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Abstract,--Nursery r o o t  and shoot  measurements and annual  
h e i g h t ,  b a s a l  diameter  and s u r v i v a l  d a t a  f o r  t h e  5  y e a r s  a f t e r  
o u t p l a n t i n g  were used t o  d e s c r i b e  b l ack  walnut  growth v a r i a t i o n  
i n  sou the rn  I l l i n o i s .  A t  age 5 s a p l i n g  h e i g h t  narrow-sense 
h e r i t a b i l i t y  was found t o  be  0.49 f o r  131 open-pol l ina ted  f a m i l i e s  
from a c r o s s  t h e  b l ack  walnut  c o m e r c i a 1  range.  G r e a t e s t  h e i g h t  
and diameter  growth was from p rev ious ly  i d e n t i f i e d  provenances 
w i t h i n  200 mi l e s  sou th  of t h e  p l a n t i n g  s i t e ;  l o c a l  sou rces  a l s o  
provided good r e s u l t s .  Although t h e  l a r g e s t  s e e d l i n g s  i n  t h e  
nursery  tended t o  remain t h e  l a r g e s t  throughout t h e  5-year 
pe r iod ,  t h e r e  was a  nega t ive  c o r r e l a t i o n  between nu r se ry  h e i g h t  
and n e t  h e i g h t  growth i n  t h e  f i r s t  year  a f t e r  o u t p l a n t i n g .  The 
b e s t  p r e d i c t o r  of f i f t h - y e a r  h e i g h t  and b a s a l  diameter  was t h e  
amount of l a t e r a l  shoot  growth; however, none of t h e  c o r r e l a t i o n s  
between f i f t h - y e a r  performance and f i r s t - y e a r  s e e d l i n g  growth 
t rai ts  suggested r e l i a b l e  p r e d i c t i o n  of f u t u r e  performance. 

Add i t i ona l  keywords: Jug l ans  n i g r a ,  narrow-sense h e r i t a b i l i t y ,  
va r i ance ,  seed source ,  expected g a i n s *  

INTRODUCTION 

A t r end  of d e c l i n i n g  a v a i l a b i l i t y  of h igh  q u a l i t y  b l ack  walnut t r e e s  
( Juglans  n i g r a  L . )  became appa ren t  i n  t h e  e a r l y  1960's  and h a s  cont inued t o  
t h e  p r e s e n t  t i m e .  For example, between 1963 and 1980, t o t a l  walnut saw- 
t imber  volume on commercial f o r e s t l a n d  dec l ined  by approximately 19 pe rcen t  
(Rink 1985). This  i n c r e a s i n g  d e a r t h  of high q u a l i t y  walnut t r e e s  s t imu la t ed  
i n t e r e s t  i n  g e n e t i c  improvement of b l ack  walnut a s  a  means of p rovid ing  h igh  
q u a l i t y  t r e e s  i n  s h o r t e r  r o t a t i o n s .  Thus, a  s e r i e s  of range-wide Midwestern 
provenance t e s t s  was e s t a b l i s h e d  i n  1967, an  e f f o r t  t y p i c a l  of e a r l y  t r e e  
improvement programs (Bey 1979, 1980). Ear ly  r e s u l t s  from t h e s e  provenance 
tests were used t o  d e l i m i t  p r e l imina ry  b lack  walnut seed c o l l e c t i o n  zones 
throughout  t h e  s p e c i e s  n a t u r a l  range (Deneke e t  a l .  1980). We conducted a  
s tudy  t o  provide  an  independent t e s t  of t hose  p re l imina ry  seed source  recom- 
mendations f o r  t h e  sou the rn  I l l i n o i s  a r e a .  An a d d i t i o n a l  o b j e c t i v e  was t o  
determine which s e e d l i n g  growth c h a r a c t e r i s t i c s  could be  most c l o s e l y  
a s s o c i a t e d  w i th  f u t u r e  growth p o t e n t i a l .  
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METHODS 

The provenance/progeny test  w a s  e s t a b l i s h e d  on t h e  Shawnee Nat iona l  
F o r e s t  i n  Hardin County i n  s o u t h e a s t e r n  I l l i n o i s .  The p l a n t a t i o n  is l o c a t e d  
on a wide f l o o d p l a i n  of Big Creek, a  t r i b u t a r y  of t h e  Ohio River  t h a t  is  
s u b j e c t  t o  f l a s h  and backwater f l ood ing .  The s i t e  is  on g e n t l y  r o l l i n g  
t e r r a i n ,  which had been farmed f o r  co rn  and annual l espedeza .  S o i l s  i n  t h e  
a r e a  are c l a s s i f i e d  as Belknap s i l t  loams (Parks  1975); however, t h i s  s o i l  
d id  n o t  have t h e  da rk  brown s u r f a c e  l a y e r  ove r ly ing  a  l i g h t  brown f r i a b l e  
s i l t  loam t y p i c a l  of a  Belknap s o i l .  The s o i l  is  low i n  f e r t i l i t y  (NO3 = 
40 ppm, P = 8 ppm) and i n  o rgan ic  matter, i t  h a s  a pH of 5.4,  and a  h i g h  
a v a i l a b l e  water  con ten t ,  and i t  t ends  t o  be somewhat poor ly  dra ined .  Only 
t h e  b e t t e r  d r a ined  area w a s  used f o r  t h i s  p l a n t i n g  and s o i l  probes t o  a depth  
of 1  meter d i d  n o t  show any subsur face  mo t t l i ng  which would i n d i c a t e  poor 
dra inage .  

Seedl ings  of 131 open-pol l inated f a m i l i e s  from 14 provenances (seed 
c o l l e c t i o n  zones) were grown a t  t h e  Ind iana  Department of Natura l  Resources 
Tree Nursery a t  Va l lon i a ,  Ind iana .  The s e e d l i n g s  were l i f t e d  a s  bare-root  
1-0 s t o c k  i n  November 1980. Upon l i f t i n g  from nursery  beds,  a  random sample 
of 32 s e e d l i n g s  pe r  fami ly  was measured f o r  b a s a l  diameter  (3  cm above t h e  
r o o t  c o l l a r ) ,  r o o t  and shoot  l e n g t h ,  and an index of r o o t  f i b r o s i t y  ( 3  = s i x  
o r  more l a t e r a l  roots /cm of t a p r o o t ;  1  = l e s s  than  t h r e e  l a t e r a l  roots /cm of 
t a p r o o t ) .  The s e e d l i n g s  were s t o r e d  i n  K r a f t  paper a t  4* C and ou tp l an t ed  on 
March 21, 1981, w i t h  t h e  Michigan S t a t e  Un ive r s i t y  C u l t i p l a n t e r .  Seed l ings  
w i th  exces s ive  l a t e r a l  r o o t s  o r  t a p r o o t s  over  25 cm long were r o o t  pruned 
b e f o r e  p l a n t i n g .  Seedl ings  were p l an t ed  i n  fou r - t r ee  fami ly  row p l o t s  i n  a  
randomized complete b lock  des ign  wi th  f o u r  b locks  a t  a  spacing of 2 m between 
trees w i t h i n  rows and 3 m between rows. Weed c o n t r o l  cons i s t ed  of s t r i p -  
spray ing  t h e  p l a n t a t i o n  e a r l y  each s p r i n g  wi th  a  simazine-glyphosate mix f o r  
3  yea r s .  Height and b a s a l  d iameter  of each s e e d l i n g  were measured a t  out-  
p l a n t i n g  and a f t e r  each growing season.  I n  a d d i t i o n ,  t h e  l e n g t h s  of f i r s t -  
yea r  t e rmina l  and l a t e r a l  new growth were measured and t h e  former were used 
t o  c a l c u l a t e  t h e  amount of stem dieback.  

Data were analyzed by u n i v a r i a t e  ana lyses  of va r i ance  and pea r son ' s  and 
Spearman's c o r r e l a t i o n  ana lyses ;  d a t a  inc luded  measurements from nu r se ry  and 
annual  measurements through age 5. Spearmants rank c o r r e l a t i o n  a n a l y s i s  was 
used when non-normality was i n d i c a t e d  ( n e t  h e i g h t  growth and shoot  growth 
v a r i a b l e s  were no t  normally d i s t r i b u t e d ) ,  The l i n e a r  model f o r  t h e  i n d i v i d u a l  
tree ana lyses  of v a r i a n c e  inc luded  t h e  random e f f e c t s  of b locks  ( b ) ,  prove- 
nance o r  c o l l e c t i o n  zones ( z ) ,  and h a l f - s i b  f a m i l i e s  nes t ed  w i t h i n  zones ( f / z )  
as w e l l  as i n t e r a c t i o n s  among those  terms; expected mean squares  a r e  presen ted  
i n  Table  1. Mean squa re s  and v a r i a n c e  components were ob ta ined  from Type I V  
sums of squa re s  genera ted  by t h e  General L inear  Models (GLM) Procedure of 
t h e  S t a t i s t i c a l  Ana lys i s  System (SAS I n s t i t u t e  1979). Narrow-sense h e r i -  
t a b i l i t i e s  (h2)  were c a l c u l a t e d  u s ing  t h e  equa t ion :  



Table  1.--Sources of v a r i a t i o n ,  degrees  of freedom, and expected mean squa res  
i n  a n a l y s e s  of v a r i a n c e  used f o r  h e i g h t  and d iameter  a n a l y s e s  

Source of v a r i a t i o n  d , f e  - Expected mean squa re  

Blocks 

Seed c o l l e c t i o n  zones 

Block x zone 

Family/zone 

(Block x fami ly) /zone  2 (b-1) ( f -1)z  0, + 3 . 3 2 0  2  
( b f ) / z  

Within p l o t  

RESULTS AND DISCUSS I O N  

Although t h e  p l a n t a t i o n  has  undergone a lmost  annual  f l a s h  f lood ing  a s  
well. as prolonged f lood ing  by backwaters  of t h e  Ohio River  f o r  3 weeks i n  
l a t e  A p r i l  1983, s u r v i v a l  a f t e r  t h e  f i f t h  growing season averaged 85 pe rcen t  
i n  t h r e e  of  t h e  f o u r  b locks .  Low s u r v i v a l  and growth i n  b lock  I1 due t o  poorer  
d ra inage  prec luded i ts  u s e  i n  t h i s  a n a l y s i s ,  S i m i l a r l y ,  h e i g h t  growth has  a l s o  
been a c c e p t a b l e ,  averaging  2.5 m a t  age 5 i n  t h r e e  of t h e  f o u r  b locks .  

A l l  e f f e c t s  i n  a n a l y s e s  of v a r i a n c e  f o r  f i f t h - y e a r  h e i g h t  and b a s a l  
d iameter  were s t a t i s t i c a l l y  s i g n i f i c a n t  (P < 0.01) ,  r e f l e c t i n g  t h e  s e n s i t i v e  
n a t u r e  of t h i s  random e f f e c t s  model (Table 2 ) .  R e s u l t s  f o r  h e i g h t  and b a s a l  
d iameter  were .ve ry  s i m i l a r .  I n  bo th  c a s e s  more than  h a l f  of t o t a l  v a r i a n c e ,  
expressed  a s  a  pe rcen t ,  was found i n  t h e  wi th in -p lo t  e r r o r  t e r n ;  t h e  only  
o t h e r  e f f e c t  wi th  more than  10 pe rcen t  of t o t a l  v a r i a n c e  was t h e  i n t e r a c t i o n  
of b locks  and f a m i l i e s  w i t h i n  c o l l e c t i o n  zones. Within-plot  v a r i a n c e  of t h i s  
magnitude seems t o  be  r e l a t i v e l y  common i n  b l ack  walnut  p l a n t a t i o n s  of t h i s  
age (Rink 1984; Rink and Clausen,  i n  p r e s s )  and u s u a l l y  i n d i c a t e s  h igh  p o t e n t i a l  
g a i n  from i n d i v i d u a l  t r e e  s e l e c t i o n .  High p o t e n t i a l  g a i n  from s e l e c t i o n  is  
a l s o  r e f l e c t e d  i n  t h e  l a r g e  narrow-sense h e r i t a b i l i t i e s  (0.49 and 0.38 f o r  
5-year h e i g h t  and b a s a l  d i ame te r ,  r e s p e c t i v e l y ) .  These narrow-sense h e r i -  
t a b i l i t f e s  a r e  h i g h e r  than  h e r i t a b i l i t i e s  f o r  t r e e  h e i g h t  of most o t h e r  com- 
m e r c i a l l y  v a l u a b l e  s p e c i e s .  However, because t h e s e  h e r i t a b i l i t i e s  a r e  based 
on d a t a  from only  one o u t p l a n t i n g  l o c a t i o n ,  an e s t i m a t e  of genotype x envi ron-  
ment i n t e r a c t i o n  could no t  be e x t r a c t e d .  A s  a  r e s u l t ,  t h e  h e r i t a b i l i t i e s  may 
be i n f l a t e d  due t o  a  presence  of t h e  genotype x environment i n t e r a c t i o n .  

Variance components f o r  c o l l e c t i o n  zones and f o r  f a m i l i e s  w i t h i n  zones 
account  f o r  between 7 and 10 pe rcen t  of t o t a l  v a r i a n c e  (Table 2 ) .  These two 
components, d i r e c t l y  e x p l o i t e d  i n  s e l e c t i n g  f o r  g e n e t i c  improvement, were 
approximate ly  e q u i v a l e n t  f o r  both  h e i g h t  and b a s a l  d i ame te r .  The i m p l i c a t i o n  
of t h i s  r e s u l t  i s  t h a t  s i m i l a r  g e n e t i c  g a i n s  could be  achieved by s e l e c t i n g  
both  t h e  proper  geographic  seed  sou rce  and t h e  b e s t  open-pol l ina ted  f a m i l i e s  
w i t h i n  t h e  a p p r o p r i a t e  geographic  a r e a ,  assuming e q u i v a l e n t  s e l e c t i o n  i n t e n s i -  
t i e s  . 



Table 2.--Mean squa re s ,  v a r i a n c e  components, v a r i a n c e  components a s  a pe rcen t  of 
t o t a l  va r i ance ,  and narrow-sense h e r i t a b i l i t i e s  (h2) f o r  5-year t o t a l  
h e i g h t  and b a s a l  diameter  from a n a l y s i s  of v a r i a n c e  on an  i n d i v i d u a l  
t r e e  b a s i s  

Source of 
' Io ta1  he igh t  Basal d iameter  

Mean Variance Variance Mean Variance Variance 
v a r i a t i o n  d . f .  square  component percent  square  component pe rcen t  

Blocks 2 244713.2 571.4 9.0 7698.5 17.6 5.2 

Seed coP lec t ion  13 54776.8 471.9 7 ,5  3408-7 32.6 9.7 
zones 

Block x zone 26 12333.8 123.8 2.0 592.7 4 , s  1 .3  

(Block x f a m i l y ) /  235 6854.5 1007.2 15.9 359.6 44.6 13.2 
zone 

Within p l o t  952 3509.4 3509.4 55.6 211.6 211.6 62.6 

h2 0.49 0.38 

Mean 5-year h e i g h t s  and b a s a l  d iameters  f o r  each geographic  seed sou rce  
a r e  l i s t e d  i n  Table  3.  S c h e f f e v s  Method of Con t r a s t s ,  used f o r  mean separa-  
t i o n ,  i n d i c a t e d  t h a t  trees from e a s t  Tennessee provided t h e  g r e a t e s t  h e i g h t  
and d iameter  growth, followed by t r e e s  from west Tennessee and southern  
I l l i n o i s ,  among o t h e r s .  Although t h e s e  a r e  t h r e e  of fou r  c o l l e c t i o n  zones 
recommended by Deneke e t  a l .  (1980) f o r  p l a n t i n g  i n  southern  I l l i n o i s ,  on ly  
t h e  e a s t  Tennessee provenance provided trees wi th  s t a t i s t i c a l l y  s u p e r i o r  
growth. Eas t  Tennessee t r e e s  averaged 10.5 percent  t a l l e r  and 13.2 pe rcen t  
l a r g e r  i n  diameter  than  l o c a l  sou the rn  I l l i n o i s  t r e e s  and 20 percent  t a l l e r  
t han  o v e r a l l  mean h e i g h t .  According t o  t h e  Schef fe  t e s t ,  t r e e s  from west 
Tennessee were no t  s t a t i s t i c a l l y  s u p e r i o r  t o  l o c a l  sou thern  I l l i n o i s  t r e e s .  
Trees  of t h e  f o u r t h  seed source  recommended by Deneke e t  a l .  (1980),  sou the rn  
Missouri ,  were s t a t i s t i c a l l y  i n  t h e  same ca tegory  a s  t h e  l o c a l  sou the rn  
I l l i n o i s  t r e e s  f o r  h e i g h t  b u t  no t  f o r  d iameter  and, t h e r e f o r e ,  a r e  probably 
marg ina l ly  i n f e r i o r  t o  t h e  l o c a l  sou rce  and d e f i n i t e l y  i n f e r i o r  t o  t h e  e a s t  
Tennessee provenance. A s  expected,  t h e  worst  performance was g e n e r a l l y  by 
t r e e s  from o r i g i n s  no r th  of t h e  p l a n t i n g  s i t e  (Iowa, no r the rn  I l l i n o i s ,  
Pennsylvania ,  e t c . ) .  Therefore ,  our  r e s u l t s  suppor t  Bey (1979, 1980) i n  t h e  
s ense  t h a t  f o u r  of  t h e  seed sources  wi th  t h e  f a s t e s t  growing t r e e s  a r e  from 
l a t i t u d e s  w i t h i n  200 m i l e s  sou th  of t h e  p l a n t i n g  s i t e .  We a l s o  ag ree  w i th  
Deneke e t  a l .  (1980) i n  recommending t h a t  t h r e e  of t h e s e  sources  be used a s  
c o l l e c t i o n  zones f o r  sou the rn  I l l i n o i s ,  



Table  3 . - -Separat ion among geographic  seed sou rce  means f o r  5-year h e i g h t  
and b a s a l  d iameter  accord ing  t o  ~ c h e f f e ' s  Method of Con t r a s t s1  - 

Seed c o l l e c t i o n  No, of f a m i l i e s  Mean Mean bas s1  
zone i n  zone he igh t1  d i ame te r a  

(em) (m> 

E a s t  Tennessee 115 286.4 a 5 3 0 0  a 
West Tennessee 5  263.9 b  4 7 e 3  b 
Southern I l l i n o i s  10 259.1 b  46.8 b  
NE Kentucky 3 1 25g0 1 b 46.4 bc 
C e n t r a l  Ind iana  5  2 5 1 2  bc 46.6 bc 
Southern Missour i  3 247 - 6  bc 43.2 cd 
SE Kentucky 17 238.7 c  43.6 cd 
Southern Michigan 2  1  226.5 d 37.7 e 
E a s t e r n  V i r g i n i a  2  224.0 de  43.7 bed 
W. Pennsylvania  1 221,9 de 38.7 de 
W e  Missour i  2  220.2 de  35.9 e  
Nor theas t  Missouri  5 218.0 de  35 ,6  e 
Northern I P l i  n o i s  5  216.7 d e  36.5 e  
Southern Iowa 9  210,5 e  34.3 e 

' ~ e a n s  fol lowed by t h e  same l e t t e r  a r e  no t  s i g n i f i c a n t l y  d i f -  
f e r e n t  from each o t h e r  a t  t h e  95 percen t  p r o b a b i l i t y  l e v e l .  

Family mean c o r r e l a t i o n  c o e f f i c i e n t s  d i s c l o s e d  t h a t  s e e d l i n g s  from t h e  
t a l l e s t  f a m i l i e s  a t  age 5 were a l s o  among t h e  t a l l e s t  when ou tp l an t ed  ( r  = 
0 .31 ) ,  w i th  t h e  l a r g e s t  o u t p l a n t i n g  b a s a l  d i ame te r s  ( r  = 0.54) and t h e  
g r e a t e s t  r o o t  f i b r o s i t y  ( r  = 0.20) .  S i m i l a r l y ,  s e e d l i n g s  from f a m i l i e s  w i th  
t h e  l a r g e s t  b a s a l  d iameters  a t  age 5  had t h e  l a r g e s t  b a s a l  d iameters  ( r  = 
0.58), were t h e  t a l l e s t  ( r  = 0.35),  and had t h e  g r e a t e s t  r o o t  f i b r o s i t y  (0.23) 
when o u t p l a n t e d .  However, i n  n o r t h e r n  red oak (Quercus r u b r a  L o )  t h e  number 
of f i r s t - o r d e r  l a t e r a l  r o o t s ,  ano the r  measure of r o o t  f i b r o s i t y ,  was much 
more h i g h l y  c o r r e l a t e d  w i th  f r e s h l y  l i f t e d  nu r se ry  s e e d l i n g  h e i g h t  and 
d iameter  (Ruehle and Kormanik 1986).  F i f t h -yea r  s u r v i v a l  of b l ack  w a l n u t  was 
a l s o  p o s i t i v e l y  c o r r e l a t e d  wi th  o u t p l a n t i n g  h e i g h t  ( r  = 0.28)  and b a s a l  
d iameter  ( r  = 0.23) bu t  no t  w i th  r o o t  f i b r o s i t y .  Although second- and t h i r d -  
yea r  s u r v i v a l  were c o r r e l a t e d  w i th  i nc r ea sed  r o o t  f i b r o s i t y  ( r  = 0.19 and 
0.18, r e s p e c t i v e l y ) ,  t h i s  c o r r e l a t i o n  i s  appa ren t l y  d i s s i p a t e d  by t h e  f i f t h  
yea r .  Our r e s u l t s  confi rm e a r l i e r  obse rva t i ons  of Williams (1972) t h a t  
i n i t i a l  i nc r ea sed  r o o t  f i b r o s i t y  was n o t  s i g n i f i c a n t l y  r e l a t e d  t o  f i f t h - y e a r  
s u r v i v a l ,  

C o r r e l a t i o n  c o e f f i c i e n t s  between mean f i f t h - y e a r  fami ly  h e i g h t  and 
h e i g h t  a t  e a r l i e r  ages  ranged from r = Q e 3 1  a t  o u t p l a n t i n g  t o  r = 0.96 a f t e r  
t h e  f o u r t h  yea r .  The low e a r l y  c o r r e l a t i o n s  f o r  h e i g h t  appear  t o  r e s u l t  from 
f i r s t - y e a r  d ieback .  S i m i l a r l y ,  o u t p l a n t i n g  h e i g h t  w a s  poor ly  c o r r e l a t e d  w i th  
o u t p l a n t i n g  b a s a l  d iameter  ( r  = 0 .31 ) ;  however, by age 3,  h e i g h t  was c l o s e l y  
c o r r e l a t e d  w i th  b a s a l  d iameter  ( r  = 0 . 9 5 ) o  S i m i l a r  c o r r e l a t i o n s  were ob t a ined  
between t h e  f i f t h - y e a r  b a s a l  d iameter  and e a r l i e r  d i ame te r s  ranging from r = 



0.57 a t  o u t p l a n t i n g  t o  r = 0.94 a t  age 3.  Dieback w a s  h i g h l y  c o r r e l a t e d  
w i th  o u t p l a n t i n g  h e i g h t  ( r  = 0.75) bu t  n o t  wi th  b a s a l  diameter .  Conversely,  
t h e  f i r s t - y e a r  new shoot  growth w a s  h i g h l y  c o r r e l a t e d  wi th  o u t p l a n t i n g  
b a s a l  d iameter  ( r  = 0.66) b u t  no t  w i th  h e i g h t .  W e  hypothes ize  t h a t  l a r g e r  
s e e d l i n g s  s u f f e r e d  more damage dur ing  l i f t i n g  and f r e q u e n t l y  r equ i r ed  addi-  
t i o n a l  r o o t  pruning a t  p l a n t i n g ,  which reduced t h e  number of s i t e s  t o  regen- 
erate new r o o t s .  Perhaps f o r  t h e  same reason  l a r g e  s e e d l i n g s  were unable  
t o  o b t a i n  adequate  mois ture ,  which con t r ibu t ed  t o  t h e  stem dieback.  I n  con- 
t r a s t ,  t h e  amount of new shoot  growth is determined by t h e  carbohydra tes  
( p r i m a r i l y  s t a r c h e s )  s t o r e d  i n  t h e  t a p r o o t  (R ie tve ld  e t  a l .  1982). Because 
b a s a l  d iameter  is  c l o s e l y  c o r r e l a t e d  w i th  t a p r o o t  volume and t ap roo t  volume 
i s  g e n e r a l l y  n o t  s u b s t a n t i a l l y  reduced by r o o t  pruning (R ie tve ld ,  pe r sona l  
communication), l a r g e  s e e d l i n g s  have more s t o r e d  r e s e r v e s  a v a i l a b l e  f o r  growth 
of new s h o o t s  and new r o o t s .  

Although s i g n i f i c a n t ,  none of 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  between f i f t h -  
year  performance and f i r s t - y e a r  s e e d l i n g  growth c h a r a c t e r i s t i c s  suggested w e  
could r e l i a b l y  p r e d i c t  f u t u r e  performance. The b e s t  i n d i c a t o r  of f i f t h - y e a r  
h e i g h t  and b a s a l  d iameter  was t h e  amount of  new l a t e r a l  shoot  growth ( r  = 
0.34 and 0.38, r e s p e c t i v e l y )  followed c l o s e l y  by t h e  t o t a l  ( i . e . ,  t e rmina l  + 
l a t e r a l )  amount of new shoot  growth ( r  = 0.32 and 0.35, r e s p e c t i v e l y ) .  How- 
e v e r ,  f i r s t - y e a r  n e t  h e i g h t  growth, dieback,  and s u r v i v a l  were no t  s i g n i f i -  
c a n t l y  c o r r e l a t e d  wi th  e i t h e r  f i f t h - y e a r  h e i g h t  o r  diameter .  Apparently 
f i r s t - y e a r  t o t a l  shoo t  growth is respons ive  t o  p l a n t i n g  s i t e  cond i t i ons  
whereas n e t  h e i g h t  growth and dieback r e f l e c t  cond i t i ons  r e l a t e d  t o  i n i t i a l  
s e e d l i n g  s i z e .  P rev ious ly ,  Williams e t  a l .  (1985) found t h a t  p l a n t i n g  s i t e  
had t h e  g r e a t e s t  i n f l u e n c e  on f i f t h - y e a r  h e i g h t ,  followed by geographic  seed 
o r i g i n ,  E f f e c t s  of  s e e d l i n g  s i z e  r e s u l t i n g  from nursery  c u l t u r a l  manipula t ions  
g r a d u a l l y  d i sappeared .  A s i m i l a r  p a t t e r n  e x i s t s  i n  t h i s  provenancelprogeny 
t e s t .  
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