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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, 





Figu re  2.-- 
l e t  and O t t a w a  Nat ional  F o r e s t s .  The schedule i n d i c a t e s  t h e  time span f o r  those s t e p s  app l i cab le  
t o  t h e - i n t e n s i t y  of the program. (1/ The numbers i n  pa ren thes i s  refer t o  p r ev ious  s t eps  t h a t  this 
a c t i o n  i s  dependent on.) 
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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).  
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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 .  
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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
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