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Growth and Cold Hardiness of Intervarietal Hybrids of Douglas-fir 
G . E .  Rehfeldt 
R e s e a r c h  Gene t i c i s t ,  I n t e rmoun ta in  F o r e s t  and Range Expe r imen t  Stat ion,  F o r e s t  Serv ice ,  U.S.  Depar tment  of 
Agr i cu l t u r e ,  Ogden, Utah ( U . S . A . )  

S u m m a r y .  Po ten t ia l s  for improvemen t  of the i n t e r i o r  va r i e ty  of Doug las - f i r  (Pseudotsuga menziesi i  var .  ' g l auca ' )  
by hybr id iza t ion  with the coasta l  va r i e ty  (P.m. var .  ' m e n z i e s i i ' )  were  explored .  The p r i m a r y  objec t ive  was to 
a s s e s s  pos s ib i l i t i e s  for i n c r e a s i n g  growth potent ia l s  of the i n t e r i o r  va r i e ty  while main ta in ing  adaptat ion to r e l a -  
t ively  cold in land  e n v i r o n m e n t s .  Seventy f u l l - s i b  hybr id  f ami l i e s  and the i r  h a l f - s i b  pa ren ta l  l i nes  were  grown in 
two con t r a s t i ng  e n v i r o n m e n t s  common  to the i n t e r i o r  va r i e ty .  Nine t r a i t s  r e l a t ed  to growth, phenology, and f r e e z -  
ing t o l e r ance  in 4 - y e a r - o l d  t r e e s  were  compared .  

F o r  t r a i t s  r e l a t ed  to growth (height and d i a me t e r )  in the in land  env i ronmen t ,  hybr ids  equaled the growth of 
the coasta l  va r i e ty  and exceeded the i n t e r i o r  va r i e ty  by 40 pe rcen t .  F o r  t r a i t s  r e l a t ed  to adaptat ion (bud burs t ,  
bud set ,  f ros t  damage,  t r ee  fo rm,  and f reez ing  t o l e r a n c e ) ,  hybr ids  were  i n t e r m e d i a t e  but approached leve l s  
c h a r a c t e r i s t i c  of the i n t e r i o r  va r i e ty .  Survival  of hybr ids  equaled that of the i n t e r i o r  va r i e ty  and was s u p e r i o r  
to tha t  of the coasta l  va r i e ty .  

Hybr id  c h a r a c t e r s  could not be p red ic ted  r e l i ab ly  from those of pa ren ta l  l i ne s .  Yet, quant i ta t ive  genet ic  an-  
a lyses  suggest  that e x p r e s s i o n  of c h a r a c t e r s  r e l a t e d  to growth depends on nonadd i t ivegene t i c  effects,  but e x p r e s -  
s ion of those  r e l a t ed  to adaptat ion is  somewhat  dependent  on addit ive effects .  

Rea l i za t ion  of the t r e m e n d o u s  potential  of hybr id iza t ion  for i mpr ove me n t  of the i n t e r i o r  va r i e ty  will r e q u i r e  
at l eas t  one backc ross  gene ra t i on  or  addit ional c r o s s e s  u t i l iz ing i n t r o g r e s s e d  popula t ions .  

Key words :  Pseudotsuga menziesi i  - Doug la s - f i r  - Hybr id iza t ion  - Cold Hard ines s  - Phys io log ic  Adaption - 
Growth P a t t e r n  

In t roduc t ion  

In t e rva r i e t a l  hybr id iza t ion  of Doug la s - f i r  (Pseudo- 

tsuga menz ies i i )prov ides  a means  for i nco rpo ra t ing  

the growth potent ia l  of the coas ta l  va r i e ty  (P.m. v a t .  

' m e n z i e s i i '  ) into the ge rm p lasm of the i n t e r i o r  v a r -  

iety (P.m. va r .  ' g l a u c a ' ) .  Adaptat ion to a m a r i t i m e  

c l ima t e  (F ig .  1) has endowed the coastal  va r i e ty  with 

growth r a t e s  s u p e r i o r  to the i n t e r i o r  va r i e ty .  Yet, 

s u p e r i o r  growth poten t ia l s  a r e  r e a l i z e d  only in mi ld  

c l i m a t e s  (Haddock et al.  1967; So rensen  19677. 

Whereas  the i n t e r i o r  va r i e ty  is  adapted to the cold 

win te r s  of the Rocky Mountain and In t e rmoun ta i n  r e -  

g ions ,  the coas ta l  va r i e ty  s u s t a i n s  high mor t a l i t y  and 

f ros t  damage in cont inenta l  c l i m a t e s  of the United 

States (Wright  et al. 1971; Gerhold  1965; Baldwin 

and Murphy 1956) and G e r m a n y  (S te rn  1974). In r e l -  

a t ive ly  cold in land e n v i r o n m e n t s ,  hybr id iza t ion  may 

effect ively  i n c r e a s e  the growth potent ial  of the i n t e r -  

ior  va r i e ty  while ma in t a in ing  cold h a r d i n e s s .  

Although the concept  of hybr id iza t ion  for i m p r o v e -  

ment  of Doug la s - f i r  was sugges ted  long ago (Duffield 

19507, c u r r e n t  effort  emphas i ze s  i m p r o v e m e n t  of the 

coastal  va r i e ty .  In the m a r i t i m e  env i ronmen t  of B r i -  

t ish Columbia ,  growth of i n t e r v a r i e t a l  hybr ids  is  in -  

f e r i o r  to that of coas ta l  paren ta l  l i nes  ( O r r - E w i n g  

1966; O r r - E w i n g  et al .  19727. Yet, these  s a m e  hy-  

b r ids  may be cons ide rab ly  more  va luable  to in land  en -  

v i r o n m e n t s  than to m a r i t i m e  e n v i r o n m e n t s  ( O r r - E w i n g  

et al.  1972). 

The objec t ive  of the p r e se n t  s tudy is  to explore  the 

potent ial  of i n t e r va r i e t a l  hybr id iza t ion  for improv ing  

Doug las - f i r  in the Nor the rn  Rocky Mounta ins .  P r i -  

m a r y  emphas i s  is  g iven to growth potent ia l ,  physi logic  

and phenologic adaptat ion to the growing season ,  and cold 

h a r d i n e s s .  However,  s ince  hybr ids  mus t  withstand the i n -  

t e r r e l a t e d  complex  of env i ronmen ta l  fac tors  that c h a r -  

a c t e r i ze  the i n t e r i o r ,  the n u m e r o u s  addit ional  t r a i t s  

t h ~  d i f fe ren t ia te  the v a r i e t i e s  cannot  be d iscounted .  

In addit ion to chemica l  d i f fe rences  a s soc ia t ed  with mono-  

t e r p e n e s  (yon Rudioff 19737, the v a r i e i t e s  differ  in 

abi l i ty  to withstand drought ( F e r r e l l  and Woodard 

1966 ; P h a r i s  and F e r r e l l  1966), in pa t t e rns  of growth 

( I r g e n s - M o l l e r  1968), and in t o l e r a n c e  to Rhabdo- 

c l ine  pseudotsu~ae (Stephan 1973). Therefore ,  the 

p re sen t  repor t  of the growth and the cold h a r d i n e s s  

of 4 - y e a r - o l d  hybr id  f ami l i e s  and the i r  pa ren ta l  l i nes  

will be supp lemen ted  by f ield t e s t s .  
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F i g .  1. Geograph ic  d i s t r ibu t ion  of D o u g l a s - f i r  (Pseu- 
dotsuga mer~ziesii) and locat ion of p r o v e n a n c e s  f r o m  
which hybr ids  w e r e  deve loped .  The b roken  l ine  ap-  
p r o x i m a t e s  s epa ra t i on  of the  two v a r i e t i e s  P.m. v a r .  
' m e n z i e s i i '  and p.m. v a r .  ' g l a u c a '  ( f r o m  Lit t le  1971) 

M a t e r i a l s  and Methods 

In addi t ion to 70 hybr id  f a m i l i e s  p roduced  f rom con-  
t r o l l e d  pol l ina t ions  (Table 1) ,  wind-pol l ina ted  cones  
w e r e  obta ined f r o m  the 15 t r e e s  used  as pa te rna l  
pa ren t s  and the 18 t r e e s  used  as m a t e r n a l  p a r e n t s .  
Thus, t e s t s  inc luded 70 f u l l - s i b  hybr id  f a m i l i e s  and 
33 h a l f - s i b  f a m i l i e s  that  r e p r e s e n t e d  pa ren ta l  l i ne s .  

Seeds w e r e  sown in October  1971 in u n r e p l i c a t e d  
n u r s e r y  beds at the P r i e s t  R i v e r  E x p e r i m e n t a l  F o r -  
es t  N u r s e r y .  During the f i r s t  y e a r  of growth,  the fo l -  
lowing o b s e r v a t i o n s  w e r e  made :  (1) date on which 90 
pe rcen t  of the seed l ings  e m e r g e d ,  (2) date on which 
75 pe r cen t  of the t r e e s  set  bud, (3) o c c u r r e n c e  of 
chlorophyll-deficient and albino seedlings, ( 4 ) height 
of 50 seedlings of each family, (5) percent survival 
after the first winter. 

Nursery trials were established with l-year-old 
trees at the Coeur d'Alene (Cd'A) and Priest River 
Experimental Forest ( PREF ) Nurseries. For all fam- 
ilies, five seedlings were transplanted at a spacing 
of 30 cm into row plots in each of two replications at 
both nurseries. When seedlings were 3 years old, 
height was measured and damage from an early fall 
frost was scored. During the fourth season of growth, 
rate of bud burst, date of bud set, andtreeform were 
scored for each tree. Tree height, diameter at the 
ground, and leaf length also were measured. Frost 
damage to each tree was scored on 10 October by 
means  of a s c a l e  f rom 1 to 3 : @ l = n o  damage ,  2 = i n -  
j u ry  to l e a v e s ,  3 = damage  to l e a v e s  and wood. Bud 
burs t  was s c o r e d  19 May at C d ' A  and 2 June at P R E F  
accord ing  to a s ca l e  of 1 to 6 : ~ 1  = bud s c a l e s  c l o s e d  
with no g r e e n  l e a v e s  v i s i b l e ,  6 = e longat ion  to such 
an extent  that new shoots  drooped pronouncedly .  The 
da teby  whicha l l  b u d s h a d s e t  on each t r e e  was s c o r e d  
at weekly i n t e r v a l s .  F o r m  was s c o r e d  on a s c a l e  
of 1 to l l  : 1 = p r o n o u u c e d d o m i n a n c e  of a s ing le  l e a d -  
e r ,  7 = a m a j o r  fork r e su l t i ng  in codominance  of two 
l e a d e r s ,  and 11 -- no dominant  l e a d e r .  

W h e r e  n e c e s s a r y ,  app rop r i a t e  t r a n s f o r m a t i o n s  
w e r e  made for  n o r m a l i z i n g  f requency  d i s t r ibu t ions  
(Steel  and T o r r i e  1960), and the fol lowing s t a t i s t i ca l  
ana lyses  w e r e  made on data  f rom n u r s e r y  t r i a l s :  (1) 
ana lyses  of v a r i a n c e  for  a s s e s s i n g  the magni tude  of 
d i f f e r ences  among and within paren ta l  v a r i e t i e s  and 
t he i r  hybr ids ,  (2) quant i ta t ive  gene t ic  ana lyses  fo r  
hybr id  f a m i l i e s ,  and (3) r e g r e s s i o n  ana lyses  for  p r e -  
dict ing the p e r f o r m a n c e  of  hybr id  f a m i l i e s  f r o m  that 
of t he i r  pa ren ta l  l i nes .  

Af te r  data had been c o l l e c t e d  f rom the n u r s e r y  
t r i a l s ,  a r t i f i c i a l  f r e e z i n g  t e s t s  w e r e  made  for  a s s e s -  
sing d i f fe ren t ia l  t o l e r a n c e  to co ld  of hybr id  f a m i l i e s  
and t he i r  pa ren ta l  l i ne s .  F o r  both r ep l i c a t i ons  at each 
n u r s e r y ,  l ign i f ied  twigs  f rom the f ive  t r e e s  r e p r e s e n -  
t ing a s ing le  f ami ly  w e r e  cut ,  mo i s t ened ,  packaged  
toge the r  in polye thylene  bags,  and s t o r e d  in a c o o l e r .  
This p r o c e d u r e  was fo l lowed biweekly f rom la te  Sep-  
t e m b e r  to l a te  N o v e m b e r .  Twigs w e r e  t r a n s p o r t e d  to 
the Moscow l a b o r a t o r y  where  they w e r e  s t o r e d  at 3~ 
Except  for  the s a m p l e s  c o l l e c t e d  in la te  N o v e m b e r ,  
all s a m p l e s  w e r e  f r o z e n  at a cool ing r a t e  of 5 ~  to 
p r e d e t e r m i n e d  t e m p e r a t u r e s  within 36 hours  f r o m  c o l -  
l ec t ion .  As out l ined by Sakai and W e i s e r  (1973) ,  an 
a t tempt  was made  to induce m ax im um  h a r d i n e s s  into 
twigs  c o l l e c t e d  in la te  N o v e m b e r .  Since the s a m p l e s  
had been c o l l e c t e d  at t e m p e r a t u r e s  below 0~ twigs 
were stored at -7~ for i week and at -10~ for 3 
days. Thereafter, they were cooled at a rate of 5~ 
to predetermined temperatures. 

Twigs were removed from the freezer at the de- 
sired temperature, thawed at 5~ for at least 24 hours, 
and placed in water in a greenhouse. After I week, dam- 
age from freezing was scored on the basis of brown- 
ing of leaves. The number of twigs damaged for each 
family was recorded according to each replication at 
both nurseries. Regression analyses were used to as- 
sess di f fe ren t ia l  abi l i ty  of f a m i l i e s  to t o l e r a t e  f r e e z i n g .  

Results 

General Observations 

As ant ic ipa ted  f r o m  the r e s u l t s  of Al len  (1960, 1961), 

90 pe rcen t  of the seed l ings  r e p r e s e n t i n g  the i n t e r i o r  
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T a b l e  1. M a t i n g  d e s i g n  f o r  p r o d u c t i o n  of  70 f u l l - s i b  h y b r i d  f a m i l i e s .  F a m i l y  c o d e s  i n c l u d e d  t h e  h y b r i d s ,  15 p a -  
t e r n a l  h a l f - s i b  f a m i l i e s ,  a n d  18 m a t e r n a l  h a l f - s i b  f a m i l i e s .  H y b r i d  c o d e s  a r e  d e r i v e d  f r o m  t h e  c o m b i n a t i o n  o f  
c o d e s  t h a t  k e y  t h e i r  r e s p e c t i v e  p a r e n t a l  l i n e s  

M a t e r n a l  
p r o v e -  
n a n c e s ,  Tree 
interior number 
variety 

Paternal provenance - coastal variety 

Lacomb, Oregon Valsetz, Oregon Lake Cowichan, B. C. 

8 10 11 35 100 100 101 102 103 104 98 99 100 106 107 

M o s c o w ,  
I d a h o  

C l a r k i a ,  
I d a h o  

2 
3 
4 
5 
7 
8 
9 

10 

F a m i l y  
C o d e  

2 
3 
4 
5 
7 
8 
9 

10 

A B C D E F G H I J U V W X Y 

2A 2B 2C 2D 2E 
3A 3B 3C 3D 3E 
4A 4B 4C 4D 4E 

5F 5G 5H 51 5J  
7F  7G 7H 7I 7J  
8F 8G 8H 8I 8J  

9A 9B 9C 9D 9E 
10A 10B 10C 10D 10E 

7 11 l l A  
9 12 12B 

16 13 
17 14 
18 15 
19 16 16A 
22 17 17B 
25 18 
26 19 
27 20 

11F l l U  
12G 12V 

13C 13H 13W 
14D 14I 14X 

15E 15J  15Y 
16F 16U 

17G 17V 
18C 18H 18W 

19D 19I 19X 
20E 20J  20Y 

v a r i e t y  h a d  e m e r g e d  by  17 May  a n d  s e e d l i n g s  r e p r e -  

s e n t i n g  t h e  c o a s t a l  v a r i e t y  e m e r g e d  2 w e e k s  l a t e r .  The 

r a t e  of  e m e r g e n c e  of  h y b r i d  s e e d l i n g s  w a s  t h e  s a m e  

a s  t h a t  of  t h e  i n t e r i o r  v a r i e t y .  No m u t a n t  s e e d l i n g s  o c -  

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

b ino  s e e d l i n g s  w e r e  p r e s e n t  in  t h r e e  f a m i l i e s  of  t h e  i n -  

t e r i o r  v a r i e t y  a n d  in  two  f a m i l i e s  of  t h e  c o a s t a l  v a r i e t y .  

S e v e n t y - f i v e  p e r c e n t  of  t h e  s e e d l i n g s  f r o m  i n t e r i o r ,  h y -  

b r i d ,  a n d  c o a s t a l  f a m i l i e s  h a d  s e t  b u d s  by 3 A u g u s t ,  

28 A u g u s t ,  a n d  26 S e p t e m b e r ,  r e s p e c t i v e l y .  W h e r e a s  

t r e e s  of  t h e  i n t e r i o r  v a r i e t y  a v e r a g e d  5 c m  i n  h e i g h t ,  

h y b r i d s  a n d  t h e  c o a s t a l  v a r i e t y  a v e r a g e d  7 . 5  c m .  

H igh  r a t e s  of  m o r t a l i t y  o c c u r r e d  d u r i n g  t h e  w i n t e r  

of 1972 .  T e m p e r a t u r e s  r e a c h e d  -26~ w h e n  t h e r e  w a s  

l i t t l e  o r  no  s n o w  c o v e r .  W h e r e a s  44 p e r c e n t  of  t h e  t r e e s  

of  h y b r i d  a n d  i n t e r i o r  o r i g i n  s u r v i v e d ,  o n l y  9 p e r c e n t  

of  t h o s e  of  c o a s t a l  o r i g i n  s u r v i v e d .  Of t h e  l a s t  g r o u p ,  

s u r v i v a l  w a s  o n l y  5 p e r c e n t  f o r  t r e e s  f r o m  O r e g o n ,  bu t  

w a s  20 p e r c e n t  f o r  t h o s e  f r o m  B r i t i s h  C o l u m b i a .  

U n f o r t u n a t e l y ,  i t  i s  not  p o s s i b l e  to  s e p a r a t e  t h e  

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

l i n g  s u r v i v a l .  M a n y  t r e e s  of  c o a s t a l  o r i g i n  h a d  s e t  

b u d s  o n l y  1 w e e k  b e f o r e  n u r s e r y  t e s t s  w e r e  e s t a b l i s h e d .  

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

3 y e a r s ,  a l t h o u g h  i t  w a s  no t  u n t i l  t h e  w i n t e r  of  1974 

t h a t  s o m e  t r e e s  w e r e  t a l l e r  t h a n  t h e  m a x i m u m  s n o w  

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

t h e  c a p a b i l i t y  of  h y b r i d  f a m i l i e s  to  s u r v i v e  in  t h e  

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

A s  a g r o u p ,  h y b r i d s  w e r e  i n t e r m e d i a t e  b e t w e e n  p a r -  

e n t a l  v a r i e t i e s  in  s o m e  t r a i t s ,  s i m i l a r  to  t h e  i n t e r i o r  

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

in  s t i l l  o t h e r  t r a i t s .  A l a c k  of  c h l o r o p h y l l - d e f i c i e n t  a n d  

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

l e l i c  o r  g e n i c  c o n t r i b u t i o n s  to  t h e  g e n e t i c  l o a d  of  p a r -  

e n t a l  v a r i e t i e s .  

N u r s e r y  S t u d i e s  

E x c e p t  f o r  f a m i l i e s  f r o m  O r e g o n ,  m o s t  s e e d l i n g s  in  

t h e  n u r s e r y  t e s t s  t h a t  d i e d  d u r i n g  t h e  f i r s t  w i n t e r  w e r e  

r e p l a c e d  in  t h e  s p r i n g  of  1973 .  A f t e r  t r a n s p l a n t i n g ,  

f i v e  s e e d l i n g s  r e p r e s e n t e d  m o s t  f a m i l i e s  in  e a c h  r e p -  
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l i c a t i o n  a t  bo th  n u r s e r i e s ,  but t h e  n u m b e r  of s e e d -  

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

l e s s  t han  one  in e a c h  r e p l i c a t i o n .  B e c a u s e  s e e d l i n g s  

u s e d  f o r  r e p l a c e m e n t  s u r v i v e d  the  f i r s t  w i n t e r ,  t hey  

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

f a m i l y .  Thus ,  p a r t i c u l a r l y  f o r  c o a s t a l  o r i g i n s ,  g e r m  

p l a s m  r e p r e s e n t e d  in t he  n u r s e r i e s  m a y  be  s k e w e d  

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

d i s t r i b u t i o n  on i n t e r p r e t a t i o n  of  s t a t i s t i c a l  a n a l y s e s  

wi l l  be  a s s e s s e d  s u b s e q u e n t l y .  

A n a l y s e s  of  v a r i a n c e  r e v e a l e d  that  t he  l a r g e  m e a n  

d i f f e r e n c e s  f o r  al l  v a r i a b l e s  e x c e p t  bud b u r s t  at C d ' A  

(Tab le  1 ) w e r e  a s s o c i a t e d  with  s i g n i f i c a n t  ( 1 7o l e v e l  ) 

m a i n  e f f e c t s  f o r  v a r i e t i e s  and n u r s e r i e s .  A n a l y s e s  a l -  

so  r e v e a l e d  s u b s t a n t i a l  v a r i a t i o n  a m o n g  f a m i l i e s  w i t h -  

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

m o s t  v a r i a b l e s .  H o w e v e r ,  e x c e p t  fo r  t r e e  f o r m  and 

r a t e  of  bud b u r s t ,  i n t r a c l a s s  c o r r e l a t i o n s  f o r  v a r i e t i e s  

w e r e  2 to 5 t i m e s  g r e a t e r  t h a n  t h o s e  a s s o c i a t e d  with  

f a m i l i e s  wi th in  v a r i e t i e s .  S i g n i f i c a n t  i n t e r a c t i o n s  b e -  

t w e e n  n u r s e r i e s  and v a r i e t i e s  w e r e  d e t e c t e d  fo r  on ly  

two  v a r i a b l e s .  F r o s t  d a m a g e  to h y b r i d s  at P R E F  was  

i n t e r m e d i a t e  b e t w e e n  tha t  of  t he  two v a r i e t i e s .  At  

C d ' A ,  w h e r e  d a m a g e  was  m u c h  l e s s  s e v e r e  than  at 

P R E F ,  h y b r i d s  s u f f e r e d  the  s a m e  l e v e l  of  d a m a g e  as  

t he  i n t e r i o r  v a r i e t y .  Bud  b u r s t  at C d ' A  o c c u r r e d  at 

a p p r o x i m a t e l y  t he  s a m e  t i m e  f o r  al l  v a r i e t i e s .  At 

P R E F  bud b u r s t  fo r  t h e  c o a s t a l  v a r i e t y  was  d e l a y e d .  

High i n t r a c l a s s  c o r r e l a t i o n s  w e r e  a s s o c i a t e d  wi th  v a t -  

iance within families. Depending on thevariable, these 

effects accounted for 40 to 75 percent of the variance. 

Mean differences for traits relatedto growth (height 

and diameter) indicate that traits of the hybrids and 

the coastal variety exceed the interior variety by about 

40 percent (Table 2). Infact, over 70 percent of the hy- 

brid families were of significantly (LSD 0.05) greater 

height and diameter than the family representing its 

maternal parent and about 25 percent were also larger 

than the family representing its paternal parent. For 

traits related to adaptation to the inland climate (bud 

burst, bud set, frost damage, and form), hybrids 

were generally intermediate between their parental 

representatives (Table 2), but comparisons of means 

(LSD 0.05) showed that a smaller proportion of hy- 

brid families deviated significantly from their ma- 

ternal line than from their paternal. 

Similarities in results for several variables are 

elucidated by the correlation matrix (Table 3 ). First, 

trees that set buds late tended to suffer frost damage; 

high levels of frost damage were associated with a 

poor form (high score) ; trees of poor form had a low 

growth rate (negative deviation from the regression 

line) ; and low growth rate characterized short trees. 

Second, tall trees tended to have large diameters, long 

leaves, and a high growth rate. Yet, these coefficients 

fall to represent character association within the di- 

vergent varieties. Underlined coefficients (Table 3 ) re- 

flect associations that differed significantly (5 ~ level) 

Table 2. Mean values for eight variables according to nurseries and varieties 

Frost d a m a g e  ( c l a s s e s )  
Height 

4-year Diam- Bud Leaf  devi- Both 
height eter set • Form leng th  ation ~ nurs- 
(cm) (mm) (weeks) (classes) (mm) (cm) PREF 3 Cd'A 4 eries 

Bud burst (classes) 

PREF Cd'A 

Nurseries 

PREF 50.2 12.3 3.8 5.9 31.8 -1.11 1.62 
Cd'A 57.2 15.9 2.6 3.9 30.4 +1.11 1.04 

Varieties 

Interior 33.9 10.0 2.1 4.2 30 .3  -I.05 1.08 1.00 1.04 
Hybrid 54.1 14.0 3.1 4.4 31 .5  +1 .02  1.63 1.04 1.33 
Coastal 53.2 13.6 4.3 6.2 29 .2  -1.04 2 . 2 3  1.33 1.72 

4.00 
3.78 

4.17 3.67 
4.02 3.69 
3.56 3.90 

Weeks after August 1 
2 Deviation from regression of 4-year height on 3-year height 
a Priest River Experimental Forest Nursery 
4 Coeur d' Alene Nursery 
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Table 3. S imple  c o r r e l a t i o n  coe f f i c i en t s  among eight v a r i a b l e s .  C o r r e l a t i o n s  w e r e  
based  on data f rom individual  s eed l ings  f r o m  all  f a m i l i e s ,  n u r s e r i e s ,  and r e p l i -  
c a t i ons .  S ign i f i cance  at the 1 pe r cen t  l eve l  of p robab i l i ty  is  ind ica ted  by r > 0 .08  
and r < - 0 . 0 8 .  Under l ined  coe f f i c i en t s  r e f l ec t  a s s o c i a t i o n s  that d i f f e red  s ign i f i -  
can t ly  in pa ren ta l  v a r i e t i e s  

4 - y e a r  F r o s t  Bud Bud Height 
V a r i a b l e  height  damage  bur s t  set  F o r m  D i a m e t e r  devia t ion  ~ 

Frost damage -0.05 
Bud burst -0.04 0.05 
Bud set 0 0.38 0.03 
Form -~.12 0.29 0.08 0.30 
Diameter 0.87 -0.14 -0.11 -0.08 -0.01 
Height 
Deviation ~ 0.51 -0.37 -0.01 -0.08 -0.36 0.39 
Leaf length 0.33 0.II 0.01 0.I0 0.07 0.31 0.06 

1 Devia t ion  f rom r e g r e s s i o n  of 4 - y e a r  height  on 3 - y e a r  height  

for  pa ren ta l  v a r i e t i e s .  All of the ind ica ted  a s soc i a t i ons  

p e r t a i n  to e i t h e r  d i r ec t  o r  ind i rec t  r e l a t i o n s h i p s  with 

bud burs t  and bud se t .  Thus, d i f fe rent  m a t r i c e s  p r i m a -  

r i l y  r e f l e c t  the d e g r e e  that phenologica l  even ts  of the 

coas ta l  v a r i e t y  w e r e  o u t - o f - p h a s e  with the in land c l i -  

ma te .  

Resu l t s  of t he se  ana lyses  e m p h a s i z e  gene t ic  d i v e r -  

gence  of the two v a r i e t i e s  along with subord ina te  gen -  

e t ic  v a r i a t i o n  within each  v a r i e t y .  Yet,  paren ta l  v a r -  

i e t i e s  a r e  suf f ic ien t ly  r e l a t e d  that i nv i ab i l i t i e s ,  in -  

c o m p a t i b i l i t i e s ,  o r  nega t ive  h e t e r o s i s  w e r e  not e v i -  

denced by the p e r f o r m a n c e  of hybr id  f a m i l i e s .  In the 

inland c l i m a t e ,  hybr ids  e x p r e s s e d  growth po ten t ia l s  

s i m i l a r  to the coas ta l  v a r i e t i y  and adapta t ional  f e a -  

t u r e s  that approached  those  of the i n t e r i o r  v a r i e t y .  A 

high d e g r e e  of v a r i a t i o n  among and within hybrid  f a m -  

i l i e s  app roba t e s  quant i ta t ive  ana ly se s  fo r  e luc ida t -  

ing gene t i c  v a r i a n c e s .  

Even  though t h e o r e t i c a l  concep ts  in quan t i t a t ive  

gene t i c s  for  hybr id  populat ions  a r e  r a t h e r  l im i t ed ,  

quan t i t a t ive  methods  w e r e  used  fo r  data  f rom the 70 

f u l l - s i b  hybr id  f a m i l i e s .  Resu l t s  of t hese  ana ly se s  

should p rov ide  only a gene ra l  a s s e s s m e n t  of gene e f -  

f ec t s ,  gene t ic  v a r i a n c e s ,  and s e l e c t i o n  p r o c e d u r e s  

for  the hybr id  f a m i l i e s .  

Al though r e s u l t s  of  quant i ta t ive  ana ly se s  (Table 4) 

a r e  p r e s e n t e d  as if  the mat ing  des ign  had been h i e r -  

a r c h i a l ,  the most  a p p r o p r i a t e  des ign  invo lved  seven  

s e t s  of f ac to r i a l  mat ings  (Table 1) .  S t a t i s t i ca l  ana ly se s  

and t he i r  i n f e r e n c e s  w e r e  made  acco rd ing  to beth de-  

s igns ,  but the h i e r a r c h i a l  model  is  p r e s e n t e d  for  s i m -  

p l i c i ty .  

Con t ra s t ing  gene t ic  e f fec t s  d i f f e ren t i a t ed  the v a r -  

ious t r a i t s .  Genet ic  e f fec t s  accounted  for  l i t t l e  v a r i -  

ance in t r e e  fo rm,  height  devia t ion,  o r  f ros t  damage  

at C d % .  Genet ic  v a r i a n c e s  for  height  and d i a m e t e r  

w e r e  a s s o c i a t e d  p r i m a r i l y  with i n t e r ac t i ons  between 

m a l e s  and f e m a l e s .  W herea s  sma l l  but s igni f icant  

main  e f fec t s  of f e m a l e s  w e r e  ind ica ted  by l ea f  length,  

gene t ic  v a r i a n c e  in bud se t  was d e t e r m i n e d  p r i m a r i l y  

by the main  e f fec t s  of m a l e s .  That for  f ro s t  damage  

at P R E F  and bud burs t  was divided between main  e f -  

fec ts  of m a l e s  and f e m a l e s .  

Addit ional  ana lyses  were  made  acco rd ing  to the 

fol lowing model  for  a s s e s s i n g  the r e l a t i v e  i m p o r t a n c e  

of m a t e r n a l  l ine,  pa te rna l  l ine ,  and n u r s e r y  e n v i r o n -  

mea t  in de t e rmin ing  hybr id  p e r f o r m a n c e :  

Yi7 d = a + bXi9 + bXid + bX n 

where :  

YiQd = mean  va lue  of hybr id  of  m a t e r n a l  f ami ly  9 

and pa te rna l  fami ly  c~ growing  in n u r s e r y  i. 

Xi~ = mean  va lue  of the h a l f - s i b  f ami ly  r e p r e s e n -  

ting m a t e r n a l  t r e e  Q in n u r s e r y  i. 

Xid = m e a n  va lue  of the pa te rna l  h a l f - s i b  f ami ly  d 

growing  in n u r s e r y  i. 

X = dummy v a r i a b l e  fo r  n u r s e r i e s .  
n 

Acco rd ing  to th is  model ,  r e s u l t s  of ana ly se s  a r e  

subjec t  to bias  in t roduced  by the confounded mat ing  

des ign .  To a l l ev i a t e  e f fec t s  of confounding,  the r e l a -  

t ive  i m p o r t a n c e  of independent  v a r i a b l e s  in d e t e r -  

mining the dependent v a r i a b l e  was a s s e s s e d  by means  

of s t anda rd i zed  par t i a l  r e g r e s s i o n  coe f f i c i en t s  for  



8 Theor .  Appl.  Genet. 50 (1977) 

Table 4. I n t r a c l a s s  c o r r e l a t i o n s  d e r i v e d  f r o m  ana lyses  of v a r i a n c e  for  examin ing  p e r f o r -  

Sou rce  of v a r i a n c e  4 - y e a r  
df height  D i a m e t e r  Bud set  F o r m  

Nurseries 1 0;06** 0.20** 0.17"* 0.11"* 
Replication 4 0.03** 0.01" 0.01"* 0 
Families 69 0.17"* 0.16"* 0.08** 0.04** 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Females 17 0.01 0.01 0.01 0.0 
Males/females 52 0.16"* 0.15"* 0.07"* 0.04** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Males  14 0 0.01 0 .03**  0 .02**  
F e m a l e s / m a l e s  55 0 . 1 7 " *  0 . 1 5 " *  0 .05** 0 .02**  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

N • f a m i l i e s  69 0 0 0 .02  0 .04*  

N • f e m a l e s  17 0 0 0 0.03** 
N x m a l e s / f e m a l e s  52 0 0 0 .02  0.01 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

N x m a l e s  14 0 0 0 0 
N • f e m a l e s / m a l e s  55 0 0 0 .02  0 . 0 4 "  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Experimental error s 139 0.18"* 0.09** 0. I0"* 0.05** 
Within cells 1,042 0.56 0.54 0.62 0.75 

Devia t ion  f r o m  r e g r e s s i o n  of 4 - y e a r  height  on 3 - y e a r  height  
Contains  s o u r c e s  of v a r i a t i o n  f r o m  the t h r e e  i n t e r ac t i ons  involving r ep l i ca t ion  

* S ign i f icance  of F va lue  at 0 .05 l eve l  of p robab i l i ty  
**Signi f icance  of F va lue  at 0 .01 l eve l  of p robab i l i ty  

which e f fec ts  of i n t e r c o r r e l a t i o n  among independent  

v a r i a b l e s  a r e  e l imina t ed .  

Resu l t s  of r e g r e s s i o n  ana ly se s  (Table 5) depict  an 

expec ted  p r edominance  of n u r s e r y  e f fec t s  in d e t e r -  

mining hybr id  p e r f o r m a n c e  for  most  t r a i t s .  Also  ap-  

paren t  for  all t r a i t s ,  except  f ros t  damage  and bud 

burs t ,  is  c h a r a c t e r  e x p r e s s i o n  in hybr ids  that is in -  

dependent of that of t he i r  parenta l  l i ne s .  Although 

these  r e s u l t s  a r e  somewhat  c o n t r a d i c t o r y  to the f o r e -  

going,  l i t t l e  inf luence  of pa ren ta l  l ines  could  be ex-  

pec ted  in t r a i t s  for  which l i t t l e  gene t ic  v a r i a n c e  o r  

nonaddi t ive  e f fec t s  w e r e  p ronounced  in p reced ing  ana l -  

y s e s .  F a i l u r e  of r e g r e s s i o n  ana lyses  to c o r r o b o r a t e  

pa te rna l  e f fec t s  ind ica ted  by p r ev ious  ana lyses  may 

reflect either reduced penetrance of the coastal germ 

plasm in the inland environment or bias introduced 

from small samples of several paternal lines. Yet, 

both analyses support maternal effects for frost dam- 

age and bud burst. Regardless, except for bud burst, 

parental lines account for little of the variance deter- 

mined by the regression models. 

Quantitative analyses show substantial levels of 

genet ic  v a r i a t i o n  among hybr id  f a m i l i e s .  Growth of 

hybr id  f a m i l i e s  s e e m s  to be dependent on nonaddi t ive  

gene t ic  v a r i a n c e s .  Adaptat ional  f ea tu r e s  s e e m  to be 

d e t e r m i n e d  by r e l a t i v e l y  weak addi t ive  e f f ec t s .  Ex -  

cept for  bud burs t ,  the p e r f o r m a n c e  of ma te rna l  and 

pa te rna l  h a l f - s i b  l i nes  poor ly  r e f l e c t s  the p e r f o r m a n c e  

of hybr id  f a m i l i e s .  

Table 5. Coef f i c i en t s  of d e t e r m i n a t i o n  and s t anda rd i zed  
pa r t i a l  r e g r e s s i o n  coe f f i c i en t s  d e r i v e d  f rom mul t ip le  
r e g r e s s i o n s  of eight v a r i a b l e s  for  p r ed i c t i on  of hybr id  
mean  va lues  f r o m  those  of m a t e r n a l  pa ren ta l  l i n e s ,  
pa t e rna l  pa ren ta l  l i ne ,  and n u r s e r y  e n v i r o n m e n t s  

Variable R 2 b '9 b 'd b 'N 

4 - y e a r  height  0 .09*  0 .08 -0 .11  - 0 . 3 3 "  
D i a m e t e r  0 .28**  0.11 -0 .05  - 0 . 4 9 " *  
Bud set  0 .33**  0.18 0 .18  0 .33**  
F o r m  0 . 3 1 " *  -0 .15  -0 .06  0 .69*  
Leaf length 0 . 1 4 " *  0 .23  0 .20  0 .24**  
Height  devia t ion  0 .63**  -0 .01  -0 .01  - 0 . 8 1 " *  
F r o s t  damage  0 .75**  0 .25*  - 0 . 1 2  0 .80**  
Bud burs t  0 .37**  0 .54**  0.04 0.15 

** S ign i f i cance  at the 1 pe r cen t  l eve l  of p robab i l i ty  
* S ign i f icance  at the 5 pe r cen t  l eve l  of p robab i l i t y  
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m a n c e  of  h y b r i d  f a m i l i e s  f o r  e igh t  v a r i a b l e s .  A m o d e l  of  r a n d o m  e f f e c t s  w a s  a s s u m e d  

F r o s t  d a m a g e  Bud  b u r s t  

Leaf Height Both 
length deviation ~ PREF Cd' A nurseries PREF Cd' A 

0 . 0 4  ~ 0 . 4 0  ~* 0 . 4 6  ~ 
0 0 0 0 0 0 . 1 3  *~ 0 . 0 5  ~ 

0 . 1 2  ~ 0 . 0 3  ~ 0 . 2 9  ~ 0 . 0 3  0 . 0 5  ~ 0 . 2 1  ~ 0 . 4 4  ~ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 4  ~ 0 . 0  0 . 0 7  ~ 0 . 0  0 . 0 2  ~ 0 . 0 9  ~ 0 . 2 8  ~ 
0 . 0 8  ~ 0 . 0 3  e 0 . 2 2  ~ 0 . 0 3  0 . 0 3  *~ 0 . 1 2  ~ 0 . 1 6  ~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 1  0 0 . 0 7  ~ 0 0 . 0 1  0 . 0 6  ~ 0 . 2 5  ~ 
0 . 1 1  ~ 0 . 0 3  ~ 0 . 2 2  ~ 0 . 0 3  0 . 0 4  ~ 0 . 1 5  ~ 0 . 1 9  ~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 0 0.04 ~ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 0 0 
0 0 0.04 ~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 0 0.03 ~ 
0 0 0 . 0 1  

0 . 0 8  ~ 0 . 0 5  ~ 0 . 0 5  ~ 0 . 0 1  0 . 0 3  ~ 0 . 1 0  ~ 0 . 0 7  ~ 
0 . 7 5  0 . 5 2  0 . 6 7  0 . 9 5  0 . 4 2  0 . 5 7  0 . 4 4  

F r e e z i n g  T e s t s  

R e s u l t s  of  a r t i f i c i a l  f r e e z i n g  t e s t s  d e p i c t  e x p e c t e d  p a t -  

t e r n s  f o r  t h e  d e v e l o p m e n t  of  c o l d  h a r d i n e s s  (Tab le  6 ) .  

The d e v e l o p m e n t  of  low l e v e l s  of  c o l d  t o l e r a n c e  i s  t r i g -  

g e r e d  by f r o s t s  and  d e v e l o p s  at a r a t e  r e s p o n s i v e  to  

m i n i m u m  t e m p e r a t u r e s  (Lev i t t  1972) .  C o n s i s t e n t  wi th  

r e s u l t s  of  T i m m i s  and  W o r r a l l  (1975)  f o r  t he  c o a s t a l  

v a r i e t y ,  l i g n i f i e d  t w i g s  c o l l e c t e d  p r i o r  to  f r o s t  in  l a t e  

S e p t e m b e r  t o l e r a t e d  t e m p e r a t u r e s  of  - 1 0 ~  but w e r e  

i n j u r e d  at - 1 5 ~  E v e n  t h o u g h  m i n i m u m  t e m p e r a t u r e s  

w e r e  c o n s i s t e n t l y  l o w e r  at  P R E F  t h a n  at C d ' A ,  on ly  

Tab le  6.  P e r c e n t a g e  of  t w i g s  d a m a g e d  in  f r e e z i n g  t r e a t m e n t s  a c c o r d i n g  to  n u r s e r i e s  and  v a r i e t i e s  

24 & 25 S e p t e m b e r  15 & 16 O c t o b e r  4 & 5 N o v e m b e r  20 & 26 N o v e m b e r  

~ C ~ C ~ C ~ C 
-2  -10  -15  -15 -20  -25 -15  -22  -30  -20  -25 -30  -35 

Nurseries 

PREF 0 0 87 25 90 98 I 28 93 0 3 21 48 
Cd'A 0 0 91 74 96 99 1 45 96 0 4 35 70 

Varieties at PREF 

I n t e r i o r  v a r i e t y  0 0 56 8 72 90 0 14 82 0 1 5 25 
H y b r i d s  0 0 72 25 94 99 1 28 95 0 2 23 51 
C o a s t a l  v a r i e t y  0 0 100 75 98 100 8 79 100 4 24 52 89 

V a r i e t i e s  at  C d '  A 

I n t e r i o r  v a r i e t y  0 0 76 51 87 96 0 18 83 0 1 11 35 
H y b r i d s  0 0 70 78 97 100 1 48 99 0 4 37 78 
C o a s t a l  v a r i e t y  0 0 98 89 100 100 4 89 98 4 16 75 96 
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- 40 

- 35 

- 30 

- 25 

0. 

- 2 0  

- 1 5  

- 1 0  
C O A S T A L V A R I E T Y ~  

H Y B R I D S [ ~ " ~  

i A i L 
24-26 1516- 4-5 20-26 
SEPT. OCT. NOV. NOV. 

DATE 

F i g . 2 .  Range in a v e r a g e  t e m p e r a t u r e s  for  which 50 
pe rcen t  of the twigs  w e r e  damaged  at four  sampl ing  
da tes  for  the coas t a l  v a r i e t y ,  i n t e r i o r  v a r i e t y ,  and 
hybr ids  

sl ight  d i f f e r ences  in seed l ing  h a r d i n e s s  during la te  

S e p t e m b e r  could be a s s o c i a t e d  with n u r s e r y  e n v i r o n -  

men t s .  As autumn p r o g r e s s e d ,  h a r d i n e s s  deve loped  

at a f a s t e r  r a t e  fo r  t r e e s  at the  c o l d e r  P R E F  e n v i r o n -  

ment  than at Cd 'A .  

A t t empt s  to induce m a x i m u m  l e v e l s  of h a r d i n e s s  

ev ident ly  fa i led .  Cons i s t en t  d i f f e r ences  a s s o c i a t e d  

with n u r s e r y  env i ronmen t s  w e r e  found in s a m p l e s  c o l -  

l e c t e d  in l a te  N o v e m b e r .  T h e r e f o r e ,  desp i te  the cold  

and lengthy s to r age ,  data obta ined f rom twigs c o l -  

l e c t e d  on 26 N o v e m b e r  probably  r e f l e c t  h a r d i n e s s  fo r  

l a te  N o v e m b e r .  R e g a r d l e s s ,  the c o r r e s p o n d e n c e  be-  

tween o b s e r v e d  damage  for  th is  date (Table 6) a n d p r e -  

v ious  data (Sakal  and ~ / e i s e r  1973) sugges t s  that t r e e s  

of both v a r i e t i e s  w e r e  n e a r  m a x i m u m  l e v e l s  of h a r d i -  

ne s s .  

F o r  each  sampl ing  date,  seed l ings  of the coas ta l  

v a r i e t y  sus t a ined  m o r e  in jury  than those  of the i n t e r -  

io r .  The n u m b e r  of i n j u r i e s  to hybr ids  was i n t e r m e -  

diate  be tween the two (Table 6 ).  F o r  a s s e s s m e n t  of the 

d i f fe ren t ia l  r a t e s  that h a r d i n e s s  deve loped  in va r i ous  

f a m i l i e s ,  the a v e r a g e  t e m p e r a t u r e  r e s u l t i n g  in in ju ry  

to 50 pe r cen t  of the twigs for  each fami ly  at each s a m -  

pling date was e s t i m a t e d b y  in te rp la t ion  and, in s o m e  

c a s e s ,  by ex t rapo la t ion .  Uni form l e v e l s  of h a r d i n e s s  

c h a r a c t e r i z e d  the coas ta l  v a r i e t y  in la te  S e p t e m b e r  

( F i g .  2 ) .  Although v a r i a t i o n  in h a r d i n e s s  c h a r a c t e r -  

i zed  the i n t e r i o r  v a r i e t y  at each date,  va r i a t i on  for  

the coas ta l  v a r i e t y  b e c a m e  pronounced  as hardening  

advanced .  H a r i d n e s s  deve loped  at a f a s t e r  r a t e  and 

to l o w e r  l e v e l s  in t r e e s  of the i n t e r i o r  v a r i e t y  than 

in those  of the coas ta l  v a r i e t y .  Although i n t e r m e d i a t e ,  

h a r d i n e s s  of hybrid  f a m i l i e s  was m o r e  s i m i l a r  to that 

of the i n t e r i o r  v a r i e t y  than the c o a s t a l .  In fac t ,  the 

r a t e  that h a r d i n e s s  developed in 17 hybr id  f a m i l i e s  

exceeded  that of the f ami ly  of i n t e r i o r  o r ig in  c h a r a c -  

t e r i z e d  by the lowes t  r a t e .  H a r d i n e s s  of only four  hy-  

b r id  f a m i l i e s  deve loped  at a s l o w e r  r a t e  than that of 

the coas ta l  f ami ly  of f a s t e s t  r a t e .  

Genet ic  r e l a t i onsh ips  be tween the h a r d i n e s s  of 

hybr id  f a m i l i e s  at a p a r t i c u l a r  date and that of t he i r  

pa ren ta l  l i nes  w e r e  examined  accord ing  to the mode l :  

Y~cr = a + bX~ + bXcr 

whe re :  

Y ~ d = t e m p e r a t u r e  a s s o c i a t e d  with in jury  to 50 p e r -  

cent of the twigs fo r  the hybr id  fami ly  deve loped  f rom 

m a t e r n a l  t r e e  ~ and pa te rna l  t r e e  d. 

X 7 = t e m p e r a t u r e  va lue  for  the h a l f - s i b  fami ly  r e p -  

r e s e n t i n g  m a t e r n a l  t r e e  ~. 

Xd - t e m p e r a t u r e  va lue  for  the h a l f - s i b  f ami ly  r e p -  

r e s e n t i n g  pa te rna l  t r e e  d. 

N u r s e r y  e f fec t s  have  been omi t t ed  f rom the model  

because  e x c e s s i v e  ex t rapo la t ion  was n e c e s s a r y  for  

inc lus ion  of t he i r  e f fec t s .  C o m p a r i s o n s  of the e f fec t s  

of independent  v a r i a b l e s  on the dependent w e r e  made  

accord ing  to s t anda rd i zed  par t i a l  r e g r e s s i o n  coe f f i -  

c i en t s .  

As was expec ted  f r o m  F i g .  2, h a r d i n e s s  of a h y b r i d  

f ami ly  in la te  S e p t e m b e r  was r e l a t e d  to that  of ne i the r  

pa ren ta l  l ine  (Table 7 ) .  However ,  as was ind ica ted  by 

s t anda rd i zed  par t i a l  r e g r e s s i o n  coe f f i c i en t s ,  the h a r -  

d iness  of hybr ids  in m i d - O c t o b e r  was d e t e r m i n e d  by 

equal con t r ibu t ions  f rom the m a l e  and f e m a l e  l i ne s .  

In N o v e m b e r  the effect  of the m a t e r n a l  l ine  was much 

m o r e  pronounced  than that of the pa te rna l  l ine .  R e -  

g a r d l e s s ,  only one model  accounted  for  as much as 30 

pe rcen t  of the va r i a t i on .  Cons i s t en t  with r e s u l t s  of 

n u r s e r y  s tud ies ,  deve lopment  of h a r d i n e s s  in hybr id  

f a m i l i e s  a lso  is  p r e d i c t e d  poor ly  by that of pa ren ta l  

l i ne s .  
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Tab l e  7. C o e f f i c i e n t s  of  d e t e r m i n a t i o n  and s t a n d a r d i z e d  too 

p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  d e r i v e d  f r o m  r e g r e s -  
s i o n s  of  t h e  t e m p e r a t u r e  a s s o c i a t e d  wi th  50 p e r c e n t  g0 
d a m a g e  to h y b r i d  t w i g s  as  p r e d i c t e d  f r o m  tha t  of  t h e i r  
m a t e r n a l  and p a t e r n a l  l i n e s  a0 

R 2 b'9 b' d b'9-b' d 

24 & 25 ~ 8o 
S e p t e m b e r  0.03 0 . 1 6  -0.03 ns  

15 & 16 
October 0.22 ~* 0.23 ~ 0.37 ~ ns 

4 & 5  
November 0 . 3 2  ~* 0.56 ~ - 0 . 0 1  ~, ~.~ 40 

20 & 26 
N o v e m b e r  0 . 0 8  ~ 0 . 2 4  0 . 0 9  n s  30 

~ S i g n i f i c a n c e  at t he  1 p e r c e n t  l e v e l  of  p r o b a b i l i t y  
~ S i g n i f i c a n c e  at t he  5 p e r c e n t  l e v e l  of  p r o b a b i l i t y  

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

a b i l i t i e s  of  f a m i l i e s  to  t o l e r a t e  f r e e z i n g  of  v a r i o u s  

s e v e r i t i e s ,  a l i n e a r  r e g r e s s i o n  a n a l y s i s  was  m a d e  

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

m o d e l  : 

1 

Yijk  = 1 + b e - r X k  ' 

which is represented by the linear model 

\ i jk  

w h e r e :  

Y i jk  = p r o p o r t i o n  of  t w i g s  i n j u r e d  in s a m p l e  i 

f r o m  f a m i l y  j of  t r e a t m e n t  s e v e r i t y  k .  

X k = i ndex  of  f r e e z i n g  s e v e r i t y  = p e r c e n t a g e  of 

t w i g s  of  al l  f a m i l i e s  i n j u r e d  by f r e e z i n g  t r e a t m e n t  k.  

] - 1 w h e r e  YO i s  t h e  p r e d i c t e d  p e r c e n t  d a m -  b = y  0 

a g e  i f  no f r e e z i n g  t r e a t m e n t  i s  a p p l i e d  (X k = O).  

r = r a t e  of  i n c r e a s e  in d a m a g e  a s s o c i a t e d  wi th  an  

i n c r e a s e  in  s e v e r i t y  i n d e x .  

The p e r c e n t a g e  of  t w i g s  f r o m  a s i n g l e  n u r s e r y  that  

w e r e  i n j u r e d  by f r e e z i n g  to a p a r t i c u l a r  t e m p e r a t u r e  

on a g i v e n  s a m p l i n g  da t e  i s  t he  i ndex  of f r e e z i n g  s e -  

v e r i t y .  The a r r a y  of  i n d i c e s  c o r r e s p o n d s  to t h e  p e r -  

c e n t  d a m a g e  a s s o c i a t e d  wi th  n u r s e r y  e n v i r o n m e n t s  

(Tab le  6 ) .  Da ta  f o r  -2~ w e r e  o m i t t e d  b e c a u s e  n o t w i g s  

w e r e  i n j u r e d .  

M o d e l s  f o r  a l l  f a m i l i e s  w e r e  s t a t i s t i c a l l y  s i g n i f i -  

can t  (5 7~ l e v e l ) .  A l t h o u g h  c o e f f i c i e n t s  of  d e t e r m i n a -  

t i on  r a n g e d  f r o m  O. 33 to 0 . 9 3 ,  t h e y  a v e r a g e d  about  

0 . 7 5 .  Low c o e f f i c i e n t s  o c c u r r e d  f o r  s e v e r a l  f a m i l i e s  

0 ~ 
0 

/I///111J / 

//o 
/ 

I I I / / 
t I I I I I I I I I I 
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..~ 

/ 
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f ~  
~ 
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.~ 
.." - - - - - -  Coastal Variety 

�9 - -  Hybrid 
, . , ' " ' " "  . . . . . . . . .  Interior Variety 
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SEVERITY OF FREEZING TREATMENT (%) 

Fig. 3. Models of freezing damage according to treat- 
ment severity for families representing the range in 
response for the coastal variety (C and U), interior 
variety (7 and 15), and hybrids (13C and 15E) 

of coastal origin for which as few as 12 observations 

were available. 

Fig.3 depicts extreme models for families of 

parental varieties and hybrids. Fig.4 illustrates 
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Fig.4. Models of freezing damage according to treat- 
ment severity for several parental lines and their hy- 
brids (Families are keyed to Table i) 
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gene t ic  r e l a t i onsh ip s  be tween paren ta l  l ines  and t h e i r  

hybr ids .  F o r  e i t h e r  va lue  r o r  b in the r e g r e s s i o n  

equat ion,  mode l s  for  f a m i l i e s  15 and C ( F i g .  3) dif-  

f e r e d  s ign i f ican t ly  (5 % leve l )  f rom all o the r  mode l s  

p r e s e n t e d .  No d i f f e r ences  w e r e  de t ec t ed  among mod-  

e ls  for  f a m i l i e s  15E, 7, and 9B; be tween  mode l s  for  

f a m i l i e s  U and 13C ; and be tween  mode l s  for  f a m i l i e s  

13C and 9B. 

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

d i f f e r ences  in t o l e r a n c e  to f r e e z i n g  be tween the v a r -  

i e t i e s .  More  impor t an t ly ,  mode l s  for  hybr id  f a m i l i e s  

w e r e  m o r e  s i m i l a r  to those  of the i n t e r i o r  v a r i e t y  

than the c o a s t a l .  E igh teen  hybr id  f a m i l i e s  showed 

g r e a t e r  t o l e r a n c e  to f r e e z i n g  than the i n t e r i o r  fami ly  

of lowes t  t o l e r a n c e .  In fact ,  fo r  e i t h e r  va lue  r o r  b, 

the model  for  f ami ly  7 ( F i g .  3) d i f f e red  s ign i f i can t ly  

f rom those  of only four  hybr id  f a m i l i e s .  

Models  depic ted  in F i g s .  3 and 4 a c c u r a t e l y  r e p r e -  

sent  the pa t t e rn  of all 103 mode l s .  Graphs  of the v a r -  

ious mode l s  r a r e l y  i n t e r s e c t e d .  When i n t e r s e c t i o n  

o c c u r r e d ,  i n t e r a c t i o n  was neg l ig ib le ,  as i l l u s t r a t e d  

for  mode l s  of U and 13C (F ig .  3) .  T h e r e f o r e ,  mode l s  

that depict  the r e l a t i v e  abi l i ty  of f a m i l i e s  to t o l e r a t e  

f r e e z i n g  can  be r e p r e s e n t e d  by the p r e d i c t e d  amount 

of damage  at a s e v e r i t y  of 50 p e r c e n t .  These  va lues  

w e r e  used  to a s s e s s  the inf luence  of pa ren ta l  l ines  

on the f ros t  t o l e r a n c e  of hybr ids  acco rd ing  to the 

model  : 

YQd = a + bX 7 + bXc~ 

where :  

YTd = e s t i m a t e d  damage  at 50 p e r c e n t  f r e e z i n g  

s e v e r i t y  for  the hybr id  f ami ly  deve loped  f r o m  m a t e r -  

nal t r e e  2 and pa te rna l  t r e e  d. 

X 7 = e s t i m a t e d  damage  fo r  the h a l f - s i b f a m i l y  r e p -  

r e s e n t i n g  m a t e r n a l  t r e e  7. 

X d = e s t i m a t e d  damage  for  the h a l f - s i b  fami ly  r e p -  

r e s e n t i n g  pa te rna l  t r e e  cL 

This r e g r e s s i o n  was s t a t i s t i c a l l y  s igni f icant  (1% 

l e v e l ) ,  but it accounted  fo r  only 28 pe rcen t  of the v a r -  

ia t ion of hybr id  f a m i l i e s .  Yet s t a n d a r d i z e d  par t i a l  r e -  

g r e s s i o n  coe f f i c i en t s  ind ica ted  that  the i n t e r i o r  l ine  

was of p r i m a r y  i m p o r t a n c e  in d e t e r m i n i n g  t o l e r a n c e  in 

hybrids (b' 7 = 0.52 ~, b' d= 0.05, b' 7- b'd~). Even 

so, freezing tolerance of parental lines poorly pre- 

dicts freezing tolerance of hybrids. 

Variation in the ability of families to tolerate freez- 

ing is related to variation in several characters exam- 

ined in nursery trials. Significant (1% level) corre- 

lation coefficients, based on family means, were found 

between estimated damage at a freezing severity of 

50 percent and each of the following: 4-year height 

(r = 0.41) ; date of bud set (0.66) ; frost damage 

(0.64); and bud burst at PREF (-0.40). However, 

since the value of these coefficients may be deter- 

mined primarily by the contrasting character associ- 

ations of paren ta l  v a r i e t i e s ,  actual  a s soc i a t i ons  of 

pa ren ta l  c h a r a c t e r s  in the hybr ids  may  not be r e f l e c t -  

ed. Both the s t r eng th  and d i r ec t ion  of these  r e l a t i o n -  

ships  w e r e  a l t e r e d  in c o r r e l a t i o n  coe f f i c i en t s  based  

only on hybr id  data.  Signif icant  (5 7~ l eve l )  r e l a t i o n -  

ships  were  o b s e r v e d  between es t i  mated  f r e e z i n g  d a m -  

age and the fo l lowing:  4 - y e a r  height  ( r  = 0 . 2 9 ) ;  

d i a m e t e r  ( 0 . 2 7 ) ;  and f ros t  damage  ( 0 . 2 9 ) .  

Despi te  low va lues  of c o r r e l a t i o n  coe f f i c i en t s ,  hy-  

br id  f a m i l i e s  of g r e a t e s t  height  and d i a m e t e r  also tend 

to have the g r e a t e s t  t o l e r a n c e  to f r e e z i n g .  The low v a l -  

ue of the c o r r e l a t i o n  be tween  f r e e z i n g  t o l e r a n c e  and 

f ros t  damage  and lack of r e l a t i onsh ip  be tween t o l e r -  

ance and date of bud set  for  hybr id  data imp ly two  r e l -  

a t ive ly  independent  components  to win te r  h a r d i n e s s .  

As e luc ida ted  in p rovenance  t e s t s  of the coas ta l  v a r -  

ie ty  (Campbel l  and So rensen  1973),  an abi l i ty  to t o l e r -  

ate e a r l y  fall  f r o s t s  depends on the in t e rva l  by which 

bud set  p r e c e d e s  f r o s t s .  Even  if bud se t  p r e c e d e s  the 

f ros t  to such an extent  that l ign i f i ca t ion  is  c o m p l e t e ,  

gene t ic  v a r i a t i o n  in t o l e r a n c e  to low t e m p e r a t u r e s  ex -  

i s t s  among f a m i l i e s .  F r o s t  damage  in the n u r s e r y  

t r i a l  o c c u r r e d  on only pa r t i a l l y  l ign i f i ed  twigs .  Since 

only fully l ign i f l ed  twigs w e r e  used  in a r t i f i c i a l  f r e e z -  

ing t e s t s ,  the c o r r e l a t i o n  be tween f ros t  damage  in the  

n u r s e r y  and f r e e z i n g  t o l e r a n c e  is  low. It i s  p robab le  

that the r a t e  of dehardening  in the sp r ing  r e p r e s e n t s  

an addit ional  independent  component  of co ld  h a r d i n e s s  

in hybr id  f a m i l i e s .  

Discussion 

Tests  on numerous  t r a i t s  fo r  70 hybr id  f a m i l i e s  and 

t he i r  pa ren ta l  l i nes  have  shown that growth potent ia l s  

of hybr ids  w e r e  g e n e r a l l y  s u p e r i o r  to those  of the in-  

t e r i o r  v a r i e t y  but s i m i l a r  to those  of the coas ta l  v a r -  
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iety.  F o r  t r a i t s  r e l a t ed  to adaptat ion to the in land c l i -  

mate ,  hybr ids  e x p r e s s e d  an i n t e r m e d i a c y  that was 

somewhat  c l o s e r  to the p e r f o r m a n c e  of the i n t e r i o r  

va r i e ty  than the coas ta l .  I nhe r i t ance  of t r a i t s  r e l a t e d  

to growth of hybr ids  s e e m e d  to depend on specif ic  c o m -  

bining effects .  Inhe r i t ance  of t r a i t s  con t ro l l ing  adap- 

ta t ion s e e m e d  to r e ly  on r e l a t i ve ly  weak addit ive ef-  

fects .  Tra i t s  of hybr ids  could not be p red ic ted  f rom 

those of pa ren ta l  l i ne s .  

High l eve l s  of mor t a l i t y  dur ing the f i r s t  win te r  

imply  that genotypic d i s t r ibu t ions  were  t r unca t e d  by 

se l ec t ion  for cold h a r d i n e s s .  The coasta l  va r i e ty  would 

have been affected m o r e  than the hybr ids  or  the i n t e r -  

io r  va r i e ty .  Although f ami l i e s  of coas ta l  o r ig in  would 

have been r e p r e s e n t e d  only by genotypes of max ima l  

h a r d i n e s s ,  f ami l i e s  of hybr id  and i n t e r i o r  o r ig in  would 

have lost  only genotypes of m in ima l  h a r d i n e s s .  Since 

l inkage equ i l ib r ium and independence  of c h a r a c t e r s  

cannot be a s sumed ,  genotypic d i s t r ibu t ions  t runca ted  

by se l ec t ion  would have had pronounced  effects  on i n -  

t e r p r e t a t i o n s  of r e s u l t s .  P rov ided  that cold h a r d i n e s s  

in the coasta l  va r i e t y  is  negat ive ly  a s soc i a t ed  with 

growth potent ia l ,  growth of hybr ids  would have been 

i n t e r m e d i a t e  between v a r i e t i e s .  On the o ther  hand, for 

t r a i t s  r e l a t ed  to adaptat ion ( p a r t i c u l a r l y  cold h a r d i -  

n e s s ) ,  hybr ids  would have shown an even g r e a t e r  af-  

f ini ty to the i n t e r i o r  va r i e ty  than that exp re s sed .  

Hybr ids  may favor e i the r  pa ren ta l  l ine  for  some  

t r a i t s  and a re  i n t e r m e d i a t e  for o the r s .  Hybr id  p e r f o r -  

mance  for s ing le  t r a i t s  depends on speci f ic  combin ing  

effects  o r  r e l a t i v e l y  weak addit ive effects .  Hybr id  p e r -  

f o r m a n c e  is  p red ic ted  poor ly  from p e r f o r m a n c e  of p a r -  

ental  l i n e s .  These s t a t e m e n t s  typify r e s u l t s  of i n t e r -  

r ac i a l  hybr id i za t ion  p r o g r a m s  for  spec ies  of fores t  

t r e e s :  Pinus sylvestris (Ni l s son  1970, 1973);  Picea 

abies  (Ni l s son  and A n d e r s s o n  1969); Pseudvtsuga men- 

z i e s i i  va r .  ' m e n z i e s i i '  ( O r r - E w i n g  et al .  1972) ; 

Pinus taeda ( W o e s s n e r  1972a, 1972b);  and Liquidam- 

bar s t y rae i f l ua  (Stairs  1968). In addit ion,  these  r e -  

su l t s  for hybr id iza t ion  of fores t  t r e e s  a re  s t r i k ing ly  

s i m i l a r  to those involving i n t e r r a c i a l  hybr id iza t ion  of 

he rbaceous  spec ies  (Hiesey  1964 ; Hiesey and Nobs 

1970; C lausen  and Hiesey  1960). 

Genet ic  s y s t e m s  of wild spec ies  that a re  governed  

by complex  genic  i n t e r ac t i ons  may be c o n s i d e r e d  co-  

he ren t ,  ba lanced ,  buffered,  and r e s i l i e n t .  Impl ic i t  in 

these  f ea tu res  a re  the complex  and unpred ic t ab le  gene 

act ions  that control  the c h a r a c t e r s  de sc r ibed  by Clau-  

sen  (1958, 1959) for s e ve r a l  he rbaceous  spec i e s .  In -  

t e r r a c i a l  hybr id iza t ion  combines  two d i f fe ren t ia l ly  

coadapted genet ic  s y s t e m s .  The p e r f o r m a n c e  of ind i -  

vidual hybr id  f ami l i e s  depends not only on the degree  

to which speci f ic  pa ren ta l  genotypes in tegra te ,  but also 

on the degree  to which speci f ic  gametes  i n t eg ra t e .  

Thus, r e s u l t s  of the p re sen t  study show (1) a high p r o -  

por t ion  of v a r i a n c e  within hybr id  f a mi l i e s ;  (2) an in -  

abi l i ty  to pred ic t  hybr id  p e r f o r m a n c e  f rom that of pa-  

ren ta l  l i n e s ;  and (3) a r e l a t i ve ly  independent  e x p r e s -  

s ion of t r a i t s  in hybr ids  that is  not c o m m o n t o  buffered 

paren ta l  l i nes .  
P a r t i a l l y  because  of the complex i t i e s  of wild gen-  

etic s y s t e m s ,  the concept of h e t e r o s i s  (def ined as hy-  

br id  p e r f o r m a n c e  s u p e r i o r  to both paren ta l  l ines )  is 

difficult to apply to the p e r f o r m a n c e  of i n t e r v a r i e t a l  

hybr ids  of Doug la s - f i r .  If the p re sen t  r e s u l t s  a re  t e m -  

pe red  by poss ib le  effects  of a skewed d i s t r ibu t ion  of 

coastal  genotypes,  exp re s s ion  of s ing le  t r a i t s  in hy-  

br id  f ami l i e s  was not he te ro t i c .  Still ,  in  a genera l  

s ense ,  the p e r f o r m a n c e  of mos t  hybr ids  t e s t ed  in the 

p r e se n t  study was he te ro t i c .  Eighty pe rcen t  of the hy-  

b r id s  showed growth s u p e r i o r i t y  to the i r  i n t e r i o r  l ine  

and all hybr ids  e x p r e s s e d  g r e a t e r  su rv iva l  potent ia l  

than the i r  coas ta l  l ine .  

In this  s tudy the p e r f o r m a n c e  of the hybr id  sugges t s  

t r emendous  potent ial  for the i m p r o v e m e n t  of the i n t e r -  

ior  va r i e ty .  Hybr ids  e x p r e s s e d  a growth potent ial  that 

was about 40 percen t  g r e a t e r  than the i n t e r i o r  l ine  and 

many hybr ids  showed adaptat ional  f ea tu res  that ap-  

proached  those of the i n t e r i o r  va r i e ty .  However,  su i t -  

able hybr ids  must  equal the i n t e r i o r  va r i e ty  in  adap-  

ta t ion to the in land  c l ima te .  Of the 70 hybr id  f ami -  

l i es  (Table 1) tes ted  in this  s tudy,  only n ine  (3A, 3D, 

8F,  8J, 9A, 10D, 11F, 14D, and 20Y) were  (1) 

g r e a t e r  in height and d i a m e t e r  than the i r  i n t e r i o r  

pa ren ta l  l ine ,  and (2) equal o r  s u p e r i o r  to the famz- 

l i es  of i n t e r i o r  o r ig in  that had the worst  va lues  for 

each of the five t r a i t s  r e l a t e d  to adaptat ion.  No p a r -  

t i cu l a r  pa ren ta l  l ine  cons i s t en t l y  produced hybr ids  of 

adequate qual i ty ,  although combina t ions  3, 8, A, and 

F accounted for s ix of these  n ine  f a mi l i e s .  F ina l l y ,  

no fami ly  had m e a n  va lues  for all t r a i t s  ana lyzed  in  

n u r s e r y  and f reez ing  t e s t s  that were  cons i s t en t l y  

among the upper  10 percen t  of all hybr id  f a m i l i e s .  

Thus, the most  su i t ab le  hybr id  f ami l i e s  were  those 

that were  s l ight ly  above the average  for all t r a i t s .  
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Tests  ment ioned  h e r e  c o n c e r n e d  only nine t r a i t s  

r e l a t e d  to growth,  phenology,  and t o l e r a n c e  to f r e e z -  

ing.  Notably absent  were  t e s t s  of the abi l i ty  of hy-  

b r ids  to s u r v i v e  the s u m m e r  droughts  that c h a r a c t e r -  

ize  the inland c l i m a t e .  F i e l d  t e s t s  have been e s t a b -  

l i shed  for  fu r the r  a s s e s s m e n t  of the adaptat ion and 

growth of t he se  f a m i l i e s ,  but it is  e x t r e m e l y  unl ikely 

that a hybr id  f ami ly  o r  an individual  t r e e  conta ins  

all adaptat ional  f e a t u r e s  n e c e s s a r y  for  r e a l i z a t i o n  of 

i ts  high growth potent ial  in the inland env i ronm en t .  

Because  of l i t t l e  s u c c e s s  in p red ic t ing  the p e r f o r -  

mance  of hybr ids  f rom that of pa ren ta l  l ines  and be-  

c ause  of independence  of adaptat ional  t r a i t s  in hybr id  

f a m i l i e s ,  it is unl ikely that su i tab le  s o u r c e s  of coas ta l  

g e r m  p lasm can be found for  m a s s  product ion  of hy-  

b r ids  that a r e  of high growth potent ial  and adequate  

adaptat ion.  

The concept  of c o h e r e n c e ,  deve loped  f r o m  ana lyses  

of wild s p e c i e s  (C lausen  and Hiesey  1960),  sugges t s  

that l inkage g roups  of paren ta l  v a r i e t i e s  will be l a r g e -  

ly ma in ta ined  in g a m e t e s  of F 1 h y b r i d s ;  so p r a c t i c a l  

appl ica t ion  of hybr id i za t ion  fo r  i m p r o v e m e n t  of the in -  

t e r i o r  v a r i e t y  may be only as distant  as the f i r s t  back-  

c r o s s  gene ra t i on .  Yet,  the t i m e  r e q u i r e d  for  p roduc -  

t ion of a b a c k c r o s s  gene ra t i on  can  be c i r c u m v e n t e d .  

The chemica l  c o m p o s i t i o n  of l ea f  oi ls  of s o m e  popula-  

t ions in sou thern  B r i t i s h  Co lumbia  is  i n t e r m e d i a t e  

be tween the two v a r i e t i e s  (von Rudloff  1973).  Seed 

produced  f r o m  c r o s s e s  of t he se  i n t r o g r e s s e d  popula-  

t ions and the i n t e r i o r  v a r i e t y  may r e p r e s e n t  a back-  

c r o s s .  R e g a r d l e s s ,  the t r e m e n d o u s  p o s s i b i l i t i e s  for  

improv ing  the i n t e r i o r  v a r i e t y  by means  of i n t e r v a r -  

ie ta l  hybr id iza t ion  should not be d i s m i s s e d .  
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