
E E I  G3.T f lTD SEASO1;AL CRO'viiTH PATTEREJ 
OF JACK PIPTE FULL-SIB FATJlILIES 

A b s t r a c t , - - l o % a ~  t r e e  h e i g h t ,  s ea sona l  shoot  e longa t i on ,  
d a t e s  of growth initiztic~ and c e s s a t i o n ,  and xean d a i l y  growth 
r a t e  were measured and m a > ~ z e d  f o r  a  popula t ion  of  jack p ine  
f u l l - s i b  f a m i l i e s  de r ived  from inter-provenance c ro s se s .  Par- 
e n t ~ l  provenance had no e f f e c t  on t h e s e  v a r i a b l e s  a l though t h i s  
may have been due t o  smal l  sample s i z e ,  Progenies  d i f f e r e d  
s i g n i f i c a n t l y  f o r  ail c h a r a c t e r i s t i c s  and l i t t l e  d e t e c t a b l e  
dominance va r i ance .  T o t a l  t r e e  he igh t  and t o t a l  seasona l  growth 
were more strongly- r e l a t e d  t o  mean d a i l y  growth r a t e  t h a n  t o  t h e  
& a t e  o f  growth c e s s a t i o n ,  which w a s  a measure c f  growth du ra t i on .  

Gro~jcth rate, growth i n i t i a t i o n ,  growth 
c e s s a t i o n ,  genotype c o r r e l a t i o n ,  h e r i t z b i l i t y ,  dominance. 

The importance of seaccna.i. g ~ o w t h  p a t t e r n s  i n  jack p ine  ( pinus banksiana 
L a .  ) i n  r ega rd  t o  latewood forrriatior. (1cenned;j- 1968) , f r o s t  ha rd ines s  
 eatma man 1906), and r e c i s t a n c t  t o  e a s t e r n  pineshoot  bo re r  a t t a c k  ( ~ e f f e r s  1978) 
has  been noted,  Tejcb acd Hol-st (1969) i n  e s tudy  of rangewide c o l l e c t i o n s  of 
jack pine  provenances rouxLd a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  between t o t a l  
seabonal  growth an6 date sf ~ r c w t h  cc s sn t i on  and specu la ted  t h a t  s e l e c t i o n  f o r  
he igh t  would d c l a ;  t h e  averace d a t e  of ~ r o w t h  c e s s a t i o n ,  reduce t h e  percen tage  
of Latewood formed and enhance s u s c e p t i b i l i t y  Lo e a r l y  f a l l  f r o s t s .  

The h p p l i c a b i l i t y  of provenance t e s %  d a t a  may be l i m i t e d  t o  an app l i ed  
by-% ~ c d i n g  -. program however. Ttrt: magnituae of  genotypic  covar iances  i s  p a r t l y  de- 
pendent on t h e  r e f e r ence  popula t ion  of genotypes,  and it i s  u n l i k e l y  t h a t  a  
i e n  o J L ~ U  L C  i t l t  v i d e  ~arij;e of s o u r c ~ s  found i n  
provena:ice expcr inen t  s ( L~J:~: 'T:LC~ 2nd 11101 1 196h j . 

The objective;.s of  t?:is stuay were (:I ) t o  e s t ima te  phenotypic and geno- 
t y p i c  va r i ances  and k e r i t ~ b i - l i t y  f o r  tree h e i g h t ,  d a t e  of growth i n i t i a t i o n ,  
d a t e  of n r o ~ r t h  c t s s ; i t i on ,  mean d i t i t ~  growth r a t e ,  and t o t a l  shoot e longa t i on ;  
and ( 2 )  t o  e s t i n a t e  t h e  phenotypic and genotypic  c o r r e l a t i o n s  between t h e s e  
t r a i t s  i n  a nore  g e o ~ r a p h i c a l l - y  r e s t r i c t e d  popula t ion  of jack p ine .  

u l a t  ion -- 

The popula t ion  c ~ n s i i t e 3  of  63 fail-sib i ' an i l i e s  cf jack p ine  t h a t  r e s u l t e d  
frorr. a s e r i e s  of c o n t r o l i c i  p ~ l i i a ~ ~ t i o 3 ~ .  i r r  ar. incoKple te  f a c t o r i a l  des ign  amng  

i : ~ l a n t  Gene t i c i z t  , Xcrtk Ct?rr:l 3 c r e s t  Zxperir 'ent S t  a t i o n ,  Fo re s t  Se rv i ce ,  
1 ~ o r e s t r y  Scienize; a - h G  l i i scons in .  



2 2  females  and 6  males.  The p a r e n t s  were s e l e c t e d  i n  a  Lake S t a t e s  jack p i n e  
seed  s o u r c e  t e s t  and r e p r e s e n t e d  Minnesota ,  Wisconsin,  and Michigan ( t a b l e  1). 

Table  1,--Source of male and female  p a r e n t s  used t o  produce t h e  j a c k  p i n e  f u l l -  
s i b  f a m i l i e s  

Provenance Female p a r e n t  Male p a r e n t  
Number - Loca t ion  number - numb e  r 

Cass Co., MN 

F o r e s t  Co., W I  

Douglas Co., W I  

M a r i n e t t e  Co., WI 

Wood Go., WI 

P o l l i n a t i o n s  were made i n  1968 and 1969. Seed was sown i n  t h e  greenhouse  a t  
Rh ine lander ,  Wisconsin,  i n  December 1970,  and t h e  s e e d l i n g s  were t r a n s p l a n t e d  
t o  t h e  n u r s e r y  t h e  fo l lowing  s p r i n g .  I n  May 1973 t h e  s e e d l i n g s  were f i e l d  
p l a n t e d  i n  a  randomized complete  b l o c k  d e s i g n  a t  two l o c a t i o n s  i n  n o r t h e r n  
Wisconsin and one l o c a t i o n  i n  n o r t h e r n  Minnesota.  The p l a n t a t i o n  a t  t h e  
Harshaw Exper imenta l  Farm n e a r  Harshaw, Oneida County, Wisconsin (Lat .  45.5ON) 
was s e l e c t e d  f o r  u s e  i n  t h i s  s t u d y  because  more f a m i l i e s  were e s t a b l i s h e d  a t  
t h i s  s i t e  than  any o t h e r ,  Of t h e  o r i g i n a l  f a m i l i e s ,  69 were  s t i l l  found i n  
a l l  1 0  b l o c k s  by 1975 and were  t h e  s u b j e c t  of d e t a i l e d  growth measurements 
t aken  d u r i n g  t h e  1975 growing season.  A l l  6  of t h e  male p a r e n t s  b u t  o n l y  
19  of  t h e  female  p a r e n t s  were r e p r e s e n t e d  by t h e  69 f u l l - s i b  f a m i l i e s  ( t a b l e  2 ) .  
Even though p a t t e r n s  o f  s e a s o n a l  growth v a r y  between y e a r s ,  o b s e r v a t i o n  f o r  a  
s i n g l e  growing season  was deemed s u f f i c i e n t  because  t h e  d i f f e r e n c e s  among 
genotypes  a r e  t h e  same i n  s p e c i e s  w i t h  de te rminan t  growth (Canne l l  e t  a l .  1976) .  





S i ~ o o t  e l o n g a t i ~ n  was me.lsured to t h e  n e a r e s t  rlin on onia trer. per 4- t ree  
p l o t  i t1  each af I0 z - c p l i c a t i o n s  and 69 f a m i l i e s  i e g i n n i n g  on ?lay 13, 1975, 
w h e n  t h e  t r 2 e s  were b e g i n n i n g  t h e i r  f i f t h  i:rowing s e a s o n .  T h i s  measurement 
xtza.s r e p e a t e d  weekly u n t i l  September 3 when no f : l r t h e r  e l o n g a t  ion c o u l d  be 
o h ~ ~ ~ r v e d ,  f o r  3 t o t a l  of 1 7  measurements ,  Froni these  d a t a  tl;c d a t e s  w h e r i  
3 i i n i t i n t i c n )  2nd 95% ( t ' ~" s sc i t i on )  o f  grntdth ~ 3 s  cmp!eted were d e t e t ~ ) r ? i i n e d  
b i n t e r p c i l a z i o n  o r  e x t r a p o l a t i o n  (Worl-all 197.3; Rt:hli..ldt and L e s t e r  1966 ;  
i-iaill~vc.r 1963)- The d u r a t i o n  of growth i s  not ci is ;~ssc?_d herc s ince  i t  was 
71%ghl> c o r r e l a t e d  lni-i tk? t h e  d a t r  o f  g rowt f )  c e s s a t i t > n  (1- = .30 ozl a f a m i l y  meam 
basis) <md lu~o~i ld  p r o v i d e  d i t  tlt. add i  t t o r l a l  i d u r m a . t i  on, >Cc.,ir. dail:, growth  rate 

i o r  each  trt?ef 5235 determiner! by d i v i d i n g  the c l o n g a t i ~ i n  between rile 52 and 95,, 
daa .; by the ~?urnl-?er o f  d a y s  i t  t o o k  "c. comple t e  rilic, plins-: (-1' gros.rth. l 'otal 
t r ~ ; ' ~ "  IlePgIltl r;as measured to th t l  nea rc s t  cn tin ~ r t o l > e r  2.0, C ~ r r i p t ~ r a t u r e  tiuri~~il 
t h e  e n t i  re season wa3 r e c o r d e d  u s i n g  n i lvi i r-other-~OX-;LP!I  Ic 3ted L ~ d j ~ c : ~ n t  t o  
t h e  experixental popu ia  t i o n ,  

~ ' i l l ~ l i ~ i  6 i o'? 3- I r e  pruvcn,.n,nce l e v e l  w-li- I rivest I , i C 3 t t  :9 vi.r i t ; l  a.11~4 ~ i i s  of' 
r 3 . ii :.nr;.-xay an3 ljys is rtras 1;s tid wi,t.ii 1) ii-cilt z; i :lo .7cr"..ir?ce corLcb l r:ii t i on:: 
1 " - L r e ; ? t T : i - ~ t ~    nil 1 3 1 i l i 3 : i  mcqris 3:; il"ntries, r ' k ~ i l  I ~ T L ~ J L T :  , : ; ; i l  inedn b ( j ~ ~ < i r i r l  W O U ~ ~  
+- LI;:-' 2 t*;r-a in - J L I T ~ , I ~ I C  ~ I I C ~  to t h e  :jver'xge b~lr-eed113 - r/,iIul iii  r f c  ll ~ : - rovt~r l~ni ' -e  

?:us any ; < l r i a n c e  due t o  provenance x provenance  i ; l ~ : e ~ - . ~ r , t r i i i t l ,  T h e  w i t h i n -  
prcver1,aric.e combinat  ion mean s q u a r e  used  as the dc:in:nin..ztor I:? tllc T' t e s t  
woul d b e  the x-es idua i ,  nrnong-prrogen v a r i a t i o n  af tdr acc.\->e,ri~? ting f or pro t  e- 
nzncc  e f f ~ c t s .  

T h e  d i v i s i o n  o f  i - . i r~: i iy  variance into t ha t  i iuc lo males ,  r em,31es, and tlre 
made x fernale interaction was more c(~nlpPex because  tkr: Ec*t ing  d e s i g n  was n o t  
comple t e ,  A l e a s t  s q u a r e s  a n a l y s i s  (Snedecar  '~nd Cochran 1967), which  p r o v  ide-  
a powerfu l  t e s t  o f  t h e  n:rlZ I-rypot'itesis of i z o  males x LcnaLcs i n t e r a c t i o n ,  w a s  
u sed  t o  e s t i m a t e  v a r i a t i o n  due  t o  t h e s e  s o u r c e s ,  Genetic covariances were 
e s t i m a t e d  from a n a l y s i q  cf c o v a r i a n c e ,  

H e r i t a b i l i t y  f a r  a l l  t r a i t s  was e s t i m a t e d  c m  b o t h  sn i n d i v i d u a l  and 
f a m i l y  b a s i s  u s i n g  t h e  v a r i a n c e  component method, S t a n d a r d  e r r o r s  f o r  
v a r i d n c e  c o ~ p o n e n t  and h e r i t a b i l i t y  e s t i m a t e s  were comp~rted a,-., f u n c t i o n s  o f  
i ndependen t  mean s q u a r e s  (Namkoong 19791,  S t a n d a r d  e r r o r s  f o r  g e n o t y p i c  
c o r r e l a t i o n s  were computed u s i n g  t h e  method of T a l l i s  (1959) i o r  f u l l - s i b  
p r o g e n i e s .  Because t he  e x a c t  s ampl ing  d i s t r i b u t i o n  of the g e n o t y p i c  co r -  
r e l a t i o n  i s  unknown, i t  i s  d i f f i c u l t  t o  d e t e r m i n e  levels of s i g n i f i c a n c e .  
The " t" s t a t i s t i c  was used  t o  t e s t  t h e  n u l l  h y p o t h e s i s  of t h e  g e n o t y p i c  
c o r r e l a t i o n  e q u a l  t o  z e r o .  A c o r r e l a t i o n  was d e c l a r e d  s i g n i f i c a n t  a t  the 
. 95  p r o b a b i l i t y  l e v e l  i f  t > 1 .99  and a t  t h e  .59  p r o b a b i l i t y  l e v e l  i f  t > 2 . 6 5 ,  

The combined e f f e c t  of mean d a i l y  growth  ra te  and d a t e  of growth c e s s a t i o n  
on t o t a l  s e a s o n a l  growth  and t o t a l  t r e e  h e i g h t  was i n v e s t i g a t e d  u s i n g  m u l t i p l e  
r e g r e s s i o n  a n a l y s i s .  

RESULTS 

The a v e r a g e  d a t e  of growth  i n i t i a t i a n  w a s  Kay 13 and f a m i l y  means r anged  
from May 11 t o  5 a y  1 5 ,  The a v e r a g e  d a t e  of  growth cessa t ion  was J u l y  6 and 



t h e  range was much l a r g e r  -- from June 30 t o  J u l y  14. Mean h e i g h t  was 1 .71  m 
and f a m i l i e s  ranged from 1-45 t o  1 .88 m. A mean shoot  e longa t i on  dur ing  t h e  
1975 growing season of 58,9 cm accounted f o r  an average 34% of t h e  t o t a l  t r e e  
he igh t .  Mean d a i l y  growth r a t e  between t h e  5% and 95% days was 10 .1  mm. 

Although no s i g n i f i c a n t  provenance va r i ance  was ev iden t  f o r  any t r a i t ,  
d i f f e r e n c e s  among progenies  were s i g n i f i c a n t  f o r  a l l  t r a i t s  measured (Table 3) .  
The magnitude of v a r i a t i o n  due t o  males, females ,  and males x females ,  however, 
depended on t h e  s p e c i f i c  t r a i t .  For bo th  t r e e  he igh t  and t o t a l  shoot  elonga- 
t i o n ,  d i f f e r e n c e s  due t o  both males and females were s i g n i f i c a n t ,  Di f fe rences  
due t o  females  were s i g n i f i c a n t  f o r  mean d a i l y  growth r a t e  and t h e  d a t e  of 
growth c e s s a t i o n .  Di f fe rences  due t o  males were s i g n i f i c a n t  f o r  t h e  d a t e  of 
growth i n i t i a t i o n .  I n  no c a s e  was t h e  males x females i n t e r a c t i o n  s i g n i f i c a n t .  
The f a c t  t h a t  f o r  some v a r i a b l e s ,  v a r i a t i o n  was d e t e c t a b l e  due t o  females  and 
no t  males and v i c e  v e r s a  i s  d i f f i c u l t  t o  exp l a in  because bo th  components of 
v a r i a t i o n  e s t ima te  t h e  same gene t i c  parameter ,  namely 114 of t h e  a d d i t i v e  
g e n e t i c  v a r i a t i o n .  This  i s  probably due t o  t h e  smal l  number of p a r e n t s  
involved i n  t h e  c ro s s ing  scheme and t h e  r e s u l t a n t  low p rec i s ion .  Because 
of t h i s ,  and a l s o  because t h e  t e s t  of t h e  male x female i n t e r a c t i o n  i n d i c a t e d  
l a c k  of dominance va r i ance ,  a d d i t i v e  g e n e t i c  v a r i a t i o n  was es t imated  a s  ~ ( G ~ F s ) ,  
where O ~ F S  i s  t h e  v a r i a n c e  among f u l l - s i b  progenies .  

The f a i l u r e  t o  d e t e c t  dominance va r i ance  f o r  growth v a r i a b l e s  i n  t h i s  
popula t ion  was somewhat unexpected, because inbreed ing  dep t r e s s ion  f o r  s e v e r a l  
t r a i t s  i s  known t o  occur i n  j ack  p ine  (Rudolph 1976).  

2 
H e r i t a b i l i t y  was higher  f o r  t o t a l  t r e e  he igh t  (hl = .22) than  f o r  t h e  

s ea sona l  growth v a r i a b l e s  (Table 4 ) .  It  was a l s o  h ighe r  than  prev ious  e s t i -  
mates i n  o t h e r  popula t ions  (Yeatman 1974; Riemenschneider 1979).  H e r i t a b i l i t y  
on an i n d i v i d u a l  b a s i s  ranged from .30 t o  .15 f o r  t h e  s ea sona l  growth v a r i a b l e s .  
Because h e r i t a b i l i t y  e s t i m a t e s  f o r  t h e s e  t r a i t s  have n o t  been made be fo re  i n  
jack p ine ,  i t  i s  impossible  t o  judge whether o r  n o t  t h e s e  va lues  a r e  t y p i c a l .  
The e s t i m a t e s  do i n d i c a t e  t h a t  a l l  c h a r a c t e r i s t i c s  measured i n  t h i s  s tudy  could 
b e  modified by s e l e c t i o n ,  

Phenotypic and genotypic  c o r r e l a t i o n  c o e f f i c i e n t s  were es t imated  from 
ana lyses  of covar iance   able 5)- I n  t h e  covar iance  a n a l y s i s ,  a d d i t i v e  
gene t i c  covar iance  was es t imated  a s  2(oFSxy), where aFSXy is  t h e  covar iance  
between t r a i t s  due t o  f u l l - s i b  progeqies .  This  e s t i m a t e  is  unbiased i n  t h e  
absence of dominance and e p i s t a t i c  covar iance.  Because e s t i m a t e s  of dominance 
var iance  were n o n s i g n i f i c a n t  i t  i s  reasonable  t o  su spec t  t h a t  dominance co- 
var iance  and subsequent b i a s  from t h i s  source  would be smal l .  E p i s t a t i c  
e f f e c t s  remain unest imated and a r e  beyond t h e  scope of t h i s  s tudy;  however, 
i t  i s  assumed t h a t  they a r e  not  impor tan t*  

T r e e  h e i g h t ,  t o t a l  s ea sona l  growth, and mean d a i l y  growth r a t e  were a l l  
p o s i t i v e l y  c o r r e l a t e d  wi th  t h e  except ion of t h e  genotypic  c o r r e l a t i o n  of t r e e  
he igh t  and mean growth r a t e ,  which was l e s s  than twice t h e  s tandard  e r r o r .  
Although t h e  methods of T a l l i s  (1959) i n d i c a t e  t h a t  t h i s  c o r r e l a t i o n  is not  
s i g n i f i c a n t ,  t h e  s t rong  phenotypic c o r r e l a t i o n  between t h e  two t r a i t s   able 5 ) ,  
and t h e  genotypic  r e l a t i o n  between he igh t  and shoot  e longa t i on ,  and shoot elonga- 
t i o n  and growth r a t e  i n d i c a t e  t h a t  a  r e a l  r e l a t i o n  may e x i s t .  On t h e  b a s i s  of 
t h i s  evidence and t h e  f a c t  t h a t  t h e  s i g n i f i c a n t  t e s t  is inexac t ,  t h e  g e n e t i c  
c o r r e l a t i o n  between t r e e  he igh t  and mean growth r a t e  ( r  = ,298) might be 





Table 4.--Variance component and h e r i t a b i l i t y  e s t ima te s  f o r  t r e e  he igh t  and 
and s ea sona l  growth v a r i a b l e s .  (Standard e r r o r s  a r e  given i n  
paren theses )  

Tree Date of growth Date of growth Shoot Mean d a i l y  
he igh t  i n i t i a t i o n  c e s s a t i o n  e longa t i on  growth r a t e  

'7 

- 
G2 = variance among r e p l i c a t i o n s  
R 

OF s = variance among f u l l - s i b  f a m i l i e s  

2 
oE = error va r i ance  

- a d d i t i v e  g e n e t i c  va r i ance  = 
2 

'FS 
assuming no dominance 

cc = phenotypic va r i ance  among i n d i v i d u a l s  

- - 0; + aFS 2 

0; 
= phenotypic va r i ance  among f u l l - s i b  f a m i l i e s  

= c 
2 2 

a "10 
' 'FS 

h: = h e r i t a b i l i t y  on an i n d i v i d u a l  b a s i s  = 
L 

"i 

h i  = h e r i t a b i l i t y  on a family b a s i s  = % a 



%ree height was considered significant far reasons given in 
the 2ex-k. 

Variable 1. 2 , 3. i i ,  5 - 

1, Tree 
height  

3 ,  Date o f  
growth 
cessation 995 

( -260) 

4 Shoo?; %- 2/ 
e longat ion  .423 .133 

5. Mean d a i l y  
gro"NIT.h ra te  .298 

i ,219) 

I/ *& = s i g n i f i c a n t  a t  P >.99 - 

2 /  = s i g n i f  i r a n t  a t  P >, 95 - 

c o n s i d e r e d  b i o l o g i c a l l y  impor tan t  even though i t  was n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t ,  

Con t ra ry  t o  t h e  r e s u l t s  of Te ich  and H o l s t  (1969) ,  t h e  d a t e  of growth 
c e s s a t i o n  was n o t  c o r r e l a t e d  w i t h  e i t h e r  t r e e  h e i g h t  o r  t o t a l  s e a s o n a l  growth 
( t a b l e  5, fig. I ) .  The d a t e  of growth c e s s a t i o n  was n e g a t i v e l y  r e l a t e d  b o t h  
p h e n o t y p i c a l l y  and g e n o t y p i c a l l y  t o  mean. d a i l y  growth r a t e  ( f i g .  I ) .  Those 
f a m i l i e s  t h a t  grew most r a p i d l y  d u r i n g  t h e  l i n e a r  pOriod of growth a l s o  com- 
p l e t e d  t h e i r  growth e a r l i e s t .  
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F i g u r e  1.--The r e l a t i o n  between mean d a i l y  growth r a t e  ( a ) ,  t o t a l  s e a s o n a l  
e l o n g a t i o n  ( b ) ,  and t o t a l  t r e e  h e i g h t  (c) and t h e  d a t e  a t  which 95% of s e a s o n a l  
growth was completed. P o i n t s  r e p r e s e n t  t h e  means of a l l  f a m i l i e s  t h a t  s topped 
growth on each d a t e .  The on ly  s i g n i f i c a n t  r e l a t i ~ n  was between mean d a i l y  
growth and 95% day ( a ) .  

The combined e f f e c t s  of growth r a t e  and d a t e  of  c e s s a t i o n  was i n v e s t i -  
g a t e d  by m u l t i p l e  r e g r e s s i o n  a n a l y s i s .  w i t h  bo th  f a c t o r s  as independent  
v a r i a b l e s ,  t h e  d a t e  of growth c e s s a t i o n  added s i g n i f i c a n t l y  t o  r e g r e s s i o n s  
on t o t a l  s e a s o n a l  e l o n g a t i o n  and t o t a l  t r e e  h e i g h t  (Table 6 ) .  A s  expected,  
t h e  2 independent  v a r i a b l e s  accounted f o r  l e s s  v a r i a t i o n  i n  t o t a l  t r e e  h e i g h t  
( ~ 2  = .26) than they  d i d  f o r  t h e  c u r r e n t  y e a r ' s  growth ( ~ 2  = .94)  where t h e  
model more adequa te ly  exp la ined  v a r i a t i o n  i n  t h e  dependent v a r i a b l e .  I n  
this c a s e ,  t h e  s t a n d a r i z e d  r e g r e s s i o n  c o e f f i c i e n t s  were .78 f o r  d a t e  of 
growth c e s s a t i o n  and 1 .18 f o r  mean d a i l y  growth r a t e .  Again, growth r a t e  
a p p e a r s  t o  b e  t h e  more impor tan t  c a u s a l  f a c t o r ,  

Table  6.--Standardized 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  f o r  t h e  r e g r e s s i o n  of 
mean d a i l y  growth r a t k a n d  d a t e  o f  growth c e s s a t i o n  on t o t a l  t r e e  
h e i g h t  and s e a s o n a l  e l o n g a t i o n  

Independent ~ e ~ e n d e n t  v a r i a b l e  
variable T o t a l  t r e e  h e i g h t  Seasona l  e l o n g a t i o n  

Hean d a i l y  growth r a t e  .63  1,18 

Date of growth c e s s a t i o n  .69  .78 



T 5 e  r e l a t i o n  be tween t r e e  h e i g h t ,  growth  r a t e ,  and d a t e  of growth  c e s s a t i o n  
w a s  i n v e s t i ~ ; a t e d  f u r c h e r  by c l o s e l y  examining  t w o  i a n i l i e s  r e p r e s e n t i n g  extrems: 
p rowth  r a t e s ,  ,1 compar ison  oT the f a s t e s r ,  and s l o w e s t  growing f a m i l i e s  si:ows 
t l ~ a t  tile gro;ltk: p a t t e r n s  a r e  s i m i l a r  i n  s h a p e  (fig. 3 ) .  The f a m i l y  from c r o s s  
3648 x 4814 had the h i g h e s t  mean d a i l y  growth  r a t e  (12.29 mnjday) and ranked 
8 t h  f o r  mean " i t a i  t r e e  h e i g h t ,  Cross  3642 x 4811 produced trees w i t h  t h e  
slor.j.cl;t Sean daily growth  r a t e  ( 8 . 2 3  mrnlday) and ranked 6 6 t h  f o r  t o t a l  t r e e  
h e i g h t ,  The rankings of these two f a m i l i e s  i o r  t o t a l  h e i g h t  and growth  r a t e  
a g l i n  d e m o n s t r a t e  thc  r e l a t i o n  between t h e  two c h a r a c t e r i s t i c s ,  Daily h e i g h t  
increment i n  j a c k  p i n e  p a r t 1 j 7  depends  on d a i l y  r e m p e r a t u r e  (Rudolph 1964) .  
E a r l y  i n  the growing s e a s o n  b o t h  f a m i l i e s  responded s i m i l a r l y  t o  t h e  h i g h  
d ~ i l y  t e m p e r a t u r e s  w i t h  i n c r e a s e d  growtlr r a t e  i n d i c a t i n s  l i t t l e  geno type  x 
t e m p e r a t u r e  i n t e r a c t i c n  d u r i n g  t h i s  p e r i o d ,  The f a s t e s t  growing f a m i l y  ( c r o s s  
3648 x 4814) c ~ a i n r a i n e d  a r o u g h l y  c o n s t a n t  s u p e r i o r i t y  in growth  r a t e  u n t i l  
June 23. A t t h a t  t i m e  i t s  growth  r a t e  s lowed w h i l e  trees from cross 3642 x 4811 
corat inued t o  respond t o  h i g h  l a t e  June t e m p e r a t ~ i r e s .  Even though the s l o w e r  
growing trees ( c ros s  3642 x 4811) had a f a s t e r  growth rate l a t e  i n  t h e  s e a s o n ,  
i ~ :  was n o t  enough t o  o f f s e t  their poor  cavly performance .  A f t e r  a b o u t  July 1 5 ,  
n e i t h e r  fami lv responded t o  d a i l y  t e m p e r s t u r e .  
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Figure 2 .  Xean weekly h e i g h t  i nc remen t  (b)  o f  t h e  two f a m i l i e s  w i t h  t h e  
f a s t e s t  mean d a i l y  growth  r a t e  ( $r > c r o s s  3648 x 4814) and  s l o w e s t  mean d a i l y  
gr'owth r a t e  ( e , c r o s s  3642 x 4811) i n  r e l a t i o n  t o  daily maximum t e m p e r a t u r e  
( a >  

A n e g a t i v e  r e l a t i o n  between growth  r a t e  and d u r a t i o n  o f  g rowth  ( h i g h l y  
r e l a t e d  t o  d a t e  of  growth c e s s a t i o n  i n  t h i s  s t u d y )  h*s been  r e p o r t e d  i n  
ponde rosa  p i n e  (Hanover 1963) and r e d  p i n e  ( R e h f e l d t  and L e s t e r  1 9 6 6 ) ,  The 
s i g n  of  t h e  r e l a t i o n  i n d i c a t e s  t h a t  even  though h e i g h t  and d a t e  of  g rowth  
c e s s a t i o n  a r e  u n r e l a t e d ,  r e c u r r e n t  s e l e c t i o n  f o r  h e i g h t  c o u l d  l e a d  t o  a n  



e a r l i e r  d a t e  of  growth c e s s a t i o n  and s h o r t e n  t h e  d u r a t i o n  of growth i f  mean 
d a i l y  growth r a t e  was used a s  a n  i n d i r e c t  s e l e c t i o n  c r i t e r i o n .  

SUMMARY AND CONCLUSIONS 

Numerous s t u d i e s  have shown t h a t  t h e  s e a s o n a l  growth p a t t e r n  g e n e r a l l y  
v a r i e s  among provenances  of t empera te  c l i m a t e  s p e c i e s  (Canne l l  e t  a l .  1976) -- 
and a l s o  among f a m i l i e s  of P inus  t a e d a  L.  (Canne l l  e t  a l .  1978) .  The r e s u l t s  -- -- 
of t h i s  s t u d y  show t h a t  such  v a r i a b i l i t y  a l s o  e x i s t s  i n  a  p o p u l a t i o n  of j a c k  
p i n e  f a m i l i e s .  Although t h e  l i m i t a t i o n s  of t h e  mat ing  d e s i g n  p rec luded  h i g h l y  
p r e c i s e  e s t i m a t e s  of a d d i t i v e  and dominance g e n e t i c  v a r i a n c e ,  t h e  d a t a  in-  
d i c a t e d  t h a t  dominance v a r i a n c e  i s  r e l a t i v e l y  unimportant  f o r  t o t a l  tree 
h e i g h t  and s e v e r a l  s e a s o n a l  growth v a r i a b l e s .  T h i s  r e s u l t  combined w i t h  t h e  
nonzero h e r i t a b i l i t y  e s t i m a t e s  f o r  a l l  c h a r a c t e r i s t i c s  shows t h a t  s i m p l e  
s e l e c t i o n  schemes c o n c e n t r a t i n g  on i n t r a p o p u l a t i o n  improvement would be  
s u c c e s s f u l .  

The r e l a t i o n s  between v a r i a b l e s  were n o t  s i m i l a r  t o  t h o s e  found i n  a 
provenance test s tudy .  Te ich  and H o l s t  (1969) found a p o s i t i v e  r e l a t i o n  
between tree h e i g h t  and d a t e  of growth c e s s a t i o n  ( r  = .92) and n o t e d  t h e  
p o s s i b l e  e f f e c t s  of  s e l e c t i o n  f o r  h e i g h t  on such  f a c t o r s  a s  wood q u a l i t y  
and c o l d  h a r d i n e s s ,  I n  t h i s  s t u d y  tree h e i g h t  and t o t a l  s e a s o n a l  growth 
appeared t o  be  more c l o s e l y  r e l a t e d  t o  mean d a i l y  growth r a t e  w h i l e  t h e  d a t e  
of  growth c e s s a t i o n  was less impor tan t .  The d a t a  show t h a t  i t  would b e  
p o s s i b l e  t o  s e l e c t  f o r  i n c r e a s e d  tree h e i g h t  w h i l e  s h o r t e n i n g  t h e  l e n g t h  of  
t h e  growing p e r i o d  as sugges ted  by W s r r a l l  (1973) f o r  P i c e a  a b i e s  ( L , )  Karst. -- 
The h e r i t a b l e  n a t u r e  of t h e  v a r i a b l e s  s t u d i e d  h e r e  and t h e  s u c c e s s  w i t h  which 
growth c u r v e s  have been modi f l ed  i n  l a b o r a t o r y  organisms ( f o r  example, see 
McCarthy and Bakker 1979) u s i n g  such t e c h n i q u e s  a s  t h e  r e s t r i c t e d  s e l e c t i o n  
index  (Kempthorne and Nordskog 1959; Cunningham -- e t  a l .  1970) ,  s u g g e s t  t h a t  
many combinat ions  of c h a r a c t e r i s t i c s  can be  achieved.  
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