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ABSTRACT.--The Eas te rn  Region, USDA Fores t  Serv ice  has 
been e s t a b l i s h i n g  and managing seed orchards t o  produce 
improved seed  f o r  t h e  ~ a t i o n a l  Fo res t s  i n  t h e  ~ a k e  S t a t e s  
s i n c e  1969. This  paper p re sen t s  a review of  t h e  female 
f lower product ion f o r  t h e  p a s t  4 yea r s  i n  t h e  whi te  p ine ,  
white spruce,  and black spruce c lona l  seed orchards .  

The t r e e  improvement program being conducted on t h e  National Fo res t s  
i n  t h e  Lake S t a t e s  has  been descr ibed  i n  d e t a i l  (Mi l le r  and Murphy 1976). - 
The Lake S t a t e s  National Fo res t s  have been d iv ided  i n t o  n ine  seed co l l ec -  
t i o n  zones and f o u r  breeding zones ( f i g .  1 ) .  Beginning i n  1969, seed 
orchards were e s t ab l i shed  by breeding zone f o r  s e l e c t e d  spec i e s  a t  t h e  
Oconto River Seed Orchard complex loca ted  nea r  Langlade, Wisconsin. 
The number of ramets requi red  t o  produce a n t i c i p a t e d  seed needs i n  t h e  
va r ious  orchards were based on r e sea rch  information (Nienstaedt  and 
J e f f e r s  1970) and b e s t  es t imates  of  p o t e n t i a l  product ion.  Information 
on cone product ion,  frequency of crops,  and f lowering of  i nd iv idua l  
c lones  is  needed t o  make b e t t e r  es t imates  of  p o t e n t i a l  cone product ion 
i n  l a r g e  s c a l e  seed orchards f o r  white  spruce,  black spruce ,  and white  
pine.  Female f lower d a t a  c o l l e c t e d  between 1973 and 1977 w i l l  be  r e -  
por ted  f o r  two white pine,  four  white  spruce,  and two black spruce 
c lona l  seed orchards.  

SEED ORCHARDS 

Following i s  a b r i e f  d e s c r i p t i o n  o f  t h e  p l a n t  m a t e r i a l s  included i n  
. t he  seed orchards  ( t a b l e  1 ) .  

l ~ o n e  Gene t i c i s t ,  Nicole t  National Fo res t ,  Rhinelander,  Wisconsin 
54501, and Regional Gene t i c i s t ,  USDA Fores t  Se rv i ce ,  Eastern Region, 
Milwaukee, Wisconsin 53202. 



Table 1.--Individual seed orchard statistics 

:Year of . 
:Orchard:Breedin . 

17' 
: Year of : first 

Species : no. : zone- :Clones:Grafts:Acres:establishment:flowering 

- - - Number - - - 
White pine 
White pine 
White spruce 
White spruce 
Whi'te spruce 
White spruce 
Black spruce 
Black spruce 

- All 
A1 1 

A 
B 
C ,  
A1 1 
A 
B 

1/ Breeding zones are shown in figure 1. - 

Figure 1.--Seed collection zones and breeding zones, 



White Pine Orchards 1 and 3 

Orchard 1 (white p ine  breeding arboretum) contains ramets from 798 , 

o r t e t s  se lec ted  f o r  t h e i r  apparent r e s i s t a n c e  t o  white pine b l i s t e r  
r u s t .  The majori ty of the  o r t e t s  came from the  Lake S t a t e s ;  however, 
a few came from Eastern S ta tes .  

Orchard 3, which-is  an in ter im seed orchard, contains f i v e  clones 
se lec ted  by Drs. Riker and Patton, Universi ty of Wisconsin, and 31 clones 
se lec ted  by Drs. Heimburger and Zsuffa, Maple, Ontario, Canada. The 

- majori ty of orchard 3 was es tabl i shed i n  1969 whereas orchard 1 was 
es tabl i shed over a 5 year period. . 

- White Spruce Orchards 4, 6, 14, and 16 

The p lan t s  i n  orchards 4, 6, and 14 were se lec ted  on National Forests  
i n  breeding zones A, B y  and C ,  respect ive ly .  The mater ia l  i n  orchard 16 
was se lec ted  by personnel of the  North Central Forest  Experiment S ta t ion  
i n  Rhinelander, Wisconsin, from o r t e t s  o r ig ina t ing  from seed co l l ec ted  
i n  the  Ottawa River Valley i n  Ontario, Canada, and growing i n  provenance 
t e s t s .  A l l  of the  white spruce orchards have had ramets added each year  
s ince  the  o r i g i n a l  p lant ing .  Orchard 4 suffered  l a rge  losses  following 

. t h e  second year p lant ing ,  r e s u l t i n g  i n  much more age v a r i a t i o n  than the  
o the r  white spruce orchards. 

Black Spruce Orchards 8 and 10 

Plant  mater ia ls  i n  orchards 8 and 10 were se lec ted  on National 
Forests  i n  breeding zones A and B y  respect ive ly .  Both of the  black 
spruce orchards have had ramets added each year  s ince  the  o r i g i n a l  
p lant ing .  

DATA 

Collect ion 

The flowering da ta  f o r  white pine and white spruce were co l l ec ted  i n  
the  spr ing  a s  p a r t  of t h e  breeding program. The black spruce flowering 
d a t a  were determined by cone co l l ec t ions  i n  the  f a l l  with the  p o s s i b i l i t y  
of  some flowers being l o s t  due t o  f r o s t .  A l l  flower da ta  a r e  recorded a s  
1: none, 2 :  female, 3: male, and 4:male and female f o r  each ramet and 
then summarized using t h e  Region 9 t r e e  improvement computer programs. 
The da ta  do not account f o r  the  quan t i ty  of  flowers produced, but  only 
whether a ramet has produced one o r  more flowers. 

Computation 

The number of l i v i n g  t r e e s  and number of clones represented i n  a l l  t h e  
orchards v a r i e s  from year t o  year  because the  orchards were es tabl i shed 



over a per iod  of t ime. Therefore,  t h e  d a t a  were converted t o  percent  
of  t r e e s  and percent  o f  c lones t h a t  produced female f lowers .  The da t a  

I 
r ep re sen t  t h e  following years :  white  p ine ,  1973-1976 ( t a b l e  2 ) ;  white  
spruce,  1974-1977 ( t a b l e  3 ) ;  and black spruce,  1974-1976 ( t a b l e  4 ) .  The I 
frequency of  c lones producing f lowers  during t h e  da t a  c o l l e c t i o n  per iod  , 

was ca l cu la t ed  f o r  orchards 3, 4,  and 6 ( t a b l e  5 ) .  

Table 2.--Living ramets and c lones  with 
female f lowers  f o r  white p ine  

(In percent )  

Orchard : Type of  , : Year 
no. : . mate r i a l  1973 : 1974 : 1975 : 1976 

Ramets 
Clones 

Rame t s 
Clones 

Table 3.--Living ramets and c lones  with 
female f lowers  f o r  white  spruce 

(In pe rcen t )  

Orchard : Type of Year 
no. ma te r i a l  1974 1975 1976 1977 

Rame t s 
Clones 

Rame t s 
Clones 

Rame t s 
Clones 

Rame t s 
Clones 



Table 4.--Living ramets and clones with 
female flowers for black spruce 

(In percent) 

Orchard : Type of Year 
no. material 1974 1975 1976 

-- 

8 ~;met~ (No data) 
Clones (No data) 

1Q Ramet s 4 1 3 3 2 1 
Clones, 92 7 4 89 

Table 5.--The frequency of clones producing flowers over a 4-year period 

(In percent) 

Seed Number of years out of four 
orchard and species 4 3 2 1 :  0 

White pine 3 0 39 6 11 14 

White spruce 2 9 23 3 4 9 5 

White spruce 46 4 2 8 4 0 

Correlation coefficients were computed between percent of living 
trees with flowers and ortet age for orchards 4 and 6 (table 6). 

Table 6.--Correlation coefficient of percent of living 
trees with flowers and ortet agei/ 

Orchard Year 
no. 1974 1975 : 1976 

1/ Not significant at the 95 percent level. - 



For the data available for each orchard, correlations were computed 
between a month's total rainfall by year and the following year's per- 
cent of ramets producing flowers. This was done for the months May 
through September (table 7). 

Table 7.--Correlation coefficient of percent of living ramets with 
flowers and the previous years rainfall by months 

Species and : Orchard : Month 
flower data year : no. : May : June : July : Aug. : Sept. 

White pine 
(1973- 1976) 

White spruce 4 +.24 -. 81 -. 56 - .82 -.86 
(1974-1977) 6 -.I9 -.4811 -.78 -.72 - .73 

14 +.  77 - .97- -. 17 -.80 -.62 
16 +.41 -. 88 -.53 - .91 - .76 

Black spruce 10 +.91 -.9sL1 +.78 -.40 -. 91 
' (1974-1976) 

Significant at the 95 percent level. 

DISCUSSION 

The flowering trend for the eight seed orchards between 1973/74 and 
1976 shows a decline in the number of ramets and number of clones that 
produced flowers. The decline may be due to normal cyclic production. 
A review of the amount of seed produced from the flowering years indicated 
similar results. In all four of the white spruce orchards a total of 3.00 
lbs. of seed was produced in 1974, 0.25 pounds in 1975, and 0.002 pounds 
in 1976. However, 1977 was the best flowering year to date in the white 
spruce orchards. Data on white pine and black spruce for 1977 flowering 
have not been tabulated, but observations indicate that flowering is good 
in these orchards as well. 

A review of the computer data summaries for each of the orchards re- 
vealed a large amount of variation among clones in year-to-year production. 
Many clones produce consistently but a few clones never have and maybe 
never will produce flowers, Correlation coefficients for age of ortet 
(22 to 135 years) and flower production ranged from +0,28 to -0.25 (table 6), 
indicating that for this age group there was no relation. However, this 
data does not reflect the ages C3 to 6 years) of the ramets within orchards. 



- 
I t  i s  known t h a t  moisture s t r e s s  can be an important f a c t o r  i n  

flowering and cone production (Sweet 1975). Corre la t ion  c o e f f i c i e n t s  
were computed t o  determine i f  the re  was a r e l a t i o n  between t o t a l  r a i n -  
f a l l  f o r  a given month and the  next yea r ' s  flower production. During 
the  summer of  1976, the  seed orchard was subjec t  t o  a prolonged drought. ' 

Weather records f o r  1976 show t h a t  the  May through September r a i n f a l l  was - 

46 percent  below the  average of the  previous 4 years .  We hoped t h a t  the  
drought would s t imula te  flower production i n  t h e  seed orchards f o r  1977; 
the  white spruce data  show t h a t  flowering was dramatical ly increased i n  
1977 ( t a b l e  3 ) .  The r e s u l t s  f o r  the  seven orchards ind ica te  t h a t  a cor- 
r e l a t i o n  between '~une r a i n f a l l  and flower production may e x i s t  ( t ab le  7 ) .  
However, one must consider t h a t  t h i s  da ta  only includes a s i n g l e  severe 
drought year and the  r e s u l t s  may be due t o  normal c y c l i c  flower production. 

' CONCLUSIONS 

Although the  data  presented here only covers a few years of production, 
it is encouraging t o  note  the  number of clones t h a t  have produced cones. 
Within a few years these  orchards should produce s u f f i c i e n t  seed t o  meet 
the  needs o f  the  National Forests  i n  t h e  Lake S t a t e s .  

The poss ib le  co r re la t ion  between flowering and r a i n f a l l  must be 
considered with o ther  f a c t o r s  when se lec t ing  seed orchard s i t e s ,  and w i l l  
be useful  i n  planning breeding work and cone c o l l e c t i o n  operat ions.  This 
r e l a t i o n  could a l s o  become t h e  bas i s  f o r  determining when t o  apply a flower 
induction treatment such a s  f e r t i l i z e r .  This may be a key t o  producing 
large  amounts of flowers f o r  breeding and production needs on a more 
regular  bas i s .  

In t h e  f u t u r e  we w i l l  continue t o  observe the  flowering-moisture 
r e l a t i o n .  We may f ind  t h a t  i n  order  t o  be useful ,  co r re la t ions  w i l l  
have t o  be es tabl i shed f o r  each individual  orchard and perhaps even f o r  
individual  clones. 
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