o f  r e p l i c a t e  
mean o f  t r e m b l i n g  and b i g t o o t h  a s p e n  h a l f - s i b  
f a m i l i e s  f ro m  d i f f e r e n t  l a t i t u d i n a l  r e g i o n s  i n  
M ic h i g a n  a t  t h e  E a s t  L a n s i n g  p l a n t a t i o n .

R e g io n L a t i t u d e S p e c i e s
L e a f
F l u s h

L e a f
F a l l

L e a f  A rea  
D u r a t i o n

1 4 1 . 8 - 4 3 . 0°N P . t r e m u l o i d e s 83

----------%_.

102 104
2 4 3 . 0 - 4 4 . 2°N Do. 87 102 104
3 4 4 . 2 - 4  5 . 8°N Do. 74 102 104
4 45 . 8 - 4 7 . 0°N Do. 75 99 101

1 4 1 . 8 - 4 3 . 0°N P . g r a n d i d e n t a t a 117 100 98
2 4 3 . 0 - 4 4 . 2°N Do. 120 98 95
3 4 4 . 2 - 4 5 . 8°N Do. 122 99 98
4 45 . 8 - 4 7 . 0°N Do. 142 93 89

The e a r l y  f l u s h i n g  o f  t r e m b l i n g  a s p e n  f a m i l i e s  f rom  

t y p i c a l l y  c o l d e r  r e g i o n s  o f  M i c h i g a n  ( n o r t h  o f  44.2°N l a t . )  

i s  p r o b a b l y  an a c c e l e r a t e d  r e s p o n s e  t o  t h e  t e m p e r a t u r e  

s t i m u l u s .  In  c o n t r a s t ,  i n i t i a t i o n  o f  l e a f  s e n e s c e n c e  

p r o c e s s e s  a p p e a r s  t o  d ep e n d  more  on a p h o t o p e r i o d  s t i m u l u s  

b e c a u s e  t h e  n o r t h e r n m o s t  f a m i l i e s  ( n o r t h  o f  45.8°N) d r o p p e d  

t h e i r  l e a v e s  e a r l y  a t  t h e  E a s t  L a n s i n g  s i t e .  H ow ever ,
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t e m p e r a t u r e  e f f e c t s  i n t e r a c t i n g  w i t h  p h o t o p e r i o d  c a n n o t  b e  

r u l e d  o u t .  T h i s  " p h o t o p e r i o d "  e f f e c t  d i d  n o t  s u p e r c e d e  t h e  

n a t u r a l  v a r i a t i o n  i n  l e a f  d r o p  among f a m i l i e s  u n l e s s  t h e r e  

was an  a p p r o x i m a t e  3 . 8 °  (425 km) l a t i t u d i n a l  d i f f e r e n c e  

b e t w e e n  f a m i l y  o r i g i n  and p l a n t i n g  s i t e .  P a u l e y  and P e r r y  

( 1 9 5 4 )  a l s o  f o u n d  a s i m i l a r  e f f e c t  t o  b e  p r e s e n t  i n  P o p u 1 u s  

t r i c h o c a r p a  and  P. d e l t o i d e s . They r e p o r t e d  s i g n i f i c a n t  

c o r r e l a t i o n s  ( r  = - . 7 1  t o  - . 8 9 )  b e tw e e n  l a t i t u d e  o f  t h e  

c l o n e  and d a t e  o f  h e i g h t  c e s s a t i o n  a t  W e s to n ,  M a s s a c h u s e t t s .  

H en ce ,  d i s c r e t i o n  s h o u l d  be  u s e d  when m o v in g  t r e m b l i n g  a s p e n  

f a m i l i e s  m ore  t h a n  325 km ( 3 ° l a t . )  s o u t h  o f  t h e i r  n a t i v e  

s t a n d  b e c a u s e  g r o w t h  c e s s a t i o n  w i l l  o c c u r  e a r l i e r .

L e a f  f l u s h ,  l e a f  d r o p ,  and l e a f  a r e a  d u r a t i o n  w e re  

s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  l a t i t u d e  o f  t h e  p a r e n t s  o f  

t r e m b l i n g  a s p e n  f a m i l i e s  ( T a b l e  3 .3 ) .  In  b i g t o o t h  a s p e n ,  

h o w e v e r ,  l e a f  d r o p  was t h e  o n l y  p h e n o l o g i c a l  t r a i t  t h a t  was 

s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  l a t i t u d i n a l  o r i g i n  o f  t h e  

p a r e n t s .  T h e se  c o r r e l a t i o n s  s u g g e s t  t h e  i m p o r t a n c e  o f  

p h o t o p e r i o d  on l e a f  s e n e s c e n c e  i n  b o t h  s p e c i e s  and t h e  

e f f e c t  o f  t e m p e r a t u r e  on l e a f  f l u s h i n g  in  t r e m b l i n g  a s p e n .

At t h e  E a s t  L a n s i n g  p l a n t a t i o n ,  e a r l y  l e a f  f l u s h i n g  was 

s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  g r o w th  p e r f o r m a n c e  ( d i a m e t e r *  

x h e i g h t )  o f  b i g t o o t h  a s p e n  b u t  n o t  t r e m b l i n g  a s p e n .

B i g t o o t h  f a m i l i e s  t h a t  f l u s h e d  c l o s e r  t o  t h e  a v e r a g e  d a t e  o f  

t h e  l a s t  s p r i n g  f r o s t  (May 7 th )  grew s l i g h t l y  b e t t e r  t h a n  

l a t e r - f l u s h i n g  b i g t o o t h  f a m i l i e s .  The t h r e e  b e s t  and t h r e e  

w o r s t  b i g t o o t h  f a m i l i e s  f l u s h e d  an a v e r a g e  o f  10 and 14 d a y s
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a f t e r  May 7 t h ,  r e s p e c t i v e l y .  S i n c e  t r e m b l i n g  a s p e n  

n a t u r a l l y  f l u s h e s  e a r l i e r  t h a n  b i g t o o t h  a s p e n ,  m o s t  (89%) o f  

t h e  t r e m b l i n g  a s p e n  f a m i l i e s  l e a f e d  o u t  b e f o r e  t h e  f i r s t  

b i g t o o t h  f a m i l y  f l u s h e d .  The e a r l i e s t  f l u s h i n g  t r e m b l i n g  

a s p e n  f a m i l i e s  f l u s h e d  two d a y s  b e f o r e  May 7 t h ,  and a l l  

t r e m b l i n g  a s p e n  f a m i l i e s  had  f l u s h e d  b e f o r e  May 2 1 s t ,  t h e  

d a t e  t h a t  f r o s t  i s  l i k e l y  t o  o c c u r  o n c e  e v e r y  10 y e a r s .

B a r n e s  (1969) h y p o t h e s i z e d  t h a t  when c o m p a r in g  t h e  two 

s p e c i e s ,  l a t e  f l u s h i n g  b y  b i g t o o t h  may b e  a f i t n e s s  

a d v a n t a g e  o v e r  t r e m b l i n g  a s p e n  on a g i v e n  s i t e .  H ow ever ,  

t h i s  t h e o r y  c o u l d  n o t  be  t e s t e d  i n  t h e  t w o - y e a r - o l d  

p l a n t a t i o n s  b e c a u s e  i n s u f f i c i e n t  t i m e  had  e l a p s e d  f o r  

c l i m a t i c  c o n d i t i o n s  ( e a r l y  f r o s t s )  t o  a f f e c t  t r e e  g r o w t h .

T a b l e  3 .3 .  C o r r e l a t i o n s  o f  t h r e e  p h e n o l o g i c a l  t r a i t s  o f  h a l f -  
s i b ,  f u l l - s i b ,  and com bined  t r e m b l i n g  and b i g t o o t h  
a s p e n  f a m i l i e s  w i t h  t h e  l a t i t u d i n a l  o r i g i n  o f  t h e i r  
p a r e n t s .

S p e c i e s F a m i l y
Number o f  
F a m i l i e s

L e a f
F l u s h

L e a f
Drop

L e a f  Area  
D u r a t i o n

P . t r e m u l o i d e s H a l f - s i b 32 - . 3 2 * *

-------r -----

- . 4 3 * * - . 2 6 *
Do. F u l l - s i b 41 - . 1 4 - . 2 6 * - . 1 8
Do. T o t a l 73 - . 2 1 * * - . 3 3 * * - . 2 2 * *

P . g r a n d i d e n t a t a H a l f - s i b 13 .06 - . 4 2 * - . 2 0
Do. F u l l - s i b 21 - . 0 2 - . 4 0 * * - . 2 5
Do. T o t a l 34 .01 - . 4 0 * * - . 2 4

* /* *  S i g n i f i c a n t  a t  t h e  5 and 1 p e r c e n t  l e v e l s ,  r e s p e c t i v e l y .
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I n  g e n e r a l ,  a s p e n  f a m i l i e s  a t  t h e  E a s t  L a n s i n g  s i t e  

t h a t  f l u s h e d  e a r l y  and  d r o p p e d  l e a v e s  l a t e  g rew  b e t t e r  a t  

a l l  p l a n t a t i o n s  ( T a b l e  3 .4 ) .  T h e re  was a n o r t h  t o  s o u t h  

c l i n e  in  t h e  s i z e  o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  i n  T a b l e  

3 .4 .  N o r t h e r n  p l a n t a t i o n s  had  h i g h e r  c o r r e l a t i o n s ,  p o s s i b l y  

b e c a u s e  t h e  s h o r t e r  g r o w in g  s e a s o n s  a t  t h e s e  s i t e s  w o u ld  

f a v o r  f a m i l i e s  w i t h  p h e n o l o g i e s  t h a t  c o u l d  u s e  a l l  o f  t h e  

g r o w in g  s e a s o n .

T a b l e  3 .4 .  C o r r e l a t i o n s  o f  t w o - y e a r  g r o w t h  p e r f o r m a n c e  o f  179 
b i g t o o t h ,  t r e m b l i n g ,  and h y b r i d  a s p e n  f a m i l i e s  a t  
e a c h  p l a n t a t i o n  w i t h  t h e i r  r e s p e c t i v e  p h e n o l o g i c a l  
t r a i t s  r e c o r d e d  a t  t h e  E a s t  L a n s i n g  p l a n t a t i o n .

F r o s t - f r e e
P e r i o d L e a f L e a f L e a f  Area

S i t e  S p e c i e s L a t i t u d e  (Days) F l u s h F a l l D u r a t i o n

_____ r a / .

Chatham A l l 4 6 . 3°N 100 - . 5 0 .4 5 .5 5
S i x  L a k e s A l l 4 3 . 5°N 126 - . 4 3 .4 5 .5 3
E . L a n s i n g A l l 4 2 . 7°N 151 - . 3 6 .4 8 .5 3
D e c a t u r A l l 4 2 . 0°N 158 - . 2 7 .18 .2 3

Combined

inin.I oin• . 6 1

-------- r  W .

E . L a n s i n g P . g r a n d i d e n t a t a  
P . t r e m u l o i d e s

- . 3 6 * *
- . 1 3

.25*

.4 5 * *
.4 3 * *
.44**

P . X s m i t h i  i - . 2 1 * .25** .3 5 * *

A l l  c o e f f i c i e n t s  w ere  s i g n i f i c a n t  a t  t h e  1% l e v e l .

—/  C o e f f i c i e n t s  s i g n i f i c a n t  a t  t h e  5% (*) o r  1% (**) l e v e l .
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The r e s u l t s  f rom  t w o - y e a r  g r o w th  d a t a  may n o t  be  

v a l i d  o v e r  t h e  l o n g  t e r m  b e c a u s e  p e r i o d i c  l a t e  s p r i n g  f r o s t s  

a r e  d e t r i m e n t a l  t o  e a r l y  f l u s h i n g  f a m i l i e s  ( S t r a i n  1 9 6 6 ) .  

F u r t h e r m o r e ,  t h e s e  f a m i l i e s  may h a v e  r a n k e d  d i f f e r e n t l y  i f  

t h e y  h a d  b e e n  s c o r e d  f o r  p h e n o l o g y  a t  t h e  o t h e r  t h r e e  

p l a n t a t i o n s .  H o w ev er ,  i f  p h o t o p e r i o d  and t e m p e r a t u r e  a r e  

t h e  e n v i r o n m e n t a l  s t i m u l i  f o r  a s p e n  p h e n o l o g y ,  t h e n  t h e  

p h e n o l o g y  r a n k i n g s  a t  t h e  E a s t  L a n s i n g  s i t e  may be 

a p p l i c a b l e  t o  t h e  p h e n o l o g i c a l  r e s p o n s e s  t h a t  w o u ld  be fo und  

a t  t h e  o t h e r  s i t e s .

M o r p h o l o g i c a l  C h a r a c t e r s

Autumn l e a f  c o l o r  w i t h i n  and b e tw e e n  s p e c i e s  and 

f a m i l i e s  a t  t h e  E a s t  L a n s i n g  s i t e  v a r i e d  f rom y e l l o w  t o  

o r a n g e  t o  r e d .  B a r n e s  (1969) r e p o r t e d  t h a t  a r a n g e  o f  

au tum n c o l o r s  e x i s t e d  b e t w e e n  a s p e n  c l o n e s  and s p e c i e s  i n  

M i c h i g a n .  S i g n i f i c a n t  d i f f e r e n c e s  ( T a b l e  3.5) w e re  fo und  

b e t w e e n  t h e  s p e c i e s  and h y b r i d s .  The au tum n c o l o r s  o f  m o s t  

t r e m b l i n g  a s p e n  f a m i l i e s  i n  t h i s  t e s t  w ere  p r e d o m i n a n t l y  

y e l l o w  w i t h  some r e d s .  Autumn c o l o r a t i o n  o f  b i g t o o t h  

f a m i l i e s  was m o s t l y  y e l l o w - o r a n g e  o r  o r a n g e - r e d .  P.

X s m i t h i i  f a m i l i e s  w e re  l a r g e l y  y e l l o w .  The c o l o r a t i o n  o f  

t h e  h y b r i d  f a m i l i e s  c o r r e s p o n d e d  c l o s e l y  t o  t h a t  o f  t h e i r  

t r e m b l i n g  a s p e n  p a r e n t .

The n a r r o w - s e n s e  h e r i t a b i l i t y  ( a d d i t i v e  g e n e t i c  

v a r i a n c e )  f o r  l e a f  c o l o r a t i o n  a s  c a l c u l a t e d  f rom t h e  n e s t e d  

m a t i n g  d e s i g n  d a t a  was 0 .34 .  The m a l e  p a r e n t  v a r i a n c e  

com ponen t  was s i g n i f i c a n t  a t  t h e  10% l e v e l  o f  p r o b a b i l i t y



T a b l e  3.5.  Mean r a n k s  from F r ie d m an ’ s  two-way c l a s s i f i c a t i o n  t e s t  f o r  s i x  m o r p h o l o g i ­
c a l  and p h y s i o l o g i c a l  c h a r a c t e r s  m easu red  in  206 a s p en  and h y b r i d  a s p en  
f a m i l i e s  a t  t h e  E a s t  L a n s in g  p l a n t a t i o n .

Taxa
F a l l

C o l o r

M o r p h o lo g ic a l  C h a r a c t e r s

Number o f  Bud Bud 
B r a n c h e s  D i v e r g e n c e  P u b e sce n c e

P h y s i o l o g i c a l  C h a r a c t e r s

S hoo t  B a s a l  
D ieback  S p ro u t

-Mean Ranks^ , 2 ______________

P . g r a n d i d e n t a t a 6 .0 1 .0 5 .2 5 .0 2 .3 2 .4

P . g r a n d i d e n t a t a  
X P . t r e m u l o i d e s

3 .0 2 . 5 3 .5 2 .8 4 .2 5 .8

P . t r e m u l o i d e s  X 
P . g r a n d i d e n t a t a

3 .0 3 . 5 2 . 5 2 . 2 5 .3 4 .5

P . t r e m u l o i d e s 2 . 3 5 .2 1 .0 1 .0 1 .7 2 .3

( P .X r o u l e a u i a n a )  
X P . t r e m u l o i d e s

2 .0 5 .7 3 .0 4 .0 4 .4 4 .2

( P .X r o u l e a u i a n a )
X P . g r a n d i d e n t a t a

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

C h i 2 V alue 20** 25** 27** 30** 16** 21**

1 Each mean ra n k  i s  t h e  r a n k i n g  o f  n o n - p a r a m e t r i c  d a t a  f o r  one t r a i t  o f  one t a x o n  w i th  
r e s p e c t  t o  t h e  d a t a  o f  t h e  o t h e r  t a x a .  These  r a n k i n g s  a r e  a v e r a g e d  a c r o s s  t h e  number 
o f  r e p l i c a t e s  in  t h e  t e s t  (= mean r a n k s ) ,  i e . ,  The mean ra n k  o f  6.0 f o r  f a l l  c o l o r  in  
P. g r a n d i d e n t a t a  s i g n i f i e s  t h a t  t h i s  s p e c i e s  a lw a y s  r a n k e d  s i x t h  in  t h e  f a l l  c o l o r  
d a t a  o f  e v e r y  r e p l i c a t e .
See M a t e r i a l s  and Methods  s e c t i o n  f o r  e x p l a n a t i o n  o f  t h e  s c o r i n g  o f  each  c h a r a c t e r .
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and t h e  f e m a l e - w i t h i n - m a l e  v a r i a n c e  co m p o n en t  was h i g h l y  

s i g n i f i c a n t  (P< .01) .  Autumn c o l o r a t i o n  in  a s p e n  a p p e a r s  t o  

h a v e  n o n - a d d i t i v e  ( d o m in a n t  e f f e c t s )  a s  w e l l  a s  a d d i t i v e  

g e n e t i c  v a r i a n c e  f o r  g e n e s  t h a t  p r o d u c e  c a r o t e n e s  and 

x a n t h o p h y l l s  ( y e l l o w - o r a n g e  p i g m e n t s )  b e c a u s e  t h e  mean c o l o r  

s c o r e s  f o r  f a m i l i e s  w i t h  t r e m b l i n g  a s p e n  p a r e n t a g e  w ere  2.3 

( t r e m b l i n g  X b i g t o o t h ) ,  2.3 ( t h e  r e c i p r o c a l ) ,  2.2 ( w h i t e  

p o p l a r  h y b r i d  X t r e m b l i n g ) ,  and 2.2 ( t r e m b l i n g ) .  In  

c o n t r a s t ,  b i g t o o t h  f a m i l i e s  a v e r a g e d  3 .3 ,  w h ic h  i s  o r a n g e - r e d  

i n  c o l o r .  A l l e l e s  f o r  a n t h o c y a n i n  p i g m e n t s  m i g h t  b e  e i t h e r  

a t  t h e  same l o c i  a s  t h e  c a r o t e n o i d  a l l e l e s  b u t  a r e  r e c e s s i v e  

t o  t h e s e  a l l e l e s  o r  t h e  a n t h o c y a n i n  g e n e s  a r e  e p i s t a t i c a l l y  

a f f e c t e d  by t h e  c a r o t e n o i d  g e n e s .

The number  o f  p r i m a r y  b r a n c h e s  p e r  t r e e  a f t e r  one 

g r o w in g  s e a s o n  i n  t h e  f i e l d  (two y e a r s  f ro m  seed )  d i f f e r e d  

s i g n i f i c a n t l y  b e t w e e n  t h e  s p e c i e s  and h y b r i d s  ( T a b l e  3 .5 ) .  

T y p i c a l l y ,  t r e m b l i n g  a s p e n  p r o d u c e d  f i v e  o r  more  b r a n c h e s ,  

w h e r e a s  b i g t o o t h  a s p e n  p r o d u c e d  few o r  n o n e .  B r a n c h i n g  o f  

£ .  Xs m i t h i i  f a m i l i e s  w e re  i n t e r m e d i a t e ,  b u t  t e n d e d  t o  f a v o r  

t h e  b r a n c h  number  o f  t h e  m a t e r n a l  p a r e n t .  A l s o ,  b r a n c h  

number  i n  P. Xr o u l e a u i a n a  b a c k c r o s s e s  f a v o r e d  t h e  a s p e n  

p a r e n t .  A d d i t i v e  and m a t e r n a l  e f f e c t s  may b e  i n v o l v e d  in  

bud r e l e a s e  and t h e  s u b s e q u e n t  l a t e r a l  b r a n c h  f o r m a t i o n  i n  

a s p e n  d u r i n g  t h e  f i r s t  g r o w in g  s e a s o n  i n  t h e  f i e l d .  In  

a d d i t i o n ,  b o t h  h e i g h t  ( r  = .2 9 )  a n d  d i a m e t e r  ( r  = . 4 6 )  w e r e  

s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  b r a n c h  number  a f t e r  t h e  f i r s t  

f i e l d  g r o w in g  s e a s o n .  T h e r e f o r e ,  b r a n c h  number  in  young



66

t r e e s  may be  d e t e r m i n e d  by b o t h  t h e  s p e c i e s  g e n o t y p e  and t h e  

p h y s i c a l  s i z e  a t t a i n e d  by t h e  g e n o t y p e  ( g e n o t y p e  x e n v i r o n m e n t ) .

S i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  s p e c i e s  and h y b r i d s  

w ere  found  f o r  bud o r i e n t a t i o n  ( T a b l e  3 .5 ) .  Bud d i v e r g e n c e  

was e s s e n t i a l l y  a b s e n t  i n  t r e m b l i n g  a s p e n  and u b i q u i t o u s  i n  

b i g t o o t h  a s p e n ,  a l t h o u g h  t h e r e  w e re  e x c e p t i o n s .  The 

v a r i a t i o n  b e tw e e n  and w i t h i n  t h e  P. X s m i t h i i  f a m i l i e s  f o r  

bud o r i e n t a t i o n  was v e r y  l a r g e .  The mean o f  t h e  h y b r i d  

f a m i l i e s  was a p p r o x i m a t e l y  i n t e r m e d i a t e  t o  t h e  p a r e n t  

s p e c i e s ,  b u t  t h e  bud o r i e n t a t i o n  w i t h i n  a h y b r i d  f a m i l y  was 

more  o f t e n  l i k e  t h a t  o f  t h e  m a t e r n a l  p a r e n t .  Bud 

o r i e n t a t i o n  i n  t h e  P. X r o u l e a u i a n a  b a c k c r o s s e s  was 

i n f l u e n c e d  by t h e  a s p e n  p a r e n t ,  b u t  g e n e r a l l y  r e s e m b l e d  

b i g t o o t h  a s p e n  b e c a u s e  P. a l b a  h a s  d i v e r g e n t  b u d s .  Non­

a d d i t i v e  g e n e t i c  e f f e c t s  p r o b a b l y  w ere  i n v o l v e d  b e c a u s e  o f  

t h e  u n p r e d i c t a b l e  s e g r e g a t i o n  o f  t h i s  t r a i t  i n  t h e  h y b r i d  

f a m i l i e s .

S i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  s p e c i e s  and h y b r i d s  

w ere  fo u n d  f o r  bud s c a l e  p u b e s c e n c e  ( T a b l e  3 .5 ) .  N o t i c e a b l e  

p u b e s c e n c e  on t h e  bud  s c a l e s  was a b s e n t  i n  t r e m b l i n g  a s p e n ,  

b u t  was common i n  b i g t o o t h  a s p e n .  M ost  P. Xs m i t h i i  

f a m i l i e s  had l i t t l e  bud s c a l e  p u b e s c e n c e .  H y b r id  f a m i l i e s  

w i t h  b i g t o o t h  a s p e n  a s  t h e  m a t e r n a l  p a r e n t  had s l i g h t l y  m ore  

p u b e s c e n c e  t h a n  t h e  r e c i p r o c a l  h y b r i d .  S i n c e  P. a l b a  h a s  a 

d e n s e  tomentum on i t s  bud s c a l e s ,  t h e  P. Xr o u l e a u i a n a  

b a c k c r o s s e s  w i t h  b i g t o o t h  a s p e n  had more  p u b e s c e n c e  t h a n  

b i g t o o t h  f a m i l i e s ,  and w i t h  t r e m b l i n g  a s p e n  a s  t h e  b a c k c r o s s
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p a r e n t ,  s l i g h t l y  l e s s  p u b e s c e n c e  t h a n  b i g t o o t h  f a m i l i e s .

The g r a d u a l  c l i n e  f ro m  P. t r e m u l o i d e s  t o  P. X r o u l e a u i a n a  in  

t h e  amount  o f  bud s c a l e  p u b e s c e n c e  s u g g e s t e d  a d d i t i v e  e f f e c t s  

w e re  i m p o r t a n t .

P h y s i o l o g i c a l  A b n o r m a l i t i e s

S i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  b e tw e e n  t h e  s p e c i e s  and 

h y b r i d s  i n  t h e  o c c u r r e n c e  o f  s te m  d i e b a c k  and bud a b o r t i o n  

( T a b l e  3 .5 ) .  O n ly  a few i n d i v i d u a l s  f rom  t h e  b i g t o o t h  and 

t r e m b l i n g  f a m i l i e s  h ad  some t y p e  o f  s h o o t  d i e b a c k .  H ow ever ,  

t h i s  d i e b a c k  was n o t  uncommon in  a number o f  h y b r i d  

f a m i l i e s .  B o th  P. Xs m i t h i i  c r o s s e s  and t h e  P. X r o u l e a u i a n a  

b a c k c r o s s e s  had  i n d i v i d u a l s  w i t h  t h e  d i s o r d e r .  The h y b r i d  

d y s g e n e s i s  was p r o b a b l y  t h e  d i e b a c k  syndrom e  t h a t  H e im b u rg e r  

(1940) fo u n d  in  £ .  X s m i t h i i  d u r i n g  h i s  e a r l y  h y b r i d i z a t i o n  

s t u d i e s .

S i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  f r e q u e n c y  o f  r o o t  c o l l a r  

s p r o u t i n g  w e re  p r e s e n t  b e t w e e n  t h e  s p e c i e s  and h y b r i d s  

( T a b l e  3 . 5 ) .  Many P .  Xsm i  t h i  i  a n d  (P.  X r o u l e a u i a n a )  X P. 

t r e m u l o i d e s  f a m i l i e s  had f rom one  t o  t e n  s p r o u t s  e m e r g in g  

f rom  t h e  r o o t  c o l l a r  d u r i n g  t h e  s e c o n d  g ro w in g  s e a s o n .

D e s p i t e  t h i s  a b u n d a n t  s p r o u t i n g ,  t h e  t r e e s  m a i n t a i n e d  

a c t i v e l y - g r o w i n g  t e r m i n a l  l e a d e r s .  The g e n e t i c  r e g u l a t i o n  

o f  e n d o g e n o u s  ho rm o n es  i n  t h e s e  h y b r i d s  may h a v e  

m a l f u n c t i o n e d ,  t h e r e b y ,  r e l e a s i n g  t h e  a d v e n t i t i o u s  and 

b a s a l  b u d s  f rom  i n h i b i t o r  h o rm o n es .  H y b r id  f a m i l i e s  t h a t  

d e v e l o p e d  b a s a l  s p r o u t i n g  in  t h e  s e c o n d  g r o w in g  s e a s o n  o f t e n  

grew  l e s s  i n  h e i g h t  t h a n  h y b r i d  f a m i l i e s  w i t h o u t  s p r o u t s .
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The young s u c c u l e n t  s h o o t  t i p s  o f  t h e s e  s p r o u t s  w ere  s t r o n g  

s i n k s  f o r  p h o t o s y n t h a t e  p r o d u c e d  by t h e  t r e e .  T h e se  s p r o u t s  

e i t h e r  becam e o v e r t o p p e d  by  t h e  c a n o p y  and d i e d  o r  t h e y  

c o n t i n u e d  t o  grow and  d i v e r t  p h o t o s y n t h a t e  from t h e  main  

s t e m .

D i s e a s e s ,  I n s e c t s ,  and  D ee r

An unnamed v i r u s  l e a f  s p o t  d e s c r i b e d  by Boyer  (1962) 

was a s e v e r e  p r o b l e m  f o r  a few P. Xs m i t h i i  f a m i l i e s .  More 

h y b r i d  f a m i l i e s  had  t h i s  d i s e a s e  t h a n  d i d  b i g t o o t h  and 

t r e m b l i n g  a s p e n  f a m i l i e s .  Boyer  a l s o  fo und  t h i s  t o  b e  t r u e  

w i t h  h y b r i d  a s p e n  t h a t  he  had  i n o c u l a t e d  w i t h  t h e  v i r u s .  

H ow ever ,  t h e r e  w e re  no s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  

s p e c i e s  and h y b r i d s  i n  i n c i d e n c e  o f  t h i s  d i s e a s e .

A s e r i o u s  f u n g a l  s h o o t  p e s t  was V e n t u r i a  t r e m u l a e . I t  

h a s  b e e n  r e p o r t e d  by  Dance (1961)  t o  a t t a c k  o n l y  t h e  young 

s h o o t s  o f  b o t h  b i g t o o t h  and t r e m b l i n g  a s p e n .  Dance o b s e r v e d  

t h a t  t h e  t i m e  s p a n  o f  s u s c e p t i b i l i t y  t o  V e n t u r i a  t r e m u l a e  i s  

a b o u t  s i x  w e e k s ,  b e g i n n i n g  i n  e a r l y  May. He r e p o r t e d  t h a t  

t r e m b l i n g  a s p e n  i s  m ore  s e r i o u s l y  i n j u r e d  t h a n  b i g t o o t h  

a s p e n  b e c a u s e  b i g t o o t h  i n i t i a t e s  s h o o t  g r o w th  two w eeks  

l a t e r ;  h e n c e ,  t h e  t i m e  d u r i n g  w h ich  r e i n f e c t i o n  can  o c c u r  in  

b i g t o o t h  d u r i n g  t h e  s u s c e p t i b l e  p e r i o d  i s  s h o r t e r .

In  t h i s  s t u d y ,  t h e r e  w ere  a l s o  s i g n i f i c a n t  d i f f e r e n c e s  

( T a b l e  3.6) i n  i n f e c t i o n  r a t e s  b e tw e e n  t r e m b l i n g ,  b i g t o o t h ,  

and h y b r i d  a s p e n  w h ich  s u p p o r t e d  D a n c e ' s  f i n d i n g s .

T r e m b l i n g  a s p e n  was t h e  m o s t  s u s c e p t i b l e ,  w h e r e a s  b i g t o o t h  

was t h e  l e a s t  s u s c e p t i b l e .  The h y b r i d s  w ere  i n t e r m e d i a t e ,
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a l t h o u g h  h y b r i d s  w i t h  a t r e m b l i n g  a s p e n  p a r e n t  w e re  much 

m ore  s u s c e p t i b l e  t h a n  t h e  w h i t e  p o p l a r  x b i g t o o t h  a s p e n  

h y b r i d .

Genes  w i t h  a d d i t i v e  e f f e c t s ,  w h ich  w ere  l a r g e l y  

c o n t r i b u t e d  b y  one  s p e c i e s ,  P. t r e m u l o i d e s , a p p e a r  t o  h a v e  

i n f l u e n c e d  a s p e n  s u s c e p t i b i l i t y  t o  V e n t u r i a  t r e m u l a e . Some 

o f  t h e s e  g e n e s  w ere  p r o b a b l y  t h e  same o n e s  o r  c l o s e l y  l i n k e d  

t o  t h o s e  t h a t  c o n t r o l l e d  t i m e  o f  l e a f  f l u s h ,  s i n c e  D a n c e ' s  

w o r k  a n d  t h e  l e a f  f l u s h  d a t a  i n  T a b l e  3 .1  s u p p o r t  t h i s  

h y p o t h e s i s .  R e s i s t a n c e  was fo und  i n  some b i g t o o t h  f a m i l i e s ,  

w h e r e a s  o n l y  d i f f e r e n c e s  in  t h e  d e g r e e  o f  s u s c e p t i b i l i t y  t o  

V e n t u r i a  w e re  found  among t r e m b l i n g  f a m i l i e s .

T a b l e  3.6 . S u s c e p t i b i l i t y  t o  V e n t u r i a  t r e m u l a e  i n  p e r c e n t  
o f  t h e  p l a n t a t i o n  mean f o r  e a c h  s p e c i e s  and 
h y b r i d  a t  t h e  S i x  La k es  p l a n t a t i o n .

Taxa

S u s c e p t i b i l i t y  
i n  % o f  

P l a n t a t i o n  Mean

T o t a l  
Number 

o f  P l o t s

P e r c e n t a g e  
o f  P l o t s  
I n f e c t e d

P .  g r a n d i d e n t a t a

( P . X r o u l e a u i a n a )
X P . g r a n d i d e n t a t a

( P . X r o u l e a u i a n a )
X P . t r e m u l o i d e s

P . g r a n d i d e n t a t a  
X P . t r e m u l o i d e s

P . t r e m u l o i d e s  
X P . g r a n d i d e n t a t a

P . t r e m u l o i d e s

31

35

88

98

93

120

72

32

51

102

97

315

8

9

22

25

23

30
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The m o s t  d e s t r u c t i v e  i n s e c t  i n  t h e  p r o g e n y  t e s t  was t h e  

p o p l a r - g a l l  b e e t l e ,  S a p e r d a  i n o r n a t a . T h i s  b o r e r  h a s  b e e n  

r e p o r t e d  by  Nord je t  a l . (1972) t o  b e  a common a s p e n  p e s t  i n  

t h e  Lake  S t a t e s .  They found  t h a t  op en  s t a n d s ,  s u c h  a s  young  

p r o g e n y  t e s t s ,  a r e  h i g h l y  s u s c e p t i b l e  t o  a t t a c k .  S t u n t e d  

g r o w t h ,  s te m  b r e a k a g e ,  f u n g a l  d e c a y ,  and  H y p o x y lo n  c a n k e r s  

w ere  t y p i c a l  s e c o n d a r y  e f f e c t s  o f  S a p e r d a  dam age .  At t h e  

S i x  L a k e s  s i t e ,  f a m i l i e s  f rom  a l l  s p e c i e s  and h y b r i d s  w ere  

h e a v i l y - i n f e s t e d .  T w o - y e a r - o l d  t r e e s  had  a s  many a s  s i x  

g a l l s  on t h e  m a in  s te m .  Damage from s te m  b r e a k a g e  and 

s e c o n d a r y  f u n g a l  p a t h o g e n s  was m o s t  p r o n o u n c e d  on t h e  d r y ,  

s a n d y  S ix  L a k es  s i t e  b e c a u s e  t r e e  v i g o r  was low.  On t h e  

b e t t e r  p l a n t a t i o n  s i t e s  ( i e . ,  D e c a t u r ) ,  t r e e s  w ere  v i g o r o u s  

enough  so  t h a t  s t e m  damage f rom  l a r v a l  b o r i n g  was m i n i m i z e d  

b y  p r o d u c t i o n  o f  s u f f i c i e n t  x y l e m  t o  p r e v e n t  s t e m  b r e a k a g e .

T h e r e  w e re  no s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  s p e c i e s  

and  h y b r i d s  i n  s u s c e p t i b i l i t y  t o  S a p e r d a  a t t a c k .  H ow ever ,

(P. Xr o u l e a u i a n a ) X P. t r e m u l o i d e s  h y b r i d s  a v e r a g e d  t w i c e  a s  

many g a l l s  p e r  t r e e  a s  d i d  P. g r a n d i d e n t a t a . A p p a r e n t l y  i t  

w as  no  c o i n c i d e n c e  t h a t  t h e  f o r m e r  t a x o n  a l s o  h a d  t h e  

f a s t e s t  g r o w in g  f a m i l i e s  and t h e  l a t t e r  t h e  s l o w e s t  g ro w in g  

o n e s .  By ag e  tw o ,  f a s t - g r o w i n g  t r e e s  had  a t t a i n e d  t h e  8 -14  

mm d i a m e t e r  r a n g e  t h a t  G r i m b l e  e t  aJL. (1969) r e p o r t e d  t o  be 

t h e  p r e f e r r e d  s te m  s i z e  f o r  o v i p o s i t i n g  S a p e r d a  b e e t l e s .  

H e i g h t  ( r  = .28)  and  d i a m e t e r  ( r  = .32)  w e r e  s i g n i f i c a n t l y  

c o r r e l a t e d  w i t h  t h e  number  o f  S a p e r d a  g a l l s  p e r  s te m .  T h i s  

d o e s  n o t  n e c e s s a r i l y  i n f e r  t h a t  v i g o r o u s  t r e e s  a r e  more
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g e n e t i c a l l y  s u s c e p t i b l e  b u t  i n s t e a d  shows t h a t  l a r g e r  t r e e s  

s u p p o r t  more  l a r v a e  ( g a l l s ) .  V i g o r o u s  t r e e s ,  h o w e v e r ,  

s u f f e r e d  l e s s  s te m  b r e a k a g e  f rom l a r v a l  b o r i n g  t h a n  d i d  

s m a l l e r  t r e e s .

The a p p a r e n t  l a c k  o f  s p e c i e s  r e s i s t a n c e  t o  S a p e r d a  and 

t h e  s i g n i f i c a n t  damage t h a t  t h e  l a r v a e  c a u s e  t o  young a s p e n  

p l a n t a t i o n s  s h o u l d  be  c o n s i d e r e d  when s e l e c t i n g  s i t e s  f o r  

g e n e t i c  t e s t s  o f  a s p e n  t a x a .  Poor  t o  a v e r a g e  a s p e n  s i t e s  

s h o u l d  be  a v o i d e d  i f  t h i s  i n s e c t  i s  p r e s e n t  u n l e s s  a 

s p r a y i n g  and s a n i t a t i o n  p ro g ra m  i s  t o  be  i n s t i t u t e d .

A n o t h e r  s h o o t  i n s e c t ,  t h e  w i l l o w  s h o o t  s a w f l y  (J a n u s  

a b b r e v i a t u s ) , was a s e r i o u s  p e s t  in  t h e  n u r s e r y  and a l e s s e r  

p r o b l e m  i n  t h e  E a s t  L a n s i n g  p l a n t a t i o n .  The b i o l o g y  o f  t h i s  

i n s e c t  i n  t h e  L a k es  S t a t e s  h a s  b e e n  d e s c r i b e d  by  Osgood 

(1962) and Graham e t  £1^. (1 9 6 3 ) .  S h o o t  damage i n  t h e  E a s t  

L a n s i n g  p l a n t a t i o n  was g r e a t e s t  i n  t h e  f i r s t  g r o w in g  s e a s o n  

and  d e c r e a s e d  t h e  f o l l o w i n g  two y e a r s .  In  t h e  s e c o n d  

g r o w in g  s e a s o n  2.5 p e r c e n t  o f  a l l  t e r m i n a l  s h o o t s  and  60% o f  

a l l  r o o t  c o l l a r  s p r o u t s  w ere  g i r d l e d  and e i t h e r  k i l l e d  o r  

dam aged .  T h e re  was no p r e f e r e n c e  f o r  one  t a x o n  by t h e  

w i l l o w  s h o o t  s a w f l y .  H ow ever ,  P. X s m i t h i i  f a m i l i e s  s u f f e r e d  

t h e  m o s t  w i l l o w  s h o o t  s a w f l y  damage b e c a u s e  t h e  a b n o r m a l  

r o o t  c o l l a r  s p r o u t i n g  o f  t h e s e  h y b r i d s  p r o v i d e d  t h e  s a w f l i e s  

w i t h  s u c c u l e n t  s p r o u t s  f o r  o v i p o s i t i n g .  T h e se  f a m i l i e s ,  

w h ic h  p r o d u c e d  n um erous  r o o t  c o l l a r  s p r o u t s ,  s h o u l d  n o t  be 

c h o s e n  f o r  f u t u r e  b r e e d i n g  work .
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The p o p l a r  t e n t m a k e r  (C l o s t e r a  i n c l u s a ) was y e t  a n o t h e r  

i n s e c t  p r o b l e m .  The l a r v a e  o f  t h i s  moth d e f o l i a t e d  35 

p e r c e n t  o f  t h e  t r e e s  a t  t h e  D e c a t u r  p l a n t a t i o n  in  1983.  

E n t i r e  c o t t o n w o o d  p l a n t a t i o n s  i n  M i s s i s s i p p i  h a v e  b e e n  

c o m p l e t e l y  d e f o l i a t e d  i n  a s  l i t t l e  a s  t h r e e  d a y s  b y  t h i s  

n o t o d o n t i d  ( S t e i n  and  O l i v e r i a  1 9 7 9 ) .  M o r t a l i t y  and g r o w th  

l o s s  h a v e  b e e n  e c o n o m i c a l l y  s i g n i f i c a n t  i n  t h e s e  c o t to n w o o d  

p l a n t a t i o n s .  The p o p l a r  t e n t m a k e r  h a s  b e e n  r e l a t i v e l y  

unknown i n  M ic h i g a n  b u t  r e c e n t l y  h a s  b e e n  r e p o r t e d  in  

B e r r i e n ,  C a s s ,  and  S t .  J o s e p h  c o u n t i e s  i n  t h e  s o u t h w e s t e r n  

p a r t  o f  t h e  s t a t e .  T h e r e  w ere  no d i f f e r e n c e s  i n  g e n e t i c  

r e s i s t a n c e  t o  t h e  t e n t m a k e r  among t h e  a s p e n  t a x a  a t  D e c a t u r .  

F a m i l i e s  w i t h  e i t h e r  t r e m b l i n g  o r  b i g t o o t h  a s p e n  a s  t h e  

m a t e r n a l  p a r e n t  had  34 and  35 p e r c e n t  d e f o l i a t i o n ,  

r e s p e c t i v e l y .  I f  t h i s  i n s e c t  becom es  a  p r o b l e m  in  

s o u t h w e s t e r n  M i c h i g a n ,  c h e m i c a l  c o n t r o l  h a s  b e e n  p r o v e n  t o  

b e  e f f e c t i v e  ( C o s t e r  1973) .

In  a d d i t i o n  t o  i n s e c t s  and d i s e a s e s ,  d e e r  damage was a 

common p r o b l e m  in  t h e  p l a n t a t i o n s .  B ro w s in g  and f a l l  

r u b b i n g  by m a l e  d e e r  damaged o r  k i l l e d  t h e  m ain  s t e m s  o f  

many t r e e s .  H o w e v e r ,  t h e  c o r r e l a t i o n  b e t w e e n  b r o w s i n g  and 

t r e e  h e i g h t  was v e r y  s m a l l  ( r  = .04)  and i n s i g n i f i c a n t .  

P r e f e r e n c e  f o r  a p a r t i c u l a r  a s p e n  t a x o n  was n o t  e v i d e n t  in  

t h i s  s t u d y .  The i m p o r t a n c e  o f  d e e r  b r o w s i n g  in  a p l a n t a t i o n  

d e p e n d s  on t r e e  v i g o r .  F a s t - g r o w i n g  t r e e s  u s u a l l y  e s c a p e  

d e e r  b r o w s i n g  a f t e r  two o r  t h r e e  y e a r s .  S l o w - g r o w i n g  t r e e s  

o r  t r e e s  p l a n t e d  on p o o r  s i t e s  may be  s t u n t e d  i n d e f i n i t e l y
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and become i n f e c t e d  by  s e c o n d a r y  p a t h o g e n s .  B e c a u s e  d e e r  

r e p e l l e n t s  h a v e  n o t  g i v e n  p r o m i s i n g  r e s u l t s  t h u s  f a r  in  

a s p e n  p l a n t i n g s  ( R e i g h a r d ,  p e r s o n a l  o b s e r v a t i o n ) ,  p l a n t i n g  

s u p e r i o r  g e n o t y p e s  and  a v o i d i n g  p o o r  s i t e s  w i l l  l e s s e n  t h e  

im p a c t  o f  d e e r  on a s p e n  e s t a b l i s h m e n t  and g r o w t h .
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CHAPTER 4

C o m p a r a t i v e  P h y s i o l o g i c a l  S t u d i e s  o f  P h o t o s y n t h e s i s ,  S h o o t  

and  Root  D e v e l o p m e n t ,  and Dry M a t t e r  P a r t i t i o n i n g  in  

P o p u l u s  g r a n d i d e n t a t a , P,  t r e m u l o i d e s , and P .  X s m i t h i i

(To b e  S u b m i t t e d  t o  F o r e s t  S c i e n c e )

ABSTRACT

P h o t o s y n t h e s i s ,  s h o o t  and r o o t  d e v e l o p m e n t ,  and d r y  

m a t t e r  p a r t i t i o n i n g  w ere  s t u d i e d  i n  P o p u l u s  g r a n d i d e n t a t a ,

P. t r e m u l o i d e s , and t h e i r  h y b r i d  P. X s m i t h i i  u s i n g  a c l o s e d  

g a s - e x c h a n g e  s y s t e m ,  h y d r o p o n i c s ,  and a n u r s e r y .  T h e re  w ere  

no s i g n i f i c a n t  d i f f e r e n c e s  among t a x a  in  n e t  p h o t o s y n t h e s i s  

and d a r k  r e s p i r a t i o n  r a t e s .  W hole  p l a n t  p h o t o s y n t h e s i s  and 

r e s p i r a t i o n  w ere  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  l e a f  d r y  

w e i g h t ,  s h o o t  d r y  w e i g h t ,  and l e a f  a r e a .  S e e d l i n g s  w i t h  

h i g h  n e t  p h o t o s y n t h e t i c  r a t e s  and l a r g e  l e a f  a r e a s  a s s i m i ­

l a t e d  t h e  m o s t  d r y  m a t t e r ,  b u t  d i d  n o t  n e c e s s a r i l y  g r o w  t h e  

t a l l e s t .  P. t r e m u l o i d e s  p r o d u c e d  s i g n i f i c a n t l y  m ore  p r i m a r y  

r o o t s  and l e s s  s e c o n d a r y  r o o t s  t h a n  P. g r a n d i d e n t a t a . P. 

X s m i t h i i  p r o d u c e d  s l i g h t l y  m ore  p r i m a r y  and s e c o n d a r y  r o o t s  

t h a n  e i t h e r  p a r e n t  s p e c i e s .  R a t e s  o f  r o o t  g r o w t h  i n  b o t h  

s p e c i e s  and t h e  h y b r i d  w ere  s i m i l a r  a f t e r  f i v e  w eeks .  J?. 

t r e m u  l o i d e s  h a d  a  50% s m a l l e r  r o o t  t o  s t e m  r a t i o  t h a n  P. 

g r a n d i d e n t a t a . H y b r i d s  had r a t i o s  s i m i l a r  t o  t h e i r  m a t e r n a l  

p a r e n t s .  The g a s - e x c h a n g e  and h y d r o p o n i c  s t u d i e s  w e re  n o t  

e f f e c t i v e  m e th o d s  f o r  p r e d i c t i n g  d r y  m a t t e r  p r o d u c t i o n  o f  

a s p e n s  grown u n d e r  f i e l d  c o n d i t i o n s  in  t h e  n u r s e r y .
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INTRODUCTION

A sp e n s  a r e  f a s t - g r o w i n g  t e m p e r a t e  t r e e  s p e c i e s  which  

h a v e  e v o l v e d  m e t a b o l i c  p r o c e s s e s  t h a t  p r o m o te  r a p i d  j u v e n i l e  

g r o w t h .  Numerous s t u d i e s  o f  key  p h y s i o l o g i c a l  t r a i t s  h a v e  

b e e n  c o n d u c t e d  i n  a s p e n s  t o  e l u c i d a t e  w h ich  o f  t h e s e  t r a i t s  

a r e  r e l i a b l e  i n d i c a t o r s  o f  g r o w t h  p o t e n t i a l .  P h o t o s y n t h e s i s  

s t u d i e s  (G a the rum  e t  1967 ,  Domingo and Gordon 1974 ,

Okafo and H a n o v e r  1978) h a v e  b e e n  t h e  m o s t  f r e q u e n t l y  

r e p o r t e d ,  a l t h o u g h  t h e  r e s u l t s  h a v e  n o t  p r o v i d e d  c o n c l u s i v e  

e v i d e n c e  t h a t  n e t  p h o t o s y n t h e s i s  i s  s i g n i f i c a n t l y  c o r r e l a t e d  

w i t h  g r o w th  r a t e .  An i n h e r e n t  p r o b l e m  w i t h  p h o t o s y n t h e s i s  

s t u d i e s  h a s  b e e n  t h a t  f i e l d  c o n d i t i o n s  c a n n o t  b e  e a s i l y  

d u p l i c a t e d  in  t h e  l a b  and e v e n  when t h e y  a r e  a p p r o x i m a t e d ,  

t h e  s h o r t - t e r m  n a t u r e  o f  t h e s e  g a s - e x c h a n g e  m e a s u r e m e n t s  

p r o b a b l y  do n o t  a c c u r a t e l y  r e p r e s e n t  t h e  l o n g - t e r m  g a s -  

e x c h a n g e  p r o c e s s e s  i n  a n a t u r a l  e n v i r o n m e n t .

In  c o n t r a s t  t o  p h o t o s y n t h e s i s ,  o t h e r  p h y s i o l o g i c a l  

t r a i t s  su c h  a s  l e a f  a r e a ,  s h o o t  and r o o t  g r o w t h ,  and  c a r b o n  

p a r t i t i o n i n g  ( Z a v i t k o v s k i  1971 ,  O kafo  1976) h a v e  b e e n  more  

h e l p f u l  i n  d e f i n i n g  t h e  g r o w th  p o t e n t i a l  o f  a s p e n  s p e c i e s .  

T h ese  p h y s i o l o g i c a l  p r o c e s s e s  h a v e  n o t  y e t  b e e n  i n v e s t i g a t e d  

i n  c o m p a r a t i v e  s t u d i e s  b e tw e e n  a s p e n  s p e c i e s  and t h e i r  

h y b r i d s .  F u r t h e r m o r e ,  many o f  t h e s e  t r a i t s  h a v e  n o t  b e e n  

m e a s u re d  u n d e r  b o t h  l a b o r a t o r y  and f i e l d  c o n d i t i o n s .  

U n d e r s t a n d i n g  t h e  r e l a t i o n s h i p  b e tw e e n  p l a n t  p h y s i o l o g i c a l  

p r o c e s s e s  and d r y  m a t t e r  p r o d u c t i o n  w i l l  p r o v i d e  t h e  f o r e s t  

g e n e t i c i s t  w i t h  i m p o r t a n t  i n f o r m a t i o n  c o n c e r n i n g  t h e
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f e a s i b i l i t y  o f  u s i n g  i n d i r e c t  s e l e c t i o n  in  p h y s i o l o g i c a l  

t r a i t s  f o r  b i o m a s s  y i e l d .  S t u d y i n g  t h e s e  t r a i t s  i n  a s p e n  

s p e c i e s  and t h e i r  h y b r i d s  w i l l  g i v e  an i n d i c a t i o n  o f  how 

s i m i l a r  g e n e t i c a l l y  t h e s e  p r o c e s s e s  a r e  in  t h e  d i f f e r e n t  

p a r e n t  s p e c i e s  and t h e r e f o r e ,  a i d  i n  t h e  d e v e l o p m e n t  o f  

i n t e r -  and i n t r a s p e c i f i c  h y b r i d i z a t i o n  p r o g r a m s  t o  i m p ro v e  

b i o m a s s  p r o d u c t i o n .

The o b j e c t i v e s  o f  t h i s  s t u d y  w e re  t o  i n v e s t i g a t e  

p h o t o s y n t h e s i s ,  s h o o t  and r o o t  d e v e l o p m e n t ,  and c a r b o n  

p a r t i t i o n i n g  in  two s y m p a t r i c  b u t  e c o l o g i c a l l y  d i s t i n c t  

a s p e n  s p e c i e s  (P o p u l u s  g r a n d i d e n t a t a  and P. t r e m u l o i d e s ) and 

t o  d e t e r m i n e  how t h e s e  i n t e r d e p e n d e n t  p h y s i o l o g i c a l  

p r o c e s s e s  w e re  e x p r e s s e d  in  t h e i r  h y b r i d ,  P. X s m i t h i i . In  

a d d i t i o n ,  t h e  i m p o r t a n c e  o f  t h e s e  p r o c e s s e s  r e l a t i v e  to  

p l a n t  b i o m a s s  p r o d u c t i o n  u n d e r  b o t h  a r t i f i c i a l  and n a t u r a l  

e n v i r o n m e n t s  was e v a l u a t e d .

MATERIALS AND METHODS 

P h o t o s y n t h e s i s  S t u d y

S e e d l i n g s  o f  b i g t o o t h  a s p e n  (P o p u l u s  g r a n d i d e n t a t a ) , 

t r e m b l i n g  a s p e n  (P. t r e m u l o i d e s ) , and t h e i r  h y b r i d  (P.

X s m i t h i i ) w e re  grown i n d o o r s  i n  a g r o w t h  f r a m e  f o r  12 w e e k s .  

T h e se  s e e d l i n g s  r e p r e s e n t e d  s e v e n  f u l l - s i b  f a m i l i e s .  Each 

s e e d l i n g  was  g r o w n  i n  a 6 x 6 x 27 cm p o l y c o a t e d  p a p e r  p l a n t  

band  t h a t  had b e e n  f i l l e d  w i t h  m e d ia  c o n s i s t i n g  o f  1 : 1 : 1  

p a r t s  p e a t ,  p e r l i t e ,  and v e r m i c u l i t e .  The b a n d s  w ere  

i n s e r t e d  i n  p l a s t i c  m i l k  c a s e s  w i t h  25 b a n d s  t o  a c a s e .  One 

s e e d  l o t  was sown p e r  c a s e .  The r o o t  m ed ia  was w a t e r e d
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w h e n e v e r  t h e  s u r f a c e  became d r y ,  and t h e  s e e d l i n g s  w e re  

f e r t i l i z e d  o n ce  a week w i t h  P e t e r s  S o i l  T e s t  F e r t i l i z e r  (2 0 -  

2 0 - 2 0 )  a t  a r a t e  o f  6 m l / 1 .  P e t e r s  S o l u b l e  T r a c e  E l e m e n t  

Mix was a p p l i e d  o n c e  d u r i n g  week t h r e e  a t  a r a t e  o f  0.3 

m l / 1 .

L i g h t i n g  f o r  t h e  s e e d l i n g s  came f rom c o o l  w h i t e

f l u o r e s c e n t  b u l b s  ( h i g h  o u t p u t  800 mA) s u s p e n d e d  one  m e t e r

a b o v e  t h e  c a s e s .  The p h o t o s y n t h e t i c  p h o t o n  f l u x  d e n s i t y

(PPFD) was m e a s u r e d  w i t h  a Lambda q u an tum  s e n s o r  ( L i c o r  I n c .

Model L I - 1 6 0 0 ,  L i n c o l n ,  NE) a t  0,  20 ,  and 40 cm a b o v e  t h e

t o p  o f  t h e  p l a n t  b a n d s .  The PPFD d a t a  w e r e  c o l l e c t e d  i n

weeks 1 and  12 and t h e n  a v e r a g e d .  The a v e r a g e  PPFD's a t  0

( l o w e r  c a n o p y ) ,  20 ( m i d - c a n o p y ) ,  and 40 cm ( t o p  canopy)  o v e r
1 0t h e  12-w eek  g r o w in g  p e r i o d  w ere  30 ,  42 ,  and 55 jumol s -Lm *, 

r e s p e c t i v e l y .  The p h o t o p e r i o d  was 18 h o u r s  l i g h t  and  6 

h o u r s  d a r k n e s s .  A i r  t e m p e r a t u r e s  i n  t h e  room d u r i n g  t h e  

g r o w in g  p e r i o d  w ere  2 4 °  +_ 4°C.

T w e l v e  weeks  a f t e r  t h e  sow ing  d a t e ,  t h e  f i v e  l a r g e s t  

s e e d l i n g s  f rom  e a c h  s e e d l o t  w e re  s e l e c t e d  f o r  t h e  

e x p e r i m e n t .  The e x p e r i m e n t a l  d e s i g n  was a r a n d o m iz e d  b l o c k  

w i t h  e a c h  b l o c k  o r  r e p l i c a t e  r e p r e s e n t i n g  a t w o - d a y  t im e  

i n t e r v a l .  T h e r e  w e re  f i v e  r e p l i c a t e s  w i t h  e a c h  r e p l i c a t e  

h a v i n g  s e v e n  t r e e s  (one  t r e e  p e r  s e e d l o t ) .  The o r d e r  o f  

t e s t i n g  t h e  s e v e n  t r e e s  w i t h i n  e a c h  r e p l i c a t e  was random.

Ten d a y s  w e re  n e e d e d  t o  t a k e  g a s - e x c h a n g e  m e a s u r e m e n t s  on a 

t o t a l  o f  35 t r e e s .
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A s c h e m a t i c  d i a g r a m  o f  t h e  p l a n t  g a s - e x c h a n g e  s y s t e m  

w i t h  i t s  e l e c t r o n i c  c o m p o n e n t s  i s  p r e s e n t e d  in  F i g u r e  4 .1 .  

The v o l u m e  o f  t h e  s y s t e m  e x c l u d i n g  t h e  s h u n t  p a th w a y  i s  111 

l i t e r s .  A i r  was c i r c u l a t e d  by  a b e l t - d r i v e n  c e n t r i f u g a l  

b l o w e r  ( P a x to n  C o r p . ,  S a n t a  M o n ic a ,  CA) t h a t  had an a i r t i g h t  

h o u s i n g  and s e a l s .  The a i r  f l o w  was d i r e c t e d  t h r o u g h  g l a s s  

t u b i n g  w h ich  was c o n n e c t e d  by c o u p l e r s  w i t h  t e f l o n  s e a l i n g  

r i n g s .  The p l a n t  ch am b er  and  m i s t  ch am b er  w e re  made o f  

p l e x i g l a s s .  The t h e r m o m e t e r  and l i t h i u m  c h l o r i d e  h u m i d i t y  

s e n s o r s  w ere  h o u s e d  in  a p l e x i g l a s s  box .  The s h u n t s  a r e  

c o p p e r  T ' s  w i t h  v a l v e s  w h ic h  r e g u l a t e d  t h e  a i r  f l o w  t h r o u g h  

t h e  s y s t e m .  A i r  v e l o c i t y  i n  t h e  p l a n t  cham ber  a v e r a g e d  2.1 

m s ~ 1. A r a d i a t o r  and h e a t i n g  c o i l  t h a t  w e re  e n c l o s e d  in  an 

i n s u l a t e d  box r e g u l a t e d  t h e  r e l a t i v e  h u m i d i t y  and a i r  

t e m p e r a t u r e  o f  t h e  c i r c u l a t i n g  a i r .

S y s tem  a i r  t e m p e r a t u r e  was m o n i t o r e d  i n d e p e n d e n t l y  by 

t h r e e  i n s t r u m e n t s .  A d i g i t a l  c e n t i g r a d e  th e r m o m e t e r  was 

u s e d  t o  d e t e r m i n e  t h e  c u r r e n t  s y s t e m  t e m p e r a t u r e .  A 

t h e r m o c o u p l e  a t t a c h e d  t o  a S a r g e n t  r e c o r d e r  g a v e  a 

t e m p e r a t u r e  t r a c i n g  t o  m o n i t o r  t e m p e r a t u r e  c h a n g e s  i n  t h e  

s y s t e m .  A t h e r m i s t o r  was u s e d  t o  c o n t r o l  a v a r i a b l e  o u t p u t  

v o l t a g e  s o u r c e  t h a t  o p e r a t e d  t h e  h e a t e r  e l e m e n t .  S y s te m  a i r  

t e m p e r a t u r e  was m a i n t a i n e d  a t  24°  +_ 0 . 5 ° C .

R e l a t i v e  h u m i d i t y  was m o n i t o r e d  b y  an e l e c t r o n i c  

h y g r o m e t e r  i n d i c a t o r  (H y g ro d y n am ics  I n c . ,  Model  1 5 - 3 0 0 1 ,  

S i l v e r  S p r i n g ,  MD). A n a r r o w - r a n g e  s e n s o r  h e ad  w i t h  e i g h t  

t e m p e r a t u r e  p o s i t i o n s  was u s e d  in  c o n j u n c t i o n  w i t h  t h e
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h y g r o m e t e r  i n d i c a t o r  t o  o b t a i n  a c c u r a t e  r e a d i n g s  o f  r e l a t i v e  

h u m i d i t y  w i t h i n  a  s p e c i f i e d  t e m p e r a t u r e  r a n g e .  The r e l a t i v e  

h u m i d i t y  was t r a c e d  on a T e x a s  I n s t r u m e n t s  r e c o r d e r .  

D e v i a t i o n s  g r e a t e r  t h a n  1% f ro m  65% r e l a t i v e  h u m i d i t y  w e re  

c o r r e c t e d  by a h u m i d i f i e r / d e h u m i d i f i e r  c o n t r o l  c i r c u i t  t h a t  

o p e r a t e d  t h e  m i s t i n g  and c o o l i n g  ( r a d i a t o r )  u n i t s .

S y s tem  a i r  was pumped f rom  t h e  s y s t e m  and t h r o u g h  two 

s i l i c a  g e l  c o l u m n s  b e f o r e  e n t e r i n g  an i n f r a r e d  g a s  a n a l y z e r  

(Beckman I n s t r u m e n t s ,  Model 864) w h e re  c a r b o n  d i o x i d e  

c o n c e n t r a t i o n s  w e re  m e a s u r e d .  The c a r b o n  d i o x i d e  l e v e l s  

w e re  t r a c e d  on a T e x a s  I n s t r u m e n t s  r e c o r d e r .  A f t e r  p a s s i n g  

t h r o u g h  t h e  a n a l y z e r ,  t h e  a i r  was r e t u r n e d  t o  t h e  s y s t e m .

The l i g h t  s o u r c e  f o r  t h e  p l a n t  ch am ber  c o n s i s t e d  o f  

f o u r  4 0 0 - w a t t  a n d  o n e  1 , 0 0 0 - w a t t  m e t a l  h a l i d e  b u l b s  

( S y l v a n i a  M e t a l a r c )  a t t a c h e d  t o  p a r a b o l i c  a lum inum  

r e f l e c t o r s  and s u s p e n d e d  a b o v e  and t o  t h e  s i d e s  o f  t h e  

c h a m b e r .  The p h o t o s y n t h e t i c  p h o t o n  f l u x  d e n s i t y  (PPFD) 

i n s i d e  t h e  p l e x i g l a s s  cham ber  a t  t h e  b o t t o m ,  m i d - s e c t i o n ,  

and t o p  was 715 ,  7 6 5 ,  and 1220 jamol , r e s p e c t i v e l y .

T h e se  r e a d i n g s  w ere  t h e  a v e r a g e  o v e r  t h e  t e n - d a y  

e x p e r i m e n t a l  p e r i o d .  The mean o f  t h e s e  r e a d i n g s  was 900 

jjmol s “ ^m"2.

B e f o r e  i n s e r t i n g  a s e e d l i n g  in  t h e  g a s - e x c h a n g e  

c h a m b e r ,  t h e  s e e d l i n g  was w a t e r e d  and a c o l l a r  made from a 

s i z e  16 r u b b e r  s t o p p e r  was  p l a c e d  a r o u n d  t h e  b a s e  o f  t h e  

s tem .  The seam b e t w e e n  t h e  s te m  and s t o p p e r  was s e a l e d  w i t h  

O p t o s i l  ( U n i t e k  C o r p . ,  M o n r o v i a ,  CA), a s i l i c o n e - b a s e d
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m o l d i n g  m a t e r i a l .  The s e e d l i n g  was p r e c o n d i t i o n e d  t o  t h e  

l i g h t  i n t e n s i t y  and a i r  f l o w  i n s i d e  t h e  p l a n t  cham ber  f o r  a 

p e r i o d  o f  20 m i n u t e s  b e f o r e  t h e  g a s - e x c h a n g e  s y s t e m  was 

s e a l e d  t o  room a i r .

Ne t  p h o t o s y n t h e s i s  o f  e a c h  s e e d l i n g  was d e t e r m i n e d  

f r o m  t h e  t i m e  p e r i o d  t h a t  t h e  p l a n t  n e e d e d  t o  d e p l e t e  t h e  

CO2  c o n c e n t r a t i o n  i n  t h e  g a s - e x c h a n g e  s y s t e m  f rom  340 ppm t o  

265 ppm. When t h e  C02 c o n c e n t r a t i o n  d e c r e a s e d  t o  2 65 ppm, 

t h e  p l a n t  cham ber  was c o v e r e d  w i t h  b l a c k  c l o t h  and a l l  

l i g h t s  w ere  t u r n e d  o f f .  Dark  r e s p i r a t i o n  was d e t e r m i n e d  

f r o m  t h e  i n c r e a s e  i n  C02 l e v e l s  i n  t h e  s y s t e m  a f t e r  30 

m i n u t e s  o f  d a r k n e s s .  A l l  d a t a  i n  ppm w e r e  c o n v e r t e d  t o  mg 

C02 dm” 2 h r “ l .

F o l l o w i n g  t h e  g a s - e x c h a n g e  m e a s u r e m e n t s ,  l e a f  a r e a  o f  

e a c h  s e e d l i n g  was o b t a i n e d  b y  a L I - 3 0 0 0  P o r t a b l e  Area  M e te r  

(L iC or  I n c . ,  L i n c o l n ,  NE). Stem h e i g h t  was m e a s u re d  to  t h e  

n e a r e s t  c e n t i m e t e r .  L e a v e s  and s tem s  w e re  d r i e d  in  an oven  

a t  1 0 5 ° C  f o r  48 h o u r s .  O v e n - d r y  w e i g h t  o f  t h e  l e a v e s  a n d  

s t e m s  w ere  w e ig h ed  t o  0.1 g ram .

Two-way a n a l y s e s  o f  v a r i a n c e  w ere  c a l c u l a t e d  f o r  d a t a  

f rom e a c h  s e e d l o t  and s p e c i e s  g r o u p .  P e a r s o n  c o r r e l a t i o n s  

w ere  a l s o  c a l c u l a t e d  f o r  r e l a t i o n s h i p s  b e tw e e n  t h e  d a t a .  

H y d r o p o n i c  S tu d y

The h y d r o p o n i c  s y s t e m  u se d  t o  s t u d y  a s p e n  r o o t  g r o w th  

was m o d e le d  a f t e r  an i r r i g a t i o n - t y p e  w a t e r c u l t u r e  f o r  r o o t  

s t u d i e s  t h a t  was d e v e l o p e d  by de  S t i g t e r  (1969) and l a t e r  

m o d i f i e d  by  Wood and H a n o v e r  (1980) .  Wood's s y s t e m  was
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s l i g h t l y  m o d i f i e d  t o  a v o i d  m a i n t e n a n c e  p r o b l e m s .  The s y s t e m

was c o n s t r u c t e d  in  a g l a s s h o u s e  and s u p p l e m e n t a l  l i g h t i n g
1 0 .(100 p m o l  s -Lm *) f ro m  c o o l  w h i t e  f l u o r e s c e n t  t u b e s  was

p r o v i d e d .  The p h o t o p e r i o d  was m a i n t a i n e d  a t  16 h o u r s .

T e m p e r a t u r e  r a n g e d  f rom  20°C a t  n i g h t  t o  25°C i n  t h e  d a y .

Seed f rom  t h e  s e v e n  s e e d l o t s  u s e d  i n  t h e  g a s - e x c h a n g e  

e x p e r i m e n t  w e re  sown in  15 cm h i g h  p l a s t i c  c a s e s  f i l l e d  w i t h  

60% p e r l i t e  a n d  40% p e a t .  When t h e  s e e d l i n g s  w e r e  f i v e  t o  

s e v e n  cm t a l l ,  t h e y  w e re  r em oved  from t h e  c a s e s  and t h e i r  

r o o t s  w e r e  g e n t l y  w a s h e d  w i t h  w a t e r  and  p l a c e d  i n  61 x 30 x 

10 cm r o o t  t r a y s  t h a t  w e r e  o r i e n t e d  a t  a 2 0 °  a n g l e  f r o m  

h o r i z o n t a l  on a g r e e n h o u s e  b e n c h .  The t r a y s  w e re  

c o n s t r u c t e d  f rom  2 mm PVC s h e e t s  and had r e m o v e a b l e  a lu m in u m  

c o v e r s  and f a l s e  b o t t o m s  to  a v o i d  p o o l i n g  o f  w a t e r  a r o u n d  

t h e  r o o t s .  The n u t r i e n t  s o l u t i o n  f o r  t h e  s y s t e m  was 

p r e p a r e d  2.5 t i m e s  t h e  s t r e n g t h  u s e d  by Wood and H an o v e r  

(1980) and was c h a n g e d  o n c e  d u r i n g  week 4 o f  t h e  8 -w eek  

e x p e r i m e n t .  B e f o r e  p l a c i n g  s e e d l i n g s  in  t h e  t r a y ,  1 ,1 5 0  ml 

o f  IN HC1 w e r e  a d d e d  t o  t h e  230 l i t e r s  i n  t h e  s y s t e m  t o  l o w e r  

t h e  s o l u t i o n  pH f ro m  7.8 t o  6 .0 .  D u r in g  t h e  c o u r s e  o f  t h e  

e x p e r i m e n t ,  a c i d  was o c c a s i o n a l l y  added  to  m a i n t a i n  t h e  pH 

b e t w e e n  6 . 0 - 6 . 5 .

The t r a y s  w ere  c o n n e c t e d  t o  a 2 0 0 - l i t e r  f e e d e r  t a n k  by 

1.9 cm I.D. r i g i d  p o l y v i n y l  c h l o r i d e  (PVC) t u b i n g  w hich  

c o n d u c t e d  t h e  n u t r i e n t  s o l u t i o n  b y  g r a v i t y  f rom  t h e  f e e d e r  

t a n k  t o  t h e  t r a y s  an d  f r o m  t h e  t r a y s  b a c k  t o  a  2 0 0 - l i t e r  

d r a i n a g e  t a n k .  Each t r a y  had  t h r e e  0.9 mm I.D. t r i c k l e
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i r r i g a t i o n  c a p i l l a r y  t u b e s  w i t h  b e l l  w e i g h t s  (C hap in  W a t e r -  

m a t i c s  I n c . ,  W a t e r t o w n ,  NY) c o n n e c t i n g  t h e  f e e d e r  PVC t u b e  

w i t h  t h e  t o p  o f  t h e  t r a y .  T h e se  t u b e s  d r i p - i r r i g a t e d  t h e  

c l o t h  l i n e r  on w h ic h  s e e d l i n g  r o o t s  g rew .  The c l o t h  l i n e r  

was 50% c o t t o n  and  50% p o l y e s t e r .  The n u t r i e n t  s o l u t i o n  

d r a i n e d  f rom  t h e  b o t t o m  o f  e a c h  t r a y  i n t o  1.9 cm I.D. PVC 

t u b i n g  w h ic h  c a r r i e d  t h e  s o l u t i o n  t o  t h e  d r a i n a g e  t a n k .

When t h e  d r a i n a g e  t a n k  f i l l e d  t o  t h e  1 2 0 - l i t e r  l e v e l ,  a sump 

pump was a c t i v a t e d  and t h e  n u t r i e n t  s o l u t i o n  was pumped up 

i n t o  t h e  o v e r h e a d  f e e d e r  t a n k .  The n u t r i e n t  s o l u t i o n  t h e n  

f l o w e d  f rom t h e  f e e d e r  t a n k  and t h r o u g h  a f i v e  m i c r o n  f i l t e r  

w h ich  r em oved  p a r t i c u l a t e s .  A f t e r  p a s s i n g  t h r o u g h  t h e  

f i l t e r ,  t h e  n u t r i e n t  s o l u t i o n  e n t e r e d  t h e  PVC t u b i n g  l e a d i n g  

t o  t h e  t r a y s  and t h e  c y c l e  r e p e a t e d  i t s e l f .

Root  and s h o o t  m e a s u r e m e n t s  b e g a n  when t h e  new w h i t e  

r o o t s  o f  t h e  s e e d l i n g s  had  r e a c h e d  1 0 -2 0  cm in  l e n g t h .

R o o ts  w e re  r e f e r e n c e d  w i t h  s t a i n l e s s  s t e e l  n u t s  p l a c e d  a t  

t h e  r o o t  t i p s  on t h e  f i r s t  d a y  o f  e a c h  week t h a t  g r o w th  was 

t o  be  m e a s u r e d .  M e a s u r e m e n t s  o f  r o o t ,  l e a f ,  and s tem  g r o w th  

w e re  t a k e n  o n c e  a week f o r  f i v e  w eek s .  A f t e r  t h e  f i f t h  

week,  t h e  l e a v e s ,  s t e m s ,  and r o o t s  o f  a l l  s e e d l i n g s  w ere  

h a r v e s t e d ,  o v e n - d r i e d ,  and w e ig h e d .  L e a f  a r e a  was m e a s u re d  

w i t h  a L I - 3 0 0 0  P o r t a b l e  Area  M e te r  (L iC o r ,  L i n c o l n ,  NE).

The e x p e r i m e n t  was a c o m p l e t e l y  r a n d o m iz e d  d e s i g n  w i t h  

t h r e e  t r e e s  p e r  s e e d l o t .  D a ta  w ere  a n a l y z e d  b y  o n e-w ay  

a n a l y s i s  o f  v a r i a n c e .  C o r r e l a t i o n s  w ere  c a l c u l a t e d  f o r  t h e  

r e l a t i o n s h i p s  b e t w e e n  t h e  d a t a .
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N u r s e r y  S tu d y

On J u n e  4 t h ,  1 9 8 3  s e e d  f r o m  t h e  s e v e n  s e e d l o t s  u s e d  i n  

t h e  g a s - e x c h a n g e  and h y d r o p o n i c  s y s t e m s  w e re  sown i n  a 

n u r s e r y  i n  a r a n d o m iz e d  b l o c k  d e s i g n  w i t h  f o u r  r e p l i c a t e s .  

The s e e d l i n g s  o f  t h e  s e v e n  s e e d l o t s  i n  e a c h  r e p l i c a t e  w ere  

t h i n n e d  t o  e i g h t  t r e e s  p e r  s q u a r e  f o o t  i n  J u l y .  The 

s e e d l i n g s  w ere  f e r t i l i z e d  w i t h  P e t e r s  S o i l  T e s t  F e r t i l i z e r  

( 2 0 - 2 0 - 2 0 )  s i x  t i m e s  d u r i n g  t h e  summer. B e n e l a t e  was 

a p p l i e d  o n c e  a week t h e  f i r s t  m on th  t o  c o n t r o l  d a m p i n g - o f f  

f u n g i .  P l i c t r a n  was s p r a y e d  t w i c e  t o  c o n t r o l  m i t e s .  Ten 

t r e e s  p e r  s e e d l o t  i n  e a c h  r e p l i c a t e  w e re  r a n d o m l y  s e l e c t e d  

and  h a r v e s t e d  on S e p te m b e r  2 7 t h .  H e i g h t ,  c a l i p e r ,  d r y  

w e i g h t ,  and bud number  w e re  m e a s u r e d .  D a t e s  o f  l e a f  f l u s h ,  

bud  s e t ,  and l e a f  f a l l  w e re  r e c o r d e d  f o r  a n o t h e r  t e n  t r e e s  

n o t  h a r v e s t e d .  D a ta  w ere  a n a l y z e d  b y  tw o-w ay  a n a l y s i s  o f  

v a r i a n c e .  C o r r e l a t i o n s  w ere  c a l c u l a t e d  f o r  t h e  d a t a .

RESULTS AND DISCUSSION 

P h o t o s y n t h e s i s ,  R e s p i r a t i o n ,  an d  S h o o t  G row th

D a ta  f rom  t h e  p h o t o s y n t h e s i s  e x p e r i m e n t  a r e  l i s t e d  i n  

T a b l e  4 .1 .  T h e r e  w e re  no s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  

b i g t o o t h  (P. g r a n d i d e n t a t a ) , t r e m b l i n g  (P. t r e m u l o i d e s ) , and 

h y b r i d  a s p e n  (P. Xs m i t h i i ) i n  r a t e s  o f  n e t  p h o t o s y n t h e s i s  

(PN). The l a c k  o f  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  PN r a t e s  

o f  b i g t o o t h  and t r e m b l i n g  a s p e n  a g r e e d  w i t h  O kafo  and 

H a n o v e r  (1978) .  T h e i r  PN r a t e s  w ere  s i m i l a r  t o  t h e  o n e s  

fo u n d  in  t h i s  s t u d y .  H y b r id  a s p e n  s u f f e r e d  no a p p a r e n t  

p h y s i o l o g i c a l  a b n o r m a l i t i e s  in  p h o t o s y n t h e s i s  s i n c e  t h e i r  PN
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r a t e s  w ere  e q u a l  t o  t r e m b l i n g  a s p e n .  H ow ev e r ,  l a r g e  PN 

r a t e s  o f  up t o  15 mg C 0 2 dm“ 2 h r “ ^ r e p o r t e d  f o r  w h i t e  p o p l a r -  

b i g t o o t h  a s p e n  h y b r i d s  (Domingo and Gordon 1974)  w e re  n o t  

o b s e r v e d  in  t h i s  s t u d y .  The PN r a t e s  o f  P. X s m i t h i  i  

s u g g e s t e d  t h a t  g e n e s  c o n t r o l l i n g  t h e  p h o t o s y n t h e s i s  p r o c e s s  

w e re  s i m i l a r  in  P .  g r a n d i d e n t a t a  and P. t r e m u l o i d e s .

T a b l e  4 .1 .  P h o t o s y n t h e s i s ,  r e s p i r a t i o n ,  l e a f  a r e a ,  and p l a n t  
d r y  w e i g h t  d a t a  f rom  t h e  f o u r  a s p e n  t a x a  in  t h e  
p h o t o s y n t h e s i s  s t u d y .

Taxa
F - V a l u e

C h a r a c t e r  M e a su re d GXG1 GXT2 TXG3 TXT4 S i g n i  f i c a n c e

N et  P h o t o s y n t h e s i s  (PN) 
(mg C02 dm"2h r _ 1 )

5 . 7 6 . 3 6 . 3 6 . 3 n . s .

Whole P l a n t  Pj, 6 1 . 1 7 3 .4 7 0 . 5 5 8 .2 *
(mg C02 h r ” 1 )
D ark  R e s p i r a t i o n  (RD) 
(mg C02 dm” 2h r _ 1 ) 
Whole P l a n t  Rd

1 . 3 1 . 2 1 . 2 1 . 5 n . s .

1 3 . 7 1 3 . 5 1 3 . 4 1 3 . 3 n . s .
(mg C02 h r ” 1 )
r d/ p n R a t i o .24 .19 .2 0 .2 4 n . s .
(no u n i t s )
T o t a l  L e a f  Number 13 19 19 31 ***
( l e a v e s  > 2  cm)
T o t a l  L e a f  A rea 1 0 . 8 1 1 . 7 1 1 . 1 9 . 2 n . s .
(dm” 2 )
S p e c i f i c  L e a f  Area  
(dm2 g “ 1 )

5 . 2 5 . 0 6 . 0 6 . 3 ***

PN p e r  L e a f  Dry  W e ig h t  
(mg CO, h r “ 1g " 1 )

3 0 . 2 3 4 . 8 3 7 . 8 3 9 . 6 n . s .

T o t a l  L e a f  Dry W e ig h t 2 . 1 2 .4 1 . 9 1 . 5 ★ ★
(gram s)
S tem  Dry W e ig h t 0 . 6 0 . 6 0 . 7 0 . 6 n . s .
(g ram s)
Whole P l a n t  Dry W eig h t 2 . 7 3 . 0 2 . 6 2 . 1 * *
(g ram s)
H e i g h t  (cm) 32 37 41 45 * * *

.  /  /  q  l  l i i c  i u  f  j  ^  d i i u  X ' d  X c  V c X  o  f  l  c o  e ' e r  c  u X  v c i  y  <

1 P o p u l u s  g r a n d i d e n t a t a  X £ .  g r a n d i d e n t a t a  (x o f  10 s e e d l i n g s )
2 P .  g r a n d i d e n t a t a  X P .  t r e m u l o i d e s  (mean o f  5 s e e d l i n g s ) .
2 P. t r e m u l o i d e s  X P .  g r a n d i d e n t a t a  (mean o f  10 s e e d l i n g s ) .
4 P .  t r e m u l o i d e s  X P .  t r e m u l o i d e s  (mean o f  10 s e e d l i n g s ) .
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On a w h o le  p l a n t  b a s i s ,  h y b r i d s  had s i g n i f i c a n t l y  

h i g h e r  n e t  c a r b o n  d i o x i d e  f i x a t i o n  t h a n  e i t h e r  o f  t h e  two 

p a r e n t  s p e c i e s .  T h i s  was p r o b a b l y  d u e  t o  t h e  l a r g e r  l e a f  

a r e a  i n  t h e  h y b r i d s .  H o w e v e r ,  som e o f  t h e  l o w e r  l e a v e s  on 

e a c h  s e e d l i n g  had  t o  b e  r em o v ed  b e f o r e  i n s e r t i n g  t h e  

s e e d l i n g  i n t o  t h e  r u b b e r  s t o p p e r ,  so t h i s  h y p o t h e s i s  c a n n o t  

be  s u p p o r t e d  by  t h e  d a t a .

D i f f e r e n c e s  among a s p e n  t a x a  i n  d a r k  r e s p i r a t i o n  p e r  

u n i t  l e a f  a r e a  and t o t a l  d a r k  r e s p i r a t i o n  p e r  p l a n t  w e re  

n o n - s i g n i f i c a n t  i n  t h i s  s t u d y .  Dark r e s p i r a t i o n  r a t e s  h a v e  

a l s o  b e e n  r e p o r t e d  t o  b e  n o n - s i g n i f i c a n t  among a s p e n  s p e c i e s  

(Okafo  and H a n o v e r  1978) and t h e  b l a c k  and b a l s a m  p o p l a r s  

(Luukkanen  and K o z lo w s k i  1 9 7 2 ) .

S p e c i f i c  l e a f  a r e a  was h i g h ,  and s i g n i f i c a n t  

d i f f e r e n c e s  e x i s t e d  b e t w e e n  s e e d l i n g s  w i t h  e i t h e r  b i g t o o t h  

o r  t r e m b l i n g  a s p e n  a s  m a t e r n a l  p a r e n t s .  The lo w  l i g h t  

i n t e n s i t y  o f  t h e  g r o w t h  f ra m e  and t h e  a b s e n c e  o f  wind 

p r o d u c e d  a s h a d e - l e a f  m o r p h o l o g y  i n  t h e  l e a v e s .  S i n c e  Okafo 

and H a n o v e r  (1978) fo u n d  no d i f f e r e n c e s  in  s p e c i f i c  l e a f  

a r e a  in  t h e s e  two s p e c i e s ,  s p e c i f i c  l e a f  a r e a  ( l e a f  

t h i c k n e s s )  i n  b i g t o o t h  a s p e n  f rom  t h i s  s t u d y  was l e s s  

a f f e c t e d  by t h e  a r t i f i c i a l  l i g h t i n g  t h a n  was t r e m b l i n g  

a s p e n .  T h i s  was a l s o  e v i d e n t  in  t h e  h y b r i d s  w i t h  b i g t o o t h  

m a t e r n a l  p a r e n t a g e .

Not s u r p r i s i n g l y ,  t r e e s  w i t h  b i g t o o t h  m a t e r n a l  

p a r e n t a g e  a l s o  had s i g n i f i c a n t l y  h i g h e r  l e a f  d r y  w e i g h t .  

H ow ev er ,  PN p e r  l e a f  d r y  w e i g h t  was l e s s  i n  t h e s e  t r e e s .
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S e l f - s h a d i n g  by t h e  l a r g e  l e a v e s  may h a v e  b e e n  a f a c t o r .  In 

c o m p a r i s o n ,  s te m  d r y  w e i g h t  was s i m i l a r  in  a l l  s p e c i e s  and 

h y b r i d s .  S h o o t  ( s t e m  + l e a v e s )  d r y  w e i g h t  was s i g n i f i c a n t l y  

h i g h e r  i n  b i g t o o t h  a s p e n  and t h e  h y b r i d s .  D e s p i t e  h a v i n g  

l e s s  l e a f  a r e a ,  l e a f  d r y  w e i g h t ,  a n d  s h o o t  d r y  w e i g h t  t h a n  

b i g t o o t h  a s p e n  and t h e  h y b r i d s ,  t r e m b l i n g  a s p e n  d i d  p o s s e s s  

t h e  h i g h e s t  PN p e r  l e a f  d r y  w e i g h t  and t h e r e f o r e ,  was t h e  

m o s t  p h o t o s y n t h e t i c a l l y  e f f i c i e n t  s p e c i e s .

C o r r e l a t i o n s  b e t w e e n  t h e  g a s - e x c h a n g e  d a t a  showed t h a t  

PN was s i g n i f i c a n t l y  c o r r e l a t e d  a t  t h e  5% l e v e l  w i t h  h e i g h t  

( r= .39 )  b u t  n o t h i n g  e l s e .  PN was p o s i t i v e l y  c o r r e l a t e d  w i t h  

l e a f  ( r = . 0 5 ) ,  s t e m  ( r = . 3 2 ) ,  a n d  s h o o t  ( r  = .1 2 )  d r y  w e i g h t .  

A l t h o u g h  s m a l l  and n o n - s i g n i f i c a n t ,  t h e s e  p o s i t i v e  

c o r r e l a t i o n s  w e re  c o n t r a r y  t o  t h e  n e g a t i v e  c o r r e l a t i o n s  

r e p o r t e d  by Okafo and H a n o v e r  (1978)  f o r  t h e  r e l a t i o n s h i p  

b e t w e e n  PN and d r y  m a t t e r  p r o d u c t i o n  i n  b i g t o o t h  and 

t r e m b l i n g  a s p e n .

W h o le  p l a n t  p h o t o s y n t h e s i s  was s i g n i f i c a n t l y  c o r r e l a t e d  

a t  t h e  1% l e v e l  w i t h  l e a f  w e i g h t  ( r = . 6 7 ) , s t e m  w e i g h t  

( r = . 6 9 ) ,  s h o o t  w e i g h t  ( r = . 7 1 ) ,  l e a f  a r e a  ( r = . 6 2 ) ,  a n d  

s p e c i f i c  l e a f  a r e a  ( r = - . 4 5 ) .  T o t a l  p l a n t  d a r k  r e s p i r a t i o n  

was s i g n i f i c a n t l y  c o r r e l a t e d  a t  t h e  5% l e v e l  f o r  l e a f  a r e a  

( r = . 3 4 ) ,  l e a f  d r y  w e i g h t  ( r = . 3 9 ) ,  s t e m  d r y  w e i g h t  ( r = . 3 8 ) ,  

and s h o o t  d r y  w e i g h t  ( r = .4 1 ) .  Dark r e s p i r a t i o n  r a t e s  w ere  

s i g n i f i c a n t l y  and i n v e r s e l y  c o r r e l a t e d  a t  t h e  5% l e v e l  

( r = - . 3 7 )  w i t h  l e a f  a r e a .
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T h e s e  c o r r e l a t i o n s  s u g g e s t  t h a t  a s p e n  s e e d l i n g s  w h ich  

h a v e  b o t h  h i g h  P N r a t e s  and l a r g e  l e a f  a r e a s  w i l l  a s s i m i l a t e  

t h e  m o s t  d r y  m a t t e r .  A p p l y i n g  t h i s  h y p o t h e s i s  t o  t h e  d a t a  

i n  T a b l e  4 .1 ,  t h e  two a s p e n  h y b r i d s  s h o u l d  h a v e  p r o d u c e d  

m ore  d r y  m a t t e r  t h a n  t h e  two p a r e n t  s p e c i e s .  S h o o t  b i o m a s s  

p r o d u c t i o n  by  t h e  h y b r i d s  was i n d e e d  e q u a l  o r  s u p e r i o r  t o  

t h e  b i o m a s s  p r o d u c e d  by b i g t o o t h  and t r e m b l i n g  a s p e n .  

H ow ever ,  i t  was n o t  known how much r o o t  b i o m a s s  was p r o d u c e d  

w h ich  i s  v e r y  i m p o r t a n t  b e c a u s e  o f  t h e  c l o n a l  h a b i t  o f  

a s p e n s .

A p r o b l e m  w i t h  t h e  PN a n d  l e a f  a r e a  h y p o t h e s i s  was  t h a t  

t r e m b l i n g  a s p e n ,  w h ic h  had t h e  l o w e s t  d r y  w e i g h t ,  was a l s o  

t h e  t a l l e s t .  The i m p o r t a n c e  o f  PN m e a s u r e m e n t s  f o r  

e s t i m a t i n g  f i e l d  p r o d u c t i v i t y  i s  d e b a t a b l e .  G i f f o r d  (1974) 

a r g u e d  t h a t  h i g h  p h o t o s y n t h e t i c  e f f i e n c y  b eco m es  i r r e l e v a n t  

b y  t h e  t im e  a l l  o t h e r  p h y s i o l o g i c a l  p r o c e s s e s  h a v e  

i n t e r a c t e d  w i t h  p l a n t  g r o w t h .  C e u le m a n s  e t  a l .  (1980)  

r e p o r t e d  t h a t  t h e  PN m e a s u re m e n t  by  i t s e l f  was n o t  

s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  f i e l d  p r o d u c t i v i t y  o f  s i x  

p o p l a r  c l o n e s .  H ow ever ,  a l a t e r  s t u d y  (C eu le m a n s  and Impens  

1 9 83)  w i t h  18 p o p l a r  c l o n e s  sh o w e d  PN r  a t e s  t o  b e  

s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  f i r s t - y e a r  s h o o t  l e n g t h .  In  

c o n t r a s t ,  l e a f  a r e a  i n d e x  (A n d erso n  1979) and l e a f  a r e a  

( I s e b r a n d s  and N e l s o n  1982) h a v e  b e e n  shown t o  b e  l i n e a r l y  

r e l a t e d  t o  p o p l a r  b i o m a s s  p r o d u c t i o n .  S i n c e  r a p i d  s h o o t  

g r o w t h  i s  e s s e n t i a l  f o r  i n t o l e r a n t  s p e c i e s  s u c h  a s  a s p e n ,  

g e n e s  t h a t  c o n t r o l  c e l l  d i v i s i o n s  i n  t h e  p e r i p h e r a l  ( l e a f )
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and a p i c a l  ( s h o o t )  m e r i s t e m s  may be  c o n s i d e r a b l y  m ore  

i m p o r t a n t  t h a n  g e n e s  w h ich  r e g u l a t e  C02 f i x a t i o n  ( n e t  

p h o t o s y n t h e s i s ) .

H y d r o p o n i c s :  P l a n t  G row th  and  B io m a ss  P a r t i t i o n i n g

A p i c a l  l e a f  p r o d u c t i o n  o f  h y d r o p o n i c a l l y - g r o w n  

s e e d l i n g s  v a r i e d  l i t t l e  f rom week t o  week w i t h i n  e a c h  a s p e n  

s p e c i e s  and h y b r i d  ( F ig .  4 . 2 ) ,  b u t  d i f f e r e d  s i g n i f i c a n t l y  

b e t w e e n  t h e  f o u r  s p e c i e s  and h y b r i d s .  T r e m b l i n g  a s p e n  

p r o d u c e d  t h e  m o s t  a p i c a l  l e a v e s  p e r  week and b i g t o o t h  a s p e n  

t h e  l e a s t .  A p i c a l  l e a f  p r o d u c t i o n  in  t h e  h y b r i d s  was 

i n t e r m e d i a t e ,  a l t h o u g h  l e a f  number  m ore  c l o s e l y  c o r r e s p o n d e d  

t o  t h e  n u m b e r  o f  l e a v e s  o f  t h e  m a t e r n a l  p a r e n t .  The n u m b e r  

o f  l e a v e s  ( i n c l u d i n g  b r a n c h  l e a v e s )  and t o t a l  l e a f  a r e a  w e re  

s i g n i f i c a n t l y  h i g h e r  in  t h e  t r e m b l i n g  x b i g t o o t h  h y b r i d s  

( T a b l e  4.2) b e c a u s e  t h i s  h y b r i d  and t r e m b l i n g  a s p e n  a v e r a g e d  

7 and 6 b r a n c h e s ,  r e s p e c t i v e l y ,  w h e r e a s  b r a n c h e s  w e re  a b s e n t  

i n  b i g t o o t h  a s p e n  and t h e  b i g t o o t h  x t r e m b l i n g  (GxT) 

h y b r i d s .  T h e r e f o r e ,  g e n e s  r e g u l a t i n g  e a r l y  b r a n c h  f o r m a t i o n  

w e re  n o n - a d d i t i v e  and h a v e  a m a t e r n a l  o r i g i n .

A l t h o u g h  l e a f  a r e a  was s i g n i f i c a n t l y  l a r g e r  in  

t r e m b l i n g  x b i g t o o t h  (TxG) h y b r i d s ,  t h e  c o r r e l a t i o n  ( r= .79)  

b e t w e e n  h y b r i d  l e a f  a r e a  and  s h o o t  d r y  w e i g h t  was  h i g h  b u t  

n o t  s i g n i f i c a n t  ( T a b l e  4 .3 ) .  H ow ever ,  l e a f  a r e a  o f  b o t h  

b i g t o o t h  ( r= .9 2 )  and t r e m b l i n g  a s p e n  ( r= .88 )  w e r e  s i g n i f i ­

c a n t l y  c o r r e l a t e d  a t  t h e  1% l e v e l  w i t h  s h o o t  d r y  w e i g h t .

L e a f  a r e a  was a l s o  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  r o o t  

( r = . 88) and p l a n t  ( r= .94)  d r y  w e i g h t  f o r  a l l  s p e c i e s
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co m b in ed .  B i g t o o t h  and t r e m b l i n g  a l s o  had s l i g h t l y  l o w e r  

s p e c i f i c  l e a f  a r e a s  ( h e a v i e r  l e a v e s )  t h a n  t h e  h y b r i d s .

T a b l e  4 .2 .  S h o o t  and r o o t  m e a s u r e m e n t s  o f  t h e  f o u r  a s p e n  
t a x a  f rom  t h e  h y d r o p o n i c  s t u d y  a f t e r  week 5 .

Taxa

C h a r a c t e r  M ea su re d GXG1 GXT2 TXG3 TXT4
F - V a l u e  

S i g n i  f i c a n c e

Number o f  L e a v e s 17 22 88 68 **

L e a f  A rea  (dm^) 31 57 86 52 **

S p e c i f i c  L e a f  Area  
(dm g )

3 . 6 3 . 9 3 .9 3 .4 n . s .

H e i g h t  (cm) 55 71 101 92 **

Number o f  B r a n c h e s 0 . 0 0 .2 7 . 2 6 . 2 *

Number o f  1 °  R o o t s 12 16 17 15 n . s .

Mean Roo t  Grow th  o f  
P r i m a r y  R o o t s  (cm)

59 73 74 61 n . s .

Mean Number o f  2°  
R o o t s  P e r  1°  Root

204 212 227 148 **

Root  t o  S tem R a t i o 1 . 1 1 .0 0 . 6 0 . 5 **

Root  t o  S tem + L eaf  
R a t i o

.2 9 .2 8 .2 1 .1 9 **

* / * *  S i g n i f i c a n t  a t  t h e  5 and  1% l e v e l s ,  r e s p e c t i v e l y .
^ P o p u l u s  g r a n d i d e n t a t a  X P . g r a n d i d e n t a t a  (x o f  6 s e e d l i n g s ) .
2 P.  g r a n d i d e n t a t a  X P .  t r e m u l o i d e s  (mean o f  3 s e e d l i n g s )  .
3 P .  t r e m u l o i d e s  X P .  g r a n d i d e n t a t a  (mean o f  6 s e e d l i n g s ) .
4 P.  t r e m u l o i d e s  X P .  t r e m u l o i d e s  (mean o f  6 s e e d l i n g s ) .

W e e k ly  h e i g h t  i n c r e m e n t  ( F ig .  4.3) i n  a l l  s p e c i e s  and 

h y b r i d s  e x h i b i t e d  a n o r m a l  g r o w t h  c u r v e .  H e i g h t  d i f f e r e n c e s  

( T a b l e  4.2)  w e re  s i g n i f i c a n t  a t  t h e  1% l e v e l ,  and  t o t a l  

h e i g h t  was g r e a t e s t  i n  t h e  TxG h y b r i d s .  In  a d d i t i o n  t o  t h e
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HEIGHT INCREMENT (CM) PER WEEK
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h e t e r o s i s  i n  t h e s e  h y b r i d s ,  t h e  GxT h y b r i d s  a l s o  g rew  b e t t e r

t h a n  w h a t  a d d i t i v e  e f f e c t s  a l o n e  c o u l d  e x p l a i n .  T h i s  n o n ­

a d d i t i v e  g e n e t i c  v a r i a n c e  in  h e i g h t  g r o w t h  f u r t h e r  s u p p o r t e d  

t h e  f i n d i n g s  o f  l a r g e  a m o u n t s  o f  n o n - a d d i t i v e  v a r i a n c e  i n  

t h e  l e a f  number and l e a f  a r e a  d a t a .

P r i m a r y  r o o t  p r o d u c t i o n  was s l i g h t l y  g r e a t e r  i n  

t r e m b l i n g  a s p e n  and t h e  h y b r i d s  t h a n  in  b i g t o o t h  a s p e n  

( T a b l e  4 .2 ) .  Genes  f o r  p r i m a r y  r o o t  i n i t i a t i o n  in  t r e m b l i n g

a s p e n  a p p e a r  t o  b e  d o m i n a n t  t o  t h o s e  in  b i g t o o t h  a s p e n .

W eek ly  r o o t  g r o w t h  ( F ig .  4.4) o f  t h e  p r i m a r y  r o o t s  was 

i n i t i a l l y  g r e a t e r  i n  t h e  two h y b r i d s ,  b u t  b y  week 5, t h e  

r a t e  o f  r o o t  g r o w t h  i n  t h e  h y b r i d s  had d e c r e a s e d  t o  t h a t  o f  

t h e  two s p e c i e s .  R o o t  g r o w t h  i n  t h e  two a s p e n  s p e c i e s  

r e m a i n e d  s t a b l e  o v e r  t h e  f i v e - w e e k - p e r i o d .  T h e r e  w e re  no 

s i g n i f i c a n t  d i f f e r e n c e s  among t h e  s p e c i e s  and h y b r i d s  in  

t o t a l  p r i m a r y  r o o t  g r o w t h  a f t e r  f i v e  w e ek s .

T a b l e  4 .3 .  C o r r e l a t i o n s  b e t w e e n  l e a f  a r e a  and p l a n t  d r y  w e i g h t  
o f  a s p e n  s e e d l i n g s  grown in  t h e  h y d r o p o n i c  s y s t e m .

L e a f  A r e a  o f  Each  Taxa

P o p u l u s  P o p u l u s  P o p u l u s  A l l
P l a n t  B io m ass  g r a n d i d e n t a t a 1 Xsmi t h u 2 t r e m u l o i d e s 3 S p e c i e s 4

------------------------------------------- r -----------------------------------------

S h o o t  Dry W eigh t  .9 2  ** .7 9  n s  .88  ** .8 8  **
Root  Dry W e ig h t  . 9 2  ** . 8 6  * . 9 1  ** .88  **
T o t a l  Dry W eigh t  .95  ** .84  * .9 7  ** .94 **

* /* *  S i g n i f i c a n t  a t  t h e  5 and 1% l e v e l s ,  r e s p e c t i v e l y .
1 d . f .  = 6 .
2 d . f .  = 9 .
3 d . f .  = 6 .
4 d . f .  = 21 .
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S e c o n d a r y  r o o t  p r o d u c t i o n  ( T a b l e  4.2) was s i g n i f i c a n t l y  

g r e a t e r  i n  b i g t o o t h  a s p e n  and t h e  h y b r i d s  t h a n  in  t r e m b l i n g  

a s p e n .  In  c o n t r a s t  t o  p r i m a r y  r o o t  p r o d u c t i o n ,  g e n e s  f o r  

s e c o n d a r y  r o o t  p r o d u c t i o n  i n  b i g t o o t h  a s p e n  w e re  d o m i n a n t  t o  

t h o s e  i n  t r e m b l i n g  a s p e n .  S e c o n d a r y  r o o t  p r o d u c t i o n  p e r  

w eek  ( F i g .  4 .5 )  d e c r e a s e d  f r o m  w e e k s  1 t o  4 a n d  t h e n  

s t a b i l i z e d .  The d e n s i t y  o r  number o f  s e c o n d a r y  r o o t s  p e r  cm 

o f  p r i m a r y  r o o t  d e c r e a s e d  o v e r  t h e  f i v e - w e e k - p e r i o d  ( F ig .  4.6) 

a n d  b e g a n  t o  l e v e l  o f f  i n  w eek  5. T h e r e  w e r e  no  s i g n i f i c a n t  

d i f f e r e n c e s  among t h e  s p e c i e s  and h y b r i d s .

The r o o t  d a t a  showed t h a t  t r e m b l i n g  a s p e n  p r o d u c e d  more 

p r i m a r y  r o o t s  and l e s s  s e c o n d a r y  r o o t s  t h a n  b i g t o o t h  a s p e n .  

H ow ev er ,  r o o t  g r o w t h  r a t e s  w e re  t h e  same in  t h e  two s p e c i e s .  

Okafo  (1976) fo und  s i m i l a r  r o o t  g r o w th  p a t t e r n s  i n  b i g t o o t h  

and  t r e m b l i n g  a s p e n  s e e d l i n g s  grown in  a s o i l e s s  m e d ia .

A f t e r  f i v e  w e e k s ,  b o t h  h y b r i d s  i n  t h e  p r e s e n t  s t u d y  had 

p r o d u c e d  s l i g h t l y  m ore  p r i m a r y  and s e c o n d a r y  r o o t s  t h a n  

e i t h e r  b i g t o o t h  o r  t r e m b l i n g  a s p e n ,  b u t  r o o t  p r o d u c t i o n  in  

t h e s e  h y b r i d s  h a d  d e c l i n e d  t o  t h e  r a t e s  o f  t h e  p a r e n t  

s p e c i e s  by week 5.

C a rb o n  p a r t i t i o n i n g  ( F ig .  4.7) b e tw e e n  t h e  s t e m ,  l e a v e s ,  

and r o o t s  was s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  1% l e v e l  among 

b i g t o o t h ,  t r e m b l i n g ,  and h y b r i d  a s p e n ,  and t h e  r o o t  t o  s te m  

r a t i o s  and r o o t  t o  s t e m + l e a f  r a t i o s  ( T a b l e  4.2) w ere  a l s o  

h i g h l y  s i g n i f i c a n t .  B i g t o o t h  a s p e n  and GxT h y b r i d s  

p a r t i t i o n e d  e q u a l  a m o u n t s  o f  c a r b o n  t o  t h e  s te m  and r o o t s .

On t h e  o t h e r  h a n d ,  t r e m b l i n g  a s p e n  and TxG h y b r i d s
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SECONDARY ROOT PRODUCTION PER WEEK
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F i g u r e  4.5. Weekly  s e c o n d a r y  r o o t  p r o d u c t i o n  o f  h y d r o p o n i c a l l y - g r o w n  aspen  and 
h y b r i d s .
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F i g u r e  4.7 . C o m p a r a t iv e  c a r b o n  p a r t i t i o n i n g  between t h e  r o o t s ,  s te m ,  and l e a v e s  o f  
h y d r o p o n i c a l l y - g r o w n  a s p e n  and a sp en  h y b r i d s .



102

p a r t i t i o n e d  t w i c e  a s  much c a r b o n  t o  t h e  s te m  t h a n  t h e y  d i d  

t o  t h e  r o o t s .  They a l s o  had f i v e  t i m e s  a s  much d r y  m a t t e r  

i n  t h e  s h o o t  t h a n  t h e  r o o t .  T h i s  same s h o o t  t o  r o o t  r a t i o  

was 3.5 t o  1 f o r  b i g t o o t h  a s p e n  and t h e  GxT h y b r i d s .  The 

p h y s i o l o g i c a l  p r o c e s s e s  c a u s i n g  t r a n s l o c a t i o n  o f  

p h o t o s y n t h a t e  t o  t h e  m e r i s t e m a t i c  s i n k s  a p p e a r e d  t o  be  

s t r o n g l y  i n f l u e n c e d  b y  m a t e r n a l  ( c y t o p l a s m i c )  e f f e c t s  in  t h e  

h y b r i d s .

The s h o o t  t o  r o o t  r a t i o s  o f  t r e m b l i n g  a s p e n  an d  t h e  TxG 

h y b r i d s  i n  t h i s  s t u d y  w e re  c o m p a r a b l e  t o  t h e  r a t i o s  (6:1)  

r e p o r t e d  by Gordon  and P r o m n i t z  (1976)  f o r  f i e l d - g r o w n  

p o p l a r s .  A h i g h  s h o o t  t o  r o o t  r a t i o  i s  a d e s i r a b l e  t r a i t  

f o r  i n t e n s i v e  p o p l a r  c u l t u r e  (Dickmann 1 9 7 5 ) .  I f  h y d r o p o n i c  

s t u d i e s  c o u l d  a c c u r a t e l y  d e t e c t  g e n e t i c  d i f f e r e n c e s  b e t w e e n  

d r y  m a t t e r  p a r t i t i o n i n g  p a t t e r n s  i n  s p e c i e s  o r  c l o n e s ,  e a r l y  

s c r e e n i n g  f o r  h i g h  s h o o t  t o  r o o t  r a t i o s  w o u ld  b e  p o s s i b l e .

The p r e c i s i o n  o f  t h i s  t e s t  s y s t e m ,  h o w e v e r ,  w i l l  d ep e n d  upon 

how t h e  g e n o t y p e  x e n v i r o n m e n t  i n t e r a c t i o n  a f f e c t s  c a r b o n  

p a r t i t i o n i n g  in  e a c h  s p e c i e s  o r  c l o n e .

D i f f e r e n c e s  i n  t h e  am ount  o f  n o n - a d d i t i v e  g e n e t i c  

v a r i a n c e  f o r  d r y  m a t t e r  p r o d u c t i o n  w e re  found  in  t h e  two 

h y b r i d s .  The TxG h y b r i d s  had t h e  l a r g e s t  d r y  m a t t e r  b i o m a s s ,  

p a r t l y  b e c a u s e  o f  o v e r d o m i n a n t  e f f e c t s  ( h e t e r o s i s ) .  Under  

t h e  n e a r  opt imum g r o w in g  c o n d i t i o n s  o f  t h e  h y d r o p o n i c  s y s t e m  

and  g l a s s h o u s e ,  n o n - a d d i t i v e  g e n e t i c  v a r i a n c e  was e x p r e s s e d  

i n  many l e a f ,  s t e m ,  and r o o t  t r a i t s  i n  t h e s e  h y b r i d s .  Non­

a d d i t i v e  e f f e c t s  w e re  a l s o  e v i d e n t  i n  t h e  GxT h y b r i d s ,
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a l t h o u g h  no o v e r d o m i n a n t  e f f e c t s  w ere  p r e s e n t .  The 

i n t e r m e d i a c y  o f  p l a n t  d r y  w e i g h t  f o r  t h e  GxT h y b r i d s  i n  

r e l a t i o n  t o  t h e  d r y  w e i g h t s  o f  b i g t o o t h  and t r e m b l i n g  a s p e n  

i n d i c a t e  a d d i t i v e  g e n e t i c  e f f e c t s  w ere  a l s o  i n v o l v e d  in  

c a r b o n  a s s i m i l a t i o n  w i t h i n  t h e  h y b r i d s .

N u r s e r y  G row th  D a ta

The h e i g h t  g r o w t h  r a n k i n g s  o f  t h e  a s p e n  s p e c i e s  and 

h y b r i d s  g r o w n  i n  t h e  n u r s e r y  w e r e  i d e n t i c a l  t o  t h o s e  o f  t h e  

i n d o o r  p h y s i o l o g y  s t u d i e s  ( T a b l e  4 .4)  e x c e p t  t h a t  t h e  TxG 

h y b r i d s  e x h i b i t e d  no h e t e r o s i s .  Stem d r y  w e i g h t  was s i g n i ­

f i c a n t l y  c o r r e l a t e d  a t  t h e  1% l e v e l  w i t h  h e i g h t  ( r= .86 )  and 

c a l i p e r  ( r = .9 1 ) .  E x c l u d i n g  c a l i p e r ,  t h e  h y b r i d s  w ere  i n t e r ­

m e d i a t e  ( a d d i t i v e  e f f e c t s )  t o  t h e  p a r e n t  s p e c i e s  i n  t h e  g r o w th  

t r a i t s  m e a s u r e d ,  a l t h o u g h  s m a l l  m a t e r n a l  e f f e c t s  w e re  p r e s e n t .

T a b l e  4 . 4 .  Mean g r o w t h  d a t a  o f  40 s e e d l i n g s  f o r  e a c h  o f  f o u r  
a s p e n  t a x a  grown in  t h e  n u r s e r y  f o r  one y e a r .

Taxa
H e i g h t

(cm)
C a l i p e r

(mm)
Bud

Number
Stem Dry W e ig h t  

(grams)

P o p u l u s
g r a n d i d e n t a t a

57 6 . 4 7 . 4 3 4 . 5

P . g r a n d i d e n t a t a  
X P . t r e m u l o i d e s

67 7 . 3 9 . 6 5 2 . 5

P . t r e m u l o i d e s  
X P . g r a n d i d e n t a t a

74 7 . 3 1 1 . 1 5 9 . 0

P . t r e m u l o i d e s 82 7 . 2 1 5 . 3 60 .  5

S i g n i f i c a n c e  
o f  F - V a l u e

** * **

* /* *  S i g n i f i c a n t  a t  t h e  5 and 1% l e v e l s ,  r e s p e c t i v e l y .



104

P h e n o l o g y  d a t a  ( T a b l e  4.5) a g a i n  d e m o n s t r a t e d  t h e  

i n t e r m e d i a c y  o f  t h e  h y b r i d s .  H ow ev er ,  g r o w t h  c e s s a t i o n  (bud 

s e t  and l e a f  f a l l )  i n  t h e  GxT h y b r i d s  was s t r o n g l y  

i n f l u e n c e d  by  t h e  b i g t o o t h  p a r e n t .  These  n o n - a d d i t i v e  

e f f e c t s  w ere  i n f l u e n c e d  b y  c h a n g e s  i n  e n v i r o n m e n t a l  s t i m u l i  

and t h e r e f o r e ,  w o u ld  n o t  be  e v i d e n t  i n  u n i f o r m  e n v i r o n m e n t s  

s u c h  a s  t h o s e  i n  t h e  p h y s i o l o g i c a l  s t u d i e s .

T a b l e  4 . 5 .  Mean p h e n o l o g y  d a t a  o f  40 s e e d l i n g s  f o r  e a c h  o f
f o u r a s p e n t a x a  grown i n  t h e n u r s e r y .

P h e n o l o g y  C h a r a c t e r s * ' 2

Taxa

L e a f
F l u s h
(Days)

Bud
S e t

(Days)

L e a f
F a l l

(Days)

L e a f  Area  
D u r a t i o n  

(Days)

Stem
E l o n g a t i o n

(Days)

P o p u l u s
g r a n d i d e n t a t a

10 136 187 177 126

P . g r a n d i d e n t a t a  
X P . t r e m u l o i d e s

8 136 185 177 128

P . t r e m u l o i d e s  
X P . g r a n d i d e n t a t a

6 140 190 184 134

P . t r e m u l o i d e s 5 146 206 201 141

* A l l  p h e n o l o g y  c h a r a c t e r s  w e re  s i g n i f i c a n t l y  d i f f e r e n t  among 
a s p e n  t a x a  a t  t h e  1% l e v e l .

2 Days t o  l e a f  f l u s h ,  bud  s e t ,  and l e a f  f a l l  w ere  b a s e d  on May 
1 s t  a s  t h e  f i r s t  d a y .

C o n c l u s i o n s

Many s h o o t  a n d  r o o t  t r a i t s  i n  t h e  h y b r i d s  f r o m  t h e  

p h o t o s y n t h e s i s  and h y d r o p o n i c  s t u d i e s  e x h i b i t e d  n o n - a d d i t i v e  

g e n e t i c  v a r i a n c e .  N o n - a d d i t i v e  v a r i a n c e  was n o t  a s  

p r o n o u n c e d  in  t h e  n u r s e r y - g r o w n  h y b r i d s .  The c o n t r o l l e d
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e n v i r o n m e n t s  a p p e a r e d  t o  e n h a n c e  t h e  n o n - a d d i t i v e  e f f e c t s  

w h ic h  p r o b a b l y  c o n t r i b u t e d  t o  t h e  d i f f e r e n c e s  i n  t h e  s p e c i e s  

r a n k i n g s  f o r  p l a n t  d r y  w e i g h t s  o v e r  t h e  t h r e e  s t u d i e s .  A 

l a r g e  p o r t i o n  o f  t h i s  g r o w t h  v a r i a t i o n  m i g h t  b e  a t t r i b u t a b l e  

t o  e n v i r o n m e n t a l  l i g h t i n g  b e c a u s e  t r e e s  f rom t h e  

p h o t o s y n t h e s i s  s t u d y  had  " s h a d e - l e a v e s " ,  i n  c o n t r a s t  t o  

t r e e s  w i t h  " s u n - l e a v e s "  i n  t h e  h y d r o p o n i c  and n u r s e r y  

s t u d i e s .  T h i s  s i t u a t i o n  p r o b a b l y  c o n f o u n d e d  t h e  r e s u l t s .

The r e s u l t s  f rom  t h e s e  t h r e e  s t u d i e s  do i n d i c a t e  t h a t  

h e i g h t  g r o w t h  d i f f e r e n c e s  b e tw e e n  a s p e n  s p e c i e s  c a n  b e  e v a l ­

u a t e d  e a r l y  w i t h  b a s i c  p h y s i o l o g i c a l  s t u d i e s ;  h o w e v e r ,  u s i n g  

s p e c i f i c  p h y s i o l o g i c a l  p r o c e s s e s  ( i e . ,  n e t  p h o t o s y n t h e s i s )  t o  

s c r e e n  f o r  p o t e n t i a l  g r o w t h  r a t e  i n  a s p e n s  w as  n o t  f o u n d  t o  

b e  e f f e c t i v e .  The u t i l i t y  o f  t h e s e  b a s i c  s t u d i e s  t o  s e l e c t  

f a s t - g r o w i n g  t r e e s  was p r o b a b l y  d e p e n d e n t  upon t h e  am ount  o f  

a d d i t i v e  and n o n - a d d i t i v e  g e n e t i c  v a r i a n c e  i n h e r e n t  in  e a c h  

t r a i t .  F i e l d  t e s t s  o f  P. g r a n d i d e n t a t a , P. t r e m u l o i d e s , and 

P. X s m i t h i i  h a v e  shown a d d i t i v e  e f f e c t s  f o r  h e i g h t  g r o w t h ,  

b u t  n o n - a d d i t i v e  e f f e c t s  f o r  s p e c i f i c  m o r p h o l o g i c a l  and 

p h y s i o l o g i c a l  t r a i t s  ( R e i g h a r d  1 9 8 4 ) .  N o n - u n i f o r m  ( n a t u r a l )  

e n v i r o n m e n t s  may n e u t r a l i z e  o r  r e d u c e  e p i s t a t i c  and c y t o ­

p l a s m i c  e f f e c t s ,  t h e r e b y ,  m ak ing  i t  d i f f i c u l t  t o  u s e  d a t a  

f rom  c o n t r o l l e d  e n v i r o n m e n t a l  s t u d i e s  f o r  p r o j e c t i n g  s p e c i e s  

g r o w t h  p o t e n t i a l  in  n a t u r a l  e n v i r o n m e n t s .  B e f o r e  d e s i g n i n g  

p h y s i o l o g i c a l  e x p e r i m e n t s  t o  d e t e r m i n e  g r o w t h  p o t e n t i a l  i n  

a s p e n s ,  a t h o r o u g h  u n d e r s t a n d i n g  o f  how e n v i r o n m e n t a l  

c o n d i t i o n s  a f f e c t  g e n e  e x p r e s s i o n  s h o u l d  be  g a i n e d .
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CONCLUSIONS AND RECOMMENDATIONS

S u c c e s s f u l  e s t a b l i s h m e n t  o f  p l a n t a t i o n s  o f  a s p e n  

(P o p u l u s  t r e m u l o i d e s , P. g r a n d i d e n t a t a , P. X s m i t h i i ) on O l d ­

f i e l d  s i t e s  i n  M i c h i g a n  was a c h i e v e d  when good weed c o n t r o l  

w i t h o u t  e x c e s s i v e  h e r b i c i d e  damage w ere  c o m b in ed .  Deep-  

p l a n t i n g  a s p e n  s e e d l i n g s  15 cm a b o v e  t h e  r o o t  c o l l a r  was n o t  

d e l e t e r i o u s  and r e d u c e d  h e r b i c i d e  dam age .  H ow ev e r ,  a t  some 

p l a n t a t i o n s ,  h e r b i c i d e  i n j u r y ,  d e e r  b r o w s i n g ,  and S a p e r d a  

damage s i g n i f i c a n t l y  a f f e c t e d  s u r v i v a l  and g r o w th  d u r i n g  t h e  

f i r s t  two y e a r s .  More r e s e a r c h  on t h e  t o x i c i t y  o f  p r e -  

e m e r g e n t  h e r b i c i d e s  t o  S e c t i o n  L eu ce  s p e c i e s  and s o i l -  

h e r b i c i d e  i n t e r a c t i o n s  i n  n o n - a g r i c u l t u r a l  s o i l s  a r e  n e e d e d .  

F u r t h e r m o r e ,  a s p e n  s h o u l d  n o t  b e  p l a n t e d  on s i t e s  w here  

s e e d l i n g s  a r e  n o t  v i g o r o u s  enough  t o  o u t g r o w  d e e r  and 

S a p e r d a  damage w i t h i n  two t o  t h r e e  y e a r s .

S i g n i f i c a n t  g e n e t i c  v a r i a t i o n  i n  g r o w t h  r a t e  was fo und  

b e t w e e n  and w i t h i n  f a m i l i e s  o f  P. t r e m u l o i d e s , P. 

g r a n d i d e n t a t a , and t h e  h y b r i d s .  The 20 b e s t  f a m i l i e s  ( t o p  

10%) a v e r a g e d  25% a b o v e  t h e  m ean  f o r  b o t h  h e i g h t  a n d  

d i a m e t e r  g r o w t h  a f t e r  two g r o w in g  s e a s o n s  i n  t h e  f i e l d .  

A g e - a g e  c o r r e l a t i o n s  b e tw e e n  a g e s  one  and t h r e e  were  

m o d e r a t e  b u t  s i g n i f i c a n t .  T h e r e f o r e ,  i f  s h o r t - r o t a t i o n  

p l a n t a t i o n s  a r e  t h e  o b j e c t i v e ,  some g a i n  in  y i e l d  may be  

p o s s i b l e  b y  s e l e c t i n g  t h e  b e s t  f a m i l i e s  and i n d i v i d u a l s .  

H ow ev er ,  Upper P e n i n s u l a  t r e m b l i n g  and b i g t o o t h  a s p e n  

f a m i l i e s  p l a n t e d  in  s o u t h e r n  Lower M ic h i g a n  s t o p p e d  g r o w th
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e a r l i e r  t h a n  Lower P e n i n s u l a  f a m i l i e s  b e c a u s e  o f  e c o t y p i c  

d i f f e r e n c e s  a s s o c i a t e d  w i t h  p h o t o p e r i o d  and t e m p e r a t u r e .  

Th e se  e c o t y p e  d i f f e r e n c e s  ( g e n o t y p e  x e n v i r o n m e n t  

i n t e r a c t i o n )  b e tw e e n  p l a n t i n g  s i t e s  s h o u l d  be  c o n s i d e r e d  i f  

t h e  g e o g r a p h i c  d i s t a n c e s  a r e  g r e a t e r  t h a n  325 km.

A d d i t i v e  g e n e t i c  v a r i a n c e  was fo und  f o r  h e i g h t ,  v o l u m e ,  

and o t h e r  g r o w t h - r e l a t e d  t r a i t s  i n  t h e  a s p e n  p r o g e n y  t e s t .  

M a t in g  d e s i g n s  ( i e . ,  N o r th  C a r o l i n a  D e s i g n  2) t h a t  i d e n t i f y  

a d d i t i v e  e f f e c t s  w o u ld  b e  u s e f u l  and f u r t h e r  c l a r i f y  

i n h e r i t a n c e  p a t t e r n s .  Most n o n - a d d i t i v e  g e n e t i c  v a r i a n c e  

was found  i n  m o r p h o l o g i c a l  t r a i t s .  H y b r i d i z a t i o n  o f  P. 

t r e m u l o i d e s  and P. g r a n d i d e n t a t a  d i d  n o t  p r o d u c e  h e t e r o t i c  

p r o g e n y  e x c e p t  i n  t h e  h y d r o p o n i c  s y s t e m .  F u t u r e  s p e c i e s  

h y b r i d i z a t i o n  s t u d i e s  i n  t h e  a s p e n s  s h o u l d  f i r s t  c o n c e n t r a t e  

on s e l e c t i n g  p a r e n t s  w i t h  good c o m b in in g  a b i l i t y  ( a d d i t i v e  

g e n e t i c  v a r i a n c e )  f o r  i m p o r t a n t  e c o n o m ic  t r a i t s  b e f o r e  

i m p l e m e n t i n g  t h e  h y b r i d i z a t i o n  p h a s e .

The p h o t o s y n t h e s i s  and h y d r o p o n i c  s t u d i e s  i n d i c a t e d  

t h a t  t h e  g r o w th  p e r f o r m a n c e  o f  t h e  h y b r i d s  r a n g e d  f rom 

a v e r a g e  to  s u p e r i o r  when com pared  w i t h  t h e  p a r e n t  s p e c i e s .  

The f i e l d  s t u d i e s ,  h o w e v e r ,  showed t h a t  m o s t  h y b r i d s  w e re  no 

b e t t e r  t h a n  i n t e r m e d i a t e  in  g r o w th  t o  t r e m b l i n g  and b i g t o o t h  

a s p e n .  T h ese  e a r l y  r e s u l t s  s u g g e s t  t h a t  P. X s m i t h i i  d o e s  

n o t  p r o m i s e  t o  b e  a c o m m e r c i a l l y  v a l u a b l e  h y b r i d .  In  

c o n t r a s t ,  t h e  g r o w th  p e r f o r m a n c e  o f  t h e  t r i h y b r i d  (P. 

X r o u l e a u i a n a  X P. t r e m u l o i d e s ) and u n p u b l i s h e d  d a t a  o f  t h e  

P. Xr o u l e a u i a n a  h y b r i d  s t r o n g l y  s u g g e s t  t h a t  t h e s e
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h y b r i d s  s h o u l d  b e  e m p h a s i z e d  in  f u t u r e  h y b r i d i z a t i o n  

s t u d i e s .  To d e v e l o p  a b r e e d i n g  p r o g ra m  u s i n g  t h e s e  h y b r i d s ,  

m ore  g e r m p la s m  o f  b o t h  P o p u l u s  a l b a  and P. g r a n d i d e n t a t a  i s  

n e c e s s a r y  b e c a u s e  o f  t h e  r e l a t i v e l y  n a r r o w  g e n e t i c  b a s e  f o r  

b o t h  s p e c i e s  in  t h e  c u r r e n t  p r o g e n y  t e s t s .  In  a d d i t i o n ,  

c o n t r o l l e d  m a t i n g s  b e t w e e n  s e l e c t e d  f a m i l i e s  o f  t r e m b l i n g  

a s p e n  s h o u l d  be  i n i t i a t e d  b e c a u s e  o f  t h e  e x c e l l e n t  g r o w th  o f  

t h i s  s p e c i e s  i n  a l l  p l a n t a t i o n s .  A t r e m b l i n g  a s p e n  

im p ro v e m e n t  p r o g ra m  w o u ld  be  p a r t i c u l a r l y  u s e f u l  f o r  s i t e s  

t h a t  a r e  e c o l o g i c a l l y  u n s u i t a b l e  f o r  P. X r o u l e a u i a n a  

h y b r i d s .  The q u a n t i t y  o f  g e n e t i c  v a r i a t i o n ,  t h e  e a s e  o f  

c o n t r o l l e d  p o l l i n a t i o n s ,  and t h e  i n h e r e n t  e a r l y  f l o w e r i n g  in  

t h e  a s p e n s  p r o v i d e  a m p l e  m e c h a n ism s  f o r  p r o d u c i n g  

g e n e t i c a l l y - i m p r o v e d  s e e d  s o o n e r  t h a n  m o s t  M ic h i g a n  t r e e  

s p e c i e s .


