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Abstract.--Trees i n  a  yellow b i r c h  progeny t e s t  began t o  
bea r  seed when 7 years  o l d  and t h e  proport ion o f  f r u i t i n g  t r e e s  
increased i n  t h e  following 2 years .  Male ca tk ins  were produced 
a t  age 8 and t h e  number of t r e e s  with males increased g r e a t l y  
the fa l lowing yea r s*  Although t h e r e  i s  much v a r i a t i o n  between 
and wi th in  f ami l i e s  in e a r l i n e s s  o f  flowering and i n  number of  
f lowers and f r u i t i n g  ca tk ins ,  about one- th i rd  of t h e  f ami l i e s  
have borne seed and 45 percent  have produced males. The nwnber 
of ca tk ins  p e r  t ree  has ranged up do 429 f o r  females, 196 f o r  
f r u i t i n g ,  and I379 For males. Seed y i e l d  va r i ed  g r e a t l y  between 
and wi th in  f ami l i e s ,  but  49 percent  of t h e  t r e e s  had between 
100 and 200 seeds per catkin.  Cer ta in  f ami l i e s  and t r e e s  a r e  . 
more p r o l i f i c  than o the r s  and t r e e s  of  nor thern  o r i g j n  appear 
t o  s t a r t  f l swer ing  e a r l i e r  and more heav i ly  than those of 
southern o r i g i n ,  The e a r l y  m d  heavy seed production of such 
e a r l y  t r e e  ages argues well  f o r  seedl ing  seed orchards of  t h i s  
species. 

Addit ianal  k e y o r d s :  Var ia t ion ,  seed y i e l d ,  seed q u a l i t y .  
P 

Ear ly  and abmdmt  flowering i s  a p r e r e q u i s i t e  f o r  r ap id  progress  i n  
breeding work wi th  any t r e e  spec ies  and r egu la r ,  p r o l i f i c  seed p r o d w t i o n  is  
essential  for  mass production of g e n e t i c a l l y  improved ma te r i a l .  However, 
l i t t l e  i s  knabm &out age of flowering, seed production, and seed y i e l d  i n  
ye l  tow b i r c h  [Betula -- a l l  eghaniensis  B r i t t  .) -- p a r t i c u l a r l y  i n  p l an ta t ion -  
grown trees (Clausen 1973b). In t h i s  paper I r epor t  observat ions and da ta  
Uken  i.n our f i r s t  progeny t e s t  with t h i s  spec ies .  

METHODS 

Seedlings were grown i n  a nursery  a t  Rhinelander, Wisconsin a s  previous ly  
described QClausen l373a) using open-poll inated seed of 10 t r e e s  from each 
of  21 s tands  represent ing  a  wide geographic range ( t a b l e  1 ) .  In t h e  sp r ing  
o f  1972: when t h e  seedl ings  were 4 years  old,  a  p l a n t a t i o n  was es t ab l i shed  
near Lake Tonahawk i n  Oneida County, no r th -cen t r a l  Nisconsin. The s i t e ,  
a former po ta to  f i e l d  and pas ture  on Padus sandy loam, was c l ean -cu l t iva t ed  
before p l a n t i n g ,  It was c u l t i v a t e d  through the  summer of 1975 and l a t e r  
moved. The p l a n t a t i o n  o r i g i n a l l y  contajned 8 progenies each o f  16 s tands  p l u s  

4 1  Pr inc ipa l  P lant  Gene t i c i s t ,  USDA FQrest Serv ice ,  North Central  Forest  -. 
Ewerimen$ S t a t i o n ,  I n s t i t u t e  of  Forest  Genetics,  N i n e l a n d e r ,  Wis. 54501. 



Table I , - -  

Stand : Location Number o f  
No -- Origin Lat. : Long. f a m i l i e s  

-I__--- 

deg . deg . 
3241 Nova S c o t i a  46.6 60.5 
3063 Nova Sco t i a  44.1 65.8 
3056 New Bmnswick 47.4 65.2 
2998 Quebec 48.2 70.2 
3000 Quebec 47.5 75.0 

3004 Ontar io  46.7 79.6 
3309 Ontar io  47.5 84.8 
2977 Maine 44.8 68.6 
2986 N e w  Hampshire 43.5 71.4 
2971 Massachusetts 42.7  73.2 

331 2 Pennsylvania 41.6 78.7 6 
3299 Vi rg in i a  37.8 79.1 5 
2959 North Caro l ina  35.7 82.3 
2973 

4 
Georgia 34.8 83.8 5 

2983 I l l i n o i s  41.9 89.4 9 

2962 Wisconsin 44.9 
4340 Wisconsin 45.6 
2968 Wisconsin 46.5 
2987 Michigan 47.0 
2967 Minnesota 47.8 
2964 Minnesota 44.2 

------ -- 
Tota l  155 



3 progenies each o f  4 s t ands  in 8 and 6 replications, respect ively .  
Because many seedlings died the f i rs t  year due t o  heat, la te  frost and 
disease, the surviving plants were consolidated into 4 b%scks &I$ 
supplemented with  rcpkacement p l a n t s ,  Additional families w i t h  small 
numbers o f  seedl ings  were used a; border trees and are t h u s  imreplicated.  
A t  present, t h e  surviving number of families ranges from 4 t o  10 per s t a n d  
and t o t a l s  15% [ table 11, 

trec.; were ehcckcd far- the presence of f r u i t i n g  ca tk ins  i n  the 
autumns of 1974, 1975, and 1976 and catkins were col.lected when present .  
The nmber  o f  seeds per c a t k i n  was determined in up to 20 catkins per tree 
for the 1975 seed crop- Germination was tested i n  seed  samples of a l l  trees 
bear ing  fruit i n  1974 and 1975. Male catkins, which in b i r c h  appear in the 
fall bur d o  n o t  shed po l l en  until the fsPkewing sp r ing ,  were cra~mtesrr! oar a l l  
flowering t rees  when present. The aamber o f  female floweriw catk ins  per 
tree was cs~lneed in the spring of 1996- 

RESULTS AND DISCUSSION 

Age o f  -- ,--Female flowering Regan when t h e  trees  
were 6 years o ld  from seed (Clausen 1975). At the end of t h e i r  seventh 
growing season [fall 1994) 0 - 5  percent o f  the su rv iv ing  trees had fruiting 
c a t k i n s  [table 2). Male ca tk ins  first appcared i n  t h e  fall 06 1975 when 
3,R percent sf t h e  t rees  produced seed and 0 - 7  percent had male c a t k i n s  
( table 2 1 ,  One-hal f of the t r e e s  w i t h  males also produced female flowers 
in t h e  s p r i n g  o f  I974 m d  i n  addition, 2,8 percent o f  the  trees had female 
c2tkins only  [ table  2) br ing ing  the proport ion o f  trees with female ca tk ins  
a t  t h i s  time to 3,2 percent, E i g h t  t rees  with  female flowers in the spring 
o f  1976 failed to develo? mature c a t k i n s  so only 67 t rees or 3.8 percent had 
f r u i t i n g  ca tk ins  t h e  following audmn (tabbe 2) * i4ore t han  one-tlalf o f  these 
t rees  also produced male c a t k i n s  and an addi t ional  5 , 0  percent a f  t h e  trees 
had males only, A t  the most recent count, the  proport ion s f  "r;rees w i t h  male 
c a t k i n s  t h u s  increased to 7-0 percent 

Trees of no r the rn  origin began to bear seed at an earlier age than those  
s f  sornthem origin, With t h e  exception of one tree from Illinsis and one 
from southern Minnesota, a%% f r u i t i n g  erees in 1974 were of  nor thern  o r i g i n  
( l a t i t u d e  4 5 ' ~  or above). The 12 nor thern  s tands  produced an average of  
4- 7 f r u i t i n g  trees per stand in 1975 covared  with 3 - 8  trees for the 
9 s o u t h e r n  s t ands .  In  1996 t h e  averages were 3 e 5  and 2.8 trees, respectively- 
The d i f ference  between t h e  two groups was less pronounced in t h e  sp r ing  o f  
19 76 \when t h c  northern s tands  averaged 5, "7'trees w i t h  fentale ca tk ins  and t h e  
so~~ther~a .~ . ,  s t a n d s  averaged 3-4 trees I The nmber  of trees per  stand th7ith male 
catkins was about equal i n  t h e  two groups i n  the fala o f  1995 bu t  averaged 
6.6 trees in t h e  no r them s tands  and only 4 .9  trees i n  the southern s t ands  
i n  t h e  fa49 of 1976- Thus, t rees  sf northern o r i g i n  abso appear t o  produce 
male c a t k i n s  at an earlier age than those o f  southern origin. 

Varia t ion  mong Stands and Families,--In 19?$, t h e  f i r s t  year that seed 
was produced-s on1 y 9 stands were represTnted but  the nmber  of stands w i t h  
seed-bearing t rees increased to 20 the fol lowing y e a r  ( table 3). Thus, by 
t h e  time the trees were 8 years o l d  from seed ( f a l l  1975), at %east one t r ee  
ffom each o f  t h e  21 s tands  h a d  produced seed. In 1976, 67 t rees  from 19 stands 
bore seed, Siai1-i Tar ly ,  the n m b e r  o f  s tands  w i t h  male catkins increased 



Table 2 .  -- 

I/ 
Number of  Trees with catkins- 

No. l i v e  
t r e e s  
1 976 

7077 2 1  
MI- - 

Total  13 9 83 7 8 6 7  8 8 8 3 2  35 1756 

1/  M - malt; F - female - 
Note t h a t  male ca tk ins  present  i n  t h e  f a l l  represent  next yea r ' s  crop. 

Border t r e e s  obtained from To Nursery, Watersmeet, Michigan. 



Table 3. --Number of f ami l i e s  with flowering o r  f r u i t i n g  
t rees  by o r i g i n ,  year ,  and season. 

Stand 
No. - : Origin : Female Male : Female Male : Female Male : Female M ~ P &  

Tot  a1 1 2  - 5 f  (5) 13 48(7) 13 45 (30) 70 

1/ Figure i n  parenthes is  = number of fami l ies  with t r e e s  having both - 
female and male ca tk ins .  



from 1975 t o  1976 and those w i th  both female and male catkins also rose 
from 5 in the fall o f  1975 to 15 in the fall o f  1976 (table 3 ) .  

Variation among the stands in the nmber  of fmilies with flowering 
o r  fruiting trees followed the geographic pattern described previously. 
The average number- of f m i l i e s  w i t h  female c a t k i n s  was ccnsis-tently higher 
in the 12 northern stands than in t h e  9 sowhem stands. me n u a e r  af 
f a m i l i e s  with male catkins  again differed l i t t l e  among the t w o  groups 
in rhe fall of 1975 but showed a similar north-south difference i n  t he  
fa19 of 1976. 

ost one-%bird o f  the families have borne seed so far (table 31, 
r of f r u i t i n g  families per stand ranged from none t o  3 i n  1974 and 

up t o  5 i n  the other t w o  years, Because 8 trees t ha t  had female fliowers 
i n  the spring o f  1976 d id  not set seed, three f m i l i e s  with fenale flowers 
were not represented among the  f m i t i r t g  families i n  the fall (table 3 ) *  
me nmber  of f m i l i e s  w i t h  hale flowers increased from 13 i n  1975 ts 70 i n  
I976 ar t a  about 45 percent sf the families, Similarly, t h e  highest  nuber  
of  male-flowering families per stmd rose from 4 t o  8 in the same period 
(table 3) a 

Variation wi th in  Families,--me nmber s f  Elowering o r  f m i t i n g  trees 
per family has varied wi th  years, s tands and families. In 1974, two trees 
sf family 2967-4 from northeastern Mimesota bore seed, while the  other 
11 fmilies had mPy one f m i t i n g  tree each, following year moSt 
families had e i ther  one or two fruiting trees each but 5 families had three 
{table 41, In addition, faaily 2962-8 from northeastern Wisconsin had 
4 f r u i t i n g  trees, f m i l y  2964-7 from southern Minnesota had 6, and family 
2987-4 from Boughton County, Michigan had 12, The last f m i l y  was also 
an exception in having 4 trees bearing mle catkins tha t  year (table 4). 
In the spring o f  1976, 42 fmilies had one or two trees each with female 
flowers, 4 had three trees each, and 2 had four trees ea&, 2987-4 was 
again i n  t h e  Iss"%.grarmp as was family 2983-6 from northern Illinois. Of 
the  families p~oduc ing  seed in t h e  fall o f  1976, 91 percent had one o r  two 
fruiting trees per f m i l y  and 3 f m i l i e s  had three trees each (table 4). 
Only 2987-4 had 4 seed-bearing trees, The same E m i l y  was also the only 
one t h a t  had 7 trees with male catkins.  Another p r o l i f i c  family, 2964-7, 
had 5 trees with males as d id  family 2968-15 from northwestem bfinnesota. 
Two families had four trees each and 8 fmilies had three trees each but 
again, t h e  greatest proportion o f  the f m i l i e s  had only 3 ar 2 flowering 
trees (table 4) , 

Number of fruiting catkins per tree has varied great ly  but shows some 
inerease with t i m e .  Although most trees had less than 10 c e k i n s  the  first 
year, one tree each had 84, 21, 44, and SB catkins (table 5).  PR 1975 most 
trees Xsad 25 or less cab;kins but 9 trees had greater nmbers wi* a maf inrum 
of 196, APfhsugl; I0 erees had more than 25 female ca tk ins  i n  the spring of 
2976, abortisn sf catkins reduced the nmber of trees i n  t h i s  group to 5 by 

Thus, the tree t h a t  had 429 female c a k i n s  in the spring pro- 
dldced only 188 matarre cazkiws. Nunber of male catkins per tree has increased 
markedly from one year to the next ,  Pw 1975 t he  maximum nmber of male ca tkins  
found on one tree was 57 but in 1976, 27 percent o f  the trees had over 100 
catkjns and one tree had as many as 1379 (table 5) * Certain stasrds and 



Table 4.--Frequency d i s t r i b u t i o n  of  f ami l i e s  
with flowering o r  f r u i t i n g  t r e e s .  

---_1___1_- 

Number of Trees p e r  Family 

Season 1 2 3 4 5 6  7 12 T ~ t a l  ------- 
Number of Families 

Female ca tk ins  -- 
F a l l  11974 11 1 1 2  
F a l l  1975 33 10 5 1 - 1 - 1 51 
Spring 1976 29 13 4 2 48 
F a l l  1976 28 13 3 1 45 

Male ca tk ins  

Fa11 1975 12 - - 1 13 
F a l l  1976 40 17 8 2 2 - 1 70 

Table 5. --Frequency d i s t r i b u t i o n  of 
f lowering o r  f r u i t i n g  t r e e s .  -- 

Number of Catkins p e r  Tree 

1- 11- 26- 51- 101- 201- 301- 401- 
Season 10 25 50 100 200 500 400 -- 500 500+ Tota l  Range 

Number of Trees 

Female ca tk ins  

F a l l  1974 9 2 1 1  
F a l l  1975 61 20 5 3 1 
Spring %976 55 10 5 4 - - - 1 
Fa11 1976 55 7 3 1  1 

Male ca tk ins  

Fa l l  1975 9 3 3 1  16 1-57 
F a l l 1 9 7 6  30 19 25 16 16 8 4 4 1 123 1-1379 



families appear t o  contain more p ro l i f i c  trees than others.  For example, 
the t r ee  t h a t  had 429 finnale catkins and 188 f r u i t i n g  ca tk ins  i n  1976 
belongs t o  f m i l y  2968-1 from northeastern Wisconsin, while the  tree 
with 196 f m i t i n g  catkins i n  1995 and the  one with 1379 male ea tk ins  
i n  1976 both belong t o  family 296845. 

Transplanting tends t o  increase flowering in many p lan t s .  The re- 
placement and moving of  trees that took place i n  t h i s  p lan ta t ion  could, 
therefore ,  have influenced earliness of flowering. O f  t he  13 trees 
t h a t  f r u i t ed  i n  1974, 11 had been replaced i n  1973 and 2 were trans- 
planted in 1974. However, i n  the following years t h e  f l m e r i n g  and 
f r u i t i n g  trees from different years o f  planting were i n  about equal 
proportions, mus, 14, 1 2  and 12 percent of t h e  trees planted i n  1972, 
1973, and 1974, respectively, have flowered o r  f r u i t ed .  Transplanting, 
therefore, seems t o  have had l i t t l e  e f f e c t  on e a r l i n e s s  of flowering 
i n  t h i s  plantation, 

.--Effective seed y i e l d  depends not only 
on the number of seeds per f ru i t i ng  catkin but a l so  on seed quality. The 
number of seeds per ca tk in  i n  t h e  1975 seed crop varied among stands,  
families, m d  trees (table 6). Tfiirteen families averaged less than 100 
seeds per eatk ins ,  30 families had between 100 and 200, and 7 families had 
more than 200. Because 34 f m i l i e s  were represented by only ane tree each, 
information on within-family var ia t ion is  l imi ted .  However, among the  
9 families wi th  2 trees per family, t h e  difference between t r e e s  ranged 
from 2 t o  12% percent of the  mem, o r  i n  t h e  l a t t e r  ease frm 44 t o  238 
seeds per eatkin ,  Within the 4 families with 3 trees each, t h e  difference 
among trees rmged  from 97 t o  121 percent o f  the  mean and i n  t h e  f m i f i e s  
w i t h  6 and 11 trees each, t h e  difference mounted t o  132 and 194 percent ,  
respectively. Thus, t h e  within-family variation appears, not unexpectedly, 
t o  increase w i t h  family s i ze .  O f  the  85 individual  t rees sampled, 33 per- 
cent had less than 100 seeds per catkin,  49 percent had between 100 and 
200, and 18 Ijercent had more than 200. The extreme tree averages were 
18 m d  297 seeds per ca tk in .  Variation among catkins within a tree was 
noted but appears t o  be: less than tha t  among firees. The hig'nest number 
of seeds f o n d  i n  a e a t k i n  was 305. 

Seed q u a l i t y  has s o  far  been rather poor and could be a se r ious  problem 
unless i t improves in t h e  fu tu re .  Due t o  heavy-metal poisoned perlite, 
geminat ion t e s t s  of t h e  1974 seed collections had t o  be repeated, but  there 
was not  ensugh seed o f  4 trees f o r  the second tes t .  Seed of t he  remaining 
9 trees had frm 10 t o  61 percent germination w i t h  only one t ree  having 
l e s s  than 30 percent, 

I n  general, germination o f  t h e  8975 seed crop was poorer than i t  was 
t h e  previous year. The average geminatinn percentage ranged from 0 i n  
5 families and less than 10 percent in 26 families up t o  38 percent i n  
family 2983-6. O f  the  85 trees, 8 had no germination, 44 had 10 percent o r  
l ess  and 31 had between 11 and 90 percent, Only two trees with 31 and 62 
percent germinat ion,  respectively, exceeded t he  30 gercent level.  In contras t ,  
geminat ion percentages exceeding 98 percent are comsn i n  yellow bi rch  i n  
goad seed years QG%ausen 1973b). 



Table 6. --Average number o f  seeds per 
catkin i n  1975 seed crop. 

: Mean no. seeds 
Stand Nwnber of  Samples per  catkin 

No. Origin : Families r Trees : Catkins : Families : Trees 

Total 

Range 



Same of the pour seed quality may be due t~ phenalogical prsdblens. 
FOP example, the lack a f  gemination i n  the seed of t h e  two trees f r o m  
Georgia (stand 2973) is  probably due t o  the fact  t h a t  these trees flower 
la ter  than most o f  t h e  o ther  t rees  i n  t h e  p lanta t ion and thus are l ike ly  
not t o  be pollinated, Trees of other  southern o r i g i n s  such as North 
Carolina s t m d  2959 and V i r g i n i a  s t m d  3299, tend ts be Pate-flowering 
and may also be out 06 phase with the majority o f  the trees. mey have, 
i n  f a c t ,  only produced seed o f  very poor qual i ty  so far.  

Poor gemination may s i q % y  refleet a Pack o f  f i l l e d  seed, How mch 
of t h e  seed was f i l l e d  i n  the two years is mknown but  w e  intend t o  cheek 
on t h a t  i n  eke c m i n g  years by mans rsf X-ray photography, me= relaeively 
poor see6-2 q u a l i t y  i s  possibly due to a lack o f  pollen.  None a f  t h e  test 
trees produced male catkins i n  the  spring sf 1975 so t he  pollen had t o  cone 
from t h e  surromding area h e r e  yellow b i r d  is  n e i t h e r  verpl close nor very 
cornon. Simi lar ly ,  t h e  nmber s f  male catkins present in t he  spr ing s f  1976 
was t oo  small ta ensure adequate pollination. me qualiLy of the current 
seed crop, which h a s  slot yet been tested, may, therefore, a h o  be p a r ,  
The large nmber of male catkins present  t h i s  fa l l  should, however, produce 
an abundance s f  pollen next spacing, Assming t h a t  w s  a lso  have a good crop 
o f  female f lowerr ,  which seems l i k e l y  af ter  last s era s drought, and a l so  
escape inelenrent weather during the  flowering period, the  quality of next 
year's seed crop should inprove, If i t  does not,  we will  have to look for 
other causes of Xw seed quality. 

The f a c t  t h a t  yellow birch  is  capable s f  producing viable seed at age 7 
a d  male flowers at age 8 i s  an encouraging indica t ion  t h a t  seedling seed 
orchards should worili we19 with t h i s  species. I t  a l s o  means t ha t  we should 
be able t o  start two-parent pragerny tests f a i r l y  quickly and move on t o  
second generation selection and t e s t i ng  without a long delay i n  time. 

h o t b s  encouraging f ind ing  i s  t h a t  we can expect substantial seed crops 
on trees less than  10 years old,  Since almost ane-half of  the trees studied 
bad between 100 and 200 seeds per catkin, i t would seem safe t o  use these  as 
average figures,  mus, a tree wi th  180 ca tk ins  can easi ly produce b e t ~ e e n  
10,000 m d  20,800 seeds, Although catkin s i z e  i s  known to vary greatly mmg 
individual yellow birch trees {@%ausexli $9681, we d o n 2  know whether the n 
of seeds per c a t k i n  depends on catkin size, Lf we can demsnstrate such a re-  
la t ionship  as t h i s  study cmtinues,  we might be able t o  increase seed y i e l d  
by s e l e c t i n g  t rees  w i t h  larger catkins.  

E f f e c t i v e  seed y i e ld  remains a problem due t o  t h e  poor seed q u a l i t y  but 
that  may i q r o v e  w i t h  t h e  expected increase i n  pollen p r o h e t i o n  in future 
years. A t  %he Lake Tomaawk test loeatim, it i s  marent that trees of 
nor thern  o r ig in  tend to flower earl ier  and more profusely than those of southern 
o r ig in .  It i s  a l so  clear tha t  certain families and certain trees are m r e  pro- 
l i f i c  than  others. We will continue ta study t h e  trees i n  t h i s  prageny t e s t  
i n  order t o  see whether these var ia t ion patterns will change with time. 
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