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i-OI.ZI.51' TSillZ, I:~lPIZC3VT~3EXF~ PROGRi"L',I FOR THE 
K,%'T'SONAI, FORF;STS IN 'I 'IIE LAKE STATES 

4/ 
K. c l i i l e r  and J. D. b l u r p h y  

,11151-;'1'lL461'.--7'i?e Xtastc~n Region OF the  USDA Fores t  S e r v i c e  
-...,------ 

has h c c n  conducting a Forest Tree Improvement Program on t h e  
r,rit i o n a i  f o r e s t s  i n  t h e  Lake S r a t e s  s i n c e  t h e  e a r l y  1960 ' s .  
pi 11 i s papc-r presents  a ge ;~e ra l  review o f  t h e  program, i n c l u d i n g  
o h j e c t i v t t 5 ,  o r g a n i z a t i o n ,  spec ies  p r i o r i t i e s ,  and b a s i c  s t e p s  
and ~~~'occ! .urc"s ,  Also d i s c u s s e s  accomplishments and f u t u r e  p l ans .  

.2 "t"rcc i m p r o ~ ~ e m e n t  p ~ o g r m  f o r  t h e  more than  5.6 m i l l i o n  a c r e s  of  
comrner.~:iaal f o r e s t  l a - r~d  on t h c  e i g h t  n a t i o n a l  f o r e s t s  i n  t h e  Lake S t a t e s  
was beguxl i r ~  .the e a r l y  19603. Objec t i ve s  f o r  t h e  program a r e :  (1) t o  
dc~eIop an aggres s ive ,  p r a c t i c a l  t r e e  improvemem program; ( 2 )  t o  pro- 
duce seed for l i e ed l i r~g  produc t ion  and/or  d i r e c t  seed ing  t h a t  w i l l  y i e l d  
fast -growing, high-qr~ality , p e s t - r e s i s t a n t  f o r e s t  t r e e s ;  and (3) t o  
develop anci ile~nonstrate c u l t ~ l r a l  methods for producing t imber  and o t h e r  
p ~ a c i ~ a c t s  by a p q ~ l y i n g  sound g e n e t i c  p r i n c i p l e s .  

I ' h e  program i s  c a r r i e d  on by a  Regional G e n e t i c i s t ,  a  Zone G e n e t i c i s t ;  
in addition each forest has one o r  more t e c h n i c i a n s .  The Regional 
Geneticist dcvciops and coo rd ina t e s  t h e  t r e e  improvement, r u r s e ry ,  and 
seed procurement programs. The Zone G e n e t i c i s t  implements and coo rd ina t e s  
t h e  tree improvement program which i nc ludes  t r a i n i n g  and supe rv i s ing  a  
f u l l -  t i me seed o r c h a r d  manager, t r a i n i n g  t echn i c i ans  f o r  each n a t i o n a l  
f o r e s t ,  anJ keep ing  a l l  personne l  informed of prog re s s  and s t a t u s  of  t h e  
trce iini)roi-cment program. The t echn i c i ans  perform t h e  i n i t i a l  sc reen ing  
of  superior t r c e  s e l e c t i o n s ,  do t h e  seed and s c ion  c o l l e c t i o n  work, and 
a s s i s t  in co i l c c t  i i ~ g  da ta  and main ta in ing  records .  

SPECIES 

T h e  f i r s t  s t e p  i n  t h e  program was t o  e s t a b l i s h  s p e c i e s  p r i o r i t i e s  and 
program inteiisities. Factors considered included a c r e s  of  commercial 
f o r e s t  l and  i n  t h e  va r ious  t imber  types,  gene t i c  v a r i a t i o n  w i t h i n  t he  
specie.; , p la i l t ah i l  i t y  o f  t h e  s p e c i e s ,  c u r r e n t  r e s e a r c h  programs, e s t ima ted  

1/ Regional G e n e t i c i s t ,  USDA Fo re s t  Serv ice ,  Eas t e rn  Region, 
M i  lwackec, i\ii scansin 53203, and Zone G e n t i c i s t  , Nico le t  Nat iona l  Fo re s t ,  
Rhineianrfer ,  Wisconsin 53501, 
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economic gains, and ,  to some extent, development programs carried on by 
12 thers  ( t .abie 1) , 

- Progsm 
Species : r SCS : 

(in order of : Priority : and : : Seed : : Evaluation 
priority) : group : SPA : S e l e c t i o n  : orchard : Breeding : plantation 

White Zqnc 
Whi t e Sp rucc 
Aspen 
Jack  Pine 
Black Sprrxce 
Rcd Pine 
Yellow Birch 
Paper- Birch 
Black Kher-ry 
S ~ g a r  Maplc 
Red Oak 
Basswood 
Red Flaple 
Larch 

The program has  been d iv ided  i n t o  16 b a s i c  s t e p s . ( f i g .  1 ) .  The 
program for each species v a r i e s  cons ide rab ly  i n  scope and degree.  Time 
schedules are used t o  show t h e  a n t i c i p a t e d  work f o r  each spec i e s  and t o  
c o o r d i n a t e  the work that involves  s eve ra l  s p e c i e s  over  a pe r iod  o f  yea r s .  
The schedule  f o r  white spruce ( f i g .  2) i s  one of t h e  most involved.  

SEED COLLECTION ZONES AND BREEDING ZONES 

The second major a c t i o n  i n  t h e  program was t o  d e l i n e a t e  seed c o l l e c t i o n  
zones for t h e  e i g h t  n a t i o n a l  f o r e s t s  ( f i g .  3) .  The zones a r e  based  on t h e  
average January t empera ture  and t h e  t o t a l  number of  deg ree  days above 50oF 
d u r i n g  the growing season  (Rudolf 1956).  To s imp l i fy  t h e  e s t ab l i shmen t  o f  
t h e  seed o r c h a r d s ,  the n i n e  seed c o l l e c t i o n  zones have been combined i n t o  
four breed ing  zones.(fig. 3). These breed ing  zones a r e  based on t h e  
desired adaptability of t h e  improved m a t e r i a l s  and may have t o  be modif ied 
as da ta  become a v a i l a b l e  from eva lua t ion  p l a n t a t i o n s .  

SEED CO1,LECTION 

Seed c o l l e c t i o n  s t a n d s  (SCS) have been loca ted  f o r  b lack  sp ruce  and 
red p i n e  w i t h i n  each seed c o l l e c t i o n  zone. Timber s a l e s  w i th in  t h e s e  
s e l e c t e d  s t a n d s  are coord ina ted  w i th  good s eed  crops,  and cones are  



c o l l e c t e d  from t h e  downed tops .  P lh i~e  51; L * * ~ J ~ P  :juEd ~* t?d  1; :3th \ r -  ., i 1 ' > - ,  < \ I  2 j i  

. - ) i t  . ",4-, ( 1  <& { L A  * t e t 1 , l  areas  (SPA) were es tab l i shed  i n  each seed zone i;hCrcfi t h t k  # - *  

natura l ly .  Cones have been co l l ec t ed  in :he w l i  i tc i l ~ : * z : ~ ~  ';: : ' , .:\. ; : 

good crop years by shoot ing or c u t t ~ n g  the t o25  o i i t  c>C 5 t  iA 
1 

p i ck ing  t h e  cones of f  t h e  t o p s  on t h e  ground. li 'c :up-.v ii-.'..: L .;- Y 7 ,  , \ l L  

f o u r  t o  s i x  new tops and anorher bumper toile crop i a / i  t i : : : ;  f. t r , c . ~ i ~ : - ;  a 

Nienstaedt 2/ has included white spxxce seed soilecrcd frL:rj  ..nia .): 
1 

4 

SPA" in his research and found t h a t  the 5PrI scedl  i n g s  W P T ~  lt) p ~ % i  C P ; ~ ?  

taller than t h e  control seed lo t  at age 4 .  Smai 1 aniour~ts ,:r .racLI *::I\. c \;,at.:! 

harvested in the red pine SPA'S ,  mainly by climbing the t i3t  k h i .  : 1 yig 
red pine cones i n  SPA' s has been more difficult and e.upeilh; i iAc th<i:l ; - *I: i i -:r 
work i n  white spruce SPA'S.  The time i s  rapidly a ~ p r i i a c h i n g  i~1~c.11 - i l  l -;e:hc 
used on n a t i o n a l  fores t  land will o r i g i n a t e  fron SCS, S f .  or* i a ~ : i ~ r : d ~ i z ;  
tree c o l l e c t i o n s ,  

Individual t rees  e x h i b i t i n g  f a s t  growth, good fern, siid JIcst  ret; i s t a n c e  
are l o c a t e d  on each na t iona l  fo res t  by t ra ined  technicians. Comp:iri:~on 
trees are used t o  guide se lec t ion.  Although t h e r e  a re  i n h e r e n t  ~caincsies 
i n  t h i s  p rocess ,  comparison t r e e s  do prov ide  a guide  o r  t h e  i n ~ t i c i i  pl:ascs 
of t h e  selection work (Ledig 1974). As workers becone nore  f%m?nl.l i ar h i t i ?  
the s e l e c t i o n  process,  they depend less on co~parison t r e e s  a:d rnorc on 
how t h e  candidate compares w i t h  previous se lec t ions .  Seve ra l  outstsnding 
t r ees  have been included i n  t h e  program based on t h e i r  own meri t .  Mort.: t han  
2,000 se lec t ions  represent ing  11 species have been made. 

VEGETATIVE PRBPAGATI ON 

A l l  g r a f t s  a r e  made a t  t h e  J .  W, Tounley Nursery, Watc~smcet, "13ic'-n5gan3 
or at the Oconto River Seed Orchard. ?'he sc ion  c o l l e c t i o n  work d~:rr-i,*.g 
January and February is  c l o s e l y  coordinated with the g r a f t i n g  o p e r z t i o n ,  
enabling t h e  g r a f t i n g  of a l l  sc ions  w i th in  7 days  sf co14ec~ion. 'The 
completed grafts are removed from t h e i r  pots  and l i n e d  cut a t  %l ie  xursery  
o r  seed orchard af ter  t h e  danger of f r o s t  i s  pas t .  The grafts a r c  cared 
f o r  from 1 t o  3 years ,  depending on t h e  species, and t hen  moved t o  t h e i r  
specif ic  seed orchard. Between 1969 and 1973, g r a f t i n g  success averaged 
87 percent  f o r  white p ine ,  74 percent f o r  whi te  spruce ,  81 percent  f o r  
b lack  spruce, and 83 p e r c e n t  f o r  yellow bi rch .  During t h e  past 2 y e a r s ,  
secondary scions have been c o l l e c t e d  from e s t a b l i s h e d  g r a f t s  growing i n  
the seed orchard.  There has been no problem with graft incompatibility. 

SEED ORCfiIEiRD 

I n  1967, we c o n s o l i d a t e d  a l l  seed orchards for t h e  Lake States natloc%l 
f o r e s t s  i n  one area ca l l ed  t h e  Oconto River  Seed Orchard, about 30 miles 

2 /  Personal communication. USDA Forest  Service,  Korth Central  
 ores st Experiment S t a t i o n ,  I n s t i t u t e  of Fo re s t  Genetics, Rh i nelander , 
Wisconsin 54501, 



.,:as[ 0%" P ~ i i " C i g r > ,  Wislrorlsin on t h e  Nicole"r:a&icanal F o r e s t ,  This made it 
podj;ibi:. to cr:iploy arid train a crew, a s  well  as purchase the necessary 
cqil i[~nlent  arid s i ipp l ics  to intensively manage the seed orchard. The area  
inciudes 500 acres of cultivated farmland, 180 acres of woodland, a pond, 
drld ;B t r o u t  stream, 

ijilring the summer of 1968, a survey crew established a grid system 
and conit ructed a topographic map using a l - f o o t  contour i n t e r v a l .  S o i l  
p i i s  were dug adjacent  t o  several g r i d  s t a k e s ,  and soil types were plotted. 
on t h e  topographic map. T h e  soil i n  the  c u l t i v a t e d  f i e l d s  i s  most ly  
Antiyo s l i t  loam, deep and shallow phases. T h i s  i s  an excellent agri- 
cultural so11 and no f e r t i l i z a t i o n  was recommended for t r e e  s p e c i e s  a t  the 
t ime ,  A deer exc losu re  fence was erec ted  around the  e n t i r e  section i n  t h e  
simmer o f  1969. The admin i s t r a t ive  s i t e ,  i n c l u d i n g  warehouse, o f f i c e ,  
i~eadi iousc,  and greenhouse, was developed betweer: 1970 and 1974. The 
warehouse a l so  serves  as an inocu la t ion  chamber for the b l i s t e r  r u s t -  
res  i s  i!d:-ir: e a s t e r n  white p i n e  program, 

t'ol lei.1 c o n t a ~ i i n a t i o n  mong  seed orchards of a particular species is 
rci2uci.d by locating the individual orchards fax apart and by p l a n t i n g  orchan-1s 
of o t h c r  spccies between them. The wooded a r e a s ,  composed mainly of aspen,  
map]-c, ar;ii ba.lsar11 f i r ,  also s e r v e  to reduce po l l en  contamination, 

The first seed orchards were established on c u l t i v a t e d  f i e l d s  during 
t h e  spring o f  1969, A co:-np.cater program developed by S t a i r s  -- et ai. at 
t h e  U n i v e r s i t y  of Wisconsin was used t o  genera te  a completely random 
p l a n t i n g  design that maximi zes out -cross ing  . The g r a f t s  are  p l an ted ,  
s t agge red  30 f e e t  a p a r t  i n  rows 15 f e e t  apar t - -an  a c t u a l  spacing of  
about 22 f e e t  by 2 2  f e e t .  The i n i t i a l  orchards were kept  c l ean -cu l t iva red  
for about 3 years, and the  grass was mowed around s e v e r a l  e x t r a  grafts 
t h a t  were pla i i t cd  a t  a 10 f e e t  by 10 f e e t  spacing.  Because t h e  cone 
production on clones (white p i n e  and w h i t e  spruce) growing i n  b o t h  mowed 
and a u i t i v a t e d  seed orchards seemed to be about t he  same, cu1"cvation was 
reduced and t h e  orchards were seeded to grass. Now t h e  g r a f t s  a r e  p l a n t e d  
in tiic s o d ,  t!tc area around each g r a f t  i s  t r e a t e d  with an h e r b i c i d e ,  and a 
mulch of sawdust o r  o t h e r  s u i t a b l e  ma te r i a l  i s  placed around the grafts. 
T h i s  method has increased a c c e s s i b i l i t y  wi th in  t h e  orchards, reduced 
maintenance c o s t s ,  and maintained exce l l en t  surv iva l  and growth. 

Cone product ion  i n  the  w h i t e  and b l ack  spruce and white p i n e  orchards 
has been increasir lg each year.  In 1974 i t  ranged from 18 t o  31 pe rcen t  o f  
the total number of g r a f t s  i n  two white p ine  orchards,  from 1 2  t o  55 per- 
cent in whi te  spruce and from 2 t o  4 1  pe rcen t  in black spruce. White pine 
and black spruce  produced !lo male s t r o b i l i .  Most o f  t h e  seed c o l l e c t e d  i n  
t h e  orchards  i s  being reserved f o r  estzblishing evalua t ion  p l a n t a t i o n s .  

The cas te rn  white pine blister r u s t - r e s i s t a n t  development program i s  
a l so  centered a t  t h e  Oconto R ive r  Seed 0rchax.d (Miller 1972). 



EVA I,UAT I ON P LANTL4T I' ONS 

The evalua t ion  p l a n t a t i o n s ,  l i k e  t h e  seed orchards ,  are being 
consol idated as  much a s  poss ib l e  t o  f a c i l i t a t e  t h e  work arid ellsure proper 
care.  Five major eva lua t ion  s i t e s  have been selected--.one in M i n n e s o t a ,  
Upper Michigan, and Lower Michigan, and two i n  Wisconsin. 

E f f o r t s  have been concentrated on producing and e v a l u a t l r i y  full-sib 
mate r i a l ,  but h a l f - s i b  eva lua t ion  p l a n t a t i o n s  a r e  planned for w h ~ t c  sp ruce ,  
black spruce,  and jack pine.  Whenever possible, p l a n t  mater ia ls  will he 
evaluated i n  each of the  f i v e  major eva lua t ion  p l a n t a t i o n  s i t e s .  One 
ob jec t ive  is  t o  i d e n t i f y  ma te r i a l  t h a t  w i l l  perform wel l  i n  several  of t h e  
s i t e s .  Seedlots  t h a t  produced these  s e l e c t e d  m a t e r i a l s  would be sown i n  
the  nursery each year  a s  a small  p a r t  o f  t h e  normal product ion and used 
wi th in  appropr ia te  zones where s tock shor tages  e x i s t .  

CONTROLLED POLLINATION 

After  reviewing seve ra l  mating des igns ,  i t  was decided t o  use a 
mul t ip l e  four-parent  disconnected hal f  d i a l l e l  (Squ i l l ace  1973). Thi s  
design provides g r e a t  f l e x i b i l i t y  i n  making c rosses  within and among t h e  
seed orchards f o r  s p e c i f i c  zones, with t h e  product ion of a minimum number 
of h a l f - s i b  f ami l i e s .  In o rde r  t o  broaden t h e  gene t i c  base o f  t h e  breeding  
program, t h e  program was developed i n  cooperat ion with t h e  N o r t h  Central 
Forest  Experiment S t a t i o n ,  I n s t i t u t e  of  Forest  Genet ics ,  and w i l l  inc lude  
t h e i r  s e l e c t i o n s .  This design was used i n  t h e  whi te  spruce breeding 
program, which began i n  t h e  sp r ing  of 1975, 

Evaluat ion p l a n t a t i o n s  w i l l  be e s t a b l i s h e d  a s  t h e  f u l l - s i b  seed 
becomes a v a i l a b l e  from a s u f f i c i e n t  number of  c r o s s e s .  A s  soon a s  t h e  
t r e e s  begin t o  f lower,  s e l e c t i o n s  w i l l  be made i n  these  p l a n t a t i o n  and 
used t o  upgrade e x i s t i n g  orchards and/or e s t a b l i s h  new ones, and w i l l  
a l s o  be included i n  an advanced genera t ion  breeding program. The main 
o b j e c t i v e  w i l l  be t o  c r e a t e  new genera t ions  a s  r a p i d l y  a s  p o s s i b l e  with 
t h e  a v a i l a b l e  ma te r i a l  and d a t a .  The o l d e r  p l a n t a t i o n s  w i l l  cont inue  t o  
be eva lua ted  and new s e l e c t i o n s  added t o ,  o r  previous  s e l e c t i o n s  el ini inated 
from, t h e  breeding programs and seed orcahrds.  Th i s  w i l l  r e s u l t  i n  a 
continuous g e n e t i c  gain i n  t h e  seed orchards.  

RECORDS 

An ADP system has been developed t o  he lp  maintain t h e  i d e n t i t y  and 
s t a t u s  of  a l l  p l a n t  ma te r i a l  used i n  t h e  t r e e  improvement program. '['he 
system a l s o  summarizes and analyzes t h e  d a t a  c o l l e c t e d  i n  seed orchards ,  
eva lua t ion  p l a n t a t i o n s ,  and breeding programs. 
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WI-f1TE PINE POLLEN SPECIES AWD YEAR DO NOT 
AFFECT CONELET DROP OR CONE S I Z E  IN PlMJS STROBUS - -v--= 

ABSTWCT--Statistical a n a l y s i s  of 6 yearsd breeding 
experiments on Pinus s t r o b u s  L. slzowed that conelet drop war; 
con t ro l l ed  by female pa ren t  bu t  n o t  by w h i t e  pine p o l l e n  
spec i e s  o r  y e a r  of p o l l i n a t i o n .  Cross ing  with a s p e c i e s  
never y i e l d i n g  v i a b l e  seed d i d  no t  increase  conclet drop. 
The degree o f  l o s s  was t h e  same a f t e r  s e l f -  arid open- 
p o l l i n a t i o n  a s  i t  was a f t e r  control led  c r o s s i n g ,  The 
l eng th  and weight of mature cones a l s o  depended o n l y  on 
female pa ren t .  A p o s s i b l e  r e l a t i o n  i s  suggested i n  pines 
between t h e  presence o r  absence o f  a p o l l e n  effect on cone 
r e t e n t i o n  and t h e  type  o f  c r o s s a b i l i t y  b a r r i e r .  

Premature cone drop i n  p ine s  i s  a widespread and serious problem in 
many s p e c i e s .  I t  i s  e s p e c i a l l y  f r equen t  i n  t h e  first par t  o f  t h e  conelet 
s t a g e ,  i . e . ,  e a r l y  i n  t h e  f i r s t  year  o f  cone development. 

Absciss ion o f  cone l e t s  dur ing  the first f e w  weeks a f t e r  pollination 
may r e s u l t  from seve re  compet i t ion with  v igo rous ly  growing v e g e t a t i v e  
shoots  f o r  photosyntha tes  and mineral  nutrients (Sweet and Bol lman 1970) . 
I t  a l s o  appears  t o  b e  a s s o c i a t e d  with  a threshhold p r o p o r t i o n  of aborted 
ovules p e r  cone (Burdon and Low 1973b). 

I n  reg ions  where p o l l e n  supply i s  l i m i t e d ,  wind p o l l i n a t i o n  may b e  
i n s u f f i c i e n t  f o r  cone r e t e n t i o n .  I f  most of  t h e  ovules are not pollinated, 
they c o l l a p s e  i n  a  few days and t h e  c o n e l e t  drops o f f  (Sarvas  1962). 

Cone l o s s e s  due t o  wind, animals ,  b i r d s ,  and insec t s  may occur a t  any 
time dur ing  cone development but  a r e  most common a t  l a t e r  s t ages ,  expecially 
during t h e  second yea r .  

The degree of  maternal  c o n t r o l  over  cone l e t  d rop  v a r i e s  among individuals. 
Clonal t e s t s  of P inus  s y l v e s t r i s  L. have shown t h a t  t r e e s  va ry  widely i n  t h e  
amount of po l l en  r equ i r ed  t o  r e t a i n  c o n e l e t s  (Brown 1970).  Clonal var ia t j -on  
i n  cone l e t  drop i n  Pinus r a d i a t a  D .  Don, where p o l l e n  supply i s  no t  a problem, 

1 Professor ,  Department o f  F o r e s t r y ,  Ohio A g r i c u l t u r a l  ~ e s e a r c h  and 
Development Center ,  Wooster, Ohio 44691. Approved f o r  p u b l i c a t i o n  a s  
Journa l  A r t i c l e  No. 86-75 of  t h e  OARDC. 



may t;c duc to cional d i f f e rences  in s p r i n g  grcwth patterns because of the 
cri r ~ a l  ~ o ~ ~ ; , c l  i tion with vege ta t j  ve growth (Sweet and Bollman 1970) , 

7 1 1 ~  po! i e 2  parent  had n9 e f f ec t  on conelet drop in intraspecific 
crciiscs of P i n u s  resinosa A i t ,  {Fowler 1965b). In Hagman's crosses be- --..."-- --- 
tv~t 'en  spec LC!; a ~ d  between subgene-ra. of pines, the re  was no e f f e c t  i n  
ci-ol;:;i;s oi' Pintis peilcc C r i s c b ,  and Pincs cembra I-, w i t h  other white --- -- 
o i n e s ,  regardless  of crussability. A pollen pa ren t  e f f e c t  was apparent ,  
iicwcver, iri crosses of these  p ines  w i t h  ha rd  p i n e s .  In P.  sylvestris, 
the mile c!'fect v a r i e d  f rm nil to h i g h  in species  cross% wi th in  the 
hard p i n e s  dnd was 2rono:inced in crosses w i t h  white pines.2 

Coi-;e!;?t drop i s  a ser ious  prob1e.n in P. strobus.  In Ohio, heavy 
losses occur  during t h e  first 3 weeks a f t e r  -pollina<ion. Records s ~ l g -  
ges t  t h a t  t h e r e  were d i f f e r e n c e s  in c o n e l e t d r o p  among t rees  used in 
breeding e x p c r i ~ e n t s  in Ohio, T h i s  l e d  to ana lys i s  o f  crossing r eco rds  

: . s thate  mmzile and fixale p a r e n t a l  effects as sn aid in t h e  selection 
o f  13reei:ing inateriais .  The availability of 6 years' data  permitted anal y- 
s i s  s f  t h e  ? o s s i b i e  e f f e c t  of year of  pollination as an indication of 
nongcnct  i c  e f fec t s ,  

Crossing Technique 

Crosses were made in young s t ands  and p l a n t a t i o n s  sf P ,  strobus in 
north cen t r a l  Ohio. They i n c l u d e d  se l f s ,  P. strobus cross&, and crosses 
with o t h e r  white p ines .  Standard pollinatTon procedures were used w i t h  
adequate precautions f o r  protection from con t an ina t i on .  For each cross 
combination, records were kept of t h e  p o l l e n  parent ,  number of strobili 
pollinated, number of  conelets bagged for i n sec t  protection, and number 
o f  cones c o l i e c t e d  a t  m a t u r i t y ,  Y i e l d  of f i l l e d  and empty seed was re- 
corded. Lengths and weights o f  c o w s  from 4 yearsq c o l l e c t i o n s  were 
measured a f t e r  air-drying and seed extraction, 

Acalysis o f  cone le t  drop i n  interspecific crosses followed t h e  pro- 
cedure in t h e  generalized l eas t  squares program f o r  p a r t i a l  r eg ress ion  
developed by Barr and Goodnight (1971). An analysis o f  variance was run 
on cone y i e l d  da ta  per t r e e  x t r e e  combination f o r  the 6 years  1962, 1963, 
1964, 1965, 1966, and 1969 in relation to t h e  number o f  strobili po l -  
i i n a t e d .  Estimates of the e f f e c t s  of year,  male spec ies ,  and female Tree 
were o b t a i n e d .  Because o f  the l a rge  number of levels  involved, t h e  i n d i -  
viduai male parpnt  e f fec t  was excluded from t h e  analys is .  This e f fec t ,  
if any existed, would be smaller than t h e  e f f e c t  of p o l l e n  species .  I f  

pollen species were nonsignificant, t h e  individual male parent  could 



t h e r e f o r e  be assumed t o  have no s i g r i i f i c a n t  effect on conelc t  d r o p .  

Comparisons of t h e  e f f e c t s  of s e l f i n g  vs.  outcrossing and o f  con-- 
t r o l l e d  v s .  open p o l l i n a t i o n  on cone y i e l d  p e r  f lower were made bj.  '?rw 
t e s t s  o f  t r e e s  on which both t ypes  of c ross  were made. 

Est imates  of t h e  e f f e c t s  o f  yea r ,  p o l l e n  s p e c i e s ,  i n d i v i d u a l  pollcn 
pa ren t ,  and female t r e e  on cone l eng th  and cone weight werc a l s o  u b t a i i i c d  
from a  l e a s t  squares  a n a l y s i s  o f  va r i ance .  The a n a l y s i s  was based on t h e  

mean of  each t r e e  x  t r e e  combination f o r  a l l  crosses made from 1962 
through 1965, 

The e f f e c t s  of s e l f i n g  v s .  ou t c ro s s ing  and of  c o n t r o l l e d  rs, open- 
p o l l i n a t i o n  on cone leng th  and weight were compared by "t" t e s t s .  

RESULTS 

Mean cone y i e l d ,  cone l eng th ,  and cone weight a r e  s u m a r i z e d  i n  
t a b l e  1 by s p e c i e s  c r o s s .  Analys i s  by t r e e  combination showed: 

1. Conelet  drop was s t r o n g l y  c o n t r o l l e d  by t h e  i n d i v i d u a l  f e m a l e  parent 
(p  of  a  l a r g e r  F = 0.0001). 

2 .  P o l l e n  paren t  had no s i g n i f i c a n t  e f f e c t  on c o n e l e t  drop even when it 
was ano the r  s p e c i e s  of wh i t e  p ine ,  e i t h e r  c r o s s a b l e  o r  nonc ros sab l e  
i n  terms of  sound seed y i e l d .  

3. Nei the r  s e l f i n g  n o r  open p o l l i n a t i o n  a f f e c t e d  c o n e l e t  d rop  i n  compar- 
i s o n  with  c o n t r o l l e d  i n t r a s p e c i f i c  c r o s s - p o l l i n a t i o n .  

4. Year of  p o l l i n a t i o n  had no e f f e c t  on c o n e l e t  d rop  when a d j u s t e d  f o r  
male and female pa ren t .  

5. There  was no e f f e c t  of p o l l e n  s p e c i e s ,  p o l l e n  p a r e n t ,  y e a r ,  s e l f i n g ,  
o r  open p o l l i n a t i o n  on l e n g t h  o r  weight  of  d ry  mature  cones.  

B io log i ca l  Re l a t i ons  

The absence of  a  po l l en  p a r e n t  e f f e c t  on cone l e t  drop i n  P .  s t r o b u s  - i s  t y p i c a l  of  a t  l e a s t  two o t h e r  whi te  p i n e s ,  a s  p r e v i o u s l y  no t ed .  A 
n e g l i g i b l e  p o l l e n  p a r e n t  e f f e c t  on cone l eng th  h a s  a l s o  been observed 
i n  o t h e r  p ine s  (Fowler 1965a, Burdon and Low 1973a).  

The accumulated evidence from t h e s e  exper iments  and o t h e r s  covers  
a  d i v e r s i t y  o f  s p e c i e s  and sugges t s  t h a t  t h e r e  i s  a  common f a c t o r  i n  



t h e  poiKen o f  white p i n e s  f a v o r i n g  cone retenxion, cone s c a l e  develop- 
:r lent ,  and seed coat format ion ,  

INTERSPECIFIC CROSSES 

: Mean : Mean : Mean 
:Mean : d r y  : dry  : sound 

: Female : Strobili :cone 
C r o s s  corn ------- 

No - No, - Percent  cm - - gm No. - 
13, s f ~ o ' n u s  x --. --- 

g r i f f i  thii --- 15 
moil t la c o l a  
-*-- 

14 
pexnce -...------ 17 

euce x strobus 5 
parvifiora 9 
?t?iT:T17 -- 10 
albicaulis - 2 
cembl-a 1 0 
karaiensis 4 

P ,,, 

INTMSPECIFIC CROSSES 

P. s t r o b u s  x - 
strobus outcross 41 10,464 19 9 , 4  6.3 19.3 
strobus open 9 438 20 9.6 6.8 19 ,6  
strobus s e l f  17 911 19 9 .4  5.9 11.5 

I/ Differences  nons ign i f i can t  a t  p = 0.05 (see  Methods). .- 
2 J  No measurements taken. - 

D i f f u s i b l e  pol len-wal l  enzymes appear t o  p lay  a  r o l e  i n  pol len- tube  
nutrition and growth (Stanley and Linskens 1965, Knox and Heslop-Harrison 
1970) and migh t  be involved i n  cone n u t r i t i o n .  Genet ic  f a c t o r s  i n  po l l en  
controlling the product ion of sugars and c r i t i c a l  t o  ovule development 
mav f u n c t i o n  i n  t h e  n u c e l l a r  t i s s u e  (Hagman 1975) but  i n  a t  l e a s t  some 

d . - 
species ,  e . g . ,  Pinus thunbergiana Franco, p o l l e n  v i a b i l i t y  i s  n o t  a re- 
quirement f o r  conele t  r e t e n t  i on  (Katsuta 1971). 

White p ines  seem t o  have  embryo i n v i a b i l i t y  a s  an i s o l a t i o n  
mechanism (Hagman and Mikkola 1963, Kriebel  1972) .  I t  i s  p o s s i b l e  t h a t  



a  common po l l en  fac to r  i n  t h e s e  p ine s  i n i t i a l l y  induces  cone --;c;:lLc 
development and l a t e r  s t imulates p o l l e n  tube growth  and fcrtii i:ation. 
Subsequent c o n t r o l  i s  through genome interaction, i c n d i n g  c i t h e r  t o  
f u l l  seed format ion o r  embryo abortion, depending cn the specxcs 
combination, 

I n  c o n t r a s t ,  i n c o m p a t i b i l i t y  w i t h  arrested p o l l e n  tube gro\$?tii 
i s  t h e  t y p i c a l  r ep roduc t ive  barrier i n  P. a;ad O ~ I ~ C Y "  1a;ird 
p ines  i n v e s t i g a t e d  (McWil liam 1959, ~ i d z k o  J~OV id- I ~ c L ' ~  laci:.pia 
1970). Hagman found t h a t  P. s y l v e s t r i s ,  u n l i k e  t h e  s o f t  pines, 
has a  h igher  r a t e  of conel% drop i n  inter- o r  i n t r a - s e c t i o ~ i a i  
c r o s s e s  than  i n  c ro s se s  w i t h i n  t h e  species,  C l e a r l y ,  some pollen 
s t imulus  t o  cone r e t e n t i o n  occurs i n  P, s y i v e s t r i s ,  because a14 
t h e  cones i n  incompat ible  s p e c i e s  crosses do not a b o r t ,  but the 
e f f e c t  on t h e  s t r o b i l u s  i s  i n s u f f i c i e n t  for full p o l l e n  tube growth 
and f e r t i l i z a t i o n ,  A l l  h a rd  pines nay not  have male-jnduced c o n e l e t  
drop, but it i s  ev iden t  t h a t  they do not  share a pollen factor 
f avo r ing  cone r e t e n t i o n  i n  i n t e r s p e c i f i c  c r o s s e s ,  

The f i nd ing  t h a t  cone l e t  drop was no h ighe r  in P, s t r o b u s  after 
s e l f i n g  than a f t e r  ou t c ro s s ing  agrees w i t h  results -df "other s e l f i n g  
experiments on bo th  s o f t  and hard p ine s .  Pollen-tube incompatibility 
has never  been observed i n  e i t h e r  subgenus of  p ines  i n  response t o  
s e l f - p o l l i n a t i o n  (Hagman 1964, 1975).  The reaction to selfing 
occurs  a f t e r  f e r t i l i z a t i o n ,  Therefore ,  t h e  results o f  sclfing 
P. s t r o b u s  tend  t o  support  t h e  suggested r e l a t i o n  between -post- - 
f e r t i l i z a t i o n  ovule  a b o r t i o n  and polen-induced cone r e t e n t i o n  i n  
i n v i a b l e  c ro s se s .  

P r a c t i c a l  Imp l i ca t i ons  

From t h e  s t andpo in t  o f  t h e  b r eede r  o r  s i l v i c u l t u r i s t ,  t h e  
dominant female i n f l uence  on cone l e t  drop i n  P. s t r o b u s  implies that -- 
i nd iv idua l  t r e e  s e l e c t i o n  f o r  cone r e t e n t i o n  i s  of c r i t i c a l  importance, 
e s p e c i a l l y  f o r  seed  orchards .  Pa s t  performance i s  a good indication 
of f u t u r e  cone y i e l d .  Th i s  c r i t e r i o n  must, o f  cou r se ,  be  i n t e g r a t e d  
i n t o  t h e  o v e r a l l  s e l e c t i o n  index and n o t  made a t  the expense of 
d e s i r a b l e  t r e e  c h a r a c t e r i s t i c s ,  
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JACK PINE SEEDLING SEED ORGilARD ESTriBZ,ISHm:N'H' AND 
PROJECTED SEED YIELDS 

1 
Richard M, Je f f e r s  

ABSTRACT.--Jack p ine  t e s t  p l a n t i n g s  o f  open p o l l i n a t e d  
progenies  from proven seed  sources  can be conver ted  t o  s e e d l i n g  
seed  o rcha rds ,  A combined s e l e c t i o n  index  based  on i n d i v i d u a l  
a s  we l l  a s  f ami ly  performance can be used t o  s e l e c t  t h e  bes t  
i n d i v i d u a l s  t o  r e t a i n  i n  t h e  o r c h a r d s ,  Use of t h e  index  will 
r e s u l t  i n  r e t e n t i o n  of  more f a m i l i e s  than under  a l terxxate  
schemes and permi t  more r i go rous  s e l e c t i o n  w i t h i n  f a m i l i e s .  
A broad g e n e t i c  base i.s maintai .ned, t h e  dangers  o f  i n b r e e d i n g  
a r e  reduced, and t h e  g r e a t e s t  g e n e t i c  ga in  i s  a s s u r e d ,  T h i s  
scheme was a p p l i e d  t o  a  s e t  o f  d a t a  from a 90-seed-source  test, 
a complement o f  seed sou rce s  was s e l e c t e d ,  and f l ower ing  and 
cone d a t a  from t h e s e  seed  sources  were used t o  p r e d i c t  e a r l y  
seed  y i e l d s  i n  jack p i n e  s eed l ing  seed  o rcha rds .  Af t e r  i n i t i a l  
t h inn ing ,  1 h e c t a r e  o f  o rchard  e s t a b l i s h e d  accord ing  to t h e  
sugges ted  scheme may y i e l d  266,8 M f u l l  seed annua l ly ,  This 
i s  probably a  conse rva t i ve  e s t ima te .  

When grown under  s h o r t  r o t a t i o n  on good sandy soils, jack p i n e  grows 
r a p i d l y  and produces a  g r e a t e r  volume of  pulpwood t h a n  r e d  p i n e  (Wilde e t  
a l .  1965).  Although smal l  amounts o f  j ack  p i n e  a r e  be ing  p l a n t e d  i n  t h e  - 
Lake S t a t e s ,  i t  i s  expected t o  p l ay  an i n c r e a s i n g  r o l e  i n  Lake S t a t e s  
p l a n t i n g  programs a s  t h e  demand f o r  paper  and paper  p roduc t s  i n c r e a s e s  
(King 1973).  

J ack  p ine  grown under s t anda rd  n u r s e r y  and f i e l d  c o n d i t i o n s  produces 
male and female s t r o b i l i  a t  3  t o  6 yea r s  of  age.  However, by f o r c i n g  growth 
wi th  long photoper iod ,  f e r t i l i z a t i o n ,  and wide spac ing  i n  t h e  greenhouse 
and nu r se ry ,  f lower ing  can be  advanced t o  a s  e a r l y  a s  17  months a f t e r  
sowing seed  (Rudolph 1966, J e f f e r s  and N iens t aed t  1972) .  Thus, t h e  t ime 
between s exua l  gene ra t i ons  i n  jack p ine  can be reduced t o  l e s s  t h a n  3 y e a r s  
(Rudolph 1966). With r a p i d  gene ra t i on  t u rnove r ,  r e p e a t e d  c y c l e s  of 
s e l e c t i o n ,  progeny t e s t i n g ,  and breed ing  can be  used t o  g e n e t i c a l l y  improve 
jack p i n e  i n  a  s h o r t  t ime (King 1973). 

1 
P l a n t  G e n e t i c i s t ,  USDA Fo re s t  S e r v i c e ,  North C e n t r a l  F o r e s t  

Experiment S t a t i o n ,  I n s t i t u t e  o f  Fo re s t  Gene t ics ,  Rhine lander ,  Wisconsin 54501. 



Estab]-i__-."....s_:_..n.g seedling seed orchards appear to be the best method for

mass <)roducJ.r_g_ _,_c_eneticallyimproved jack:,pine because this species flowers

at an early age and presents serious graft incompatibility problems.2

Methods for establishing jack pine seedling seed orchards have been

suggested by King (t973), Yeatman (1974a) and Klein (1974). This paper
includes a bri. ef out].ine of their schemes. Results obtained from a nursery
and f'i.eld test of jack pine seed sources are used to describe an alternate

scheme and to estimate projected early seed yield from the seed orchards.

JACK PINE SEEDLING SEED ORCHARD ESTABLISHMENT

King's Method

King's (1973) scheme begins with selecting--on the basis of seed

source tests--the better seed collection areas for the planting region.

Between 300 and 400 trees are chosen--no more than 15 individuals per

stand--and open-pollinated seed collected and sown in a replicated nursery

test. After 2 years _ nursery growth, the 200 fastest growing families are

selected and used to establish 2 or 3 test plantings on different sites in

the planting area. The progeny test plantings are converted to seed orchards

when the trees begin to bear regular pollen and cone crops--about 7 to 8

years after field planting. The plantings are measured at this time and

thinned by removing all trees from below-average seedlots and some of the

poorer trees from above-average seedlots. The plantings are remeasured at

age 12 to 14 years and thinned to leave 1 out of every 4 trees of the best
25 seedlots.

Yeatman's Method

Yeatman (1974a) suggests improving the natural populations for seed

collection by converting seed production areas into seedling seed orchards.

}:_%.enoriginal stands are cut, replant them with local plus-tree progenies.

Yeatman recommends systematically sampling I00 to 200 plus-trees on a unit

area basis to avoid selecting close relatives. Selected trees are grafted

and included in breeding archives. Open-pollinated progenies are used in

first generation orchards followed by controlled-pollinated families (full-

sib) from selected parents. Parents are selected for their breeding value

determined initially from clonal tests (stem and branch form) and sub-

sequently from progeny tests (survival and growth). Small half-sib family

plots are initially established at 1.0 to 1.5 m spacings. A two-stage

thinning operation is used" first thinning at 6 to 8 years to about half

the original stocking, and second thinning at ii to 14 years. Ultimately,

30 to 50 percent of the families are selected and family plots are thinned
to a single tree per plot.

2
Unpublished data on file at the Institute of Forest Genetics,

North Central Forest Experiment Station, Rhineiander, Wisconsin.
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KleinBs Method p- 

Klein  (1974) r e p o r t s  a d e s i g n  composed o f  20 ha l f - . s ib  i * a n l ~  1 i P S  t h i l t  
have l i t t l e  o r  no co-ances t ry  from each o f  11 geographic areas .  ' i i i e  

orchard c o n s i s t s  o f  24 b locks ;  each block c o n t a i n s  II plots iarca 
c o l l e c t i o n s ) ;  each p l o t  con t a in s  one t r e e  from each of  the 2'0 h a l f - s i b  
f a m i l i e s  from each a r e a  c o l l e c t i o n .  Selection t h i n n i n g s  ultimately reduce 
t h e  number of t r e e s  t o  one p e r  p l o t .  A f t e r  thinning, each b lock  c o i i r ; ~ i n ~  
11 t r e e s ,  each from a d i f f e r e n t  ayes; thus, mating occurs p rc~ lo rn in : i~ i t Iy  
among sou rce s ,  

The scheme I sugges t  f o l l ows  K i n g ' s  (1973) closely, deviating oi i ly  in 
t h e  s e l e c t i o n  p roces se s  used t o  rogue the  o rcha rds .  All families are 
f i e l d  t e s t e d  and s e l e c t i o n s  a r e  based on a combinat ion o f  s e e d  source, 
family and i n d i v i d u a l  t r e e  performance. Some ou t s t and ing  i nd iv idu ; i l s  
wi th in  below average f a m i l i e s  may be s e l e c t e d  bu t  more families are 
included i n  t h e  orchards  and t h e  dangers of  inbreeding a r e  reduccd.  

The scheme w i l l  be  a p p l i e d  t o  a s e t  o f  d a t a  from a 90-seed-source 
t e s t ,  a complement o f  seed sou rce s  will be s e l e c t e d ,  and flowering and 
cone d a t a  from t h e s e  seed sou rce s  used t o  p r e d i c t  e a r l y  seed y i e l d s  i n  
jack p i n e  s eed l ing  seed o rcha rds .  

THE EXAMPLE SEEDLING SEED ORCWRD 

Seed Source and Paren t  T ree  S e l e c t i o n  

The 20 most promising s eed  sources  were chosen i n  our  northern 
Wisconsin p l a n t i n g  o f  t h e  rangewide seed  source  s t u d y  i n i t i a t e d  by t h e  
Canadian F o r e s t r y  Se rv i ce ,  Petawawa F o r e s t  Experiment S t a t i o n  a t  Chalk 
River,  Ontar io ,  i n  1962 (Yeatman 1974b) , (Table  I ) ,  T o t a l  h e i g h t s  o f  t h e  
t r e e s  from t h e  90 seed  sources  a t  age 11 was t h e  s o l e  s e l e c t i o n  c r i t e r i o n .  
The l o c a l  source  from Nokomis, Wisconsin, (2233) ranked I 3  among t h e  2Q 
s e l e c t e d  sources .  Trees  from t h e  Cloquet, Minnesota,  sou rce  (2242) - - the  
b e s t  o f  t h e  20 seed sources--were about 9 pe rcen t  t a l l e r  t han  t h o s e  from 
Nokomis, whi le  t h e  poo re s t  t r e e s  from t h e  Constance Bay, O n t a r i o ,  sou rce  
(2208) were about 4 percen t  s h o r t e r  t han  l o c a l  t r e e s .  

For our  purpose,  t h e  procedure used r a t h e r  t h a n  t h e  a c t u a l  seed sources 
s e l e c t e d  i s  t h e  important  p o i n t .  I n  a s eed  source  s t u d y  of 90 t o  JOO 
sources  t e s t e d  a t  a s i n g l e  l o c a t i o n  i n  t h e  p l a n t i n g  a r e a ,  we should s e l e c t  
10 t o  25 of  t h e  most promising sources  for r e t e s t i n g  a t  a d d i t i o n a l  t e s t  
l o c a t i o n s  i n  t h e  p l a n t i n g  r eg ion .  I n c l u s i o n  o f  m a t e r i a l  from 1 0  o r  more 
sources  w i l l  h e l p  t o  a s su re  a broad g e n e t i c  base f o r  advanced g e n e n t i o n  
breed ing .  And inc rea sed  adap t ive  v a r i a b i l i t y  may r e s u l t  from c r o s s e s  
between i n d i v i d u a l s  with  d i f f e r e n t  a d a p t i v e  c h a r a c t e r i s t i c s  (Zobel 1971).  



c2 
C 
?&' 

n 

i--f 
r-i 

0 1  
;? 
Ti- 

e 
-3- 
G"r 

Qb 

m 

0. l  

ta 
h-- 

=Q 

Q 
-3- 

Q, 

cd 
c17 

h 
k 
$4 
cd 
J: 

CY 

r- 
-=3- 
01 
M 

4 
4 
N 
N 

0 vl 
o a m  
N O D )  

- k  r: 

t n c d  a ( 3  
a > h  
4 E Er=d 2 
O) 0 a,% 0 
. d k O  1 cn 
X U  k h 

C ) Q +  
-d d a5 $ 
cuu 
cu r b o  3 6 
m;3bnC-r+J 



The example in Table 1 inc ludes  o n l y  12 seed sources frcili t i l t .  i.:tkc 

S t a t e s :  more Lake S t a t e s  seed sources would have been dcsirabic. 'i hc 

other  e ight  seed sources a r e  from Manitoba, Ontario, and Quvbec. Of 

these ,  t he  Manitoba source probably i s  very  similar to sou rccs  i n  i i o r i h c r n  
Minnesota. Early r e s u l t s  i n  our Wisconsin t e s t  suggest  t h a t  the oti icr  
seven seed sources a r e  adapted t o  environmental conditions s i m i l a r  t o  
our t e s t  s i t e .  The choice o f  such geographica l ly  wiclcly separa ted  seeti. 

sources f o r  i nc lus ion  i n  a reg ional  b r e e d i ~ l g  program may be qucs t  i o n a i ~ i e .  
Advantages of such broad sampling have not been proven biologicai ly a n d  
c o l l e c t i o n  from widely sepa ra t e  o r i g i n s  may not b e  economically f e a ~ i h i c .  
Unti l  more research  da ta  i s  a v a i l a b l e ,  one may choose to restrict selection 
of seed sources t o  t h e  p l a n t i n g  region.  

Phenotypic s e l e c t i o n  of  10 t r e e s  i n  each of  t h e  20 s e l e c t e d  s tands  
w i l l  provide 200 h a l f - s i b  f a m i l i e s  f o r  e s t a b l i s h i n g  t h e  progeny t e s t  
seedl ing  seed orchard. Se lec t ed  t r e e s  should be a t  l e a s t  500 Fect a p a r t  
i n  a  s tand  t o  minimize common ances t ry .  Consequently, it  i s  best to s e l e c t  
from r e l a t i v e l y  t91argef '  s t ands  on good s i t e s ,  rather than  from "smali" 
stands on poor s i t e s .  The t r e e s  s e l e c t e d  should be  dominant and w i t h  good 
stem form, a  wide branch ang le ,  l i t t l e  evidence o f  s e r i o u s  second f l u s h i n g  
c h a r a c t e r i s t i c s  (Rudolph 19641, and no i n s e c t  o r  d i s e a s e  damage, i t  wi h l  
not be worthwhile t o  spend much time and money on t h e  s e l e c t i o n  o f  the 
parent  t r e e s  us ing  systems such a s  t h e  "comparison t r e e  method," Simple 
phenotypic s e l e c t i o n  of t h e  ind iv idua l  pa ren t  t r e e s  a f t e r  a  quick survey  
of t h e  s tand  i s  a l l  t h a t  i s  requi red .  

Establishment of Progeny Test-Seedling Seed Orchard 

For t h e  g r e a t e s t  r e t u r n  from a  jack pine breeding program, g e n e t i c a l l y  
improved stock should be p l an ted  on t h e  b e s t  jack p i n e  s i t e s .  Therefore ,  
t h e  t e s t  p l an t ings  should be e s t ab l i shed  on b e t t e r  sandy loam s o i l s  w i th  
a  c l imate  s i m i l a r  t o  t h e  p l an t ing  r eg ion  (Wilde e t  a l .  1965). -- 

A randomized, complete block des ign  with two t o  four  t r e e  family 
p l o t s  i s  recommended. Rows should be  spaced wide enough (2 .5  m) t o  permi t  
use of  equipment i n  the  p l a n t i n g  f o r  t h e  f i r s t  few years  a f t e r  es tab l i shment .  
Trees wi th in  rows should be  p lanted  a t  c l o s e  spac ings  (0 .5  m )  t o  permit 
e a r l y  c u l l i n g  of t h e  poores t  t r e e s .  Thus, a t  an i n i t i a l  spac ing  of 0 .5  by 
2.5 m ,  1 hec tare  o f  p l an t ing  w i l l  con ta in  8,000 t r e e s  (20 sources ,  10 
f ami l i e s  pe r  source,  and 40 seedl ings  p e r  fami ly) .  

S i x  t o  8 yea r s  a f t e r  establ ishment  t h e t r e e s  i n  t h e  progeny t e s t  should 
be evaluated f o r  he igh t  and diameter  growth, form, and p e s t  inc idence .  A 
combined s e l e c t i o n  index based upon ind iv idua l  a s  we l l  a s  f ami ly  performance 
is  then  used t o  s e l e c t  t h e  b e s t  i nd iv idua l s  (Falconer  1960). 

Thinning schemes s i m i l a r  t o  those  recommended by King (1973), Yeatman 
(1974a), and Klein (1974) t h a t  r e s u l t  i n  e l imina t ion  of a l a r g e  p ropor t ion  



.,f 1 ;i!r:i 1 i L* b:ic;~c! on civcra@: f : iml i y  performance i g n o r e  d i f f e r e n c e s  in 
v,ir. 2 : i t  lor) p:i t  t f ~ - ~ i C  31~0rig ir1div-i duals  w i t h i n  the farr,iljt;s, Combined 
s c ! e i i i o i ~  ssi ;ures the greatest gcnctic gain and because a l a r g e  number 
f I 5 r r ~ t a i i l e d  a f t e r  roguing, a broader genetic base w i l l  h e  
nisi rl  t ~ i i  n t -d  i i! fi ri;t genera t i  on o r cha rds .  T h i s  may r e s u l t  i n  g r e a t e r  
I i 1 gcrict i c gain in advanced generation orchards (Canavera 1975) .  

1 .;ccoi;;i gtbrlc rat ion of  o ~ c i l a ~ i l s  can t h e n  be e s t a b l i s h e d  u s i n g  c o n t r o l l e d  
~loi ! i r i i i tcd  f ' i i l l - s i b  famil ies produced from d i e  bes t  i n d i v i d u a l s  from t h e  
f i r i t  g c n e r - a t i o n  orchard. Selected parents from two o r  more orchards  i n  
tiif 17 i ant. i i ~ g  a r c a  s!~oul d bc i n c l u d e d  i n  the c r o s s i n g  scheme and new 
scicctions should bc added t o  the program p e r i o d i c a l l y  t o  keep t h e  
gcrreeic b a s e  3.5 broad as p o s s i b l e .  

PROJECTED SEED Y I E L D  

'T'hii n~ir:iber o f  female strobill per  t r e f :  ( t a b l e  1) a t  t h e  beg inn ing  o f  
t h e  fiftl-1 g r o w i n g  ~ e a 5 o n  I n  a nsarsergi test was used t o  e s t i m a t e  annua l  
seed ~;,rod: lc? ~ O T I  from a young jack p i n e  seedling seed orchard  e s t a b l i s h e d  
according t o  t h c  scheme rcconmended in this paper,  

Lf a n  azrcragc o f  160 ixldividtaals fronz each sf'  the  228 seed sou rce s  
a r c  rctaincd i n  the seed orchard  a f t e r  thc l ia i t - ia l  :hiinning, then  1 
h e c t a r e  of orchard may produce 266.8 M f u l l  seed a . : ~ ~ % d l l y ,  an equ iva l en t  
o f  2 1 3 . 4  M plan tc ib lc  secdlinys. The b a s i c  asr,:mptioiis used i n  t h i s  
example a r e :  (1) the t r e e s  i n  t h e  orchard will produce t h e  same number 
o f  females  as  i n  t h e  n u r s e r y  t e s t ,  ( 2 )  50 percent of  the female s t r o b i l i  
w i l l  mature i n t o  cones, (33 t h e r e  w i l l  be  25 full seed p e r  cane, and (4)  80 
percent  o r  t he  f u l l  seed will y i e l d  p l a n t a b l e  s eed l ings .  

Thc  50 percent female a b o r t i o n  r a t e  i s  based o n  ac tua l  obse rva t i on  
over. a. number o f  years.  Twenty-five f u l l  seed  pe r  cone i s  an average  
based on a prel imii iary study of t h e  seed y i e l d  from i n d i v i d u a l  cones 
(.?eFfers 1972). Newer s t u d i e s  now i n  p rog re s s  suggest  t h a t  25 seeds  p e r  
cone may be  a conservative es t ima te .  We s e t  t h e  percen t  p l a n t a b l e  seed-  
l i n g s  a t  80 pe r ccn t  o f  f u l l  seed because t h e  USDA Fores t  Se rv i ce  (1974) 
r e p o r t s  g e r i n i n a t i o ~ ~  c a p a c i t i e s  from 69 t o  87 pe rcen t  and because s eed  from 
seed o rcha rds  should  b e  of  h i g h  q u a l i t y  i n  a p h y s i o l o g i c a l  sense  a s  a 
result o f  i n s e c t  control and optimum growing cond i t i ons .  However, t h e  
goal s h o u i d  b e  germination c a p a c i t i e s  exceeding 90 p e r c e n t  because p l a n t  
p ~ ~ o d u c t i o n  should  b e  under optimum cond i t i ons  i n  t h e  nu r se ry  o r  greenhouse 
and c u l l i n g  s h o u l d  no t  exceed 10 p e r c e n t ,  

Thinning i s  l i k e l y  to remove some of  t h e  provenances and perhaps  
some families w i t h i n  the remaining provenances from t h e  produc t ion  seed  
o rcha rd .  Depending on t h e  provenance and f ami ly  v a r i a t i o n  i n  strobili 
produc t ion ,  t h i s  could a f f e c t  t h e  p o t e n t i a l  f o r  seed y i e l d  a f t e r  roguing .  



The seed sources  are arranged i n  o r d e r  o f  decreasing heights :n r a h i c  1 
(352 cm t o  310 cm); it i s  clear t h a t  t h e  c o r r c l a t i o : ~  b c t w ~ i a i ~  i : c . ~ g : ~ : s  ;jnti 
seed p o t e n t i a l  i s  no t  s i g n i f i c a n t  (r = 0.270). Tiilereforc, rht. e F:'c,.r o f  

roguing on t h e  b a s i s  of heights would he  random in terms of sct..ri y ~ t ~ i t i .  
Family var ia t ion .  within provenances i n  potential seed produc t  i t j r ,  i s 
s i g n i f i c a n t  ( J e f f e r s  and Niens taed t  1972), but t h e r e  i s  riotiiiiif? t h a t  
would sugges t  t h a t  t h e  roguing would reduce t h e  seed product i p o t i hn t  i:i 1. 

The p ro j ec t ed  seed yields are probably  conservative. Recause seod 
f o r  t h e  rangewide seed source test was sown directly in t he  nuricry ~ i ~ i c l  
t h e  t r e e s  were grown a t  a l by l foot spacing, t h e  number of  ifmales 
produced p e r  t r e e  probably i s  l e s s  than the number produced by o r c i ~ a r d  
t r e e s  grown a t  wider spacings.  By sowing progeny test seeds in the green-" 
house and r a i s i n g  t h e  s eed l i ngs  under intensive greenhouse, nursery, and 
f i e l d  t echniques ,  e a r l i e r  and heav i e r  flowering wi il occur (Rudo I ph 1966) , 
and t h inn ing  of  seed  orchards  w i l l  promote crown development resulting in 
a d d i t i o n a l  i nc r ea sed  f lower  produc t ion  among remaining trees. 

The p ro j ec t ed  seed y i e l d  data i n d i c a t e  that a five-fold difference 
i n  seed y i e l d s  may e x i s t  among t r e e s  from d i f f e r e n t  seed  sources .  And 
v a r i a t i o n  i n  number o f  females p e r  i s e e  among trees w i t t 1 i . n  sources i n  our 
nursery t e s t  were even g r e a t e r .  This  g r e a t  v a r i a t i o n  i n  seed y i c l d  among 
d i f f e r e n t  genotypes w i l l  con t i nue  t o  e x i s t  throughout tile life of a seed 
orchard,  bu t  we have no assurance  t h a t  the e a r l y  good seed p rudace r s  will 
cont inue  t o  be t h e  b e s t ,  And we d o n ' t  know i f  t h e  bust seed producers 
w i l l  have cont inued f a s t  ' vege ta t ive  growth.  Studies on other species 
suggest  t h a t  t h i s  w i l l  no t  b e  t h e  ca se ,  Th i s  l ack  of  i n fo rma t ion  n e c e s s i t a t e s  
cont inued r e sea rch  on f lowering and p o t e n t i a l  seed y i e l d ,  I n  addition, 
much va luab l e  in format ion  may b e  ob ta ined  i f  seed orchard managers in the 
f u t u r e  w i l l  keep a c c u r a t e  r eco rds  o f  growth, flowering, and s eed  product ioi l  
throughout t h e  l i f e  of  t h e  o r cha rds ,  
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CONTROLLED POLLTNA'TIQN IN EASTERN REDCEDAR 
AND ROCKY MOUNTAIN J I I N I P E R ~  

Gilbert H. ~ e c h n e r ~  

ABSTRACT, - - P o l l i n a t i o n  wi th  fo r ced  and f r e s h  eas tern  red(-edar  
p o l l e n  was compared t o  wind p o l l i n a t i o n  (and unpollinated c o n t r o l s ) .  
This  i s  t h e  f i r s t  a t tempt  a t  c o n t r o l l e d  p o l l i n a t i o n  i i i  juniper. 
Seeds were e x t r a c t e d ,  and c u t t i n g  tests and ge-minat ior l  t e s t s  
were conducted t o  eva lua t e  t h e  succes s  of poilinatl wns , A r - 2  i f i cia1 
c ros se s  were a l s o  made w i th  e a s t e r n  zredcedas p o l  lerl crln a s lrlg i e 
Rocky Mountain j un ipe r  female t r e e .  F i r s t - y e a r  f r u i t s  were 
c o l l e c t e d  and eva lua t ed ,  Pre l iminary  r e s u l t s  indicate that wind 
p o l l i n a t i o n  i s  l e s s  r e l i a b l e  than  c o n t r o l - p o l l i n a t i o n  in u b t a i i ~ i n g  
sound seed s e t  o f  e a s t e r n  redcedar ,  T h i s  may exp la in  the h i g h  
p ropo r t i on  of  empty seeds  found and t h e  low ~ e p r o d u c t l o n  ob t a ined  
i n  many n a t u r a l  s tands .  

INTRODUCTION 

The low p ropo r t i on  of  f i l l e d  seeds i n  developed f r u i t s  o f  1, , 
has  been observed f r e q u e n t l y ,  T h i s  l o w  s e t  o f  sound seeds  may be t h e  
r e s u l t  o f  poor p o l l i n a t i o n  due t o  a  l ack  of synch ron i za t i on  between pollen 
r e l e a s e  from male t r e e s  and ovu la r  r e c e p t i v i t y  on female  t r e e s  i n  t h e  
v i c i n i t y .  I f  t h i s  were t r u e ,  a r t i f i c i a l  p o l l i n a t i o n s  could enhance sound 
seed s e t ,  provided t h a t  p o l l e n  v i a b i l i t y  could be main ta ined .  However, 
t h e  on ly  previous r e p o r t  of  a r t i f i c i a l  p o l l i n a t i o n  i n  j u n i p e r  i s  t h a t  of  
Djavanshir  (1974) i n  which p o l l e n  was a p p l i e d  t o  n o n - i s o l a t e d  female 
s t r o b i l i  of Jun ipe rus  po lycarpos  C. Koch i n  I r a n .  

Rocky Mountain j un ipe r  (J. scopulorum Sarg . )  has  long been cons idered  
a  wes te rn  form o f  e a s t e r n  r ezceda r  ( J .  v i r g i n i a n a  L .  ) . I n  f a c t ,  e a r l y  
western exp lo re r s  and b o t a n i s t s  ( ~ a m c s  1823; Tor rey  1828) d i d  not  
recognize  t h e  s u b t l e  d i f f e r e n c e s  t h a t  were l a t e r  u sed  t o  s e p a r a t e  these  
two s p e c i e s .  Recent ly  f i e l d  s t u d i e s  o f  s e v e r a l  North American j u n i p e r s  
have r evea l ed  i n d i v i d u a l s  possess ing  combinations o f  morphological  
c h a r a c t e r i s t i c s  belonging t o  d i f f e r e n t  s p e c i e s .  I n t e r g r a d e s  have  been 
noted between e a s t e r n  redcedar  and Ashe j u n i p e r  (3. a s h e i  Buchholz) - - 
(Hall  1952a,1952b, l955) ,  between e a s t e r n  redcedar  and Rocky Mountain 

1 Thi s  r e sea rch  was suppor ted  i n  p a r t  by t h e  McIn t i r e -S t enn i s  Co- 

o p e r a t i v e  Fo re s t ry  Research Program. 
2 ~ r o f e s s o r  o f  Fo re s t  Gene t ics ,  Colorado S t a t e  U n i v e r s i t y ,  F o r t  

C o l l i n s .  The a u t h o r  wishes t o  thank Karim Djavansh i r ,  U n i v e r s i t y  of 
Tehran, I r a n ,  Jon Johnson and Karen Southward, Colorado S t a t e  U n i v e r s i t y ,  
f o r  f i e l d  and l a b o r a t o r y  a s s i s t a n c e  on t h i s  s tudy .  
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Between October 1974 and Januaxy 1975, a l l  o f  the developrd frurrs 
were measured t o  t h e  nearest 0.1 mm, and the seeds of 90 pc:*ci.rrt of t i i p  
f r u i t s  were cu t  t o  determine whether t h e y  were filled o r  ~i*iiI)ty, 5 t : 3 d ~  

from 10 percen t  o f  t h e  f r u i t s  from each female x niale combinat ion i ~ c r - o  
washed, t h e i r  t i p s  cut (Djavanshir and Fechner 1975b14, and t h e  seed 
s t r a t i f i e d  between moist  paper  t o w e l i n g  i n  petri d i s h e s  at 5OC. 

On May 6, 1975, t h e  s t r a t i f i e d  seeds  were d i v i d e d  into two rep l ic ;~ te . - ;  
from each of t h e  p o l l i n a t i o n  bags and t r a n s f e r r e d  t o  an incubator f o r  
germination t e s t s  under an 18oC, 14-hour day/8'~, 10-hour night regi ine.  
Germination of  s eeds  was recorded  a t  approximately 3-day i n t e r v a l s  i l l l t i i  

June 1 2 ,  1975. Seed l ing  l eng th  was a l s o  measured, and when t h e  ioiyledons 
had shed t h e i r  seed c o a t s ,  t h e  s eed l i ngs  were t r a n s f i a n t e d  into p h s t  ic 
po t s  con ta in ing  v e r m i c u l i t e ;  t hey  were watered and k e p t  a t  t h e  same 
t e rnpera ture - l igh t  regime a s  t h e  seeds .  Beginning on June 1 7 ,  Hoaglsndqi 
n u t r i e n t  s o l u t i o n  was used f o r  water ing a t  J-day i.r?terval.s until tFw 
study was te rmina ted  3uIy 8 ,  when t h e  seedlings were measured and t i1e i - r  
dry weights  ob ta ined .  

RESULTS AND DISCUSSION 

F r u i t  S e t  

No f r u i t  was s e t  on branches o f  e i t h e r  e a s t e r n  r edceda r  o r  Rocky 
Mountain j un ipe r  i n  t h e  absence of  p o l l i n a t i o n , 5  bu t  undeveloped female 
s t r o b i l i  were s t i l l  i d e n t i f i a b l e  on u n p o l l i n a t e d  c o n t r o l  branches when the 
branches were c o l l e c t e d .  

Average f r u i t  set p e r  u n i t  dry weight  of  bagged b r a n c h l e t  varied 
among t h e  p o l l e n  sources  and among t h e  t h r e e  eas tern  r edceda r  Female 
t r e e s .  Higher f r u i t  s e t  was ob ta ined  on each female  t r e e  w i t h  f r e s h  
p o l l e n  than  wi th  s t o r e d  p o l l e n  from t h e  same male t r e e .  Fresh p o l l e n  
from Tree  0 produced a  h i g h e r  f r u i t  s e t  t han  f r e s h  p o l l e n  from T r e e  A 
o r  wind-borne p o l l e n .  Po l l en  from Tree A produced a  lower fruit s e t  t h a n  
wind-borne p o l l e n  on two o f  t h e  t r e e s  ( t a b l e  1) .  V a r i a t i o n  i n  f r u i t  se t  
among t h e  female t r e e s  may simply r e f l e c t  d i f f e r e n c e  i n  t h e  number of  
s t r o b i l i  produced i n  t h e  s t udy  yea r .  

4 Djavansh i r ,  K .  and G i l b e r t  H. Fechner.  197%. Ep ico ty l  and 
hypocotyl  germinat ion of  e a s t e r n  r edceda r  and Rocky Mountain juniper. 
Unpublished manuscr ipt .  

5 An except ion  was a  s i n g l e  f r u i t  con t a in ing  a s i n g l e  empty seed 
t h a t  may have r e s u l t e d  from unknown contaminat ion ( s e e  t a b l e  1 ) .  



'T:.ible I l ,  - - F r u i t  sc2 from collt ---- s t e r n  -- 

- ---- **---------- 
TNrr!USPECIFTC CROSSES ----- 

: Date, 'type 
: y>ol1!ina"cion l_*_l Fruit se t  

14 cnla l e by 2 ,  Per gram 
a : male parent--  : Bags : T o t a l  : b r a n c h w e i g h t  
__ld-_-----w------v--p 

Number - - - - - - - -  Number - - - - - - - - - -  

A Jan, 31 1 B 1 
A Fresh 3 55 
tl'ind 5 152  
Unpsl i i ~ ~ a t e d  2 0 

A ,Tan. 31 2 26 
A Fresh 4 940 
23 .Jan. 10 3 149 
B Fresh  3 f 92 
Wind 5 201 
Unpollinated 2 0 

INTERSPECIFIC CROSSES 

. . *  
2 /  l%A" and "B" 'are J. 
m- - male t r ee s  



F r u i t  s e t  was ob ta ined  i n  1 3  o f  17 bags on Rocky Mountain j u n i p e r  
c r o s s - p o l l i n a t e d  w i th  e a s t e r n  redcedar ,  but fruit set per u i l i t  branch 
weight was only about 1 /7  t h a t  ob ta ined  by wind p o l l i n a t i o n .  F r u i t  s e t  
pe r  c r o s s - p o l l i n a t e d  bag was extremely v a r i a b l e ,  averaging 7.1, f r u i t s  p e r  
bag f 5 .46  (2S.E,);  i n  c o n t r a s t ,  wind p o l l i n a t i o n  r e s u l t e d  i n  ark average 
s e t  of 43 ,6  f r u i t s  p e r  bag. The most l i k e l y  source  of  wind-"borne po lien 
i s  s e v e r a l  Rocky Mountain j u n i p e r  male t r e e s  near t h e  J S - I  female. 

The f r u i t s  of  bo th  s tudy  s p e c i e s  are i r r e g u l a r l y  eliipsoidal i n  
shape, u s u a l l y  e longa ted  along t h e  cone ax is .  Fruit length varied frorn 
4 . 0  t o  8 . 1  mm (average 5 .8  mm) f o r  t h e  f o u r  t r e e s ,  and fruit width varied 
from 2.8 t o  6 . 5  mm (average 4 .5  mm). The Rocky Mountain j u n i p e r  f r u i t s  
were s i g n i f i c a n t l y  l a r g e r  t han  t hose  of  t h e  grouped e a s t e r n  redcedar  
t r e e s ,  p r i m a r i l y  due t o  e x c e p t i o n a l l y  smal l  f r u i t s  on one of  t h e  l a t t e r ,  
according t o  Duncan's m u l t i p l e  range t e s t  (95 p e r c e n t  l e v e l  o f  p r o b a b i l i t y )  . 

Seed S e t  

The s e t  of  sound seed on e a s t e r n  r edceda r  varied among t h e  female  
t r e e s  s t u d i e d ,  J V - l  averaging 0.90 sound seeds  p e r  f r u i t ,  s i g n i f i c a n t l y  
h igher  t h a n  t h e  o t h e r  two t r e e s  ( t a b l e  2 ) .  Seed s e t  d i f f e r e d  significantly 
among t h e  p o l l e n  sou rce s  w i t h i n  t h e  JV-2  and JV-3 female  t r e e s ,  p r i m a r i l y  
due t o  one p o l l e n  t r ea tmen t ,  T ree  A Jan., 31,  which was h igh  on one tree 
and low on t h e  o t h e r  t r e e .  O f  p a r t i c u l a r  i n t e r e s t ,  however, is t h e  fact 
t h a t  s t o r e d  p o l l e n  was u s u a l l y  a s  e f f e c t i v e ,  o r  more s o ,  i n  bringing about 
sound seed  s e t  a s  f r e s h  p o l l e n  from t h e  same male p a r e n t  o r  wind-borne 
po l l en  were. This  suppo r t s  t h e  sugges t i on  t h a t  t ube  l e n g t h  of  e a s t e r n  
redcedar  p o l l e n  i n  v i t r o  a f t e r  s t o r i n g  i s  a  measure o f  i t s  a b i l i t y  t o  -- 
a f f e c t  i n  vivo f e r t i l i z a t i o n  (Djavanshir  and Fechner l975a) .  The -- 
cons ide rab l e  bag-to-bag v a r i a t i o n  observed sugges t s  t h a t  o t h e r  f a c t o r s  
were more important  i n  a f f e c t i n g  sound s eed  set t h a n  s imply t h e  p o l l e n  
sources  used.  No doubt t h e  p r e c i s e  t i m i n g o f r e c e p t i v i t y  o f  t h e  female 
s t r o b i l i  v a r i e d  from bag-to-bag, and even- though i e v e r a i  p o l l e n  a p p l i c a t i o n s  
were made, i d e a l  p o l l i n a t i o n  cond i t i ons  may no t  always have e x i s t e d .  

Seed s e t  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  between t h e  c r o s s - p o l l i n a t e d  and 
t h e  wind-pol l ina ted  branches o f  t h e  Rocky Mountain j u n i p e r  female ,  ave rag ing  
0.90 sound seeds p e r  f r u i t .  Eas t e rn  r edceda r  p o l l e n  was a s  e f f e c t i v e  in 
producing sound seed  i n  f r u i t s  t h a t  were s e t  a s  was wind-borne p o l l e n .  
Thus, i n c o m p a t i b i l i t y  b a r r i e r s  between t h e s e  two s p e c i e s  a r e  n o t  a b s o l u t e .  

The s e t  of empty seeds was h igh .  I n  2 8  pe rcen t  o f  t h e  f r u i t s  s e t  on 
both s p e c i e s  s t u d i e d ,  on ly  empty seeds  were found. I n  an a d d i t i o n a l  14  
pe rcen t ,  one o r  two empty seeds  were found wi th  a t  l e a s t  one f i l l e d  seed .  
The presence  of  p o l l e n  i s  a p p a r e n t l y  e s s e n t i a l  t o  t h e  development of  f r u i t ;  
fur thermore,  t h e  p r e sence  of  p o l l e n  i n  t h e  f r u i t  o r  i n  t h e  ovu l e  a l s o  
a s su re s  seed  development. I t  t h e r e f o r e  seems c l e a r  t h a t  empty s eeds  i n  

6 I n  a  s i n g l e  f r u i t  on one e a s t e r n  r edceda r  t r e e ,  no s eeds  were found. 



['able I ? ,  --Seed 

INTRASPECIFIC CROSSES 
~ - ~ " " - - - . - - - - ~ ~ - ~ , - W u  mP 

: Date, type 
: pol llnatiun : Filled seed se t  

Female : 
Ir '  . parent-  

_ ~ ~ ~ " - - . *  

JV- 1 A Feb ,  10 
11 Fresh 
k3 %>ec, 31 
B Feb, 10 
B Fresh 
P; ind 
IJnpo? l i n a t  ed 

A J a n .  31 
.4 F r e sh  
W i. nd 

A J a n ,  3% 
A Fre sh  
93 Jan, 10 
B Fre sh  
lilri nd 

ZWI'ERSPECTFIC CROSSES 
-P 

A F r e s h  
kV1ncX 

Mean 

. . ,  
l J  J V  -- J. - - ; JS = - J. scopulorum. 

2 /  "Au and "BN are J. virginiana male t r e e s .  - - -IL 

3/ Differed s i g n i f i c a n t l y  from wind p o l l i n a t i o n  o f  same female tree. - 



the s tudy  spec i e s  cannot be attributed to the l a c k  o f  ~ ) T I C ~ ; X * < ~ J ~  J. r l i  i i!:: 
between po l l en  r e l e a s e  and ovular r e c e p t i v i t y .  i iowever,  tile i i ig i i  

p ropo r t i on  of empty seeds  sugges t s  e i t h e r  t h a t  f e r t i l i z a t i o n  i; not  
e s s e n t i a l  t o  seed  development, o r  t h a t  some post- fcrti l i z n t  i on  inzor!!i:at - 
ibility r e a c t i o n  brings about  a t i s s u e  brcakdom w i t h i n  the ov i i i c .  
There was no n o t i c e a b l e  difference i n  the size o f  fillcd o r  empty i c e d s ,  
so  t h e  presence o f  p o l l e n  must t r i g g e r  some mechanism which  allows 
ovular development t o  proceed.  As long as 50 years ago, t h e  Russian 
phys io log i s t  Doroshenko (1928) claimed that the funct ior i  o f  polier:  i n  
ovules  i s  phys i ca l  and t h a t  development could t a k e  p lace  wi thout  Ccrtiliza- 
tion. Our r e s u l t s  i n  j u n i p e r  do no t  d i s coun t  Doroshenko's claim. 

The number o f  seeds p e r  f r u i t  varied from 1 to 3 in b o t h  eas te rn  
redcedar  and Rocky Mountain j un ipe r .  A single seed developed in 69.0 
pe rcen t  o f  t h e  e a s t e r n  redcedar  fruits and i n  66.1 percent  o f  t h e  Rocky 
Mountain j un ipe r  f r u i t s .  Three seeds  p e r  f r u i t  occurred i n  very loo: 
f requency,  1 . 9  and 1 . 3  percent, respectively, f o r  the two s p e c i e s .  
There was no s i g n i f i c a n t  d i f f e r e n c e  i n  the number of sceds per fruit 
mong t h e  female t r e e s  nor  among t h e  po l l en  sources,  

According t o  Mathews (19391, three t ypes  of female s t r o b i l i  a re  found 
i n  e a s t e r n  redcedar :  

I ,  Only one ovule ,  borne i n  the axil o f  one aaernlxer o f  a sporophyll 
p a i r  (2/3 of t h e  f r u i t s  a r e  o f  t h i s  type]. 

2 ,  Two c v u l e s ,  s i d e  by s i d e  in t h e  a x i l  of one member of a spo rophy l l  
p a i r ;  t h e  o t h e r  sporophyl l  i s  s t e r i l e  (1/6 are  o f  this type). 

3. Two ovu le s ,  each s e p a r a t e l y  on a f e r t i l e  member of  a sporophyl l  
p a i r  ( l / 6  of t h i s  t y p e ) ,  

Mathews f u r t h e r  found t h a t  i f  t h r e e  s eeds  develop,  a cornbination of t h e  
l a t t e r  two types  i s  u s u a l l y  t h e  e x p l a n t a t i o n .  More t h a n  fotar seeds a r e  
produced r a r e l y ,  and on ly  when a  second p a i r  of sporophylis participates. 
Thus, one and two seeds p e r  f r u i t  a r e  expected t o  be i n  t h e  approximatt: 
propo r t i ons  t h a t  our  d a t a  show. 

Seed Germination 

The r e a l  germinat ion pe rcen t  (germinat ion p e r c e n t  o f  f i l l e d  seeds] was 
g e n e r a l l y  h igh  among a l l  e a s t e r n  r edceda r  female x  male parental combii la t ior .  
producing adequate  numbers o f  seeds  t o  t e s t  ( t a b l e  3 ) .  On ail. t h r e e  f en l a l c  
t r e e s ,  however, r e a l  germinat ion of  w ind -po l l i na t ed  seed was somewhat lower 
than c o n t r o l - p o l l i n a t e d  seed from t h e  same mother t r e e s .  P o s s i b l y ,  t h e  
presence  of f o r e i g n  p o l l e n  (e .g . ,  t h a t  o f  ano the r  j u n i p e r  species) could  
b r i n g  about seed  f i l l i n g  wi thout  a v i a b l e  embryo. 



IN'PMSPECIFIC CROSSES 

Fema l e %Y :: Seeds 
3 / * 

Real 5/ P l a n t a b l e  
parent- : male parentill  T o t a l  : germinated I germination-: s e e d l i n g s  --------- --.""-- 

- - - - - -  Nunber - - - - - - -  percent Number Percent  

A Fresh 
B Dec, 31 
B Feb, 10 
H Fresh 
lik'3.nCi 

J V -  2 A. Fresh 
Wi nib 

2 100.0 0 0.0 
2 40.0 1 SO. 0 

W Jan, 31 4 4 100.0 2 50,O 
A Fresh 10 10 100.0 9 90.0 
B Jan, 18 10 10 100.0 9 90.0 
B Fresh 12 12 100.0 10 83,3  
Wind 10 9 90.0 6 66,7  

INTERSPECIFIC CROSSES 

JS- 1 A Fresh 15 0 
ZVind 25 Q 

---- 
I/ From t w o  petri-dish r e p l i c a t i o n s  f o r  each p a r e n t a l  combination. - 

2 /  Following 150 days  stratification a t  5% (98 days f o r  Rocky Mountain 
juniper); seed tips c u t .  

. . .  
L3.f "A" and ""B"" -- a rc  J *  - a l e  t r e e s  

5/ Real germination = germinat ion percent  of  f i l l e d  seeds .  - 



Although r e a l  germinat ion was s u r p r i  s i n g l y  uniform,  t h ~  I I U ~ I I ~ ~ C I *  o f  
p l a n t a b l e  s eed l i ngs  ob ta ined  va r i ed  among t h e  castern r e d c c ~ ~ : i i  motile;. 

t r e e s  and among t h e  po l l en  p a r e n t s .  inihercas, t h e  J V - l  fcrnuii: wds s ~ i p ~ ~ h i  i,r 
t o  t h e  J V - 3  i n  f r u i t  s e t  p e r  u n i t  branch w e i g h t  and in t h c  b p i  of  5oiind 
seeds p e r  f r u i t ,  t h e  r e v e r s e  was t r u e  f o r  t h e  percentage o f  ; , lant ; i i>lL> 
s eed l i ngs  developing from g e m i n a t e d  seeds. The percentage  o F 11 i ;lilt lib 1 
s eed l i ngs  was u s u a l l y  h ighe r  f o r  f r e s h  p o l l e n  t h a n  f o r  s t o r e d  policn, 
but  t h i s  d i f f e r e n c e  was no t  s t a t i s t i c a l  4y s i g n i f i  c a n t ,  2'hc f : ~ x t ~ r  5 

i n f l uenc ing  e a r l y  s eed l i ng  v i g o r  a r e  slot clear, 

No germinat ion of t h e  one-year seeds  from the Rocky Mountain jtir'ilpcr 
female was ob t a ined  from e i t h e r  t h e  wind- o r  c ro s s -po l  l i ~ l a t e d  t rtaa t m c ~ 1 " C  S, 

Following t h e  completion of  t h e  g e m i n a t i o n  t e s t s ,  t h e  central portioi-1 o f  
t h e  f i l l e d  seeds ,  considered t o  be an embryo cav i ty ,  was removed, k i l l e i i  
i n  FAA, and prepared  f o r  microscopic  examination t o  de te rmine  t h e  :>sage 
of  development. A t o t a l  o f  27 microscope s l i d e s  were t h u s  prepared, 'I'he 
m a t e r i a l  examined was e n t i r e l y  c e l l u l a r  female gme"lp11yte t i ~ s s u e ,  wish 
no evidence of  t h e  presence o f  archegoni.a, Seeds from both  the C T O S S -  and 
wind -po l l i na t i ons  conta ined  t h i s  m a t e r i a l ;  no d i f f e r e n c e  cou ld  b e  d e t e c t e d ,  

I n t e r p r e t a t i o n  of t h e  one-year  seed development i n  Rocky kfountain 
j un ipe r  i s  d i f f i c u l t ,  Unfor tuna te ly ,  t h e  r e p r o d u c t i v e  cycle o f  t h i s  
s p e c i e s  has  no t  been worked ou t .  However, t h e  sequence o f  i t s  develop- 
mental s t a g e s  i s  e v i d e n t l y  d i f f e r e n t  from t h a t  observed i n  other j u n i p e r  
s p e c i e s  and o t h e r  gymnosperm genera.  For  example, i n  t h e  one-year-matur ing 
e a s t e r n  redcedar ,  t h e  female gametophyte develops du r ing  t h e  s p r i n g ,  a 
few weeks a f t e r  p o l l i n a t i o n ,  t h e  a rchegonia  d i f f e r e n t i a t i n g  and f e r t i l i z a t i o n  
occu r r i ng  by l a t e  June o r  J u l y  (O t t l ey  3909; Flathews l939 ) .  'I'his is n o t  
a  g r e a t  dea l  d i f f e r e n t  from o t h e r  one-year-maturing gymnosperms such as 
spruce  (Picea A. D i e t r . )  , whose female gametophyte i s  a t  t h e  free-nuclear 
s t a g e  a t  t h e  t ime o f  p o l l i n a t i o n  (Fechner 19642. 

I n  t h e  th ree-year -matur ing  common j u n i p e r  (J. communis L.), the 
female gametophyte develops du r ing  t h e  second s ea son ,  t h e  megaspore mother - 2 

c e l l  n o t  d i f f e r e n t i a t i n g  &ti l A p r i l  o f  t h e  yea r  fo l i owing  pollination 
( O t t l e y  1909). And i n  t h e  two-year-maturing p i n e  (Pinus L.), the mega- 
spore  mother c e l l  i s  d i f f e r e n t i a t e d  a t  t h e  t ime o f  p o l l i n a t i o n ,  and t h e  
ovules  overwinter  i n  t h e  e a r l y  f r e e - n u c l e a r  gametophyte (Ferguson 1904; 
McWilliam 1958). 

None of  t h e  above examples d e s c r i b e s  t h e  two-year-matur ing Rocky 
Mountain j un ipe r  seeds  observed i n  t h i s  s tudy .  We found t h a t  t h e  c e l l u l a r  
female gametophyte s t a g e  was reached by l a t e  autumn of  t h e  f i r s t  year ,  
a l though i t  had on ly  r ep l aced  about one- four th  of  t h e  n u c e l l u s  t i s s u e .  
I t  i s  n o t  known i f  i n t e r s p e c i e s  c r o s s e s  occur red ,  s i n c e  no developimg 
embryos were found. However, t h e  similar f i r s t - y e a r  development o f  t h e  
c r o s s - p o l l i n a t e d  and wind-pol l ina ted  s eeds  s t r o n g l y  sugges t s  t h a t  
h y b r i d i z a t i o n  i s  p o s s i b l e  between Rocky Mountain j u n i p e r  and eastern 
redcedar .  



Seedl ii:g s i l r v iva l  t 27 t o  46 days  f o l l o w i n g  t r a n s p l a n t i n g  was 
vari l ih  l e aclor'lg b o t l ~  ens tern redcedar female trees (JV-1, JV-3) .  Nor 
c - ~ u i  d a p a t t e r n  t i c :  r c c o p i z e d  re la t ive  t o  s eed l ing  v i g o r ;  some of the  
s e e d l i n g s  r e s ~ i l  t i n g  from s t o r e d  po l l en  were as vigorous as those  from 
f reslrr pol T P ~  , 

P o l l e n  source  did not significantly affect the dry weight of t h e  
s i i r v i v i i i g  seedlings. Average s e e d l i n g  w e i g h t  a t  t h e  end of  t h e  s t udy  
was 0.0034 r a m s ,  r a n g i n g  f r o m  0.0018 to 0.0055 grams. The r , - t i o  of 
t o p  l e n g t h  d i v i d e d  by root length was v a r i a b l e  w i th in  and between female 
x male p x r e n t a l  combinations (table 41, ranging  froin 4.20 f o r  t h e  s m a l l e s t  
tree (0 .0018 grams d r y  weight, 52 mm total length) t o  0.60 f o r  t h e  
Largest tree (0.0055 grams d r y  weight, 134 m t o t a l  l e n g t h ) .  The average  
r a t i o  was 1.00, and the average  length  was 94  mm. 

T a b l e  4 , - D  - 
from c o n t r o l l e d  and wind-pol l ina t ions  p-p"."."""-p 

- -------- ..--- ---- -- 
: Date, type 3/ 

" Surviving s eed l ings  J u l y  8- 
Female : pollination : 
-paren t i /  : 4 J :  Average 

by 2/ Number :?excent-- : male parent--  + ------..--.-"- : top-root r a t i o  
.T V- l A Fresh  4 33.3 1,41 

13 Dec. 31 3 60.0 .79 
B. Feb. 10 1 100.0 .69 
B Fresh 9 52.9 1.10 

JV-3 A Jan, 31 2 100.0 2,13 
A Fresh 5 55.6 1 .51  
B Sara, 10 8 88.9 .95 
I3 Fresh 8 80.0 . 80 
Wind "."--- ..---- 3 50.0 1 * 9 3  

1/ JV=J v i r g i n i a n a .  2/ "A" and "B" a r e  J.  v i r g i n i a n a  male - - 
trees. 37 ~eedlin~s apparently living b u t  without r o o t  systems 
not inc l l rded .  - 4 /  Percen t  of s eed l i ngs  t r a n s p l a n t e d ,  May 23-June 12. 

CONCLUSIONS 

T h i s  s t u d y  shows that t h e  presence  of p o l l e n  i s  neces sa ry  f o r  t h e  
developnient of  f r u i t  i n  b o t h  e a s t e r n  redcedar  and Rocky Mountain j u n i p e r ,  
and t h e  presence of  p o l l e n  i n  t h e  f r u i t  o r  i n  t h e  ovule a s s u r e s  seed 
development. The occur rence  of empty seeds  cannot be a t t r i b u t e d  t o  l a c k  
o f  s y n c h r o n i z a t i o n  between po l l en  r e l e a s e  and ovu la r  r e c e p t i v i t y .  
Furthermore,  p o l l e n  of e a s t e r n  redcedar  e x t r a c t e d  a s  much a s  2 months 
p r i o r  t o  normal  p o l l e n  shedding  and then s t o r e d  i s  e f f e c t i v e  i n  producing 
xmnd seed set  and v igo rous  s e e d l i n g s  t o  a t  l e a s t  40 days. 

The r e s u l t s  of  t h i s  s tudy  a lso sugges t  t h a t  on t h e  b a s i s  of f r u i t  
s e t ,  sound seed se t ,  and f i rs t -year  female gametophyte development, 



h y b r i d i z a t i o n  i s  p o s s i b l e  between eastern redcedar and Rocky Mountain 
j un ipe r .  Fu r the r  s tudy  i s  neces sa ry  t o  determine the degree  o f  conip;it-~ 
i b i l i t y  between them* 
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C;I;OGRAPIiIC VARIATION OF GROWH AND WOOD PROPERTIES 
I N  JAPMESE LARCH IN SOUTHWESTERN LOWER  MICHIGAN^ 

Chen Hui Lee 2 

ARS'I'KACT--Grow.a;h and wood c h a r a c t e r i s t i c s  a t  age 10 from ----- 
pl.an.ti.ng were a s s e s s e d  on t h e  22 s e e d l o t s  o f  Japanese l a r c h  
ou-tplan"ced i n  t h e  Ke4logg F o r e s t ,  Augusta, Michigan u s i n g  a  
randomized complete 'block des ign .  Resu l t s  d i d  no t  i n d i c a t e  
any geographic t r e n d s  f o r  most t r a i t s  s t u d i e d  bu t  d i d  sugges t  
the o p e r a t i o n  of g e n e t i c  d r i f t  and inbreed ing .  Fas t  growing 
seedlots continued. t o  perform wel l  i n  southwestern Lower 
Michigan, Recornends t h a t  seed  f o r  p l a n t i n g s  i n  t h e  Lake 
States area  shou ld  be  from t h e  M t ,  Nantai  a r e a  i n  t h e  no r th -  
eas t  s p e c i e s  range.  

Japanese  l a rch  (Larix l e p t o l e p i s  (Sieb. e t  Zucc.) Gordon) i s  one of 
t h e  most impor tan t  economic spec i e s  of  Japan. I t  i s  found i n  t h e  s u b a l p i n e  
r e g i o n s  of C e n t r a l  Japan and a t t a i n s  s i z e s  up t o  30 meters  i n  he igh t  and 
1 meter  i n  d i ame te r  (Japan For.  Tech. Assoc. 1964) .  The wood i s  heavy, 
decay r e s i s t a n t ,  ho lds  n a i l s  we l l ,  and pu lps  r e a d i l y  u s ing  t h e  s u l f a t e  
p roces s .  The s p e c i e s  i s  e x t e n s i v e l y  used f o r  r e f o r e s t a t i o n  o u t s i d e  i t s  
n a t u r a l  range  i n  n o r t h e r n  Japan,  Europe, t h e  United S t a t e s ,  and Canada 
because  i t  grows f a s t  and i s  valued f o r  ornamental  u se s .  I t  can be 
propaga ted  r e a d i l y  from c u t t i n g s  c o l l e c t e d  from young t r e e s  (Chandler 
1967) . 

The n a t u r a l  range o f  Japanese l a r c h  i s  sma l l  (about 200 k i l ome te r s  
s q u a r e ,  from 900 t o  2,500 meters  i n  e l e v a t i o n )  and i s  composed of  s e v e r a l  
g e n e t i c a l l y  i s o l a t e d  smal l  popu la t i ons ,  t h e  l a r g e s t  being s e v e r a l  k i l o -  
me te r s  a c r o s s  and t h e  s m a l l e s t  a  h e c t a r e  o r  so  i n  s i z e  (Wright 19621, 
Cons iderab le  improvement o f  t h i s  s p e c i e s  can be  expected through a  c a r e f u l  
s e l e c t i o n  and breed ing  program because p r ev ious  s t u d i e s  i n d i c a t e d  t h a t  
t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  i n  growth performance. These i n c l u d e  

A 

1 T h i s  s t u d y  was f i nanced  by t h e  Deans' Council  Research Grant ,  
U n i v e r s i t y  o f  Wisconsin-Stevens Po in t .  

A s s o c i a t e  P r o f e s s o r  of  F o r e s t r y ,  Col lege  of Natura l  Resources,  
U n i v e r s i t y  of Wisconsin-Stevens P o i n t ,  Wisconsin 54481. 
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~ l c o h o l - - b e n z e n e  e x t r a c t i v e s  were removed because t h e i r  presence 
tends t o  overestimate s p e c i f i c  g r a v i t y  (Taras and Sauc ie r  1967).  The  

g r a v i t y  was deter~ined fo l lowing  Smi th ' s  recommendation (1954) .  

Wood fibers were macerated i n  an  equal mix ture  of g l a c i a l  a c e t i c  
a c i d  and 30 percent hydrogen peroxide  a t  5 0 - § P C  f o r  7 2  hours .  A f t e r  
several  changes with d i s t i l l e d  wate r ,  t h e  macerated f i b e r s  ( t r a c h e i d s )  
were s t a ined  with 1 p e r c e n t  Bismarck Brown Y aqueous s o l u t i o n  ove rn igh t  
and t h e n  mounted on slides. No dehydra t ion  o r  cover  g l a s s  was used 
(Echols 1969), but f i b e r s  were measured d i r e c t l y  t o  t h e  n e a r e s t  m i l l i -  
meter with "3 0 magn i f i ca t i on  under the  Bausch and Lomb No. 2700 
projector.3 They were t h e n  converted back t o  t h e  a c t u a l  t r a c h e i d  l e n g t h .  
Mean l e n g t h s  o f  20 t r a c h e i d s  were used a s  i t ems  i n  s t a t i s t i c a l  a n a l y s i s .  

I n  t h e  analysis of v a r i a n c e  of  growth and wood d a t a ,  t h e  degrees  of 
freedom were 2 1 ,  9 ,  and 189 for provenances,  r e p l i c a t i o n  and e r r o r ,  
r e s p e c t i v e l y .  fioweve-r, t h e r e  were 16 missing p l o t s ;  t h e  e r r o r  term 
deg rees  of freedom were reduced accord ing ly .  Rank c o r r e l a t i o n  
( d . f ,  = 20)  was used t o  seudy t h e  r e l a t i o n s  among growth, wood, and 
o r i g i n  d a t a  o f  pa r en t  s t a n d s ,  

VARIATION I N  GROWTH TWITS 

Height Growth 

The between-seed lo t  d i f f e r e n c e s  i n  t o t a l  h e i g h t  were s i g n i f i c a n t  
a t  t h e  1 p e r c e n t  I w e l  ( t a b l e  2 ) .  A t  age 10 a f t e r  p l a n t i n g ,  s e e d l o t  
15 from M t .  Nantai cont inued  t o  outgrow o t h e r s .  

S i g n i f i c a n t  d i f f e r e n c e s  i n  j u v e n i l e  h e i g h t  growth among 25 
provenances  were a l s o  r e p o r t e d  by Langner (1961) a t  Schmalenbeck, North 
Gel-many, and by ilattemer (1968, 1969) a t  13 l o c a l i t i e s  throughout  
Germany; by Farnsworth -- e t  a l e  (1972) on t h e  18 t e s t  s i t e s  i n  nor th-  
cen t ra l .  l ln i ted  S t a t e s  u s i n g  7 and 22 o f  t h e  s e e d l o t s ;  By L e s t e r  (1964) 
who observed G s e e d l o t s  i n  Wisconsin; by S t a i r s  (1966) i n  New York 
(20 s eed  sou rce s )  ; and by Genys (1972) i n  Maryland (16 s e e d l o t s )  . 

A l l  t h e s e  s t u d i e s  were p a r t  of t h e  i n t e r n a t i o n a l  Japanese l a r c h  
provenance t e s t i n g  p s o g r m ,  

Desp i t e  i t ' s  narrow s p e c i e s  range ,  v a r i a t i o n  i n  h e i g h t  growth was 
l a r g e .  A t  age 10 from p l a n t i n g ,  s e e d l o t  means v a r i e d  from 540 t o  714 cm, 
a  d i f f e r e n c e  o f  32 p e r c e n t .  Th i s  i s  roughly equ iva l en t  t o  300 kg/m3 
o r  20 l b s / f t 3  (62.4 l b s .  x (1.32 - 1.00) ) more wood produc t ion .  The 
cor responding  v a l u e s  ob t a ined  f o r  e a s t e r n  white  p i n e  (Pinus s t robus  L . )  

j Mention of  t r a d e  names does n o t  c o n s t i t u t e  endorsement of  t h e  

product by t h e  USDA F o r e s t  Serv ice .  



Table 2 .  --Growth and wood p r o p e r t i e s  o f  2 2  -----.-.-- 1,arix 12 1-CJ i ~ e  113 ZI~:{; 5 
-"--."--"---- ---.- ----" 

a t  age 1 2  from seed in southwestern Lower Michig;ir~ -----a-w-""" 

: Diameter : ~ e i g h t /  : Origin No., :  :: I irr icx 
Mountain : : a t  stump : diameter : Specific : Tracheid: \boo(.i I / 
of o r i g i n  : Height : height : r a t i o  .#. : gravity : l e n g t h  :p: .od~iction 

-------------#-"--.m"",.--- 

(cm) (cm] (cm/crnj @~m"ues) (!WI] (n~ar-ilbcr) 
1 F u j i  
2 F u j i  
4 Azusa 
5 Yatsuga 
6 Yatsuga 
7 Yatsuga 
8 Yatsuga 
9 Yatsuga 

10 Yatsuga 
11 Akaishi 
1 2  Akaishi 
13 Nantai 
14 Nantai 
15 Nantai 
16 Shirane 
17 Asama 
18 Asama 
19 Asama 
23 Komaga 
22 Hida 
24 Hida 
25 Hida 

Mean 
F 

1/ Index = Height ..... (Diameter) 
Mean Height (Mean Diameter) Mean Specific Grav i ty  

and European b lack  pine (Pinus n i g r a  Arnold) from t h e  same Kellogg -- 
Experiment Fores t  were 23 and 34 pe rcen t ,  r e s p e c t i v e l y  (Lee 1974,  Lee and 
bright 1975). These t h r e e  s p e c i e s - a r e  t e s t  p ~ H n t e d  i n -  t h e  same general  
a rea  with a high degree of p rec i s ion  a s  r e f l e c t e d  i n  t h e  small-sized 
(2.45 t o  3.88 percent )  c o e f f i c i e n t s  o f  v a r i a b i l i t y  ( t h e  s t anda rd  d e v i a t i o n  
t o  mean r a t i o ) .  

The c o r r e l a t i o n s  between growth r a t e  and t h e  l a t i t u d e ,  a l t i t u d e ,  and 
mean annual p r e c i p i t a t i o n  a t  l o c a l i t i e s  of  pa ren t  s tand  were not  s i g n i f i c a n t .  



Similar r e s u l t s  have a l s o  been. reported by Pauley et a l e  1965; Lester 
n--- 1964; Farrlsworth -- et a?,, 1972; Langmr 1961; Schonbach et a l ,  1966, -- and Genys 1 3 7 2 ) .  Fast growing s e e d l o t s  were from the  nor thern  as well 

as t h e  soutirlern species range and, l ikewise ,  from Pow as wela  as higE~ 
altitudese i4ors:e~e.r.~ I observed a, d i s t i n c t  geographic t r e n d  between t h e  
"r!)71 h e i g h t  growth, longi tude ,  and t h e  mean annual temperature a t  seed  
o r i g i n .  The rank c o r r e l a t i o n  c o e f f i c i e n t s  were 0,497 and 0.514; both 
significant a t  the 5 percent  l e v e l .  ~chgnbach -- e t  a l e  (1966) a l s o  observed 
a clearcut cor~elation between e a r l y  f r o s t  r e s i s t a n c e  and t h e  time o f  
growth c e s s a t i o n .  This suggests that c l i n a l  v a r i a t i o n  p a t t e r n s  i n  he igh t  
growth essentially are temperature r e l a t e d ;  t r e e s  from t h e  spec ie s '  e a s t e r n  
range and from l o c a l i t i e s  where mean annual temperatures a r e  h igh  grew 
faster and  su f fe red  less from t he  e a r l y  a u t m n a l  f r o s t .  

Professor Jona than  W ,  Wright of Michigan S t a t e  Univers i ty  generously 
furnished the 1974 height da ta  (13 years  a f t e r  p l an t ing ) .  Therefore,  it 
was p o s s i b l e  t o  compute the fol lowing age-age c o r r e l a t i o n s .  

The r a n k  c o r r e l a t i o n  c o e f f i c i e n t s  were a l l  s t a t i s t i c a l l y  s i g n i f i c a n t  
at the 1 percent l e v e l ;  however, t hey  tended t o  decrease a s  t h e  p l a n t a t i o n  
grew o lde r .  In  gene ra l ,  f a s t  growing s e e d l o t s  a t  two yea r s  o f  age were 
s t i l l  growing well a t  age 13, bu t  some changes i n  the  growth p a t t e r n  have 
occurred. For example, seedlot 15 from M t .  Nantai ranked f i f t h  i n  1963 a t  
age 2 .  I t  was t h e  t o p  performer i n  1964, when it was 60 percent  t a l l e r  than 
the slowest growing s e e d l o t .  I n  1966 (age 5) i t  was 70 percent  t a l l e r  than 
t h e  shortest seedlot. Thi s  f i g u r e  dropped t o  37 i n  1967 and t o  32 percent  
i n  1971; by 1974 - 13 years  from seed - s e e d l o t  15 ranked s i x t h .  The s t o r y  
i s  somewhat s i m i l a r  t o  t h a t  of t h e  southern Appalachian s e e d l o t s  i n  e a s t e r n  
white  p ine  (Lee 1974). Therefore,  continued observat ion on t h e  growth 
pattern is necessary  because changes i n  r e l a t i v e  he ight  may continue t o  
occur i n  the Eutuxe* 

I t  i s  important  t o  determine the  genotype x environment i n t e r a c t i o n s  
f o r  each provenance. My study was based on a s i n g l e  p l a n t a t i o n  and 
provided no information.  However, according t o  Wright (1962), t h e  Germany- 
Michigan c o r r e l a t i o n  i n  he ight  d a t a  was low. Provenances t h a t  were f a s t -  
growing i n  Germany were no t  necessa r i ly  good i n  Michigan. Langner and 



stern (1965) a t t r i b u t e d  the cibscncc o f  ;i i ; ~ ~ k ! ~  2 1 1  + ( 1  : I  l, 8 

winters in Michigan. 111 T P C ~ T I ~  ~ < ~ L I L ! ) -  b)' ! ' 1 1  I i % l ~ ~ ~ ' I  i g  L --- --" ,i "- " 
1 ~ ~ J " ~ ~ )  

there were 7 common seed lo t s  i'rprc'5ci!t i';l IT! i d  1 :  1 I :  $ a  1 I t he  
north-central United  States. They rpkj01-t c(.I -:: 1' t: ;:) !10t  ,**,c 'k i " I Y  I T ' ( , ~ ~ ] T z ~ T ~ Z :  

interaction in h e i g h t  pcrformancc. Seed i?t 15 i6s ; tq  t .i 1 l tar.  t ,i t :.,,,b t :c.st 
sites but  grew p o o r l y  iii Nebra~ka and Oii i o. i r" : l  1 L > : ~  i l c i  h b  J~~~~~ ilIed 
as uninteliigiblc. I Ia t teme~ (IiI65>) \<;IS  TIP^ xk>:  t: "t xi t. ;\;> 1 :L I ; i  k:t- : ~ ~ ~ ~ ~ ~ p ~ ~  ;( 

environment interactions in height groiztk o f  t ~ t ~ i > c ~ : i * i t ~ ~  i ~ i r ~ i ; .  I],!.:  pans 
that the tallest seedlots  in one f i a i i t i - ~ t  kr! :"lik> s ! T ? ~  I,i< ! l r +  i:c.-;t ; 11 i f i l lcr .  
plantations. 

However, Genys (1972) found t h a t  >far)- :a:ici ~ r o x  Th ti,i: ,i x ~ ~ : - t - ~  F:orc strongly 
correlated to data from Gergany t h a n  to d a t  r~ f r i?~~ :I:, r l  i: -; c?:": (: '; 1 i t  pcj 

States. '  is study was based oil i h  d i  ffcrcrrt  5:~l;i .;:,rir.ibek. 

There were significant (1 percent le i -e  l 1 .i i f f~.ribi!ces i *; .! : .i!:lt.\t C; growth 
rr,i.L< o : > s c ~ * L ~ Q ~ .  among the 22 seed sources (table 2 ) .  No g e o g r a p i ~ i c  ptitti.rh:i 

The rank correlation coefficients between t h e  d im;c tc r  ;irzd or-lkgir? d a t a  
were weak. 

The range i n  s e e d l o t  means var ied  fro13 ll. 3 ti: 1%; il cn,  :? t? i i f e rcnce  
of 36 percent. This range WC?LS f a r  smaller than that:  c>bser\,.ixd c i r :  t l : ~  two 
Maryland test plantations [Genys 197*9), tioweL?er, t';ei.iys3 arid ;:;)' il;it:s. are 
similar in one respect--both have established a strong posiri~e height- 

" - 3  diameter correlation (r = 0.720 in my study). l i ~ c  trto g r o i i t h  t r a i  t5 
may be inherited together, 

The between-seedlot differences in the height-to-diameter r a t i o s  
(cm/cm) were significant at the 5 percent  l e v e l  ( t a b l e  2 ) .  -4 s e e d l o t  
having a high h/d ratio is more desirable because i t  has l e s s  s t c n  tamper. 

The h/d ratios were correlated w i t h  the 1971 h e i g h t  and diameter .  
Both correlation coefficients were insignificant (r = 0.170 and -0.297, 
respectively) , 

Specific gravity and trachcid l e n g t h  are  t h e  most extcnsi  ve ly  s t u d i e d  
wood properties, both are under moderate to strong genetic control 
(Smith 1967, Zobel 1961); thus, significant gains can be expected 
through selection breeding. The wood character i  st i c s  o f  .Japanese 1 :irch 
are not well known and information based on rangewide material is n o t  
available. 

Use of increment core sample extracted at thc b r e a s t  height o r  stump 
height (1 foot above ground) has been a common practice f o r  t h e  e v a l u a t i o n  



o f  wood quality. However, whether t h e  e n t i r e  increment co re  ( p i t h  t o  
bark] or p o r t i o n  of t h e  core  should be used i s  not known, I found 
that a s i n g l e  growth increment formed during t h e  same growing season 
was adequate t o  show t h e  geographic v a r i a t i o n  p a t t e r n .  

The stump ' i :e ight(or  breast heighq-whole  t r e e  values r e l a t i o n  was 
not determined. However, t h e r e  a r e  numerous s t u d i e s  f o r  p ines  t h a t  
indicate a s t r o n g  co~-re : la t ion  between t h e  two va lues  (Wahigren and 
Fassnac l~ t  B959), 

Spec i f i c  Gravity 

The hetween-seedlot d i f f e rences  were s i g n i f i c a n t  a t  t h e  5 percent  
level (table 2 ) .  A s i n g l e  seed lo t  (Schmalenbeck No. 23) from ht. Komaga 
had a h igher  s p e c i f i c  g r a v i t y  than those  Erom t h e  r e s t  of t h e  spec ies  range ,  

There was no c l e a r c u t  geographic v a r i a t i o n  p a t t e r n  i n  s p e c i f i c  
g r a v i t y ;  t h e  c o r r e l a t i o n s  between s p e c i f i c  g r a v i t y  and o r i g i n  d a t a  were 
weak (the r a n k  c o r r e l a t i o n  c o e f f i c i e n t s  were from 0.044 t o  0 ,326)-  Heavy 
wood may be c h a r a c t e r i s t i c  of s e e d l o t s  from nor thern  as  wel l  a s  Erom 
sowthherra l o c a l i t i e s ,  o r  from both high. and low a l t i t u d e s ,  

Nor was t h e r e  a s i g n i f i c a n t  c o r r e l a t i o n  (r = 0.03l)'between s p e c i f i c  
g r a v i t y  and he igh t  growth measured in 1971, 10 years  a f t e r  p l an t ing .  This  
is s i m i l a r  t o  l o b l o l l y  p i n e  (Pinus taeda  L . ) ,  f o r  which Matz i r i s  and -- 
Zobel (1973) a t t r i b u t e d  only 7 . 3  percent  of t h e  t o t a l  v a r i a t i o n  i n  s p e c i f i c  
gravity t o  growth r a t e  ( r  = 0.271--with 353 degrees of freedom). S e l e c t i o n  
of f as t  growing seed lo t s  may not  be accompanied by a  d e s i r a b l e  wood 
q u a l i t y .  The s p e c i f i c  gravi ty-diameter  growth c o r r e l a t i o n  was a l s o  n i l  
(r = 0,003j  i n  Japanese l a r c h .  

The o v e r a l l  mean f o r  t h e  trunkwood s p e c i f i c  g rav i ty  was 0.398, 
comparable t o  t h a t  observed f o r  l o b l o l l y  p ine  (Matz i r i s  and Zobel 1973). 
In  bo th  s t u d i e s ,  juveni le  wood was used a s  t h e  s tudy ma te r i a l .  The range 
i n  s e e d l o t  means va r i ed  from 0.366 t o  0.441--a d i f f e rence  of  20 pe rcen t .  
This  i s  equiva lent  t o  75 kg more wood/m3 (4.68 i b s / f t 3 ) .  The between-tree 
range was from 0.311 t o  0.525, a  d i f f e r e n c e  of  69 percent .  The g r e a t e r  
between-tree v a r i a t i o n  was expected; i t  has been found i n  e a s t e r n  whi te  
p ine  and European black p ine  growing i n  t h e  same a rea  i n  Michigan. The 
l a r g e r  t h e  v a r i a t i o n  among indiv idual  t r e e s ,  t h e  f a s t e r  and more e f f i c i e n t  
improvement can be made through s e l e c t i o n .  

Tracheid Length 

?'here were no s i g n i f i c a n t  d i f f e rences  i n  t r a c h e i d  length  among t h e  
22 Japanese  l a r c h  seed sources .  

Bannan (1965) s tud ied  f i b e r  morphology f o r  members of s eve ra l  
coni ferous  genera and concluded t h a t  spec ies  o r  r aces  growing on favorable  
s i t e s  i n  genera l  had longer  f i b e r s .  Although t h e  t racheid-he ight  and t h e  



t racheid-diameter  c o r r e l a t i o n s  were s t a t i s t i c a l l y  s i g n i  f i c a r ~ t  ( 1  perccrlt  
l eve l )  i n  Japanese l a r c h ,  they a r e  of  little practical iniportlince. !viean 

t r ache id  length of t h e  f i v e  t a l l e s t  s eed lo t s  was only 0.04 mm longer than 
t h a t  o f  t h e  f i v e  s h o r t e s t  ones. 

Overal l  mean t r ache id  length  was 2.07 mm. The seedlot means ranged 
from 1.98 t o  2 .17  mm, a d i f f e r e n c e  of  only 10 p e r c e n t .  Tlic b e t w e c ~ ~ -  trcc 
range was from 1 .75  t o  2.39 mm, a d i f f e r e n c e  of  37 percen t .  Both ranges 
were much narrower than  those  of  s p e c i f i c  g r a v i t y .  

The t r ache id  l e n g t h - s p e c i f i c  g rav i ty  c o r r e l a t i o n  was weak ( v  = 0.370). 
This was a l s o  t h e  case  with a number of  pine species such as l o h l o l l y  
pine (Jackson and S t r i ck land  1962, Ma tz i r i s  and Zobel 3.9731, eastern w h i t e  
pine (Lee 1974) and European black p ine  (Lee and Wright 1975). 'The two 
wood p r o p e r t i e s  may be i n h e r i t e d  independently. 

PRACTICAL APPLICATION 

Based on my observa t ions ,  seed sources  from M t .  Nantai i n  thc north- 
eas t e rn  spec ie s  range should be recornended f o r  p l a n t i n g  i n  the Lake 
S t a t e s  a rea .  They a r e  t a l l  and grow a t  l e a s t  5 percent t a l l e r  than the 
p l a n t a t i o n  mean (647 cm a t  age 10 from p l a n t i n g ) .  Trees from !.it. Nantai 
a re  e f f i c i e n t  wood producers ( t a b l e  2 ) ;  they s t a r t e d  growth early i n  
t h e  sp r ing  ( the  time of l e a f i n g  not c o r r e l a t e d  w i t h  t h e  l a t i t u d e  and 
a l t i t u d e  of seed source according t o  Yanagisawa I9SP) ,  tended t o  shed  off 
t h e i r  leaves  e a r l y ,  and su f fe red  l i t t l e  damage from winter  c o l d  (Farnsworth 
e t  a l .  1972). schbnbach e t  a l .  (1966) ind ica t ed  t h a t  t h e  r e s i s t a n c e  t o  -- -- 
e a r l y  autumnal f r o s t  was c l o s e l y  a s soc ia t ed  with time of  growth cessa t ion .  
M t .  Nantai i s  loca ted  a t  a  nor thern  l a t i t u d e ;  t h u s ,  t r e e s  from that area 
l i g n i f y  e a r l y  which cont r ibuted  t o  frost-damage being less t h a n  that 
found i n  t r e e s  from more sou the r ly  seed sources (Yanagisawa N61). The 
wood q u a l i t y  of t r e e s  from M t .  Nantai i s  average. Genys (1972) reported 
t h a t  t r e e s  from M t .  Nantai a r e  not  a s  s u s c e p t i b l e  t o  l a r c h  sawfly  and 
o f f e r  b e t t e r  stem q u a l i t y  ( s t r a igh tness )  when compared t o  t rees  growing 
f u r t h e r  south.  
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'I'EN-YEAR PERf'ORbLt*%NCE OF DOUGLAS- F TR PROVENNqCES 
I N  EASTERK NEBMSKA 

19 
Ralph 4. Read and John A, ~ ~ r a c k l i n ~ -  

ABS?'RAC?'--Seed1 ings from 55 seed sources were es tab l i shed  in 
a f i e l d  t es t  as M+1 potted transp1ail.t~ on a .silt loam soil near 
Plattsmouth, Nebraska,  Mortality was 7-61 percent  i n  t h e  nursery  
t h e  first year ,  inc.rea.sed t o  89 pe rcen t  f o r  p o t t e d  s e e d l i n g s  tEle 
second year ,  and reached 98 p e r c e n t  1 yea r  a f t e r  f i e l d  p l an t ing .  
811 coastal  types died and survival was low for n o r t h - c e n t r a l  
prox7enances. Arizona and New Mexico seed sources  gave t h e  b e s t  
survival ( 2 0  percent). Height-latitude c o r r e l a t i o n  was r = 0.81, 
southern C o l w a d o ,  New Pfexico, and Arizona seed  sources  grew best. 
Some n o r t h - c e n t r a l  provenances have grown wel l  i n  r e c e n t  years .  
Sp r ing  growth f l u s h  i s  e a r l i e r  i n  southern  than  i n  no r the rn  
material. The p a t t e r n  agrees wi th  t h e  s p r i n g  f r o s t  p a t t e r n  i n  
Michigan: southern sources  are damaged whi le  no r the rn  sources 
are not, I n  Sebraska the sou the rn  m a t e r i a l  s u f f e r e d  f a l l  f r o s t  
damage perhaps a s  a r e s u l t  of  delayed growth ces sa t ion .  A 
Durango, Colorado, provenance i s  recommended f o r  landscape,  
g reenbe l t ,  and Chris tmas tree p l a n t i n g s  i n  e a s t e r n  Nebraska. 
A M t .  Lemon, Arizona, provenance i s  recommended f o r  Christmas 
t r e e s  i n  eastern Nebraska s i t e s  p r o t e c t e d  from s p r i n g  f r o s t s  and 
win te r  winds, 

Douglas- f i r  ( menz ies i i  (Mirb.) Franco) i s  t h e  most 
i m ~ o r t a n t  commercial t imber  t r e e  i n  t h e  United S t a t e s .  In  t h i s  paper ,  how- 

). 

ever ,  we speak o f  Douglas- f i r  not f o r  t imber purposes bu t  a s  a  t r e e  f o r  t h e  
enhancement of  t h e  environment and for use a s  Chris tmas t r e e s .  The Grea t  
P la ins  reg ion  o f  North America needs c o n i f e r s  f o r  p r o t e c t i o n  and f o r  
ornamental purposes ,  and Douglas- f i r  t r e e s  can h e l p  f u l f i l l  t hese  needs 
i n  selected l o c a t i o n s  i f  the source  of t h e  seed i s  c a r e f u l l y  chosen. 

A s tudy t o  i d e n t i f y  better adapted seed o r i g i n s  o f  t r e e s  f o r  p l a n t i n g  
i n  t h e  c e n t r a l  Great P l a i n s  i s  being conducted a s  p a r t  of t h e  Cooperat ive 
Regional Tree Improvement P r o j  e c t  (NC-99) of t h e  North Cen t ra l  S t a t e s  
Agr i cu l tu ra l  Experiment S t a t i o n s .  C r e d i t s  go t o  Jonathan W. Wright, 
Professor  of  F o r e s t r y ,  Michigan S t a t e  Un ive r s i ty  f o r  i n i t i a t i n g  t h e  s tudy  

I/ Pr incipal  S i l v i c u l t u r i s t  and Fores t  Research Technician,  
resye>ive ly ,  Rocky Mountain Fores t  F, Range Experiment S t a t i o n ,  Lincoln,  
Nebraska, 



and prov id ing  planting s tock ,  and to Pialter T. Eagle)., I s o : + i  ;ir ti I ' i ~ ~ t * ~ ~ : ~ < - ; ~ , ~ ,  

Department o f  Forestry, l i n i v e r s i t y  o f  Vcbrasha, for c o o p ~ r a :  i t ~ n  A !I 1 )  j+ ; i~~t  1 ilg 

and maintaining the plantation. 

Douglas-f i r  has been successful ly  i n t roduced  i n  Curope. 1 hc in tc1 . i  or 
(Rocky Mountain) variety has been p l an t ed  in ino~intninous  area.; i i i t  il 5i.vcr.e 
c l imates  and t h e  c o a s t a l  form r e s t r i c t e d  t o  milder climates o f  Fr~gl ;~r - td  arid 
p a r t s  o f  Germany (Frothingham 1909). In the United S t a t e s ,  ran;;ewide 
provenance t e s t s  east o f  t h e  Rocky Mountains have c o n s i s t e n t l y  revc;i led  
t h a t  West Coast o r i g i n s  a r e  h i g h l y  s u s c e p t i b l e  t o  winter d:uilagi nilti r h a t  
t r e e s  from southern  Rocky Mountain origins grow f a s t e s t .  



(,t:t,;; ~iii'i~ 1 .  ~ I F I . ~ .  t c !'P; trn;.i a t  Lon within t h e  range of tile species 
( f i g .  1 )  il;i,.:. iieerl rcc.o):ni r e d  illit t he re  is some lack o f  agreement on them. 
~ ~ ~ c h  irigii;iiri i i ! ) i ) i j )  1 V :  i1i.d f hf: range into f i v e  s i l \ i i c a l  regions ; (1) Earth 
; : G a i t ,  ( 2 )  Y i ~ ~ i * ; i ,  ( 3 )  \ k w t h e r n  ilocl\ic<;, [0) Cen t r a l  Rockies, and (5) 
sou the  ril i < ( l i h  ~f:. . 'r!l!? !'i r s  t t w o  comprise the area known as vare menz ie s i i ,  
and fire ( ~ r i l c r  tirrei; i i i ~  i n  t h e  regions of va r .  glauca. 

P i ' ~ * i g i l t  t i t  al. (l97i) delineated 8 to 10 geographic areas based on 
---* --- 

p e r f o ~ m a n ~ c  1 ri 3"- t o  8 - )~cc l r -o ld  provenance p l a n t a t i o n s  i n  Michigan and 
y,i,r-as ka. Some o i "  t i i c s ~  g r a u p i  were s i-milar t o  Frothingham's p a t t e r n  and 
o t h e r s  were not. Arizona and New Mexico sources grew t a l l e s t  and had b l u e r  
foiiage a t  8 years of age, but were damaged by w in t e r  cold i n  t h e  Michigan 
p l a n t i n g s .  O r i g i n s  from w e s t  o f  t h e  Cascades suf fered  extreme win te r  
I:l;3inage, 2 n d  ~ i ~ a c t  'a cz i l ly  al  l o f  t h e m  died i n  t h e  nu r se ry ,  

Iicit: i i9i-18) recognized t h r e e  separate forms of  Douglas - f i r  based on 
a N e w  Uork rwrsery study o f  s e e d l i n g s  from range-wide sources ,  He r e -  
f e r r e d  TO a l ' r lcbf ic  Coast f 'om v-iridis (ncw v a r ,  menz ies i i )  ; a. 

P 

cant i n e n t a  l I TI i ;a~ld fo rrn c a m  i a C ~ r c s  tuiiab i v  no r the rn  Idaho, Montana. and 
k A 

n o r t h e r n  i i ~  ;lrn i rig) ; and a lower 'I?ocicy Mountain f o ~ m  - glauca (remainder o f  
range from ::iAr;t rxi .  Itociiics southward) ,  I le i t  found, that of  11 i n t e r i o r  
o r i g i n s ,  those from Coconino National Forest, Arizona, and t h e  Carson 
Nat jona i  Forest, Yew bfexico, grew fastest and had t h e  b l u e s t  f o l i a g e .  A 
Montana o r i g i z  cf' t h e  Lewis and Clark National Fo re s t  grew s lowes t ,  and 
Colo racin omrig  i 11s llad average g . r*wth.  He concluded t h a t  sou thern  o r i g i n s  
grew later i n t o  the summer when annua l  growth ceased f o r  o t h e r s ,  and t h a t  
frost damage t o  these o r i g i n s  as  s eed l i ngs  was l i g h t  and temporary because 
t h e y  grow n o r m a l l y  the fo l lowing  season w i t h o u t  any apparent  leader deformity.  

Pennsylvania test of 19 origins from t h e  P a c i f i c  Coast t o  t h e  
Kockics resulted in 55 percent m o r t a l i t y  i n  western Washington and Oregon 
o r i g i n s ,  compared t o  2 1  percent f o r  t hose  from Colorado and New Mexico. 
Yet growth r a t e  o f  s u r v i v i r i g  Pac i f i c  nor thwest  t r e e s  s l i g h t l y  exceeded 
that of  i n t e r i a r  o r i g i n s .  [,ate sp r ing  f r o s t s  damaged i n t e r i o r  o r i g i n s ,  
but t h c y  recovrrei! r a p i d l y  and  grew w e l l  (Byrnes -- e t  a l .  1958).  

Gerhold (1966) t e s t e d  67 of Wrigh t ' s  o r i g i n s  i n  a nu r se ry  near  P o t t e r s  
Mills, F e n n s j - i v a n i a .  West  Coast o r i g i n s  were seve re ly  damaged by w in t e r  
c o l d  bu t  t h c  survivors were tallest of  a l l  o r i g i n s  a t  age 3. A s  i n  

Wrigj i t ' s  sti idy, the Arizona and New Mexico o r i g i n s  outgrew o t h e r  i n t e r i o r  
origins \xi:. suffc-sed more w i n t e r  i n j ~ r r y .  

Past s t u d i e s  all seem to i n d i c a t e  t h a t  t h e  n a t u r a l  range  of  Douglas- 
fir i n  t h e  U n i t e d  States i r ;  composed o f  t h e  fo l lowing  groups: (1) P a c i f i c  

Coas t ,  ( 2 )  i ~ o r t l i e r n  Rockies (and iVright7s i n l and  Empire), (3) c e n t r a l  
Rockies,  and (4) southern Rockies.  Moreover, a l l  s t u d i e s  appear  t o  
i n d i c a t e  that t h e  Pac i f i c  Coast v a r i e t y  does  no t  su rv ive  e a s t  of t h e  
Rockies ,  and t h a t  t h e  southern  Rocky Mountain o r i g i n s  grow f a s t e s t .  



The performance of  Douglas - f i r  origins i n  eas te rn  Nebraska repoiUrcl l  
he re  updates  t h e  f i r s t  r e p o r t  by Wright -- et a1, (197'1) o f  the  55 o r i g i i 4 s  
t e s t e d  i n  Nebraska, with 5 a d d i t i o n a l  years ' growth, and new i.r~t?~r~-nat ~ ( > T I  

on s p r i n g  growth f l u s h i n g  and win te r  damage to terminals. 

Seeds were c o l l e c t e d  from 128 natural stands througkloirt t h e  range o f  
t h e  s p e c i e s  i n  United S t a t e s  and Canada and sown in s p r i n g  1961 in a 
Michigan S t a t e  Un ive r s i t y  nu r se ry  nea r  Eas t  Lansing. One year l a t e r ,  30 
t o  60 s eed l i ngs  each o f  55 o r i g i n s  were s e n t  t o  Lincoln, Nebraska, where 
they were l i ned -ou t  i n  a  ho ld ing  bed ( t a b l e  1) .  In  spring 1964, t h e  1-41 
t r a n s p l a n t s  were dug, p o t t e d ,  and l i ned -ou t  again a t  t h e  same l o c a t i o n  
t o  i n c r e a s e  t h e i r  s i z e ,  

I n  sp r ing  1965 they were f i e l d  p l a n t e d  a s  1+1+1 stock a t  t h e  Horning 
S t a t e  Farm nea r  P la t t smouth ,  Nebraska, The p lan ta t ' lon  i s  loca ted  on a 
r i dge  t o p  of  s i l t  loam de r ived  from l o e s s ,  a t  41°N,96011', and 1 , 1 0 0  f e e t  
e l eva t i on .  Growing season averages  170 days and mean annuaZ precipitation 
i s  30 inches ;  75 percen t  f a l l s  dur ing  t h c  growing season, Seedlings were 
p l an t ed  i n  one - t r ee  p l o t s  a t  a spacing o f  1 2  by 1 2  feet Eastern redcedar 
( Jun iperus  v i r g i n i a n a )  f i l l e r s  were p l a n t e d  f o r  e a r l y  protection between 
each Douglas - f i r  i n  t h e  rows (but n o t  between rows) t o  g i v e  a spac ing  of  
6 by 12 f e e t .  

The s i t e  was c u l t i v a t e d  1 year  b e f o r e  p l a n t i n g ,  and Simazine 80W at 
4 l b s  p e r  a c r e  was sprayed on both s i d e s  o f  each t r e e  row a f t e r  p l a n t i n g  
t o  c o n t r o l  weeds, and f o r  5 y e a r s  t h e r e a f t e r .  The p l a n t a t i o n  was mowed 
between rows du r ing  t h e  growing season. The t r e e s  were checked several 
t imes each yea r  f o r  i n s e c t s ,  d i s e a s e s ,  and o t h e r  i n j u r y .  Heights  were 
measured annua l ly  from 1966, except  f o r  1972. The e a s t e r n  r edceda r  
f i l l e r s  were removed i n  s p r i n g  1974 t o  p revent  exces s ive  crowding. 

Trees  were r a t e d  on two d a t e s  i n  s p r i n g  1974 and on f o u r  dates in 
s p r i n g  1975 a s  t o  t h e  developmental s t a g e  of  buds and growth of new 
shoots  and need les .  Each t r e e  was g iven  a  phenology r a t i n g  on a scale 
of 1 t o  5,  ranging from dormant buds t o  wel l  advanced shoo t  and needle 
growth. An e s t i m a t e  o f  t h e  sequence i n  which t h e  d i f f e r e n t  origins start 
s p r i n g  growth was ob ta ined  by us ing  t h e  r a t i n g s  o f  t he  one date  each year 
t h a t  showed t h e  g r e a t e s t  sp r ead  i n  v a l u e s .  

Average need l e  l eng th  was computed from f i v e  measurements of needles 
c o l l e c t e d  from l a t e r a l  branches on t h e  sou th  s i d e  o f  each t r e e ,  and cone 
produc t ion  was eva lua t ed  by count ing  a l l  cones i n  August 1975. 



-- -,...",---- ons of iilougias-fir 
t i a s t ~ c !  in eas te rn  Nebraska 

- - - - - s - - - P - -  

---_I - - ~- ----- 
Mich igan  : Stintdi* 1 

state Uiziv, : o r  Place : North : West : Elevat ion 
" I  ; : 'z"i?vIx?c~: : 

_YC-"-evw * ~ - " " - - - - - - ~ - - " ~ ~ ~ w ~  

: latitude : l ong i t ude  : 
Degrees - Degrees Feet 

1 0 15 4 VAN Cowi chan I,, 48.8 124.0 600 
16261 \L.\ Carnaao 4 8 . 2  122.3 50 
1b 17 bl i  h Granite Fal l s  48.1 f22.0 600 
1623 k s ' A  flncrric law 4 7 , 2  122.0 1,308 
1627 hr~1 S h e l t o n  47,2 123,4 320 

7 0 2 4  OR Jewcl l  45,8 123.4 700 
1621 0 R 1%3oTal %a 45,2 1 2 2 . 2  100 

8 OR Cascac-i i a 44,4 122 .  7 800 
1585 0 1t S i  s t c r s  44,3 4_22,8 3,500 
1 6 2 2  OK Cot tage  Grove 43.8 f 2 3 , O  675 
1613 O R  Oa kr Jdge  4 3 . 7  122.5 3,000 
1619 0 11. M rookirrgs 42,O 124.2 162 

*I645 WA F i s h  Lake 48.6 119.7 2,000 
"1646 HA Buck Evftn, 48 .4  119.8 5,000 

ROCKY $IOUNT>lI U VAR . - G LAUCA (WEST OF CONTINENTAL D I V I D E )  

1556 K.4 Curlew 48,9 118.8 4,100 
1653. WA Oinak 48.6 119,5 2,500 

"1615 X D Cacur dr4fene 47.7  116.8 2,400 
*I588 ID Wallace 4 7 , s  116,O 3,000 
"1562 ID Clarkka 47.0 116.1 4,500 
I573 ID bIa scow 46.6 116.8 2,500 

"1507 ?*f-1' L i b b y  48 ,4  115,5 3,800 
1517 7vfl- Libby 48.4  115.2 4,000 
1650 MT Zali t e f  i s h  48.5 114.7 3,500 
1519 FT?" tJ11ia:efi. st1 48.4 114.7 4,000 
1521 Mr Kalispef l 48.2 114.5 3,000 
*I600 >IT S p o t t e d  Rear KS 48.0 l f3 ,O  3,680 
"l(il.6 >fT S t ,  Regis 47.5 115,2 4,000 
1603 tf i '  St, R e g i s  47.2 %14,8 5,000 
*I649 bTf b1i.s s o u l a  47,O 114.0 3,500 

1504 h4T Misso~xla 47,O 113.8 6,000 

.k9520 M1' G~eenaugh 46.9 113.4 4,000 

1506 M-F S a l~rnan 1,ak e 47.2  113.2 5,000 

"2539 TtE Big Prairie RS 4 7 , 3  113,s  4,600 

1518 0.R Stevensville 46.5 114,2 4,500 

1606 MT Butte 46.0 112.5 6,500 





a f l  !al* f;-. i t i  r, I a r i t  i i lg  in 1 Y i 3 8 ,  niortai  ity had reached 98 percent .  Only 
;! 1"'" ::ri t o i  : l i i  \>~bt :~ I?L i~gs  from n o r t h e r n  Idaho,  western Montana, eastern 
haski i ngt or!, :ind :LLherta, Canada, origins survived a f t e r  3 years in the 
f icicl  i t a b i c  2 ) -  

T a h i c  2 .  --Survival and h e i g h t  growth of  Douglas-fir .----.- --- - 
jrozrsnarrccs in eastern Nebraska i---pwp 

-+*- ---".".-m-.m"-- -a----------- P 

P'f i  c h igarr : 
-7 

S t a t e  l l ~ ^ i ~ v ,  : Locat ion  : Surv iv ing :  Mean ann, : 10-year: P l a n t a t j  on 
o r i g i  rl ".;Om : 
" " - -  : trees : 1963-1974 : field : mean ---- 

140 , -- Feet 
P 

Feet Percent 

% 5 39 Big  P r a i r i e ,  MI' I 0.3 2 , 7  25 
I rj4-8 Big '%'ir;aber, >T$ 1 0-3 2 , 9  27 
i f 6 2  Clarkia, 1D 2 0,4 3.3 30 
1 5 9 (3 Kananaskis, ALB 4 0.4 3 ,9  36 
1595 Kananaskl  s, & I L B  3 0 , s  4 , 6  42  
1 GOO S p o t t c d  Bear, blT 1 O e  6 5.1 47 

1046 Ruck !4"Tn, WA 1 1 , O  8,O 7 3  
9507 Libby, 3l'f 1 1 0 8,O 73 
1532 hleeker, CO 2 1 0,9 8,@ 7 3  
1611 P a l ~ g ~ i i t c h ,  817' 5 3 s  9 8,1 74 
1616 St, Regis, bfT 3 l o  0 8,3 76 
1645 F i s h  L a k e ,  \Va4 4 1 , O  8,8 8% 

1 6 4  7 Long Valley, AZ 12 1 ,3  11 ,6  106 
1610 .Jemez, %&I 28  1,s 12,9 118 
1545 Globe, AZ 4 1 . 4  12.9 118 
I594 Cloudcroft, Nbl 8 . f , S  13,O 119 

1602 Mayhill, NM 34 1 ,6  13,5 124 

1593 Mk, T,erxmon, i t2  2 3 1 , 8  15,8 145 



Survival  of cen t ra l  and southern Rocky ?lountnii:  o r i  g i ris tv%-;i:> *.?('; 

percent .  Arizona and New Hexj.co origins had t h e  b e s t  scixv i ip;i! . 

The excessive m o r t a l i t y  o f  coas t  and. nortliern Rocky b ! ~ u l l i b l r ~  iir i g i n i  
i n  t h e  f i r s t  2 yea r s  was probably because they  \$ere smai lerb t h a n  s tock  
normally planted i n  t h e  Plains region. Douglas-fir planting s t o i h  is 
usual ly  not t ransplanted  u n t i l  seedl ings  are  2 years  o l d .  ' i ' i ~ ~ ) ~  ;ire then  
grown another  2 yea r s  as transplants before  f i e i d  planting. !last 
experience i n  f i e l d  planting Colorado sources in t h e  P l a i n s  h a s  shown 
t h a t  much h i g h e r  su rv iva l s  can be obtained i f  s t o c k  i s  2 + 2 .  

Height and Growth Rates 

Heights and growth rates ( t a b l e  2 ,  figs, 2 and 3) were coz.re';.att:d 
with l a t i t u d e ;  t r e e s  from the southern origins grew f a s t e r  t1ia.n those 
from nor thern  o r i g i n s ,  Regression a n a l y s i s  u s ing  ind iv  iduaP t T e c s  as a 
bas i s  indica ted  t h a t  l a t i t u d e  accounted for 2 1  percent o f  the v a r i a t i o n  
i n  t r e e  he igh t s ,  Curse la t ion  of he igh t  and latitude u s i n g  origin nlcans 
was r = -0 ,8 l .  

Growth curves grouped by geographic  areas show that fox 5 to 4 years 
a f t e r  p l an t ing  t h e  c e n t r a l  and northern Rocky Mountain o r i g i i i s  ( t h e  
seven lowest curves on f i g ,  3) grew very slowly, but have since shown a 
gradual acce le ra t ion  i n  growth. T h i s  contras ts  w i th  t h e  performance of  
various pine provenance t e s t s  a t  t h e  Horning farm, which normally increase 
t h e i r  growth r a t e  i n  t h e  t h i r d  year .  A t  first t h e  Douglas- f i r  p l a n t i n g  
s i t e  was open and exposed, but  as redcedar  filler t r e e s  and adjacent  
spec ies  developed, t h e  p l a n t a t i o n  was p ro tec t ed  from wind du r ing  b o t h  
winter  and summer. 

A l l  New Mexico and Arizona o r i g i n s  have grown r a p i d l y  s ince  p lan t ing .  
Trees from Globe, Arizona, (#I5451 grew fas tes t  through 1969, but  s ince  
t h a t  t ime have su f fe red  winter  i n ju ry  and repea ted  l o s s  of  te rminals .  
M t .  Lemon, Arizona, (#I5931 t r e e s  surpassed t h e  Globe source and remained 
the  t a l l e s t  o r i g i n  t o  da te ,  averaging 15.8 f e e t .  

Fol iage C h a r a c t e r i s t i c s  and Form 

Needle lengths  va r i ed  among and wi th in  o r i g i n s ,  bu t  showed no 
c o r r e l a t i o n  with r a t e  of he igh t  growth o r  l a t i t u d e  ( t a b l e  3) .  Severa l  
New Mexico and Arizona t r e e s  had bluish-green f o l i a g e ,  b u t  none of 
these  o r i g i n s  was c o n s i s t e n t l y  blue-green, a s  r epor t ed  by o t h e r  i n v e s t i -  
ga tors .  Northern Rocky Mountain t r e e s  had green f o l i a g e .  Branch angles ,  
f o l i a g e  d e n s i t i e s ,  and compactness of crowns va r i ed  among t r e e s  w i t h i n  
t h e  same o r i g i n ,  making it impossible t o  recommend any p a r t i c u l a r  source 
f o r  i t s  inhe ren t ly  supe r io r  a e s t h e t i c  value.  
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Spring Growth F l u s h  

Bud t i n g  and subsequent shoot an3 need l e  development showed 
variation hy o r i g i n  011 May 9, 1974, and on May 1 2 ,  1975. New 

slioot ancl needle development were well advanced on most Arizona and 
New Mexico o r i g i n s ,  at t h e  same time many of the nor thern  o r i g i n s  were 
5 t - j  i l  dormant. or j u s t  beginning to f l u s h  ( t ab le  3 and fig. 4). Colorado 
o r i g i n s  tended to be intermediate. This was c o n s i s t e n t  f o r  t h e  2 y e a r s ,  
1974 and 1975, although different s p r i n g  temperature  p a t t e r n s  i n  1975 
resuited in a narrowing of the rating values compared t o  1974. 

S'iciiier- arid \ \ ' r i g h t  (1975) fourld t h i s  same r e l a t i o n  i n  a Kellogg, 
Pliciiigan, jjlantation at 12 years of age. Arizona, New Mexico, and 
Colorado o r i g i n s  leafed out ea r ly  and were h i g h l y  s u s c e p t i b l e  t o  l a t e  
sprimsg f sos t ,  whereas offigins from western Montana and no r the rn  Idaho 
l e a f e d  out a month later and were not s u s c e p t i b l e .  

Mungcr :?rid 5Ilorr-i s (1936) recorded t h e  same bud b u r s t i n g  a c t i v i t y  i n  
13 Coastal sources of Douglas-fir, west o f  t h e  Cascade Range and 
extending over only 3-1/2' latitude from nor the rn  Washington t o  c e n t r a l  
Oregon. hud bursting was earliest on the s o u t h e r l y  and low e l e v a t i o n  
sources, and l a t e s t  on those of nor the rn  Washington. 

Another point of i n t e r e s t  i s  t h e  apparent  s i m i l a r i t y  i n  phenology 
of the central Washington origins with those  f u r t h e r  sou th  i n  t h e  
central Rocky Mountains, rather than with o r i g i n s  much c l o s e r  i n  
northern Idaho and western Montana ( f i g ,  41, Frothingham's d i s t r i b u t i o n  
of s i l v i c a l  r e g i o ~ r s  shows the eastern side o f  t h e  Cascades through 
Washington i n  the same silvical r eg ion  as t h e  c e n t r a l  Rockies. 

These obsemations i nd iGa t e  that Douglas - f i r  phenology at t h i s  
Nebraska latitude (31°] as re la ted  t o  l a t i t u d e  of  o r i g i n ,  i s  t h e  
reverse of ponderosa pine, In a c e n t r a l  Nebraska nursery  experiment,  
t h e  n o r t h e r n  o r i g i n s  of ponderosa s e e d l i n g s  from c e n t r a l  and e a s t e r n  
Montana began s p r i n g  growth s e v e r a l  weeks b e f o r e  o r i g i n s  from New 
Mexico [Read 1975). Desp i t e  t h e  e a r l y  growth f l u s h  of sou thern  o r i g i n  
Douglas-fir i n  Nebraska, no damage from l a t e  s p r i n g  f r o s t  has  ye t  
occurred.  This i s  because t h e  r i d g e  t o p  p l a n t a t i o n  s i t e  i s  s u f f i c i e n t l y  
exposed t o  de lay  extremely e a r l y  bud bu r s t i ng  and t o  p revent  f r o s t  pocke ts .  

Terminal Dieback 

Differences i n  time a f  bud s e t  and c e s s a t i o n  of t e rmina l  growth were 
n o t  measured. However, a p o s s i b l e  r e s u l t  of d i f f e r e n c e s  i n  t ime of 
growth cessation, has been dieback o f  t he  t e rmina l s  on 44 t r e e s  (about 
40 percent )  o f  t h e  southern o r i g i n s .  Every Arizona and New Mexico 
o r i g i n  showed damage on some t r ees ,  ranging from 25 percen t  of #1625, 
Fredonia ,  Arizona,  t o  100 percent  of #I545 Globe, Arizona, ( t a b l e  3, 
f i g s .  3 and 4 ) .  



Trees of sou&he@n o r i g i n s  do n o t  ccilse g r i ? r s ~ h  ~ 3 : " l y  ~ > r l : i ! l ~ : ? r  

avoid f r o s t  damage i n  late f a l l .  This agrees with i$ r ig!~?  m-w ct -" - ; i i .  
(1971) who found t h a t  among interior o r i g i n s  growing i n  3% ic i L i gm c t ~ ~ c l  
Pennsylvania,  southern origins se t  buds i a t c s t ,  and  ti~tb:cforc iicre 
w in t e r  damaged, w h i l e  northern origins set  bud^ C L L ~ ~ ~ P S ~  L L ~ I ~  biiyp 

i n j u r e d ,  

Campbell and Sorensen (19731 f o m d  this same relat2.011 ; ~ ~ n ~ m g  h'i'?;! 
Coast o r i g i n s  of Doug la s - f i q  cover ing  orrly 5 degrees spreznd i.11 l a i . t i l i i ~  
from southern Oregon t o  northern Washingtoil, 

I t  i s  i n t e r e s t i n g  that t e rmina l  dieback d i d  not occur u n t i l  t hcsc  
t r e e s  were 5 t o  6 years  o l d  and averaged around 7 fee: i n  h e i g h t .  
Increased exposure of t o p s  t o  winter winds  may increase s u s c e p t i b i l i t y ,  
a s  it was noted t h a t  dieback increased s i g n i f i c a n t l y  d u r i n g  thc i j r s t  
w in t e r  a f t e r  removal of t h e  filler t rees .  Winter dieback has  n o t  y c t  
caused m o r t a l i t y  d e s p i t e  i t s  r ecu r r ence  on t h e  same t r e e s  irl si;ccessi?ie 
w in t e r s .  Strong l a t e r a l  branches grow i n t o  dominant te rminals  t h e  
fol lowing growing seasons ( f i g .  5 ) .  

Cone Produc t ion  

F i r s t  cones were observed i n  August 1975, a f t e r  II years in t h e  
f i e l d .  No measure o f  seed  product ion and v i a b i l i t y  is y e t  available. 

S i x  of  13  t r e e s  of  t h e  M t .  Lemon, Arizona,  source had cones r a n g i n g  
from 2 t o  75 p e r  t r e e ,  w i th  a median of 7 t o  8 cones.  Two of 28 trees 
of  t h e  Jemez, New Mexico, source  had 3 t o  5 cones, and one of 4 rrees 
of  t h e  Fish Lake, Washington, source  had 13 cones. Initial cone pro- 
duct ion  was s t r o n g l y  r e l a t e d  t o  t h e  t a l l e s t  and largest crown trees in 
t h e  p l a n t a t i o n .  

CONCLUSIONS AND ECOMENDATHONS 

This  provenance t e s t  i n d i c a t e s  t h a t  wi th in  t h e  i n t e r i o r  {Rocky 
d 

Mountain) Douglas - f i r  v a r .  g lauca ,  there a r e  large v a r i a t i o n s  i n  
s u r v i v a l ,  growth, and s u s c e p t i b i l i t y  t o  co ld ,  which a r e  strongly 
c o r r e l a t e d  wi th  l a t i t u d e  o f  o r i g i n .  P a c i f i c  Coast o r i g i n s  v a r .  
menz ie s i i ,  cannot su rv ive  Nebraska w in t e r s .  Northern Rocky Mountain 
o r i g i n s  have low s u r v i v a l  r a t e s  and grow slowly. Therefore ,  northern 
Rockies and P a c i f i c  Coast o r i g i n s  of  Douglas - f i r  a r e  d e f i n i t e l y  n o t  
recommended f o r  p l a n t i n g  i n  Nebraska. Southern Rocky Mountain o r i g i n s  
s u r v i v e  wel l  and grow ve ry  f a s t ,  bu t  i n d i v i d u a l  t r e e s  s u f f e r  some co ld  
i n j u r y .  Cen t r a l  Rocky Mountain o r i g i n s  have average s u r v i v a l  and growth, 
y e t  a r e  no t  a f f ec t ed  by c o l d  temperatures .  





Douglas-f ir can grown w i t h  g r e a t e s t  suzcc.; 5 i i l  e;i%7: .*:"I \i;~!jr-,liiL a ,  

although w i t h  i r r i g a t i o n  it probably can be grown f i i r t i i e r -  we',! 1 1 :  t!;= 

S t a t e .  Planting s tock  f o r  maximum survival s h o u i j  ! ~ n v c  at 1 ~ : i i t  3 ;o 
1 2  inches t o p  height and a f i b r o u s  root sjrstein o f  s i m i  l;ir .; I rc : -tiie\,t. 

w i l l  normally be 2+1 o r  2+2 age c lass  from t h e  best i i i i r s~ r ' i c i .  \ ~ O I ~ T I ~ P ~  

p o t t e d  s tock may be sa t i s fac to ry .  

Major uses of this species in central Great Flairis arc k v ~  o ~ ~ ~ ; ~ ~ ~ i c ~ r ~ t ; i . l  
p l an t ing5  and f o r  Christmas trees. Therefore t i ~ e  slower g rc? l i l I ng ,  !xi: 
win te r  hardy c e n t r a l  Rocky bl.lountaxn o r i g i n s  may prove most :y~i i i - t .5sful  i n  
t h e  long run. The Durango, Colorado ,  o r i g i n  :1;25, w h i c h  has above 
average s u r v i v a l ,  medium growth, and no winter damage, i b  \$"el l aJap tc3  
f o r  landscape p l a n t i n g s ,  Christmas trees, greenbelts, arid ro: i~i i i t ie  parks. 
Cen t r a l  Rocky Mountain o r i g i n s  are no",ecornei~cled for wiiic?il-:r.c;i hs 
because f a s t e r  growing s p e c i e s  of  p ine  and j u n i p e r  which g i v c  p'i~ts:.::~ i o n  
i n  fewer yea r s ,  a r e  avai lable  f o r  t h i s  purpose, 

Because of t e m i n a l  dieback,  t h e  f a s t e r  growing Arizona arid New ?"!cxi.cca 
o r i g i n s  of  Douglas - f i r  a r e  t h e  on ly  ones recornended for Christmas t r e e s ,  
These s h o r t  r o t a t i o n  t r e e  crops should  be a sa fe  investment, because the 
win te r  k i l l i n g  o f  t e rmina l s  i n  t h e  Horning p l a n t a t i o n  d i d  not occur  i r n t i l  
t r e e s  exceeded merchantable Christmas t r e e  height. In planting t i w s c  
southern  o r i g i n s ,  i t  i s  e s s e n t i a l  t o  select p l a n t a t i o n  s i t e s  to avoid 
f r o s t  pockets  where sp r ing  f r o s t  damage cou ld  occur, and wind swept arcas 
where te rmina l  dieback could  be ser ious .  The 1 9 . k  Lemon, A r i z m a ,  sou rce  
#I593 i s  recommended f o r  Christmas t ree  growers i n  eas te rn  Nebraska. 
These t r e e s  averaged 6.5 f e e t  i n  h e i g h t  a f t e r  only  5 ycars  i n  t h e  t e s t  
p l a n t a t i o n .  Use of  t h i s  f a s t  growing o r i g i n  will give  Christmas t r e e  
growers a more r a p i d  r e t u r n  on investment  than s lower growing trees. 
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PROVENhUCE AYD FAMI EY VAW TATJ ON 
IN BALSA11 FIR  FROM MICHIGAN AND WTSCGNSlh 

1 /' 
D. T. Lester, R. M. J e f f e r s ,  and J. H. i6r ight--"  

ABSTRACT. --Variation in h e i g h t ,  b ranch ing ,  and i - " i ~ s X i ~ ~ z g  was 
measured f o r  wind-pol l ina ted  families from s i x  provenances  a t  age 

11 i n  from one t o  fou r  plantations. Seed co l l ec ted  at oric l o c a t i o n  
i n  t h e  Lower Peninsula o f  Michigan produced trees t h a t  were LO 
percen t  t a l l e r ,  had 40 pe rcen t  more l a t e r a l  branches i n  r h e  top 
whorl,  and had a f l u s h i n g  score 25 percent later than auerage. 
Var i a t i on  among f a m i l i e s  w i th in  provenances was between 30 and 

40 percen t  o f  r e s p e c t i v e  provenance means, Both provenance arid 
fami ly  e f f e c t s  were s i g n i f i c a n t ,  bu t  provenance e f f ec t s  vere 
gene ra l l y  much l a r g e r .  Provenance selection clearly m u i d  b e  
worthwhile i n  t h e  Lake States. 

Balsam f i r  (Abies balsarnea L.), a species w i d e l y  distributed In N o r t h  
America and a  major component of  the borea l  forest, has received little 
a t t e n t i o n  from t r e e  breeders  and g e n e t i c i s t s .  Al though commonly har-  
ves ted  f o r  pulpwood, balsam f i r  i s  r a r e l y  p l an t ed  except f o r  o r n m e n t a l  
uses. P r i n c i p a l  i n t e r e s t ,  from a g e n e t i c  point of view, has been ir 
t h e  taxonomic s t a t u s  of t h e  s p e c i e s  and t h e  morpholog ica l ly  s im i l a r  
F ra se r  fir (A. f r a s e r i  (Pursh) Po i r . )  and subalpine f i r  (A. l a s ioca rya  - 
( ~ o o k )  ~ u t t  -3- (Boivin 1959, Zavarin  and Snajberk 1972). 

To determine p a t t e r n s  of geographic  v a r i a t i o n ,  seeds were coi!t.ctcd 
i n  1960 by R. G .  Hitt of t h e  Un ive r s i t y  of  Wisconsin. Initial sampling 
was i n  Michigan and Wisconsin as a p a r t  o f  a r eg iona l  p r o j e c t  on geo -  
g raphic  v a r i a t i o n  i n  many f o r e s t  t r e e  species.  The study was expanded 
i n  1962 t o  i nc lude  sampling of t h e  s p e c i e s  range. 

The r e s u l t s  r e p o r t e d  he re  r e p r e s e n t  e a r l y  performance of  p rcvenanies  
f o r  which seed was maintained separately by maternal parent. These 
r e s u l t s  a r e  in tended  t o  supplement t h e  p i c t u r e  of geographic  v a r i a t i o n  
being developed from measurements on provenance p l a n t i n g s  from range-  
wide sampling. 

1/ The au tho r s  a r e ,  r e s p e c t i v e l y ,  Assoc. Pro f .  o f  Foresr. Genetics, 
~ e p t T  of  Fo re s t ry ,  Un ive r s i t y  of Wisconsin, Madison, i$ isconsin;  P l a n t  
G e n e t i c i s t ,  USDA F o r e s t  Service,  I n s t i t u t e  of Forest Genetics, ~hinelander, 
Wisconsin; and Prof .  of F o r e s t r y ,  Dept. of  Fo re s t ry ,  Michigan State 
Unive r s i t y ,  Eas t  Lansing, Michigan. Funds f o r  this research  were pro-  
vided i n  p a r t  by each employing i n s t i t u t i o n ,  and i n  p a r t  by t h e  U.S. 
Dept. of Agr i cu l t u r e  through r e g i o n a l  p r o j e c t  NC-99  "Improvement o f  
Fores t  Trees  Through S e l e c t i o n  and Breeding." 



Six balsam fir stands i n  Michigan and Wisconsin were sampled ( f i g .  
At each l o c . a t i o n ,  cones were co l l ec ted  fron! 10 trees l o c a t e d  at least 
100 feet apart. Seeds from each t r e e  were s t o r e d  s e p a r a t e l y  at 20C 
u n t i l  sowing in 1963. Seed l i ngs  were grown f o r  3 yea r s  a t  t h e  Trou t  
Lake State Forest  Nursery i n  n o r t h - c e n t r a l  Wisconsin, then d i s t r i b u t e d  
t o  cooperators who e s t a b l i s h e d  fou r  p l a n t a t i o n s  (A, B j  C, and D)  ( f i g .  
Plantations A and B t rees  were f i e l d  planted as 3-2 s t ock  i n  1969 and 
plantation C and D trees were field p l a n t e d  as 3-3 s tock  in 1970. 
Plantations A and D are in areas averaging 150 o r  more f r o s t - t r e e  days; 
p l a r l t a t ions  B and C average less than 120 f r o s t - f r e e  days ( f i g .  1). 
S o i l s  a t  a l l  loca t ions  a r e  loams and each p l a n t a t i o n  i s  on an upland si 



A c a l l  fo r  d a t a  was i s sued  to coopera tors  in " . i r tLl  1 K , I : Y :  

comprehensive data were s tandard ized  and ana!yrcJ for* t i \  i ; + > I I : L ~ ; , < ~ + ~ > ,  < )  

r e s u l t s ,  

Only a few fami l ies  are represented  i n  a! l pi : in ta t l i l ; i i  i ~ c c , i ~ i c  

numbers of seedl ings in severa l  fmi lies were small. i b ~ c ~  \ y : ~ : : ,  o f  
variance were based on randomized complete l i lo i i ,  designs i is i r ig  ,!,it,i iln iy  
from fami l ies  and rzumbers of blocks that wcre cqanily relpri"s~:.i"Lcii 1 
l eas t - s ign i f i can t -d i f f e rence  was ca lcu  i a t e d  f o l  lo$$ i ng  hit  i icr* ii:l(i iiur:c:rrr 
(1969). Components o f  variance were calculated u s i n g  a r ; i~!~ivr ; r  nijiiei. 

RESULTS A.4,ru"D DTSGIJSSIOK 

Means f o r  t o t a l  height. show the  superiori.i.y o f  F3roverrnr~ct. '0 and 
the  i n f e r i o r i t y  of Provenance 66 (table 1). The a r r a y  o f  heights f o r  
t h i s  provenance sample from t h e  Lake States i s  similar to t h c  array 
from range-wide sampling except t h a t  some Quebec provenances had grea te r  
vigor and some Saskatchewan provenances had l e s s .  

Tab1 

£3, C, and D; l a t e r a l  branch number a t  B and C; f l t ~ s h i n g  --- s c o r e  
a t  C and D; and l a t e r a l  bud n u m b e r s  C) 

- .  - -- 

Feet  - Xumb c r 

Least S i g n i f i c a n t  Dif ference  
- 0 5  0.2 0 .4  

1/ Scores range from 1 for l e a s t  shoot  growth i n i t i a t i o n  t o  4 
f o r  most shoot growth i n i t i a t i o n .  

The number of l a t e r a l  branches i n  t h e  t o p  whorl was chosen 3 5  a 
var i ab le  t r a i t  of some i n t e r e s t  t o  Christmas tree growers. Although 
shearing can inc rease  t h e  dens i ty  of  crowns w i th  few l a t e r a l  b r anches ,  
t h r e e  o r  l e s s  l a t e r a l s  probably would reduce t h e  q u a l i t y  of  most Christmas 
t r e e s .  The range o f  v a r i a t i o n  again was s i m i l a r  t o  r e s u l t s  from range- 
wide s t u d i e s  and Provenance 70 was t h e  b e s t .  



The  number of l a t e ra l  buds i n  t h e  top  whorl also was v a r i a b l e .  The 
average number of lateral buds i s  n o t  d i r e c t l y  comparable wi th  average 
number of  lateral branches because two p l a n t a t i o n s  a re  represented  i n  
the former array and one i n  the  latter. In  p l a n t a t i o n  C, where both 
b ranches  and buds were counted, an average of 0 .4  bud pe r  t r e e  f a i l e d  
t o  develop i n  1974, 

Flushing scores f o r  provenances showed a range o f  v a r i a t i o n  s i m i l a r  
t o  t h a t  found for o t h e r  t r a i t s .  Ranking of provenance means was con- 
sistent i n  bo th  p l a n t a t i o n s  as well as i n  range-wide provenance d a t a  
from nursery (Les ter  1970) ar.d f i e l d  p l an t ings .  Flushing i n  Provenance 
70 has been observed t o  be up t o  10 days l a t e r  than  i n  most o t h e r  
provenances and f r o s t  damage has been r a re .  Conversely, Provenance 66 
has been h e a v i l y  frost-damaged i n  s eve ra l  years ,  presumably as t h e  
result of  e a r l y  f l u sh ing .  I n  nor theas tern  Wisconsin, a de l ay  i n  f l u s h i n g  
from May 5 t o  May 20 would reduce t h e  p r o b a b i l i t y  o f  exposure t o  f r e e z i n g  
temperatures by a f a c t o r  o f  fou r ,  

When t h e  four t r a i t s  a r e  viewed i n  aggregate,  t he  provenances 
separate c o n s i s t e n t l y  i n t o  three groups. Provenance 70 i s  t h e  most 
v igorous ,  forms t h e  most l a t e r a l  branches, and f l u s h e s  l a t e s t .  Pro- 
venance 66 i s  t h e  converse of 70 and t h e  o the r  f o u r  provenances a r e  
in t e rmed ia t e  t o  var ious  degrees.  These r e s u l t s  r a i s e  t h e  ques t ion  
whether d i f f e r e n c e s  i n  he igh t  and branching a r e  a consequence of 
i n h e r e n t l y  d i f f e r e n t  v igor  o r  of t h e  r e l a t i o n  o f  e a r l y  sp r ing  f r o s t  
damage t o  v a r i a t i o n  i n  time of f lushing .  A l l  p l a n t a t i o n s  were damaged 
by f r o s t  i n  1 o r  more years .  Although j o i n t  e f f e c t s  o f  v a r i a t i o n  i n  
v i g o r  and i n  f r o s t  damage cannot be separa ted  i n  these  s t u d i e s ,  p a t t e r n s  
of  shoot  growth i l l u s t r a t e d  by pe r iod ic  measurements i n  t h e  nursery  
(Lester 1970) i n d i c a t e  t h a t  both inherent  v igor  and phenology of bud 
development are important i n  d-etermining t o t a l  he igh t .  

The e f f e c t  of  unseasonably low temperature on d i f f e r e n t  s t ages  of  
bud development needs f u r t h e r  s tudy.  Tf?e l o s s  o f  p o t e n t i a l  branches 
occurs  a t  va r ious  s tages  from before exposure of new leaves t o  i n t e r -  
mediate phases o f  branch elongat ion,  Loss dur ing  e a r l y  s t a g e s  of 
braxlch e lo? lge ion  seems t o  be  a d i r e c t  response of succulent  t i s s u e s  
t o  f r e e z i n g  and ye t  v i s i b l e  damage a f t e r  f r o s t  o f t e n  occurs  only on 
some o f  t h e  shao t s  t h a t  have elongated t o  t h e  point  of exposing m o s t  
of  t h e i r  needles ,  

Among f a m i l i e s  within provenances, t h e  range of v a r i a t i o n  f o r  each 
t r a i t  was between 30 and 40 percent  o f  t he  provenance mean. Famil ies  
from Provenance 68 were t h e  most v a r i a b l e  f o r  he igh t  (55 p e r c e n t ) ,  number 
of buds (47 p e r c e n t ) ,  and f lu sh ing  score  (54 pe rcen t ) .  Famil ies  from 

Provenance 70 were l e a s t  v a r i a b l e  f o r  he ight  (21 percent)  bu t  h ighly  
v a r i a b l e  f o r  f l u s h i n g  sco re  (45 pe rcen t ) .  



Both provenance and family e f f e c t s  were alinost  aiw;iys i : ; ,h i \  

s i g n i f i c a n t  ( table  2 ) .  Interactions were gericral ly ncgl i g - i h i  il , 1 1 1 ~ i  

were relegated t o  t h e  e r r o r  terr;i, 

Table 2.--Summary of analyses o f  var iance  for height, n:uni?cl+ o f  

Source of  
v a r i a t i o n  

Plantation X P l a n t a t  ~ c j ~ - i  t i  -. --"--- --- " -"-ws<-w - 
: N u m b e r o f  I : h ~ ~ n . i i > ~ a b  of  
: branches : Heigh t  : br31':cIles 

* C " $ * - I C I I ~ , " - - " - " - ~  

:clef. :  F 1evel:d.f.: F level:d.f.:i:xvel:lr.t.: P i c v e l  

Blocks 8 
Provenances 2 
Fmil iesfpsovenance 9 
Error  87 

Plantation C 
Nramber o f  Nimbe~ o f  F i u s i _ ~ i n ~ g  - 

Height branches buds score  
d , f ,  : F l e v e l  F level  9.: l e v e r  

v F level. 

Blocks 9 **  
Provenances 5 **  
Families/provenance 30 **  
Error  3115 

P lan ta t ion  D 

Blocks 2 
Provenances 5 ** 
FamiPies/provenance 30 * 
Error  68 

1/ Means d i f f e r  a t  a p r o b a b i l i t y  o f  99 percent (**I o r  95 percent (*I - 

Components of  var iance  ( t a b l e  3) show t h a t  v a r i a t i o n  a t t r i b u t a b l e  to 
provenances was t h r e e  t o  four  times g r e a t e r  than t h a t  a t t r i b u t a b l e  to 
f ami l i e s  wi th in  provenance. Provenance s e l e c t i o n  i s  thus  t h e  indicated 
f i r s t  s t e p  f o r  improving balsam f i r  i n  t h e  Lake States .  



Height  Lateral Branches 

So-urce of :Significance:Variance : :Significance:Variance 
var i a t  f 0x1 :d,f. : level :component:$. f, : level : component 

-*---~----- 

I / 2/ s/ -- - 
Locat ions 2 *si: 2 7- 1 -k -k 2 5  

Provenances 5 **  20 5 **  23 

i/ Location effects may he confounded with effects attributable to 
s t 0 6  age at time of planting due to different years of planting. 

2/ Means d i f f e r  at a probability of 99 percent (**) or 95 percent (*) . - 

3/  Percentage of total variance, - 
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EASTERN WHITE PINE SEED SOURCE VARJnTION 
IN THG XORTHEASTERU UNITED STATES : 16- YEAR KI:SI:I rs 

Maurice E .  Demeritt, Jr. , and Harry C. Ke-ct lewooii 1 

ABSTRACT. --Twelve eastern white pine (Pinus s t ~ o t ! i i ~  1.. ) ----_ 
provenance plantations i n  t h e  northeastern Uni ted  S ta tes  uexe 
measured f o r  16-year height and diameter .  Differences ir: he ig i l t  
between northern and southern sources have diminished since t h e  
10-year measurements. In general, the 16-year diameter measure- 
ments fo l low the same t rends  as do the 16-year-heigiit  rneasiirements. 
Recommendations f o r  s e l e c t i o n  and movement o f  s e e d  from one rc:gion 
to another are discussed. 

In  1955 t h e  USDA Forest Service began a range-wide seed-source s t u d y  
of eastern white p ine  (Pinus -- s t robus  L.) to f i n d  t h e  geographic v a r i a t i o n  
in selected t r a i t s  and to make recommendations f o r  the movement n f  seed 
over the speciesq range. Sixteen-year results t o r  t o t a l  height and d i a -  
meter measurements of 29 seed sources in 12 field pjantings at 10 l o c a t i o n s  
i n  t h e  nor theas tern  United States  are repor ted  here*  

RETWODS AND UTERIALS 

Cones from 10 t r ee s  chosen a t  random in good stands of n a t u r a l  o r i g i n  
were collected. Cones, seeds, and resulting seedlings were  k t  separate 
by parent  t r e e  wi th in  source through t h e  nursery phase of the s t u d y  i n  the  
Northeast. Seedlings within sources were bulked when lifted from t h e  
nursery beds and then were randomly selected for field p l o t s .  The l o c a t i o n  
of f i e l d  planting5 and seed-source o r i g i n s  are listed in t ab les  1 and 2 .  
A l l  seed sources were n o t  represented i n  every f i e l d  p l a n t i n g .  

P lanta t ions  7 through 11 were es tabl i shed i n  1959 wi th  2-0 s e e d l i n g s  
grown i n  t h e  Maryland S ta te  Forest Nursery. Plantations 1 t h ~ o u q h  4 were 
e s t a b l i s h e d  i n  1960 w i t h  3-0 seedlings grown in t h e  Kcw Je r sey  and h ' w  
York S t a t e  Forest Nurseries. A de ta i l ed  d e s c r i p t i o n  of  plantation sites, 
site prepa ra t ion ,  and care has been prev ious ly  reported (Garrett -- et al. 19731. 
- - -  -- - 

1 Respectively, Research P l a n t  Genet ic is t  and Forestry Technician,  
USDA Forest  Service,  Northeastern Forest  Experiment S t a t i o n ,  Fores t ry  
Sciences Laboratory, Durham, New Hampshire 03824 



7'ahl.e 1. - - , loca t ion  and design -- - 
e 

: F i e l d  : 
P l a n t a t i o n  Nos and loca t ion  : design : Lat i tude  : Longitude : Elevat ion  
P P  * 

( f e e t )  

Orsno,  ME IHI 44'53'N 68Q39'W 
Alf red ,  ME 1 1 ,  I 43°328N 70040fW 
Essex Junct ion ,  VT PII 44028'N 7 3 Q 0 9 f ~  
Paul Smiths, NU I 44"26?N 74°130W 
Warren, PA 1 41°50'N 79015'W 
S t a n d i n g  Stone,  PA 4 1 1  40°37!N 78O55'W 
Kennett Square, PA I J9052'N 7 5 ° 4 1 P ~  
Savage River  S t a t e  

Forest ,  MD PI1 39040fN 79Q15'W 
Horseshoe Run, WV 1 3901BTN 7g035'W 
R i s o n ,  MD 11 38530fN 7702OVW 

P l a n t a t i o n s  7 through 11 were e s t ab l i shed  i n  1959 wi th  2-0 s eed l ings  
grown i n  t h e  Maryland S t a t e  Forest  Nursery. P l an ta t ions  1 through 6 were 
established i n  1960 with 3-0 seed l ings  grown i n  t h e  New J e r s e y  and New 
York S t a t e  Fores t  Nurseries .  A d e t a i l e d  desc r ip t ion  of p l a n t a t i o n  s i t e s ,  
site prepa ra t ion ,  and c a r e  has been previously repor ted  (Gar re t t  -- e t  a1. 
1973) 0 

Three field designs,  a l l  randomized complete blocks,  a r e  represented .  

Design I.--One t r e e  from each seed source randomly loca ted  i n  each 
of  24 blocks a t  a spacing of 10 by 10 f e e t .  

Design HI.--Two-tree-row p l o t s  from each seed source randomly loca ted  
i n  each of 24 blocks. Seed-source t r e e s  were p lanted  a t  a spacing o f  7 
f e e t  i n  rows and 14 f e e t  between seed-source rows. Addit ional  commercial 
s eed l ings  were planted between seed-source rows t o  ob ta in  a spacing o f  7 
by 7 f e e t .  

Design 111.--Four-tree-row p l o t s  from each seed source randomly 
locat- each of 12 blocks.  Seed-source t r e e s  were p l an ted  a t  a spacing 
of  7 f e e t  i n  rows and 14 f e e t  between seed-source rows. Addit ional  
commercial s eed l ings  were p lanted  between seed-source rows t o  ob ta in  a 
spacing of 7 by 7 f e e t .  

The a d d i t i o n a l  (nonstudy) t r e e s  were removed from a l l  p l a n t a t i o n s  
1 t o  3 years  before  16-year measurements. 



Table  2 , - -  Seed- source l oc at ions - for white p iE--~a.2~w5!i~~~j52-c;22~x 

Seedlo t  No, and l o c a t i o n  : Latitude : t o n g i t ~ i d c  : 
p-pP--"".. ----- - 

Union County, GA 34046'N 
Transy lvan ia  County, NG 35314'N 
Greene County, TN 3600O'S 
G a r r e t t  County, MD 39039 ?1*b' 
Greenbr ie r  County, IW 38000 ' 5  
Monroe County, PA 4 1005 \N 
Monroe County, PA 41°05'X 
C l e a r f i e l d  County, PA JlQOO !N 
C l e a r f i e l d  County, PA 152QOi3'N 
U l s t e r  County, NY 41~45 'N 
U l s t e r  County, MY 4Io45 f.N 
Frankl in  County, NY 44025 'Fi 
Worcester County, MA 42030' N 
Penobscot County, ME 44Q51 ' Y  
Allamakee County, f A  4.3'15'~ 
Ashland County, OH 40045 I Y  
Fores t  County, WP 45°30'S 
Cass County, MX 4'703OtX 
Lunenburg County, Nova S c o t i a  4 4 O 2 5 9  
Sunbury County, New Brunswick 46000fN 
Quebec County, Quebec 47030'2% 
Pont iac  County, Quebec 47°30'N 
Norfolk County, On ta r io  42°4.07K 
Algoma D i s t r i c t ,  On ta r io  46°301N 
C a r r o l l  County, NW 43O45 7~ 

Lake County, MN 48°00'N 
Houghton County, MI 47QS)QtN 
Pulask i  County, VA 37000fN 
Sauk County, WI 43*30TN 

8 $"03 ? at. 
$2038 ' W  

82"48' ii 
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T o t a l  he igh t  and d iameter  were measured on each seed-source tree 
a f t e r  t h e  1972 growing season  (16 y e a r s  from seed) ,  except f o r  t h e  three 
p l a n t a t i o n s  a t  A l f r ed ,  Maine. The A l f r e d  plantations were measured after 
the  1973 growing season  (17 yea r s  o l d ) ,  and t h e  d a t a  were corrected t o  1972. 

Analyses o f  v a r i a n c e  f o r  d iameter  and t o t a l  h e i g h t ,  u s i n g  plot means, 
were c a l c u l a t e d  f o r  each p l a n t a t i o n  us ing  a least-squares and maxi mum- 
l i k e l i h o o d  general-purpose program. The program p a r t i t i o n e d  the total 
sum of squares  i n t o  sum of  squares  f o r  b locks ,  s eed  sources,  and r e s i d u a l  
(Block x Seed Source I n t e r a c t i o n  p l u s  E r r o r ) .  



At each plantation every seed-source mean f o r  he ight  and diameter  
was divided by the p l a n t a t i o n  mean and then mul t ip l i ed  by 100. With t h i s  
statistic we were able to evaluate  seed sources across  all p l a n t a t i o n s  
( t ab l e s  3 and 4). I t  must be noted,  however, t h a t  i nc reas ing  he igh t  and 
diameter create a  scale e f f e c t  s o  equal r e l a t i v e  d i f f e r e n c e s  do not  imply 
equal actual d i f f e rences ,  

RESULTS AND DISCUSSION 

Seed-source d i f f e rences  were s i g n i f i c a n t  a t  t h e  l -pe rcen t  p r o b a b i l i t y  
level  f o r  total height  and diameter a t  16 yea r s  from seed a t  a l l  1 2  f i e l d  
p l a n t a t i o n s .  This v a r i a b i l i t y  i n  growth t r a i t s  among seed sources i n d i c a t e s  
that particular seed sources can be se l ec t ed  f o r  use i n  c e r t a i n  geographic 
a-reas, 

Blocks were s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  l -percent  p r o b a b i l i t y  
eve1 except i n  p l a n t a t i o n s  9 and 10. The use  of randomized complete block 
esign was e f f i c i e n t  a t  l oca t ions  where blocks were s i g n i f i c a n t l y  d i f f e r e n t  

because i t  removed s i t e  v a r i a t i o n  from seed-source v a r i a t i o n ,  which gave 
us better information on the performance of t h e  seed sources  a t  t hose  
locations, 

Height Growth 

The r e l a t i v e  d i f f e rences  i n  he ight  growth between nor the rn  and 
southern  sources  of e a s t e r n  white p ine  have diminished s i n c e  t h e  10-year 
measurements were made, although a c t u a l  d i f f e rences  have increased  i n  a l l  
p l a n t a t i o n s  ( t a b l e  3, G a r r e t t  -- e t  a l .  1973). A t  10  years  of  age, southern  
sources  were c l e a r l y  supe r io r .  This  same t r e n d  has been observed i n  t h e  
Cen t ra l  S t a t e s  i n  measurements a t  10 and 15 yea r s ,  a l though t h e  magnitude 
o f  t h e  r e l a t i v e  d i f f e r e n c e s  i s  g r e a t e r  i n  t h e  Cent ra l  S t a t e s  (Funk -- e t  a l .  
1975). 

In the s tudy  repor ted  here ,  t h e  d i f f e rences  between southern and 
nor the rn  sources  were no g r e a t e r  i n  southern p l a n t a t i o n s  wi th  no o r  
l i t t l e  weevil ing (p l an ta t ions  8 through 11) than  they were i n  n o r t h e r l y  
p l a n t a t i o n s  with previous ly  good growth but  heavy weevil ing ( p l a n t a t i o n s  
6 and 7 ) .  Therefore,  t h e  decrease i n  s u p e r i o r i t y  o f  southern sources  
i n  t h e  Northeast  compared t o  t h e  Cent ra l  S t a t e s  does not seem t o  be t h e  
r e s u l t  o f  t h e  white p ine  weevil (Pissodes s t r o b i  Peck.) a t t a c k i n g  and 
k i l l i n g  l e a d e r s  of southern source t r e e s .  

Nor is  t h e  d e c r e a s e d s u p e r i o r i t y o f  southern  sources caused by 
growing-space l i m i t a t i o n s .  The southern-source t r e e s  d i d  not  grow any 
t a l l e r  i n  Design I p l a n t a t i o n s  a t  a  10 by 10 f o o t  spacing than they d i d  
i n  Design 11 and 111 p l a n t a t i o n s  a t  a  7 by 7 foo t  spacing before  th inn ing .  
I t  may b e  t h a t  southern-source t r e e s  i n  t h e  Northeast  a r e  good e a r l y  
growers, but  l o s e  t h e i r  s u p e r i o r i t y  with time. I f  t h i s  is  t h e  case ,  
i t  w i l l  be  d i f f i c u l t  t o  eva lua te  seed  sources i n  provenance t e s t s  a t  an 
e a r l y  age. 
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Tn genera l ,  seedl ings  of sou thern  sources  (Georgia,  North C a r o l i n a ,  
and 'renncssee) grew as w e l l  as o r  b e t t e r  than t hose  from most n o r t h e r l y  
sources i n  p l a n t a t i o n s  as f a r  n o r t h  as c e n t r a l  Pennsylvania .  G a r r e t t  e t  
al , (1973) fouiid this same t r end  for 10-year-height  measurements. ~ a s G  
*-- -- 
height growth has a l s o  been r e p o r t e d  f o r  t r e e s  from sou the rn  Appalachian 
sources i n  the Cen t r a l  S t a t e s  (Funk 1971, Lee 1974,  Funk et al. 1975). --- P 

Siuder and Dorman (1971) found t h a t  sou thern-source  t r e e s  grew b e t t e r  i n  
North C a r o l i n a ,  Georgia, and V i r g i n i a  than  d i d  those  from more n o r t h e r l y  
sources a t  10 years of  age.  Southern Appalachian sources  were no t a l l e r  
than s l - j g h t l y  more nor ther3y  sou rce s ,  bu t  were t a l l e r  t h a n  f a r  n o r t h e r n  
sources at 7 yea r s  of age when grown i n  r i n t a r i o  (Fowler and tieimburger 
1969), Thor (1935) found i n  a number of  t e s t s  i n  Tennessee wi th  a 
d i f f e r e n t  c o l l e c t i o n  of  seed sou rce s  t h a t  l o c a l  and s o u t h e r l y  sou rce s  
g r e w  b e t t e r  t han  more n o r t h e r l y  sources  from V i r g i n i a ,  West Virginia, and 
Pennsylva-axia. 

Sources 6 and 9 from Pennsylvania ,  11 from New Uork ,  13 from 
Massachusettr;, and 24  from Ontar io  grew we11 i n  a l l  plara$atloras, even 
when they were moved some d i s t a n c e  sou th  from t h e i r  o r i g i n ,  G a r r e t t  e t  
ale (19731 found t h i s  same t r e n d  f o r  t h e s e  f i v e  sources  f o r  1 0 - y e a r - h z g h t  - 
measurements, 

Kesporises varied.  between sources  from t h e  saT:ie county  w i t h i n  a S t a t e .  
Sources  6 and 9 from Pennsylvania  grew better at ~ ~ ~ ~ " I ; l o ~ a t i o n s  t h a n  sources  
4 and 8 from t h e  same c o u n t i e s ,  Also,  source 11 f-:o:r! Xcw York grew b e t t e r  
a t  311 l o c a t i o n s  than  sou rce  l 0  from t h e  same c o c ~ t ; ~ ,  T h i s  i n d i c a t e s  t h a t  
o n l y  proven sou rce s  from a geographic  reg ion  sho;.!l i j e  s e l e c t e d  and c o l l e c t e d .  

The C e n t r a l  S t a t e s  p l a n t a t i o n s  do no t  have as many of t h e  sou rce s  a s  
t h e  Nor theas t  p l a n t a t i o n s ,  t hus  i t  i s  d i f f i c u l t  t o  make good comparisons 
between r eg ions .  Some good sources  from t h e  Northeast d i d  we l l  i n  Lower 
Michigan a t  age 15 (Lee 1974) and i n  t h e  C e n t r a l  States (Funk 1971, F u ~ k  
e t  a l .  1975). Fowler and Heimburger (1969) recommend sou rce s  from t h e  -- 
Pennsylvania  a r e a  f o r  p l a n t i n g  i n  On ta r io ,  based on 7-year-height  d a t a .  

Diameter Growth 

A t  16 y e a r s  of age t h e  range o f  d i f f e r e n c e s  i n  seed-source d i ame te r s  
i s  equal  t o  o r  g r e a t e r  t han  t h e  r ange  of  d i f f e r e n c e s  i n  h e i g h t  a t  each  
p l a n t a t i o n ,  excep t  t h e  nor thwes te rn  Pennsylvania  p l a n t a t i o n  ( t a b l e  4 ) .  In  g e n e r a l ,  
t h e  ranking  of seed sou rce s  i s  t h e  same ~ h e t h e r ~ h e i g h t  o r  d iameter  i s  used 
as t h e  measurement. Wright (1970) found a s t r o n g  r e l a t i o n  between h e i g h t  
and d iameter  a t  11 y e a r s  f o r  15 sources  i n  sou the rn  Michigan. 





CBNGLUS SONS 

1. The Georgia  source (1) and t h e  Tennessee source (3) should be 
selected for planting a s  f a r  no r th  as  c e n t r a l  Pennsylvania because 
of  t h e i r  above-average growth in height  and diameter.  

2. Pennsy lvan ia  sources 6 and 9, New York source i l ,  Massachusetts 
source 13, and Ontar io  source 24 should be se l ec t ed  f o r  p l an t ing  
i n  t h e  United States nor th  and e a s t  of c e n t r a l  Pennsylvania.  

3 ,  Only proven sources within seed-co l l ec t ion  zones should be s e l e c t e d  
f o r  s eed l ing  production. 

4. Additional fast-growing sovrces from t h e  reg ions  ou t l ined  i n  
conclusions 1 and 2 may be  i d e n t i f i e d  and added through f u r t h e r  
t e s t i n g  of sources,  
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STAND, FAMILY, AND SJTE EFFECTS i S  !ii'l'l:ii 
OTTAWA YALSIE"srS'i3ITE SPRUCE 

ARSTMCT. --Forty-nine open-~ollinated whi fie sp .ucc l  ;w:~gr.ai i c5 
from e i g h t  Upper Ottawa Valley w h i t e  spruce stands wcri t e - t c d  a t  
t h r e e  s i t e s  located wi th in  $ 0  miles a f  c a c h o t l l c ~ ,  S t a t  i s t i c a l  
analyses were l imi ted  t o  42 families--6 from e a c h  o f  7 c ) f  t i l e  
s tands .  Performance was s i t e  dependent w i t h  near1  y a tb;o- f, i d  
d i f f e rence  between the b e s t a n d  t h e  poorest, U i f  fercncc:: ii~l;l. tu 
s tands  were not  important .  The best family %as 28 per.ct.r!t t;;.:llcr. 
than the  family mean height, but  perfornasice was not c o r ~ s r i ; t e n t  
f r o m  s i t e  to s i t e  i n  spite o f  a nons ign i f i c an" t  Family-site inter-- 
a c t i o n  term. This probably was due to l i rx l l t a t ions  inlposcd bjr the 
s t a t i s t i c a l  de s ign .  Heritability estimates for i e i g h t s  were 11: 

1 
( ind iv idual  t r e e  heritability) = 0 .10 ;  hZ (family herltabilit>$) 
= 0.39. Genetic ga in  i n  10 year height t%rough one cycle of s i m ~ l e  
mass s e l e c t i o n  was est imated t o  be  8.6 percent; e s t a b l i s l i i n g  a 
c lonal  orchard with t h e  best trees (4  percent selection intensity) 
from t h e  b e s t  fami l ies  (10 percent  s e l e c t i o n  i n t e n s i t y )  i n  the test 
boosts  t he  est imated ga in  t o  11 percent .  The genetic parameters 
determined i n  t h i s  s tudy a r e  compared wi th  p r e v i o u s l y  pctblished data. 

White spruce (Picea glauca (Moench) Voss) provenances, have been 
shown t o  d i f f e r  widely i n  growth and s u r v i v a l  in f i e l d  t e s t s  cove r ing  a 

V 

broad spectrum of t e s t  s i tes i n  Canada and t h e  Uni ted  States (Nienstaedt 
1969, Teich 1973). Among t h e  provenances t e s t e d ,  t h e  Beachburg source 
from t h e  Upper Ottawa Valley performed c o n s i s t e n t l y  w e l l  i n  a l l  f i e l d  
t e s t s  and showed t h e  b e s t  he ight  growth i n  most t es t s .  These f i n d i n g s  
generated i n t e r e s t  i n  t h e  Upper Ottawa Valley w h i t e  spruce populations 
and more in t ens ive  s t u d i e s  of t hese  popula t ions  were i n i t i a t e d  by t h e  
Petawawa Forest  Experiment S t a t i o n  (P. F. E. S. ) . 

The ob jec t ive  o f  t h e  s tudy repor ted  here was t o  evaluate the s i g -  
n i f i cance  of v a r i a t i o n  among and within white spruce s t ands  of  t h e  

P 

1 This  s tudy was done whi le  t h e  au thor  was a postdoctoral fellow 
a t  Petawawa Fores t  Experiment S t a t i o n ,  Canadian Fores t ry  Service,  Chalk  
River, Ontario,  Canada. 

2 Alberta  Fores t  Serv ice ,  Department of  Energy and Natural Resources, 
Edmonton, Alberta .  



Upper Ottawa Valley. Ten-year h e i g h t  growth and survival (6 years 
a f t e r  p l a n t i n g )  were s tud ied  a t  t h r e e  t e s t  s i t e s .  H e r i t a b i l i t y  o f  
h e i g h t  growth was determined and expected g e n e t i c  improvernext i n  t h i s  
t r a i t  through s e l e c t i o n  and breeding examined. 

MTERIAL AND jf/aET"I-IODS 

Open-pollinated seeds were c o l l e c t e d  from 4 t o  seven t r e e s  i n  e i g h t  
stands. A total of 49 s e e d l o t s  (open-poll inated f ami l i e s )  was obtained.  

Seed l ings  of t he  49 f ami l i e s  were r a i s e d  i n  t h e  P.F.E.S. nursery  and 
outplanted as 2 - 2  s tock i n  spring 1969 a t  3 s i t e s  i d e n t i f i e d  as  D - 1 ,  D - 2 ,  
and D - 3 ,  The t e s t  s i t e s  were loca ted  wi th in  a d i s t ance  o f  10 miles  of 
each o t h e r  i n  Head Township, Renfrew County, b u t  va r i ed  markedly i n  t h e i r  
p r o d u c t i v i t y  and previous vegeta t ion  ( f i g .  1 ) .  S i t e  D-l was a cutover  
hardwood s tand where young unmerchantable t r e e s  remained i n  t h e  ove r s to ry  
after p l a n t i n g .  Its s o i l  was s tony w i t h  a  wel l  developed humus l aye r .  
Sites D - 2  and D-3 were abandoned farms with a  heavy sod over ly ing  a  loamy 
sand,  

Figure 1.--Location of white spruce stands and test sites. 



P l a n t i n g  was done at 1.  2 by 1. 2 ;n s p : % ~  ir l i : .  3 \. . t a  1 i-o~:lj,ctiiig 
vege ta t ion  w i t h i n  about 20 cm o f  the ;,laiilc,l '. Yi.; 3 . 1 L; 1 , [-it ci 1 (lc5 ig.~ 
cons is ted  o f  two  replications at each 5 i . t ~ .  ' t i  t 1 . :, 'T x"t2; ; 1 ~ : i  L, wc.I.i. 

used a t  sites D - 2  and D-3, b u t  at S L  t e  D-  1 ,  \q':~'?'tw i t > * > < > t a r  - I I I [ *  11 ;%<i;> 

ant ic ipa ted  because of s tony  s o i i ,  40 trcc ~ ~ L i d t .  r+e:+t: ~i--~i.i* 

STATISTICAL ANrlLYSIS 

The data were s a s k e d  by standard s t a t i s t 3  ~'8-1 r!.ict!l,!ii~i, 5ta;zdax-d 
e r r o r s  of s i t e  and s t a n d  rjlcans were calculated f rom the c~a ' : , r  rr;e,ar-i slal of 
squares of  the  appropr ia te  analys is  o f  var iance  (Stee l  and i ' o r r i e  19b0) .  

Analysis o f  variarlce f o r  da ta  cumhinecl from a i  i the 5 i -tees ~ir3ne by 
using a balanced setof 42 families (6 fami i i c s  each frorn =+ stands) . 'The 
ana lys is  of variance format and expecta t ion  of tire mean S U I ~ ~  of' ~ q u a r e s ,  
assuming a completely random mode4, are gizren i n  t a b l e  I, The x ~ a r i a n z c  
components and t h e i r  standa~d cfrors  were d e t e m i n e d  u s i n g  px-occifures 
described by Hanson (1955f ,  A l l  tests of statistical s i  gnl f i zanae were 
made a t  t h e  5 percent  p r o b a b i l i t y  I c v c l ,  

Source of f 

v a r i a t i o n  d . f ,  E [ > ! ~ s ~ s ~ ) '  - 
S i t e s  2 2 

R- 9 a, + G, + 3 1 % ~ ~ ~  + rs fs , '  - W 

Stands 

Pooled e r r o r  2 

L C (ni- 1) c3 ?$g 

i=l 

of number of p l a n t s  per  p l o t .  
2 Contains sources of v a r i a t i o n  due t o  familimes x s i t e s  and families x 

r e p s / s i t e s ,  
90 



The pe.rfonnance of white spruce families was g r e a t l y  inf luenced  by 
test s i t e s  ( t a b l e  2 ) .  Mean height  on t h e  best site (D-1)  was nea r ly  
twice as much as on the  poores t  s i t e  ( D - 3 ) .  S i t e  D - l  was cha rac te r i zed  
by a more favorable moisture regime, lack o f  severe  g ras s  competition, 
and p r o t e c t i o n  from severe f r o s t s .  Poor survival on site D - l  was 
a t t r j h u t e d  to d i f f i c u l t y  i n  p l an t ing  among t h e  stones and stumps on 
this  s i t e ,  

Table 2 , - -  

D- H 151,1 d- 2 , 2  
D- 2 128,3 5 1,6 
D- 3 37,3 4 P*3  
All s i t e s  116,2 i 1.39 

Mean h e i g h t  04' t h e  s t ands  ranged from PLO,P cm t o  123.6 cm and mean 
sul-viva1 from 8 2 . 9  percent "c 9 1 , 2  percent  ( t a b l e  31. Westmeath showed 
the b e s t  per fomance  among t h e  e i g h t  s tands  s tud ied ,  I t s  he igh t  growth 
and survival  were ~ e s p e c t i v e l y  6 percent  and 3 percent  b e t t e r  than t h e  
average (table 41,  However, i t s  s u p e r i o r i t y  was not  eons iseent  on all 
sites, e .g . ,  on site D-2 Lake Traverse showed t h e  b e s t  he igh t  and P . F . E . S ,  
- 2  showed t h e  b e s t  survival. 

Lake Traverse 
Pine Valley 
A , E , C I  L ,  Reserve 
P , F , E , S ,  - 2  

No, - Percent 



-.,---- "------ ------ 
13- 1,1>- m-mv--"-v--- 2 ,  D- 3 comb ------.-- ir:ed 

Stand 906 110 1 1 2  105 106 105 106 1 i~ 3 

Family 128 138 132 118 109 107 128 lii8 

Individual families varied more in h e i g i ~ t  t h a n  they d i d  in s u r v i v a l  
(table 4). Considering all sites, the tallest family was found to be 29  
percent taller than the average. Mean height and survival o f  t h e  f;imilies 
showed significant correlation for site D-2 (r = 0.54) and D - 3  (r = 0.46) 
but not for site D - l  (r = 0 , 1 9 ) ,  

Performance of individual families was generally incant-;is"cent frorm 
site to site and the family ranks fluctuated considerably. ?'his is 
illustrated by simple correlation coefficients of family means on 
different sites (table 53; correlations based on f m i l y  ranks were very 
similar. Out of the 49 families studied, only  7 showed above average 
height growth on all test sites, 

Table 5.-- 
height and survival means among test sites 

* Significant at p < 0.05 

The error mean squares of the analyses of variance were derived by 
pooling families x sites and families x replications in sites sums of 
squares because families-sites interactions were negligible for both 
height and survival (respective F-ratios 0.95 and 0.90) (table 6). 
Sites, replications in sites, and families in stands were significant 
sources contributing to the variability of height growth but percent 
survival was significantly influenced by sites and reps in sites only 
(table 6). 



S i t e s  

Stands 6 686 273 2 
"S 5,8t l l , S  4,1? 4,s 

Pooled error 205 295 3103. 0:2/ 250.3+ 2 9 . 2 1 0 0 . 7 i 8 . 3  - 

Within p l a t s  7,609 1,128 - - 
(k=25,08) 

I /  S i g n i f i c a n t  a t  pc0.05 - 
2 /  For  s u r v i v a l ,  var iance  component est imated i s  06 + o;. - - 

k 
Estimates o f  narrow sense h e r i t a b i l i t y  of t r e e  he ight  f o r  i nd iv idua l  

1 and family means (h ) r e fe rence  u n i t s  were cons t ruc ted  from 
t h e  variance components listed i n  table 6 (Cornstock and Robinson 1948, 
Dudley- and Moll 1969).  It was assumed "tat  t h e  members of i nd iv idua l  
families were t r u e  h a l f - s i b s .  

(family heritability) 3 

3 The2correct numerator f o r  computing family h e r i t a b i l i t y  can be 
e i t h e r  od , as used i n  t h e  case i l l u s t r a t e d  above, o r  2 o A ~ 2  depending 
upon t h e  type of  s e l e c t i o n  t o  be p rac t i ced  (Dudley and Moll 1969). 



B- - 0  + c '  4 - 0  i:/S + US (phenctypic v r i i : ~ c e  o f  h a l f - - s i b  
P W t3 - - families) 

H e r i t a b i l i t y  of su rv iva l  percentage was not calculated bccausc t h e  e f f e c t s  
of f m i l i e s  i n  s t ands  for t h i s  t r a i t  were not s i g n i f i c a n t ,  Because s t and  
o r ig in  e f fec t s  were also nonsignificant, it can be assmed tha t  l a r i a b f l l t y  
in the  surv iv ing  ability of  the r"am.iiies was purely environmental in o r i g i n ,  

Genetic d i f f e rences  in 10-year height of local. white spmce i n  the 
Upper Ottawa Valley were p r i m a r i l y  dzle ti; mother trees ai; shown 11)' the 
performance of t h e i r  progenies .  D i f f e r e n c e s  attribr,rtablrs to s t a r i d  ~ r - i g i n  
were not  important,  which suggests a  lack of gene t i c  d i f ferent ia t i011 anlong 
loca l  white  spruce populat ions.  S imi l a r  findings were reported by Yeatman 
(1975) f o r  e a r l y  he ight  growth of the  Ottawa Valley jack pine progenies. 
Subs tan t i a l  v a r i a t i o n  among open-pol l ina ted  progenies of white spruce was 
repor ted  i n  e a r l i e r  s t u d i e s  by Holst and Teich (1969) and J e f f e r s  (1969). 
These workers, however, sampled ma te r i a l  f r o m  wider  geographic areas and 
t e s t e d  i t  a t  only one loca t ion ,  

S i t e  had a  dominating inf luence  on performance of the families b u t  
f ami ly - s i t e  i n t e r a c t i o n s  were s t a t i s t i c a l l y  n o n s i g n i f i c a n t .  Absence of 
f ami ly - s i t e  i n t e r a c t i o n  usua l ly  implies a good agreement i n  t h e  r a n k i n g  
of f a m i l i e s  on d i f f e r e n t  s i t e s ,  bu t  t h i s  was not t r ue  for the results o f  
t h i s  s tudy.  This was l a r g e l y  due t o  inconsistency in t h e  performance of 
f ami l i e s  among r e p l i c a t i o n s  on ind iv idua l  s i t e s .  It was, therefore, f e l t  
t h a t  t h e  experimental design used i n  t h i s  s tudy provided a poor  c o n t r o l  of 
s i t e  he terogenei ty .  Smaller p l o t s  and t h r e e  or more r e p l i c a t i o n s  per s i t e  
would have increased  t h e  e f f i c i e n c y  of  t h e  t e s t s .  

4 See t a b l e s  1 and 6 f o r  d e f i n i t i o n  of variaiice components and 
subsc r ip t s .  



The s i n g l e  tree heritability value of 0.10 for 10-year height, 
r epor t ed  here, is similar to a value of 0.145 obta ined  by Yeatman (1975) 
f o r  6-year h e i g h t  i n  t h e  Ottawa Valley jack p ine  i n  a similar experimental 
d e s i g n  and reference environment. H e r i t a b i l i t y  va lues  f o r  8- and 11-year 
h e i g h t s  of  O n t a r i o  white  spruce ranged from 0.06 t o  0.18 on an ind iv idua l  
t r e e  has i s  and from 0.75 to 0.91 on a family b a s i s ,  i n  t h e  s t u d i e s  r epor t ed  
by 4kiols-t and Teich (1969). However, t h e  procedure used by these  au thor s  
for computing heritability d i f f e r ~ ~ f r o m  the  one used i n  t h e  p resen t  s tudy  
s o  t h e  results are not comparablee3 

Heritability values should always be i n t e r p r e t e d  with cau t ion  because 
such values a re  app l i cab le  only t o  the defined base  popula t ion ,  r e fe rence  
s e l e c t i o n  u n i t ,  and r e fe rence  t e s t  environment (Hanson 1963, ,Dudley and 
Moll 1969) .  Furthermore, h e r i t a b i l i t y  es t imates  obtained from g e n e t i c  
parameters estimated by open-poll inated progeny t e s t s ,  assuming f a m i l i e s  
t o  be true half-sibs, a r e  expected t o  be  biased and tend t o  be i n f l a t e d  
(Namkoong 1966, Squ i l l ace  1974). 

Geiietis parameters est imated i n  t h i s  s tudy can be used t o  de r ive  t h e  
expected genetic gain through s e l e c t i o n  and breeding (Namkoong e t  a l .  1966, -- 
Shelbourne 1969), Genetic ga in  i n  10-year he igh t  of  t h e  Upper Ottawa 
Valley w h i t e  spruce  through one cycle of  simple mass s e l e c t i o n  was 
estimated t o  be 8.6 percent .  This is  an apprec iable  gain and p a r t i c u l a r l y  
noteworthy in view of t h e  poor h e r i t a b i l i t y  of t h i s  t r a i t  r epor t ed  by 
this study, Genetic  gain r e s u l t i n g  from t h e  seed produced i n  a  c l o n a l  
seed o rcha rd ,  e s t ab l i shed  w i t h  sc ions  co l l ec t ed  from t h e  t a l l e s t  t r e e  i n  
each p l o t  (4  pe-scent s e l e c t i o n  i n t e n s i t y )  of t h e  top  f i v e  f a m i l i e s  (10 
pe rcen t  s e l e c t i o n  i n t e n s i t y ) ,  was est imated t o  be  11 percent .  

The k r i t a b i l i t y  of e a r l y  he ight  found i n  t h i s  s tudy i s  l e s s  than  t h e  
value of this parameter suggested by white spruce progeny t e s t s  i n  t h e  Lake 
States ( J e f f e r s  1969, Mohn -- e t  a l . ,  t hese  proceedings) ,  A s  po in ted  o u t  
e a r l i e r ,  experimental p l a n t a t i o n s  used by t h i s  s tudy su f fe red  seve ra l  
sho~tcomings and i t  is l i k e l y  t h a t  f i e l d  experiments emphasizing b e t t e r  
design and more uniform t rea tment  of  experimental u n i t s  w i l l  show h ighe r  
h e r i t a b i l i t y  for t h i s  trait of  l oca l  white spruce i n  t h e  Upper Ottawa 
Valley +, 

RY AND CONCLUSIONS 

1. Open-pollinated progenies  of t h e  Upper Ottawa Val ley  white spruce  
s t ands  (provenances) were s tud ied  f o r  e a r l y  he igh t  growth and f i e l d  
s u r v i v a l  a t  t h r e e  t e s t  s i t e s .  

5 Method used by Hols t  and Teich (1969) i n  t h e i r  h e r i t a b i l i t y  
c a l c u l a t i o n s  does not take  i n t o  account "within p lo t "  var iance .  This 
method i s  appropr i a t e  f o r  one-way c l a s s i f i c a t i o n  experiments but  not  f o r  
multi-way c l a s s i f i c a t i o n  experiments. Also f o r  family h e r i t a b i l i t y  ca l cu la -  
t i o n s  they  used 2 o~ i n  t h e  numerator. The formulae used by Holst  and 
Teich (19691, g ive  t h e  fol lowing va lues  with my d a t a :  s i n g l e  t r e e  

h e r i t a b i l i t y  = 0.06; fami ly  h e r i t a b i l i t y  = 0.63. 



2 .  The s tands  showeti simi lar performar~cil  t : ~ ~ i r  c : ~ r  i ;lg I , ! ,  - i 
d i f f e r e n t i a t i o n  among them f o r  the traits ~ E L I L ~ L C ~ ~ .  1 t ; i p [ ? ~ ; t ;  5 7 L L L ~ r  tklc; 

s upe r io r  white spruce sources of Bcachhurg :i:111 !'oi,g i;~; 1 i 1 : 13 

e a r l i e r  provenance tests are  pa r t  of a larger popu lat i oi i  t h,ir i..i! ,xiid-; 
beyond the  o r i g i n a l  col  l e c t  i o n  area of t hesc  soil:*ci.-; . 1 % ~ ~  t i?*: 1- L; t ~ ~ i ~ {  1 c3 

with more i n t e n s i v e  sampling o f  stands and b e t t c r  f ~ t t l L i  c l ib5rg~:  .ire ileedpd 
t o  d e l i n e a t e  t h e  boundaries o f  t h i s  popmiation ~ G I I I ~ Z C X ,  

3. S i t e  had a domina;ir?g influence on progili!lr 1 ? ~ r f 0 ~ i i l c i : 1 i e  \ r j i  1 c\; 

was very i ncons i s t en t  from s i t e  t o  site, 

4 ,  S u b s t a n t i a l  v a r i a t i o n  was found for  Izei g i r t  growt  ti nl?ic>rlg faml 1 i k s  
but t h e i r  a b i l i t y  t o  surv ive  i n  t h e  f i e l d  was pi ' in i r i r i ly  d e t e r ~ r i ~  tlcd !I;$ t he  
s i t e  f a c t o r s .  

5. H e r i t a b i l i t y  of  individlral  plant height. was  OW (0 , l i ) )  but- 
apprec iab le  gene t i c  ga in  (8.6 pe rcen t )  was expected t o  res i i l t  Frsm Jne 
cycle  o f  simple mass s e l e c t i o n  a"L percent seieition intensity, Overall 
b e n e f i t s  r e s u l t i n g  from whi te  spruce breed ing  i n  th? I.lpper O t t a w a ,  V a l l e y ,  
using mu l t i s t age  and m u l e i t r a i t  s e l e c t i o n  procedures, can be e x p e c t e d  to 
be l a r g e r  than t h e  8.6 percent  ga in  reported for simple mass selection, 

The author  i s  g r a t e f u l  t o  M r ,  Fcl. '9. kiolst for i n i t i a t i 1 : g  this study 
and f o r  many h e l p f u l  d i s cus s ions .  The f i e l d  experiments were established 
i n  cooperat ion wi th  t h e  On ta r io  Minis t ry  of Natural. Resources, Thariks are 
due M r .  P. Vi id ik  f o r  es tab l i shment  and maintenance of t h e  piantations, 
and M r .  T ,  P i c k e t t  f o r  e x c e l l e n t  t e c h n i c a l  a s s i s t a r~ce ,  The author is 
indebted t o  D r .  E .  K .  Morgenstern and D r .  C .  W. Yeatman for adv ice  and 
guidance. This  r e sea rch  was supported by National Research Council 
Canada through a  Pos tdoc to ra l  Fellowship award t o  t h e  author. 
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A WHITE SPRUCE PROGENY TEST--SEEDLING SEED ORCii:\llil: 
12133 YEAR PROGRESS REPORTI 

C.  A. Mohn, D.  E .  Riemenschneider, W. Croniell, and I . .  l ' e t e ~ ~ s o ~ ~ ~  

ABSTRACT-- Two hundred t h i r t y - n i n e  open-pol 1 i n a t  ed p r o g f n  i e s  
of white spruce were e s t ab l i shed  i n  a combination progeny t c i ; t -  
seedl ing  seed orchard near  Grand Rapids, hlinnesot a .  Character- 
i s t i c s  evaluated included,  t o t a l  h e i g h t s  a t  2-0 and 2 - 2  i n  the 
nursery and 9 and 12 yea r s  from seed ( i n  t h e  f i e l d ) ;  f i e l d  
su rv iva l  9 yea r s  from seed was included.  Survival was j u s t  
over 77 percent .  Family mean h e i g h t s  were from 60 to 1 6 7  
percent  of t h e  nursery t e s t  mean a t  2-0 and decreased i n  
v a r i a t i o n  t o  from 52 t o  125 percent  of  t h e  p l a n t a t i o n  mean a t  
age 12. Narrow sense h e r i t a b i l i t i e s  (computed as f o u r  times 
t h e  i n t e r c l a s s  c o r r e l a t i o n )  were 0 . 2 7  a t  age 9 and 0.35 a t  
age 1 2  and a r e  comparable t o  e a r l i e r  results w i t h  whi te  
spruce i n  Wisconsin. They exceed Canadian results p r o b a b l y  
because Canadian ma te r i a l  represented  a more narrow 
geographic base. Data suggest a possible relation between 
growth r a t e s  and c l i m a t i c  seed c o l l e c t i o n  zones. Pending 
f u r t h e r  s tudy,  nurserymen should not c o l l e c t  seed i n  the 
extreme c l i m a t i c  zones i n  no r theas t e rn  Minnesota, p l a n s  f o r  
conversion 'of  t h e  t e s t  t o  a  seed orchard axe desc r ibed ,  
Poss ib le  gene t i c  ga ins  of  from 15 t o  20 percent a re  
predic ted  on t h e  b a s i s  of  p re sen t  genetic parameters, 

I n  1962 a  cooperat ive improvement project for w h i t e  spruce (Picea 
glauca (Moench) Voss) was i n i t i a t e d  by Blandin Paper Company of  Grand 
Rapids, Minnesota, and t h e  College of  Fores t ry ,  University o f  Minnesota. 
Object ives included t h e  establ ishment  of  a small  commercial seed aschard  
t o  produce improved ma te r i a l s  f o r  use  i n  a  l imi t ed  area  of  north-central 

1 Published a s  S c i e n t i f i c  Journa l  S e r i e s  Paper No. 9231 of the 
Univers i ty  of Minnesota Agr i cu l tu ra l  Experimental S t a t i o n .  Analysis f o r  
t h i s  p r o j e c t  was p a r t i a l l y  supported by t h e  U n i v e r s i t y  of Minnesota C o m p u t e r  
Center. 

Associate  Professor  and Research Assis tant ,  Col lege  o f  Forestry, 
Univers i ty  of Minnesota; A s s i s t a n t  P ro fe s so r ,  Nor th-cent ra l  Expcrkmcnt 
S t a t i o n ,  Univers i ty  of Minnesota; and C h i e f  F o r e s t e r ,  Woodlands Division, 
Blandin Paper Company, r e spec t ive ly .  



Miilncsota, t i12 development d information concerning genetic variation 
in the s p c c i e s ,  and :he identification of materials for use in future 
I j-reeding work, 

We dec ided  to run a combination one-parent progeny test and 
seedling-seed orchard similar to that described by Wright and Bull 
(1963) for red pine in Michigan. Both the theoretical and applied 
aspects  o f  such an approach are controversial. However, the choice was 
d i c t a t c d  by the objectives of the cooperators, the limited physical and 
human resources available, and our knowledge of white spruce genetics in 
the early 1960's. This report reviews the establishment of the project, 
p r e s e n t s  a preliminary ana1.ysi.s of data collected through age , l 2 ,  and 
out li nes p lans for future developments. 

MTERIAZS AND F/IETHODS 

Seed Collection 

All seeds were collected in 1962. The goal was 200 to 250 individual 
tree collections from the range o f  white spruce in Minnesota. To meet 
this goal, assistance was requested from foresters with the Minnesota 
Department of Natural Resources and other organizations. 

Collectors were instructed to obtain 25 to 30 cones per selected 
tree, package single-tree collections separately, and mail the cones to 
a central point along with a legal description of the mother tree's 
location. Selection criteria for mother trees were not stringent: 
cooperators were to confine their selections to wild stands, avoid 
isolated specimens, and choose trees "above average in health and vigor 
when compared to trees of the same age in the immediate area." 

The response by Minnesota foresters was outstanding and 281 usable 
single-tree collections were assembled. The collections represented the 
efforts o f  at least 35 individuals employed by several organizations. 

Nursery Phase 

Cleancd and dewir~ged seeds were sown in October of 1962 in the 
Hlandin Nursery near Grand Rapids, Minnesota. The sowing was made in 3 
b l o c k s ;  each block contained 1 plot of each of the 281 seed lots. A 

p l o t  was a 4 - f o o t  row across the nursery beds containing 110 to 150 
seeds. Spacing of 6 inches between rows was maintained by using 
p la r l t i ng  boards. 

The sowing produced 249 open-pollinated progenies in each of which 
there were 20 o r  more healthy seedlings. The seedlings were transplanted 
i n  May o f  1965 i n t o  a randomized complete block design with four replications. 



Row p l o t s  of  12 t r e e s  each were used a t  a spa i i r ig  of 4 by (1 ir~;i;e:. 
numbers of s eed l i ngs  r e s u l t e d  i n  33 o f  the familie:; hci r lg  tr.:tnsi:larlteii 
only 2 o r  3 of t h e  4 p l o t s .  

I n  Apr i l  of 1967 t he  2-2 s tock  was labeled and i i ftccl. A t  tire 

conclusion of t h e  nursery  phase t h e  original 281 seed l o t s  1ia.J )*ielcieLi 
239 open-pol l ina ted  progenies  wi th  adequate  nu~nbers  of  p i a n t a b l e  sceii! irigi 
( f i g .  1 ) .  

Seed l ings  were hand p l a n t e d  i n  May of  1967 near Grai~ci Rapids, 
Minnesota, on a  g e n t l y  r o l l i n g ,  o l d - f i e l d  s i t e  w i t h  a sandy-loam soil. 
Before p l a n t i n g  t h e  s i t e  was plowed, d i sked ,  and d i v i d e d  ii2to 30 c o n t i g u ~ ; u s  
70 by 80 foo t  b locks .  Spacing of 5 by 5 feet gave 240 positions per  
block and 1 seed l ing  from each of t h e  239 f a m i l i e s  was railiiomiy a i s i g r i e d  
t o  each p o s i t i o n .  The 240th p o s i t i o n  was filled w i t h  s u r p l a s  seedlings 
from progenies  wi th  more t han  30 s e e d l i n g s  as were v o i d s  caused by 
f a m i l i e s  having l e s s  than  30 s eed l ings .  This  resulted i n  the number o f  
t r e e s  i n  a  progeny varying from 15 t o  35. 

Pos t  p l a n t i n g  c a r e  i nc lude  r e p l a c i n g  587 dead plants i n  1968, 
t r e a t i n g  an a r e a  around each p l a n t  wi th  an h e r b i c i d e  i n  1968, and 
spray ing  wi th  an i n s e c t i c i d e  t o  con t ro l  yel low-headed sp ruce  sawfly 
each yea r .  

MEASUREMENT AID AlYALY S I S 

Nursery measurements inc luded  t h e  de t e rmina t i on  of  p l o t  mean h e i g h t s  
f o r  2-0 s eed l ings  i n  1965 and t h e  2-2 t r a n s p l a n t s  i n  1967 t o  t h e  n e a r e s t  
cen t imete r .  Mean fami ly  h e i g h t s  were computed u s i n g  t h e s e  data and 
compared by a n a l y s i s  of v a r i a n c e ,  assuming a  randomized complete-block 
design.  

F i e l d  h e i g h t s  were measured a f t e r  f i v e  and e i g h t  growing seasons i n  
t h e  f i e l d  ( i n  1971 and 1974).  Data from t h e s e  measurements were examined 
on t h e  b a s i s  of a  completely random des ign  because of  t h e  l a r g e  number o f  
miss ing p l o t s .  

Narrow-sense h e r i t a b i l i t i e s  f o r  i n d i v i d u a l  d i f f e r e n c e s  were 
c a l c u l a t e d  a s  f o u r  t imes t h e  i n t e r c l a s s  c o r r e l a t i o n  (Falconer  1960, Kung 
1972). Fu r the r  a n a l y s i s  of  12th year  h e i g h t  d a t a  i nc luded  computing 
t h e  means and va r i ances  f o r  f a m i l i e s  from s i x  c o l l e c t i o n  zones,  The 
zones, modified from Rudolf (1956), were de f ined  by average Janua ry  
temperature  and t h e  annual sums of normal average d a i l y  temperatures 
p e r  yea r  above 500F ( f i g .  1 ) .  





Simple correlation c o e f f i c i e i i t s  anon$ f : i m i  1;- ; ~ L ~ ~ L . I - .  i . I :  :); .: 11 

the  four  measurement ages and surv i ipa i  i!: 1971 [ X ? . L ~  !I1 i j ;  : ; , 1 :., 1 i-c.i, 

Signif icance l e v e l s  f o r  a l l  tests were set a t  0. c l i .  

F i e l d  Survival 

A l l  t he  f i e l d  m o r t a l i t y  occurred d u r i n g  t h e  5 5 )*c,irb< : t f t t i j -  

plant ing .  By 1974,  e i g h t  growing seasons nfre+ f i e l d  p in i i t  i !:g, <.r:i.\ i>.-;i j 

was jus t  over 77 percent .  On a fami ly  basis, sl irvlval  r a i i g ~ ~ i  i:-;;i-~ i') :(I 

100 percent .  The average family had 23.5 l i v i r i g  piants and  oriij- : 1 o!+ 
the  239 f ami l i e s  were represented by less t h a n  15 t r e e s ,  9.Ii!rti3 1 s t )  i%;il; 

s t rongly  r e l a t ed  t o  loca t ion  i n  t h e  p l a n t i n g  with losses in t h e  .?(I 1 ~ 1 t ~ : k : ~  
ranging from l e s s  than 1 percent  t o  35 percent .  

Growth i n  t h e  nursery and du r ing  t h e  f i r s t 5  year s  in the i ' i c h i  \ i d s  

slow ( t a b l e  11, However, from 1 9 7 2  t o  1974 (10th-12th years)  it a t c ~ * a g c ~ l  
28 cm p e r  year.  Much v a r i a t i o n  i n  i nd iv idua l  t r e e  h e i g h t  %as shown 
the  f i e l d  da ta .  The s tandard dev ia t ions  of  i n d i v i d u a l  tree h e i g h t s  itrere 
equal t o  36 percent and 34 percent  of  t h e  p lan ta t io ix  mean in t h r  ?ti: and 
12th years ,  r e spec t ive ly .  

Table 1.--Summary of nursery and f i e l d  height rneasurem~xts  

: Years ma te r i a l s  i n :  : - 
: Seed- :Trans~ lan t :  

: Standard : 
:Tes t :  d e v i a t i o n  : FZay-igc sf familt- means 

Year: bed : bed 

Differences among open-poll inated f a m i l i e s  were s i g n i f i c a n t  f o r  all 
height  measurements ( f i g .  2).  The range of  family means was l a rge s t  f o r  
t h e  2-0 measurements which ran from 60 t o  167 pe rcen t  of t h e  plantation 
mean. Although t h e  range of  family means decreased over time ( t a b l e  11, 
a t  age 12 it s t i l l  ranged from 52 t o  125 percent o f  t h e  plantation mean. 
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Figure  2 , - -D i s t r i bu t i ons  of wh i t e  spruce open-pol l ina ted  
fan l i ly  means f o r  h e i g h t .  



> - -  
Narrow-sense heritabilities (individual t : ' c~  ! , c i s : ~ )  \ i t  :-: I~. .  ,., 2 f 

age 9 and 0.35 a t  age 1 2 .  

The mean 12th-year  heights for famiii e s  f1-0m tllc 5 i x c L ::>nes 
i n  which six or more i nd iv idua l  trees were sampled are gr.?"tX!! i~: f k g .  I ,  t a b l e  2 .  
B a r t l e t t f  t e s t  i n d i c a t e d  t h a t  t h e  var i  aficcs f o r  f IIC .:OTZCS ~ < < E I  3 2 )  1 1  r'il 

he te rogene i ty  and the data were n o t  sub j f c t e d  to f:irr'izer ;iil;~i; ;. r &.  (Yf-ct.1 

and T o r r i e  1960). 

Table 2 .  --Mean 12th-year heighxs for families ir: i s  c t ) i  ichc t I J;! rorrcs 
".-m"-------- - --------- "- 

Seed c o l l e c t i o n  : Fami l ies  : Mean height : Family : S t ii!:L2;2~'d 
z on e l /  : i n  sample : o f  families : variance : e r r o r  of !nc;an 

--..-.p---p-----"- 

(No*) C[cm) 

3b 12 193.2 8 . 5 8  '1 e 2 ,  
#-. - 

4a 34 188,4 7.34 2 , - 1 ;  
4b 138 183.8 15.36 1-83 
5a 6 179,2 17*69 9. 45 
5b 23 1 7 7 , 4  12 ,Q6 3 - 9 6  
5c 16 152,4 2 L 5 9  6 . 7 1  -- 

1/ Co l l ec t i on  zone shown i n  figure 1. - 

The simple c o r r e l a t i o n  c o e f f i c i e n t s  o f  family mean heights for the 
four  measurement d a t e s  and mean 9th year survival are given i n  t a b l e  3. 
A l l  c o r r e l a t i o n s  between t h e s e  va r i ab les  were s t a t i s t i c a l l y  s i g n i f i c a r ~ t .  

Table 3.--  

2-0 : 2 - 2  9th year 1 12th year 
: he igh t  : h e i g h t  h e i g h t  h e i g h t  - 

1971 s u r v i v a l  .29  . 4 8  ,40 . 4 8  
2-0 h e i g h t  .54  .44 43 
2-2  h e i g h t  $58 .60 
9th  year  h e i g h t  

* 90 

1/ r va lues  are s i g n i f i c a n t  a t  t h e  5 percent l e v e l  i f  they exceed 0 . 1 4 .  - 



iieritahilities from s i m i l a r  t e s t s  wi th  whi te  spruce  were conver ted  
to a common bas is  u s ing  t h e  procedures  o u t l i n e d  by Kung (1972) .  J e f f e r s '  
(1969) data for t h e  height o f  28 open-pol l ina ted  f a m i l i e s  a t  age 4 gave 
a va lue  close t o  t hose  ob t a ined  i n  t h i s  s tudy  (0.34 v s .  0.27 and 0.35) .  
In c o n t r a s t ,  h e r i t a b i l i t i e s  e s t a b l i s h e d  from 8 t h  o r  11th y e a r  d a t a  from 
4 Ontar io  t e s t s  w i t h  8 t o  18 open-pol l ina ted  progenies  ranged from 0.03 
t o  0,09 [ f la%st  and Teich 19691. 

It. should  be noted t h a t  t h e  Minnesota a d  'Wisconsin t e s t  m a t e r i a l s  
came from a wide geographic  a r e a ,  but t h r e e  o f  t h e  fou r  On ta r io  t e s t s  
sampled a very l i m i t e d  a r e a .  The d a t a  summarized by t a b l e  2,  a l though not 
evaluated s t a t i s t i c a l l y ,  suggest  d i f f e r e n c e s  among m a t e r i a l s  from t h e  
s e v e r a l  seed c o l l e c t i o n  zones. A t r e n d  toward g r e a t e r  h e i g h t s  wi th  
i n c r e a s i n g  annual sums of  normal average d a i l y  temperatures  of 50QF o r  
above and with lower average  January  tempera tures  may e x i s t .  Given 
t h e s e  results, a r e d u c t i o n  i n  v a r i a t i o n  would b e  a n t i c i p a t e d  when working 
with geog- rapk iea l ly  r e s t r i c t e d  popu la t i ons .  

The p o s s i b l e  r e l a t i o n  o f  growth r a t e s  t o  c o l l e c t i o n  zones sugges ted  
by t h e  d a t a  a l s o  has imp l i ca t i ons  f o r  seed c o l l e c t i o n  i n  Minnesota. 
Pending f u r t h e r  s tudy ,  nurserymen would be  advised  t o  avoid t h e  no r th -  
e a s t e r n  r e g i o n  of  t h e  S t a t e ;  i. e . ,  zones 5a,  5b, and p a r t i c u l a r l y  zone 
5c ( f i g *  l ) *  

C o r r e l a t i o n s  between nursery  and f i e l d  h e i g h t ,  a l though  p o s i t i v e  
and s t a t i s t i c a l l y  s i g n i f i c a n t  a r e  on ly  moderately  h igh  ( t a b l e  3) .  
N u r s e r y - f i e l d  c o r r e l a t i o n s  do no t  sugges t  t h a t  nu r se ry  d a t a  can form 
t h e  pr imary b a s e  f o r  s e l e c t i o n .  However, t hey  a r e  s t r o n g  enough t o  
i n d i c a t e  t h a t  c u l l i n g  i n  t h e  nu r se ry  could improve c o s t / g a i n  r a t i o s  
i n  whi te  s p r u c e  improvement programs. 

P r e d i c t i o n s  of  g e n e t i c  gain based on t h e  r e s u l t s  o f  t h e s e  d a t a  a r e  
encouraging.  Given t h e  h e r i t a b i l i t i e s  and magnitude of phenotyp ic  
v a r i a t i o n  observed f o r  9 t h  and 12th yea r  h e i g h t s ,  convers ion  of  t h e  
progeny t e s t  t o  a  seed orchard  by removing 90 pe rcen t  o f  t h e  t r e e s  would 
g i v e  an expec ted  g e n e t i c  ga in  i n  h e i g h t  growth of  15 t o  20 pe rcen t .  

Such p r e d i c t i o n s  should be viewed wi th  c a u t i o n ,  however. The 
h e i g h t  d a t a  are f o r  a  maximum age o f  12, which i s  f a r  from r o t a t i o n  age .  
A t  l e a s t  some c u l l i n g  o f  t h e  m a t e r i a l s  must b e  done on t h e  b a s i s  o f  e a r l y  
growth and, u n l e s s  juveni le-mature  c o r r e l a t i o n s  a r e  h igh ,  p r e d i c t e d  g a i n s  
w i l l  be  reduced.  However, t h e r e  i s  evidence o f  j uven i l e  growth 
s u p e r i o r i t y  o f  provenances p e r s i s t i n g  29 yea r s  a f t e r  f i e l d  p l a n t i n g  
(N iens t aed t  l 969 ) ,  and t h e  observed 9th-12th y e a r  c o r r e l a t i o n  c o e f f i c i e n t  
of 0.9 i s  encouraging.  



I t  i s  a l s o  important  t o  r e a l i z e  that t e s t i n g  vvaa; 1 kiT:1 t,t ti ti) Li 

s i n g l e  s i t e .  Es t imates  of  a d d i t i v e  g e n e t i c  varinnci* lund \ : i l ~ i b ~ . i ~ ~ t ; : : t  

p r ed i c t ed  gains  a r e  b iased  upward by t h e  fai i u r r  t i 2  c s  t irnsti: t i : ~ .  

genotype-environment i n t e r a c t i o n  component. Thc irn!?nirt o f  t i 1  ;> 1 % :  a:; 

i s  unknowri, however, i t  can be expected tn be grest~st on b i te . :  tii:it 
d i f f e r  most from t h e  t e s t  s i t e ,  

Despi te  t h e s e  l i m i a t i o n s ,  convers ion o f  t h e  p rogeny  t cst s L tc t ;, 
a  seed orchard appears  worthwhile.  Seeds produced b y  the o r c i ~ a r t i  lv+ i l i 

be used i n  t h e  a r e a  near  t h e  t e s t  loca t io r l  and illis S ~ O I J I L ~  r ~ i l ~ i c ~  i " i l ~  

impact o f  s i n g l e  s i t e  eva lua t i on .  In  addition, much of t i i z  i e i c ~ t l i ~ i ~  
w i l l  be based on 20th-year  o r  later measurements, so t h e  prohahili:? 
of high s e l e c t i o n  age - ro t a t i on  age c o r r e l a t i o n  w i l l  b e  incl*i.ascd. 
The c u r r e n t  p l an  f o r  convers ion t o  a seed orchard car1 be sum~i~r t r i :e i i  
as  fo l lows:  

A c t i v i t y  Year - P 

S t a t u s  a t  end o f  activity ----- 
(Number) 

Trees  p e r  T o t a l  
a c r e  - t r e e s  FmiS i e s  

Measurement 1974 1,347 5,562 239 
1st th inn ing  1975 870 3,680 225 
Measurement, 1982 435 1 ,800 50-6- 
2nd th inn ing  

Measurement, ? 109 450 SO-+ 
f i n a l  t h i n n i n g  

The t iming of t h e  i n i t i a l  t h inn ing  i s  e s s e n t i a l l y  an economic 
mat te r .  Cu t t i ng  and d i spos ing  of  a  l a r g e  number of s tems i s  cheaper 
when they  a r e  smal l .  Although r e t a i n i n g  a l l  t r e e s  i s  t h e o r e t i c a l l y  
advantageous,  it i s  assumed t h a t  t h e  low i n t e n s i t y  o f  s e l e c t i o n  w i l l  
have minimal impact on f i n a l  ga in .  

The f i r s t  t h i n n i n g  w i l l  be  based on index v a l u e s  de r ived  from the 
he igh t  of  an i n d i v i d u a l  t r e e ,  mean he igh t  o f  i t s  f a m i l y ,  and number of  
l i v i n g  t r e e s  i n  i t s  fami ly  (Fa lconer  1960). Given t h e  12 th -yea r  estimate 
of h e r i t a b i l i t y ,  t h e  p r e d i c t e d  response from t h i s  f o m  of  s e l e c t i o n  i s  
s u p e r i o r  t o  t h a t  expected from s e l e c t i n g  on ly  on t h e  b a s i s  of  a t r e e ' s  
phenotype (mass s e l e c t i o n )  and f a r  s u p e r i o r  t o  u s ing  t h e  fami l y  as  a 
s e l e c t i o n  u n i t .  The t h inn ing  w i l l  e l i m i n a t e  on ly  11 of  t h e  239 f a m i l i e s  
and 125 of t h e  remaining f a m i l i e s  w i l l  have 15 o r  more progeriy. 

The second t h i n n i n g  w i l l  occur  a t  about  20 y e a r s  from seed when 
t r e e s  beg in  f lower ing  c o n s i s t e n t l y .  I t  w i l l  ma in t a in  t h e  p l a n t a t i o n ' s  
v igo r  and prov ide  a c c e s s  f o r  s eed  c o l l e c t i o n .  Th i s  t h i n n i n g  w i l l  be of 
moderate i n t e n s i t y ,  l eav ing  one t r e e  p e r  100 square  f e e t .  l 'he f i n a l  



t i l i n i i i i i g  t o  a l ~ o u t  8 percent of the stems now living is planned for t h e  
early i ! l !JO's .  Because the objective is to improve t h e  g e n e t i c  quality 
o f  seed:; b e i n g  used as q u i c k l y  as  possible, t h e  final thinning w i l l  b e  
earl i c r  i f  a g e - a g e  c o r r e l a t i o n s  a r e  h igh .  
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REPORT ON THE CROSS - PINUS RESIONSA x I_ 1'. TROPICAL IS^ 

Richard B. H a l l ,  David F .  Karnosky, and Donald P. Fowler2 

ABSTRACT.-- I n t e r s p e c i f i c  hybridization was at tempted between 
Pinus res inosa  and P ,  , t h e  on ly  two Mew World rnerrzi-,c.w.s 
of t h e  Pinus group ~ y l v e s t r e s .  Thirteen P. resinosa trees at 
Madison, Wisconsin, and n ine  t r e e s  near ~redericton, New Bruliswick, 
were used as  female pa ren t s  i n  c rosses  with P. p o l l e n ,  
A t o t a l  of 504 p o l l i n a t e d  s t r o b i l i  y i e lded  115 mature cones, b u t  
only 2 pu ta t ive  hybrid seeds  contained f i l l e d  embryos as deter. i i i i i ied 
by X-ray photography. The two seeds f a i l e d  to germinate. 

Probably no o t h e r  commercially important t r e e  species has less  int~a- 
s p e c i f i c  v a r i a b i l i t y  and more difficult hybridize w i t h  other species  
than red  pine (Pinus r e s inosa  A i t . ) ,  Fowler and Lester (1970) smmarised 
t h e  small  d i f f e rences  among provenances t h a t  have been reported for s e v e r a l  
c h a r a c t e r i s t i c s  of red  p ine  ,- and they p o i n t  out  that t h e  i n d u c t i o n  o f  
g rea t e r  gene t i c  v a r i a t i o n  through i n t e r s p e c i f i c  hybridization has been 
almost impossible t o  obta in .  Although sbme gains can probably be 
made through i n t e r -  and intraprovenance s e l e c t i o n  and breeding ,  the rate 
of progress  w i l l  be much slower than f o r  other species.  However, despite 
pas t  disappointments i n  i n t e r s p e c i f i c  hybr id i za t ion  with red pine, the 
f u l l  range of p o s s i b l e  c rosses  has y e t  t o  be adequately t r i e d .  

Red pine belongs t o  t h e  Pinus subsec t ion  c a l l e d  Sylvestres (Critchfield 
and L i t t l e  1966) o r  Lariciones (Shaw 1924). A l l  t h e  o t h e r  members of  this 
taxon a r e  r e s t r i c t e d  t o  t h e  Eastern Hemisphere except Pinus 
Morelet ( t r o p i c a l  p ine)  which i s  r e s t r i c t e d  t o  two small a r e  
Caribbean, t h e  low mountains o f  western Cuba, and t h e  I s l e  o f  Pines  
(Cr i t ch f i e ld  and L i t t l e  1966). 

Much e f f o r t  has been expended i n  at tempting t o  c r o s s  r e d  pine w i t h  
o ther  Sy lves t r e s  p ines  (Fowler and Les ter  1970) .  One of t h e  repeated 
at tempts  t o  c ross  Austr ian p ine  (Pinus n i g r a  Arnold) with r e d  pine 

-_I____ 
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r c ~ u l t e J  i n  a f c i i  corlfirmed hybrid seedl ings (Cr i tc i i f ie ld  1963) ; no 
succcs; has h e e n  achieved with other spec ies .  Apparently the re  have been 
I-,o ~ r c i ; i o u s  r-i.t4t-crnpt:; a:: crossing red  pine wi t f l i iws  e 

~aylor's (1964) karyotype study of t h e  Sy lves t r e s  group i n d i c a t e s  t h a t  
tile cl.~aor:ssorner? o f  P ,  resinosa resemble those o f  P ,  -.- s-.,--p more than t hey  
do a n y  o t h e r  pirle. The most striking evidence f o r  t h i s  i s  t he  s i m i l a r i t y  
if; arm r a t ;  0s for tiit: two smal1.est chromosomes i n  each spec ie s .  This 
obse~vat i on ,  coupled  w i  th the lack of o the r  geographical iy c l o s e  r e l a t i v e s ,  
s ~ l g g c s t s  t h e  c-i-05s wiLh iZ, - as a log ica l  s t e p  i n  t r y i n g  t o  
I.lyl.~rlrl i::e red p i  ne, 

l i i  tt lc infoxmat ion  i s  recorded on t h e  biology of Pinus , but  
t h i s  .'-1pecies i?ir.rst be ai.apted t o  a d i f f e r e n t  s e t  of  c l ima t i c  condi t ions  than  
i s  red p i n e ,  P* resinosa x P, hybrids,  i f  produced, would 
probably n o t  be' h a r d y h i t h i n - t h e  n a t u r a l  range of red p ine ,  but might be 
directly u s e f u l  i n  more ssratherly l a t i t u d e s .  However, t he  main advantage 
would b e  the introduction o f  new germplasm t h a t  could eventua l ly  be 
incorporated i n t o  a Ilardy organism by back cross ing  t o  red  p i n e  o r  by 
f u r t h k r  hybrid1 zation w i t h  temperate- zone pines of t h e  Sylves t res  group. 

has long needles  (up t o  two times longer than  P .  r e s i n o s a ) ,  
e need le  resin ducts  (Shaw 1914) ,  and a seed l ing  "grass" 

stage (bliro; l 9 h i j .  These t r a i t s  should be he lp fu l  i n  hybrid i d e n t i f i c a t i o n .  
'i'he presence o f  a g ras s  s t a g e  i n  this spec ies  a l s o  leads t o  specu la t ion  
on p o s s i b l e  past hybr id i za t ion  of P. w i t h  o ther  southern and 
t r o p i c a l  p ines  that might make it a p r i c h  spec ies  i n  terms of 
germplasm diversity (hlirov 1967). Aside from t h e  applied t r e e  improvement 
benefits t h a t  t h e  cross P, r e s inosa  x P ,  ' might y i e l d ,  it should 
provide some insight to f i e  evolut ion cf r e s  subsec t ion  ., 

WTERIAL AND NETHODS 

Pinus p o l l e n  was obtained from p lan ta t ions  i n  South Af r i ca  
and distributed i n  t he  Uni ted  S t a t e s  and Canada by D r .  P. W .  Ga r re t t  of  
t h e  USUA Farest Serv ice ,  

I n  May 1972, 13 red  p ine  t r e e s  growing a t  t h e  Universi ty of Wisconsin 
Arboretwn a t  bfadison and 9 t r e e s  growing near Fredericton,  New Brunswick, 
were used a s  female parents  f o r  c rosses  with P .  and red p ine ,  

An unpoilinated control was a l s o  included. cone ested in the 
f a l l  o f  1973, the seed ex t rac t ed ,  and X-ray photographs taken t o  determine 
which seeds  were f i l l e d  and c a r r i e d  a normally developed embryo. F i l l e d  

seeds were germinated without any pretreatment .  

I n  May 1974,  an a d d i t i o n a l  s e t  o f  f i v e  red p ine  t r e e s  a t  t h e  Holst 
S ta te  Fores t  in cen t ra l  Iowa were used a s  female pa ren t s .  The timing 

t h e s e  p o l l i n a t i o n s  was somewhat delayed, and t h e  peak of s t r o b i l i  



recept  
cone d 
Cones 

i v i t y  had passed by the  time pollen was aji;~i : e,!. ~ 1 . , i i b ~ , ~ ~ ~ , l  L t  ;,: 

evelopment was observed i n  t h e  f a l l  o f  i '3- '4 arri? t i ~ i  k.l:,;::!:2r o! .  i k j - 7 - > *  

t h a t  mature w i l l  be harvested in t h e  fail o f  19;:. 

RESULTS 

No hybrid seedl ings have been produced t o  d a t e .  A rca:;niia!, 1 j -  

cone s e t *  resu l ted  from t h e  P. pol  l i n a t  i o ~ i s  , a 1-t- j to~~gi;  :iiiiiii,er 

of seeds formed per  cone war I T ~ t ~ ~ b i  1 i 1 1  ~ c J  Eiri j t 11 red 

pine pol len  ( tab ie  1). In  Wisconsin a total o f  2 7 0  seeds was ~ l i - o ~ i i ~ ~ ~ ~ i  
pollinations, but  X-ray analysis revcal ed t h a t  o i i i y  
contained a m o r p h o l o g i c a l i y  normal embryo. .\il o t h e r  

seeds were empty. The one normal "hybrid" seed f a i l ed  t o  gcrloi!,at e .  

Table I . - -  CUTIS i. aa 

Item " Location d 
- - - w " - m w " " -  

Strobi  li 
[No.) 

Mature cones 
produced (No. ) 

Seeds p e r  cone 
Range 
Average 
Average 

Seeds produced 
(Total No.) 

F i l l e d  seeds2 
(No. 1 

Germination [%) 

Wisconsin 
New Brunswick 
Wisconsin 
New Brunswi ck 

Wisconsin 
Wisconsin 
New Brunswick 
Wisconsin 
New Brunswick 
Wisconsin 
New Brunswick 
Wisconsin 
New Brunswick 

1 Excluding s t r o b i l i  l o s t  t o  i n s e c t  damage o r  breakage. 
2 Determined from X-ray photographs. 
3 Two cones i n  one p o l l i n a t i o n  bag produced 103 f u l l  seeds.  These 

seeds proved t o  be nonhybrids i n  subsequent t e s t s  ( s e e  t e x t ) .  

In  New Brunswick, p o l l i n a t i o n s  with P .  y i e l d e d  409 seeds, 
of which 104 were f u l l .  However, 103 of-t eds were obtained 
from 2 cones i n  a s i n g l e  p o l l i n a t i o n  bag and t h e i r  h y b r i d  a u t h e n t i c i t y  
was dubious. Those pu ta t ive  hybrid seeds, along w i t h  su i tab le  c o n t r o l  
seeds of red p ine  and P .  t r o p i c a l i s ,  were germinated and t r ansp lan ted  
i n t o  a greenhouse test ,  I n  August 3.974 t h e  s u r v i v i n g  p u t a t i v e  h y b r i d s  
were examined and compared t o  t h e  parent  species.  They were a l l  nonhybrids 
and ind i s t ingu i shab le  from red  pine.  I t  was concluded t h a t  they  resulted 



-'rc::a ast: of  a defective p o l l i n a t i o r .  bag or the i n c l u s i o n  of male strobili 
i 1 1  thi- poi I i n a t i o n  bag.  The one supposedly "legitimatew hybrid seed 
f r s  I ed to ger::lirz t e  , 

7 ' i~c  1974 pollinations performed in Iowa have even less promise o f  
success hazed  on t h e  percent  of p o l l i n a t e d  s t r o b i l i  that were s t i l l  
iiiar5r;ng as cones in midsummer of 1975. Only 3 o f  126 p o l l i n a t e d  s t r o b i l i  
 ere continuing to develop, and those were somewhat smal le r  than  t h e  open- 
p o l  l i n a t e d  cones on t h e  same trees, 

DISCUSSION 

'The results observed to date  are not  encouraging. P. 
pol l c n  can sti-mulate conele t  and seed coat development Fn 
i t  appears that embryogenesis occurs rarely, if a t  a l l .  Based on a sample 
o f  two crossing trials, one in Wisconsin and one i n  New Brunswick, t h e  
v i a b j  lity o f  the hybrid i s  also ques t ionable .  However, t h e  p o s s i b i l i t y  
t ha t  red pine can be  crossed w i t 8 1  P. - should not  be  abandoned 
on the basis of this work alone. I n  these  t r i a l s  only one source  of 1- 
y e a r - o l d  -- P. t r 2 i c a l i s  -- v pollen was used and al though t h i s  p o l l e n  showed 
Bfr,orri4al'Qgernm-E.nation i n  d i s t i  I. led water ,  t h i s  i s  no t  conclusive evidence; 
tha t  it had r+e:ained t k  a b i l i t y  "; function nol~mally i n  v ivo ,  -- 

McWilliam (1959) s t u d i e d  t h e  course of events  during the breakdown o f  
seed fonna t i nn  is; incompatiWle pine h f i r i d i z a t i o n s ,  H i s  work focused on 
the  c ross  P, nigra x P, x s i n o s a ,  I n  most cases o f  i ncompa t ib i l i t y ,  he - -  
observed some penetrario nucel lus  by the fo re ign  p o l l e n  tubes.  
In some cases this pollen tube growth ha l t ed  wi th in  t h e  f i r s t  few months 
and rapid breakdown-of t h e  megaspore followed. Cone abor t ion  was common. 
Nhen i n i t i a l  polfen tube growth was vigorous,  development o f  t h e  nuce l lus  
and megaspore psoceeded nomalfy through t h e  f i r s t  1 2  months. But i n  a l l  
cases studied, normal pollen tube growth d i d  no t  resume in t h e  second s p r i n g  
leading  to deterioration of  t h e  gametophyte and empty seeds,  The f a i l u r e  
to complete fertilization was a t t r i b u t e d  t o  an adverse metabolic  environment 
f o r  foreign p o l l e n  tube growth. 

The r e s u l t s  of the P, p o l l i n a t i o n s  indica ted  t h a t  many p o l l e n  
g ra ins  are functioning zur s t  season, b u t  nea r ly  a l l  f a i l  t o  
complete development the second spring. I t  was observed t h a t  some female 
pa ren t s  y i e lded  a h i g h e r  percentage o f  matured cones and seeds  pe r  cone. 
For  example, 1 female i n  the  1972 Wisconsin p o l l i n a t i o n s  provided only 4 
of  the s t r o b i l i  t h a t  were p o l l i n a t e d  (out  of a  t o t a l  of 711,  bu t  a l l  4 
s t r o b i l i  matured and y ie lded  an average of 20+ seeds  pe r  cone inc luding  
the 1 f i l l e d  seed, Much t r e e - t o - t r e e  v a r i a t i o n  i n  seed s e t  was a l s o  
observed among t h e  N e w  Brmswick t r e e s .  Such t r e e -  t o - t r e e  d i f f e r e n c e s  
f avo r  t h e  "metabolic imbalance" hypothesis .  I t  i s  a l s o  p o s s i b l e  t h a t  
fa i  lure o f  the P, pol len  t o  f e r t i l i z e  r e d  p ine  r e s u l t s  from 
t h e  i n a b i l i t y  t ed po l l en  t o  surv ive  t h e  r igorous  c l imates  
o f  Wisconsin and Mew Brunswick, 



The f a c t  t h a t  t h e  percent o f  p o  1 i i na't ct: 3 : Y J ' )  
I t ,i , 

development i n  t h e  second year i ias i::ac!r !i~r ;' : r i  r +,P I .I;** . ,: I , 

probably more a r e s u l t  o f  delayed po!il?:i:.<:i I.'I.~,: .'! ; : - I  
; , - : - : $  

v a r i a t i o n  o r  climatic d i f f e r e n c e s ,  

At t h i s  p o i n t  in t h e  e f f o r t  to ! i ) .b~id i 21' i ' ; . i !  I? : :I;' \. I 1 * * ,  j r l  a , i / )  l l i s  

seve ra l  remain to be explored  I :;i :-!ii i i L, : i r t+ 7 j : > L i :  1 1 \:c 
c ross  B e  r e s i n a s a  x P. * l ~ s i r ~ g  p 0 1  l v n  ! I+LJ;~L - 3 x 1 3 i :  ! 1 2 $ , i 7 ,  - d 

I *  p l an t a t i ons  o r  preferably  from o t h e r  soLiri:c:: ri.5 t i : i i i '  I + - * \  . .- i d  1 t >  
* 
and p o l l i n a t i n g  as many femalc parenti;  as  P O s i I  i; ii (:I < L ; . ~  1 1 ..L? )il ,! ic 
parentage i s  not s o  easy to arrange became  41 1 !-0 1 ! ( 1 :  il<i% 1 ! I ,  

% , L i ~ r )  t i  1 ; f : J  

by f o r e i g n  cooperators)  ; (7) i o n c e n t r a t  i ng  f ~ i i  t!ier- c i t ,  I t :, > L b  ; cr>)cL ic - 
pa ren t s  t h a t  have prev ious ly  g iven  good corlc an,! i t r s c i  :., * j: l r : i , i e ~ d  
with  P ,  [IS ta r ~ h d ~ + i ~ - ~ \  t i i L +  ! . d ~ * - b i a  J (;-;cbl-- 

w i n t e r  e t h a t  the P, p d l t w  t ~ i b ~ ~  LIJ-L~ t u * ; q ; ; l . ~ ; ~ A !  :\I 

(e.g. , using graf ted  red p i n e  females groiin in t h c  g r r c ~ i i i o i ~ ~ : ,  ) ; - k  
making t h e  r e c i p r o c a l  cross on either the  :-iadt l i n e  *- i i ) ,  
o r  t h e  South African p l a n t a t i o n s  ; a ~ d  (5 L I S ~ T I ~  -- I ) *  --- r e 5  i.no:-& - ".- i' . 

The au thors  extend t h e i r  t h a n k s  to Dz", I > ,  Pi, G a r r v p t t  tli f : j:p i i > , i i ! ,  

Forest  Serv ice ,  Nor theas te rn  Fores t  E x p e r i m c n e S t a t  ior;, i^o:- ixr"~?ld. 13 l xlg 

t h e  Pinus po l l en  f o r  t h i s  study, and to  i);., 1 ' .  k ~ J t ~ l p ! i  0: 

t he  USDA Fores t  S e r v i c e ,  North Central Fores t  !.spcr i m w t  i : a t  i oil,  f o i -  
X-raying t h e  Wisconsin s e e d ,  

LI'TEk4TURE CI'TED 

C r i t c h f i e l d ,  W. B. 1963. The Aus t r i an  x red  pine h y b r i d .  S i l ~ a c  Gcnet.  
12~187-192.  

C r i t c h f i e l d ,  W. B . ,  and E .  L. Little, .ire 1966. t ;eograpii ic ~ i i s t r i b u t i c n  
of t he  p ines  o f  t h e  world .  USDA For. Ser;.. )list. P u b l .  991, 97 ;7. 

Fcwler, D .  P . ,  and D. 7'. Lester .  1970. The g e n e t i c s  of i.cd ; ; . i i i t .  WD:4 
For.  Serv.  Res. Pap. WO-8, 13 p. GOY. P r i n t .  O f f . ,  \%"ash. , ~ ' J . C  a 

McWilliam, J. R. 1959. I n t e r s p e c i f i c  incumpat i b i l  i ty in I ' i r~u i .  Ac:. .J. 
v.vw-- Bat. 463425-433, 

Mirov, N.  T.  1967. The genus Pinus. 602 p .  Ronald Press, TPK Y o r i ,  
New York, 

Say lor ,  L. C. 1964. Karyotype ana lys i s  of P inus -group  I . a r i c ionc i .  
S i l v a e  Genet, 13: 165-170, - 

Shaw, G .  R.  1914. The genus Pinus. 96 p. Riverside I'rcss, (:anbrldgc, 
England. 



GENETIC VARIATION I N  THE HEIGHT-DIAMETER RATIO 
IN SCOTCH PINE 

l /  
Jonanthan W.  right- 

ABSTWCT. --A range-wide provenance t e s t  inc lud ing  seed ------ 
from 110 parts of t h e  s p e c i e s '  n a t u r a l  range  was e s t a b l i s h e d  
i n  1961 i n  three Michigan p l a n t a t i o n s .  The t r e e s  were 
measured i n  1973-1974, s h o r t l y  a f t e r  crown c lo su re .  A t  t h a t  
time t h e  p l a n t a t i o n  i n  t h e  Upper Peninsula  averaged 12.7 f t .  
t a l l  and 3 .3  i n .  d i ame te r - a t - l - foo t ;  t h e  two p l a n t a t i o n s  i n  
the Lower Pen insu la  averaged 23.9 and 2 3 . 2  f t .  t a l l  and 6.0 
and 6 . 2  i n .  d iameter ,  r e s p e c t i v e l y .  The average he igh t /d i ame te r  
r a t i o  ( f e e t / f e e t )  was 54:1 i n  a l l  t h r e e  p l a n t a t i o n s .  The s i x  
tallest s e e d l o t s  (30 percen t  t a l l e r  than  average)  were from 
Belgium, n o r t h e r n  France,  West Germany, and e a s t e r n  
Czechoslovakia .  Their he igh t ld i ame te r  r a t i o  va r i ed  from 5O:l 
to 54: 1 (differences not s i g n i f i c a n t )  ; a l l  s i x  were among 
t h e  eight l a r g e s t  i n  diameter .  Thus, s e l e c t i o n  f o r  r a p i d  
volume growth can be  done on t h e  b a s i s  o f  e i t h e r  h e i g h t  o r  
dimeter, Trees  from the n o r t h  (nor thern  Sweden, S i b e r i a ,  
and t h e  Ura l  Mountains] grew a t  very  slow t o  moderate r a t e s  
(40 t o  90 pe rcen t  o f  average) .  Such t r e e s  were more s l e n d e r  
t han  ave rage ,  having he igh t /d iameter  r a t i o s  o f  5 6 : l  t o  58 : l .  
The s t o c k j e s t  t r e e s  ( i , e . ,  lowest he igh t /d iameter  r a t i o s )  
were from Spain,  Greece,  Turkey, and no r the rn  I t a l y  (average 
h e i g h t / d i m e t e r  r a t i o s  of 44:1, 4 9 ~ 1 ,  50:1, and 50:1,  
r e s p e c t i v e l y ) .  Those r a c e s  grew a t  moderate r a t e s  (80 t o  100 
pe rcen t  o f  average) and a r e  among t h e  b e s t  f o r  Christmas t r e e  
p roduc t ion  from t h e  s t andpo in t s  o f  f o l i a g e  c o l o r  and need l e  
l eng th .  

Traditionally i n  g e n e t i c  experiments e i t h e r  he igh t  o r  d iameter  have 
been measured and s e p a r a t e l y  r epo r t ed .  Sometimes both have been used 
as t h e  b a s i s  for volume e s t ima te s  bu t  r a r e l y  h a s  t h e r e  been a c r i t i c a l  
a n a l y s i s  t o  show t h e  exac t  r e l a t i o n  between t h e  two. This  r e l a t i o n  
concerns  t h e  gene ra l  ques t i on  of  whether growth i s  c o n t r o l l e d  by 
g e n e r a l  "growth r a t e "  genes ,  by s p e c i f i c  genes f o r  he igh t  growth and 
f o r  d iameter  growth, o r  by a  combination o f  t h e  two types .  The 

l /  P r o f e s s o r  of F o r e s t r y ,  F o r e s t r y  Department, Michigan S t a t e  
~ n i v e r s i t ~ ,  East Lansing, Michigan. 



o b j e c t i v e  of t h e  s t u d y  i s  to answer t h i  i i x i p ~ j ~ . c ; i i r r  i 4 ( ~ ~ a  , T  I % ; $  , 

I f  "growth r a t e H  genes predominate ,  t re&; k? z q t v b t ? L j  I i l k ;  i* 1.1 1 c , - 1 ,  -, 

would improve i n  several ways: (I) selection o f  i ~ i ~ : : . - t r ~ ~ ~ ; ~ .  : 1 i - * j ; : >  

y i e l d  would be simplified; (2) rogu ing  o f  progcri) i t 3 . .  t : . t b L b s i  l : =t;;f.,! 

orchards  would be made easier; (5) rneasilrcnie~l t 5 ~ i h ~ i ~  t i*t6t '- .  * A : 1 L- 1" 

would be much less c o s t l y  because only dianieters b q i j i l  iii ::t%~.%(i r I :  i j i .  

measured, and (4 )  t h e  p r e d i c t i o n  o f  f u t u r e  gen t : t i c  J t f!cr*ti$:.L c., b$ .I:; i . 1  
be more accura te .  

PREVIOUS NORK 

A few g e n e r a l i z a t i o n s  can be made froin t h e  e .xt t .nsiv2 1 11- i : i ~  l t  : ~ r ; t j  

r e s ea rch  on diameter  growth and stem form. Diai;reter growri i  i -  u a i ~ ~ i l  I \  
g r e a t e s t  i n  young t r e e s ,  primarily because the)- s u f f e r  t i l e  I t:.1> t > t A \  tare 
competit ion.  I n  humid r eg ions ,  rate o f  diameter yroiitii ni,i>* bc i i t b L i i -  1; 
cons tan t  u n t i l  crown c lo su re  and then  drcreasc; -r .apidiy,  l t ~ivi:" f - k c ~ i  
i n c r e a s e  a f t e r  t h inn ing ,  t o  decrease again a s  groxi ng TS)~~I'L' bt ' i j j i i i l 's 
l im i t i ng .  I n  young t r e e s  t h e  r a t e  o f  diameter g r ~ w t ' ! ~  3s apj?~ ' r !~"~: :? ;1 t^ i "y  
t h e  same a t  d i f f e r e n t  h e i g h t s ,  resulting i n  a conical bol tc . . ,  k l t l . :  
i n c r ea s ing  age, diameter  growth t ends  to be g r e a t e s t  nea r  tiw ba;t> 
t h e  l i v e  crown. Hence, i n  o l d  forest-grown trees the i o w ~ l r  Imle may 
be almost c y l i n d r i c a l ,  

Gene t ica l ly ,  he igh t  and/or  diameter  have been meas~lred nc re  frc- 
quent ly  than any o t h e r  t r a i t ,  Large differences arnang secdlo"l !il;it.:r 

been found i n  bo th  t r a i t s ,  bu t  t h e  degree of  independence betkqcen them 
has r a r e l y  been i n v e s t i g a t e d .  One exception is La ~ a r ~ e / i , i i o  w o r k e d  with 
10 t o  12-year-old provenance and wi th  h a l f - s i b  progeny t e s t s .  . T h e  
average r a t i o  of  t o t a l  h e i g h t  t o  d i ame te r -b rea s t -h igh  v a r i e d  from 2i:l 
t o  29: 1 ( f t / f t )  i n  ponderosa p ine ,  67: 1 t o  7 3 :  1 in eastern w h i  tc i t inc ,  
and 36 : l  t o  38 : l  i n  Scotch pine.  In  a l l  th ree  species m3st o f  t h c  
v a r i a t i o n  was a s s o c i a t e d  w i th  reg ion  of o r i g i n ,  little w i t 1 7  differences 
among s t ands  l oca t ed  a  few mi l e s  from each o t h e r  or with d i f f e r e n c e s  
among t h e  o f f sp r ing  o f  d i f f e r e n t  trees within the same s t a n d ,  En 
ponderosa and e a s t e r n  white  p ines  t h e  fattest trees the lowest 
r a t i o s )  were of  sou thern  o r i g i n ;  in Scotch p ine  the f a t t e s t  t r e e s  
were o f  nor thern  o r i g i n .  La Farge a l s o  studied the r a t i o  betbicei: 
d iameter  a t  midheight t o  t h a t  a t  b r e a s t h e i g h t .  Particularly in 
ponderosa p ine ,  t h e r e  were i n t e r e s t i n g  d i f f e r e n c e s  i n  t h i s  ratio. 
I t  v a r i e d  from 0.53 t o  0.58 (conica l  stem form) i n  trees from t h e  
i n t e r i o r ,  and from 0.62 t o  0.65 ( c y l i n d r i c a l  lower boles) in westcrii 
t r e e s .  

2/ La Farge, Timothy. 1971. Inher i tance  and e v o l u t i o n  o f  stem 
form-in t h r e e  no r the rn  spec i e s .  Michigan S t a t e  linivers i ty Ph . l). t hes i 5 ,  
332 p. 



? I  though much smaller than the d i f f e r ences  i n  either h e i g h t  or 
d i  ametcr,  the [H. fferences i n  these r a t i o s  were s t a t i s t i c a l l y  signif- 
icaiit a n d  large enough t o  be o f  p r a c t i c a l  importance.  La Farge 
i n t e r p r e t e d  some o f  the ratio-differences t o  be due t o  d i f f e r e n c e s  
irk c o l d  h a r d i n e s s ;  in the northern test area extreme w i n t e r  c o l d  may 
i inve a f f e c t e d  height growth more than diameter  growth w i th  t h e  r e s u l t  
that t h e  least hardy southern trees had t h e  f a t t e s t  stems. Some he 
i n t e r p r e t e d  as due t o  t h e  presence o f  s epa ra t e  genes f o r  h e i g h t  and 
iH f aiwieter g r n w t h ,  

M T E R I A L  AND METHODS 

'I'he present study i s  based upon t h r e e  provenance- tes t  p l a n t a t i o n s  
e s t a b l i s h e d  w i t h  2-0 s t o c k  i.n 1961 as p a r t  o f  t h e  NC-99 r e g i o n a l  t r e e  
improvement project. The t o t a l  experiment i nc ludes  1 2 2  s e e d l o t s  
r e p r e s e n t i n g  106 na tu ra l  s t a n d s  we l l  d i s t r i b u t e d  over t h e  s p e c i e s '  
n a t u r a l  range  i n  Eurasia. I n  t h e  t h r e e  p l a n t a t i o n s ,  72,  108, and 110 
of t h e  seer i io t s  were r ep re sen t ed .  

7'he s e e d l i n g s  were p l a n t e d  a t  a spacing of  8 by 8 f t ,  w i th  4 - t r e e  
plots and 7 to 10 r e p l i c a t i o n s  per  p l a n t a t i o n .  Necessary weed c o n t r o l  
was p r a c t i c e d  t h e  f i r s t  2 years. Surviva l  averaged 90+ p e r c e n t  a t  
each site, hut growth was much i n f e r i o r  in n o r t h e r n  Michigan ( t a b l e  1 ) .  

Table I,-- 

Average 
V 

Height /  
: Year : : Diameter :diameter  

Plantation l o c a t i o n  : measured : Height : a t  1 f t  : r a t i o  
f t i nches  f t / f t  

Kellogg Forcst,southern Michigan 2974 23.9 6.0 54.6 
Rose Lake ,  c e n t r a l  Michigan 1974 2 3 . 2  6 , 4  53.4 
Dunbar Fores t ,  n o r t h e r n  Michigan 1973 12 .7  3 , 3  53.6 

Crowns closed between 1971 and 1973 i n  t h e  two f a s t e s t  growing 
southern Michigan p l a n t a t i o n s .  These p l a n t a t i o n s  were t h inned  i n  t h e  
w i n t e r  o f  1973-1974 t o  l e ave  t h e  t h r e e  b e s t  ( t a l l e s t  and/or  s t r a i g h t e s t  
t r e e s  pe r  p l o t  and t h e  t r e e s  were pruned t o  l e ave  s i x  whorls  pe r  t r e e .  
Crowns have nut c lo sed  i n  t h e  n o r t h e m  Michigan p l a n t a t i o n ,  which h a s  
been pruned bu t  no t  th inned .  

T o t a l  h e i g h t  and d iameter ,  as w e l l  a s  o t h e r  t r a i t s ,  were  measured 
ers of 1973 and 1974 on t h e  two t a l l e s t  t r e e s  p e r  p l o t .  

These were g e n e r a l l y  s t ra ight-s temmed t r e e s  i n  which growth r a t e  had 
n o t  been a f f e c t e d  by i n s e c t  o r  b i r d  damage. Measurement o f  t h e  two 



t a l l e s t  t r e e s  pe r  p l o t  r e s u l t s  i n  inflated est i n a t e s  O! i i L ' i  ;:!I* 
diameter but t h e  values of one seedlot to ano thc r  .irk- r , t i , c .  1 )- .i ! !PL- 1 p;i 

by more than 1 percent .  Diameter was measiircd at :i h t k i g i i t  : ~ t  i i",:i:r 

above the  ground (or 15 inches i f  t h e r e  was a brarizil w h o r i ! .  
Diameter measurements near  the ground were b e t t e r  f u r  bio!o&;i,-;il 
purposes than diameter measurements a t  b r e a s t  h e i g h t  bec;iusc oni.  
p lan ta t ion  was twice as t a l l  as a n o t h e r ,  and soroc seed l o t  25 i\t:r*i. toirr. 
times a s  t a l l  a s  o the r s  i n  t h e  same plantation. 

3/ - 
Wright -- e t  a l e  descr ibe  variation i n  o t h e r  traits L i i ; ~ l  g, i v e  gt>i rer .n l  

recommendations f o r  the  choice o f  Scotch p i n e  p l a n t  ing i t  ock. 

An analys is  of variance was perforlned on the h e i g h t ,  diamctcr, 
and height /diameter  r a t i o  sepa ra t e ly  f o r  each p l a n t a t i o n  and for a i l 
p l an ta t ions  combined. 

Mor ta l i ty  averaged l e s s  than  10 percent  i n  each o f  t h e  three 
p lan ta t ions .  Most deaths occurred the  first 2 years a f t e r  f i e l d  
p lan t ing ,  p r imar i ly  because of  poor p l a n t i n g  or weed competi.tion. 

The growth d a t a  a re  summarized by variety in table 2, i n  most 
v a r i e t i e s ,  both height  and diameter were 70 t o  101) percent g r e a t e r  
i n  the  Lower Peninsula than i n  t h e  Upper Peninsula p l a n t a t i o n ,  

Var i e t i e s  haguenensis and from north-central Europe grew 
f a s t e s t  a t  a l l  l oca t ions .  In t h e  Lower Peninsula they  averaged 28 f t  
t a l l  1 3  years  a f t e r  p l an t ing  and grew a t  t he  rate of 2 .5  ft pe r  yea r  
during the  previous 5 years .  The s i x  f a s t e s t  growing seedlots, a i l  
from t h e  same two v a r i e t i e s ,  grew 2.6 f t  per  year .  Thus, they compare 
favorably with n a t i v e  p ine  spec ies .  

V a r i e t i e s  from northern Eurasia  grew only  50 to 80 percent as f as t ,  
whether planted i n  the  Upper o r  Lower Peninsula.  Because of their slow 
growth and because they t u r n  yellow during the winter, they are n o t  
planted extens ive ly  f o r  e i t h e r  timber o r  Christmas trees. 

Western and southern v a r i e t i e s  a r e  p r e f e r r e d  f o r  Christmas t r e e  
p l an t ing  because they remain green during t h e  win te r  and have shor t  
needles ( t ab le  2 ) .  Most grew 75 t o  90 percent  as f a s t  as t h e  t imber  
v a r i e t i e s .  Var. i b e r i c a  from Spain, which remains t h e  greenes t  d u r i n g  
winter and i s  t h e  f a v o r i t e  o f  many southern Michigan growers, su f fe red  
severe winter  i n j u r y  and consequently grew very s lowly  i n  t h e  Upper 
Peninsula.  

3/ Wright, Jonathan W . ,  W. A.  Lemmien, J. N.  Br ight ,  M. W. Day, 
and E. L. Sajdak. 1975. Scotch p ine  v a r i e t i e s  f o r  Christmas t r e e  and 
f o r e s t  p lan t ing  i n  Michigan. Michigan Agric.  Exp. Stn .  Res. Rep. (In 
press .  ) 



'l'allle 2 .---Height ---- --- 
p ine  v3GeCii.s -grown in 3 
Lower Micliigan2Iantations were similar so they were combined) ---- ------ -- -- 

V U I E T T E S  FROM NORTHEW E U M S I A  
Î -_1_ --.-- * - ------ -. _ l I I X I I I 1 l l l I _ I ~ . ~ -  

Variery  
Height  eight / 

and Diameter diameter 

Feet Inches -- Fee a: 

$;xpponica N $WE N FIN ---- 
seutentxionalis SWE 
r i ~ e n s i s  5 SWE LAT - -  
rnonnolica S I B  
uralensi s I R A  23.9 12,3 5.4 3e2 58 55 

.------------~" 

------- ---"-"-"-- 
VARIETIES FROM CENT 

palonica POL -- 2 %5*5 
hercynica W GER 'Cd CZE E GER 2 7 , 1  15.6 -- 

E CZE 23.6 16,2 6 .9  4.0 
hagalenensis BEI N FRA S*J GER 28.3 15.8 7 , 4  4.0 

- -- V M I E T I E S  FROM WSTEW AND SOUTHEm E U M S I A  

"E. h g l i a '  E N G  
s c ~ t i c a  SCO 
i b e r i c a  SPA 
aquitana S F M  
s u b i l l v r i c a  N I T A  

1/ BELgium, CZEchoslovakia, ENGland, F I N l a n d ,  F C e ,  GEQrgian SSR, elREece, 
~ E R r n a n y ,  HUNgary , I T A l y  , LATvian SSR, POLand, S C O t  l and ,  SIBer ia ,  SPAin ,  SWEden, 
TURkey, U R A l  Mountains, YUGoslavia. 

2/ L . P .  = Lower Peninsula,  Michigan; U.P. = Upper Peninsula, Michigan. - 



Despite t h e  l a r g e  d i f  f e re i~ces  g 3 %  r.i ie. ' 1 
s .  

i 1 

) * I  

i P * ,  and Lower Peninsula  p l a n t a t i o n s ,  b o l e  fcjri:! .+.i%- i :.. : ! ~i : . . . , &, 

diameter r a t i o  averaged 54 f t / f t  at a1 1 tI?:+i.c t.:?: 1 T t  a ') ; : 1 

v a r i e t i e s  were t h e  most  cylindriiai, i . e .  , i ~ ; i i  t':: i i ~ ~ ; : : c  t 

diameter ratios, Southern  varieties K P ~ C  gi:n;*il:i k :: : ,i \ : _ 1 ~ 1  .. 1 ;  ) 

having t h e  lowest ra t ios .  Spanisi1 va r .  L ~ > L > I ~ L C ~  \%;-i:> L+ ;;>I+L I < +  1 - 

worthy, with ra t ios  of 16 and 42 in Chi. i.rjucr .~;IL! 1 - A A - 3  ,& 1 Li 

p lan t a t i ons ,  respectively. The very  lo19 ~ ' ; % t & a ,  i?f ;- i ~ ?  ? J i b 2  ('1 

Peninsula plantation was related to t h e  si.:--r-t3 c I I : ~  t .1-  : i i j  1.r; .lr::t. . j, 
by Spanish t r e e s  there .  Because o f  repeated to i .  .i i t . t i , . i ~ * L ,  t i : ; . ~ "  ;JILi.;i; 

l i t t l e  he igh t  growth "out cori",nucd cliaincter grca;:!~, 

In  both he igh t  and diameter, d l  f f erences ~T"O.Y-IS t'ar i e" i c :a i_ i"\')*.ti>f ("4 
f o r  t h r ee - fou r th s  o f  t h e  t o t a l  genctic va~iancc dtzIjq4c I ; ;  a ! 9 1 $ ~ i l  SC: I W ~ S  

accounted f o r  most of -the remainder. ~ h c h  o f  t h c  intcraut:~n bb ; l bs  c ; t t i i ~ d  
by t h e  very di f fe ren t  performances ohva- i - ,  iherica i ~ n i %  ~ ; i 3 * ~  i;lv':?ii.i:l~;i ----- ---- ----". 

i n  t h e  nor thern and sou thern  test sites, 

Table 3. - - S t a t i s r i c a l  s ign i f i cance  sf the  d i  f l e r e r~ceh  
----" 

i n  he igh t ,  diameter,--diameter rcit 1;. ---- 

----.--.-.-p 
"i'ra-i ----- t 

: iicr g i l t /  
: Degrees o f  : >(.h il;r%c t er 

Source of v a r i a t i o n  : freedom : H e i g h t  : iliar:,cter : r a t  io 
---------."- ,.,- - 

4.4iear1 squares 
Var i e ty  16 16,564** 6,482"* 0 j 5 ! 6 -K * 
Seedlo t  wi th in  v a r i e t y  92 2 15 is-7* k( 66:'' ' 
Var ie ty  x p l a n t a t i o n  32 720*' s l i 6 R x  1 5) 3 -5 "* * 
Seedlo t  wi th in  v a r i e t y  150 184*" 68 .T r i 1 

x p l a n t a t i o n  
Repl ica t ion  w i t h i n  1 4  2,086** 864*-" 1,52C> .dt .+ 
p l a n t a t i o n  

E r ro r  (= s e e d l o t  w i th in  1 ,271  94 58 259 
v a r i e t y  x r e p l i c a t i o n  
w i th in  p l a n t a t i o n )  

Variance components, as p e r c e n t  
o f  total genctic variance 

Var i e ty  
Seedlo t  wi th in  v a r i e t y  
Va r i e ty  x p l a n t a t i o n  
Seedlo t  wi th in  v a r i e t y  

x p l a n t a t i o n  

** = s t a t i s t i c a l l y  s i g n i f i c a n t  a t  1 percent level .  



i !i t ~ i ;  !;r .i biit/iil anieter r a t i o ,  d i f f e r e n c e s  among varieties were 
Y , l o  , . , , . :~rt :~r;~ t !-jut riot- overwheiming, About 20 percent of tlie t o t a l  g e : l e t i c  
i ~ z r ; a ~ ~ c e  ~ ~ 3 : ;  d i ie  to differences among s e e d i o t s  within tke same variety. 
I:or example, this r a t i o  varied from 49 to 54 w i t h i n  t h e  fastest growing 
\ iar~t : " t  hdg:lencii.sis, arid from 53 to 56 within the second fastcst 

Ji -. <------Mm" *----" 

(-7 ~ " o w l n g  v a r i  e ty ,  
0 a Also, "there was some i n t e ~ a c t i o n  in. t h e  
ratio, due primarily to the different behavior of t h e  slow growing var. 
i a y p o i l l c a  and the cold  s e n s i t i v e  var. iberica i n  t h e  two peninsulas .  -- ---we 

IIOSS f BIJE CAIJSES OF DIFFERENCES IN HEIGHT/DI 

Measurement Technique 

F u r  the best estimares of a tree's productivity, measure diameter 
at ground  level  and t o t a l  height. Measuring diameter at a higher  p o i n t  
w i l l .  r e s u l t  i - n  an increase i n  heightldiametrsr r a t i o s  and the e f f e c t  w i l l  
bc  rn~ich l a r g e r  for small than for large trees, 

>'he pex""" t  data are based upon di.ameters measured ? f o o t  above t h e  
ground,  thus e l imina t ing  b u t t  swe l l .  The 1 f o o t  was an apprec iable  
p o r t i o n  ui t o t a l  he ight  only for t h e  slowest growing s e e d l o t s  p l an ted  
in ?rile U I I ) ~ C E '  Pen in su l a ,  The f a c t  t ha t  h e i g h e l d i m e t e r  ratios were low 
i n d i c a t e s  t h a t  the results were not inf luenced apprec iably  by measure- 
ment technique, 

Competition 

The measurements were timed t o  provide information on bole form of 
trees grown under c o v e t i t i o n - f r e e  condit ions.  Actual ly,  crown c l o s u r e  
i n  t h e  two Lower Peninsula p l a n t a t i o n s  had begun i n  1971 and was 
p r a c t i c a l l y  complete by the time t h e  measurements were made. Thus, 
there was some opportunity f o r  competition-induced i n f l a t i o n  of he igh t /  
diameter ratios. However, judgingfrom t h e  stumps of  t r e e s  cu t  i n  
th inn ing  and by the similarity of r a t i o s  between t h e  p l a n t a t i o n s  which 
differed markedly in  growth r a t e ,  competition had not  a f f e c t e d  r a t e  of 
diameter  growth apprec iably  a t  t he  time of  measurement. 

Winter Hardiness 

Lack of cold  hardiness had a  demonstrable e f f e c t  on t h e  he ight /  
d iameter  r a t i o  of  var. i b e r i c a  i n  t h e  Dunbar Forest  p l a n t a t i o n .  Nearly 

every win te r  most t r e e s  of t h i s  v a r i e t y  su f fe red  dieback o f  branches o r  
main stem and as a consequence grew l i t t l e  i n  he ight .  However, most 
retained l i v e  branches below the  snow l i n e  and continued diameter  growth. 

Other southern varieties did no t  s u f f e r  v i s i b l e  winter  i n j u r y  i n  
Michigan, but i n  European experiments have not  withstood extreme win te r  
co ld .  There i s  a p o s s i b i l i t y  t h a t  t h e i r  growth processes a r e  upset  
du r ing  Michigan win te r s ,  and t h a t  t h i s  upset i s  apparent only  i n  a 



s l i g h t  reduc t ion  i n  r a t e  o f  h e i g h t  g rowth  t h c  b < ~ i i ) s t : ~ ; ~ i ~ ~ i l -  

flowever, t h i s  cannot be demonstrated by a d i f f c r t ~ r ~ x .  i il i3-i t r it I <.: , , l L , c 3  ; 
southern v a r i e t i e s  grown i n  t h e  Upper ve r sus  t!lc Lcji~cx* PCII  1 I 1 a 

Separa te  Genes f o r  Height  and Diameter i ;~-ow:i i  

The main purpose o f  this experiment was to deicx-ln krlc : i i : c  t l ~ .  I -  the re  
a r e  genera l  genes f o r  growth r a t e  o r  separlitc gcrics for.  ii~ii;i:i i;r($;,$,~ 11 

and f o r  diameter growth. The results indicate t h a t  hot11 t)- ;x- ,.i ~ C T I ~ ~ ;  

a r e  p r e sen t .  A s t r o n g  c o r r e l a t i o n  ex i s t s  betiicen i l c .  i gh r  dr:cl ,i ; Li,-~c t 
i n d i c a t i n g  t h a t  some genes inf luence  b o t h .  Rut LI i f  i'e rcncLah r T: r 
h e i g h t / d i m e t e r  r a t i o  s u f f i c i e n t  to cause 10 percen t  d i  f fc~ l -c r :~ :~-  -. ; r; 
diameter growth among v a r i e t i e s  having t h e  same ra t  es ot g L g;.c:i% t i: 
i n d i c a t e  t h a t  some genes a f f e c t  mainly h e i g h t  groi i t i r  or i~ia~rd, :  i!~.t;f:cti-r 
growth, 

PMACTPCAL SIGNIFICANCE 

Timber Production 

Good stem f o m  and h igh  vo2mc  produc t iun  a r e  the prinlar')- :,.or\i!;lei.- 
a t i o n s  in t imber p roduc t ion ,  The i dea l .  S c o t c h  p l n c s  are thc\sca t h a t  g r i jw  
most r a p i d l y  i n  he igh t  and in diameter, From the practical -~;t;~nhSpoir~*i, 
t h e  most important  d a t a  on heightJdiameter ratios arc thosc tliar concern 
t he  f a s t e s t  growing s e e d l o t s .  The heightidiamcter r a t i o  dicl not c i i f f ~ ?  
enough among t h e s e  s e e d l o t s  t o  be o f  p r a c t i c a l  importance a t  thc p r c v c n t  
t ime. The f a s t e s t  growing variety, haguenensis, WBS t a l i c s t  and had - 
t h e  l a r g e s t  diameter  and would, t h e r e f o r e ,  be ~eIec"1F3d f o r  p i a n + , i n g  11s 
mat te r  what t h e  c r i t e r i o n .  O f  t h e  1 2 2  i n d i v i d u a l  seedlots, those ~ I l i c h  
ranked 1, 2 ,  3, 4 ,  5 ,  and 6 i n  r a t e  of  h e i g h t  growth ranked 7, 3, 1 ,  
8, 2 ,  and 6 in r a t e  of diameter  growth; they d i d  not d i f f e r  s i g n i f i -  
c a n t l y  i n  e i t h e r  h e i g h t  o r  d iameter .  Having both h e i g h t  a n d  iiiametcr 
d a t a  would improve t h e  e s t ima te s  o f  g e n e t i c  ga in  i n  volume pr*oduc t ion ,  
but would not  m a t e r i a l l y  change t h e  moun t  o f  such genetic gain. 

Christmas Tree Productio-f.~ 

Christmas t r e e  growers a r e  i n t e r e s t e d  p r i m a r i l y  i n  Scotch p i n e s  
t h a t  r e t a i n  green f o l i a g e  c o l o r  dur ing  t h e  w i n t e r ,  have short needles ,  
and grow slowly enough t o  r e q u i r e  a min imm of shearing. For. t l iosc  
reasons,  southern and western v a r i e t i e s  a re  preferred. 

The he igh t /d iameter  r a t i o  i s  a l s o  of i n t e r e s t  t o  growers who ship 
long d i s t a n c e s ,  because sh ipp ing  c o s t s  are h i g h e s t  f o r  heavy-boled 
t r e e s .  Severa l  growers have r epo r t ed  t h a t  t h e i r  sh ipp ing  costs were 
e x t r a o r d i n a r i l y  high f o r  Spanish t r e e s .  The present data show t h a t  
t h i s  i s  t r u e  because t h e  Spanish v a r ,  i b e r i c a  has t h e  lowest h e i g h t /  
d iameter  r a t i o .  For t r e e s  of  equa l  he ight ,%le  diameter i s  10 percent  
g r e a t e r  and bo l e  volume i s  20 pe rcen t  g r e a t e r  f o r  Spanish t h a n  f o r  most 
o t h e r  Christmas t r e e  v a r i e t i e s .  



Volume Product ion 

Some d a t a  on volume p r o d u c t i o n  o f  Scotch p i n e  over long r o t a t i o n s  i n  
Michigan are a l r e a d y  a v a i l a b l e .  They a re  based on 30- t o  40-year-bld 
p l a r i t a t i  ons  , probably  of German (var. hercynica)  o r i g i n .  For  e s t i m a t e s  
o f  volumc p r o d u c t i o n  w i t h  g e n e t i c a l l y  improved t r e e s ,  we must r e l y  on 
csrn13aratl v e i y  young experiments  such as descr ibed  h e r e ,  

To do s o  requires e x t r a p o l a t i o n .  Under Lower Peninsu la  c o n d i t i o n s ,  
the six f a s t e s t  growing s e e d l o t s  (var .  haguenensis and - 
averaged 29 .1  ft tall and are growing a t  t h e  r a t e  of  2 .6  ft p e r  year ;  
h l  p e r cen t  s u p e r i o r  to var ,  Ilp t o  age 1 4  t h e r e  has been v e r y  
little change i n  growth rates of var ious  s e e d l o t s ,  and it i s  s a f e  t o  
assume t h a t  t he  long  term g e n e t i c  g a i n  i n  r a t e  o f  he igh t  growth i s  
19 p e r c e n t ,  

For t h o s e  s i x  s e e d l o t s  t h e  p r e s e n t  gene t i c  g a i n  i n  diameter  growth 
i s  also 11 percent  o r  0 . 7  inches .  However, f u t u r e  diameter  growth w i l l  
be  governed more by spacing than by g e n e t i c  p o t e n t i a l  because crowns 
have closed. I f  t he se  s i x  s e e d l o t s  were p l an t ed  f o r  saw logs  and 
s u b j e c t e d  t o  f r e q u e n t  t h i n n i n g ,  a  con t inua t i on  of  t h e  11 pe rcen t  
advantage i t ,  r a t e  o f  h e i g h t  growth  and r a t e  of d iameter  growth could 
be al;i;l;rr!ed, a t  l e a s t  u n t i l  age 25 o r  30,  I n  t h a t  c a se ,  t h e s e  would be 
an approximate  37 pe rcen t  gain i n  r a t e o f v o l u m e  produc t ion  p e r  t r e e .  
I f ,  however, p l a t a t i o n s  of t h e  improved s tock  were managed s o  a s  t o  
niaintain a closed crown canopy, t h e  0.7 i n ,  d iameter  advantage by age 
lie would be main ta ined ,  b u t  f u t u r e  r a t e  of  d iameter  growth would be 
s i m i l a r  t o  that a l r e a d y  found f o r  p l a n t a t i o n s  o f  va r ,  I n  
that case,  volume e s t i m a t e s  f o r  t h e  improved Scotch p ine  should assume 
il p e r c e n t  g r e a t e r  height and 0 , 7  i n .  g r e a t e r  diameter  f o r  a l l  t r e e s  
a f t e r  age 14, 

Future Measurement of  Tes t  P l a n t a t i o n s  

The t h ree  test p l a n t a t i o n s  descr ibed  here  a r e  easy t o  walk through.  
They have been pruned, and diameter  measurements a r e  e a s i l y  made. 
Early height measurements were not  much of a  problem but  t h o s e  made a t  
age 1 4  were time consuming. By age 20, t h e  t a l l e s t  v a r i e t i e s  w i l l  exceed 
40 ft and i ~ ~ d i v i d u a l  t r e e s  w i l l  be 50 ft t a l l .  

Yet such experiments as t h i s  must be maintained and may produce t h e i r  
most va luab le  i n fo rma t ion  a f t e r  age 20.  Growth d a t a  w i l l  be  an  import-  
a n t  p a r t  of  that i n fo rma t ion .  The e a s i e s t  s o l u t i o n  w i l l  be  t o  measure 
diameter only and to assume a cons t an t  height-diameter  r e l a t i o n .  That 

would be modera te ly  s a t i s f a c t o r y  a s  r ega rds  choosing t hose  s e e d l o t s  w i t h  
t h e  greatest average  growth r a t e s  bu t  would be t o t a l l y  u n s a t i s f a c t o r y  
i n  cornparing f u t u r e  growth r a t e s  of no r the rn  and southern v a r i e t i e s ,  
i n  view o f  t h e  l a rge  r ac i a l  d i f f e r e n c e s  i n  t h e  h e i g h t l d i m e t e r  r a t i o .  
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J. J Jokela and i\r, it. l.ovettzi 

ABSTRACT. --The incidence and effects of ---- lei;inyso:*;k ~"------- 1 e i i f  
rust and Marssonina - l e a f  spot on eas tern  c ~ t t o n r ~ o o d  i n  t h e  
central United Stakes are discussed ,  Yield at age I 5  I T ;  a r i  

Illinois plantation was related to means of k a f - r u s t  5i:)ri:- 
observed in September of t h e  second and thi;.:i g r o w i i ~ g  >e;i.;~iri. 
An increase of 1 rust score c lass  on a 5-point scale j l z ; i g i : t  
infection,, , , S=severe infection) reduced y i e l d  b>* about - 1 ~ 1  
percent. The need for selection and breeding fir x e l ; l i t a i \ i e  
is stressed and methods f o r  atfairlirzg resistarlci. are p r c s e ~ ; t c ~ i ,  

Intensive culture of eastern cottonwood, del  t o i d c s  Bartr ,  , --- 
is becoming commonplace on the Mississippi Delta and is vieiied with 
increasing interest in the Midwest and elsewhere in the United States. 
Early results have been sufficiently encouraging to uphold the p r o n i s c  
of high yields over short rotations, such as are a t t a i n e d  in Europe w i t h  
selected clones. Nevertheless, it is unlikely that expectations will be 
fully realized with our natural species--most of which do not warrant 
intensive culture at wide spacings mainly because of their ;uscepti- 
bility to numerous stem and foliage diseases. 

Schreiner's (1963) assessment that "poplars,  if not the most 
pest-ridden of the world's important timber species, certainly rank 
high in this respect" has been largely unheeded in our quest for 
superior clones of eastern cottonwood. Resistance t o  spec i f ic  d iseases  
must be a primary goal rather than a fortuitous result o f  breeding and 
selection. 

IMPORTANT FOLIAGE DI SEASES 

Two diseases meriting primary consideration in the central United 
States are leaf rust caused by medusae Thm.  and leaf spo t  
caused by Marssonina brunnea (Ell. et Ev.) P. Magn. Although the 

l/ Study was supported in part by the North Central Regional 
project NC-99, lrImprovement of Forest Trees through Selec t ion  and 
Breeding," and the Illinois Agricultural Experiment Station. 

2/ Associate Professor and former Graduate Research Assistant,  
university of Illinois. 



f c C T  '!' 7- he ! ,i t t i r d i s e a s e  are obsciired by arid '/;a-ye heen confused Id itii 
t i : i  efi'c.;:?: ~ j t   ti?^ better known leaf rust, the t w o  diseases are easily 
d i t ; t i ngu i s ! l cd .  Leaf r u s t  i s  recognized by the presence of yellow-to- 
~ r a n g c  p~istiiles of iirediospores or, the upper and often on the lower 
s:.rrfaces o f  infected leaves. irregular, dark brown necrotic areas, 
which may i i i c l u d c  t h e  e i i t i re  leaf, and rumpling o f  the leaf blade are 
characteristic of  leaf-rust infection. Leaf-spot infection is manifest 
withjn a fcw weeks a f t e r  l e a f i n g  as discrete reddish brown to purple  
djicoiorations on b o t h  leaf surfaces. These develop into dark brown 
l e s i o i ~ s  t h a t  a r e  seldom over 1 mm in diameter. The release of light- 
colored nacroconidia from acervuli in the middle of a dark lesion pro- 
ducts a cl~aracteristic ringlike structure, Elongated dark lesions on 
the veins and petioles arc also characteristic. Infected leaves turn 
yellow to bronze in color and remain flattened in contrast to rusted 
leaves that  darken and rumple. 80th diseases progress acropetally in 
the c r o ~ ~ n  anti normally do not reach the tip of the tree until late in the 
growin~g  x w ~ ~ n ,  

I N C  IDENGE AND EFFECT 

ra l e a f  r u s t  occurs throughout the natural range of eastern - 
The incidence of Marssonina leaf rust is less well known, 

Recent stxidies suggest thatit is particularly :;eve~e in the central 
IJni-tec'l States, 

'The incidence and s e v e r i t y  o f  leaf rust and Marssonina 
l e a f  spo t  on unselected clones of eastern cottonwood of varying geo- 
graphic o r i g i n  has been studied in an east-central Illinois plantation 
on Drummer silty clay loam (Typic Haplaquoll). Rust infection was 
sco red  on the fo:riowing rating system (qTokeia 19463 : 

Class 1, Pustules not apparent or rare, 
Class 2. Pustules present but not prevalent; little o r  no leaf drop, 
C l a . s s  3. Pustules prevalent on most leaves but not abundant; some 

l e a f  drop,  
Class 4.  Pustules prevalent and abundant on many leaves; considerable 

leaf necrosis and leaf drop in the lower portion of the crown. 
Class 5. Pustu les  s o  abundant  as t o  appear coalesced; over 50 percent 

leaf drop ,  

Leaf spot was scored on a similar rating system except that it was based 
on the presence of lesions rather than pustules and on the yellowing or 
bronzing rather than necrosis of the foliage. 

Trees were scored on September 24,  1974 ( t ab l e  1). Each plotted point 

above the blocks on the diagonal or equality line r e p r e s e n t s  a clone 
more severely attacked by leaf spot than by leaf rust. Most clones o f  





no rtllcrn o r j  gins are in this category, whereas most trees of central 
or ;g i r !  3rc more severely infected with leaf rust. Observations made 
o v c ~  icverai yea-rs have shown that clones of southern origin are not 
.;everely atiacked by either pathogen until late in the growing season. 

7n- 

rhc primary effect of either disease is premature defoliation. In 
iliinois this may occur 2 months before  the end of the normal growing 
seasun and i s  siifficiently extensive and severe to virtually preclude 
the development of ye1 low autmn coloration on eastern cottonwoode Pre- 
mature defoliation caused by leaf rust h a s  been associated with loss in 
vigor, lesscried winter hardness in colder climates (Nagei 1949, Meiden 
and V l o t c n  1958, I'eace 1Y52), a predisposition to attack by other 

J I  pa thogens  (Nagel 1949, Schre iner  1959), and root starvation.- 

'Tile economic impact of foliage diseases has not yet been thoroughly 
evaluated in Anierican plantations because until recently there has 
been l i t t i e  interest in intensive culture of poplars. The contention 
that leaf r u i t  infection occurs too late in the growing season to affect 
growth is ~ i ~ ~ f r ~ u n d e d .  Wilcox and Farmer (1967) found high negative 
correlations betwcen first-year rust reaction and second-year growth in 
height and diameter in a Mississippi plantation of eastern cottonwood. 
C h i h a  and Nagata (1973) found similar correlations in P, maximowiczii 
betwcen rust scores made in the nursery and height at 8 years of age. 

The cta;,.nuiative effect of annual rust infections on growth and 
survival is being studied in a clonal arid seedling plantation established 
in 1960 on a bottomlam3 site in east-central Illinois for the purpose of 
studying I rer i tabic  variation in eastern cottonwood. Only results ob- 
tained i n  t h e  seedling planting are reported here, This plantation was 
estai, i i .shed with 20 i-year-old seedlings selected at random from each of 
22 progenies o f  southern iilinois origin, 38 progenies of west-central 
Illinois o ~ i g i n ,  and 32 progenies of east-central Illinois origin. 

A14 trees were scored for rust infection in early September of the 
second groit7ing season and again in late September of the third growing 
season. Subsequent growth and survival measurements have been cor- 
related with the means of these two rust scores, Significant differ- 
ences in h e i g h t  and survival that were related to mean rust scores were 
already present at 7 years of age when the first height and survival 
measuremciits following rust ratings were made. These differences have 
increased with age and have been most pronounced on the trees of southern 
Illinois origin and least pronounced on trees of east-central Illinois 
or l o c a l  o r i g i n ,  

3/ Personal communication with C .  W. S. van Kraayenoord. - 
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il /i!
The relation between mean rust score and diamet, er :<

a relative measure of tree votume_ at It_ ._ears c,f!:._._::_ i:.;_,_!_<::_,_ i:
• . '-" t _..... <_" C<[

figure t The solld line shows the :relati.on _o: '_ <ross t::r,.._t: ...... i<

.... through the ISth growing season following plaut:ing_ ",_'he rk:.l._,ti<.}u
shown by the broken line is a better indicator of )ie]d [_e<:,_.t_.s<,_it

accounts for mortality. .Accumulated mor_al:itv to age t5_ _,_,i_:ic<
averaged about 15 percent of the trees in the lowe:_ _ three <_st sc,<)r<.

.. classes_ increased to 33 percent of the trees in rust cl<_ss ..i .__d to
; t

50 percent in rust class 5o The essentialt)." linear relation betw<.eu
D2H and rust score suggests that an increase in one rust score class

reduced yield at age 15 by about 20 percent,

Information on the economic impact of Marssonia di:_e_:_t::;e <:>r_easterr:

cottonwood in American pl.antations is not presently avai!abl< '_, [_re-
: _ mature defoliation caused by this disease occurs earlier and is _t

least as extensive in the central United States as that caused }"'.. _,_:_a:£

rust, hence there is reason to expect that economic losses may be as
serious as those caused by leaf rust Marssonina leaf _liseas,' .... hate

caused severe economic losses on
euramericana poplars in

(Meiden 1962_ Castellani and Cellerino 1964),

i
{

< S'_mLE"C'FION_ANO BREEDI},iC

:j

The wide range of resistance_ to _/__r a leaf rust amonfi<.,o<_eo-.

graphic origins_ progenies_ and clones of eastern, cottonwood_ and

the reliable and rapid assessment of rust reaction argues well for
the development of resistant clones and varieties,<

!

Geographic Origin Tests

Evidence from NC-99 tests suggests that ut _lization of geog_._"a__)'_"'_._c
variation is one approach to obtaining rust resistance. In the Ohio
test (Thietges and Adams 1975), trees of Missouri origin were more
resistant than were trees of local or other midwestern origins° In
the Illinois test most clones of Louisiana or Mississippi origi.n

remained practically rust free until very late in the growing season,
Correspondence with world-wide recipients of eastern cottonwood seed

distributed by the Poplar Council suggests that seed :from certain

origins has yielded large numbers of resistant trees, This type of

uniform resistance appears to be due to an interaction between seed

. origin and environment and it may be specific to the locations of

the planting. Northward movement of seed enhances rust resistance

but incurs the risk of planting trees where they are not winter hardy°

Because a reliable assessment of winter hardiness requires man)- years o
NC-99 test plantings, which are alread'< i0 years old, are a logical

place to search for this type of resistance Resistance to Marssonina

might be selected for simultaneously. We have selected a number of

clonesof Mississippiand southernIllinoisoriginsthata,r_field

126
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Rust-score c l a s s .  Mean of s c o r i n g s  made i n  September 
of second and t h i r d  growing season, 



r e s i s t a n t  t o  both d i s e a s e s ,  a r c  rap i $1 grc!t ir lr i ,  . i rL i  r ; . i i ~ ~ . ; .  j I i 7  lF 

i n  c e n t r a l  I l l i n o i s ,  

Progeny T e s t 5  

Observations of numerous open-pol i i n a t e d  p r i j i , ~ ~ ? ~  1 t:<> 1 1 ,  : + i , > ; \ ,  

t h e  i d e a  t h a t  seed col2ect:ionli; froin l _ i ~ i t e 5 t - e ~ ,  I'L~.;"? rr"i'-l: 5; : I '  r s v  

t r e e s  w i l l  n e c e s s a r i l y  y i e l d  rus t - r .e ' ; i s ta i~ i  ~ I - J ~ L  i: 1 is. : I - - - 1  I I 

say t h a t  d i f f e r e n c e s  among opcn-pol linatcd ;jru;txrl 1 i.-. ~ i o  T i  % t  t. t * -: . 
t h e  cont ra ry ,  we have found progeil ies t h a t  arc. I:ii,i t I'. f - 1  L> 1 ,I rt.>\ A , r &I : ; ?  

but  we have never  been able t o  d e ~ n o n s t ~ a t e  a c..or-r.~.il:ati~m t b ~ ) t l . : :  . \ 7  r : i (  
r e s i s t a n c e  of  t h e  female p a r e n t s  and ?he pTo,:iei>>+ :ileali:;. 

Resu l t s  of a  t e s t  of  open-poliinatcd progenies ;ire g i i ~ . ~ ; !  : I ~  : L i r ) l v  2 %  
A l l  progenies  z r e  of  sou thern  I l l i n o i s  origin w ; t i l  t h e  c.\ctz3t :,,TI of 
those  from seed c o l l e c t i o n s  made i n  the  ccntra. l 11 l i rzoi s i.olli: : L cL, .) f 
Vermilion, I--Ienderson, and -3ancock. >last t r e e s  i n  P-a.ogc.~?" ; ;- 00,l , r h <  1-i 1 ci?; 
had t h e  lowest mean r u s t  s c o r e s  on both datcs t h a t  S C O ~ ~ I Z ~ S  \~C"T"> t . ~ ~ a ~ i ~ ,  

were f i e l d  r e s i s t a n t  j i , e , ,  rtast scores of  f or 2 on S~:'.iIt'i~ii>i?i* , 

More than  50 s eed l ings  with a r u s t  s co re  1=f l c o u l d  h:n.*c k~uc:i :lt)i  t~:"iad 
i n  t h i s  progeny and Progeny 73-001, which had the R G X ~  10 i i~  S? i v i i : c l l l  

r u s t  s co re .  Less than 20 ru s t -w ' e s i s t an t  s e e d l i n g s  .eierc fotlnzci r:1 r i~i; .  
remaining 20 progenies .  

The tendency f o r  p rogenies  t o  be e i t h e r  l i i g h r i j -  or I? i .nv i i ; , *  n"tlstcJ 
sugges t s  t h a t  progeny sc reen ing  t e s t s  conducted ir, the n u r s e r y  iioii l d 
be u s e f u l  i n  s e l e c t i n g  p a r e n t s  t h a t  yield a h i g h  p r o p o r t  ioi: o h r c s i  s ta r l t  
i nd iv idua l s .  F i f t y  t o  100 s e e d l i n g s  p e r  progeny, iiit'ri 3 r e p i i  c a t  i o n s ,  
would be  s u f f i c i e n t  t o  i d e n t i f y  r e s i s t a n t  p rogen i e s .  On t h e  b a s k  o f  
observa t ions  r epo r t ed  i n  t a b l e  2 ,  one might expect  i t o  3 percent o f  
t h e  progenies  t o  con ta in  s u f f i c i e r i t  numbers o f  resistant inLiieL* id~1:ili; 
t o  war ran t  l a r g e  seed c o l l e c t i o n s  from t h e i r  parents  i n  subz;ck~:uent yecirs. 

A smal l  t o  moderate s i z e  program such as  t h i s  s i ~ o u l d  y i e l d  i~uildz-cds 
of  r e s i s t a n t  i n d i v i d u a l s  f o r  e s t a b l i s h i n g  c l o n a l  t e s t s  t o  asscss g r o ~ ~ i t ! ~  
and o t h e r  t r a i t s .  A major drawback, however, i s  t ha t  Marssonina --- i n f e c t i o n s  appear t o  be t o o  l i g h t  i n  t h e  nu r se ry  o r  i n  1 o r  ?--ycnr-o l~ i  
p l a n t i n g s  on new s i t e s  t o  a l l ow  r e l i a b l e  assessnexlt o f  rcsistancc to 
t h i s  d i s ea se .  

Cont ro l led  P o l l i n a t i o n  

Hybr id iza t ion  s t u d i e s  begun by Muhle-Larsen (1970) and cant  i~~i leci  
by S teenackers  (1972a, 1972b) show g r e a t  promise for o b t a i n i n g  
r e s i s t a n c e  t o  s e v e r a l  d i s e a s e s .  



rI'ablc 2 ,  ---alean rust scores --.""-- 
~ ~ e n - ~ ~  lmd-irogenles sown in Union State Tree Nursery, -- ----- w-w 

Joncsboro, ~llino-e 203 1973' 
----".------P 

Progeny : Seed o r i g i n  : Mean rust score-- 1/ - - 1-11 1 h i  7 -  j Neares t  town County : Sept. 6 Oct. 4 

Joppa 
Grand Chain 
Grand Chain 
Thebes 

Carthage 
Brooky ln 
Chester 
Rockwood 
Jones Ridge 
Valmeyer 
Valmeyer 
Rockwood 
Rockwood 
Grand Tower 
Ware 

Pope 
Pope 
Massac 
Pulaski 
Pulaski 
Alexander 
Vermillion 
Henderson 
Hancock 
Schuyler 
Randolph 
Randolph 
Jackson 
Monroe 
Monroe 
Randolph 
Randolph 
Jackson 
Union 
Unioon 
Alexander 
Alexander 

A l l  s o u r c e s  3.3. 3.9 
.. ---. - 
I/ Means for September 6 and October 4 are averages of 4 and 

7 p l o t  means, respectively, 50 to 200 trees per plot. 
2/ UIFG-68-J18-00. Selected in 1968 for resistance to - 

and $Iarssonina, - 

A s s o r t a t i v e  rnatings o f  Melampsora resistant and susceptible eastern 
cottonwood were studied by Lovett (1975). He found significant dif- 
fcrenccs among mating types. However, these differences were not as 
large or in the directi-on one would expect if resistance was largely 
controlled by additive genes. The results supported Jokela's (1966) 
heritability studies, which suggested that much of the genetic variation 
in susceptibiiity to within eastern cottonwood was non- 
a k l i t i v c .  Controlled pollinations will be useful and necessary in 



combining resistance and other desirable trait.;. L h t .  1 1  ii\ortL i , 1 r 1 4 ~ k a ,  

about the inheritance o f  specific traits and o f  grrlcix;il  arid ~ j ) c ( - ~  : - :(-  

combining abilities, however, selection of w i  I d  type.: appcb:ll-i : (1 I;( ;i 

more practical approach. 

Selection of Resistant Phea~otypes  

The most promising approach to obtaining resis rant  i 1 ~ 3 1 ' i f 5  f o r  
immediate use is to select phenotypes from natural s tands   TI : ~ l d t . : ~ l  L 
just before the first killing frost. At this time trees h ;yh i ;+"  resistant 
to both Melampsora and Marssonina diseases are striking1 curl-?;, icuou:; 
because only they will have a f u l  l complement o f  h e ~ i l t h y  grQcr? f ~ ~ l  I age  

This method also allows simultaneous selection for tree form anJ, t c  a 
limited extent, growth rate, 

LITERATURE CITED 

Castellani, E , ,  and G .  P. Cellerino, 9 6 4  Una pericobosa r na l a t i a  d e i  
pioppi euroamericana deteminata da blarssonina brmnmzea (El 1 ,  et 
Ev,) P. Magn. Cellul. e Carla 15(8] :3-17. 

Chiba, S., and Y. Nagata. 1973, Studies an the h e e d i n g  of i - 
species (3) rust resistance and growth o f  - 
clones selected from progenies of intraspeciflc hybridization. 
Oji Inst. For. Tree Improv. Tech. 124, 

Jokela, J. J .  1966. Incidence and heritability of Melam~sora ~ ' i i s t  
A. 

in Populus deltoides Bartr. In Breeding pest-resistant trees. 
p. 111-117. A. D. Gerhold -- et x., eds. Pergamon Press, .Yew York, 

Lovett, W. R. 1975, The incidence of  leaf rust and t h e  
nature of resistance in relation to breeding eastern cottonxood. 
Unpubl. M.S. Thesis, Univ. Illinois, Urbana. 

Meiden, H. A., van der. 1962. Marssonina a dangerous poplar leaf 
disease. Ned. Bosbouw Ti j dschr. 34: 249-254 .  

Meiden, H. A., van der, and H. A, van Vloten. 1958. Koest en 
schorsbrand als bedriging van teelt van populier. Xed. Rosbouw 
Tijdschr. 30: 261-273, 289. 

Muhle-Larsen, C. 1970. Recent advances in poplar breeding. int. 
Rev. For. Res. 3:l-67, 

Nagel, C. M. 1949. Leaf rust resistance with certain mecies and 
a 

hybrids of Populus. Phytopathology 39:16. 
Peace, T. R. 1952. Poplars. G .  B. For. Comm. Bull. 19.  50 D. 

i 

Schreiner, E. J. 1959. Production of poplar timber in Europe and its 
significance and application in the United States. U.S. Dept. 
Agric., Handb. 124, 124 p. 

Schreiner, E. J. 1963. Improvement of disease resistance in 
FAO/FORGEN 63, 6a/ 2. 



Steenackers ,  V, 197Za. Breeding poplars  r e s i s t a n t  t o  var ious  
d i seases .  USDA Misc. Pubi.  1221, p. 599-607. 

Steenackers, V. 1972b. The state o f  knowledge i n  breeding r u s t  
r.esi.stant pop la r s*  USOA Misc. Publ ,  1221, 413-430. 

Thielges, B, A,, and J, C, Adams, 1935, Genet ic  v a r i a t i o n  and 
h e r i t a b i l i t y  o f  leaf  r u s t  r e s i s t a n c e  i n  e a s t e r n  
cottonwood, For, S c i ,  21:278-282. 

Wilcox, J, K,, and R, E .  Farmer, J r ,  1967, Var i a t ion  i n  inhe r i t ance  
of juvenile characters of eastern cottonwood. SiPvae Genet. 16: 
162-165, 



GENET1 C CONTROL OF KES 1S9l'k?i?lCE TO l ik'PhiK"a'f,O?l; L NX:!:(:'I 13"., 

-- ."-- ---- "--- 
i 

AND CANKER DEVELOPMEHT IN POi'ULIIS l ' l<i~?7!\~I,0 f %-I 
"- t - 

Fredrick A. Valent ine,  Paul  D. Manion ar:d Karllkcii f. 'Ioi;i-i.. 

ABSTRACT.--The responses  of 2.1 families o f  fa t r e m i i i o r i ! e  --""--- --- ---. 
(6 groups of 4 maternal h a l f - s i b l i n g  families e<<ii] t o  i ic?urcta-; 
o f  Hypoxylon mammaturn were observed.  Three tnechari i i l :15 I:!' :+es i s -  
t ance  t o  t h e  d i s ea se  were s t ud i ed :  ( I )  callus f t ?x 'ma t r i~n ,  ( " 2 )  
branch dea th ,  and (3) r e s i s t a n c e  thmugim re"rarJat i oi: of zm-kicr 
growth. Res i s tance  by c a l l o u s  format ion i s  duc  t o  a i~)-per--  
s e n s i t i v e  response of t h e  h o s t  to the pathogen. L i t t i e  \ a r i a -  
t i o n  e x i s t s  i n  t he  na ture  o r  t ime o f  t h e  host r c sponsc ,  btlr t h e  
pathogen 's  a b i l i t y  t o  e l i c i t  the host response, exlwes;c.ik ai 
incidence p e r  i n o c u l m ,  v a r i e s  from about 3 t o  35 p e r c e n t ,  
Evidence sugges t s  t h a t  a  f e w  m a j o r  genes coa-i.tr.01 this tr:xi t a r ~ d  
a r e  t h e  b a s i s  f o r  Mendelian r a t i o s  w i t h i n  f a m i l i e s  and discrcte 
d i f f e r e n c e s  between groups of h a l f - s i b l i n g  families. Resistance 
by branch dea th  occurs  a t  a  low incidence (8 .3  pe rcen t )  and 
dea th  i s  due t o  t he  canker  e n c i r c l i n g  t h e  b ranch .  Heritability 
es t imates  a r e  low, 0.075 o r  l e s s  i n  response t o  the four inocuia 
and 0.027 f o r  a l l  da t a .  These a re  probab ly  underestimates be- 
cause a l l  p o t e n t i a l l y  r e s i s t a n t  phenotypes mos t  l i k e l y  have not 
been expressed 4 months a f t e r  i n o c u l a t i o n ,  The third form o f  
r e s i s t a n c e ,  r e t a r d a t i o n  of  t h e  spread  of  the pa thogen ,  i s  
m ~ a s u r e d  a s  canker l eng th .  hZ i s  low f o r  t h r e e  inocu la  
(= 0.074), b u t  reasonably  high (0 ,254)  f o r  t h e  f o u r t h  s o u r c e .  

The b e s t  breeding methods f o r  d isease-res is tant  f o r e s t  trees may be 
those  concerned w i th  breed ing  f o r  "nonspecific" or  h o r i z o n t a l  r e s i s t a n c e .  
This  type  of r e s i s t a n c e  func t i ons  a g a i n s t  a i l  pa thogenic  r aces  o r  bi.0- 
types  and i s  g e n e r a l l y  considered polygenic .  "Spec i f i c  r e s i s t a n c e "  
func t i ons  a g a i n s t  i nd iv idua l  r a c e s  of  a pathogen and i s  a l s o  c a l l e d  
major gene r e s i s t a n c e ,  h y p e r s e n s i t i v i t y ,  and vertical r e s i s t a n c e .  i t  
i s  c o n t r o l l e d  by s i n g l e  o r  a  small  number o f  genes. A knowledge o f  
t he  g e n e t i c  c o n t r o l  of r e s i s t a n c e  i s  necessary  i f  we a r e  t o  design an 
e f f e c t i v e  t r e e  breeding program. 

1/ Miss Moore completed t h e  Veldman computer a n a l y s i s  of  canker 
lengtFs a s  an undergraduate  r e s e a r c h  problem. 

2/  Col lege of environmental  Sc ience  and F o r e s t r y ,  S t a t e  tin iversit~ 
of ~ e w  York, Syracuse.  



i ' rci  imiiiary 7 . e s u i t s  (Valentine and Manion 1972,  Manion and 
V a l c r ~ t ~ n e  1974) suggest that resistance to Hypoxylon canker i n  
trernbi i l i g  aspen /I*w~us treruloidcs Michx. ) and b i g t o o t h  aspen (F.  -- 
gr;indjder:tat-a l i c h x . )  is In this report we show that much 
-----------"- 
gcnctic v a r i a t i o n  cxists in f a c t o  cting (1) infection of the host 

a1 rnocula t ioxr  with mammaturn (Wahl.) Mill. (syn. 
( K l o t . )  Ck), (2) prevention of the establishment by rapid 

c t  f t t i s m i .  01- (3) i s o l a t i o n  through cal lousing and retarding 
cn.nke-rb ex1 l argement..  

M'TERIAS AND ETHODS 



I n  June 1974, f ou r  Z-year-old branches, apjiru.uifl;ritT: l\- 1 : - 1.. fr-c>rl 

t he  ground, were i nocu l a t ed  w i t h  H. niammatm rn)rcc 11 ulr roi$rr! i- h: 
weeks a t  3 0 0 ~  on mois t  s t e r i l i z e d h c n x - ~ n ~ i i  s j r c u i : i r  [ p ; i t i . i ? ~ \ . ;  ,>i' 
bark weye removed w i t h .  a cork borer  and one pi ccc o f  i i ,  K E ~ ; : \ I ; I ~ ~  t u:!; - 1 71 f p s  c J  

M ----- 
gra in  p laced  i n  each wound. The inoculations were :srappt.d i;itil j j r i i . ; i i i  in; 
"MW. Four pathogen sources  were used: (1) a "Baldryiiisvi 11 c ,  Y o r h H  
c u l t u r e  (French and Manion 1975, isolate 208 31) , ( 2 )  a "Ti i  i ly" i-111 t : i i y b  

o r i g i n a t i n g  from a s i n g l e  ascospore (Hsu 1975, isolate dB19 '5 s e t  1 1 ,  
(3) a "Shiawassee County, blichigan" c u l t u r e ,  and (3) a ' ' i lcibi:~*g i-c,r.c>>iW 
c u l t u r e  (French and Manion 1975, isolate 608 $ 1 ) .  The f o u r  s t i - , i ~ n >  ;$ikl-c 
u s e d ' t o  i n o c u l a t e  branches w i t h  no r th ,  east, south ,  and  w e s t  cxpoi;;z~r,ci~, 
r e spec t i ve ly .  Some t r e e s  and branches were m i s s i n g  so that  there  :bere  
unequal nwnbers of i n o c u l a t i o n s  i n  t h e  families. Four months l a icxu  the  
leng ths  o f  t h e  r e s u l t i n g  cankers  were measured. Cankers  surrounded ol- 
covered by ca l l ous  t i s s u e s  and cankers  on branches t h a t  had d i e d  Ncrc 
noted. Cankers on broken branches  (8.5 percent) were cou.ntcr.l i~u"i:iio t 
measured, 

We used t h e  method of Robertson and Lerner  (1999) to c s t i l n a t c  t l ~ c  
h e r i t a b i l i t y  of r e s i s t a n c e  by c a l l o u s i n g  and by branch death  ( a l s o  see: 
Dempster and Lerner l950) ,  The method r eq t l i r e s  t h e  calculation c?f ttie 
average g e n e t i c  r e l a t i o n  (rG) o f  t h e  members of each fami ly  inaking up 
each h a l f - s i b l i n g  group. For this we used t h e  method o f  Osbournc (19571, 

H e r i t a b i l i t y  e s t ima te s  f u r  canker l e n g t h  were based upon a t?-krec- 
way ANOVA (Veldman 1967).  The methods of  King arid llcnderson (1954) and 
Becker (1975) were used t o  c a l c u l a t e  t h e  c o e f f i c i e n t s  for p a r t i t i o n i n g  
var iance  when t h e r e  a r e  unequal numbers of  observations per family. 
These were then  a p p l i e d  t o  t h e  AlYOVA r e s u l t s  t o  est imate the ' cova r i ance  
of maternal  h a l f - s i b l i n g  groups and t h e  phenotypic variance. 

RESULTS 

Res i s tance  Through Ca l lous  Formation 

Genet ic  f a c t o r s  c o n t r o l  a l l  t h r e e  mechanisms o f  r e s i s t a n c e  t o  c a n k e r i n g  

The r e s u l t s  of  Chi-square T e s t s  of  Homogeneity f o r  t h e  responses 
of  t h e  s i x  h a l f - s i b l i n g  groups t o  each o f  t h e  fou r  i n o c u l a  are  
s t a t i s t i c a l l y  n o n s i g n i f i c a n t  excep t  f o r  t h e  Tully da ta ,  t a b l e  1, 
t h e r e f o r e  shows group means on ly .  I n  t he+Tu l ly  r e s u l t s ,  t h r e e  of  t h e  
s i x  means a r e  o u t s i d e  t h e  r ange  of t h e  2 - 2s. Some d i f fe rences  were 
a l s o  ev iden t  i n  t h e  Baldwinsv i l l e  d a t a ,  w i t h  two mean va lues  o u t s i d e  
t h e  T( + Z s ,  bu t  t h e  p r o b a b i l i t y  va lue  f o r  t h e  Chi -square  t e s t  i s  
g r e a t e r  t han  0.20. 



( In  pe-scenr) 

Source of i n o c u l m  --- 1 tern Baldwinsvi l le , :  Tully Shiawassee : E-Ieiberg F o T ~ s L ,  
New York : New York : County, Michigan : 

~ - ~ _ Y _ l - - - - , m - - - l _ . ~ . ~ - - ~  New York 

A11 families %2,&58,4 3. JL0,8  P5,7d-1,5 34,922,O 
'Fatal nlarxii3er o f  557 552 573 567 

inoculations - - 
?"he heritability es t imates  were ca lcula ted  but  t h e  va lues  are  small. 

with la~ge s tandard  e r r o r s  or a r e  negat ive ,  so they have n o t  been given.  
The est imate for t h e  Tuliy data i s  t h e  l a r g e s t ,  but  i s  only 0.068 and i t s  
s tandard error 0,067,  

Male effects with in  maternal h a l f - s i b l i n g  groups were considered f o r  
the Weiberg data  because they inc lude  t h e  h ighes t  incidences of ca l lous ing .  
If  seg rega t ions  f o r  one o r  more "majortT genes f o r  ca l lous  formation occur 
i n  t h e  popula t ion ,  Mendelian r a t i o s  may be i n f e r r e d  from t h e s e  da ta  ( t a b l e  
2 ) .  The four f a m i l i e s  i n  each group separa te  i n t o  two o r  t h r e e  d i f f e r e n t  
f r equenc ie s ,  Groups CA107, HA313, and ES107 e x h i b i t  two l e v e l s ,  with t h e  
Power inc idence ,  ranging from about 20 t o  30 pe rcen t ,  about h a l f  t h a t  of  
t h e  h ighe r  inc idences  t h a t  range from about 40 t o  50 percent .  In  t h e  o t h e r  
t h r e e  groups,  one o r  more f ami l i e s  occur with e i t h e r  a  "low" o r  a  f9h ighfv  
inc idence  of ca l lous ing ,  bu t  i n  add i t ion ,  f ami l i e s  with a  frequency i n t e r -  
mediate  t o  t h e s e  a l s o  occur ,  Minor v a r i a t i o n s  a l s o  can be seen among t h e  
h a l f - s i b  groups, with t h e  SL209 group lower than t h e  o the r s .  

Resis tance Through Branch Death 

Responses t o  the  Baldwinsvi l le  and Tul ly  inocula  a r e  l a r g e ,  ranging 
from 0 t o  13.4 percent  f o r  Baldwinsville and from 6.8 t o  19.5 percent  f o r  
t h e  Tu l ly  i s o l a t e  ( t a b l e  3 ) .  In  t h e  t e s t  f o r  homogeneity t h e  Chi-square 
va lues  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t .  The v a r i a t i o n  i n  t h e  o ther  two 
inocu la  i s  much l e s s ,  and t h e  Chi-square r e s u l t s  a r e  not  s i g n i f i c a n t .  

The meanfrequency of branch dea th  f o r  the  fou r  inocula  ranges from 
4 .6  percent  f o r  the  Heiberg source t o  11.6 percent  f o r  t h e  Tu l ly  source.  
The t e s t s  f o r  homogeneity, however, suggest t h a t  t h e r e  a r e  no r e a l  d i f -  
f e rences  i n  t h e  responses of  the  o t h e r  h a l f - s i b l i n g  groups t o  t h e  fou r  
pathogen sources  (except f o r  t h e  SL209 group). The d a t a  f o r  t h e  fou r  
inocu la  f o r  each h a l f - s i b  group were then pooled and a Chi-square t e s t  
used t o  analyze t h e  v a r i a t i o n  i n  t h e  mean inc idences  among t h e  s i x  
groups.  Maternal parents  SL209 and LE208 appear t o  c o n t r i b u t e  genes 



T a b l e  2.  - - lnci&nce o f  callou..;ed canhe-i._i is1 a - c ~ ~ i i : x ~ - ; ~ ;  1 i 
- p * ~ - - e . , -  "-. -A_- .---- -..- ,:--- _. ,"___ 

Heiberg in k a c ! ~  - of t h e  f ou r  i ia  l _ ~ s ~ _ _ . I _ _ _ _ L m - ~ ~ - ~ . I  f- i i b  1 1 rib: i b , i * ~ ~  " 1 1 1 I-I Ls:; I 

each of t h e  six maternal g~02B22r;_(2~"_?.1;122?"i 

Calloused : Maternal groups o f  half-sibling i ' w ~ i i  1 i f 2 5  



f a r  re : ; i s t ance ,  e s p e c i a l l y  in response t o  t h e  B a l d w i n s v i l l e  and Tully 
j n u c u i a ,  and the  liA313 parent  appears t o  lack t h e s e  genes because its 
p rogeny  exhibit a low zncidence of branch d e a t h ,  

t e d  wi th  f o u r  s o u r c e s  o f  

(In p e r c e n t ]  

-p-p--"---P 
w"-a--m 

---- Source o f  i n o c u l m  : T e s t  of  homo- 
:Baldwins-: :Shiawassee:Heiberg : H a l f - s i b  : g e n e i t y  
:ville,New: Tully : County : F o r e s t  : mean : 2 : Proba- 

Item 
Half-sib Fm 
SL209 1 2 . 2 + 3 , 6  19,524,3 7 .8  1 l 1 , 0 + P , 7  13,130 < 0 , 0 1  
IdE208 13,453.8 f8,9t4,1 9 , 8  5 . 0  1 2 . 4 t 1 , 9  7. 1931, > . 0 5  
C A I 0 7  5,7t2,5 7,412.7 7 , 9  3.0 6 . 2 t 1 . 3  2.374- > . 9 5  
CA20l 8,012,9 8.0t2.9 8.9 8 .2  8.221.5 0.0851/ > . 99 
HA31 3 0 6.822.9 2 5 , 8  4.1.1-1.2 5,396- > . l o  
ES%07 7 , 6 2 3 . 0  9,822 ,9  7,1 4 . 5  7.021.4 1 . 6 0 d '  > .70 - 

All families 8,024,2 6 . 4  7.721.2 4 ,621 .1  8 . 3 + 0 , 6  

Test of Homo 
value of x 1/ 

15.155 1 , 9 0 5  -4,115 17 ,934  
( d . f  *=S] 

i t -feri tabif  ity 0. OOSfldP, 066 0.07540,076 0.027+0,026 
Negat ive  Nega t ive  

v a l u e  v a l u e  

5 o r - l ess .  

The variability among half-sib f a m i l i e s  cou ld  r e p r e s e n t  random sampling 
v a r i a t i o n .  T h i s ,  tiowever, does  n o t  appear  t o  be t h e  c a s e  because  t h e  c a l l o u s i n g  
frequency in 20 of t h e  24 families i s  o u t s i d e  t h e  range ,  p 2 2s (30.9 t o  38.9 
p e r c e n t ) ,  for t h e  Heiberg r e s u l t s .  The t h r e e  f a m i l i e s  t h a t  do occur  w i t h i n  
this range are " i n t e r m e d i a t e s u  in t h e i r  groups ,  and t h e  f o u r t h ,  SL209 x ES206, 
i s  a h i g h  incidence family. The observed d i s t r i b u t i o n  i s  bimodal,  w i t h  t h e  
"high" i nc idence  f a m i l i e s  compris ing one modal group and t h e  "lowq' i n c i d e n c e  
families, t h e  o t h e r .  

The 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  R a l d w i n s v i l l e  and T u l l y  s t r a i n s  a r e  low 
and have l a rge  s t a n d a r d  e r r o r s ,  and a r e  n e g a t i v e  f o r  t h e  Michigan and Heiberg  
data ( t a b l e  3 ) .  



Resistance Througii Retardri t ion o i '  C;ir:hL*~* i ;  r ,,\it 1 :  

The of cankrs var ie r ;  w i th  the f3~;7" p+?iri?~ge:.i 50,:i.i t.5 d'i!! ,:i:!,:;i 

t h e  s i x  maternal h a l f - s i b l i n g  groups ( t ab les  -1, 5, a:-d 0')' 1 h c  Y ~ ~ T I L ~ T L ~  

sf t h e  four inocuPa based on canker s i z e  b5 very  corl5 is? ~ i ? t ,  a c:r> !!lr';bP) 

i s  smallest f o r  Heiberg (6.02 cm), f o i l c w i - d  bj- H a i ~ h  iils,-i 1 l i .  3 l L*IR;  

Tully (7.34 cm) and Michigan ( 7 . 7 6  cn ) .  Kith o n i y  ri irce r \ X C C p i  ~ : I ! I <  t h l ,  
r ank ing  i s  a l s o  t h e  same f o r  the six individual h a l f - - s i b  i : r -o~ . i ;~~  i r a h i c  - 1 ) .  
The d i f f e r e n c e s  among maternal, h a l f - s i b l i n g  groups s a i b o  I r i ~ g z t .  nrzd i..: 
statistically significant for a1 1 i nocu l a  e x c e p t  I 1 t . i  1ier.g ( ' ' Ik t .n la i~5~ i n 
tables 5 and 61,  

Table 4,--Mean canker  l e n g t h  4 mont l~s  a f t e r  i ~ ~ o c u i a t i o n  f o r  each i 3 f  " c ~ e  

"..---"--- -- 
on between 55 t o  85 cankers) -- 

P - " . -P*pp 

Source of inoculml - 
: Baldwins- : : b hi^^&^^^&: f i e ibe rg  : Pooleii d a t a  ---- 
:ville,New: Tully : County : Forest : 

Half-sib: York : New York : Michigan : New York : blcan So. 
-- 

Mean 6.34 7.34 7 , 7 6  6, Q 2  6.91 1,755 

No. 443 475 457 388 



------ 
f o u r  sources o f  i n o c u l m  - 

Source of  v a r i a t i o n  : d.5.  : Mean square  
-.._- 

---> 

Between families 
Females 
Males WIN females 

Blocks 

Ibami%ics X i n o c u l a  
Blocks X iriscula 
Farniiies X blocks X inocula 
Within families (error) 

Weighted coefficient for 
variance components: 

t 

Estimates of heritability: 

With the inocula effects included in 0' 
P 

Without the i nacu la  e f fec t s  and t h e  
i n t e r a c t i o n s  with other main e f f e c t s  in a 2  0.109 

P -- .. 

* Statistically significant a t  t h e  5 pe r cen t  leve l  o f  p r o b a b i l i t y  
-k * S t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  1 percent  l eve l  of  probability 



Table 6,-- n~c.>ntl:s i i f t c ~  !~~~<ii'i:iI.-icm iillil 
___I,-. -.I.II_.~-Y-~.---*----------ll -*^- -... ""-^"- --̂ lll.,,m-l 

3 ; ~ h  c> f  t l l ~  " ~ T ~ " c ~ ~ : ~ i i l l L l  :.:(?\ly(.-(::< 
"---.---,-."--," ------ -̂--"- ,X__"l ,- 

p- _l--mw yl^__ *.""--I------- ---- --wm 

So~xrce o f  ~ ~ O C L Z  ILL;] ( i i i i " c ' l T ^ l  ' r~, t i , l l *p , 
m--.lII-p-I"._-̂ ll ----"---A--.'- X1lllllll̂" "-- 

: Baldwins- : 5 i 5 : [it> j ber i?t 
: vilIe,Ycw : T d  i y  : I : c I L ~ I I P ) ,  1 o r t ' ~  t 

source of variation :d .  f .  : York  : New Yorh : t f nc i i i g ;~~a  : '\-c\$ ).~!-j., p...-l-.". 1 ----".-em-- ------.- -̂--- -- - _  
2 21,162** 2 1. O O i "  Blocks 12,629 - a  2 1 7  

Females 5 16.206"' 36 002*' $ : > I *  t > *  i 3 5  
Males W/N females 18 9,313"" 7.9~4 1 ,; ,I -y61 + b(70 

46 5,661 F-M X Blocks 5.398 5, 71iI "1 .Oh - -- . --"_ll-ll" --I--- 

Within families d. f .  3'71 4 11 3 %? 8 5 ,311 ,"3 
4.521 5.061 

"-7--." 

m e s a  b .  82-1 4 e -3 h / 

Weighted coefficients 
of variance components: 

kl 48.168 19,513 18, 8411 15*611 

k 2  19,274 20,597 19 . 604 1 0 . 4 (3 1 
k3 73.574 78,993 / ,> , 8 63 '7 1-59 " P- 

-- 
Estimates of heritability 0.074i0.119 0.25420.224 0. 015W0. 090 0.0;8?0.062 

- 
* Statistically significant at the 5 percent  ie\*el  o f  p r o i ~ a h i  l i t )  

** Statistically significant at the 1 percent  level of prohability- 

Other significant results include b l o c k  effects, the interaction be- 
tween blocks and inocula, and the interaction between families and inocula. 
Because the variation in canker sizes associated with each pathogen sou rce  
is similar in each of the half-sib groups, it is not l i k e l y  that a Female 
and Inoculwn interaction is an important part of the Families Y inocula 
interaction, 

We used the weighted coefficients of the variance components to 
determine the heritability of canker l e n g t h  (bottom tables 5 and 6) 
(King and Henderson 1954, Becker 1975). The difference between the tiv.0 

heritability estimates in table 5, h2 = 0.083 and h 2  = 0.109, is t h c  
consequence of including the variance components due to differences in 
inocula sources and its interactions o n l y  in the first estimated pileno- 
typic variance. All of the heritability values are small except f o r  t h e  
Tully inoculum (table 6) which is 0.254. All also have large s t anda rd  
errors. 



DISCUSSION 

7 ii1,ee I -6, mschanisms confer resistance to hypoxylon cankering i n  the 
n o r t h e r n  New York trembling aspen population: (1) callous formation, 
( 2 1  b r a n c h  d e a t h ,  and (3) resistance through retardation of canker growth. 
On tfac ba s j  s of individual Inocula  the estimates sf the heritabilities for 
n l  l three t r a i t s  are low: 0.064 or less for callous formation, 0.076 or 
icss for branch death, and 0.074 or less for retardation of canker growth. 
For the pooled data of all four inoculations on each tree, hZ are 0.027 and 
0.083 for b r a n d l  death and retardation of canker growth, respectively, but 
h2 = 0.109 For canker growth retardation if variation due to inocula and 
its interactions with other main effects are not included in the estimate 
o f  the total phenotypic variance, 

Callous formation is rapid and similar to a hypersensitive reaction, 
occurring before a measurable canker developed in 314 (83.5 percent) of 
the 376 calloused wounds or cankers. The "late" calloused cankers ranged 
up to 7 cm in length, with the incidence of callousing decreasing with an 
increase in length of the canker. 'The frequency distribution according 
to canker s i z e  when calloused, however, does not fit a Poisson distribution 
( ~ 2  = - , d , f ,  = 4,,P<0,001). This type of early response of the host is 
characteristic of hypersensitive reaction, generally controlled by one or 
a few genes ( 4 \ i i l 4 i a l n s  f975), 

The incidence of callousing differs markedly fos the four sources of 
inoculum (table 13, which suggests that variation is due to the pathogen 
and not the host, Differences in the incidence of cxllousing is small and 
rao"cig~1iflicant (except the Tully inoculum] . (Tully data are limited--only 
18 calloused cankers of 552 . )  This suggests that the host genotypes for a 
gene or genes controifing the callousing response to the fungus are essenti- 
ally alike. This limited variation is also responsible for the low herit- 
ability values because they are dependent upon the variance between half- 
sib groups, 

The variations in the callousing response of each half-sib group to each 
of the four inocula are large and highly significant, with a high incidence 
exh ib i t ed  by all six groups in response to the Heiberg inoculum, an inter- 
mediate incidence in response to the Michigan and Baldwinsville source, and 
a low incidence in response to the Tully inoculum. The greatest variation, 
therefore, exists in the pathogenicity of the fungus, with very little 
variation in the host reaction to a particular pathogen phenotype (table 1). 

The sizes of calloused cankers also suggest that the host response to 
the pathogen is the same regardless of the source of the inoculum. The 

frequencies o f  "early" (calloused canker length = 2 cm) and "lateu ( > 3  cm) 
callousing were tested for homogeneity using the Chi-square method. The 
"late" cankers in the 3 to 7 cm length classes were pooled. The results 
are nonsignificant ( ~ 2  = 7.40'2, d.f. = 3; 0.10> P 7  0.05). The Chi-square 



value i s  l a rge  and pri.na-fily represents t!:? 1 iX1 i )  k i 1  I ?  j 
1 r da ta  for the T u l l y  inoculum (11 "earl)'" a:;d 7 ' * ! . L ~ P ~ '  i-rihht, ' \ 

. ,,cl 

include o n l y  t h e  data  for the othcr.  three c i t+n 1 f *  I :t: 1 r 1 

small (X2 = 1, 159, d.  f. = 2 ,  1'3 0. 50) . T I I ~ ~ C ~ ' C J Y C  fJ;t% !IO>?' rt b,; lor~ < t s  

t he  pathogen is the same regardless o f  t h e  overn :  1 I :  . i t  L "  t 

ca l lous ing  response,  with t h e  frequencies  of "car i )  " t i i J  " i :it J * . .  ~1 - ,?.; 

84.6 percen t  and 15 .4  percen t ,  respect i v c  l y .  

The r e s u l t s  support the hypothesis t h a t  cn l  10 -1.- f<"l I''A'i~kl 1 i ,: < t l : \  

t r o l l e d  by a few gene l o c i  t h a t  are  " t ~ r ' 9 e ~ j  on" ir? 1:0i:: l ! \\:I: 'j) : !itb 
, , c a  P b  - presence of pathogen genotypes w i t h  a given lescl ot' :i t * ~ ~ ! t . r j ~  L. .  i 

cut  Mendelian r a t i o s  n o t  necessarily $e C ) ~ ~ Y C ! * I . C ~ ; ?  hO\ \ ' "  !'[ , ::~':~iilj;. 

t h i s  appears t o  be a t h r e s h o l d - t y p e  response. Xeq%v"~y:-t : y h : t ~ % ; )  

d i s t i n c t  d i f f e r ences  in the frequencies o!p ca? " l o w i n g  ;ilnori&; l-\:iir 
f ami l ies  composing a given h a l f - s i b  group be cupcc ted .  1 1 , ~  t $ % o  
o r  t h r e e  d i f f e r e n t  frequencies in response to tile 1Cc rix?r-g ~ T I C S L I Y I  L~::I 

- * "  

support  t h i s  ( t a b l e  2 ) .  The I l  fami l ies  compr i s ing  tiic h i g h  ! ; % ; . i ~ i ~ ; l i c  
l eve l  of c a l l ous ing  in %he 5 groups may rep resen t  t h e  cxpect [ i t  ; oris !'TOTTI 

a  t e s t c r o s s ,  namely a 1: 3. Mendelian r a t i o ,  Thc n i n i l  f , ; i n i i . i ~~ ;  c x h i b i t : i . n g  
t he  low l e v e l  eould r ep re sen t  an incidence o f  23 1:crcen.t cad. i:.m..:iilg, the  
expectat ion i f  c a l l ous ing  i s  a recessive " c r . : a i t  and t i l t :  parcii-&s 21.t. t9qtl: 
heterozygotas. We t e s t e d  t h e  goodness of f i t  of t h e  3,ihstirt'elJ ~ ' c L ~ I ~ X : ~  to 
t h a t  expected f o r  each of the 1.1 "high freq~lenc).' '  and th:::. 9 " 1  OK f*-,., i r,*l L ICT~C;J "  

fami l ies  i f  they  r ep re sen t  expected Mendef ia ;~  r a t i o s  s f  i: 1 and 1 : 5, 
r e spec t i ve ly ,  (ca i loused  t o  noncalioused) ; a3 1 wcsc nons l gn i f i cant, he 
a l s o  compared t h e  observed inc idence  f o r  each fariilj- to t h e  range p 2 25, 

f o r  each o f  t h e  two Mendelian expecta t ions .  i n  a l l  cases ,  the  o b s e r ~ ~ ~ c d  
incidence was w i th in  t h e  expected range. These resuits c i c a r l y  s u p p o r t  
t he  hypothesis  t h a t  c a l l ous ing  i s  due to a sing1 e gcre in the  ' 'h i  g!iu 2nd 
 low" inc idence  fami 1 i e s  . 

The in te rmedia te  f requenc ies  e x h i b i t e d  by thc f o u r  families i n  t h e  
SL209, LE208, and OA201 groups,  cannot be expia ined  as easily. It appears 
t h a t  r e s i s t a n c e  by ca l l ous ing  i s  not  always a simple Mendciiar, trait, b u t  
r a t h e r ,  it i s  c o n t r o l l e d  by a more complex g e n e t i c  system.  Ncvcrtheiess, 
sharp,  d i s t i n c t  d i f f e r ences  t h a t  r e c u r  among re la ted  families are most 
e a s i l y  explained by t h e  s eg rega t i on  of  major gcnes con t r i h r i t cd  by tile 
common p a r e n t ,  i n  t h i s  case  t h e  female parent. Confirmation of this ii)po- 
t h e s i s  must await  f u r t h e r  exper imenta t ion .  

We expected h e r i t a b i l i t y  e s t ima te s  t o  be h i g h ;  instead, t i icy were lowe 
This i s  because t h e  e s t ima te s  were not based upon individuals o r  even famil) .  
means f o r  e s t ima t ing  a d d i t i v e  g e n e t i c  variance, but  upon t h c  v a r i a t i o n  among 
ha l f  - s i b l i n g  group means around t h e  popula t ion  mean. The group mean, i 
t u rn ,  represen ted  t h e  average i nc idence  i n  t he  f o u r  h a l f - s i b l i n g  families 
comprising t h a t  group. Because v a r i a t i o n  among mean v a l u e s  was low, 
h e r i t a b i  l i t y  va lues  were low. 



Resis tance  by d e a t h  o f  the i n f e c t e d  branch does n o t  appear to be a 
b y p c r 5 e ~ v i t i v r  h o s t  reaction, but rather the response resuiting from 
the spread of t h e  carihgr to girdle the branch. The response is not as 
r.apid as c a l  lousing. Only 13 (8.4 percent) of the 155 branches t h a t  d i e d ,  
did so b e f o r e  a measurable canker developed, i . e . ,  g rea te r  than 2 cm in 
i e l rg t i "~ .  7'hc i n c i d e n c e  - s  s o  low t h a t  l i t t l e  i n fo rma t ion  on t h e  s i z e  of 
cankers  at the time of branch death or t h c  frequency d i s t r i b u t i o n  can b e  
gleaned frorii the individual fami ly data, the half-sibling group data  in 
response to each inoculum source, o r  even t h e  pooled  da ta  for each half- 
s i b  group ;n response to all four inocula .  Data pooled for a l l  h a l f - s i b  
groups f o r  each inoculum or for all data approximate the normal distri- 
b u t i o r ~ ,  w i t h  t i l p  modal class almost always including the average  length 
o f  311 living ca~ lkers  ( t a b l e  4 ) .  More branches were being girdled when 
these results were obtained so later field s c o r i n g  should provide i n f o r -  
ma t ion  on how long after infection this type of r e s i s t a n c e  can  a c t  t o  
prevei-! t. d i  seat: development, 

"!'he v a r i a t i o n  in branch death among t h e  s i x  h a l f - s i b l i n g  fami ly  
groups i n  response  t o  the Baldwinsv i i l e  and T u l l y  i nocu l a  i s  s t a t i s t i c a l l y  
s i g n i f i c a n t .  There is little variation in response  t o  t h e  o t h e r  two 
sources. Correspondingly, the l a rges t  h2 va lues ,  0.075 and 0.055, were 
obtained i n  response t o  Tully and Raldwinsv i l l e  sou rce s ,  wi th  nega t i ve  
values f o r  both the Michigan and Weiberg sources .  The i nc idence  i n  
response t o  t h e  Heiberg source was ve ry  low, on ly  17 among 369 cankered 
branches. There fo re ,  even though t h e  Ya te s f  adjustment  was a p p l i e d ,  t h e  
r e s u l t s  may not be reliable, 

Though small, d i f ferences  probably do e x i s t  among pathogen sources  
( t ab l e  31, This is supported by the pattern i n  t h e  f r equenc i e s  o f  b ranch  
dea th  i n  response  t o  t h e  f o u r  i n o c u l w  sources  by each of  t h e  h a l f - s i b l i n g  
groups. The lowes t  incidence i n  a l l  groups except  one, HAJl3, i s  i n  
response to t h e  Helbcrg source. The i nc idences  in response t o  Baldwins- 
ville and Michigan are  g e n e r a l l y  i n t e rmed ia t e ;  and t o  t h e  TulPy source ,  
the highest f o r  four o f  the s i x  h a l f - s i b  groups,  The l ack  of  s t a t i s t i c a i l y  
s i g n i f i c a n t  resuits i n  the Chi-square T e s t s  of Homogeneity f o r  a l l  bu t  
SL209 probably  is a consequence of three f a c t o r s :  [ I )  t h e  low inc idence  
of this forrmn of r e s i s t a n c e ,  ( 2 )  a smal l  v a r i a t i o n  i n  response ,  and (33 
the numbers of cankered branches i n  each h a l f - s i b  group f o r  each  pathogen 
source.  Thu~xg'm these numbers range from 52 t o  100, t hey  a re  n o t  l a r g e  
enough to show a. d i f f e r e n c e  among i n o c u l m  sources .  'The numbers f o r  t h e  
branch death da ta  are  sma l l e r  t h a n  f o r  c a l l o u s i n g  because caPloused canke r s  
arenot considered cand ida t e s  f o r  branch d e a t h ,  T h i s  a l s o  accounts  f o r  t h e  
lowest :;~xmbex.s o f  cankers f o r  t h e  Heiberg d a t a  because that i n o c u l m  r e -  
sulted i n  the highest c a l l o u s i n g  f r equenc i e s .  Another p o i n t  r ega rd ing  
pathogen v a r i a t i o n  shou ld  be  made: i f  t h e  pathogen v a r i a t i o n  i s  r e a l ,  
t h e  h e r i t a b i l i t y  e s t i m a t e  based upon t h e  pooled d a t a  ( t a b l e  3) would 
be meaningless, 



Although not as convincing as  f] lc  c:,i 1 i ( , l i i  !!!. ! : l ?  < I ,  t t "  I ' : L . !< ,it 11 

results appear to support the ! i ~ ; ~ ~ t j ; ~ ~ . i  ttl:it !I\'. ; .  . I  !: lII!;~a!: .  < L I : I ~ ~ ~ o ]  

system wi th  a low heritability. If t i l {2  T !'<ij t k q r ? r i f  1 L ~~1 ' ) >  l l i ( L i y  ; 

a small amount of variation in i n c  id<ilc:. n i  i ~ ~ ~ i ~ ~ ~ i .  ( d t s ; i  t ' j  
I :- r k:!tn;rtLaL! ;iirrong 

the  -four h a l  f m s i b  families. s l l a ~ p  L i i f f p ~ ~ ~ ~ ~ \ ? ~ $  I+\<' "an' {"O\I ! ) , !  i i i  1 
cal lousing results, would riot b e  expect c i i .  ~~T;!T;<:C L ~ C ' ; I T  11 11 1 % ~ ' ~ -  i '!&i~;! 

t r e e s  general ly  occurs  in a l l  familie.; w i t ] ?  t r i i '  ??u';'t l - " !  
( 1  1 ' ' l  ~ ' c j y  

i n  e i t h e r  t h e  HA313 families in response to a 1 ! 1 . 1  1 i 1 <i <L: o : ) g  : he 
fami l ies  in a l l  s i x  half-sib groups i n  rei;pcr:1.;e t o  T!](% j i c : h < a ~ > -  : : I < L L , ~ ~ ~ L ~ ; I ~  

In these  cases ,  however, thc incidences o f  brarlcil , > I  i r k ( .  1 t i ~ c *  
1 i $lt.st absence of branch dea th  is probab ly  due to c i r a ~ i c ~  i.:i~ ; . i t  r O i i .  

frequencies of branch dea th ,  such as t h e  SL09 n r d  i .T-;08 I n 1-t >;) : ) I : \C to 
t he  Baldwinsville and Tully inocula, are cvenlj+ L :  L g r i i c  t'oirr 
ha l f - s i b  families, bu t  t h e y  do e x h i b i t  snlli l v n r i ; i t  i \,ns. ' i 'hi  ! ~ v r  i t,iii i 1 i ty 
est imates  obtained i n  t h i s  study are p ~ o h a h i \ ~  :ii::lcrest xnat.:i l ~ i '  r h ~ l  t r u r  
values because it i s  not likely t h a t  a l l  h ranchcs  i l ad  d i r d  iii~ei? r i : c i ~  
observat ions  were made a t  4 months, R e s u l t s  f roc1 f u r t  hCr f e c i d L ) h s c ~ v a t  ions 
should r e so lve  t h i s  p o i n t .  

The differences  in canker lengths 4 n~o~:"-,hs a f t e r  inocu i a t  i o n  a;,;lear 
t o  represen t  t r u e  d i f f e r ences  among the s i x  g roups  sf matnri3;il h 2 i l f - ~ i k 9 l i r l g  
f ami l i e s  ( t a b l e s  4 ,  5, and 61. If s h o r t  canker l e n g t h  can I ~ c  Clj~latci: to 
r e s i s t a n c e  by t h e  hos t  and long cankers to susceptibil i t y ,  the  i i Z i O i  
groups appear t h e  most resistant, t h e  CIA107 and O-AT'i'i grs:~p..r, r a n g r  froin 
intermediate  t o  r e s i s t a n t ,  SL209 and L E l O 8  a re  gcr:eral ly interrricd i a t e  b u t  
tend toward s u s c e p t i b i l i t y  and ES107 i the n o s t  suscept i l i le .  ":'his o r d e r  
of ranking i s  similar f o r  t h e  pooled d a t a  f o r  each m a t e r i i a  l ha1 f - - s  i h  group 
and f o r  t h e  mean va lues  f o r  each inoculum, ?'here is little doli'l?t that 
t h i s  t r a i t  i s  con t ro l l ed  by a number of genes that exhibit a snrnl  l amount 
of a d d i t i v e  gene t ic  va r i ance .  I t  exhibits general  combining a b i l i t y ,  but  
t he  experiment g ives  no i n f o r n ~ a t i o n  on specific combining ability. ?'he 
h e r i t a b i l i t y  e s t ima te s  suggest that slow gains could b e  made i n  the l ~ o s t ' s  
a b i l i t y  t o  r e t a r d  spread of the pathogen by a selection progriim. 

The v a r i a t i o n  i n  canker l eng th  associated with inoculum sources 
r e f l e c t s  r e a l  d i f f e r e n c e s  and appears  t o  be a predictable r e sponse  of 
t he  hos t  t o  each i n o c u l m  ( t a b l e  5) .  jipparently the iClichigan and T ' u l : ~  
i n o w l a  e x h i b i t  g r e a t e r  v i r u l e n c e  than  t h e  o t h e r  tc;o pa thogen  sources .  
The four  inocula  rank from most v i r u l e n t  M i c h i g a n ,  Tuily next, Baldwins-  

r b  v i l l e  t h i r d ,  and Heiberg t h e  l e a s t  v i r u l e n t  (table 4 ) .  ihe repeatability 
of t h e i r  l e v e l s  of v i ru l ence  sugges t s  that t h e  d i f f e r e n c e s  are g e n e t i c .  
No i n f o m a t i o n  i s  a v a i l a b l e  on t h e  g e n e t i c  control system. 

Again, pathogen v i ru l ence  i s  not related t o  r e s  istarlce heritabi l i t y e  
The Michigan i n o c u l m  e x h i b i t s  t h e  greatest v i r u l e n c e  and r i . su l t s  i n  
cankers wi th  cons ide rab l e  v a r i a t i o n  i n  s i z e ,  but  t h e  h e r i t a b i l i t y  
es t imate  f o r  canker l eng th  i s  t h e  smallest. Most of the variation occurs 
i n  t h e  males wi th in  females  sou rce s  of  v a r i a t i o n ,  w i th  a smallcr par t  
t o  females.  This ,  combined with t h e  large within fami l i e s  mean square ,  
i s  t h e  cause of t h e  low h e r i t a b i l i t y  va lue .  



+As in the case of  c a l l o u s  fo rmat ion  and branch dea th ,  t h e  l a r g e s t  
heritability for canker length (h2 = 0.254) was obta ined  w i t h  t h e  T u l l y  
inoci-iiuni, [ ' he  most p l a u s i b l e  exp l an t a t i on  f o r  t h e  g r e a t e r  p r e d i c t a b i l i t y  
p r o b a b l y  i s  t h e  gene t i c  un i formi ty  o f  t h i s  i n o c u l m ,  which was der ived  
from a s i n g l e  ascospore .  The o the r  t h r e e  i nocu l a ,  i n  c o n t r a s t ,  were 
derived from mycelia e x t r a c t e d  from d i s ea sed  ba rk .  Grea t e r  v a r i a t i o n  
could  occur  i n  each of t h e s e  c u l t u r e s  because n o t  on ly  could a  he t e ro -  
karyotic c o n d i t i o n b e  p r e s e n t  with  n u c l e i  of  two o r  more o r i g i n s ,  bu t  
two o r  more g e n e t i c a l l y  d i f f e r e n t  mycel ia  o r i g i n a t i n g  from m u l t i p l e  
infections are a l so  p o s s i b l e .  If the pathogen as wel l  a s  t h e  hos t  v a r i e s ,  
t h e  p r e d i c t a b i l i t y  o f  t h e  host response would be l e s s  and heritability 
low. I f  t h i s  hypothes i s  is  c o r r e c t ,  t h e  h e r i t a b i l i t y  e s t i m a t e s  from t h e  
Tully data would most c l e a r l y  r e f l e c t  t h e  h o s t ' s  a b i l i t y  t o  respond t o  
t h e  pathogen and would be t h e  most r e l i a b l e  e s t ima te s  of  t h e  p r e d i c t -  
a b i l i t y  o f  t h e  h o s t  responses .  F u r t h e r  experiments a r e  planned t o  t e s t  
t h i s  hypothesis. I f  t h i s  i s  c o r r e c t ,  one would expect  more r a p i d  
improvement i n  r e s i s t a n c e  t han  our r e s u l t s  sugges t  now. 

The slow sp read  of t h e  d i s ea se  i n  t h e  h o s t  i s  f r e q u e n t l y  r e f e r r e d  t o  
as a t o l e r a n c e  r e a c t i o n  of  t h e  h o s t .  If slow enough, t h e  pathogen p re -  
sumably cou ld  p e r s i s t  f o r  yea r s  i n  a  r a p i d l y  growing t r e e  wi thout  k i l l i n g  
t h e  h o s t  because t r e e s  die when t h e i r  stems a r e  g i r d l e d .  S e l e c t i o n  f o r  
t o l e r a n t  genotypes  i s  f e a s i b l e  i n  an aspen breed ing  program, and i s  h i g h l y  
d e s i r a b l e  because t h i s  mode of  r e s i s t a n c e  would n o t  e x e r t  s t r o n g  s e l e c t i o n  
p r e s s u r e  on t h e  pathogen f o r  more v i r u l e n t  forms. This  might be e s p e c i a l l y  
useful i n  b reed ing  t r e e s  for s h o r t  r o t a t i o n  croppings (Einspahr 1972). 

T h e  t o l e r a n c e  r e a c t i o n  depends upon a  slow growth of  t h e  fungus where- 
as fas t  canker  growth i s  r e q u i r e d  i n  t h e  branch dea th  response  because t h e  
branch has  t o  be  killed b e f o r e  t h e  fungus can r each  t h e  main stem. There-  
f o r e ,  t h e  c h a r a c t e r s  would be expected t o  be n e g a t i v e l y  c o r r e l a t e d :  groups 
w i th  s h o r t  cankers  should e x h i b i t  a  low frequency of  branch dea th ,  and v i c e  
versa. A comparison of  mean canker l eng th  and i nc idence  of  branch dea th  
in materna l  h a l f - s i b  groups ( t a b l e s  3 and 4 ) ,  however, does n o t  r e v e a l  
any obvious r e l a t i o n s .  Rank c o r r e l a t i o n s  (Snedecor 19463 were a l s o  ca l cu -  
lated, based upon maternal  h a l f - s i b  group means and t h e  rank of  t h e  24 
f a m i l i e s .  Though nega t i ve  c o r r e l a t i o n  c o e f f i c i e n t s  were ob t a ined  f o r  
t h e  Ba ldwinsv i l l e  and T u l l y  r e s u l t s  f o r  maternal  h a l f - s i b  group means 
f o r  t h e  RaldwinsviXle,  T u l l y ,  and Michigan r e s u l t s  f o r  t h e  f ami ly  d a t a ,  
none o f  t i le c o r r e l a t i o n s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t ,  I f  a  nega t i ve  
r e l a t i o n  does e x i s t ,  i t  may have been obscured by t h e  e f f e c t  o f  branch 
d i ame te r  ( a t  t h e  s i t e  o f  t h e  i n o c u l a t i o n )  on t h e  e a r l i n e s s  o f  branch dea th .  
Th i s  w i l l  be t aken  i n t o  c o n s i d e r a t i o n  i n  f u t u r e  s t u d i e s  t o  t e s t  t h i s  hypo thes i s .  

Although t h i s  s tudy  cons idered  o n l y  t h r e e  mechanisms o f  r e s i s t a n c e ,  
t h e r e  a r e  undoubtedly more. A r t i f i c i a l  i n o c u l a t i o n s  wi th  a  mass of  
myce l i a l  inoculum prec ludes  gene t i c  e v a l u a t i o n  o f  r e s i s t a n c e  mechanisms 
a f f e c t i n g  spore  germinat ion and i n i t i a l  i n f e c t i o n .  Future  s t u d i e s  w i l l  



at tempt  t o  determine t h e  g e n e t i c  control o f  resistance to natr i ra?  
i n f e c t i o n s  and t h e  c o r r e l a t i o n  of  t h e s e  r e su l t s  with that from a r t i f i c i a l  

inocula t ions .  
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EjUCLEAR PROTEINS OF DRY W D  GERMINATING CONIFER SEEDS 

I/ 
J, A, Pitel and D. J ,  ~ u r z a n -  

ABSTRACT.--The p r o t e i n s  of t h e  nuclear  sap, t h e  h i s tones ,  
and t i i enonh i s tone  chromosomal p r o t e i n s  (NHCP) were ex t r ac t ed  
from a number of  dry and germinating seeds and t h e i r  composition 
was examined by polyacrylamide g e l e l e c t r o p h o r e s i s .  The nuclear  
f r a c t i o n  was isolated and washed extens ive ly  with seve ra l  b u f f e r  
rriixtures. The chromosomal mater ia l  was then so lub i l i zed  i n  a  
h i g h  s a l t - h i g h  u rea  buffer .  Af ter  removal of t h e  DNA by u l t r a -  
c e n t r i f u g a t i o n ,  t h e  chromosomal p r o t e i n s  were passed through a  
QAE--Sephadex column t o  sepa ra t e  the  h i s tones  from the  NHCP. 
Gel p a t t e r n s  o f  t h e  NHCP va r i ed  q u a n t i t a t i v e l y  dur ing  t h e  e a r l y  
gerniination of jack pine  and minor q u a l i t a t i v e  d i f f e rences  i n  
p r o t e i n  complement were a l s o  detected.  Differences i n  t h e  pro-  
files of the NHCP were found among spec ie s  of t h e  Pinaceae. 
Histones from coniferous seeds compared favorably with pea 
h i s t o n e s  i n  c l a s s i f i c a t i o n  and e l ec t rophore t i c  mob i l i t i e s .  
The changes i n  h is tones  i n  p r o f i l e s  from d i f f e r e n t  species  and 
wi th  d i f f e r e n t  s t a g e s  of germination were due mainly t o  t h e  
heterogeneous FB f r a c t i o n .  The methods a r e  s u i t a b l e  f o r  
f lud ies of nuc lea r  p r o t e i n  metabolism and gene t i c  r egu la t ion  
and express ion  i n  t r e e  improvement programs. Biochemical 
techniques  f o r  e x t r a c t i n g  and cha rac te r i z ing  nuclear  p r o t e i n s  
are  smmarized.  

The control of t r a n s c r i p t i o n  (suppression o r  induct ion  of s e l e c t e d  
gems) i s  now being pursued by many s c i e n t i s t s .  The s t r u c t u r e  and 
function of t h e  nuc lea r  p ro te ins  a r e  important i n  t h i s  con t ro l ,  and 
polyacrylamide g e l  e l ec t rophores i s  of p ro te ins  can become a  usefu l  
diagnostic t o o l  when dea l ing  with q u a n t i t a t i v e  and q u a l i t a t i v e  changes 
i n  genetic expression.  For example, Bekhor e t  a l .  (1974a) suggested 
t h a t  t h e  nonhistone chromosomal p ro te ins  (NHCP) could be f inge rp r in t ed  
t o  s tudy chromosomal abe r ra t ions  once funct ions  a r e  assigned t o  each 
of these  p r o t e i n s .  

1/ Respect ive ly ,  Department of t he  Environment, Canadian Fores t ry  
s e r v i c e ,  Petawawa Fores t  Experiment S ta t ion ,  Chalk River ,  Ontario. K O J  1 J O ,  
and Fores t  Ecology Research I n s t i t u t e ,  Canadian Fores t ry  Service,  800 
Montreal Road, Ottawa, Canada KIA OW5. 



I n  t h i s  r e p o r t  we summarize methods t o  e x t r a c t  and characterize 
t h e  nuc l ea r  p ro t e in s  and p re sen t  t h e  known b i o l o g i c a l  func t ions  o f  
p r o t e i n s ,  e s p e c i a l l y  those dea l i ng  with g e n e t i c  express ion .  I t  i s  
hoped t h a t  t h i s  s tudy  w i l l  even tua l l y  lead t o  methods t o  p r e d i c t  gene t i c  
expression ( i . e . ,  be fo re  it can be expressed v i s u a l l y )  and t o  improve 
t h e  g e n e t i c  q u a l i t y  of  con i f e r s .  

METHODS 

Ex t r ac t i ng  and Charac te r iz ing  Conifer  Nuclear P r o t e i n s  

To s tudy  t h e  nuc l ea r  p r o t e i n s  i n  t i s s u e ,  s p e c i e s  s p e c i f i c i t y ,  and 
gene r egu l a t i on ,  t h e  ex t r ac t ed  p r o t e i n s  should be pure ,  i n t a c t ,  arid f r e e  
from aggregat ion.  We s e l e c t e d  and modified methods t o  o b t a i n  h igh  y i e l d s  
f o r  e x t r a c t i n g  nuc l ea r  p ro t e in s .  We avoided t h e  use  o f  d e n a t u r a n t s ,  
increased  t h e  r a p i d i t y  of  e x t r a c t i o n ,  i n h i b i t e d  deg rada t i ve  enzymes, 
avoided contaminat ion,  and r e t a i n e d  a s  much o f  t h e  b i o l o g i c a l  a c t i v i t y  
of t he se  p r o t e i n s  a s  p o s s i b l e .  Because nuc l ea r  p r o t e i n s  from s t o r a g e  
t i s s u e s  a r e  e s p e c i a l l y  d i f f i c u l t  t o  p u r i f y  (Bonner -- e t  a l e  1958a, G r e l l e t  
and Gui t ton  1973, P i t e l  and Durzan 19741, va r ious  combinations and exten-  
s i ons  of t h e  e x i s t i n g  methodology were t r i e d .  

Numerous r e p o r t s  i n d i c a t e  t h e  presence of p r o t e a s e  i n  chromatin 
p r e p a r a t i o n s  and i n  t h e  cytoplasm which can degrade h i s t o n e s  (Paik and 
Lee 1970, Kincade and Cole 1966). S e l e c t i v e  t i s s u e - s p e c i f i c  p r o t e a s e s  
confuse t h e  e s t ima te s  of  q u a l i t a t i v e  and q u a n t i t a t i v e - d i f f e r e n c e s  i n  
composition (Hni l ica  1972). Severa l  p r o t e a s e  i n h i b i t o r s  dec rea se  t h e  
a c t i v i t y  of  t he se  enzymes. These inc lude  0.05M sodium b i s u l f i t e  (Panyirn 
e t  a l .  1971),  d i i sop ropy l  f luorophosphate  (Hn i l i c a  l 972 ) ,  CdS04 (Vaughan -- 
and Comings 1973), and phenylmethylsulfonyl f l u o r i d e  (Wintersberger  e t  a l *  -- 
1973, Towil l  and ~ o o d k n  1973). 

With t h e  c o n i f e r s  we r o u t i n e l y  used sodium b i s u l f i t e  a s  a  p r o t e a s e  
i n h i b i t o r .  This  was found t o  be  e s p e c i a l l y  needed f o r  t h e  germina t ing  
seeds.  However, sodium b i s u l f i t e  should be used wi th  cau t i on  because  
base (pyrimidine) modi f ica t ion  o f  chromatin RNA may occur .  I n  syme c e l l s  
i t  may reduce t h e  y i e l d  of n u c l e i  and chromatin (Towill  and Nooden 1973). 
To f u r t h e r  decrease  t h e  a c t i v i t y  of  nuc leases  and p r o t e a s e s  t h e  bu f f e r s  
were a t  pH 8.0 (Jockusch and Walker 1974). The r e a g e n t s  we used were of 
t h e  h ighes t  p u r i t y  and were made f r e s h  t o  p r even t  changes i n  t h e  b u f f e r s  
t h a t  could a f f e c t  t h e  p r o p e r t i e s  o f  t h e  e x t r a c t e d  p r o t e i n s .  For example, 
aged u rea  s o l u t i o n s  form cyanate  t h a t  could t hen  r e a c t  w i th  amino a c i d  
su l fhyd ry l  groups of  p r o t e i n s  (Graziano and Huang 1971).  

To prevent  aggregat ion of t h e  h i s t one  F 3  molecules ,  2-mercaptoethanol 
was included i n  t h e  b u f f e r  dur ing  e l e c t r o p h o r e s i s .  Mercaptoethanol i s  
a l s o  u se fu l  i n  reducing t h e  b ind ing  of  t h e  h i s t o n e s  t o  t h e  NHCP (Levy 
e t  a l .  1972).  -- 



1 which can lead  t o  l o s s e s  of the a r g i n i n e - r i c h  h i s t o n e s  
( S t e i n  and Horan 19721, was not needed nor used. 

Cherlii c a l s  t h a t  could i r r e v e r s i b l y  dena ture  t h e  p r o t e i n s  were 
avo ided.  Ac id  treatment t o  e x t r a c t  t h e  h i s t ones  from n u c l e i  o r  chromatin 
before NiiCP separation affects t h e  s t r u c t u r a l  p r o p e r t i e s  o f  t h e  NHCP 
(Craziano arid Huang 1971). Phenol has been used t o  e x t r a c t  t h e  nonhis tone 
p r o t e i n s  (Teng -- et - al. 1971) ; however, t h i s  reagent  can i r r e v e r s i b l y  a f f e c t  
the native structure in some of the NHCP. Stud i e s  by Mischke and Ward 
(1975) showed t h a t  acid treatment or phenol changed the p o s i t i o n  o f  some 
of the NIiCP during electrophoresis. Ionic detergents bind s t r o n g l y  to 
proteins and t hus  are  not useful except for e l e c t r o p h o r e t i c  s t u d i e s  
(Si-iiiey and kluaag 1969) . 

To help the dispersal of e x t r a - n l ~ c l e a r  ma te r i a l ,  wi thout  damaging 
t h e  n u c l e i ,  Triton X-100 (nonionic detergent) was added a t  low concen t r a t i ons  
(0.2 to 0 . 5  percent)  (Sadowski and S t e i n e r  1968, Panyim e t  31. 1971). -- 
Higher  concentrations break n u c l e i  and may cause p a r t i a l  so lub i l j . z a t i on  
and loss of  nuclear proteins (D9Aliesio and Trim 1968). Lower concen t r a t i ons  
rcxnove the outer n u c l e a r  membrane, 

We ilsed sodium deoxychloate (bile-salt anion) to remove 
contaminants. It has d e t e r g e n t l i k e  p r o p e r t i e s  and s o l u b i l i z e s  many sub- 
-components (Hadler et a l e  1971) inc lud ing  the o u t e r  nuc l ea r  -- 
rnenilbrane (Monahan and Hal l 1973) . Low concentxaations of  about 0 ,001  M 
are needed because conce rn ra t i ons  in the range 0,005 t o  0 .1  M can 
s e l e c t i v e l y  extract the histones (Smart and Bonner 1971a, 1971b) and 
higher concentrations can cause p a r t i a l  Pys i s  of n u c l e i ,  

The nuclear p r e p a r a t i o n  should be washed with  bu f f e r ed  media t o  
remove c o r i t m i n a t i n g  p r o t e i n s  o r i g i n a t i n g  from t h e  nuc l ea r  sap  and 
cytoplasmic p r o t e i n s  that become adsorbed dur ing  i s o l a t i o n  t o  t h e  n u c l e i  
and chromatin, Generally, washing i s  done w i t h  buf fe red  i s o t o n i c  (0.14M] 
s a l i n e  and with va ry ing  m n c e n t r a t i o n s  of  Tris-MC1 b u f f e r s .  Jockusch 
and Walker (19743 found t h a t  i n c r e a s i n g  t h e  i o n i c  s t r e n g t h  o f  t h e  b u f f e r  
from 0,1101M to 0,OlM Tris i .ncreased the  amount of  NHCP e x t r a c t e d ,  Huang 
and IIuang (1963) decreased the i o n i c  s t r e n g t h  at pH EL0 dur ing  p u r i f i c a t i o n  
of their nuclear p r e p a r a t i o n .  S t ronger  s a l i n e  (0.3M) improved t h e  removal 
of cytoplasmic contaminants but l o s s e s  of NHCP can s t i l l  occur (Hn i l i c a  
l.972). A t  ~ a l l n e  conct.aa"crations of 0,35M, some NHCP a r e  ex t r ac t ed  t o -  
g e t h e r  w i t h  cy top lasmic  p r o t e i n s  (Comings and Tack 1973). Kostraba -- e t  a l .  
(1975) found t h a t  the 0.35M NaCl wash contained p r o t e i n s  s i m i l a r  t o  t h e  
cytoplasmic and nuclear sap p ro te ins .  Th is  f r a c t i o n  included l o o s e l y  bound 

NHCP t h a t ,  after f ou r  washings, contained 43  percen t  o f  t h e  t o t a l  NHCP. 
Goodwin and Johns  (1973) reported a  p o s s i b i l i t y  o f  some h i s t o n e  deg rada t i on  
products  i n  t h e  0.35M NaCl e x t r a c t .  A t  h i ghe r  s a l t  concen t r a t i ons  more 
NHCP is removed; e .g . ,  a t  2. OM NaC1, 81 pe rcen t  i s  e x t r a c t e d .  



We also  used, with va ry ing  degress ~f 5 : i c c e . i - ,  r I ' ,LL: 1 \,i:. .!: 1 

pH f o r  t h e  removal of cytoplasmic-con~aninatiilg :-,r'-'ttei rib 
"\ ; 1 : j t d > )  

used pH 2.8 for purification of t h e  histone f r a c t  i r ~ i i .  i : t d  i i . ,  I i t . *  .I. \: 
c i t r i c  acid. a t  0.01M (pH 2.6) and aqueom c t hano l . 

7 5 '  

The r a t i o  of the nucleus to the cyxoplasm is i::l'por t u l i t .  1 L t l i  I bi 

r a t i o  is as low a s  1: 500 by volume t h e r e  a re  g-reater. charices ; ~ ) ! l t . l ~ f ; -  

i n a t i o n  (Evans and O z a k i  1973) . Most methocis USE derl:ie S l i t  i'd2,c far 
p u r i f i c a t i o n  of the chromatin preparations. ' ihe chromat c.-in i:r c ; ' i ~ t  :. 1 -- 
fuged through 1.774 homogeneous sucrose o r  through d i scori t  i i l i l o ~ i i  \;IIL ~ ~ ) s t :  
(Bonner -- e t  a l .  1968a, 1968b; Panyim -- et a l .  1970). I n  our i t i ~ : l l c : >  i c i t i ~  
con i f e r  seed t i s s u e ,  we repeated t h i s  process to crisurc i;r~;it;~r- rerlovni 
of t h e  contaminants.  In addition to sucrose p u r i  f i c a t i  oil, i j r o  i olige~i 
s t i r r i n g  of t h e  crude chromat in  i n  Tris-CW1 bxtffers soluhi l i  :es  :;dm? 

contaminating material  (Bonner -- et al. l9hSa) . 
To avoid dena tur ing  cond i t i ons  f o r  t h e  extract ion of the i-iirorna t i i i  

" --.-- 
p r o t e i n s ,  we s epa ra t ed  them by dissociating the nuclear prcparat ior! i n  a 
high s a l t - h i g h  u r e a  bu f f e r .  E s s e n t i a l l y  all chromatin p r o t c i n s  can he 
sepa ra t ed  from DNA by dissociation in a 2 . O M  iVu'aC1-5. OM uirea buffer 
(Bekhor -- e t  a l .  1974a, 1974b; Kleiman and Huang 1972) .  DNA can  be  
removed by c e n t r i f u g a t i o n  f o r  18 hr at 60,000 RPII, by colwnn chromato- 
graphy (such a s  Bio-Gel A-50 as described by Graziano and tiuarig t97 L] 
o r  i f  d e s i r e d ,  by dena tu r ing  c o n d i t i o n s  such as s e l e c t i v e  i l y d r o l y s i s ,  
by p a r t i t i o n i n g  w i th  phenol (Shel ton and Keelin 1971), or with DYase. 
I n  our s t u d i e s  we used u l t r a c e n t r i f u g a t i o n  t o  remove the DNA followed 
by s e p a r a t i o n  of  t h e  h i s t o n e s  from the NHCP with QrjE-Sephadex. The usc 
of ion-exchange t o  s e p a r a t e  these two classes of proteins has resulted i n  
prepa ra t i ons  wi th  l e s s  than 1 percent cross -contamina t ion  between the two 
(Levy - e t  a l .  - 1972). One can a l so  use colurnns of Biu-Rex 70 ( L e v y  -- c t a a l ,  
1972), SP-Sephadex C-25 (Graziano and Huang 1971j, hpdroxy lapa tk t c  il; 
high s a l t  and u rea  (MacGill ivray and Rickwood 1974), and electz.opfior.a:s.i.i; 
on SDS (sodium dodecyl s u l f a t e ) .  Qur studies wi th  SDS electrophoresis 
showed n e g l i g i b l e  contaminat ion of  the h i s t o n e s  and NifCk" with each o t h c r ,  
I f  needed, 2 p e r c e n t  SDS can be used t o  s o l u b i l i z e  t h c  chromatin component-., 

Numerous o t h e r  combinations can be used f o r  s o l u b i l i z a t i o n  such  as 
6M Urea-0.4M GuCl (Levy e t  a l .  19721, urea alone (Mischke ant% \"dart1 1975, -- 
P i t e l  and Durzan 1974),  lMCaCl2 (Mohberg and Rusch 1969), and NaCl alone 
(Busch 1968, Wang 1967). However, s e v e r a l  reports have shot~m that n o t  
a l l  NHCP a r e  removed wi th  2.OM NaCl (Levy e t  a l .  1972,  Kostraba et al, -- -- 
1975). I n  t h e  l a t t e r  s tudy ,  19 pe rcen t  of t h e  NHCP could not be removed 
from DNA with  2.0M NaCl (bu f f e r ed ) .  Most o f  these proteins were released 
with  3M NaCl-7M u rea .  A method using c a t i o n s  t o  condense t h e  clilrolnatirl was 
found b e t t e r  than  t h e  u se  of  2 M  NaCl (Flavell and Kemble 1974). The l a t t e r  
had more contaminat ing RNA. Methods u s i n g  shea r ing  of t h e  chromatin help 
i n  f u r t h e r  d i s s o c i a t i o n  (Levy e t  a l .  1972).  -- 



kirinci*oils isc thods  selectively extract t he  histones from nuclear 
pisi:p;~rat i n r l u .  V a r i a t i o n s  occur in pH (Hnilica 1972) ; s o d i m  deoxycholate 
( > ; m r ~ r t  a i d  i3i)nner 197ia); SDS; mixtures of urea, NaC1, and ethanol 
j l inl  und anii Johns  1973) ; var ious  salt concentrations (Hnilica 1972, 
I!oiiind arid ,io'rins 1973); removal of F1 w i t h  5 percent TCA or p e r c h l o r i c  
ac i ; i .  c thz inol ic -HC1;  tRNA and double-stranded DNA (Xlyin et a i .  19721, - and  o t h e r s .  Thc use of urea in combination with NaCl appears t o  be a 
super ior  metllod for b o t h  d i s s o l u t i o n  of t h e  chromosomal p r o t e i n s  and 
for r e t e n t i o n  s f  t h e i r  b i o l o g i c a l  functions, 

Nuclear proteins from s to rage  t i s s u e s  a r e  hard t o  purify. Fambrough 
et al. (1968) fouild significant amounts of contaminants i n  h i s t o n e  pre-  -- -v 

paration from pea cotyledons.  These had low e l e c t r o p h o r e t i c  mob i l i t y  
and were sa id  t o  be a c i d i c  ribosomal p r o t e i n s  and NHCP. Wistones can 
h e  contaminated by p r o t e i n s  from t h e  mitochondria and n u c l e o l i  (Mohberg 
and Ruscil 1970). ilistnnes prepared by ac id  o r  sa l t  d i s s o c i a t i o n  may have 
srnall q~.rant-Mes of r i b n -  and deoxyribonucleot ides  (Greenaway and Murray 
19731, Dircc t  ac id  e x t r a c t i o n  of the nuc le i  o r  chromatin t o  o b t a i n  t h e  
l i is tones may r e s u l t  i n  some contamination by t h e  NHCP (Sadgopa  and Bonner 
' 7  7 Milhelm -- e t  a l .  1971). High molecular weight NHW have been 
reported to contaminate c e r t a i n  h i s t o n e  p repa ra t i ons  (Levy -- e t  a l .  1972, 
Grazians and TI~xang 1971), 

?'he e x t r a c t e d  NMCP f r a c t i o n  can be contaminated from s e v e r a l  sou rces ,  
For example, Goodwin and Johns (1972; 1973) and Johns and F o r r e s t e r  (1969) 
found contamination of the NHCP by t h e  nonspec i f i c  adso rp t ion  of cytoplasmic 
and nuclear sap  p r o t e i n s  to the chromatin during i s o l a t i o n .  H i l l  -- e t  a l .  
(1971) sa id  that t h e  NHCP may be i n  equi l ib r ium wi th  t h e  s o l u b l e  n u c l e a r  
sap  proteins under  phys io logica l  cond i t i ons ,  e . g . ,  NHCP tu rnover .  It was 
difficult to determine p r e c i s e l y  what belonged t o  t h e  NHCP o r  t o  t h e  
nuclear  sap. The NHCP were a l s o  found t o  be  contaminated by t h e  a c i d i c  
nuclear  membrane p r o t e i n s  (Harlow -- e t  a l .  1972) t o  t h e  e x t e n t  of 11 p e r c e n t  
(Suska and Liew 1974). 

By cons ide r ing  t h e s e  observa t ions  and in t roduc ing  t h e  mod i f i ca t i ons  
for coniferous t i s s u e s  we have prepared t h e  nuc l ea r  and cytoplasmic 
proteins i n  f i g u r e s  1 t o  4. 

RESULTS AND DISCUSSION 

Our results show t h a t  t he  nuc l ea r  p r o t e i n s  (h i s tones ,  NHCP, and 
nuclear sap proteins) can be e x t r a c t e d  from c o n i f e r s  and cha rac t e r i zed  
by polyacrylamide g e l  e l ec t rophores i s .  The p u r i t y  and r e s o l u t i o n  of 
t h e s e  p r o t e i n s  are  comparable t o  t hose  descr ibed f o r  o the r  p l a n t s  and 

Problems of i d e n t i f i c a t i o n  of p r o t e i n s  o f t e n  a r i s e  by contaminat ion,  
deg rada t ion ,  s e l e c t i v e  e x t r a c t i o n ,  and aggregat ion.  Some of  t he se  p r o t e i n s  

may be i n  equ i l i b r ium w i t h  each o t h e r  (e.g., NHCP and nuc l ea r  sap p r o t e i n s )  
and thus  may be hard to d e f i n e  p r e c i s e l y  a s  belonging t o  one c l a s s  o r  



lo[ i 
JACK PINE 

DRY SEED 1 NUC~EO~LASMIC SOL.UGLE PROTENS 

L. 

(3 5 mA!GEL, 45 M I N  i+) 

JACK PiNE HISTONES 
DRY SEED 

1.25 mA/7  5% GEL; 120 M~N-' 

Fig .  1-4. P r o t e i n  characterization o f  d r y  jack p i n e  secd. 



a r i o t h e r .  4150 soale can he  transported between the cytoplasm and nucleus 
jptcir, and i!oi.irrr 1972). In our s t u d i e s  we examined t h e  proteins of t h e  
c y t o p i a m ,  nucleoplasm, and the chromosomes and first conpared them w i t h  
each other to more precisely show that most belonged to separate c l a s s e s  
and can be  separated as such ,  

?'fie cytoplasrllic and nucleoplasmic so luble  proteins had cha rac te r -  
istic electrophoretic profiles that were 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 the r  ( f i g u r e s  1 and 2). Differences i n  composition were found during 
germination (dry seed vs, 48 hr) f o r  some of the bands f o r  each of t h e  
c l a s s e s .  S t u d i e s  with t h e  cytoplasmic p r o t e i n s ,  bes ides  being usefu l  t o  
determine contamination with the d i f f e r e n t  c l a s ses  of p r o t e i n s ,  a r e  
important because some of them may be gene r e g u l a t o r s  (Vaughan and 
Comings 1973), and may be able t o  b i n d  t o  DNA (Choe and Rose 1974). 

With jack pine we found that t h e  so luble  nuclear  p r o t e i n s  were 
nlarkedly different from those of t h e  corresponding chromatin NHCP, 
although t h e  two patterns showed some s i m i l a r  b d s  ( f igu res  H and 43 ,  
Sfrrliiar r e su l t s  were found by o the r s  (Comings and Tack 1973, MacGiElivray 
and Ricktvuod 1.9741, Also, t h e  nuclear  .sap p r o t e i n s  can bind to DNA 
(t'augllan and Corrrings 1973) and may have some gene r egu la to ry  funct ion  
(Crsmings and Tack  19"73$, 

E d l s  tones were ex t r ac t ed  from var ious  s t ages  of  germination of j aek 
pine and found t o  vary q u a n t i t a t i v e l y  a f t e r  24 hours  of germination 
(fig, 31, The p r o f i l e s  for t h e  d ry  seed and f o r  12 hrs imbibed seed 
were i d e n t i c a l ,  DNA syn thes i s  i s  d i f f i c u l t  t o  d e t e c t  during ear ly s t a g e s  
o f  g e m i n a t i o n  (Pitel and Durzan 1975). Because h i s tone  s y n t h e s i s  i s  
associated with DNA syn thes i s  (Hnil ica P972), t h e  lack of any major 
change i n  the h i s t o n e  profile is cons i s t en t  with previous r e s u l t s .  
Changes i n  the h i s t o n e  f r a c t i o n  a f t e r  24 h r s  imbibi t ion  were due mainly 
t o  t h e  very  l y s i n e - r i c h  (F1) f r a c t i o n .  The p ro tease  i n h i b i t o r ,  sodium 
b i s u l f i t e ,  was e s p e c i a l l y  use fu l  f o r  t h e  germinated seeds. Ex t rac t ion  
o f  4-day-old seeds i n  t h e  absence o f  sodium b i s u l f i t e  gave a  50 percent  
r educ t ion  i n  t h e  content  of the  F l  h i s tone  and produced s e v e r a l  a d d i t i o n a l  
bands i n  t h e  F i  r eg ion  and gave one band w i t h  a  mob i l i t y  between F 3  and F 2 a l .  

Examination of  t h e  h i s  tones  from seve ra l  members of t h e  Pinaceae 
r evea led  very  little spec ie s  s p e c i f i c i t y .  

Af t e r  passage of  t h e  con i fe r  chromatin, so lub le  i n  3 M  NaCl-5M urea ,  
th rough  a QAE-Sephadex column, t h e  h i s tone  and NHCP f r a c t i o n s  were 
analyzed by SDS e l e c t r o p h o r e s i s  and found t o  be e s s e n t i a l l y  f r e e  of 
c o ~ i t m i n a t i o n  froni each o t h e r .  By c o n t r a s t ,  d i r e c t  ac id  e x t r a c t i o n  of 
the nuclear prepa ra t ion  f o r  h is tones  gave numerous contaminating bands 
that could  include p ro te ins  of the  ribosomes (Mohberg and Rusch 1970, 
Fambrough -- e t  a l e  1968) and NHCP (Graziano and Huang 1971, G r e l l e t  and 
Gui t ton  1973). 



The NHCP were e x t r a c t e d  using di f fe  ren t  io i i ccn t  t 1 dl15 ; i f  '\A(' 1 , i.ars ,3ils 

combinations of u rea  and NaC1, and urea alone. i ' : "of iLe5 ~ L > L % I . ' I : L ; !  2,~:-e.: b v t . r g  

l a rge ly  s i m i l a r  on a q u a l i t a t i v e  h a s i s .  Nost  d i f  ti,reni*cs k c r c  t:11iil2 v. 11-11 

0.14M NaCl. This e x t r a c t i o n  on ly  removes 10 t o  15 p ~ l . c r \ i i t  !ii!'i' anc]  i i riscrl 
mainly f o r  removing nuc l ea r  sap p r o t c i n i  from t h e  n u ~ : i c  i . :\I t / i o ~ . ~ g i ~  ti1 

e x t r a c t i  on conta ins  t h e  normal p o p u l a t i o n  of  Xi-ii:P it i 1 i in i  .: r c ~ t  t: : ii; t i i r i t  
resemble those  from t h e  nuc leoplas~n ,  

We compared t h e  NHCP p r o f i l e  from dry jack p i n e  seei is , wfiei-e t i l t .  
chromatin i s  r ep re s sed ,  t o  that of t h e  48 h r s  imbibed seed w1iel.e gcze a s t i \ i i t y  
was s u b s t a n t i a l l y  g r e a t e r .  The major bands va r i ed  iiuanti t 3 t  i v e  11.. lliliqi:c 

bands were found wi th  t he  minor proteins i n  g e m i n a t e d  seeds.  \ I t ? i o u y i i  
Coomassie B r i l l i a n t  Blue was used f o r  some studies i t  was n o t  used to cornpare 
q u a n t i t a t i v e  d i f f e r e n c e s  as t h e  dye d e v i a t e s  from Beer's Law a t  h i g h e r  
p r o t e i n  concen t r a t i ons  (Chrambach -- et al. 1967). Caution must a i h o  b e  used 
with Amido Black, a s  i t  s t a i n s  metachromatical ly  (Johns 1967). 

Limited s p e c i e s  s p e c i f i c i t y  was found when comparlrig tile XiiCk' proi ' i  lcs 
of s e v e r a l  Pinus spp. More q u a l i t a t i v e  and q u a n t i t a t i v e  differences here  

l i 

found when comparing t h e  Pinus spp. wi th  those from Abies or --- Picca. ' ihc  
f u r t h e r  i n t e r p r e t a t i o n  of t h e s e  r e s u l t s  from a g e n e t i c  and p h y s i o l o g i c a l  
viewpoint i s  i n  p rogress .  
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THE POTENTIAL FOR CLONIN(C 
WITE SPRUCE V I A  TISSUE C:UI,TUKl" 

Robert A. Campbell and Donald J. U U I T ~ I I '  

ABSTRACT.-- When hypocotyl seynents of w h i t e  : < ~ T I I ~ : C  ; -L~ 

placed with t h e i r  apical  ends in an agay medium corita i i ~  i ~ : g  10- :) 

1-naphthaleneacer lc  a c i d  jNR4) but  no 6- benzy lam i s?cpiai.i rii. j i? 'i.? 1 , 
50 +rcen t  formed r o o t s .  Almost. all seg~nents  placcd i ~ i t h  r h c i  r- 
basal  end in a medium containing 10-5 $4 KAF wi t i 3  0 "  --- 1 ' 1  for~:lec! 
scalelike organs.  Caen explants  with L h e  s c a l e l i k e  orfix":' i;t'i.~ 

t r a n s f e r r e d  t o  media containing neither 8.W gnsr NAA, tirlcz s ~-g ,~ i s r s  
grew i n t o  need les ,  buds developed, and e longa ted ,  branciied skiouts 
were obtained from these  buds, A number of s h o o t s  havc been 
obtained from a s i n g l e  h?rpocotyl segment, One s u c h  shoot ha:; 
roo ted .  These r e s u l t s  s t rengthen  the  h y ~ o t h c s i s  t h a t  a sm:ii ! 
explan t  could be used t o  mass propagate  a superior t r e e ,  

There w i l l  probably be a massjve shortage of wood i n  the wor ld  market 
wi th in  20-25 years  (Keays 1974)233/ For this reason t h e r e  i s  an u r g c n t  
need t o  i n c r e a s e  the  p r o d u c t i v i t y  of  our  f o r e s t s .  

One means of doing t h i s  i s  by reforesting with superior genotype.: 
t h a t  grow f a s t e r ,  l a r g e r ,  s t r a i g h t e r ,  a re  respons ive  t o  silvicultural 
p r a c t i c e s ,  and a r e  r e s i s t a n t  t o  diseases and pests. The q u e s t i o n  i s ,  
"How t o  g e t  t h e  s u p e r i o r  genotypic  m a t e r i a l  f o r  p l a n t i n g ? "  

One way i s  through breeding,  as has been done successfully f o r  many 
a g r i c u l t u r a l  crops.  Unfor tuna te ly ,  t he  long life cycle of trees makes 
ob ta in ing  supe r io r  v a r i e t i e s  a leng thy  process. I n  O n t a r i o ,  .30 m i l l i o n  
white spruce  s eed l ings  a r e  ou tp l an t ed  each year  b u t  o n l y  10 percen t  a r c  
from seed c o l l e c t e d  i n  seed orchards  and produc t ion  areas. Because t h e  

Respect ively,  Pest Control  Sec t i on ,  Fo re s t  Managernerlt Branch, 
Minist ry  of  Natural  Resources, Maple, On ta r io ,  Canada LOJ 1E0, and Forest 
Ecology Research I n s t i t u t e ,  Canadian Fores t ry  Se rv i ce ,  Environment Canada,  
Ottawa, Canada, K I A  OW5 

* Hai r ,  D.  1975. Address t o  t h e  Canadian Pulp and Paper Associa t io i l ,  
Montreal, March 25. 

Jones ,  P. 1975. Address t o  t h e  Canadian Pulp and Paper 
Associat ion,  Montreal. March 25. 



Tree:> in  t h e  present orchards are not the progeny of con t ro l l ed  breeding 
programs and have no t  been tested, the gene t i c  ga in  i n  using seed from 
them i s  p r o b a b l y  small. Thus i t  w i l l  be some time before  g e n e t i c a l l y  
i n p u ~ v e d  and p roven  trees are  a v a i l a b l e  i n  s u f f i c i e n t  numbers and a r e  
matiiye enough to produce useful q u a n t i t i e s  of improved seed. 

,211other way t o  reforest with  supe r io r  genotypes i s  t o  t a k e  advantage 
of the variation in the natural popula t ion  and vege t a t i ve ly  propagate  
s u p e r i o r  spccimcns. T h i s  could allow immediate p roduc t iv i t y  ga ins .  The 
problem here i s  that by the time a tree is o ld  enough t o  demonstrate t h a t  
i t  is  s u p e r i o r ,  i t  is d i f f i c u l t  t o  propagate  it v e g e t a t i v e l y  by roo t ing  
cuttings. As the age of the  o r t e t  o f  spruce i nc reases  beyond 10 yea r s ,  
r o o t i n g  a b i l i t y  decreases r ap id ly .  "Percent roo t ing ,  speed o f  roo t ing ,  
r o o t  l e n g t h  and number, su rv iva l ,  and growth i n  and a f t e r  t h e  year  of  
rooting, a l l  decrease with i nc reas ing  age of  t he  paren t  t r ee"  (Girouard 
1974). Another problem i s  that roo ted  l a t e r a l  shoots  must undergo a  
t r a i l s i t i o n  from p l a g i o t r o p i c  t o  o r t h o t r o p i c  growth and t h i s  occurs  l e s s  
readily w i t h  increasing ortet age (Girouard 1974). A f i n a l  problem i s  
t h a t  c u t t i n g  may grow s lower  than seed l ings .  For t h e  f i r s t  5 years  a t  
l e a s t ,  the stem volume growth of Pinus r a d i a t a  c u t t i n g s  was cons iderab ly  
less than. t h a t  of seedlings (Sweet and Wells 1974, Shelbourne and Thul in  
1974, Libby 19741, If these d i f f e r e n c e s  cont inue beyond 5 y e a r s ,  they  a r e  
p robab ly  associa ted with lneristern aging. This  could cancel  o u t  ga ins  
expected from the use o f  c u t t i n g s  r a t h e r  than seed l ings  from supe r io r  
g e n o t ~ e s ,  

i n  an attempt t o  bpass some of t h e  problems mentioned above, we have 
been investigating the  use of  t i s s u e  c u l t u r e  f o r  t h e  vege t a t i ve  propagat ion 
of fores t  tree species, 

Having obta ined  s u i t a b l e  media f o r  t h e  continuous c u l t u r e  of c a l l u s  
and suspens ions  of  whi te  spruce ,  jack p i n e ,  and American elm, we have 
r e c e n t l y  begun attempts to induce d i f f e r e n t i a t i o n  i n  our c u l t u r e s .  The 
p resen t  work utilizes a s e p t i c  hypocotyl segments from 6 t o  12-day-old 
w h i t e  spruce seedl ings  ( f i g .  1). T h i s  i s  a  model system because p r a c t i c a l  
a p p l i c a t i o n  would requi re  t h e  use of t i s s u e  from t r e e s  o ld  enough t o  have 
demonstrated superior q u a l i t i e s .  But t h e  model system is u s e f u l  a t  t h i s  
stage for several reasons: (1) it is e a s i e r  t o  ob t a in  l a r g e  numbers of 
s t e r i l e  explants  by s u r f a c e - s t e r i l i z i n g  seeds and then  germinating them 
a s e p t i c a l l y  than  it  is  t o  s t e r i l i z e  t i s s u e  from t r e e s  i n  t h e  f i e l d ;  
( 2 )  there are no seasonal  v a r i a t i o n s  i n  t h e  s t a r t i n g  ma te r i a l  because 
seeds can be germinated in a growth chamber any t ime;  and (3)  t i s s u e  
from juven i l e  p lan ts  i s  o f t e n  e a s i e r  t o  induce t o  d i f f e r e n t i a t e ,  s o  i t  
makes more sense t o  s t a r t  h e r e  and proceed t o  the more d i f f i c u l t  l a t e r .  



culture d i s h .  
Figure 3.--Hypocotyl segment a f t e r  incubation on a medim containing a 
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a i l ed  nlethods and media have been repor ted  elsewhere (Campbell 
an  l.975). Hypocotyl segments used were 5 t o  7 mm long and were 
fully t o  exclude t h e  ap ica l  meristem ( f i g .  1). The segments were 
in an agar medium i n  50-m p e t r i  d i shes  i n  a  v e r t i c a l  p o s i t i o n  
end formerly at tached t o  t h e  r a d i c l e  embedded i n  t h e  medium 

Tne segments d i f f e r e n t i a t e d  by expanding l a t e r a l l y  but  very 
ertically (fig. 3). There i s  some ca l lu s ing  a t  t h e  base,  i . e . ,  

the p o r t i o n  i n  contact wi th  t h e  medium. Above t h i s  t he re  i s  a po r t ion  
t h a t  i s  swollen and has s c a l e l i k e  outgrowths and a t  t h e  top  t h e r e  i s  an 
unswollen portion. The f a c t  t h a t  the s c a l e l i k e  outgrowths a r e  below t h e  
tip, together with the  c u t t i n g  procedure, demonstrates c l e a r l y  t h a t  t h e  
outgrowths  d i d  not  a r i s e  from a pre-exis t ing  a p i c a l  meristem. 

The key factor  c o n t r o l l i n g  t h i s  d i f f e r e n t i a t i o n  i s  t h e  cytokinin-auxin 
balance (table 1 ) .  In  t h i s  experiment, segments were cu l tu red  on media 
containing different amounts of t he  p l a n t  growth r egu la to r s  l-naphthalene- 
acetic acid ( N U )  and 6-benzylminopurine (BAP) . The frequency of induct ion  
increased with inc reas ing  BAP and decreasing NM concentrat ion.  

Table 1 . - -Ex~Pan t s  t h g t  had ~ r o d u c e d  a t  l e a s t  one s c a l e l i k e  
I .L 

organ a f t e r  20 weeks i n  c u l t u r e  under varying 
condi t ions , '  a s  a  funct ion  of 1-naphthaleneacet ic  
ac id  INAA) and 6-benzylaminopurine (BAP) concen- 
t r a t i o n  i n  t h e  medium2 

(In percent)  

BAP (M) - 

0 0 0 0 

1 13.5 hours l i g h t  a t  200C and 10.5 hours of dark a t  7 '~ .  
2 The number o f  segments p e r  t reatment  ranged from 11 t o  

17 ( d i f f e r e n c e s  due t o  contamination l o s s e s ) .  

The ac t i ve  range and d i f f e r e n t  environmental condit ions were examined 
i n  more d e t a i l  i n  a f u r t h e r  experiment ( t ab le  2 ) .  Induction occurred 

b e t t e r  and f a s t e r  under cons tant  than under varying condi t ions  but  by 



98 days t h e  number of explants  that had produced organs  had ~.ca ik~ch j  s t  

maximum i n  both environmental c o n d i t i o n s .  The  explant s cr,i l-tiil:c:.l i ,~!i , i?  l- 

varying condit ions were i n h i b i t e d  by t h e  highest.  l e v e l  o f  iili' i . ; h ~ r * c ; ~ <  
those under constant  condi t ions  could n o t  be iriduced t o  devciop t'ctrtirer 
with subsequent t reatments .  

a s t  one scalpl i k e  
-"-"- 

(In percent) 

BAP fM1 1 0 4  lo-6 lo--7 0 

- - -  - 

The number of segments per  treatment ranged fron 20 
t o  36 

The f i g u r e s  i n  pa ren thes i s  were obta ined  under  vary ing  
condit ions (13.5 hours l i g h t  a t  20C and 20.5 hours d a r k  a t  
7C). The f i g u r e s  not  i n  pa ren thes i s  were obta ined  under 
constant  l i g h t  and temperature a t  20C. 

Those induced by lower l e v e l s  of BAP d i d  develop. Thus, t h e  optimum 
induction o c c u ~ s  under constant  e n v i r o m e n t a l  condi t ions  wi th  10-5 M B4P - 
and 10-7 M o r  OM NAA. - - 

In t h e  previous experiments, t h e  explants  were placed r i g h t  s i d e  up. 
When they  were inve r t ed  ( i .  e . ,  t h e  end formerly attached t o  t h e  ap ica l  
meristem was placed i n  the  medium) organs were again induced a t  about 
t he  same frequency wi th  the  same BAP-NAA optima. The di f ference was 
t h a t  r o o t s  could a l s o  be induced ( f i g .  4 ,  t a b l e  3).  The requirement 
fo r  root  induct ion was high NAA and low BAP. This i s  opposite to t h a t  
fo r  induct ion of t h e  s c a l e l i k e  organs and thus  fol lows t h e  p a t t e r n  of 
d i f f e r e n t i a t i o n  con t ro l  repor ted  by Skoog and M i l l e r  (1957).  

Having induced r o o t s  and s c a l e l i k e  organs,  a t tempts  were made t o  
cont ro l  f u r t h e r  development. The r o o t s  d i d  not  develop much beyond t h a t  
shown i n  f i g u r e  4 and eventua l ly  died,  although a number of  d i f f e r e n t  
media were t r i e d .  The s c a l e s  d i d  develop i f  t h e  exp lan t s  were l e f t  on 
t h e  same media f o r  a  period o r  were t r a n s f e r r e d  t o  a medium c o n t a i n i n g  
n e i t h e r  BAP nor NAA ( t h i s  was probably t h e  same t rea tment  because t h e  



growth r egu la to r s  l i k e l y  got  depleted i n  t h e  f i r s t  i n s t ance ) .  The 
s ca l e s  becane e longa ted  and more need le l ike  ( f i g .  5 ) .  When explants  
at this stage were broken up and cul tured  f o r  a f u r t h e r  per iod  on medium 
l a c k i n g  NAA and  BAP, numerous elongated shoots  bearing normal-looking 
needles developed ( f i g .  6). 

( In  percent)  

BAP (M) - 

The number of segments pe r  t reatment  
ranged from 25 t o  36. 

2 The f i g u r e s  i n  parenthes is  were obtained 
under  vary ing  condit ions ( 1 3 . 5  hours l i g h t  a t  
2QC and 10.5  hours dark a t  7C). The f i g u r e s  
no t  in pa ren thes i s  were obtained under constant  
l i g h t  and temperature a t  20C. 

A l l  o f  the  previous s t e p s  have been repeated and occur with a h igh  
frequency. The f i n a l  s t e p ,  t he  roo t ing  of induced shoots t o  regenera te  
a whole p l a n t ,  has only occurred r e c e n t l y  so  i t s  frequency, con t ro l ,  and 
r e p e a t a b i l i t y  have not  been f u l l y  determined. The shoot i n  f i g u r e  7 
produced r o o t s  following shoot elongat ion on t h e  medium lacking BAP 
and NA4. I t  has been t r a n s f e r r e d  t o  a sand-sphagnum mixture i n  a pot  
and i s  t h r i v i n g .  

DISCUSSION 

We have demonstrated t h a t  it is  poss ib l e  t o  regenera te  whole white 
s p r u c e  p l a n t s  from a small p iece  of t i s s u e .  S imi lar  r e s u l t s  have a l s o  
been r e c e n t l y  repor ted  f o r  longleaf p ine  (Sommer -- e t  a l .  1975), Cryptomeria 

* (Is ikawa 19741, and Douglas f i r  (Rediske 1975) . Once t h e  process  
has been optimized, t h e  next  s t e p  would be t o  attempt t o  r e p e a t  i t  wi th  
t i s s u e  from a mature t r e e .  Because t h e  shoots i n  the  present  work 
appa ren t ly  arose from epidermal t i s s u e  (Campbell and Durzan 19751, a 



in the medium has allowed the scalelike outgrowths to elongate. 
Figure 6. - - l h  

as those in figure 5, and incubating the pieces on a medium l a c k i n g  
BAP and NAA. 

Figure 7 ,  - -  



l o g i c ; i i  tissuc to try would be needles .  Fur ther  j u s t i f i c a t i o n  f o r  t h i s  
c i lo ice  i-omcs from t h e  f a c t  that l eaf  epidermal t i s s u e  from mature 
I l e r b ; i c e ~ ~ i ~  I:] a n t s  has  heen r e a d i l y  induced t o  form shoots  (Tran Than 
van and i , ~ . i r a  1971, ( M y a h  and Tran Than Van 1971). If  each need le  
c ~ i i l ~ i  produce 10 shoots and a single bud has 100 t o  200 need l e s ,  t h e  
nurntcr o f  potential propagules  from a s i n g l e  t r e e  would be enormous. 
~t s h o u l d  31 s o  h e  noted that because t h e  p l a n t l e t s  induced from t i s s u e  
culturei do not arise from p r e - e x i s t i n g  ap i ca l  xer i s tems ,  t h e i r  a p i c a l  
mcr istcnis inay b e  r e juvena t ed .  Slow growth, p l a g i o t r o p i c  growth, and 
p o o r  rooting nay  n o t  be a problem wi th  such v e g e t a t i v e  propagules .  

A slightly different way of using t i s s u e  c u l t u r e  in propagat ion 
woir id .  b e  through suspension c u l t u r e s .  T issue  from many p l a n t  spec ies  
can bc grown in an agitated liquid medium a s  s i n g l e  c e l l s  and smal l  
clumps--much l i k e  bacteria. We have done t h i s  i n  our l abo ra to ry  with  
white sp ruce ,  jack p ine ,  and American elm. The doubling t ime  of such 
cu l t i i r e s  i s  less than a week, so a tremendous number of  c e l l s  and clumps 
can bc genera ted  in a short t ime.  For example, s t a r t i n g  wi th  1 gram of  
t i s s u e ,  i hi l a g r a n  could be generated in 10 weeks and 1,000 kilograms i n  
20 wceks. With a number of p l a n t  spec i e s  it has  been p o s s i b l e  t o  induce 
the free c e l l s  and clumps to form embryos t h a t  develop i n t o  normal 
p l a n t s  capable o f  producing v i a b l e  seed (Steward e t  a l e  1964).  The b e s t  -- 
studied cxamplc is carrot, If white spruce embryos could be  induced i n  
suspensions at the same rate as carrot .  embryos (Halper in  1967) ,  then  i n  
only 180 1 i - t e - r~  of medi.um, 73 m i l l i o n  p l a n t l e t s  could be produced and 
r a i s e d  i n  containers f o r  f i e l d  p l a n t i n g .  This  i s  more than  enough t o  
plant 100,000 a c r e s  (the p r e d i c t e d  r a t e  of whi te  spruce p l a n t i n g  i n  
Canada to 1985 at 8 by 8 spac ing  ( C a r l i s l e  and Teich 1971). 

Is this possible? We can grow spruce t i s s u e  as suspensions.  A 
number of herbaceous s p e c i e s  have been induced t o  form embryos i n  
suspensions ( i ialperin 1967, Thomas and S t r e e t  1970). White spruce  
tissue c u l t u r e s  have been induced t o  r egene ra t e  whole p l a n t s .  Cambia 
and vascular tissue have been induced i n  whi te  spruce  suspensions (Durzan 
e t  al. 1973). Thus, the p r o b a b i l i t y  i s  high t h a t  i t  i s  on ly  a  ma t t e r  o f  -- 
t ime and effort t o  achieve e f f e c t i v e  vege t a t i ve  propagat ion o f  spruce by 
t i s s u e  c u l t u r e ,  

The predicted world wood shor tage  by t h e  yea r  2000 makes it seem 
mandatory that a l l  methods of i n c r e a s i n g  f o r e s t  p r o d u c t i v i t y  be f u l l y  
exp lo red  immediately. Through t r e e  improvement and gene t i c s ,  Canada 
will b e  ab le  t o  increase t h e  p r o d u c t i v i t y  of i t s  f o r e s t s  and t hus  f u l -  
fill i t s  r e s p o n s i b i l i t y  t o  h e l p  minimize t h e  p r ed i c t ed  world wood sho r t age .  
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TI-IC CLONAL TEST: AN A I D  TO PROGENY TESTING 
AND A WAY TO SPEED UP GENETIC GAINS 

Armand @, Corr iveau 1 

ABST1UCT.--Phenotnic measurements of l o b l o l l y  p i n e  
(P in i t s  ---- taeda 1.) and V i r g i n i a  p i n e  (Pinus . . .  M i l l e ]  
were obtained from p a r e n t  t r e e s  i n  wild  s t ands ,  from ramets  
i n  c lona l  o r cha rds ,  and from seed l ings  i n  c o n t r o l - p o l l i n a t e d  
progerly t e s t s .  T o t a l  t r e e  h e i g h t ,  stem diameter ,  crown form, 
bole straightness, and wood d e n s i t y  were t h e  c h a r a c t e r i s t i c s  
assessed. The degree of resemblance between o r t e t s  and ramets ,  
ramets and progeny, and pa ren t  t r e e s  and progeny was determined 
by e s t i m a t i n g  v a r i a n c e s  and h e r i t a b i l i t i e s .  Broad- and narrow- 
sense h e r i t a b i l i t i e s  were es t imated  from c l o n a l  and progeny 
popu la t i ons .  Or t e t - c lone ,  o r t e t - s e e d l i n g ,  and c lone-seed l ing  
r e g r e s s i o n  and c o r r e l a t i o n  ana lyses  were used t o  measure t h e  
l i k e n e s s  between p a r e n t  and progeny. These ana lyses  r evea l ed  
g r e a t e r  s i m i l a r i t i e s  between progeny and ramets  than between 
progeny and mature p a r e n t  t r e e s  i n  t h e  f o r e s t  i n d i c a t i n g  t h e  
p o s s i b i l i t y  of  improving t h e  e f f i c i e n c y  of  s e l e c t i o n  through 
c lona l  t e s t i n g .  Ca l cu l a t i ons  of expected g e n e t i c  ga ins  con- 
firmed t h e  importance o f  roguing i n f e r i o r  c lones  from t h e  
seed o rcha rds  as  a s t e p  toward maximizing g a i n  i n  a  s i n g l e  
g e n e r a t i o n ,  Clonal t e s t s  t h a t  can be converted i n t o  seed 
p roduc t ion  orchards a r e  recommended a s  a i d s  t o  t h e  more 
standard and expensive progeny t e s t s  and t o  speed up g e n e t i c  
gains both  f o r  V i r g i n i a  and l o b l o l l y  p ines .  

In Canada 300 m i l l i o n  s eed l ings  a r e  produced annua l ly  i n  f o r e s t  
n u r s e r i e s .  With such a l a r g e  program, even smal l  g e n e t i c  improvements 
i n  t h e  p l a n t i n g  stock w i l l  r e s u l t  i n  apprec iab le  r e t u r n s  a t  t ime  of 
h a r v e s t .  

S e l e c t i o n  of e l i t e  t r e e s  i s  t h e  b a s i s  of a  f o r e s t  t r e e  breeding 
program and much e f f o r t  has  been expended on t h i s  a c t i v i t y  du r ing  t h e  

Research S c i e n t i s t ,  Laurent ian Fores t  Research Centre ,  Canadian 
F o r e s t r y  S e r v i c e ,  Environment Canada, Ste-Foy, Quebec, Canada. 



pas t  15 yea r s .  Tree breeders  now recognize a la rye  ci~nouiiL o f  i , l r - i , i t  ; O I I  

i n  growth, form, and wood c i l a r a c t e r i s t k s  w l-).in ii'io:it t x b i ' . t "  ';prii- i~:: + ii9iV 

much of  t h i s  v a r i a t i o n  i s  caused by t h e  g ~ , l r ~ e - t i c  ~ f i a h c - i ~ j ~  o f  the 1 rcc ii;lci 

how much r e p r e s e n t s  a response to the e ~ i : i i  r.o~lae:n2. i s  ;i f c  1 1  3 

degree of  i n h e r i t a n c e ;  t h i s  i s  u s u a l l y  cxpresscd  i i i r vugh  thi. c~9nc i j i t .  

of h e r i t a b i l i t y ,  

The demand f o r  g e n e t i c a l l y  improved trees i s  great, h u t  the "ii~iii. 

and c o s t s  involved i n  s e t t i n g  up a t r e e  improvement program t o  ~ , r n t i ~ i c e  
l a rge  q u a n t i t i e s  o f  g e n e t i c a l l y  i rnpro~ed  seed a r c  i m p o r t a n t ,  I ~ I C  task 
involves  t r e e  s e l e c t i o n ,  seed orchard  estabiislimerit and ma i i l t~rlu: :cc,  
progeny t e s t i n g ,  p l u s  many more activities such as ~ i l s e a s c  and I ~ l s e c ~  
cont ro l .  I n  o rde r  t o  progeny t e s t  s e l e c t e d  clorres to deterx~lirle t h c j i r  
breeding va lue ,  a  " t e s t e r "  system i s  o f t e n  adopted. iiowever, despite 
t h e  f a c t  t h a t  c lona l  o rchards  produce seed ea r ly ,  it i s  d i f f i c ~ i i t  t o  
ob ta in  s u f f i c i e n t  seeds  o f  t h e  crosses needed, The r e s u l t  i s  that 
a f t e r  5 o r  more years  o f  e f f o r t ,  seeds  of  o n l y  a p o r t i o n  o f  t h e  p i : i r ~ i ~ c d  
c rosses  may be a v a i l a b l e  f o r  t h e  t e s t .  Because any d e l a y  i n  an a p p l i  c ~ l  
program c o s t s  money, eva lua t i ons  of t h e  gene ra l  combining a b i l i t y  o f  the 
clones  must be based on an i n s u f f i c i e n t  number o f  c r o s s e s ,  o r  tests must 
be delayed u n t i l  a l l  c r o s s e s  a r e  a v a i l a b l e .  Therefore ,  a method t h a t  
could reduce t h e  c o s t l y  procedure of  progeny t e s t i n g  would be of  great 
value  t o  t r e e  improvement programs. 

F a s t e r  t e s t i n g  may be p o s s i b l e  through t h e  use  o f  t h e  resemblance 
between o r t e t s Z !  and r a m e t s , / b e t w e e n  o r t e t s  and s e e d l i n g  progeny o r  
between ramets and progeny. A g r e a t e r  s i m i l a r i t y  between c lones /  
and s e e d l i n g  progeny than  between o r t e t s  and s e e d l i n g  progeny would 
suggest  t h e  p o s s i b i l i t y  of  s e l e c t i o n ,  us ing  a c l o n a l  t e s t  i n  a c l o n a l  
seed orchard  o r  a  c lone  bank; t h i s  would be more e f f e c t i v e  t han  
s e l e c t i o n  based upon t h e  pa ren t  t r e e  i n  t h e  f o r e s t .  C lona l  t e s t i n g  
would be of  va lue  f o r  p r e s e l e c t i o n  of s u i t a b l e  m a t e r i a l  f o r  u s e  i n  t h e  

- - 
breeding program and could reduce t h e  c o s t  o f  t h e  very  expens ive  progeny 
t e s t s .  

This  paper  r e p o r t s  t h e  r e s u l t s  of  an i n v e s t i g a t i o n  of  t h e  resemblances 
between o r t e t s  and g r a f t s ,  g r a f t s  and s e e d l i n g  progeny, and between o r t e t s  
and progeny of l o b l o l l y  p ine  (Pinus t a eda  L . )  and V i r g i n i a  p i n e  (P inus  -- 
v i r g i n i a n a  Mi l l . )  and sugges t s  a  t echnique  t o  speed up g e n e t i c  g a i n s .  

- 

2 /  The o r i g i n a l  p l a n t  from which a  c l o n e  has  been d e r i v e d .  - 
3/ An i n d i v i d u a l  member o f  a clone.  - 
4/ A group o f  g e n e t i c a l l y  i d e n t i c a l  p l a n t s  d e r i v e d  a s e x u a l l y  from 

a s i n g l e  i n d i v i d u a l .  



AW'i'ERIAL AND WTEIODS 

P l a n t  Ma te r i a l  

Three  distinct groups  of g e n e t i c a l l y  r e l a t e d  m a t e r i a l  were used i n  
he s t u d y :  p a r e n t  t r e e s ,  grafts of t h e  p a r e n t s ,  and con t ro l -po l l i na t ed  
rogeny .  i l lc  lob  iol ly pine  popula t ion  cons i s t ed  of  20 mature t r e e s  
rowing i n  hild forest s t a n d s ,  g r a f t e d  c lones  of  f i r s t  and second 

p r o p a g a t i o n ,  and 5 7  c o n t r o l - p o l l i n a t e d  f a m i l i e s  of t h e  c lones .  
~oblolly p i n e  o r t e t  ages were between 29 and 75 yea r s  and averaged 52 
y e a r s ,  

The  V i r g i n i a  pine popu la t i on  was composed of  21 pa ren t s ,  t h e i r  10- 5/ 
y e a r - o l d  g r a f t s ,  arid 105 progeny f a m i l i e s  obtained from t h e  d i a l l e l  m a t i n g  
of the cioncs, The complete f a i l u r e  o f  c e r t a i n  c ro s se s  o r  an i n s u f f i c i e n t  
riur~lber. o f  seeds  pr~oduced r e s u l t e d  i n  t h e  reduced number of f a m i l i e s  a v a i l -  
a b l e .  I n  a d d i t i o n ,  t h e  s e l f s  were excluded from t h e  s tudy.  The V i rg in i a  
p i n e  o r t c t s  aineraged 23 yea r s  o l d ,  t h e i r  age va r i ed  between 17 and 36 
years.  For b o t h  s p e c i e s  p rogenies  were 4 years  o ld  a t  t h e  t ime of measurement. 

V i g o r o u s  s c i o n s  were c o l l e c t e d  in t h e  lower p o r t i o n  of  t h e  o r t e t  crowns 
and p o t  g r a f t e d  oii 2 -year -o ld  roo t s tocks .  The f i r s t  propagat ion clones  were 
9-years old at the t ime of  t h e  second propagat ion.  

Measurements 

Measu~emerits o f  stem d iameter  were taken  t o  t h e  nea re s t  0 . 1  inch  a t  
b r e a s t  h e i g h t  on t h e  o r t e t s ,  a t  2 .5  f e e t  above t h e  sc ion- roo ts tock  union 
on grafts, and at: 2 . 5  f e e t  above t h e  r o o t  c o l l a r  on t h e  s e e d l i n g s ,  

T o t a l  fiei g h t s  of both p a r e n t s  and g r a f t s  were determined t o  t h e  n e a r e s t  
f o o t  using a Bhnes- Le i s s  a l t i m e t e r .  The progeny he igh t s  were measured 
with  a graded h e i g h t  p a l e ,  

C r o i ~ n  form and stem s t r a i g h t n e s s  were s u b j e c t i v e l y  eva lua ted  using a  
s c o r i n g  system based on crown r a d i u s ,  crown dens i t y ,  uniformity,  dom- 
inance  o f  t h c  main l e a d e r ,  and branch c h a r a c t e r i s t i c s  such a s  branch 
d iameter  and l e i l g t h ,  branch ang le ,  and s i n u o s i t y .  Trees  with  t h e  b e s t  
crown s c o r e d  h and t r e e s  w i t h  t h e  poo re s t  scored 1. Subjec t ive  stem 

g r a d i n g  was siniiiar us ing  a 1 t o  6 s c a l e  depending on t h e  t r e e s f  stem 
s t r a i g h t n e s s .  i r i  all i n s t a n c e s  measurements were taken  on 10 ramets p e r  
clone and on a maxim~m o f  60 seed l ings  p e r  f u l l - s i b  family.  

IJ i lextractei l  wood s p e c i f i c  g r a v i t y  was determined f o r  wood samples 
obtained at breast height from cach o r t e t  us ing a  3/8-inch increment 
b o r e r .  In t h e  orchards, t h r e e  g r a f t s  p e r  c lone were chosen a t  random 

5/ Mating  d e s i g n  r e s u l t i n g  from t h e  c ross ing  o f  t h e  pa ren t s  i n  a l l  
possTble combinations. 



and a  wood sample obta ined  at 2.5 fee: above t i t i .  y l a a i t  UI I  ~ I J T ;  ;i i s 0  1 

t he  increment borer .  I n  t h e  progeny t e s t ,  1 t ree?) ? e r  p l o t ,  Csr O. 

maximum o f  20 per full-sib f ami ly ,  were c u t  and ;I JIS),  ? i nc lw-  t l i i c k  
was taken a t  2 , s  f e e t  above the  ground l e v e l ,  

Statistical Procedures  

A general  l e a s t  squares a i l a l y s i s  f o r  a i i i a l l e i  cxpi.rinicrit $a5 dorlc ,+J* 

the progeny popula t ion  (Sckaffer  and Usanis 199). A. nes ted  ana1y:;is of 
variance assuming a random model was xssed to sepaa-ate the g c n c ' t i t  ;i!.iil 
environmental sources of v a r i a t i o n  from the clonal population. 

Narrow-sense h e r i t a b i l i t i e s  were estilmated u s i n g  the formd;r  
appropr ia te  t o  the  d i a l l e i  mating: 

2 40 
h = =  gca 

0 CT 0 0 
gca + sca  + b + w 

where h2 = narrow sense heritability, 

2 
CI gca = var iance  due t o  d i f ference  in general combining ability, 

2 
osca = val iance  due t o  difference in s p e c i f i c  combining ability, 

2 
ob = p l o t  t o  p l o t  variance,  and 

2 
0 = wi th in  p l o t  var iance .  

W 

Broad-sense h e r i t a b i l i t y  was ca l cu la t ed  as  t h e  r a t i o  o f  t h e  among 
clone var iance  t o  t h e  t o t a l  var iance  and may be presented as follows: 

where: H = broad sense  h e r i t a b i l i t y ,  

2 a, = among c lone  var iance ,  and 

2 
0, = within clone var iance .  



i i c b r  i ?:I!> 1 l i  ty ps t i  niates have a l s o  been calculated from the regression 
c f  p r o g e n y  .>I: o r t c t  and  on the gra f t ed  c lone .  The app rop r i a t e  formula is : 

where:: b = regress ion  c o e f f i c i e n t  of progeny on pa ren t ,  

Cov ( O - P )  covariance of progeny mean on one pa ren t ,  

2 - phenotypic  var iance  o f  pa ren t ,  and 
9, 

hZ 
= narruw-sense h e r i t a b i l i t y ,  

To assess the r e l i a h i l i  ty of the heritability es t ima te s ,  s t anda rd  
e r r o r s  of the variance components were calculated us ing  t h e  equa t ion  
givei l  by Andcr ion and Bancroft (1952) and by Falconer  (1960) (Corriveau 
19742, 

RESULTS 

Nested analyses  of  variance o f  c lona l  popula t ions  revealed h igh ly  
s i g n i  f icznt g e n e t i c  d i f f e r e n c e s  among clones f o r  a l l  c h a r a c t e r i s t i c s  
s ~ , u d i e d ,  Resu l t s  ob ta ined  from f i r s t  and second propagat ion g r a f t s  
o f  l o b l o l l y  pine i n d i c a t e d  t h a t  c lon ing  e f f e c t s / ( t o p o p h y t i c  and 
cyclophytic effects] biased  e s t ima te s  of  t o t a l  g e n e t i c  var iance  upward 
for g r o w t h  b u t  had l i t t l e  e f f e c t  on va r i ances  i n  t h e  cases  of stem 
s t r a i g h t n e s s  and crown form ( t a b l e  1). Di f fe rences  among ramets  of t h e  
same clones are  l e s s  than among clones because they  sha re  t h e  same geno- 
type a s  w e l l  as a common nongene t ic  component caused by phys io log i ca l  
and morphological p r o p e r t i e s  o f  t h e  mother t r e e .  When sc ions  o r  c u t t i n g s  
a r e  taken  from rarnets adapted t o  d i f f e r e n t  micro-envi roments ,  t h i s  
common nongenetic component may be p a r t i a l l y  o r  t o t a l l y  l o s t .  Two- 
stage c l o n i n g  has been proposed by Libby and Jund (1962) t o  reduce 
cloning e f f ec t s .  Virginia p ine  clone he igh t  and diameter  were nega t i ve ly  
correlated with o r t e t  age (r = -0.62** and -0.56**, r e s p e c t i v e l y ) ,  
r e f l e c t i n g  s t r o n g  cyc lophy t i c  e f f e c t s .  Environmental components were 
found to be less aEfected and broad-sense h e r i t a b i l i t y  values  were l e s s  
b i a s e d  due to t h e  presence of  t h e  confounded cloning component i n  both 
t h e  n u m e r a m  and denominator of  t he  va r i ance  r a t i o s .  

Mean c lone  r e p e a t a b i l i t i e s  were moderate t o  s t rong .  Due t o  l a r g e  

env i ronmenta l  variances,  broad-sense h e r i t a b i l i t i e s  were sma l l e r  than 
were t h e  repeatabi  li  t i e s  ( t a b l e  2 ) .  

7 - 
h /  Combined e f f e c t s  of t h e  sc ion  p o s i t i o n  w i t h i n  t h e  crown and o f  

ortet aye oi l  t h e  v e g e t a t i v e  and reproduc t ive  development of  t h e  ramet.  
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I n  most instances, va r i ance  component ari;ilyses t - i ~ ~ ~ e  A 1; :bi:gc? - >* \i,i: 

ind ica ted  s t a t i s t i c a l l y  s i g n i f i c a n t  differerices i n  gcrit.xhn I c f ~ : I ~ k j ~  : L I  1 1 ~ ;  

a b i l i t y .  Spec i f i c  combining ability was an i m p o r t a n t  r ; o ~ ; ~ i e  o i  g t * ; ~ c ~ ~  : 

v a r i a t i o n  f o r  growth characteristics whi le  addi t i vc  gerieri: ~ - ; i r i  aiici: ws :; 
of prime importance i n  explaining gene t i c  dif ft-rcxcei: .I n crorlri fori~i 
s t r a igh tness ,  and wood d e n s i t y .  The same analyses a l s o  i i ~ l i i c a t c r i  tiiat 
h e r i t a b i l i t y  values and e f f i c i e n c y  of  selection for advai~ced gci1er:it i f2:l.; 

could be increased by t h e  reduct ion  o f  t h e  envirorlmenta? v a r i a n i : ~  

through ca re fu l  planning of t h e  f i e l d  d e s i g n .  

Before progeny t e s t s  a r e  ava i l ab le ,  clonal material i s  J G : T I C ~ ~  lmcs 
used t o  obtain es t imates  o f  heritability and to c a l c u l a t e  i i x j~ t ?c t cd  
gene t i c  gains from s e l e c t i o n  and breed ing .  Results from a n a i y c e s  of  
clones and seed l ing  progeny i n d i c a t e  that broad-sense heritdbiliti's 
may be used with confidence as t h e  upper limit f o r  narrow-sense 
h e r i t a b i l i t i e s .  However, due t o  the var iab le  impor'tarlce of t he  f . i rs t  
and second order  gene t i c  i n t e r a c t i o n  from one c h a r a c t e r i s t i c  t u  a r io t i i t ,~ ,  
i t  would be wlsafe t o  use a  cons tan t  portion of' the broad-sense herit- 
a b i l i t i e s  f o r  any t r a i t  when c a l c u l a t i n g  expected genetic gain, I'oo 
l a r g e  o r  too small gains could be p red ic t ed  leading t o  t h e  acceptarice 
o r  r e j e c t i o n  of s p e c i f i c  "Deedding programs, Narrow-sense h e r i b a b i l l t l e : ;  
were 30 t o  85 percent  of t h e  broad-sense h e r i t a b i l i t i e s  depending o ~ 1  
the  cha rac te r  involved ( t a b l e  2 ) -  

Narrow-sense h e r i t a b i l i t i e s  ca l cu la t ed  for growth and f w m  
c h a r a c t e r i s t i c s  from the  r eg res s ion  of  progeny on mature paren t  t r e e s  
( t a b l e  2 )  were genera l ly  low and u n r e l i a b l e ,  reflecting the d i f f i c u l t y  
of p r e d i c t i n g  o f f sp r ing  juven i l e  performance on t h e  b a s i s  of  p a r e n t a l  
phenotypic measurement a lone  and v ice  versa .  iqlen growth of t h e  pa ren t  
t r e e s  a r e  s i g n i f i c a n t l y  c o r r e l a t e d  wi th  age d i f fe rences ,  t h e  genotypic 
d i f f e rences  a r e  p a r t i a l l y  o r  t o t a l l y  masked. Adjustments made t o  a 
common pa ren ta l  age were use fu l  i n  r evea l ing  t h e  presence of a d d i t i v e  
gene e f f e c t s  on t h e  expression of  t h e  cha rac te r s .  The estimates 
obtained from t h e  r eg res s ion  of s eed l ing  progeny on c l o n a l  parents 
were more p r e c i s e  and compared favorably  t o  e s t ima tes  obtained by 
var iance  analyses ( t a b l e  2 ) .  

Cor re l a t ions  were a l s o  used t o  measure t h e  degree  o f  resemblance 
between o r t e t  and g r a f t ,  o r t e t  and progeny, and between graft and 
progeny. S i g n i f i c a n t  r e l a t i o n s  were found between mean a n n u a l  g rowth  
of  V i rg in i a  p ine  o r t e t s  and g ra f t ed  c lones  ( r  = 0.63**for h e i g h t  and 
0.52** f o r  diameter) and between c lona l  pa ren t s  and seed l ing  progerly 
( r  = 0.43** f o r  he ight  and r = 0.48* f o r  wood d e n s i t y ) .  A significant 
c o r r e l a t i o n  was a l s o  found between s p e c i f i c  g r a v i t y  of  parent  trees 
and t h e i r  s eed l ings  ( r  = 0.45*). The c o r r e l a t i o n  coef f ic ien t  between 
pa ren t  and progeny i s  of ten  p re fe r r ed  t o  t h e  r e g r e s s i o n  c o e f f i c i e n t  as 
an e s t ima te  of t h e  h e r i t a b i l i t y  when l a r g e  s c a l e  measurement d i f f e r e n c e s  
e x i s t  between t h e  r e l a t i v e s  due t o  important age o r  environmental 
d i f f e rences .  Uncorrected h e r i t a b i l i t i e s  obtained by c o r r e l a t i o n  



were l a r g e r  than estimates obtained by regress ion  and var iance  ana lyses .  
i$Tien acij i lstments were made f o r  t h e  number and degree of r e l a t i o n  among 
members of  a s i n g l e  family (Falconer l960), t h e  h e r i t a b i l i t i e s  were of  
t i l e  same n i s g i ~ i t ~ i d e  as those  ca l cu la t ed  by regress ion  a n a l y s i s  ( t a b l e  2 ) .  
liowevcr, c o r r e l a t i o n  and regress ion  methods can g ive  exac t ly  t h e  same 
est,inates only when t h e  parent  and progeny var iances  a r e  equal .  

DISCUSSION 

Progeny t e s t i n g  is costly i n  time and e f f o r t .  Even wi th  a  simple 
t e s t i n g  s y s t e m ,  and despite the fact t h a t  c lona l  mater ia l  reproduces 
early, compl i ca t i ons  s t i l l  occur. Sometimes, a f t e r  5 o r  more years  of  
e f f o r t ,  o n l y  a p o r t i o n  of t h e  crosses necessary t o  obta in  t h e  r equ i red  
genetic information are  a 7 ~ a i l a b l e .  An add i t iona l  5-year period i s  
a l s o  required be fo re  reliable da ta  can be obtained from t h e  progeny 
t e s t s  f o r  roguing. During the  w a i t i n g  per iod ,  seeds produced a r e  
improved by o n l y  one s e l e c t i o n  cycle.  The longer  t h e  wai t ing  per iod ,  
the g r e a t e r  t h e  proportional loss. 

Greater similarities between progeny and c lona l  pa ren t  than between 
progeny and mature parent  t r ee  make poss ib le  t h e  u t i l i z a t i o n  of c l o n a l  
testing as a tool to increase and speed up gene t i c  gains t h v u g h  t h e  
roguing of  seed orchards. Calcula t ions  have shown roguing- of t h e  
i n f e r i o r  c lones  i n  a seed  orchard t o  be an important s t e p  toward 
maxlmizirzg g a i n s  i x i  a s i n g l e  generat ion,  Predicted g e n e t i c  gains 
f o l l o w i n g  two cycles o f  s e l e c t i o n  i n  i o b l o l l y  and Vi rg in i a  p ine  
popula t ions  are presented in table 3 .  A 1 percent  s e l e c t i o n  i n t e n s i t y  
was assumed for wild  fo r e s t  stands during t h e  f i r s t  cycle  of  s e l e c t i o n ,  
The second cyc le  r ep resen t s  t h e  roguing of 50 o r  70 percent  of t h e  
clones i n  the seed o ~ c h a r d  on t h e  b a s i s  of e i t h e r  progeny t e s t i n g  o r  
c lonal  t e s t i n g .  Results i nd ica t e  t h a t  roguing of t h e  l o b l o l l y  p ine  
orchard  on the b a s i s  of t h e  c lones t  own performance would r e s u l t  i n  
s u b s t a n t i a l l y  higher gains than roguing on t h e  bas i s  of t h e  clones '  
4-year-old progeny performance. More important gains a r e  a l s o  p red ic t ed  
f o r  Virginia pine  h e i g h t  and diameter fol lowing roguing on the  b a s i s  of 
c lona l  performance than on the b a s i s  of progeny performance. 

Clonal testing has the  advantage of not requi r ing  time beyond t h e  
5 or 6 years a f t e r  c l o n a l  establ ishment .  Clonal t e s t i n g  i s  a method 
of t e s t i n g  where t h e  co-ancestry c o e f f i c i e n t  between pa ren t  and progeny 
(as well as among progeny of t h e  same parent )  i s  equal t o  one, and 
thus offe rs  more r e l i a b l e  genet ic  information than any o the r  type of  
r e l a t i v e s .  However, clone performance inc ludes  e f f e c t s  due t o  cyclo- 
phys is  and topophysis ,  which may give f a l s e  information. To ob ta in  

undesirable clones,  
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maximum gain  and r e l i a b i l i t y ,  on ly  trees o f  t h e  s3mc aye c l a s s  sxJ  
growing i n  s i m i l a r  environmental condi t ions  s h o u l d  bc selectct-i, i n  

addi t ion ,  sc ions  should be co l l ec t ed  a t  t h e  same p o s i t i o n  w i t h i n  t h e  
crown of each t r e e ,  

On a clonal  b a s i s ,  a  seed orchard could be rogued 5 years a f t e r  
establishment depending on i t s  growth r a t e  and p recoc i ty  o f  seed 
production. From t h a t  time on, t h e  seeds produced would be improved 
by two cycles  of  s e l e c t i o n .  In addition, t h e  gain resuiting from 
roguing t h e  orchard can be increased by i n i t i a l l y  u s i n g  a l a rge r  iiuinber 
of clones and c lose r  spacing of  t h e  ramets.  At 2 0 - f o o t  spaci i iy,  using 
the  same number of ramets pe r  clone,  100 clones require l e s s  area than 
50 clones with 30-foot spacing between ramets. The difficulty o f  
progeny t e s t i n g  l a rge  numbers of clones l imits t h e  nurnber o f  p a r e n t  
t r e e s  t h a t  can be i n i t i a l l y  included i n  t h e  seed o r cha rd ;  t h i s  problem 
can be overcome i f  c lonal  t e s t s  a re  used for i n i t i a l  roguing ,  

A breeding program using c lona l  t e s t i n g  could be begun as follows, 
F i r s t ,  s e l e c t  100 phenotypical ly supe r io r  t r e e s  i n  w i ld  fores t  stands 
a t  a  maximum i n t e n s i t y  of s e l e c t i o n .  Second, e s t a b l i s h  t h e  100 clones 
i n  the  orchard. I f  t h e  f i n a l  spacing requi red  f o r  maximm seed prc- 
duction i s  30 f e e t ,  t h e  i n i t i a l  spacing should be 16 f e e t  between t h e  
ramets. Third,  a f t e r  5 years ,  i f  t he  growth i s  r a p i d  and t h e  f r u c t i -  
f i c a t i o n  i s  ea r ly ,  rogue 50 percent  of t h e  clones on t h e  bas i s  o f  
t h e i r  vege ta t ive  performance. As shown i n  t a b l e  3, t he  expected gain 
i s  twice a s  high as from roguing 50 percent  o f  t h e  c lones  on t h e  
bas i s  o f  4-year-old progeny performance f o r  he ight  i n  l o b l o l l y  and 
Virg in ia  p ines  and f o r  stem s t r a i g h t n e s s  and crown form i n  l o b l o l l y  
pine. Af t e r  t h e  orchard i s  i n  product ion,  con t ro l  p o l l i n a t e  t h e  
clones l e f t  t o  provide seedl ings  f o r  advanced genera t ion  s e l e c t i o n .  
A modified d i a l l e l  type  of mating design would provide r e l i a b l e  
information about t h e  mode of gene a c t i o n  and would produce t h e  
maximum number of unre la ted  f ami l i e s .  On t h e  b a s i s  o f  progeny 
performance, i n f e r i o r  clones t h a t  escaped t h e  i n i t i a l  r o g u i n g  could 
be 1 iminat  ed . 

SUMMARY 

An i n v e s t i g a t i o n  of t h e  inhe r i t ance  of growth, f o rm  c h a r a c t e r i s t i c s ,  
and wood dens i ty  of Virg in ia  and l o b l o l l y  p ine  was undertaken w i t h  t h e  
ob jec t ive  of determining t h e  p o s s i b i l i t y  of  using v e g e t a t i v e  c l o n a l  
performance of pa ren t  t r e e s  s e l e c t e d  from wild s tands  a s  a measure of 
t h e i r  breeding value.  Measurements were taken  from t h r e e  d i s t i n c t  but  
g e n e t i c a l l y  r e l a t e d  t r e e  groups: parent  t r e e s ,  g r a f t s  of t h e  p a r e n t s ,  
and con t ro l -po l l ina t ed  progeny. 

Analyses were made of t o t a l  t r e e  he igh t ,  diameter ,  bo le  s t r a i g h t n e s s ,  
and crown form. Vi rg in i a  p ine  wood densi ty  was a l so  i n v e s t i g a t e d .  



Analyses of  variance were performed on clones and seedl ing progenies ,  
while regression and  correlation analyses were used a s  measures of t h e  
degree o f  resemblance between r e l a t e d  groups and t o  est imate h e r i t -  
a b i i i  t i  e s .  %eX& analyses of variance of c lonal  populat ions revealed 
h i g h l y  sj g n i f i  can t  g e n e t i c  differences among clones f o r  a l l  cha rac te r s .  
Variance component analyses done on progeny d a t a  indica ted  s t a t i s t i c a l l y  
s i g n i f i c a n t  differences i n  genera l  combining a b i l i t y .  Narrow-sense 
heritabiiity on an i n d i v i d u a l  t r ee  b a s i s  was est imated t o  be 0.30 t o  
0.05 f o r  h e i g h t ,  0.07 for crown form and 0.09 t o  0.13 f o r  stem s t r a i g h t -  
ness o f  ioblolly pine .  V i rg in i a  pine narrow-sense h e r i t a b i l i t i e s  were 
as follows: h e i g h t  = 0.13, diameter = 0.06,  s t r a i g h t n e s s  = 0.10, crown 
form = 0 , 2 0 ,  and wood density = 0,58. 

Narrow-sense h e r i t a b i l i t i e s  est imated by r eg res s ion  of s eed l ing  
progeny on t h e  mature parent  t r e e s  were genera l ly  low and u n r e l i a b l e ,  
r e f l e c t i n g  t h e  d i f f i c u l t y  of p red ic t ing  of fspr ing  juveni le  performance 
on t h e  basis of  parental phenotypic measurement alone.  Higher and more 
accurate estimates were obtained by r eg res s ion  of progeny on t h e  c lonal  
parent than by r eg res s ion  on t h e  o r t e t .  H e r i t a b i l i t i e s  equal t o  0 . 2 2 ,  
0.12, 0.06, 0 .08 ,  and 0.25 were found f o r  mean annual height  growth, 
diameter, straightness, crown form, and s p e c i f i c  g r a v i t y  of V i rg in i a  pine.  

Greater s i m i l a r i t i e s  between progeny and c lona l  parent  than  between 
progeny and mature parent  t r e e  make poss ib l e  t h e  use  of c lona l  t e s t i n g  
as a t o o l  t o  i nc rease  and speed up gene t i c  gains.  Clonal t e s t i n g  of 
lohiolly and V i r g i n i a  p ine  i s  proposed a s  a  supplement o r  s u b s t i t u t e  t o  
progeny t e s t i n g ,  e s p e c i a l l y  f o r  e a r l y  roguing. A ga in  of 11 percent  i n  
mean annual h e i g h t  growth, 20 percent  i n  s t r a i g h t n e s s ,  and 9 percent  i n  
crown form a r e  expected f o r  l o b l o l l y  p ine  following a  s e l e c t i o n  i n t e n s i t y  
o f  1 i n  100 app l i ed  t o  wild f o r e s t  s t ands  p lus  roguing of 50 percent  of 
t h e  c lones  i n  a s p e c i a l l y  designed c lona l  t e s t .  Gains of 15 percent  i n  
h e i g h t ,  9 percent  i n  s t r a i g h t n e s s ,  6  percent  i n  crown form, and 14 per- 
cent  i n  wood s p e c i f i c  g r a v i t y  a r e  expected f o r  V i rg in i a  pine a f t e r  
i n i t i a l .  s e l e c t i o n  and roguing. 
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PRESCRIPTION FOR THE AERIAL ENVIRONMENT 
OF A PLASTIC GREENHOUSE NURSERY 

D.  F. W e  Pollard and K.  T. ~o~an' 

ABSTWCT.-- Investigations into the aerial environment 
favoring rapid growth of tree seedlings in plastic green- 
houses are described. Controllable factors studied were 
day and night temperatures, and high and low intensity ex- 
tension of photoperiod; a confounding influence of carbon 
dioxide enrichment and high humidity was also examined. 
Experiments were designed within the limits of applicability 
of results to the greenhouse control system, and were made 
on three commercially important species: jack pine, hlack 
spruce, and white spruce. Recommendation3 are given -01 
each species, and also a single prescription is given for 
greenhouses containing all three specics. The merits of 
high and low intensity photoperiod supplements are 
discussed. 

The idea of using controlled environments for rapid production of 
tree seedlings is not new, but only recently has the principle been 
applied to forest nurseries in Canada. 

Development of controlled-environment nurseries in North America has 
been stimulated by a trend toward container-grown seedlings and increasing 
interest in mechanized production systems. Typically, controlled environ- 
ment nurseries comprise plastic greenhouses with various systems of temper- 
ature and photoperiod control. Automatic watering is usually included and 
may incorporate a nutrient delivery system. More elaborate units include 
means for carbon dioxide enrichment of the atmosphere, humidity control, and 
high intensity light supplement. Forest tree seedling production is 
approaching the sophistication that has characterized commercial horti- 
culture for many years. 

Three important factors of environmental control systems are engineering 
feasibility, cost, and the plant's requirements. The first two are intimately 
related and readily assessed so usually dominate design of a unit. The 
plant's requirements, however, are often poorly understood. Despite several 
decades of research into tree growth, the nurseryman equipped with controlled 

1 Petawawa Forest Experiment Station, Chalk River, Ontario, Canada 



environments does not have adequate information ~n tlic reiii:l:'e:!ciitL; s f  
t r e e  spec ie s ,  e spec ia l ly  northern c o n i f e r s .  

T h i s  was the  position of t h e  Ontario M i n i s t r y  c ! f  C a r ~ l r ~ i !  i<i-;;>i;i*cei 
(OMNR) when they  ventured i n t o  product ion of s e e d l i r ~ g i  i r i  c o ! l t r c ~ l l i > J  
environments a t  Swast ika,  O n t a r i o .  Their obj  e c t i v e  w a s  to proJ:li.c T igo ,  

and eventua l ly  t h r e e ,  batches of  s eed l ings  each year  by e x t c r d i  rig t i i e  
e f f e c t i v e  growing season and by a c c e l e r a t i n g  growth d u r i n g  t n e  f i r s t  
year .  T h i s  paper i s  an account o f  a series of experiments tliat ~ ~ e r i :  
conducted a t  t h e  Canadian Fores t ry  Service  laboratories a t  i7ct-a\\;iw r o 
presc r ibe  t h e  environments b e s t  suited t o  meet this o b j e c t i v e .  

The cont ro l  l ed  environment faci li t les at t h e  S ~ a s t i l i a  ilinl"s e r y  cons is t 
of two p l a s t i c  greenhouses (40 m long, 10 m wide, and J m h i g h  a t  c e n t e r )  
f i t t e d  wi th  r a i s e d  platforms f o r  p a l l e t s  of containerized szediing trees. 
Main environmental con t ro l  i s  f o r  temperature,  through heat exchangers  i n  
a  plenum a t  t h e  end of each greenhouse, and for photoperiod, through a 
s e r i e s  of  overhead incandescent lamps p rov id ing  night i l l w i n a t i o n  o f  
about 400 lux, V e n t i l a t o r s  a r e  used i n  ho t  weather, Atniosphcr ic  ca rbon  
dioxide can be increased  by a  propane bu rne r ,  a l though t h e  b e n e f i t  i s  l o s e  
when v e n t i l a t o r s  a r e  open. A c e n t r a l  trough carries a motorized boom f o r  
spraying water and n u t r i e n t  s o l u t i o n s .  Each house holds about a m i l l i o n  
518 inch  tube l ings .  

The e f f e c t s  o f  day and night temperature,  carbon dioxide enrichment, 
and photoperiod were t e s t e d  on- the  t h r e e  main species ra ised at Swastika-- 
jack p i n e  (Pinus banksiana) , black spruce (Picea mariana), and w h i t e  spruce  
(Picea glauca)  t o  determine t h e  optimum a e r i a l  environment f o r  the species. 

METHODS 

As f a r  a s  p o s s i b l e ,  materials and cu l t u r a l  methods  used i n  t h e  
Swastika nursery  were dup l i ca t ed  i n  t h e  c o n t r o l l e d  e n v i r o m e n t  experiments. 
Seed o f  t h e  t h r e e  spec ie s  was sown i n  5/8-inch plastic t ubes .  I n  t h e  first 
t h r e e  experiments a f ine-screened 3- to-l mixture of  pea t  and v e r m i c u l i t e  
was used;  i n  subsequent experiments tubes  were filled with p e a t  muck as 
used by t h e  nursery.  A n u t r i e n t  s o l u t i o n  ( Inges tad  1967) was applied 
d a i l y  (except in Experiment 1, where s o l u t i o n  was app l i ed  t h r e e  times a week). 

Unless s t a t e d  otherwise,  experiments were conducted i n  small growth 
cab ine t s  with i l l umina t ion  of  22,000 lw provided througlzout a 16 h p h o t o -  
per iod .  The du ra t ion  of each experiment was 8 t o  12 weeks from sowing. 
Treatment e f f e c t s  were assessed  from ovendry weight (95oC) and h e i g h t s  
a t t a i n e d  over t h i s  per iod .  



; I  r 1 --t f  f e e t  of Daytime Temperature 

, T i  1 1  0 about 100 tubelings of each 
?laced 1 1 1  ~ ~ i k - i i  of 2 c n h i n e t s .  Temperatures in the  

30, I rcspectiveiy, during t h e  day and k -L 

t ~ n l p e r o t u r e s  t c s t e d  was r e s t r i c t e d  t o  t h e  
1 2 i I Thc t u h e l  i n g s  and t reatments  
1 rile l'r ve c a b i n e t  s t o  e l iminate  t h e  cab ine t  
~ 3 f  t rx;?c-rn~irnt ;%i S ? f r ' U 7 " ,  

of t h e  3 spec ies  were 
cab ine t s  were 15 ,  20 ,  
15°C a t  n igh t .  The 
p r a c t i c a l  l i m i t s  of  

were r o t a t e d  weekly 
e f f e c t s  as  a source 

i b g c  i . 1 ~  i % i - e h i  after sowing, 15 s e e d l i n g s  were taken from each spec i e s  
i:o r 1 , I  i I. a:ialys i of  r o o t s  and shoots  and height  measurements 
(rabie i j ,  !+or k j ~ t h  spruce species a 2 5 O  day temperature y ie lded  t a l l e s t  
ayrcl ilc;i:-i c ~ r  seedl i rigs. Jack  p i n e  growth d i d  riot peak i n  a s i n g l e  temper- 
a1~i l .c  r.cgi~:lc i ~ u t  remained h i g h  over  a daytime range of 25 t o  350C. 
F,JJ rt!e~lt!>* t i a y t  i i n t  temperature i s  l e s s  c r i t i . c a l  i n  jack p ine  than i n  spruces .  

i:x:~eriment 2--Effect o f  Nightime Temperature 

i - x ~ w ~  . - ~ ~ ' n t a l  d e s i g n  was s imi lar  t o  Experiment 1. Four n igh t  temper- 
ature.; w x c  t c s t e d ,  15, 2 0 ,  25 ,  and 3 0 O ~  with a daytime temperature o f  
:!no(:. .{gal n , the  t e s t  temperatures were based on p r a c t i c a l  l i m i t a t i o n s  
of gret.ilhoi.iii: m n t r o l  at Swastika ( t a b l e  2 ) .  

A S  i n  L x p e r i ~ n e n t  I, temperature  was most c r i t i c a l  i n  spruce with both 
species acliievirig maxinium h e i g h t  and weight with  a n igh t  temperature o f  
20°C. tJack p i n e  %eight was u n a f f e c ~ e d  by changes between 35 and 2S°C, 
a i t h o t l g h  l:el ght decreased s l i g h t l y  over  t h i s  range.  

The s e e t ? i : i ~ ~ g s  Experiment 2 weighed approximately t h r e e  times a s  much 
as t h e  seedlings in Experinlent 1, This  i s  probably a r e s u l t  o f  d i f f e r ences  
i n  w a t e - ~ ~ i n g  and f e e d i n g  because the seedl ings  i n  Experiment 2 were given a 
daily t o p  watering w i t h  n u t r i e n t  s o l u t i o n  t h a t  t h e  Experiment 1 seed l ings  
were not, 

i :uperiment 3 .  - -Effec t  of  Carbon Dioxide Enrichment 

S e e d l i n g s  were r a i s e d  as  i n  Experiment 1 and subjected t o  e i t h e r  
anlbient or e n r i c h e d  COz concent ra t ion .  For enrichment C02 was bled i n t o  

t h e  g r o w ~ h  c a b i n e t  from tanks o f  compressed gas and maintained a t  a 
c o n c e n t r a t i o n  of  between 1,010 and 1,150 ppm. The cabinet  atmosphere was 

monitored continunusly w i t h  an i n f r a - r e d  gas analyzer .  Cabinets were main- 

t a i n e d  under  a day/night regime o f  30/150C and 16 h photoperiod. The 

en r i ched  cabinet was sealed t o  prevent  excessive leakage of C02.  

Results w i t h  jack pine i n  t h i s  experiment d i d  no t  correspond t o  t hose  
obtained in p r e v i o u s  work ( t a b l e  3 )  (Yeatman 1970). Carbon dioxide enr ich-  

ment apparently liepressed shoot  growth  by about 11 percent  although t h i s  
was pa r t1  y o f f  s e t  by a 40 percent  increase  i n  r o o t  growth. Root growth 



- ~ . - m ~ - * ~ ~ w - v - - ~  

J A C K  PINE 

Day ---- 
temperature ( C o )  : Height : Shoot  : Root : S e u i i l i n g  

p w - 7 -  - 

WITE SPRUCE 

BLACK SPRUCE 

15 4.6a 0,036a QeO1Oa 0,046a 
20 5.8b .071c ,615b .086c 
25 7.4d .094d .017c ,Xlld 
30 6 . 4 ~  , 0 7 9 ~  . O b 3 % ,  , 0 9 2 ~  
35 5.5b .05Qb .010a .1260b 

Mean of 15 seed l ings  
2 Means followed by common l e t t e r s  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  

a t  P = 0.05 by Duncan's Mul t ip l e  Range Test. 
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C; 31"LlCe" g"i"C3Ca711 - -  
t emr~era t  urc 

- 
----- WITE SPRUCE 

BLACK SPRUCE 

1 Mean o f  1 5  seedl ings .  
2 Means followed by common l e t t e r s  a re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  

a t  P = 0.05 by Duncan" Mult iple  Range Test .  



was a l s o  strongly stimulated iii t h e  spruces ai:d i i y i l i  f i;-ant i n i r t . a i e s  i~, 
shoot. growth occurred i:.; these  species. 

Table 3. --Mean weight and h e i g h t  o f  15 c o n i f e r  scedlii-igi; gz-o\q;ii 
---we---------- 

for 1 2  weeks f n ambient and cnr i ched CO, corzcerlt-sat 
5 p L - n - - - - - v  

1 

--"- ..- 

C0 2 : Shoot weigh t  Root w e i g h t  : Heigt i t  

Ambient 0,60 
Enriched .53  

-- 
bW7TE SPRUCE -- 

Amb l e n t  0 ,20  
Enriched .24  

- 
BLACK SPRUCE - 

Ambient 0.25 
Enriched .34 

The r e s u l t s  w i t h  jack p i n e  a r e  believed t o  be the result of higher 
humidi ty  i n  t h e  s e a l e d  c a b i n e t  ( r h  = 80 to 85 percent in the C02-enriched 
cab ine t  compared t o  rh = 65 t o  70 percent in the control cabinet). High 
humidity reduced e v a p o t r a n s p i r a t i o n  directly, b o t h  from t h e  p l a n t s  and 
from t h e  s o i l  s u r f a c e .  Seed l ings  were weighed every 2 or 3 days before 
water ing ;  cons ide rab ly  l e s s  wate r  was lost from seedlings in the enriched 
environment,  Carbon d iox ide  enrichment induces stornatal closure which a l s o  
reduces  t r a n s p i r a t i o n .  The combined e f fec t  would be to promote water- 
logging i n  t h e  s o i l  and consequent ly  to a f f e c t  redox potential and n u t r i e n t  
exchange. Treatment s e e d l i n g s  of  a l l  three species were slightly chlorotic. 
Subsequent a n a l y s i s  r evea l ed  a t o t a l  nitrogen content o f  between 11 and 33 
mg/g i n  C02-enriched p l a n t s  compared t o  20 t o  25 mg/g f o r  controls. 

The f a c t  t h a t  b e t t e r  r e s u l t s  wi th  C02 enrichment were obtained with 
s p e c i e s  of  w e t t e r  h a b i t a t s ,  and p a r t i c u l a r l y  w i th  black sp ruce ,  s u p p o r t s  
t h e  view t h a t  poor  r e s u l t s  w i th  jack p i n e  are more likely to be associated 
with  s o i l  mois ture  problems t h a n  w i t h  CO2 enrichment itself. 



, i i . co r ld  t?xl~i.r.l:rcr,t was conducted wi th  jack p i n e  in which d r y i n g  loops 
W e 7  c i 1 r ihct l  : 9 ~ : ! T ~ o s ; ) ~ ~ : - P s  i TI the cont ro l  and COZ-enrichment cabine t s .  
, p i n i  r j i l  i t v spond  p m i t i v e l y  to C02 enrichment bu t  humidity problems 

, c 1 3 )  The need f o r  more thorough experiments was obviated 
t i r  c F requen t ly  found it necessary t o  augment t he  cool ing  

s y s t e m  o f  gret:!:i~o~lses by v e n t i l a t i o n  which made enrichment imprac t icab le .  

i: g crn 
2 

Arnbien t low 0,48a 0,_15a l9 .2a  
r-Sn~fs ierir; h i  gh .54ab .18ab 21,3a 
EKIT i chcd 4. ocv .68b .30c 20,9a 
IJnr ichcd h i g h  .54ab .23bc 18.4a 

1 low - 65 to 70 percent r e h e ;  h igh  = 88 t o  85 percen t  r . h .  
2 Means fo l lowed  by cormon letters are n o t  s i g n i f i c a n t l y  

different a t  p = 0,05 by Duncan's Mult iple  Range Tes t .  

Experiment 4--Effect of Photoperiod 

Extended p h o t o p e r i o d s  a f f e c t  growth i n  a v a r i e t y  of  ways depending on 
the physiological state o f  t h e  p l a n t  and on t h e  i n t e n s i t y  of l i g h t  provided. 
Low i n t e n s i t y  ( l e s s  t h a n  1 ,000 lux) ex tens ion  of  photoperiod w i l l  u s u a l l y  
p r even t  t h e  o n s e t  o f  dormancy i n  young seed l ings  and appears to s t i m u l a t e  
growth by effects on plant metabolism. A t  h igher  i n t e n s i t i e s  (above 10,000 
lux) b o t h  o f  these e f f ec t s  w i l l  be p r e s e n t ,  but  i n  add i t ion  i s  s t imula ted  
by t h e  s i g n i f i c a n t  i n c r e a s e  i n  energy a v a i l a b l e  f o r  photosynthesis .  
Natural  photoperiods can be supplemented by low i n t e n s i t y  l i g h t  a t  reasonable  
c o s t ,  b u t  the cos t  o f  installing and opera t ing  e n t i r e l y  a r t i f i c i a l  high 
intensity l i g h t i n g  is usually p r o h i b i t i v e  f o r  product ion nu r se r i e s .  

T h i s  i n v e s t i g a t i o n  was conducted i n  two p a r t s .  F i r s t ,  as a demonstration, 

seedlings were grown in four  h igh  i n t e n s i t y  photoperiods.  The experiment 

was t h e n  repeated, w i t h  l ow  i n t e n s i t y  extensions o f  a f ixed  h igh  i n t e n s i t y  
photopcr i  od, 

Thirty-six s e e d l i n g s  of each spec i e s  were r ea r ed  i n t u b e s  at day/night 
temperatures of 25/20oC in each of f o u r  growth cab ine t s .  The cab ine t s  

p rov ided  i l l ~ u n i n a r i o n  of 22,000 lux  f o r  15, 18, 21, and 24 h photoper iods,  



respec t ive ly ,  from a mixed source of Fiuoresccili ,irld i J I C : ~ I I ~ ~ ( : - ; C ~ : T I  : 1 : ~ ; r ~ p S  a 

a precaut ion  agains t  unknown cabinet  e f  feet >, the 5 1 1  i ;  t l - ~ a t - ~  

merits were ro t a t ed  through the  f o u r  c a b i n e t s  at t ~ e e A  I;>* i n i  e u ~ a  l? Tire 
s eed l ings  were harves ted  f o r  growti1 measuremelit 8 iicckr; a f t  er silk+ 1 : \ l f  t3 

( t a b l e  5 ) .  A l l  s pec i e s  grew f a s t e r  under l ong  photopcr  i o d s ,  w 1 :!: con-= 
t inuous l i g h t  c o n s i s t e n t l y  y i e l d i n g  t h e  heavier secdllny;. bceLi i i r :g i  grown 
under continuous l i g h t  were a t  l e a s t  t w i  ce t h e  wc i g h t  o t t host ;;ToI+;~ ~~~I~~~~~ 

only 15 hours of l i g h t .  The response of h e i g l i t  groii t  h was s i ig i l t  in 1 
spec ies .  The shoot  weight increase  was p r i n c i p a l  l y  in f o  l i age. 

7 

JACK PIYE - 
Pho toper iod  : Height : 

(hl 
cm g g 

2 
15 10 ,4a  0,189a 0.062a 0.252a 
18 P O ,  8ab ,260b ,088b ,348b 
21 8 1 . 4 ~  .33Xc $ 1 2 7 ~  ,1158~ 
24 l0 .9b  ,379d . H 31c .ir;O2d 

\MITE SPRUCE 
v .  

15 4.8a 0.062a 0,011a 0.073a 
18 5.0a .08 Ob .015a .095a 
21 S . l a  .1Qk  .02Xab .125b 
24 4.8a ,122d .028b .350c 

- I-c1*) 

BLACK SPRUCE 

15 6.Sa 0.065a 0.814a 0,079a 
18 6. ?a  . Q90b ,021b . P1l.b 
2 1 7.0a .126c .030c * 1 5 6 ~  
24 6.7a .145d - 0 3 3 ~  . f 78d 

1 Mean of  36 seed l ings  
2 Means followed by common l e t t e r s  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  a t  p  = 0.05 by Duncan's M u l t i p l e  Range Tes t ,  



' ~ h c  c o i t  o f  i i laintaining high i n t e n s i t y  l i g h t i n g  i s  d i r e c t l y  propor- 
tional to t h e  duration of t h e  photoper iod.  But t h e  response of  s eed l i ng  
g row th  excoccis a simple l i n e a r  relation: increas ing  photoperiod by 60 
pe rcen t  (from 15 to 24 hr) increased  growth a t  l e a s t  100 percen t .  Thus 
in sys t e x s  re l y i n g  entirely on a r t i f i c i a l  l i g h t i n g  f o r  high i n t e n s i t y  
i l l u in ina t i on ,  long  pho toper iods  a r e  more e f f i c i e n t  and more e f f e c t i v e  
than short photoperiods, 

E i g h t e e n  s e e d l i n g s  p e r  spec ies  were reared  i n  each of  f o u r  t rea tments  
f o r  10 weeks as for t h e  h igh  i n t e n s i t y  experiment. Photoperiods were 
based o i l  14 h of h i g h  l i g h t  i n t e n s i t y  with  0, 2 ,  6, and 10 h of  supple- 
mentary incandescen t  l i g h t  o f  about 400 lux. The t rea tments  and s eed l ings  
were rotated at weekly i n t e r v a l s  ( table 63, 

X 

- 
JACK PINE 

Photoperiod (h) : Ffeight : Shoot : Root : Seedl ing 

WHITE SPRUCE 
- -- - .- - -- --- - - 

14 -i- 0 5,4a 0,063a 0.021a 0.084a 
lit + 2 6 ,  Oab ,075ab .018a .093a 
14 + 6 6.0ab ,075ab .018a .093a 
14 -1- 10 6.8b .087b .Olga .096a 

BLACK SPRUCE 

Mean of  18 seed l ings .  
2 Means a s s o c i a t e d  by common l e t t e r s  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  at 

p = 0.05 by Duncan's Mul t ip le  Range Tes t .  



Jack p ine  r e s u l t s  were some~i:at inco;:i i 5 t ~ : i l  , b : ~ !  t ~ L V  s ~ x  4 i t , s  >k J 1 c b L !  ,&) 

be some additional height growth uildcr t i l e  I O T I ~  ~ j ~ ~ ( ; t t > ; ) t : : +  ; *A! . *kL; : 
spruce showed a s teady ,  t h o u g l ~  modcrate, i c  i;: r ~ ! ~ - ~ L l :  lta*+ I . # ; I L ~  &i1iLj 

height growth while black spruce s h o r ~ e ~ i  nei  t i l e r ' .  [:I 11~; .3;1'; 1 c:- 

growth enhanced, 

The a d d i t i o n a l  growth  of ~ h l  te spruce r ! igh !  j t ~ ~ t  i. t*:7 p110t >!j42 r 1 $ ) < !  
cont ro l .  But r e s u l t s  with other species do  n o t  -;u;j:,or*T r i x  i~ - tb o i  !),I, 
i n t e n s i t y  photoper iod ex tens ion  in t h e  rangc tciif-eii . i i o v b  c>; c :- , 7 i:!; I);.) 5~ 
i l l umina t i on  of 14  h is comparable to pho?o?ci'l ods 111 \i-- ' i ~ j r ~  l J I I J  :TIIJ-  

August a t  t he  Swastika nursery.  ;Ittempts to rear  ~ c c ~ i l i r i ~ ; ~  Lsi:- i~i~i-  i i :  

the sp r ing  o r  l a t e r  i n  summer would almost cer ta i !? i j r  ~ I ' C I L I I  I.C t I t ) \ +  

i n t e n s i t y  ex tens ion  of photoperiod t o  prevent ear l? -  c e 5 5 ; i t 1 0 ~ 1  (21" i : ~ - ~ x ~ l i ; ~  

COXC &US IONS AND RECO>ihfEND:j.'I' 1 iiY5 

'The t h r e e  northern c o n i f e r s  investigated--j acL 9 i ~ ; c  I b.::ic;\ :;p%iucc 
and whi te  spruce-- appeared to have similar requircmcnti;  i n t!:c nc:.ia? 
environment. T h i s  s i m p l i f i e s  the  p r e s c r i p t i o n  for envi ron:ncntal control 
i n  n u r s e r i e s  r ea r ing  these  species  i n  p l a s t i c  greenio~i.;c.c. 

The most s u i t a b l e  t e n p e r a t u r e  f o r  a l l  t h r e e  spciics ,is n 2 i 0 ! 2 0 ' ~  
dayfn igh t  regime, T h i s  I s  speci f ic  for s p r u c e s ,  yet l i e s  w i r i ~ i n  t h c  
broader range of 25-350/15- Z ~ O C  suitable for j ack p i n e ,  

Pho toper iod ic  e f f e c t s  can be d i v i d e d  i r r to  e\Gc: 'broad c a t c g i i r i e ~ ,  
those r e l a t e d  t o  development and t h o s e  related to dry matter p r o d u c t i o n .  
Even a t  low f i g h t  i n t ens j t i e : ; ,  phomuperiod e x e r c i s e s  great cor i t ro i  over. 
t h e  development of a s eed l ing ,  A short photoperioci  will u s u a l l y  r e s u l t  
i n  c e s s a t i o n  of  growth and t he  onse t  o f  dasrnancy; t h u s  when natgsal cia;.-- 
l eng ths  are c r i t i c a l l y  short, photoperiods can be effectively a n d  
inexpens ive ly  extended through t h e  use  of  low intenzity inca~:descent  
lamps. But o u r  r e s u l t s  i n d i c a t e  that there i s  l i t t l e  g a i n  in using 
very long photoper iods (mom t h a n  16 F,) o f  lox  intensity c;i.~p;~lcrr;,ents 
once t h e  continuous growth, of s e e d l i n g s  has  bee^ m s u r c d ,  

The e f f e c t i v e n e s s  of very long photoperiods would bc d i f f e r e n t  in 
systems employing h i g h  l i g h t  intensity supplements. Additional light 
i n  t h e  form of longer ,  h i g h  i n t e n s i t y  pho tope r iods  means marc e n e r g y  
f o r  photosynthes i s  and r e s u l t s  i n  more and more d r y  matter  growth; 
an i n c r e a s e  i n  l i g h t  of 60 p e r c e n t  (from 15 t o  24 h) doubled d r y  mat te r  
growth i n  a l l  t h r e e  species i n  our exper iment .  

Daylength exceeds 14 hours  between mid-Apr i l  and  mid-August a t  
l a t i t u d e  4894 and should no t  need supplement ing.  Photoper iod  extensions 
e a r l i e r  i n  sp r ing  and l a t e r  i n  summer should  maintain 14 !lours of light. 
A p r e f e r a b l e  regime would be 16 hours o f  light, in v iew of t h e  lesser 
vigour  o f  greenhouse-grown seed l ings .  



lvi:c d.!~;i!iT:i&:~?. o f  carbon d i o x i d e  enrichment depend l a rge ly  on 
whetiicr ;i g r+i.eii!i:i;~ii. rcqui  re5 v e n t i l a t i o n  during h o t  weather. con- 
ccn t ra t i oris L ' !%> 1 > 0110 pjinr o r  more a r e  undoubtedly bene f i c i a l ,  
es l~ecla l l ; ;  w h i ~ i !  ? ] -g i l t  intensities are  h i g h .  But it i s  u sua l l y  these  
conLli l ions i lint c a l l  for 'Ventilation t o  prevent excess ive ly  high 
temperat cil-*ci. (::irbbon dloxi .de enrichment appears t o  be impract icable  
i i l  summcxr. i n  v1t.h of t h e  l i m i t a t i o n s  o f  cooling systems employed i n  
many i ? l a s t l  c gz.er;ii'rmuses, 

T h e  prescription s u g g e s t e d  f o r  the aerial environment of a p l a s t i c  
g reenho~isc  nui%.;c ry i i n e x i ~ e n s i v e  t o  implement because both temperature  
and i , h o t o p e ~ i o d  uptima are  c l o s e  t o  na tu ra l  condi t ions .  Implementation 

sir;p l i F A  c.ii isy the  s i m i  lar zreyuirenaents of  t he  t h r e e  nor thern  
species ,  so  t i ~ ~ t  nixed  or success i ve  batches can be reared  under t h e  
sarnne c;:oni%it i o n s  , 
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MANAGEMENT OF TREE G R O W H  AVD 
RESEARCH PLlWTATIONS 

Donald A.  F r a s e r  1 

ABSTRACT.--Reports v e g e t a t i v e  growth and r ep roduc t ive  
responses  i n  whi te  and b l ack  spruce  r e s u l t i n g  from: c o n t r o l  o f  
s o i l  mois ture  by means o f  overhead s p r i n k l e r s ,  pho tope r iod  by 
means of  incandescent  lamps, and thermoperiod by means o f  
hea ted  p l a s t i c  s h e l t e r s .  I nc r ea sed  l a t e r a l  branch and diameter 
growth r e s u l t e d  i n  whi te  spruce  from i r r i g a t i o n ( a ) .  Continuous 
l i g h t  ( b ) ,  i nc r ea sed  a p i c a l  growth bu t  no d i ame te r .  Raised 
tempera ture  (c )  f o r ced  e a r l y  bud growth a s  w e l l  a s  e a r l y  a p i c a l  
growth c e s s a t i o n .  (b) p l u s  (c)  caused e a r l y  bud growth and late 
a p i c a l  growth c e s s a t i o n .  (a)  a s  we l l  a s  (b)  p l u s  ( c )  r e s u l t e d  
i n  e a r l y ,  more abundant male and female c o n e l e t  p roduc t ion  i n  
wh i t e  sp ruce .  Root-pruning had an immediate, a d d i t i o n a l  
s t i m u l a t o r y  e f f e c t ,  b u t  subsequent ly  reduced v i g o r  had 
d e l e t o r i o u s  e f f e c t s  on cone l e t  p roduc t ion ,  The r e sponses  i n  
b lack  sp ruce  were similar. Photoper iod and g i b b e r e l l i c  a c i d  
responses  i n  growth chambers a r e  b r i e f l y  mentioned. 

Understanding t h e  b a s i c  ecology,  phys io logy ,  and g e n e t i c s  of f o r e s t  
t r e e s  i s  e s s e n t i a l  f o r  manipulat ing and i n t e r p r e t i n g  t h e  p h y s i c a l  and 
b i o l o g i c a l  f a c t o r s  o f  t h e  environment.  Moisture ,  n u t r i e n t s ,  pho tope r iod ,  
thermoperiod,  and growth- inf luenc ing  subs t ances  a r e  p h y s i c a l  f a c t o r s  t h a t  
may be  manipulated.  B io log i ca l  e lements  i nc lude  t h e  b e n e f i c i a l  p r e sence  
of  n i t r o g e n - f i x i n g  organisms i n  t h e  s o i l ,  and t h e  d e l e t e r i o u s  e f f e c t  o f  
i n s e c t s  and pathogens.  

We conducted experiments  t o  de te rmine  what e f f e c t  t h e s e  f a c t o r s  had 
on t r e e  growth and on produc t ion  of  r ep roduc t ive  buds.  The exper imenta l  
work was conducted i n  s p e c i a l  outdoor  t e s t i n g  a r e a s  and i n  growth chambers. 
Although o t h e r  s p e c i e s  were a l s o  i n v e s t i g a t e d ,  c h i e f  emphasis was on wh i t e  
(P i cea  g l auca  (Moench) Voss) and b l ack  spruce  ( P .  - mariana ( M i l l  .) RSP.) . 

Department of Geography, Concordia U n i v e r s i t y ,  Mont rea l ,  Quebec, 
Canada, 



b i ~  t hods  

1 , t J l u  ~ : ~ ~ ~ - r . : . *  l ak.e 1 rec i 'hys io logy Area was e s t a b l i s h e d  in 
C f l a ~  i, + T I  2 a 3-acre s i t e  of loamy sand with adequate 
f e r  : i t b+.it; ~ i c %  q n e d  f o r  i3rogressive p i a n t i n g s  of white 
and 1 ~ 1  k I L L  i d  ib l cc ted  liardwood species for managing environ- 
mcnt: i~ t ' ; ic lo lh; .  . i ! ~ e c i n i  emphasis was placed on the  following factors 

: i cLe  lclS:it :: t h e  p r o d ~ i c t i o n  of flower primordia and consequent 
pr;~~iu,:t   it;:^ i i l co?:iia~rci 21 ;?iari?- ,at ions.  

1 j 40 i i i n u i  s t l i r c  wa.; r e g ~ ~ l n t e d  with overhead i r r i g a t i o n  s p r i n k l e r s  --------- ------- 
i!~-: iw i ng ui:t rrn:cd water from Corry Lake. During e a r l y  s t a g e s  
of' 13 1wlt at ior ;  estt"h1 i s h n z c n ~  w h i t e  clover was sown around t h e  
, Ifs L-S I ;  I sa i l l ings to improvc t h e  s o i l  and t o  l i m i t  competi t ion 
from b d ; t ? ~ ~ . i ~ ~  p~e ' s e r i t  i n  t h e  orig"ia1 f i e l d .  

('A iib,l-i r ootir. a n;l was cxwrtded w i t h  incandescent lamps (Fraser 1966). 
-------"A - 

( 3 ;  E:cr,not,rG* tias a l t e r e d  w i t h  heated p l a s t i c  enclosures  t h a t  
e-.ct;crrilcd thc. f r o s t  - , f r e e  period,  

'The c o n t r o l  \*:as t h e  cleared 6-acre  I,oon Lake Physiology Area on a 
loam sand rcpi*i .sclnted by  n i o i s t u r e  regimes from dry to wet (Fraser 1954). 
T h i s  c o n t r o l  araca %as p f  anted soncurrently w i t h  t h e  Corry Lake Physiology 
Area, so tlist groiitil  under a n a t u r a l  environment could  be compared wi th  
growth of  trt.cs t r en t ed  to acce le ra t e  vege ta t ive  and reproduct ive  growth. 

Apic31 as \<el l as d i  ane t e r  growth of leaders and l a t e r a l  branches 
were rneaiurcii per i o d i c a l i y  from blarch 21 t o  August 29, 1969 on 9-year- 
o l d  vhi  te s p r u c e .  In addlit i o i i ,  t h e  development of  reproduct ive  buds 
was t a l  l i c d  annual l y  f o r  9 years  i n  four  p lan ta t ions  of white spruce 
and one of  b lack  sp ruce ,  e s t a b l i s h e d  i n  1956 wi th  3-year-old seed l ings  
of l oca l  provenances R S   follow^: 

1 .  ii?!i tc spruce under  n a t u r a l  environment. 

2 .  ;Ilii:c spruce under  n a t u r a l  light, but  i r r i g a t e d  and f e r t i l i z e d .  

Whi te spruce :i;~der c o n t i n u o u s  l i g h t ,  i r r i g a t e d ,  and f e r t i l i z e d .  

-4. S m l ~  as 8 1 3 1 1  b u t  r ~ ~ t ~ p - f ~ ~ e d t ~ i ~ e  in a c i r c l e  18 inches  from t h e  
t r u n k  t o  ;xii 8 - i n c l ~  d e p t h ,  when the s a p l i n g s  were 7 and 8 y e a r s  
o ad. 

B lack  spruce under  t h e  same conditions as "3" and "4". 



RESULTS AN@ CONCLUSIONS 

vege ta t ive  Growth Respo'rlse 

S o i l  Moisture--Apical and diameter  growth of whi te  spruce control 
t r e e s  were g r e a t e s t  on t h e  d r y  s i t e  (fig. 1 ) .  However., greater lateral 
branch and diameter  growth were found on t h e  irrigated area  where 
adequate moisture and n u t r i e n t s  were provided throughout tire season.  
The in f luence  of t h e  n a t u r a l  range o f  moisture on r ad i a l  g r o w t h  o f  
mature t r e e s  was r epor t ed  e a r l i e r  (Fraser  1956) .  

Photoperiod--Continuous l i g h t  increased  apical growth, yet more 
important was t h e  longer pe r iod  over which t h e  a p i c a l  ex tens ion  took 
p lace ,  f o r  t h i s  represented  a  longer t ime a v a i l a b l e  f o r  t h e  format ion  
of reproduct ive  buds ( f i g .  1).  

Thermoperiod--Raised temperatures  a l t e r e d  t h e  t ime of  t h e  p e r i o d  o f  
a p i c a l  growth, bu t  did not  a f f e c t  diameter  growth ( f i g .  1 ) .  iirhen 
temperatures  were r a i s e d  i n  mid-April, when f r o s t  i s  s t411  frequent 
undkr n a t u r a l  condi t ions ,  growth began i n  A p r i l  r a t h e r  t han  i n  late May. 
Therefore,  temperature c o n t r o l s  t h e  time growth begins in t h e  spring 
(F rase r  1972) .- However, growth a l s o  stopped e a r l i e r  i n  t h e  warmer 
environment, 

The combination of continuous l i g h t  and r a i s e d  temperature caused 
a p i c a l  growth t o  begin e a r l i e r  and s t o p  l a t e r  ( f i g .  1 ) .  The f i r s t  time 
t h e  sap l ings  were exposed t o  such an extended photoperiod a 30 percent  
i n c r e a s e  i n  l e a d e r  growth was obtained.  This response g radua l ly  diminished 
when t h e  extended photoperiod was continued over a per iod  of years on t h e  
same sap l ings .  Therefore,  lengthened photoperiod w i l l  a c c e l e r a t e  growth 
of nursery  m a t e r i a l  but  t h e  next  use should be when a c c e l e r a t e d  product ion  
of reproduct ive  buds i s  d e s i r a b l e .  

Reproductive Growth Response 

The white  spruce  c o n t r o l  t r e e s  developed reproduct ive  buds when 13 
years  o ld :  8 percent  male and 11 percent  female buds wE~iGh was l e s s  t h a ~ i  
one male and two females p e r  p l a n t a t i o n  t r e e  ( f i g ,  2). A peak of  32 
percent  of t h e  sap l ings  produced male and 19 pe rcen t  female buds w i t h  an 
average of 15 male and 9 female buds t h e  next yea r .  No r ep roduc t ive  buds 
were formed t h e  fol lowing yea r .  

When white  spruce was grown under n a t u r a l  l i g h t , i r r i g a t e d ,  and 
f e r t i l i z e d ,  reproduct ive  buds were produced e a r l i e r  and i n  l a r g e r  
q u a n t i t i e s .  Reproductive buds were f i r s t  developed when t h e s e  t r e e s  were 
10 y e a r s  old--5 percent  of t h e  t r e e s  produced male and 8 pe rcen t  female b u d s  
both male and female buds averaged one p e r  t r e e .  When t h e  s a p l i n g s  were 1 4  
yea r s  o l d ,  40 pe rcen t  of t h e  t r e e s  produced male and 33 percen t  female buds 
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F i g u r e  2.--White and black spruce  trees with  reproduct ive  buds and repro- 
ductive buds p e r  t r e e  du r ing  the 1961-1968 p e r i o d .  



with an average of 70 male and 13 female buds p e r  t r e e ,  compared w i th  
t h e  32 percent and 19 pe rcen t  peak i n  t h e  c o n t r o l  t r e e s .  

White s p r u c e  s a p l i n g s  under cont inuous l i g h t  i n  an i r r i g a t e d  and 
f e r t i l i z e d  s o i l  a l s o  produced reproduc t ive  buds e a r l i e r  t h a n  those  grown 
i n  a natural environment;  26 pe rcen t  produced male and 40 percen t  female 
buds  wi th  an average  of 10 male and 13 female buds per  t r e e  a t  an age of  
11 years. In 1967 when a l l  p l a n t a t i o n s  had t r e e s  producing reproduc t ive  
buds, t h i s  con t inuous  l i g h t  p l a n t a t i o n  had male buds on 74 percen t  o f  t h e  
t r e e s  and females  on 53 pe rcen t  with  an average of  67 male and 23 female 
buds pe r  t r e e .  

Root-pruned t r e e s  produced reproduc t ive  buds more abundant ly  a t  a  
s l i g h t l y  e a r l i e r  age--30 pe rcen t  male and 45 percen t  female buds from an 
11-year -o ld  s a p l i n g ,  bu t  3  yea r s  l a t e r  only 55 percen t  male and 45 pe rcen t  
female  buds were produced compared wi th  t h e  74 percen t  male and 53 pe rcen t  
,'ernale buds i n  t h e  unpruned cont inuous l i g h t  s a p l i n g s .  

Black s p r u c e  was a l s o  s t ud i ed  i n  t h e  i r r i g a t e d  and f e r t i l i z e d  Corry 
Lake  Physiology Area p l a n t a t i o n  under  cont inuous l i g h t  i n  a  p re l iminary  
experiment  ( f i g .  2 ) .  Reproductive buds appeared when t h e  s ap l i ngs  were 
7 y e a r s  o l d ,  Two yea r s  l a t e r ,  80 pe rcen t  o f  t h e  root-pruned s ap l i ngs  
were produc ing  male buds under cont inuous l i g h t  compared wi th  65 pe rcen t  
o f  t h e  enpruned s a p l i n g s ;  100 pe rcen t  of t h e  root-pruned s ap l i ngs  
produced female  buds a t  an age of  14 years .  Yet ,  t h i s  gave an average 
o f  on ly  50 female  buds p e r  t r e e ,  wh i l e  t h e  unpruned t r e e s ,  although t h e y  
were n o t  deve lop ing  uniformly,  had a  maximum o f  200 female buds pe r  t r e e  
2 y e a r s  e a r l i e r ,  when 90 percen t  o f  them produced female buds.  Thus, 
m o t - p r u n e d  b l a c k  spruce  s a p l i n g s  produced more reproduc t ive  buds i n  t h e  
f i r s t  y e a r  a f t e r  roo t -prun ing ,  bu t  t h e  number decreased l a t e r  when t h e  
e f f e c t  o f  reduced  t r e e  v i g o r  due t o  roo t -prun ing  became ev iden t .  

I t  would appear  t h a t  g e n e t i c a l  response might be favored by t h e  
supply  o f  n u t r i e n t s  a lone ,  a s  a t t e s t e d  i n  t h e  whi te  spruce by r ep roduc t ive  
bud p roduc t ion  a t  t h e  e a r l i e s t  d a t a .  However, t h e  two peaks i n  reproduc t ive  
bud development i n d i c a t e  an o v e r a l l  e f f e c t  o f  l i g h t ,  e s p e c i a l l y  on t h e  
p roduc t ion  o f  female buds.  Both b l ack  and wh i t e  spruce responded t o  
roo t -p run ing  by  immediate product ion of r ep roduc t ive  buds, bu t  t h e s e  t r e e s  
d i d  no t  remain a s  p roduc t ive  over s e v e r a l  yea r s  a s  d i d  t h e  undis tu rbed  
t r e e s .  l.he method might,  t h e r e f o r e ,  be s u i t a b l e  when on ly  one year  of 
h i g h  r e p r o d u c t i v e  bud development i s  requ i red .  

GROWTH CHAMBER EXPERIMENTS 

Borthwick -- e t  a l .  (1956) e s t a b l i s h e d  t h a t  a l t e r n a t i o n s  o f  t h e  l i g h t  and 
dark  p e r i o d  i n  combinations o t h e r  t h a n  t h a t  o f  two un in t e r rup t ed  pe r iods  
w i t h i n  24 hours  w i l l  o f t e n  s t i m u l a t e  a d d i t i o n a l  growth. Thus, t h r e e  
d i f f e r e n t  l i g h t - d a r k  combinations were s e l e c t e d :  (1) 1 2  h r s  l i g h t  and 
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12 h r s  dark;  ( 2 )  6 hrs light and h lirs dark aitcrnat i r l g ;  and (5) 
h r s  l i g h t ,  4 h r s  dark ,  2 h r s  l i g h t ,  and 4 hrs dark. Tlie e f f e c t  o f  t i ic  
dark and l i g h t  combinations on the growth of spruce  s c e d l i ~ r y s  t ' o l l o ~ s  
t h a t  f o r  herbaceous p l a n t s .  The 6 h r s  light and 6 h r s  d a i ~ k  p e r i o d s  
produced more growth than  the 12 h r s  light and 1 2  hrs d a r k  pcr iot .1~.  
Grea t e r  growth was ob ta ined  wi th  t h e  14 hr l i g h t  p e r i o d  followed l,y -1 
h r s  da rk ,  2 h r s  light, and 4 h r s  dark ( f i g .  3 ) .  

G i b b e r e l l i c  a c i d  (GA,) was a p p l i e d  weekly a s  a f o l i a r  s p a ) -  a f t e r  
germinat ion a t  a  concen t r a t i on  o f  100 ppm. I t s  effect was additive t o  
t h a t  o f  t h e  lengthened photoper iod  in that i t  accelerated leader growth  
( f i g .  4 ) .  This  response  i s  oppos i t e  t o  that r e p o r t e d  f o r  wh i t e - ceda r  
(Thuj a o c c i d e n t a l i s  L.  ) where GA3 a p p l i c a t i o n  reduced ap ica l  g ro i i th  and 
s t a r t e d  f lower  pr imord ia  development w i t h i n  a few weeks of  the first 
a p p l i c a t i o n  ( F r a s e r  1970).  

Management o f  t r e e  growth i n  r e s e a r c h  plantations d e c r e a s e s  t h e  time 
r e q u i r e d  f o r  seed  produc t ion  and hence a s s i s t s  i n  tree b r e e d i n g  experiments. 
Product ion of  l a r g e r  s e e d l i n g s  w i t h i n  a s h o r t e r  time, i f  r o o t  systems a r e  
not  reduced a t  t h e  expense of  shoot  e l o n g a t i o n ,  should  p r o v i d e  n i a t e r i a l  
b e t t e r  s u i t e d  f o r  p l a n t  compet i t ion  when o u t - p l a n t e d .  

I wish t o  exp re s s  my a p p r e c i a t i o n  t o  members o f  t h e  former  T ree  
Physiology S e c t i o n  of t h e  Petawawa F o r e s t  Experiment S t a t i o n ,  Chalk 
River ,  Ontar io ,  who a s s i s t e d  i n  t h e  conduct o f  t h e s e  exper iments .  
D r .  E .  E .  Gae r tne r  provided h e l p  bo th  w i th  the field work and in t h e  
compi la t ion  of  r e s u l t s .  
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BREEDING STRATEGY 
a /  

M, A. K. ~halil- 

ABSTRACT.--The development o f  breeding s t r a t e g y  i s  o f  
paramount importance be fo re  breed ing  i s  begun i n  any g i v e n  
s p e c i e s .  The purpose o f  improvement, degree  and p a t t e r n  o f  
v a r i a t i o n ,  and s p e c i e s  biology a r e  primary f a c t o r s  t o  be 
cons idered .  The choice  o f  t h e  breed ing  method i s  another 
aspec t  t o  be  taken i n t o  account ,  and s e l e c t i o n ,  h y b r i d i z a t i o n  
and muta t ion  breed ing  a r e  d i s cus sed  here .  S e l e c t i o n  i s  well 
adapted t o  t h e  c h a r a c t e r i s t i c s  of  many s p e c i e s  and i s  most 
commonly a p p l i e d .  The p o t e n t i a l  o f  h y b r i d i z a t i o n  has n u t  been 
f u l l y  r e a l i z e d  but  must u s u a l l y  be combined w i t h  some form of 
s e l e c t i o n .  The use  o f  s p e c i a l  r e s e a r c h  environments ,  such 
a s  growth chambers, greenhouses  and n u r s e r i e s  can g i v e  useful 
p a r t i a l  answers and d i r e c t i o n  t o  t r e e  improvement i n  s p e c i e s  
where l i t t l e  b a s i c  in format ion  i s  a v a i l a b l e .  

1/ Canadian F o r e s t r y  S e r v i c e ,  Newfoundland F o r e s t  Research 
c e n t r e ,  S t .  Johnv  s ,  Newfoundland 

ADAPTIVE VARIATION --  EIANIFESTATIONS I N  TREE SPECIES 
AND USES IN FOREST MANAGEMEKT AND TREE IMPROVEMENT 

l/ 
Hans fdienstaedt- 

ABSTRACT.--Adaptive v a r i a t i o n  and t h e  g e n e t i c  system t h a t  
main ta ins  adap t ive  f i t n e s s  a r e  de sc r ibed .  I t  i s  emphasized 
t h a t  optimum f i t n e s s  and g e n e t i c  f l e x i b i l i t y  a r e  opposing 
demands on t h e  p l a n t  popu la t i ons  and have l e d  t o  a  compromise 
between f i t n e s s  t o  e x i s t i n g  environments and t h e  c a p a c i t y  f o r  
f u r t h e r  change. Using a s  examples phenolog ica l  and edaphic  
adap t a t i on ,  p a t t e r n s  o f  v a r i a t i o n  a r e  d i s cus sed .  C l i n a l  
v a r i a t i o n  i s  desc r ibed  and t h e  importance o f  adequate  sampling 
s t r e s s e d  i n  e s t a b l i s h i n g  d i s con t inuous ,  e co typ i c  v a r i a t i o n  
p a t t e r n s .  V a r i a t i o n  p a t t e r n s  a r e  c h a r a c t e r  s p e c i f i c  and may 
be h igh ly  complex depending on t h e  p a t t e r n  o f  t h e  env i ron -  
mental v a r i a t i o n  --  c l i n e s  w i t h i n  c l i n e s ,  c l i n e s  w i t h i n  
ecotypes  and ecotypes  w i t h i n  c l i n e s  must e x i s t  w i t h i n  n o r t h  
temperate  t r e e  popu la t i ons .  The breed ing  systems and t h e  
f a c t o r s  determining t h e  s i z e  o f  b r eed ing  groups a r e  impor- 
t a n t  a s p e c t s  of t h e  g e n e t i c  system and must be cons ide red  
i n  p lanning  by f o r e s t e r s  and t r e e  b r eede r s  a l i k e .  

1/ U.S. Dept. o f  A g r i c u l t u r e ,  Fo re s t  S e r v i c e ,  I n s t i t u t e  
of   ores st Gene t ics ,  North C e n t r a l  Fo re s t  Experiment S t a t i o n ,  
Rhinelander ,  Wisconsin. 
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3 '  1 , "  - - h i  pi Us t T C t ?  sei ect ion programs developed by ---- --- 
tire p,i:ic;ircll 11.~1 i i o n  of the Rri t i s h  Columbia F o r e s t  Service 
arc d i  scus i c r ! .  Hi.: fi r5t of  t h e  prograns developed f o r  
c o a s t a l  [ ) o l ~ ~ I ~ i ~ - f j r  jl'seudotsilga rnenzies i i  (Mirb.1 Franc01 - P 

ii; a s t r  i ct i)iii'no t ~ ; l i  c i e  1 e c t  ion program. Untes ted ramets 
of  p l u s  tree-, t i i l i s  :;elected are e s t a b l i s h e d  in seed orchards  
fo scecl i , roducr  i O I L .  I hc second program developed f o r  
inter.i  0:. si3riic.e.; I i t  spruce, I'icea glauca (Moench) Voss 

T and Fnge lrr,ar!ii spr-uce,  i'. cngeimannl; Parry) employs a much - 
more re l auihd .;i: l c c t ed  standard fol l?keci  by open p o l l i n a t e d  
progeny t r l n l s .  Advan tages  and d i sadvantages  o f  both  programs 
are  c l i  s c ~ i s s c d .  i.ra luat i on anti rccomendations are given 
based on cxperiencf g a i n e d  during e x e c u t i o n  o f  t h e  program. 

/ i<cich;ix-i-h L,ibr-i i i i  on, Rri t i s h  Columbia Forest S e r v i c e ,  -- 
Pr ince  ilco-a-gr , 131-i t i s h  Columbia, 

I>RT?C;I,SI' 'Sf;STT\Zi;i; IS flSRAC"TTCAL TREE INPWOVEMEYT 
J-/ 

.is !$r ight-  

AIISTIIAC:'. - -Good q u a l i  t)- p l a n t i n g  s t o c k  and good p l a n t a t i o n  - 
care d u r i n g  the  early yral-s a r e  very important. A wel l  
execu ted  progcny  t e s t  of moderately  goo8 des ign  u s u a l l y  g i v e s  
mucii more iiifoxmar ion t h a n  a poorly executed experiment of 
the most refincd ile.;ig:~. i i a l f - s ib  progeny t e s t s  a r e  l e s s  
cxpensivc, arid g i v e  I c s s  g a i n  and in format ion  t h a n  f u l l - s i b  
progerly tee.;? 5 ,  "T'hc c o s t ,  gain and in format ion  r a t i o s  be- 
tween the two T ; ; -~cs  ~ ' a r y  cons i d e r a b l . ~ ,  depending on s e v e r a l  
factors. Of:ci-i, ki t11 i :~r thei . r l  c o n i f e r s ,  h a l f - s i b  t e s t s  a r e  
p r e f e r a b l e  f o r  f i r s t - g e n e r a t i o n  work and f u l l - s i b  t e s t s  in 
more advance~l !,reed i r i y  programs. Progeny t e s t s  o f t e n  need 
to corltairl a few i~unc?r.cd f a m i l i e s ,  i~ ' i t31  t e s t s  t h a t l a r g e  
it i s  desirable t o  i-omputc optinium f a m i l y  s i z e  ( o f t e n  s m a l l e r  
t h a n  has heen used i n  t h e  p a s t )  and t o  cons ider  c a r e f u l l y  t h e  
effects o f  p l o t  s i r e  arid n u n b e r  of replications on e f f i c i e n c y ;  
0thcr .w i s r  t h e  t e s t s  !nay hecome  inm mail age able. A v a r i a t i o n  of 
t h e  rartdomi zed complete i,loch i iesign i s o f t e n  regarded a s  t h e  
most pracr  i c a b i e  For large tests. '4 few hints are  included a s  
to cies ii-able rneasureIni3nt and  ana lys i s  procedures .  

I /  Ijepartmcnt o f  Forestry, hlichigan S t a t e  U n i v e r s i t y ,  - 
E a s t  I d a n s i n g ,  \ f i ch i j ; an ,  ( i .S . \ .  
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A. Carlisie and A. Tcich- 

ABSTK4CT.--The r e p o r t  discussed the sources o f  costs and 
b e n e f i t s  of*-tree improvement in the context of plantation 
economics, and cons ide r s  t h e  ways a forester can control the 
p r o f i t a b i l i t y  of e s t a b l i s h i n g  and managing forests. The 
response of  Canadian t r e e  s p e c i e s  t o  s e l e c t i o n  and breeding ,  
t h e  ways t r e e  improvement can h e l p  t h e  f o r e s t e r ,  t h e  c o s t s  
and b e n e f i t s  of d i f f e r e n t  t r e e  improvement s t r a t e g i e s ,  and 
q u a n t i f i c a t i o n  of  c o s t s  and b e n e f i t s  a r e  desc r ibed .  The 
sources  of c o s t  i n  t r e e  improvement r e s e a r c h ,  development 
and t h e  p l a n t a t i o n  o p e r a t i i n  a r e  compared. Future  r e s e a r c h  
needs a r e  suggested.  

l/ Canadian F o r e s t r y  Se rv ice ,  Petawawa Fores t  Experiment 
~ t a t T o n ,  Chalk River ,  Ontar io .  

TREE SEED PROGRAM I N  ONTARIO 
l /  

C. H.  ~ a n e -  

ABSTRACT.--The regenera t ion  program i n  t h e  province of 
Ontario r e q u i r e s  l a r g e  q u a n t i t i e s  of t r e e  seed annual ly .  
I t  i s  es t imated  t h a t  1 b i l l i o n  v i a b l e  seeds w i l l  be r equ i red  
t o  meet t h e  1975 needs of t h e  program. Fores t  t r e e  improve- 
ment has been developed t o  e f f e c t i v e l y  improve t h e  a v a i l -  
a b i l i t y  o f  t r e e  seed and t o  improve seed q u a l i t y  on a  s c a l e  
s u f f i c i e n t l y  massive t o  meet t h e  requirements  of t h e  
r e f o r e s t a t i o n  program. 

l/  Ontar io  Minis t ry  of  Natural  Resources, Fores t  
~anazement  Branch, Toronto, Ontario . 
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3 \ '1 , - I " t h  > I >  t ' i  t i v e  f a seed orchard is t o  mass ---------- 
procir~c ti " i  ( I  ' -62p  L! *'J f t h th  dc5 j T C ~  q u a l i t y  as econon;- 
i ca i  1)- H i  ~ U - . ' I . ~ ~ ~ C .  .PU! !i!? ' lai iy a l s o  as qu ick l y  as possible. 

m+;orS ' ~ f : ' : ~ ~  ! i l q - . { i !~c~ !  :Ire: ( 1 )  mais select-on of desi rable  
trees; i 2 ; : ~ ~ - l . i i ~  1 I \ ! , l r ' : :  t h e  seed orchard ;  ( 3 )  progeny 

i n g  t h i  * ? c i d ~ i  i 1 - ;lild ( 1 )  roguing the seed orchards 
on the i j : i : , l i  0:' i * t * ~ l l l r i  th:. progeny tests. Seed orchard 
estah 1 3 >;i~rccrr t ! 1~1dc i  ? ! ie  Co 1 l o w i n g  maj or steps : s i te  
selecrioii, h i  t:, fwc!~ar; i t  i n n ,  seed o r c h a r d  d e s i g n  and g ra f t  
estal.1 iiil:i:cr~t. 5 1 Tc. f r r t  ! 1 it;., clrainagc and l o c a t i o n  a re  
I j n o t  t : L i S i t e preparation shou ld  be 
done thor*oili;ii ; 1 ; j u r  ~ i s t ! a  ! 1,- p r e s e n t s  no serious problems. 
Spacing 1 1 1  t h a t  ti;c orchard will not require 
rogu ing  L I ir;m progeny tests is auai  lable, 
but c i o s c  . to 8 i v i '  reasonah1 c cone production at an 
ear l ) .  age,  i 4 v  . !cslgr:  *;holsSd consider such factors as 
p r o v l i i i n g  ;i : i t  i c t  iluml>cr of clones to form an adequate 
g e n e t i c  h;i:;c, o p t  ir~;:iilg i~i)i;i; polljl-lation among clones, 
pro" i d h g  :I:I aiic:t,it.iat x' :>ii;?p l y rt f i r n p m ~ e d  pol ler? f o r  t h e  
o r c h a r d ,  m i  1-1 h.:r z i i l g  t l?c propt~rtion o f  cos;tamis.iating p o l l e n ,  
and l ilP!.i t j .ng t il",a ; i i i io~ii~ t of i ; ~ I > r e ~ d x n g  i n the orchard. 
Three sl;.;:.cms of f ~ : i ~ . > i l ' ,  i . 1 ~  g r a f t s  ;are in comrnon use: pot 
grafting, bed grafting, and  f leli:i grafting. Each of them 
is an a c c c p t ; ~ b l c  mrthoci h u t  Ira5 its own advantage and d i s -  
a d v a n t a g e s ,  Si.i.il a~cii:ra.,l nanagcment practices are designed 
d i r e c t l y  o r  i r i L l i  rcctiy to kcc.~, sccd o r c h a r d  t r e e s  h e a l t h y  
and t o  p r ~ r ; l ~ j c ~  the r-;~nx l r ~ i r a r n  ;a;i:oiarit s f  i;eed. Increased 
flower product ion i s  s e c ~ l r e d  t ? ~ ?  a combination of subsoiling, 
irrigat i on ;:nd ft..x.t i k i ,at i or:, 'The seed orchasd is protected 
and kept in a i l e i i l  t i : ) .  condi tion hj-  mulching,  f i r e  protection, 
protect i o n  f~o i i i  i l l - ; e : i s c ~  and iiisects, and proper care of the 
orchari i  iiiir ii!g ii:iripcs:iivR. 

I/ Ttbxas i:o re bt ';ci.v i ie aild l'px:3s Agricultural Experiment 
, 8  StatTo;on, Col icgc  Star ior i ,  iexas 7-54.3, l1.S.. 



FOREST TREE SEED QUALITY 
l b  

B. S. P .  %an< 

ABSTMCT,--With t h e  increase i n  reforestation in Canada, 
seed i s  becoming a valuable c o ~ m o d i t y  kccause of increasing 
$emand, Seed production is governed by many fac tors ,  bu t  
t h i s  paper only  discusses seed quality as affected by the 
post-harvest handling o f  cones and processing, t e s t i n g ,  
s t o r i n g  and Shipping o f  seeds. To imprave seed quality and 
the  economic use o f  co l l ec ted  seeds, a close control is 
required from time o f  cone collection through cone handling, 
and processing, testing and storage t o  sh ipping  o f  the 
seeds f o r  f i e l d  sowing, Until a l l  these  f ac to r s  a re  
adequately controlled, t h e  success of reforestation programs 
i s  unpredictable, 

I/ Canadian F o r e s t r y  Service, Petawawa Forest  
~ x ~ e F i r n e n t  S t a t i o n ,  Chalk River, Ontario. 
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