


The Lake S t a t e s  Fores t  T r e e  Imprsvement Corn~lt%ee a n d  semiiar 

groups  i~ other r z g i o ~ s  are p l a y i n g  ac important r o l e  in e7- 
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ther the work sf t h i s  C o r n w l t t e e ,  A c c ~ r d i ~ ~ g l y  we are happy to 

p ~ l b k i s h  " c ~ s  Prccesdausgs o f  the T 5 i r d  L a k e  * S t a t e s  Forest, Tree 

Improveaent G o ~ i f e r e ~ ~ c : ~ ,  as w e  d i d  rC3r ti?e p r e c e d i n g  two con- 
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The Third Lake S t a t e s  Forest Tree Iaprovement Conference cul- 
minated t he  ac t2v i t i e s  of the  Lake S t a t e s  Forest T r e e  Improve- 
ment Cornit tee and offered an opportmity  t o  report  on com- 
mittee work f o r  the  past  bienaim,  I t  a l so  provided an impor- 
t a n t  means f o r  the  Cornit tee to me% its m ~ o r  ob~ect ive-- the  
encouraging and coordinating of fo res t  t r e e  improvement a c t i -  
v i t i e s  i n  the  region, The Proceedings makes the  Conference a 
m t t e r  o f  record availabbe t o  all6 who are  in teres ted i n  reading 
it, and the  Conanittee i s  indeed gra te fu l  t o  the  Lake S ta tes  
Forest Experim,en% S ta t i sn  f o r  publishing i t e  

A conference such as t h i s  one always e n l a i l s  ;a great  dea1"ra.f 
work fo r  many people, We should l i k e ,  thereffore, t o  acmow- 
ledge some of the  major contributions made toward t he  succes; 
of our meeting, The conference was arranged largely  by Paul 
0, Rudolf, Scott  Pauley, 2, A ,  Zasada, and your Chaiman, The 
University of Mf,mesota's North Central School and Experiment 
Sta t ion provided the  meeting place,  F ina l ly ,  our specia l  ap- 
precia t ion is extended t o  those wba par t ic ipated i n  the  program, 
especia l ly  those who came from other  regions t o  meet wieh us, 
In a la rge  measure, the success of the  conference res ted on 
t h e i r  cooperation i n  preparing and presenting papers and i n  
leading discussfons, 
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THIRD MKE STATES FOREST TREE IWROVEmNT COWERENCE 

September 17-18, 1957 

APPLYING FOREST TREE IWROVEmNT PWCTICES 
I N  TKE LAME: STATES 

F o r e s t  Tree Inprovement--First t h e  Seed 

The i d e a  o f  us ing  good q u a l i t y  seed a s  t he  source of s t ock  f o r  r e f o r e s t a -  
t ion  h a s  long been advocated* European f o r e s t r y  i s  r e p l e t e  wi th  examples 
of t h e  d e s i r a b i l i t y  o f  c a r e f u l l y  s e l e c t i n g  t h e  seed source f o r  p l a n t a t i o n  
f o r e s t r y  Sweden has a vas t  f o r e s t  i ndus t ry  dependent upon rnaximm vol- 
ume product ion ,  A s  such,  Sweden i s  u t i l i z i n g ,  wherever p o s s i b l e ,  seed of 
t h e  highest  q u a l i t y  t o  f u r n i s h  t h e  s tock  f o r  r e f o r e s t a t i o n  work, These 
p r a e r l c e s  a r e  not advocated;  they a r e  a  must and a r e  s t r i c t l y  enforced ,  
Similar programs exist i n  Germany* Denmark, Norway, e t c  

In t h i s  country too, prominent f o r e s t e r s ,  c o n s e r v a t i o n i s t s ,  p l a n t  breed- 
e rs ,  and o t h e r s  have advocared t h e  use of seed of known and d e s i r a b l e  
o r i g m  I n  r e f o r e s t a t i o n  programs* F a i l u r e  t o  heed t h e i r  warnings has  re -  
slzltesf i n  losses of both time and money t o  t h e  f o r e s t  i ndus t ry .  Concur- 
r e ~ t  wi th  these losses have been t h e  a d d i t i o n a l  l o s s e s  r e s u l t i n g  from 
continued e x p l o i t a t i o n  o f  n a t u r a l  s t ands  which represen ted  p o t e n t i a l  re- 
s e r v o i r ~  of both seed and germ plasm, 

Tn- the South? a n m b e r  af Sores t  t r e e  seed product ion a r e a s  have been 
esLa bf i shed, Stare, F e d e r a l ,  and p r i v a t e  i n d u s t r i a l  a r e a s  have  bee^ set 
a s i d e  Icr seed p r ~ d r a c t i o n  iri Texas,  M i  s s i s s i p p i  , Georgia,  Flori.da , A h -  
b a m a ,  and N o r t h  Ca ro l ina .  IJszdsubkdly t h e r e  a r e  o t h e r  a r e a s  which a r e  
cs~f ,empl~ . f ,ed  er which  hawe been e s t a b l i s h e d  r e c e n t l y ,  

IF cons ider ing  t h e  sl tua%,i.sn i n  t h e  Lake S t a t e s ,  it can be s a i d  t h a t  t h e  
best se,ands s f  many of our  indigenous spec i e s  a r e  now probably gone, We 
mus? be s a t i s f i e d  f o r  t h e  p re sen t  wi th  having *Q l a b o r ,  i n  most cases, 
w i 5 h  remnan%s F u r t h e r ,  no t  a l l  of t h e  remaining v i r g i n  o r  good second- 
grow*h sxands a r e  i n  t h e  p u b l i c  domain, General ly  t h e s e  a r e a s  do not  

I /  Forester- in-Charge,  F o r e s t  Genet ics  Research, Univers i ty  of W i s -  - 
eoasin, Madison? W i s ,  



involve l a r g e  acreages ,  They a r e  not a l l  of the  bes t  type ,  do n o d  form 
pure s t ands ,  and o f t e n  l ack  proper i s o l a t i o n  f o r  seed product ion,  Many 
of t h e  p l a n t a t i o n s  now a t t a i n i n g  t h e  age f o r  seed productions can be used 
only a s  a l a s t  r e s o r t  a s  seed sources because of t h e i r  m k n o m  seed o r i -  
g i n ,  

Recognizing these  f a c t s  and t h e  need f o r  i m e d i a t e  a c t i o n  t o  in su re  Ghat 
our  f u t u r e  f o r e s t s  w i l l  be of t h e  bes t  genet ic  q u a l i t y  poss ib l e ,  t h e  Genet- 
i c s  Department of t h e  Universi ty of Wisconsin i n  1952 reconamended to t h e  
Wisconsin Conservation Department t h a t  a program f o r  t h e  C e r t i f i c a t i o n  of 
Fores t  Tree Seed be e s t ab l i shed ,  This  proposal was not ac t ed  upon u n t i l  
1956 when, i n  November, t h e  Wisconsin Conservation Department i n  coopera- 
t i o n  with t h e  Univers i ty  of Wisconsin undertook a program f o r  t h e  Ver i f i -  
ca t ion  of Fores t  Tree Seed i n  Wisconsin. I would l i k e  t o  d i scuss  b r i e f l y  
with you t h i s  general  p l an ,  

The program was s e t  up under t h e  following t h r e e  general  ob jec t ives :  (1)  
An adequate number of f o r e s t  s tands  and p l a n t a t i o n s  should be s e l e c t e d ,  
reserved ,  and managed a s  seed production a r e a s ,  (2) Seed derived from 
these  seed t r e e  r e se rva t ions  should be separa te ly  c o l l e c t e d ,  ex t r ac t ed ,  
and grown i n  n u r s e r i e s ,  and t h e  r e s u l t i n g  s tock d i s t r i b u t e d  f o r  p l an t ing ,  
( 3 )  An adequate system of seed orchards of t h e  more important f o r e s t  t r e e  
spec ies  should be e s t ab l i shed  t o  provide seed of proven gene t i c  value f o r  
f u t u r e  r e f o r e s t a t i o n ,  

Let us  consider  each of t hese  ob jec t ives  i n  a l i t t l e  g r e a t e r  d e t a i l ,  

(1)  An adequate number of f o r e s t  s tands  and p l a n t a t i o n s  should be 
s e l e c t e d ,  reserved ,  and managed a s  seed production a r e a s  

Sca t te red  spar ingly  throughout c e n t r a l  and northern Wisconsin a s  well  a s  
i n  o t h e r  p a r t s  of t h e  Lake S t a t e s  a r e  s tands  of v i r g i n  and good second- 
growth f o r e s t  t r e e  spec ie s ,  These s tands  a r e  both p r i v a t e l y  and publ ic ly  
owned, On t h e  pub l i c ly  owned s tands  f u l l  cooperation regarding measures 
t o  be taken t o  convert c e r t a i n  of these  a r e a s  t o  seed t r e e  r e se rva t ions  
i s  expected, I t  i s  hoped t h a t  purchase, l e a s e ,  o r  harves t  r i g h t s  can be 
obtained on p r i v a t e  lands  t o  u t i l i z e  t h e i r  seed crops ,  The loca t ions  of 
some of these  a r e a s  a r e  knom a l ready t o  us ,  and mdoubtedly a d d i t i o n a l  
a r e a s  w i l l  be brought i n t o  t h e  program a s  they a r e  f o m d ,  The a s s i s t a n c e  
of Federa l ,  S t a t e ,  and i n d u s t r i a l  f o r e s t e r s  i n  l o c a t i n g  and recording 
these  a d d i t i o n a l  a r e a s  i s  sought,  Universi ty of Wisconsin Tree Xmprove- 
ment P ro jec t  personnel w i l l  arrange t o  meet with t h e  f o r e s t e r s  on t h e  
proposed a r e a s ,  The work t o  be c a r r i e d  out  f o r  t h e  conversion of each 
a rea  would be d.iscussed on t h e  spot i n  order  t o  proper ly  appra i se  and 
prepare each a r e a ,  

Let us  consider  a hypothe t ica l  case f o r  each t m e  of o m e r s h i p ,  The 
boundary of a d e s i r a b l e  s tand  on S t a t e  o r  Federal  lands  would be c l e a r l y  
marked, I n  some cases  an i s o l a t i o n  f3trip would be necessary a r o m d  t h e  
des i r ed  a r e a .  This too  would be designated,  Then the t r e e s  t o  be removed 
would be c a r e f u l l y  marked, Crooked o r  misshapen trees would be removed, 
Insec t  i n f e s t e d  o r  diseased t r e e s  would be marked f o r  c u t t i n g .  Tree form., 



r a t e  of grow.t;h, f e c u n d i t y i  spa,cing,  e t c , ,  would a l s o  be considered i n  se -  
l e c t i n g  t h e  i n d i v i d u a l s  t o  be l e f t  a s  seed t r e e s  

I n  p l a n t a t i o n s  of known seed o r i g i n  e s s e n t i a l l y  t he  same procedures would 
be fo l lowed ,  Here ,  however, we may exper ience  grea . ter  e a s e  i n  management 
because of even a g e ,  spac ing ,  and f avo rab l e  crown t y p e s ,  Only a s  a l a s t  
r e s o r t  should p l a n t a t i o n s  of  unknown seed source  be  used '  These p l a n t a -  
t i o n s  should a l l  have a - t t a i ned  t h e  a.ge which would a l l ow  f o r  t h e  f i r s t  
c u t  of a  merchanta.bLe product  ( pu lp ,  box b o l t s ,  p o s t s ,  p o l e s ,  e t c , ) ,  
Th is  g i v e s  some a.ssurance t h a t  t h e  par t , i cu la r  seed source  1s adapted t o  
l o c a l  growing c o n d i t i o n s  and t h a t  o f f s p r i n g  a r i s i n g  from t h i s  seed source  
probably would produce s u f f i c i e n t  h i gh -qua l i t y  p l a n t a t i o n  growing s ~ o c k  
i n  t h e  f u t u r e  t o  war ran t  i t s  use ,  

Fol lowing t h e  s e l e c t i o n  and p r e p a r a t i o n  of t h e  a r e a ,  management p ra .c t i ces  
would be conducted t o  encourage i nc r ea sed  and su s t a ined  seed p roduc t i on ,  
Such procedures  ass growth r e t a r d a t i o n  by mechanical  means and f e r t i l i z a -  
t i o n  would be used ,  

On p r i v a t e l y  owned l ands  t h e  a rea  e i t h e r  would be purchased o r  l e a s e d ,  o r  
cone h a r v e s t i n g  r i g h t s  would be o b t a i n e d ,  I n  t h e  l a t t e r  c a se  i t  would be 
necessa'ry a l s o  t o  obta.in permiss ion  t o  p r epa re  t h e  a r e a  f o r  seed produc- 
t i o n  accord ing  t o  p r e s c r i b e d  s t a n d a r d s ,  I n  a d d i t i o n ,  management p r a c t i c e s  
would have t o  be c l e a r l y  d e f i n e d ,  I t  i s  recognized t h a t  t h e s e  a r range-  
ments might he d i f f i c u l t  t o  make i n  some c a s e s ;  however, t h e r e  a r e  a num- 
be r  of such a r e a s  t h a t  have seed t r e e  r e s e r v a t i o n  p o t e n t i a l s  and a s  such 
should be u t  il l zed 

Another possibility exisks f o r  t he  use  of p r ivaLely  owned a r e a s ,  Owners 
of  t h e s e  a r e a s  could be con t ac t ed  and t h e  program o u t l i n e d  t o  them. 
Should they  f e e l  t h a t  khey would no t  want t,o l e a s e  f'he area o r  g r an t  ha r -  
v e s t  r i g h t s ,  they might i n s t e a d  be induced t o  c a r r y  out. on t h e i r  l ands  
t he  necessa ry  c u l t u r a l  o p e r a t  i on s  t o  q u a l i f y  ? ,he i r  -stand f o r  i n c l u s i o n  a s  
a p r i v a t e l y  omned and managed seed t r e e  rese rva? , ion ,  Cones de r i ved  under 
superv i  s i o ~  from +,hese a r e a  c: then might be brought, int,o the  p rogran ,  

( 2 )  Seed de r i ved  from t h e s e  seed  reservation,^ should b e  s e p a r a t e l y  ~ , o l -  
l e c t e d  , e x t r a c t e d ,  and  grown i n  n u r s e r i e , ~ ,  and  ?,he r e s u l t i n g  s t ock  -- --- 
d i s t r i b u t e d  f o r  pla.st:ng ------ 

The procedure  t o  be f o l l o v ~ e d  i n  the c o % l e c t  i o ~  of  cones  i n  t h e  s eed - t r ee  
r e s e r v a t i o n s  undoub5edl y  would vary .  Procedures  used I n  marlure s t a n d s  
might well  vary from those  used i n  p l a n t a t i o n s  and ,  e v e n t u a l l y ,  seed o r -  
c h a r d s ,  I t  will be necessa ry  t o  t e s t  va r i ous  ne+,hods and equipment be fo r e  
dec id ing  on any procedure  Tra ined  cone-picking crews might be employed 
on an hour ly  o r  piecework b a s i s .  They would be under t h e  superv i s ion  of 
a  l o c a l  supervisor o r  would be provided wi th  a f u l l - t i m e  supe rv i so r  t o  
Gravel wi th  them du r ing  t h e  cone-picking s ea son ,  Cones should be bagged 
and p rope r ly  s e a l e d  a +  t b e  c o l l e c t i o n  s i t e  They should then be d e l i v e r e d  
t o  one of  t h e  e x t r a c t o r i e s  f o r  p roce s s ing ,  Again cau t ion  should be exer -  
c i s ed  i n  t h e  handl ing  of t h e  cones by l o t s  so  t h a t  t h e i r  i d e n t i t y  i s  



maintained and t h a t  contamination does no t  occu r ,  The seed t h u s  obtained 
would be des igna ted  "ve r i f i ed  Fo re s t  Tree Seed"? t h e  t e r m  "ve r i f i ed"  i n d i -  
c a t i n g  t h a t  t h e  seed i s  of known o r i g i n ,  I n  a d d i t i o n ,  t h e  seed would be 
t e s t e d  f o r  g e m i n a t i o n  percent  and p u r i t y .  

Much of t h e  Ver i f i ed  Fores t  Tree Seed thus  ob ta ined  would be used by our  
S t a t e  f o r e s t  nurserTes The i d e n t i t y  of t he se  seed l o t s  must be main- 
t a i n e d  throughout t h e i r  nursery  c u l t u r e ,  As  t h e  program develops,  s u f f i -  
c i e n t  seed might be ob ta ined  t o  devote t h e  e n t i r e  f a c i l i t i e s  of one f o r e s t  
nursery  to t h e  product ion of "ve r i f i ed  stock'" The increased  c o s t  of pro- 
curement and product ion of such s tock  could be o f f s e t  by a h igher  p r i c e  
f o r  t h e  s tock  when marketed, 

I t  should be po in ted  ou t  t h a t  t h i s  s tock  w i l l  be "Verif ied" a s  to o r i g i n  
and p u r i t y  o n l y ,  Eventual i n t roduc t ion  of " c e r t i f i e d  Fo re s t  Tree Seed" 
w i l l  fo l low adequn te progeny testing of s e l e c t e d  paren t  trees, T h i s  cer- 
t i f i e d  seed w i l l  be der ived  from seed orchards  e s t a b l i s h e d  f o r  t h a t  pur- 
pose from g r a f t s  of the  s e l e c t e d  and f i e l d - t e s t e d  paren t  t r e e s "  The 
gene t i c  value of c e r t i f i e d  seed w i l l  be known, 

The d i s t r i b u t i o n  of v e r i f i e d  s tock  should correspond t o  seed o r i g i n  i n  so 
f a r  a s  p o s s i b l e ,  That  i s  t o  s ay ,  s tock  should be furn ished  f o r  p l a n t i n g  
on a r e a s  near  t h e  source s f  t h e  seed.  I f  t h i s  i s  not  p o s s i b l e ,  o t h e r  
s tock  should be fu rn i shed  from nearby sources  o r  from sources  w i th in  t h e  
genera l  seed zone where t h e  p l a n t i n g  i s  Lo be done, Since t h e  a c t u a l  op- 
e r a t i o n  of c e r t a i n  phases o f  t h i s  work i s  without p recedent ,  t h e  best, 
procedures  t o  be fal lcwed will have to be worked out  i n  p r a c t i c e ,  

(3) An adeqv;rat.e syslJem o f  seed orchards  of the  more important f o r e s t  ----- 
t ree  s p e c i e s  should be es t ab l i shed  ts provide seed of proven g e n e t i c  ------ P 

v a l u e  fo r  f utalre r e f ~ r e s f ~ a  t;tm ------ 
Simul t aneaus  w i t h  t b r  development of t h e  seed-tree r e s e r v a t i o n  program 
should be another  program d i r e c t e d  toward the  establishment o f  a system 
of seed o rcha rds ,  These seed orchards  uril.1 be c~mposed o f  cloned,  se- 
lected f a r e s t  +rees of various s p e c i e s ,  For Wisconsin, t he  a r e a s  f o r  
t h e s e  orchards  should be i n  the c e n t r a l  and southern p a r t s  of the S t a t e ,  
They s h ~ u l d  have isolat ior:  from o the r  t r e e s  of t h e  same species of a t  
l e a s t  $ t o  $ m r i e  w i t h  g r e a t e r  dl  s t a n c e s  of i s o l a t i o n  more d e s i r a b l e *  
Spacing i n  t h e  orchards s h q c l d  be wide (20x20 o r  24x24 f e e t )  to a l low f o r  
good crown developwr,e~.l: and ease i n  rr~anaging t h e  stand and ha rves t i ng  the  
cone crop Cul t l ~ r a l  prsrc Gices t o  i n s u r e  abmdan t  and continuous flower- 
i n g  w i l l  be c a r r i e d  ot-~t on t h e s e  a r e a s ,  

Success t o  d a t e  with f i e l d  g r a f t i n g  of red  p ine  l ends  optimism to t h e  
p l ans  which c a l l  f a r  t h e  e s t a b l i s h m e n t  i n  Wisconsin of a n  adequate syst,em 
of seed orchards  of red  p ine  w i t h i n  5 t o  1 0  y e a r s ,  We have been a b l e  t o  
gra . f t  sc ion  m a t e r i a l  from o ld  t r e e s  ($0  yea r s  and o l d e r )  octo p l a n t a t i o n  
s tock  r a , n g i ~ g  i n  age from 7 t o  10  yea r s  w i t h  succes s fu l  g r a f t  t ake  f o r  
i nd iv idua l  h o t s  running from 5 t,o 100 percent  and an  average success  of 
50 t o  65 p e r c e n t ,  



The d e t a i l s  of seed orchard  establ ishment  a s  wel l  a s  t h e  development of 
seed t r e e  r e s e r v a t i o n s  have been orait ted from t h i s  d i s cus s ion ,  Each a r ea  
a s  i t  i s  developed w i l l  have s p e c i a l  m e r i t s  o r  requirements and must be 
handled acco rd ing ly ,  F u r t h e r ,  many of t h e  d e t a i l s  w i l l  have t o  be worked 
out  on t h e  a r ea  inasmuch a s  t h e r e  a r e  no p a t t e r n s  t o  fo l low,  

Your a t t e n t i o n  i s  d i r e c t e d  t o  t h e  map which shows t h e  seed zones t o  be 
used i n  Wisconsin i n  t h e  des igna t ion  of seed c o l l e c t e d  under t h e  Ver i f i ed  
Seed Program ( f i g ,  1 ) '  

There you have i t ,  gentlemen. On paper i t  looks goodl This  f a l l  we t r i e d  
t o  make it work, Here a r e  some of t h e  r e s u l t s  t o  da t e - - a l l  very h u r r i e d l y  
assembled and q u i t e  incomplete ,  

Four good second-growth s t ands  of Norway o r  red  p ine  ranging i n  age from 
40 t o  '75 years  were s e l e c t e d  a s  seed- t ree  r e s e r v a t i o n s ,  Three a r e a s  were 
i n  no r theas t e rn  Wiscansin and one was i n  t he  northwestern p a r t  of t h e  
S t a t e ,  Seed trees were marked, consi.deration being given t o  spac ing ,  
t r e e  form, crown development, stand d e n s i t y  a f t e r  undes i r ab l e  t r e e s  were 
remaved, genera l  t r e e  v i g o r ,  branching,  e t c ,  

Next our  e f f o r t s  were d i r e c t e d  toward f i nd ing  c o l l e c t i n g  crews, I t  was 
a n t i c i p a t e d  t h a t  t h i s  might prove t o  be somewhat of a  problem and i t  was, 
C e r t a i n  s t a t e  r e g u l a t i o n s  prevented h i r i n g  anyone Less than  16 years  of 
age ,  We could not  pay on a  piecework b a s i s  because of t h e  l a c k  of s a t i s -  
f a c t o r y  insurance  coverage on t h a t  b a s i s ,  Summer jobs today a r e  p l e n t i -  
f u l ,  h e ~ c e  many teen-agers  a r e  r e l a t i v e l y  "wealthyff by t h e  end of t h e  sum- 
mer. Why then  should they work f o r  u s  p ick ing  cones f o r  $7,50 a  bushel 
when they could wai t  2 weeks longer  and l e t  t h e  s q u i r r e l s  do t h e  c u t t i n g  
a f t e r  which they  could c o l l e c t  these  squ i r r e l - cu t  cones and s t i l l  g e t  
$6 a bushel l Tn r e a l i t y  w e  d id  ge t  some cones,  High school boys did not  
work ou t  s a t i s f a c t o r i l y  f o r  cone c o l l e c t ~ n g  t h i s  yea r ,  Undoubtedly some 
of t h e i r  poor performance, however? was due t o  inexper ience ,  l a ck  of suf -  
f i c i e n t  c l imbing eqr-ripment, and t r e e s  which.  d i d  no t  coOta in  6 bushels  of 
cones each d 

B r i e f l y ,  he re  a r e  a few of t h e  s t a t i s t i c s  a t  t h e  end of the  s i x t h  inlaing* 
We s t i l l  have a few men c o l l e c t i n g ;  consequently t h e  s co re  w i l l  change, 
F ive  experienced p i c k e r s  worked f o r  a  t o t a l  of 116 hours climbing 70 
trees t o  harvesT '754 pounds of cones F igur ing  35 pounds of cones t o  t h e  
bushel i n  t h e  e a r l y  season,  they co l l ec t ed  2 1 , s  bushels  a t  a c o s t  of 
$9,12 a  bushel. a Undoubtedly t h e i r  ha rves t  r a t e  weuld have been g r e a t e r  
had we not  i n s i s t e d  t h a t  they p ick  cones from some exce l l en t  phenotypes 
which were not  f lowering a s  abundantly a s  c e r t a i n  o t h e r  t r e e s  i n  t h e  
st and,  

Most of  t h e  t r e e s  from which t h e  cones were harvested ranged i n  he ight  
from GO t,o 25 f e e t  Three t o  f i v e  PO-foot s e c t i o n s  of a Swedish Cone 
P ick ing  l adde r  were needed t o  e n t e r  t he  t r e e s ,  The men were i n s t r u c t e d  
t o  p ick  i n  t h e i r  t r e e s  u n t i l  such time a s  they  f e l t  t,hey could no longer  
pick cones p r o f i t a b l y ,  They harves ted  f o r  t h e  most p a r t  i n  t h e  upper 
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E, Boscobel State  Nursery 
Boscobel 

Figure 1.--Wisconsin collection zones for verified forest 
tree seed. 



one-third sP %he treess cram, where picking is generally good, A Ban 
e m  remain fn one iposieisn in the upper crown oftea %ar 5 o r  10 minutes 
and bs kep& busy picking a l l  t h t  % i ~ e ,  % h v e  cbrged travel tfae, Lad- 
der erection tinrae, cli~bing L ime,  e % ~ , ,  awinst the per-bushel cos$- 

Lee as con%rast this s i t m t i o n ,  Five hi& scho~h boys3 inexperienced in 
cone picking but pres b%y williag  worker^^ c%imbed, 28 L T ~ B S  in 8 ta%dfil 
o& 30 hours &a co&le@ 0 powds QF 2 1/23 bushels o f  cones, These cones 
east $24,20 a bushel, meg harvested. their cones froa Lhe mfc%&ale one- 
t h i rd  s% the cram and obtained very f e w  cons% per tree, They put in 
their time tkz;aZ day going up aad dam, gekting s i t w t e d ,  breaking of$  
branch t i p s ,  and e~9mpariag ideas on how they were going $0 spend a l l  &he 
money they mde cdllsettng eones fo r  us, Needless to say, their services 
were $s%a;mina&eQ at t h e  end o f  the day, 

rks  %ha% we are discouraged by $he re- 
s u l t s  sf our first atxempt to harvest Vesifxed Tree Seedl Aetu- 
a l l y ,  we did not expect to have the operation go s m ~ o t h l y ,  We anticipated 
Ghat ve would l e a r ~  a great deal but that we would doi so at soas expense, 
We adss secemxee, however, t b t  the nos% Amsignsfieant cost itern in the 
total -2% produceion cost oS forest tree planting stock i s  the cost off 
the seed, Even a doubling or tripling of E h e  i n i t i a l  coat 09 &be seed 
would not greatkg increase the coat od: the final,  planteing stask, In fact ,  
%he i ~ p s o v e d  q u ~ ~ % x d y  0% t h e  seedlLng stock derived from the VeriPied Seed 
might resu l t  in nore vigorous seedlings with leas c u l l ,  thereby requcbng 
the per-wit coaz 02 produet%ow, The infomatisn which we %ill ebtain 
%ram th%s seasoats co%,tec.&ing w f $ X  be odj: great value 2ikn plaming fu&urs 
cone csllb%eetions In  Wkseoaain, Our Verified Forest Tree Seed Pmgmm, 
sl&Bowh a.aa &arts& on a rather aeager scale, i s  s reaLi ty  and will con- 
%%nu@ to grow, 

Viewing the s i t w t i o n  in %he h k e  States, there i s  ad ths present tine a 
barge tree planting progran in progress, Nursery $aeilidies ars being 
expanded sad, utilized La f u l l  capacity,  There i s  a great demnd fo r  
forest tree seed, and unfor%mateLy a hrgh percentage a$ t h i s  seed Xs 
being harves$eQ froa gewe&ia*%lg mdeshxable sources, Is m y  expee$ %ha& 
the gw%i$y 0% the trees i n  Mny o f  %~mrro%~s fares& pkanRa&i~ns sill be 
inferfor ,  Fsrtwately, enough taterest has been generated by tree improve- 
ment resesrekr a e t i v i t f e s  natf~nwidie to insare that &his s iLu%xan ai&l nat 
continue %wde%ini%eLy, L a c a l l y ,  steps are being taken to overcame this 
prlablea through the introduction and use o f  Verified Foreal T r e e  Seed, 
Even though we %a Wiseonsin have had to pay an average pries (a% the end 
of the s ix th  iming) o f  $10,50 per buahef, for OUT" Verf%fed Fore86 Tree 
Seed, t h i s  cost As i m s i w i f i e a n t  iw the ovsaaall m k %  cost 02  psoduc%loa 
of forest t ~ s e  p l m t i n g  s%sek, 1 am confident P h a t  we h v e  Luraed t h e  
corner and are now on %he sight raad: 



Improvement of  Stock Q u a l i t y  i n  t h e  Fores t  Nursery 

The a p p l i c a t i o n  of f o r e s t  t r e e  improvement w i l l  be l a r g e l y  through t r e e  
p l a n t i n g ,  Consequently much of t h e  seed developed i n  seed production 
a r e a s  and seed orchards ,  o r  from spec ia l  s e l e c t i o n s ,  hybr ids ,  o r  o t h e r  
con t ro l l ed  p o l l i n a t i o n s ,  w i l l  be used t o  grow nursery s tock ,  I t  w i l l  be 
e s p e c i a l l y  importan.%, t h e r e f o r e ,  t o  use nursery p r a c t i c e s  t h a t  w i l l  pro- 
duce t h e  l a r g e s t  f e a s i b l e  proport ion of high-qual i ty  p l an t ing  s tock ,  

I t  i s  p o s s i b l e ,  t o o ,  t h a t  seedl ings  of i nhe ren t ly  high vigor  can be se- 
l e c t e d  i n  t h e  nursery and thus provide a sho r t cu t  i n  f o r e s t  t r e e  improve- 
ment, Such s e l e c t i o n  must be based on comparison with o t h e r  seedl ings  
growing under s i m i l a r  uniform condi t ions .  This  implies  good nursery man- 
agement, 

For these  reasons t h e r e  i s  given here  a b r i e f  resume of nursery p r a c t i c e s  
t h a t  a r e  known t o  f o s t e r  t h e  production of high-qual i ty  p l a n t i n g  s tock ,  
Included a l s o  i s  some evidence of t h e  e f f ec t iveness  of t hese  p r a c t i c e s ,  

Grading 

The c u l l i n g  out  of smal l ,  runty ,  i n f e s t e d ,  o r  otherwise d e f e c t i v e  s tock  
i n  t h e  nursery i s  i n  r e a l i t y  an e a r l y  genet ic  rogueing of t h e  p l a n t  ma- 
t e r i a l  and inva r i ab ly  r e s u l t s  i n  b e t t e r  f i e l d  surv iva l  and growth and 
some reduct ion i n  the d i sease  and i n s e c t  p o t e n t i a l ,  I n  a t r i a l  i n  W i s -  
eonsin (17) involving l a r g e ,  medium, and small s i z e s  of 2-0 red  p ine ,  a l l  
from t h e m e  bed, t h e  l a r g e  t r e e s  had 12 .4  percent  b e t t e r  su rv iva l  and 
1 , 3  f e e t  ( 3 5 * 1  percent )  g r e a t e r  average height  than t h e  small s i z e  a f t e r  
10  years  i n  the  f i e l d  The medium-sized trees had an advantage of 8 - 6  
percent  i n  su rv iva l  and 1 - 0  foot  (27,O percent )  i n  he ight  over  t h e  sma,ll 
t r e e s ,  

Even more c o n t r a s t i n g  r e s u l t s  were noted i n  su.rviva1 of 1-0 jack p ine  
graded i n t o  4 s i z e  c l a s s e s  (7), Plan t ings  were made i n  t h e  droughty mid- 
t h i r t i e s .  A t  end of t h e  13tE year ,  f i e l d  su rv iva l s  were about 53 ,  35, 
27,  and 12 percent  f o r  good, f a i r ,  poor,  and c u l l  c l a s s e s  r e spec t ive ly ,  
The l a r g e s t  c l a s s  had an  advantage of 1 .25  f e e t  o r  9,1 percent  i n  average 
he ight  over  the  c u l l  group, 

For white spruce,  s t u d i e s  by Consolidated Water Power and Paper Company 
(3) revealed a 48.3 percent  advantage i n  height  growth (43 versus  29 in-  
ches)  a t  t h e  end of 6 years  in t h e  f i e l d  f o r  "super" seedl ings  represent -  
i ng  t h e  very bes t  of s tock ,  s e l ec t ed  f o r  outs tanding  growth i n  t h e  nur- 
s e r y ,  

1/ S o i l  S c i e n t i s t ,  Lake S t a t e s  Fores t  Experiment S t a t i o n ,  S t ,  Paul 1, - 
Minn 



A p p a r e n t l y  ~ n h e r e n t  g e n e t i c  v i g o r  e x h l b i t s  i t s e l f  a t  a  r a t h e r  e a r l y  s t a g e ,  
identifiable even i n  t h e  n u r s e r y ,  Hence, some g r a d i n g  i n  ?he  n u r s e r y  f o r  
q u a l i t r y ,  based  on s i z e ,  would seem t o  b e  warra .n ted ,  Grading t h a t  removes 
t h e  poores t  5 t o  15 p e r c e n t  o f  s e e d l i n g  s t o c k  and 2 t o  3  p e r c e n t  of  t h e  
t r a n s p l a n i , ~  woi~ld  c e r t a i n l y  seem t o  be a "must ."  

A s  s eed  o r c l i a r d s  of 5 u p e r i o r  o r  p l u s  t r e e s  a r e  e s t , a b l i s h e d  by r o g u e i n p  ~ f  
e x i s t i n g  n a t u r a l  s t a n d s ,  and p l a n t , i n g ~  a r e  made 01 "e1.i 1s" s e e d  o rcha  L.- 3 

of s u p e r i o r  s t r a i n s ,  i t  i s  b e l i e v e d  t h a t  t h e  p e r c e n t  o f  c u l l  i n  n u r s e r y  
stoc1;--now r a t h e r  h i g h  i n  some o f  t h e  run -o f - the -mi l l  c o l l e c t i o n s - - c a r !  be 
subst,qn 1 i a . 1 1 ~  r c ? d u c ~ d  a 

Age C l a s s e s  of  St.ock ------ 

Age c l a s s  of  s toc l<  i s  a  c o n t r o l l i n g  f a c t o r  in  sf,oclc q u a l i t y  and f i e l d  sur- 
v i v a l  , A g c  c l ~ ~ s s ,  of  c o u r s e ,  must be geared  t o  s p e c i e s  and  t o  p l a . n t i n g  
s i t e  condl i,ionn T r a n s p l a n t s  have  shown r a t h e r  c s n s i  s t e n t l y  b e t t e r  s u r -  
v i v a l  than  s e e d l i n g s ,  e s p e c i a . 1 1 ~  i c  whike s p r u c e  (14 )  and t o  some e x t e n t  - 
i n  p i  ( 1 ,  1 The margin  i n  f a v o r  of t r a n s p l a n t s  o v e r  s e e d l i n g s  - - -  
was 29 p e r c e ~ t  f o r  w h i t e  s p r u c e  and 20 p e r c e n t  f o r  red p i n e  i n  a  series 
of  t e s t s  r u n  1x1 Wisconsin  and Michigan (17)  I n  a  number of  p l a n t a t i o n s  - 
a .veraqing 23  i j s a r s  o f  age, Rudolf (1L)  found a v e r a g e  s u r v i v a l  of  2-2 
s tock t o  b e  29 p e r c e n t  compared. t o  only 31 p e r c e n t  i n  2-0 s tock .  

C o n t r a s t  i n  c ,urv iva l  by a g e  c l a s s e s  i s  most l i k e l y  to be l a r g e  I n  drollgbt, 
y e a r s  0:- cpn d i f ' f i c u l  t s i t r e s .  'The a,ge class of stoclr. to be used s h o u l d  b e  
d i c t a t e d  by Porlg-range p e r f o r i v a ~ c e  i n  t h e  f i e l d  a n d  b y  the  g a i n s  a t t a i n e d  
by o l d e r  ? g e  c lasse . ;  o r  t ransp la r? . l , s  when ba lanced  against, t h e  a d d i t i o n a l  
eosl :;. 

Season. of  Sowing 

Season of s o ~ i n g  has a n  e f f ec t  on u l t i m a t e  s i z e  of nursery s t o c k ,  I t  can 
b e  a d a p t e d  a s  a c o n t r o l  t e c h n i q u e  on  t r e e  s i z e  i n  s p v e r a l  w a y s .  For  i n -  
s tance ,  i n  one t e ~ ~ t  o f  some 2-0 ja.ck p i r le  a t  Hugo S a u ~ r   nurse^-y a t  Rhlne- 
l an .de r ,  Wis,, f a l l - sown  t r e e s  had a n  a v e r a g e  f r e s h  we igh t  o f  23.2 grams a s  
compared w i  t .h 5 , 3  gra.ms p e r  spring- SOW^ tree seeded undcllr comparable  con- 
d i t , i o r ; s ;  t !?~ s was a n  i n c r e a s e  of 5 4 . 7  percenr.  ( 1 6 )  Second-year r e d  p i n e  -- 
shows ~ i n i  l a ~  i - es~~l  t s , 

On t h e  o t h e r  harid where s o i l s  a r e  of a h i g h  fertility l e v e l  o r  t h e  grow- 
i n g  season  i s  l o n g ,  e x c e s s i v e  t o p  growth o f  j a c k  p i p e  may be  prever,f ,ed by 
seeding i n  rJune, t h u s  i c  e f  fecf .  r e d u c i n g  t h e  p e r i o d  of groix;th, T h i s  re- 
s u l t s  i n  a 1,-0 a g e  c l a s s ,  whlch i s  i n  be t te r  b a l a n c e  t h a n  2-0 stcck from 
such  n u r s e r i e s  and r a t h e r  c o n s i s t e n t l y  g i v e s  b e t t e r  s u r v i v a l ,  e s p e c ~ a l l y  
f o r  f a l l  p l a n t i n g .  

The a d v e r s e  e f f e c t  o f  p o o r  t o p - r o o t  r a t i o  on f i e l d  s u r v i v a l  h a s  shown up 
i - e p e a t e d l y ,  e s p e c i a l l y  i n  f a l l - p l a n t e d  2-0 j a c k  p i n e  and 3-0 r ed  and 3-0 
w h i t e  p i n e  (la) - 



F e r t i l i z a t i o n  

An ex t ens ive  series of experiments on f e r t i l i z a t i o n  of s tock  i n  Lake 
S t a t e s  n u r s e r i e s  (16) - l e d  t o  t he se  c o n c l u s i o n s ~  

1, The most important  value of f e r t i l i z a t i o n  i n  t h e  nursery  i s  t h e  i n -  
c r e a s e  of p l a n t a b l e  s tock  This  may be a s  much a s  27 t o  40 p e r c e n t ;  
such i n c r e a s e s  i n  percent  of p l a n t a b l e  s tock  a r e  e a s i l y  worth $400 t o  
$600 p e r  a c r e  of nursery  

2 .  Proper  f e r t i l i z a t i o n  i n  t h e  nursery  g ives  a  s l i g h t  but r a t h e r  cons is -  
t e n t  improvement i n  su rv iva l  of f i e l d  p lan ted  s t o c k ;  t h e  advantage 
over  u n f e r t i l i z e d  t r e e s  may be 5 t o  1 0  p e r c e n t ,  

3 .  Proper  f e r t i l i z a t i o n  improves c o l o r ,  v i g o r ,  needle  l eng th ,  and bud 
l e n g t h  

4 .  F e r t i l i z e d  t r e e s  showed g r e a t e r  drought r e s i s t a n c e  than  u n f e r t i l i z e d  
s tock  , 

5 .  Vigorous t r e e s  show more rap id  j uven i l e  growth. 

Trees  t r e a t e d  wi th  balanced commercial f e r t i l i z e r s  involv ing  nj;trogen, 
phosphorus,  and pata  sh usl la l ly  show e x c e l l e n t  growth response when from 
50 t o  100 u n i t s  of each a r e  used pe r  a c r e -  

Composts and hardwood duff  (16,  -- - 2 0 )  app l i ed  a t  around 20 t o  30 tons  pe r  
a c r e  have r e s u l t e d  i n  c x c c l l e n t  response by both coni fe rous  and broad- 
leaved s p e c i e s ,  

Occasions 11 y , do lomi t i c  l imestone i s necessary 'o reduce so i  1 a c i d i t y  
(13) and t o  co r r ec t  de f i c i ency  of calcium and magnesium ( 1 ,  21) ,  - - - 

Laclr of mycorrhizae has ,  on occas ion ,  been 8, bo t t l eneck  i n  t h e  product ion 
of good c o n i f e r  stock,  p a r t i c u l a r l y  i n  p r a i r i e  s o i l s .  T h e  mycorrhizae a r e  
b e n e f i c i a l  furigi t h a t  a i d  i n  a s s i m i l a t i o n  of phosphate ,  po tash ,  n i t r o g e n ,  
and perhaps o t h e r  n u t r i e n t s ,  

I n  experiments run i n  t h e  mid-1930's a t  Oakes and Towner, N, D., s t r i k i n g  
improvements were noted i n  beds of j ack  p i n e ,  Scotch p i n e ,  and spruces  
which had been inocu la t ed  wi th  mycorrhizae e i t h e r  a s  pure  c u l t u r e s  grown 
on bo i l ed  wheat o r  by means of mycorrhiza-rich s o i l  brought i n  from a.n 
o l d  e s t a b l i s h e d  nursery  Our experience wi th  t h e  b e n e f i c i a l  e f f e c t  of 
mycorrhizae on growth of c o n i f e r s  i n  p r a i r i e  s o i l s  was l a t e r  v e r i f i e d  by 
McComb (5) and Rosendahl (9) ,  Our exper ience  a l s o  i n d i c a t e d  t h a t  t h e  s o i l  
pH had to be s l i g h t l y  t o  rnGderately a c i d  t o  permit good growth of t h e  
mycorrhizae.  The s o i l  was t r e a t e d  wi th  a t  l e a s t  114 t o  3/8 f l u i d  ounce 
of su lphu r i c  a c i d  pe r  square f o o t  of seedbed app l i ed  i n  a 2-percent so lu-  
t i o n  wi th  wa te r ,  o r  w i th  a t  l e a s t  1/4 avoi rdupois  ounce of commercial 
grade su lphur  p e r  square f o o t  worked i n t o  t h e  t op  4 inches  of s o i l .  



Seedbed I3ens i . t~  

Seedbed d e n s i t y  i s  an xmportant f a c t o r  i n  s tock  q u a l i t y ,  Dense seeding 
tends  toward s p i n d l y ,  undersized t r e e s  of poor c a l i p e r  and poor roo t  sys- 
tem, They surv ive  poor ly  when f i e l d  p l a n t e d ,  The genera l  p r a c t i c e  i n  
most p u b l i c l y  owned n u r s e r i e s  f o r  t r e e s  scheduled f o r  f i e l d  p l a n t i n g  i s  
t o  seed so a s  t o  a t t a i n  a d e n s i t y  of around 40 t r e e s  p e r  square foo t  f o r  
3-0 p ines  a,nd spruces  and about 50 t r e e s  per  square foo t  f o r  2-0 p i n e s ,  
When scheduled f o r  t r a n s p l a n t i n g ?  t h e s e  spec i e s  a r e  grown a t  65 t o  75 pe r  
square foot,  Even lower d e n s i t i e s  may be d e s i r a b l e ,  e s p e c i a l l y  f o r  2-0 
o r  3-0 age c l a s s e s  scheduled f o r  f i e l d  pla .nt ing,  

Fie1.d s u r v i v a l s  a r e  o f t e n  1 0  t o  25 percent  b e t t e r  f o r  s tock  grown a t  low 
(50) r a the r  t h a n  at high  (100-150) d e n s i t y ,  I n  f a l l - p l a n t e d  s tock  of 3-8 
red p i n e ,  over-winter  m o r t a l i t y  was doubled by i nc reas ing  seedbed d e n s i t y  
f r ~ m  25 t o  80 p e r  square f oo t ,  i , e e ,  mortality was 25 and 50 percent  re- 
s p e c t i v e l y  f a r  the two d e n s i t i e s .  High d e n s i t i e s  i n c r e a s e  t h e  top-root  
r a t i o s  of 3-0 red  and white  p i n e ,  producing trees poorly adapted t o  with- 
s t a n d  over-wint,er a s  wel l  a s  summer d e s i c c a t i o n ,  

An i n c r e a s e  rin d e n s i t y  of 3-0 red p ine  from 33 t o  101 t r e e s  p e r  square 
foot r e s u l t e d  i n  a  drop i n  green weight from 9,s grams pe r  s eed l ing  f o r  
t h e  former to  5 0  f o r  t h e  L a t t e r ;  f o r  3-0 white  p ine  grown a t  26 and 81 
f , rees  p e r  square  f o o t  r e s p e c t i v e l y ,  t h e  average green weight pe r  palant 
dropped from 3 , 2  grams f o r  t h e  former t o  3 , 5  grams f o r  t h e  l a t t e r  (161, 
Stem ca l iper - -an  important, f a c t o r  i n  a b i l i t y  of r ecen t ly  p l an t ed  t r z s  t o  
r e c i s t ,  f l a t t e n i n g  er  lodging  by w i n d ,  r a i n :  snow, o r  weeds--3s a l s o  ad- 
verse1 y a f f e c t e d  by  high d e n s i t i e s  

Proper  water ing  a f f e c t s  not on ly  s tock  s i z e  but a l s o ,  and more impor tan t ,  
3 f f i e l d  survival .  Experiments by t h e  Lake S t a t e s  Fo re s t  Experim.ent S t a -  
-t ion (12,  15) i n d i c a t e  t h a t  f o r  second-year jack p ine  a moderate water  - - 
frrgply ~ n ~ r o l v i n g  a d d i t i o n  of 2,225 i.nches of water  i n  3 app l i ca , t i ans  a s  a 
supplement P.o 15,11 inches  of p r ec ip i t a . l i on  tha.t f e l l  i n  t he  per iod  J u r e  1  
to September 30 i n c l u s i v e ,  gave bec t e r  drsugbt  ha rd ines s  than 1,rees r e -  
c e i v l n g  n o  zrriga r,ion* o r  those r ece iv ing  4,75 t o  ? , 0 0  inches  of i r r z g a -  
TIOC water 

T h e  a r n a n ~ t  of water t h a t  nursery  p l a n t s  w i l l  r e q u i r e  varies, of cou r se ,  
b y  nursery l o c a t i o n ,  soil, t r e e  s p e c i e s ,  age c l a s s ,  normali ty  of r a i n f a l l ,  
a n d  i$,s d i  s f r x b u t i o n ,  

Xoll r n o i s c u r e  conten t  can be gauged by a number of methods, and among 
t bese the  newly designed tens iometers  used ex t ens ive ly  i n  C a l i f o r n i a  show 
p r o m ~ s e  f o r  use i n  i r r i g a t i o n  con t ro l  i n  f o r e s t  n u r s e r i e s  where t he  ten-  
s ion i s  gene ra l l y  held below one-half atmosphere 



These tensiometers  have a  vacuum gauge d i a l  and hence a r e  more compact 
than t h e  e a r l y  experimental models developed i n  t h e  l a t e  t h i r t i e s ,  which 
used a  U-tube mercury manometer. 

Weed Control 

Good con t ro l  of weeds i s  an absolu te  e s s e n t i a l  i n  producing high q u a l i t y  
nursery s tock .  This  problem has been g r e a t l y  s impl i f i ed  by t h e  use of 
t h e  r i g h t  kind of c u l t i v a t i o n  equipment such a s  r o t a r y  hoes (16) and t h e  
use of s e l e c t i v e  he rb ic ides  such a s  mineral s p i r i t s  (8 ,  14)  a z  Dalapon. 
Pre-seeding t rea tments  with herb ic ides  such a s  a l l y 1  a lcohol  (18) and 
methyl bromide gas (4 ,  15)  have been used t o  some ex ten t  f o r  weed c o n t r o l ;  - - 
t hese  same t rea tments  a l s o  have some fungic ida l  va lue ,  

Root and Top Pruning 

Root pruning o r  top pruning,  alone o r  i n  combination, has been used a s  a  
means of producing nursery s tock t h a t  i s  s h o r t e r ,  be t te r -ba lanced ,  and 
more l i k e l y  t o  surv ive  t h e  l a t e  f a l l  and e a r l y  sp r ing  des i cca t ion ,  

I n  a  s e r i e s  of experiments involving var ious  depths and methods of root  
pruning and top pruning of seedbeds dur ing  1937-41 i n  seve ra l  Wisconsin 
and Michigan n u r s e r i e s ,  t h e  bes t  su rv iva l  i nc reases  i n  f i e l d  p l an t ings  
were 16 and 23 percent  r e spec t ive ly  f o r  f a l l -p l an ted  red and white p ine .  
I n  t h e  sp r ing  of t h e  t h i r d  year these  had been root  pruned hor i zon ta l ly  
a t  a  depth of about 3  t o  5 inches ,  and a l s o  v e r t i c a l l y  between each of 
t h e  10  d r i l l s  i n  t h e  seedbed. 

Cone Qual i ty  and Ripeness 

Since some nurserymen a r e  charged with t h e  r e s p o n s i b i l i t y  f o r  cone pur- 
chasing,  t h e  q u a l i t y  of cones deserves some mention. Cone q u a l i t y ,  
s p e c i f i c a l l y  s i z e ,  can a f f e c t  seed y i e l d .  In  an experiment a t  Rhine- 
l ande r ,  Wis. ,  i n  1938, red  p ine  cones so r t ed  i n t o  t h r e e  s i z e s  showed 
d e f i n i t e l y  t h a t  t h e  small cones yielded l e s s  seed than medium- t o  l a rge -  
s i zed  cones, a s  noted i n  t h e  t a b l e  below. 

Average volume Tota l  seeds 
Cone s i z e  per  cone cc pe r  cone 

Small 9 .5  19.6 
Medium 15.5 3 4 - 1  
Large 18 .1  43.1 

In  terms of number of seedl ings  produced, small cones were a l s o  a t  a  d i s -  
advantage a s  shown by t h e  fol lowing t a b l e .  



Volume of f r e s h  cone Seed1 ings  produced pe r  cone 

No, - 

Eliason and H e i t  ( 2 )  found s imi l a r  r e s u l t s  i n  Scotch pine and concluded 
t h a t  cones of this-species  l e s s  than 1 .5  inches long produced smaller  
seed and smaller  seedl ings  than t h r e e  l a r g e r  grades of cones, ranging 
from 1 , 5 0  t o  2,25 inches i n  l eng th .  

Cones, of course ,  must be r i p e  t o  r e a l i z e  t h e i r  f u l l  seed va lue ,  Rudolf 
(10) found d i f f e r e n t i a l  s p e c i f i c  g r a v i t y  a good means o f  determining r ipe-  
ness  of f r e s h l y  c o l l e c t e d  red and white p ine  cones, uqing kerosene f o r  
t h e  former and l i n s e e d  o i l  f o r  t he  l a t t e r ,  

Seed Treatment 

Cer t a in  seeds with embryo o r  seed-coat dormancy o r  both o f t e n  gem-inate  
l a t e  o r  poor ly ,  producing under-sized seedl ings  o r  under-stocked beds,  
Standard references  on t h e  subjec t  (16,  19)  give recommended t rea tments  - - 
t o  a s su re  prompt and complete germination, 
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Applying Fores t  Tree Improvement P r a c t i c e s  i n  S i l v i c u l t u r e  

by Zigmond A .  ~ a s a d a l /  

Two statements  from recent  pub l i ca t ions  i n d i c a t e  t h e  lack  of t r e e  improve- 
ment guide l ines  a v a i l a b l e  t o  t h e  f o r e s t  manager, One i s  from t h e  preface  
of t h e  pub l i ca t ion  " ~ u i d e  f o r  Se lec t ing  Superior  Forest  Trees i n  t h e  Lake 
S t a t e s t t , /  "Trees e s p e c i a l l y  d e s i r a b l e  s i l v i c u l t u r a l l y  usual ly  w i l l  be de- 
s i r a b l e  f o r  t r e e  improvement purposes ,"  Another from a  r epor t  given a t  
t h e  Northeast Tree Improvement Conference i n  1956 s t a t e s ,  ' " ~ e n e t i c a l  
markingf a t  present  can be hard ly  more than t h e  bes t  s i l v i c u l t u r a l  marking," 
S i l v i c u l t u r i s t s  need more d e t a i l e d  information than t h i s  from t h e  f o r e s t  
g e n e t i c i s t s  i f  we a r e  t o  make more rap id  progress  i n  t h e  improvement of 
our  present  f o r e s t  s t a n d s ,  

1/ F o r e s t e r ,  Lake S t a t e s  Fores t  Experiment S t a t i o n ,  Grand Rapids, - 
Minn , 

2/ Prepared byZpaul  0. Rudolf with t h e  a s s i s t a n c e  of t h e  Subcommittee 
on Tree and Stand S e l e c t i o n ,  and published by t h e  Lake S t a t e s  S t a t i o n  
(Sta , Paper 40, 19561, 



S i l v i c u l t u r e  i s  t h e  a r t  of producing and tending a f o r e s t .  Fores t  t r e e  i m -  
provement, g e n e t i c s ,  t r e e  breeding, whichever term is  used, should be con- 
s idered  an a u x i l i a r y  sc ience  t o  s i l v i c u l t u r e  a s  a r e  s o i l  sc ience ,  entomology, 
botany, and economics Gene t i c i s t s  should present  t h e i r  ma te r i a l  a s  i t  re-  
l a t e s  t o  s i l v i c u l t u r a l  p r a c t i c e ,  

To my knowledge f o r e s t  t r e e  improvement work t o  d a t e  has  emphasized improve- 
ment through r e f o r e s t a t i o n ,  The s tud ie s  have d e a l t  with seed o r i g i n ,  seed- 
t r e e  s e l e c t i o n ,  de l inea t ion  of r aces  and s t r a i n s  of spec ie s ,  and adaptabi l -  
i t y  of e x o t i c s ,  The emphasis on these  sLudies and t h e  approach through 
r e f o r e s t a t i o n  l ead  f o r e s t e r s  t o  th ink  t h a t  progress  w i l l  be exceedingly 
slow, and t h e r e  i s  l i t t l e  enthusiasm f o r  t h e  t r e e  improvement program, 

Acdua.lly Esrest t r e e  improvement p r a c t i c e s  can begin r i g h t  now, In  car ry-  
ing  out  t h e i r  program t h e  g e n e t i c i s t s  have developed information which can 
be appl ied  by s i l v i c u l t u r i s t s  now i.m managing our present  s t ands ,  However, 
i t  needs t o  be presented i n  a manner t h a t  p o i n t s  up i t s  app l i ca t ion  i n  ob- 
ta ini-ng n a t u r a l  regenera t ion ,  i n  the  s i l v i c u l t u r a l  improvement of young 
s t ands ,  and i n  t h e  management of o l d e r  s t ands ,  

I t  i s  the  job of t h e  g e n e t i c i s t  t o  de f ine  and descr ibe  good and poor t r e e  
c h a r a c t e r i s t i c s ,  When he has done so ,  t h e  s i l v i c u l t u r i s t  can apply t h e  
knowledge i n  managing t h e  timber s t andse  An example of what can be done 
i s  t h e  change i n  th inking  s n  t h e  q u a l i t i e s  of a good seed t r e e ,  Seed 
t r e e s  have been se l ec t ed  pr imar i ly  f o r  t h e i r  Large bushy crowns, i nd ica t -  
i ng  a  l a r g e  capaci ty  f o r  seed product ion,  Qn t h e  b a s i s  s f  information 
developed by t h e  foresk g e n e t i c i s t ,  however, seed. t r e e s  should be se l ec t ed  
on form, growth r a t e ,  and branching h a b i t s ,  This  type of information 
should be poic ted  ou t  more s p e c i f i c a l l y ,  

S tudies  of seed o r i g i n  show t h a t  l o c a l l y  grown seed genera l ly  produce t h e  
bes t  f o r e s t  p l a n t a t i o n s ,  Gene t i c i s t s  have a l s o  found t h a t  d i s t i n c t  races  
and s t r a i n s  develop wi th in  spec ies  on t h e  b a s i s  of e n v i r o m e n t ,  This  in-  
formation p a i n t s  up t h e  importance o f  g e t t i n g  the  best s tands reproduced 
ns, turs . l l  y ; get slowheare a r e  these  recommendat i ons  made s p e c i f i c a l l y  , W e  
have not  been too successfu l  i n  g e t t i n g  na tu ra l  regenera t ion  i n  our coni- 
f e r s  even though we know many of t h e  bas i c  requirements,  When t h e  s i l v i -  
c u l t u r i s t  understands the  importance of l o c a l  o r i g i n ,  t h e  job of n a t u r a l  
reproduction becomes even mare important ,  e s p e c i a l l y  where high q u a l i t y  
s tands  a re  involved.  Any time we permit our good stands t o  be replaced by 
brush o r  o f f - s l t e  spec ie s  we a r e  adding t o  an  a l ready d i f f i c u l t  problem of 
f o r e s t  improvement, 

Fo res t  improvement through s i l v i c u l t u r e  can begin i n  very y o m g  s t ands ,  
Release c u t t i n g s ,  weedings, and thinnings can be used t o  con t ro l  s tand  
composition and, i n  some cases, t r e e  q u a l i t y ,  These p r a c t i c e s  can i n  many 
ins tances  maintain t h e  r i g h t  spec ies  on t h e  r i g h t  s i t e ,  which i s  very i m -  
po r t an t  i n  f o r e s t  t r e e  improvement, Se lec t ive  and p a r t i a l  c u t t i n g  dur ing  
the  middle l i f e  of t h e  s tand  allow us t o  rogue out  t he  poor t r e e s  before  
t h e y  become e f f e c t i v e  seede r s ,  Theore t i ca l ly ,  i n t ens ive  f o r e s t  p r a c t i c e s  
should permit u s  t o  end up w i t h  t h e  best q u a l i t y  t r e e s  i n  t h e  s tand f o r  a  



seed source and stand regenerat ion,  But the  a b i l i t y  t o  r e c a m i z e  good 
and poar t r e e  q a l i t i e s  t h a t  a r e  heredi tary  i s  necessary. 

Forest  management systems have never been analyzed o r  s tudied i n  r e l a t i o n  
t o  t r e e  o r  stand improvement, Forest management s tud ies  show t h a t  good 
growth can be maintained over a wide range of stocking and cu t t ing  condi- 
t i o n s ,  For exanaple, p ine ,  aspen, and black spruce a r e  adapted t o  even- 
aged management. P a r t i a l  cu"&a;ing during intermediate ages i s  o f ten  priac- 
t i c a b l e .  There i s  some indicat ion t h a t  cu t t ing  from abave ( taking out  
t r e e s  i n  the  upper p a r t  of the  crown canopy) during t h i s  period has l i t t l e  
e f f e c t  on t o t a l  wood production. What e f f e c t  does t h i s  c u t t i n g  method 
have genet ica l ly?  Can we get  by with t h i s  system and n a a u r t  fu tu re  
crops? These quest ions need answering, They can be answered bes t  by the  
f o r e s t  g e n e t i c i s t ,  

W e  must r e c o a i z e  t h a t  many conditions e x i s t  which do not permit in tens ive  
management o r  the  re ta in ing  of the  biggest and bes t  t r e e s  i n  the  stand,  
Fores te r s  a r e  faced with the  problem of g e t t i n g  the  highest mod  volume of  
a s p e c i f i c  product such a s  pulpwood o r  logs  from present  s tands ,  The eco- 
nomics of logging requ i re  the  cu t t ing  of a spec i f i c  vo lme  per a c r e  o r  
c e r t a i n  s i z e  trees t o  meet merchantability requirements, Extensive man- 
agement i s  applied i n  these  ins tances ,  Large a reas  a r e  c l e a r  c u t ,  leaving 
c u l l  trees and suppressed umerchantable t r e e s  a s  a seed source, Cutt ing 
systems such a s  s t i c k  l i m i t s  and diameter l i m i t s  a r e  appl ied ,  which i n  
most cases leave the  poorest t r e e s  i n  the  stands.  Eow much fu tu re  f o r e s t  
degrading i s  being done by these  pract iees?  N o  concrete evidence i s  ava i l -  
a b l e  f o r  o r  agains t  these  p rac t i ces ,  Here the  genetic appra i sa l  must be 
on a stand b a s i s  and not a t r e e  b a s i s ,  

S m i n g  up on t h e  subject  of applying t r e e  improvement i n  s i l v i c u l t u r e :  

1, Forest  genet ics  should be considered an aux i l i a ry  science t o  s i l v i -  
c u l t u r e ,  

2 ,  The f o r e s t  gene t i c i s t  has developed a considerable vo lme  of i n f o r m -  
t i o n  valuable t o  the  f o r e s t e r ,  A job remains to present  t h i s  infor-  
mation i n  such a way t h a t  i t  w i l l  be usable t o  the  fseldman, 

3 ,  S i l v i c u l t u r e  has t h e  t o o l s ,  such a s  r e lease  cu t t ings  and thlnnings,  
t o  get  tree iarapravement information appl ied ,  

4 ,  Where stands are  marked Ear cu t t ing  and in tens ive  management i s  ap- 
p l i e d ,  we a r e  ge t t ing  f o r e s t  stand improvement and tree improvement, 
but i n  an i n d i r e c t  way; most f o r e s t e r s  do not have genetic i n f o r m t i o n  
t o  guide their mrki.ng,  A b e t t e r  job of t r e e  inprovemertt work could 
be done i f  the  f o r e s t  genet fc is t  would def ine  t r e e  q u a l i t i e s  so t h a t  
they can be i d e n t i f i e d  and measured, 

5, In  the f i e l d  o f  extensive =nagemend it i s  probable t h a t  na f o r e s t  
improvement w i l l  take p lace  m d i l  i d  i s  shorn dfia.t damage i s  being 
done, Studies a r e  needed t o  get  the  answers. 



6 Management s t u d i e s  do show t h a t  good growth can be maintained over  a  
wide range of s tocking and by severa l  methods of c u t t i n g ,  But we 
need a gene t i c  appra i sa l  of management p rac t i ces :  I t  i s  highly pos- 
s i b l e  t h a t  we can maintain good growth but would be degrading t h e  
q u a l i t y  of present  and f u t u r e  s t ands ,  

These a r e  important ques t ions  and should rece ive  t h e  a t t e n t i o n  of t h e  
f o r e s t  g e n e t i c i s t  soon, 

Applying Fores t  Tree Improvement P r a c t i c e s  
i n  t h e  Lake Sta tes :  Production of Quali ty  Wood 

l/ by Harold L, Mitchell-  

We do not  have any high-powered f o r e s t  g e n e t i c i s t s  a t  t h e  Fores t  Products  
Laboratory, Our job ,  a s  we see  i t ,  i s  somewhat d i f f e r e n t ;  i t  i s  t o  work 
c lose ly  with t h e  g e n e t i c i s t s ,  so t h a t  wood q u a l i t y  rece ives  t h e  considera- 
t i o n  it deserves i n  t h e  whole f i e l d  of f o r e s t  gene t i c s ,  We take  t h e  posi-  
t i o n  t h a t  t h e r e  i s  no j u s t i f i c a t i o n  f o r  spending a l o t  of t i m e  and money 
t o  develop " e l i t e "  t r e e s  t h a t  produce wood which may have l i t t l e  o r  no 
value i n  t h e  market p l a c e ,  

I n  p a s t  s e l e c t i o n  and breeding research ,  t h e r e  has  been a  tendency t o  
overlook or  take  wood q u a l i t y  f o r  granted ,  and t o  p lace  most o r  a l l  of 
the emphasis on such d e s i r a b l e  s i l v i c a l  c h a r a c t e r i s t i c s  a s  growth r a t e ,  
form, branching h a b i t ,  a d a p t a b i l i t y  t o  s i t e ,  r e s i s t a n c e  t o  p e s t s ,  and t h e  
l i k e ,  Some s i l v i c u l t u r i s t s ,  probably a  minori ty of t h e  d i s c i p l i n e  t h a t  
spawned most of our  present  crop of researchers  i n  f o r e s t  t r e e  improve- 
ment, s t i l l  hold t h e  extreme view t h a t  t r e e s  whieh a r e  super ior  according 
t o  t h e i r  concept of q u a l i t y  w i l l ,  under proper management, au tomat ica l ly  
y i e l d  t h e  maximlaan. of high-qual i ty  products ,  

Perhaps th , i s  should be genera l ly  t r u e ,  as i t  i s  i n  many cases ,  but t h e r e  
a r e  too many exceptions t o  j u s t i f y  acceptance of such a philosophy. I t  
i s  too easy t o  f i n d  trees t h a t  a r e  super ior  according t o  t h e  s i l v i c u l t u r -  
i s t ' s  requirements a s  t o  s i z e ,  form, s l r a i g h t n e s s  of bole ,  and t h e  l i k e ,  
but t h a t  conta in  wood so poor i n  i n t r i n s i c  q u a l i t y  t h a t  it i s  u n f i t  f o r  
any of t h e  more demanding uses ,  I n  such t r e e s  t h e  wood may be poor be- 
cause o f  low s p e c i f i c  g r a v i t y ,  mevenness of growth, occurrence of corn- 
press ion  wood o r  tens ion  wood, severe c r a s s  g r a i n ,  o r  any combination of 
t he  var ious  phys ica l  and s t r u c t u r a l  f a c t o r s  t h a t  determine mechanical 
s t r e n g t h ,  pulp y i e l d s ,  the  tendency t o  warp" machining c h a r a c t e r i s t i c s ,  
and o the r  important p r o p e r t i e s  , 

l/ Chief ,  Division of Timber Growth and U t i l i z a t i o n  Re la t ions ,  Fores t  
products  Laboratory, Fo res t  Serv ice ,  U . S o  Department of Agr icul ture  . The 
Laboratory i s  maintained a t  Madison, W i s , ,  i n  cooperat ion with t h e  Univer- 
s i t y  of Wisconsin, 



This r a i s e s  the  question of what i s  meant by wood q u a l i t y ,  Obviously, w e  
a l l  need an adequate concept of qua l i ty  i f  we a r e  t o  work e f f e c t i v e l y  i n  
t h e  f i e l d  of f o r e s t  t r e e  improvement, 

Because of important d i f ferences  within and between species  and the  grea t  
va r i e ty  of products made from wood, i t  i s  d i f f i c u l t  t o  develop a s i n g l e ,  
al l . - inclusive d e f i n i t i o n  of wood q u a l i t y ,  From a technological  stand- 
p o i n t ,  wood q u a l i t y  can be defined and given a r e l a t i v e  r a t i n g  according 
t o  how well it meets the technica l  requirements f o r  a  p a r t i c u l a r  product 
o r  end use.  Thus, a l l  high-density wood could be considered a s  of high 
q u a l i t y  f o r  charcoal ,  t h e  low-value product of a  woods-scavenging indust ry  
t h a t  p r e f e r s  higb-density species but can economically process odds and 
ends of most any s o r t  of wood, One objec t ion  t o  using t h i s  b a s i s  alone 
f o r  a  wood-quality r a t i n g  system i s  t h a t  i t  dis regards  monetary values 
and l eads  t o  some m r e a l i s t i c  groupings, 

A more r e a l i s t i c  approach would be a r a t i n g  system based on how well a  
b o l t ,  l og ,  o r  tree meets the  technical  spec i f i ca t ion% f o r  the  highest  
value products o r  uses f o r  which it w i l l  qua l i fy ,  Thus, a  high-quality 
t r e e  could be defined a s  one with a high proport ion of i t s  ne t  volume i n  
wood s u i t a b l e  f o r  conversion i n t o  t h e  higher grades of the  more valuable 
end products and. i n  s u f f i c i e n t  quant i ty  o r d i n a r i l y  t o  j u s t i f y  i t s  economi- 
ca l  harvest  f o r  such products ,  

Now, what a r e  the c h a r a c t e r i s t i c s  of wood, i n  addi t ion  t o  s i z e , - c l e a r n e s s ,  
and t h e  l i k e ,  %hat determine i t s  s u i t a b i l i t y  f o r  various end uses? Wood 
dens i ty ,  usual1 y expressed a s  s p e c i f i c  g rav i ty ,  i s  perhaps the  simplest 
and most useful s ing le  index t o  the  s u i t a b i l i t y  of wood f o r  many important 
uses ,  I n  southern yellow pines ,  f o r  example, f o r  every 2-pound increase  
i n  wood dens i ty ,  the re  i s  produced about 1 pound more of k r a f t  pulp ( f i g ,  
l ) ,  S ta ted  another way, a cord of high-density southern pine wood w i l l  
y i e ld  about twice a s  much k r a f t  pulp a s  a  cord of low-density wood of t h e  
same species ,  The same general r e l a t ionsh ip  between wood dens i ty  and 
pulp y ie lds  holds f o r  a l l  species.  

There i s  ahso a high degree of co r re la t ion  between s p e c i f i c  g rav i ty  and 
the  mechanical s t r eng th  of a l l  woods, Speci f ic  gravi ty  i s  the re fo re  a 
primary f a e t s r  i n  t h e  segregation of s t ruc tura l -grade  timbers t h a t  com- 
mand premim p r i c e s  i n  the  lumber market, and a l s o  i n  the  se lec t ion  of 
mater ia l  f a r  high-grade p i l i n g ,  transmission poles ,  and o the r  uses where 
s t rength  i s of major ~mportance,  

Another key f e a t u r e  i s  the  proport ion of summerwood t o  springwood i n  t h e  
annual growth r i n g ,  Spri.npoodk is composed of r e l a t i v e l y  large-diameter,  
thin-walled ce l  l s  , and sumexwood of smaller ,  Lhicker-walled c e l l s ,  
Springwood i s  l i g h t e r  i n  weight, s o f t e r ,  general ly weaker, and shrinks 
more along the  g ra in  than s erwood, Thus, the  g rea te r  the  proport ion 
of sumerwod  t o  sprin&wood i n  t h e  annual growth r i n g s ,  t h e  g rea te r  the  
s t rength  of the  wood and the  y ie ld  of pulp therefrom, and the  less t h e  
longi tudinal  shrinkage, On t h e  o the r  hand, it i s  know t h a t  pulp sheets  
made experimentally of p r a c t i c a l l y  pure springwood from southern p ines  
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f e l t  b e t t e r  than those  made of summerwood;/ a l s o ,  t h a t  t h e  bu r s t ing  
s t r eng th  and t e n s i l e  s t r eng th  of paper tend t o  increase  with inc reases  i n  
t h e  propor t ion  of springwood t o  summerwood, In  c o n t r a s t ,  t h e  s t i f f e r  sum- 
merwood f i b e r s  make paper whose r e s i s t a n c e  t o  tearing--a highly e s s e n t i a l  
proper ty  f o r  k r a f t  paper--increases with t h e  propor t ion  of summerwood. 

The s ign i f i cance  of another  f e a t u r e - - f i b r i l  angle--looms l a r g e r  a s  we 
l e a r n  more about it.?/ F i b r i l s ,  which a r e  bel ieved t o  be composed of 
s t r ands  of c e l l u l o s e  cha ins ,  make up t h e  l a y e r s  of t h e  secondary wall  of 
t h e  wood f i b e r s .  Thei r  o r i e n t a t i o n  with respec t  t o  t h e  long a x i s  of t h e  
f i b e r s  i s  termed t h e  f i b r i l  angle .  Large f i b r i l  angles  a r e  t h e  r u l e  i n  
compression wood, an abnormal wood t h a t  has  extremely poor s t r e n g t h  and 
shrinkage p r o p e r t i e s ,  and i n  normal wood of low dens i ty  and low mechanical 
s t r e n g t h .  Small f i b r i l  ang le s ,  i n  some cases  p r a c t i c a l l y  p a r a l l e l  t o  t h e  
a x i s  of t h e  f i b e r s ,  a r e  t y p i c a l  of high-densi ty,  s t rong wood of low shrink-  
age a long t h e  g r a i n ,  

What happens when low-density,  high-shrinkage wood i s  combined i n  t h e  same 
board wi th  h igher  d e n s i t y ,  more s t a b l e  wood ( f i g .  2)? I n  e a r l y  l i f e ,  say 
up t o  10  o r  12 y e a r s ,  many softwoods tend t o  make excessive diameter i n -  
crement when grown on good s i t e s  r e l a t i v e l y  f r e e  of competi t ion,  During 
t h i s  per iod  wood dens i ty  tends t o  decrease and shrinkage t o  inc rease  with 
t h e  r a t e  of  diameter  growth. The warping which r e s u l t s  from combining 
such wide-ringed juven i l e  wood with more mature wood formed l a t e r  i n  l i f e  
i s  an important cause of degrade i n  southern p i n e ,  and i s   common^ i n  many 
o t h e r  second-growth softwoods, 

Nonuniform growth i s  equal ly  undes i rab le  i n  hardwoods, I n  hardwoods, how- 
eve r ,  both wide- and narrow-ringed wood a r e  well  s u i t e d  t o  important ,  aL- 
though q u i t e  d i f f e r e n t ,  u ses .  Most hardwoods, unl ike  t h e  major i ty  of 
softwoods, tend t o  inc rease  i n  dens i ty  with inc reases  i n  growth r a t e .  Uni- 
formly dense, wide-ringed, "second-growth" hickory and a s h ,  f o r  example, 
a r e  p re fe r r ed  f o r  t o o l  handles ,  a t h l e t i c  equipment, and o t h e r  products  re -  
qu i r ing  high mechanical s t r eng th  and shock r e s i s t a n c e .  On t h e  o t h e r  hand, 
t h e  f u r n i t u r e  indus t ry  p r e f e r s  "soft- textured" wood of moderate, even 
growth because of i t s  lower weight,  g r e a t e r  s t a b i l i t y ,  and super ior  mach- 
in ing  and f i n i s h i n g  p r o p e r t i e s  ( f i g .  3). 

Compression wood ( f i g ,  4)  i s  abnormal wood formed l a r g e l y  on t h e  under 
s i d e  of l ean ing  softwoods, Trees t h a t  lean  4 degrees o r  more from t h e  
v e r t i c a l  u sua l ly  conta in  l a r g e  amounts of t h i s  abnormal s t r u c t u r e  t h a t  i s  
charac ter ized  by l a r g e  f i b r i l  ang le s ,  excessive shrinkage,  and low mech- 
a n i c a l  s t r e n g t h .  I n  c e r t a i n  combinations with normal wood i n  t h e  same 
board, t h e  g r e a t e r  shrinkage of t h e  compression wood causes t h e  p i ece  t o  
t w i s t ,  crook, o r  bow on dry ing .  

2/ Chides t e r ,  G ,  H .  1954. Maximum growth of pulp f i b e r  pe r  a c r e ,  
Amer . - ~ u l ~ w o o d  Assn. Pulpwood Annual, pp . 50-52. 

3/ Pi l low,  Maxon Y .  1953. P a t t e r n s  of v a r i a t i o n  i n  f i b r i l  ang le s  
i n  10~1011~ pine .  Fo res t  Prod. Lab. Rpt. No. D1935. 11 pp. ,  i l l u s .  



Figu re  2.--Top: Two 2 by 4 ' s  r ipped from a 2 by 8 sawed approximately 
through t h e  p i t h  of s l a s h  p ine  which grew very r ap id ly  i n  t h e  j uven i l e  
s t a g e  and then  a t  more moderate r a t e .  Warp i s  due t o  g r e a t e r  l ong i tud i -  
n a l  shr inkage of t h e  wide-ringed, low-density,  j uven i l e  wood, a s  com- 
pared t o  t h e  o l d e r ,  more s t a b l e  wood grown a t  more moderate r a t e .  
Bottom: Two 2 by 4 ' s  from a 2 by 8 sawed approximately through p i t h  of  
s l a s h  p ine  grown a t  an even, moderate r a t e .  Here t h e r e  i s  l i t t l e  o r  no 
s t r e s s  due t o  d i f f e r e n t i a l  shr inkage ,  hence no warp. 

F igure  3.--Standard machining-test  t u rn ings  of samples of red  oak from 
two d i f f e r e n t  trees. Top: Wide-ringed, high-densi ty  wood; no t e  numer- 
ous machining imperfec t ions .  Bottom: More moderate, even growth; 
lower d e n s i t y ;  almost p e r f e c t  machining p r o p e r t i e s .  



Figure 4.  --Cross sec t ion  of young s l a s h  p ine  showing e c c e n t r i c i t y  t y p i c a l  
of compression wood formed on under s i d e  of leaning  t r e e .  Below i s  1- 
inch board t h a t  has warped because of g r e a t e r  longi tudina l  shrinkage of 
compression wood a s  compared t o  normal wood. 

Tension wood ( f i g .  5) i s  an abnormal s t r u c t u r e  t h a t  usua l ly  occurs  i n  
se r ious  amounts on t h e  upper s i d e  of leaning  hardwoods. Sweep and crook, 
common i n  leaning  t r e e s ,  a l s o  favor tension-wood formation. Tension wood 
i s  made up of a  l a r g e  nmber  of ge la t inous  f i b e r s  t h a t  cause se r ious  warp- 
ing  and to rn  g ra in  i n  lumber and fuzzy sur faces  and buckling of veneer,  
and make machining and f i n i s h i n g  d i f f i c u l t  o r  impossible.  

Compression f a i l u r e s  ( f i g .  6) ,  which should not  be confused with compres- 
s ion  wood, a r e  minute f r a c t u r e s  o r  s h o r t ,  l o c a l l y  deformed a r e a s  along 
t h e  c e l l  wa l l s  of f i b e r s ,  t h a t  a r e  caused by excessive endwise f o r c e s ,  a s  
during severe windstorms, c a r e l e s s  f e l l i n g ,  o r  rough handling of l ogs  and 
lumber. These loca l i zed  a r e a s  of damaged f i b e r s ,  each of which extends 
ac ross  a t  l e a s t  s eve ra l  annual r i n g s ,  c o n s t i t u t e  an important cause of 
brashness,  which permits  wood t o  break suddenly and completely ac ross  t h e  
g ra in  with t h e  a p p l i c a t i o n  of r e l a t i v e l y  small loads .  The wood of  c e r t a i n  
t r e e s ,  because of inherent  physical  o r  s t r u c t u r a l  weakness, may be more 
prone t o  develop compression f a i l u r e s  than o t h e r s .  F a i l u r e  of many of 
the  broken ladder  r a i l s  and he l i cop te r  r o t o r  blades sent  t o  t h e  Fores t  



Figure 5.--Elm board ( t o p )  that has  warped due to serious tension wood. 
Moldings (bottom) made from c a t i v o ,  showing tarn grain and fuzziness in 
spots containing large n u h e r  of gelatinous fibers, 

Figure 6.--Clearly visible compressisn failures found in Sitka spruce 
ladder rail. I f  used, t h i s  ladder would have broken abruptly, along 
lines of compression f a i l u r e s ,  with t h e  application of even relatively 
light load. 



Products Laboratory f o r  d ~ a g n o s l s  can be a%tribuTed t o  csmpressisn fail- 
u r e s  t h a t  In  mas? cases s h o u l d  have been de tec ted  by i n spec t ion  of l m b e r  
des t ined  f o r  such uses 

1 could spend the remainder oh my t i m e  citing o t h e r  examples of was te ,  de- 
grade, f a i l u r e  i n  s e r v i c e ,  and l o s s  of life, l imb, and proper ty  due l a r g e l y  
t o  ignorance o r  d ~ s r e g a r d  of bas ic  wood-quality f a c t o r s  that are  n o r m l l y  
lgnored by foresters and lmbermen a l i k e .  A t  the Forest Products  Labora- 
tory we have the dublous d i s t i n c t i o n  o f  rece iv ing  t h e  brunt of conslmer 
:slr;plairats regarding wood t h a t  has f a i l e d  i n  se rv ice ,  a n d  a r e  the re fo re  
well q u a l i f i e d  t o  discuss %he subject, Howeverz k b e l i e v e  you have heard 
enough t o  convince you sf the importance of wood q u a l i t y ,  and that t h e r e  

a i o t  more to quality than size, s t r a i g h t n e s s ,  and freedom from knots ,  
rot a and o the r  o b v i o u s  d e f e c s s  a i t h  which everyone i s  f a m i l i a r  

Forrunate ly*  t h e  wood-qualltv Paetors we have been discussing a r e ,  u n l i k e  
the weather some*'hing we can do much a b o u ~ ,  They can be modified, con- 
5rolled, sr minra~zed Lo a considerable ex tent  through f o r e s t  management 
and  ca re fu l  selec4ion and b reed ing  aimed a t  a t s a i n i n g  s p e c i f i c  wood- 
q w a l i  5y a b j e ~ k - i v e ~ ~  

Xone of t h e  more ivpar t  a n t  q u a 1  i t y  c h a r a c t e r i s t i c s ,  l i k e  s p e c i f i c  g rav i ty  
a r e  kcawn * O  be herztable i r  c e r t a i n  species, Many o t h e r s ,  i n c l u d i n g  
x , e~s ion  wood and compressiara. wod,  can be conTrol.led indirectly by se lec-  
tiion acd breeding +,o e l iminate  certain physxcal fea tures- -crook," lean ,  
sweep--!"bat f a v o r  a he fo rmat ion  of ser ious  r eac t ion  wood, 

What saxe workers i n  f o r e s t  genet i cs  have overlooked, o r  f a i l e d  to take 
advantage of, i s  t h e  fsct tha? trees differ as much in wood-quality char- 
a c * , e ~ i s % i c s  as  $ h e y  d~ i n  form, growth r a t e ,  and o t h e r  features that have 
received most a S  rhe emphasis t o  date, % n  t h ~ s  connect ion,  1 would l i k e  
to shoa you some data an the specific g r a v i t y  o f  southern pines j u s t  ob- 
t s - ined  ir& eonneetion m-itb %be  second resurvey o f  t h e  S t a t e  of Mississippi, 
f am, sure yea are al l generally familiar with the design of t h e  sample 
p l o t  techasque 13srd by the  Forest  Survey i n  obtaining fo res t  resource 
&!,a Guf f i ce  I f, to s a y  that i n  t h i s  case the Souxbern F~res r ,  Experiment 
SLa+,ion and .I-ts cospe ra t c r s  obta ined ,  i n  addition t o  the usual measure- 
m e n t s :  zompleTe i e c ~ e m e n ~  cores  ( t o  pith) from a l l  pines ?,allzed on all 
of  the seli3ip~rmanen" p l o t  s es t ab l i shed  i n  Mississippi dur ing  the second 
res t i rvey ,  t he  ixeldwork f o r  which 4s about com.pleted T h e  cores, w h i c h  
~ a i 1 . I  eventual1 y excead 22,000 In n m b e r ,  were sent  t o  t h e  Fores t  Products 
Laborator17 f o r  **he de te r~p ins t ion  of specl f i e  g r a v i t y ,  age,  growth r a t e ,  
perceir,t, sumver~vaod, and other qua1 i % y  cha rac*er i s t fcs ,  

The objective a f  t h i s  cocperat iue s tudy  was ?wofold: (1) to identify 
i i v i r ; g  trees h a w ~ n g  except ional ly  high or Low specific g r a v i t y  f o r  use a s  
breeding stock or sciori mater ia l  f o r  seed orchards;  and (2 )  ta provide 
more complete dal-a ov t h e  q ~ a a l i t y  o f  t h e  f o r e s t  resources  of' Mississippi, 



The frequency d i s t r i b u t i o n  curves  ( f i g .  7) show, f o r  each of t h e  f i v e  spe- 
c i e s ,  t h e  v a r i a t i o n  i n  s p e c i f i c  g r a v i t y  and age of t r e e s  3 inches  i n  d i a -  
meter a t  b r e a s t  he igh t  and ove r .  The magnitude of t h e  d i f f e r e n c e s  found 
i n  s p e c i f i c  g r a v i t y  was from 0 .25  t o  about 0.8 i n  t h i s  unbiased sample of 
t h e  p i n e  popu la t i on  of  an  e n t i r e  S t a t e .  Among o t h e r  important  f i n d i n g s ,  
i t  was l e a rned  t h a t  s p e c i f i c  g r a v i t y  i s  s t r o n g l y  c o r r e l a t e d  wi th  and i n -  
c r e a s e s  wit11 age ;  t h a t  t h e r e  a r e  s i g n i f i c a n t  d i f f e r e n c e s  i n  s p e c i f i c  grav- 
i t y  between s p e c i e s ;  and t h a t  w i th in  s p e c i e s  s p e c i f i c  g r a v i t y  i n c r e a s e s  
s i g n i f i c a n t l y  from t h e  nor thern  t o  t h e  sou thern  p a r t  of t h e  S t a t e ,  

What w e  a r e  looking  f o r ,  of cou r se ,  a r e  i n d i v i d u a l s  t h a t  combine excep- 
t i o n a l l y  h igh  s p e c i f i c  g r a v i t y  with  s u p e r i o r  growth r a t e ,  good form, and 
o t h e r  d e s i r a b l e  c h a r a c t e r i s t i c s ,  Such t r e e s  w i l l  g i ve  t h e  g r e a t e s t  y i e l d s  
of k r a f t  pulp--the ch i e f  product of sou thern  p ine  pulpwood--and t h e  high- 
s t r e n g t h  s t r u c t u r a l  lumber, t imbe r s ,  p o l e s ,  and p i l i n g  f o r  which dense 
sou thern  p i n e s  a r e  s o  w e l l  s u i t e d .  

With t h e  whi te  p i n e s ,  on t h e  o t h e r  hand, we would be l e s s  concerned with  
high s p e c i f i c  g r a v i t y  than  with  charac te r i s t i cs - -machin ing  p r o p e r t i e s  and 
dimensional  s t a b i l i t y ,  f o r  example--that determine t h e  s u i t a b i l i t y  of 
t h e s e  s p e c i e s  f o r  t h e i r  more important  uses--millwork, p a t t e r n  s t o c k ,  and 
t h e  l i k e .  

I n  "hard" hardwoods d e s t i n e d  f o r  uses  r e q u i r i n g  high mechanical s t reng th- -  
t o o l  hand l e s ,  wood t y p e ,  a t h l e t i c  equipment--we would aim f o r  r ap id  growth 
and high d e n s i t y .  I n  cab ine t  hardwoods used c h i e f l y  f o r  f u r n i t u r e ,  panel-  
i n g ,  f l u s h  doo r s ,  and i n t e r i o r  t r i m ,  t h e  emphasis would be on machining 
and f i n i s h i n g  p r o p e r t i e s ,  dimensional s t a b i l i t y ,  and appearance.  There 
i s  no reason why g e n e t i c i s t s  should no t  s e l e c t  and breed f o r  d i s t i n c t i v e  
f i g u r e  i n  f i n e  hardwoods, i nc lud ing  b i rd ' s - eye  and f i dd l eback ,  and pos- 
s i b l y  even f o r  t h e  deformi t ies - -c ro tches ,  b u r l s ,  and swollen bu t t s - - t ha t  
produce t h e  h i g h e s t  va lue  fancy veneers .  

I n  t h i s  connec t ion ,  I would l i k e  a g a i n  t o  c a l l  your a t t e n t i o n  t o  t h e  d i s -  
t i n c t i v e  and h igh ly  a t t r a c t i v e  f i g u r e  found i n  t h e  S h e r r i l l  hybr id  pop l a r  
t h a t  I d i scussed  wi th  you a t  ou r  l a s t  meet ing,  and t h a t  i s  r epo r t ed  on i n  
a r ecen t  i s s u e  of F o r e s t  s c i e n c e . /  Th i s  i s  a  f i n e  example of how a nor-  
mal ly  low-value pulpwood t r e e  can be upgraded from t h e  "beaver-fodder" 
ca tegory  i n t o  t h e  fancy f a c e  veneer c l a s s ,  

Now, a t  t h e  r i s k  of i n t roduc ing  a  s l i g h t l y  sou r  no t e  i n t o  t h i s  o therwise  
happy g a t h e r i n g ,  I would l i k e  t o  make a  comment on t h e  emphasis the  maj- 
o r i t y  of speake r s ,  e s p e c i a l l y  i n  our  l i v e l y  d i s c u s s i o n s ,  have p laced  on 
t h e  development of  b e t t e r  pulpwood t r e e s .  I  doubt i f  I  w i l l  g e t  any seri- 
ous  arguments i f  I say t h a t  an  unbiased but  u n i n i t i a t e d  obse rve r  s i t t i n g  
w i th  us  today could e a s i l y  g e t  t h e  idea t h a t  t h e  primary o b j e c t i v e  of most 
f o r e s t  g e n e t i c s  r e s e a r c h  i n  t h i s  count ry  i s  t o  supply more and b e t t e r  raw 
m a t e r i a l  f o r  t h e  booming pulp and paper  i n d u s t r y .  

4J L i t t l e ,  E l b e r t  L . ,  J r . ,  Kenneth A .  Brinkman, and A .  L ,  McComb, - 
1957. Two n a t u r a l  Iowa hybrid  p o p l a r s .  F o r e s t  S c i .  3(3):  253-262, i l l u s ,  
Sept . 
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Figure ?.--Frequency d i s t r i b u t i o n  of s p e c i f i c  g rav i ty  values ( a t  diameter 
a t  b reas t  he igh t )  and age f o r  f i v e  spec ies  of southern p ine  i n  Mississ- 
i p p i .  Based an  da ta  from trees on a l l  permanent p l o t s  sampled i n  t h e  
t h i r d  Fores t  Survey of Miss iss ippi .  F i e ld  sampling by Southern Fores t  
Experiment S t a t i o n  and cooperators;  labora tory  determinat ions by Fores t  
Products Laboratory. 



I am not  suggest ing t h a t  t h e r e  be l e s s  research  o r i en ted  i n  t h i s  d i r e c t i o n .  
On t h e  con t ra ry ,  t h e  pulp and paper people should be commended f o r  t h e i r  
long-range v i e m o i n t ,  t h e i r  acknowledged leadersh ip  i n  t r e e  p l an t ing ,  t h e  
s t r i d e s  they a r e  making i n  t h e  management of t h e i r  r ap id ly  expanding fo r -  
e s t  p r o p e r t i e s ,  and e spec ia l ly  on t h e i r  i n t e r e s t  i n  and support of re-  
search ,  inc luding  t r e e  improvement research ,  More power t o  themf They 
a r e  s e t t i n g  a  f i n e  example which, i f  a t tendance a t  t h i s  p a r t i c u l a r  meet- 
i ng  i s  any i n d i c a t i o n ,  i s  not being followed t o  any g rea t  ex ten t  by o t h e r  
segments of t h e  wood-using indus t ry ,  

However t h i s  may be,  I f e e l  ob l iga t ed ,  a s  a  member of an organiza t ion  in-  
t e r e s t e d  i n  t h e  improvement and e f f i c i e n t  u t i l i z a t i o n  of a l l  - f o r e s t  prod- 
u c t s ,  t o  say a  few words on t h e  present  and f u t u r e  requirements of some 
r a t h e r  important wood-using i n d u s t r i e s  not  represented he re  today, Ac- 
cording t o  t h e  Timber Resource Review, our  Nation consumes annual ly some 
1 2 , 2  b i l l i o n  cubic f e e t  of wood, Of t h i s  t o t a l ,  sawlogs account f o r  52 
pe rcen t ,  pulpwood 22 pe rcen t ,  f u e l  wood 16  pe rcen t ,  veneer logs  and b o l t s  
3 percent ,  and a l l  o t h e r  products  7 percen t ,  The requirements f o r  both 
pulpwood and veneer logs  and b o l t s  a r e  expected t o  inc rease  more r ap id ly  
than f o r  sawlogs, and fuelwood i s  on t h e  d e c l i n e ,  But f o r  t h e  p resen t ,  
and i n  t h e  f u r t h e s t  published p ro jec t ions  i n t o  t h e  f u t u r e ,  by f a r  t h e  
g r e a t e s t  propor t ion  s f  t h e  volume of wood required i s  and w i l l  cont inue 
t o  be i n  t h e  form of lumber and a l l i e d  products ,  

These a r e  economic f a c t s  t h a t  shouldn ' t  be overlooked by gene t i c s  re- 
searchers  not committed t o  t h e  improvement of any p a r t i c u l a r  f o r e s t  prod- 
u c t ,  We must a l s o  remember t h a t  t h e r e  a r e  i n  t h e  Lake S t a t e s  some impor- 
t a n t  i n d u s t r i e s ,  inc luding  f u r n i t u r e ,  t h a t  a r e  dependent on a  continuing 
supply of high-qual i ty  hardwood lumber and veneer,  A g r e a t e r  propor t ion  
of t h e i r  raw ma te r i a l  needs could and should be supplied from l o c a l  
sources ,  We have some of t h e  wor ld ' s  f i n e s t  cabinet  hardwoods--yellow 
b i r c h ,  sugar maple, che r ry ,  red and white oaks,  ash--with which t o  work 
toward t h i s  o b j e c t i v e ,  

Although t h e  Lake S t a t e s  softwood lumber indus t ry  i s  c u r r e n t l y  a t  a  low 
ebb,  f o r  reasons wi th  which we a r e  a l l  f a m i l i a r ,  much of t h e  land t h a t  
once produced some of t h e  Nat ion ' s  f i n e s t  softwood sawtimber i s  s t i l l  
a v a i l a b l e ,  a l though i n  a  r a t h e r  so r ry  s t a t e  from t h e  s tandpoint  of stock- 
ing  and spec ie s  composition, But enough progress  has been made t o  demon- 
s t r a t e  t h a t ,  with time and e f f o r t ,  t hese  lands  can be r e h a b i l i t a t e d ,  I n  
t h e  p l a n t i n g ,  inc luding  reinforcement p l an t ing ,  t h a t  w i l l  be an important 
p a r t  of t h e  r e h a b i l i t a t i o n  job,  l e t  us not th ink  s o l e l y  of t h e  q u a l i t y  of 
t h e  pulpwood t h a t  w i l l  be removed i n  th inn ings ,  o r  i n  such premature 
c l e a r  c u t t i n g  a s  may be done, but a l s o  of t h e  q u a l i t y  and value of t h e  
f i n a l  crop when harvested a t  matur i ty ,  



Discussion on Applying Fores t  Tree Improvement 
P r a c t i c e s  i n  t h e  Lake s ta tes&/  

Discussion centered  f i r s t  on t h e  t r a i n i n g  of crews f o r  seed c o l l e c t i o n .  
It was s t a t e d  t h a t  t h e  t r a i n e d  crew used i n  t h e  f i r s t  year"  work on t h e  
Wisconsin v e r i f i e d  seed program cons is ted  of co l l ege  men who had pre-  
viously worked f o r  t h e  S t a t e  on jobs r equ i r ing  t r e e  climbing, One prob- 
lem was t o  keep l o c a l  c o l l e c t o r s  out  of t h e  a r e a s  designated f o r  v e r i f i e d  
seed c o l l e c t i o n .  X t  was pointed out  t h a t  t h e  Davey Tree Company w i l l  
t r a i n  t r e e  c l imbers ,  

There was considerable d iscuss ion  on t h e  general  t o p i c  of wood s p e c i f i c  
g r a v i t y .  The statement was made t h a t  t h e r e  i s  no c o r r e l a t i o n  between 
growth r a t e  and s p e c i f i c  g rav i ty  i n  southern p ine ,  and t h a t  t h e  southern 
pulpwood companies know t h a t  c o a s t a l  p l a i n  l o b l o l l y  p ine  has  high s p e c i f i c  
g rav i ty  while t h a t  found i n  t h e  Piedmont has lower s p e c i f i c  g r a v i t y *  I t  
was pointed out  a l s o  t h a t  s p e c i f i c  g rav i ty  must be based on basa l  a rea  in-  
crement, not on r a d i a l  increment,  For example, i n  comparing 100 se l ec t ed  
southern p ines  with 100 average t r e e s  i t  was found t h a t  a l though t h e  se- 
l e c t e d  t r e e s  grew f a s t e r ,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  'n s p e c i f i c  
g rav i ty  based on basa l  a rea  increment,  

I t  was brought o u t ,  however, t h a t  t h e r e  a r e  p l aces  where-we don ' t  want 
dense wood, Dense f i b e r s  con t r ibu te  t o  poor p e n e t r a b i l i t y  of paper ,  and 

erwood con t r ibu te s  dense f i b e r s ,  Springvrood on t h e  o t h e r  hand con- 
t r i b u t e s  do paper s t r eng th  by bonding b e t t e r  than denser  s m e r w o o d  f i b e r s ,  

Concluding t h e  d iscuss ion  was a  p lea  t h a t  we remember t h a t  t h e  g r e a t e s t  
use of wood s t i l l  i s  a s  wood, and not a s  pu.lp, important a s  t h a t  may be ,  

1/ This repor t  on the  discussion f o r  t h i s  s ec t ion  and those f o r  suc- 
ceeding sec t ions  a r e  based on notes  made by Roland E .  Schoenike, graduate 
s tudent  a t  t h e  U n i v e r s i t y  of Minnesota, 



RECENT ADVANCES I N  FOREST TREE IIMPROWmNT 
I N  THE LAKE STATES 

F o r e s t  Tree  Improvement A c t i v i t i e s  
a t  t h e  Lake S t a t e s  S t a t i o n  During t h e  P a s t  Two Years 

by Robert  D.  M c ~ u l l e ~ l /  

The g e n e t i c s  wor!r a t  t h e  Lake S t a t e s  S t a t i o n  comes i n  s e v e r a l  d i f f e r e n t  
packages .  During t h e  p a s t  2 y e a r s  1abora.tory and greenhouse f a c i l i t i e s  
have been completed a t  t h e  Hugo Sauer  Sea t e  F o r e s t  Nursery n e a r  Rhine- 
l a n d e r ,  W i s . ,  and o u r  g e n e t i c i s t ,  Hans N iens t aed t ,  ha s  moved t h e r e  from 
S t ,  P a u l ,  T h i s  Northern I n s t i t u t e  of F o r e s t  Gene t ics  i s  t h e  c u r r e n t  l o -  
c a t i 3 n  of  a  p a r t  of the  work t o  be r e p o r t e d ,  Progeny t e s t s  d a t i n g  back 
a s  much a s  25 y e a r s  a r e  maiLtained by t h e  S t a t i o n ' s  c e n t e r s  f o r  r e s ea r ch  
a t  Eas t  Lansing,  Mlch . ,  Marquet te ,  Mich , ,  Wauszu, W i s , ,  and Grand Rapids ,  
Minn. The w o r k  a t  t h e s e  f i e l d  s t a t i o n s  i s  i nc luded .  Also inc luded  i s  
t h e  work of  t h e  F o ~ e s t  Diseases  Div i s ion  i n  S t ,  Paul  on r a c e s  of whi te  
p i n e  b l i s t e r  r u s t  

Research Under Way During P a s t  Two Years 

I ' l l  begin by o u t i i n i n g  t h e  phys io log i ca l  s t u d i e s  now be ing  made a s  t h e  
mosi r e cen t  component 01 the  S ta t , io r i t s  program. From t h e r e  I ' l l  move on 
t o  t h e  w%.Pte sp ruce  p r o j e c t  , t h e  s p e c i e s  c u r r e n t l y  r e c e i v i n g  t h e  most em- 
p h a s i s ,  Then t h e r e  a r e  s e v e r a l  i t ems  i n  connect ion w i th  seed source  t e s t s  
and o t h e r  a u l ; p l a ~ t i n ~ = - s .  A n d  f i a ~ a l l * ~  b r i e f  menf,ion w i l l  be made of t h e  
;iriciy oi' :-a.ces of w h i t e  plvle b l i s t e r  r u s t .  

Physiology 

The emphasis i n  t h i s  phase of t h e  program i s  on aux in  metabolism, I n  t h e  
p ~ ~ e l i r n i n a ~ y  s t a g e s  01 t h e  i n i t i a l  sT,udies, problems developed i n  app ly ing  
s t anda rd  procedures  of b i o - a s s a y  , Resin c o ~ t a m i n a t i o n  proved more s e r i o u s  
t han  expec t edw Work op new o r  d i f f e r e n t  t echn iques  t h e r e f o r e  i s  a  neces- 
s a r y  p r e r e q u i s i t e  t o  a.dvancement I n  % h i s  p r o j e c t .  S t u d i e s  under way t h a t  
are  dependent on atrxin assay a r e :  

I .  A s tudy  of t h e  role of an  a s x i n  i n h i b i t o r  (TTBA) on r o o t  fo rmat ion  
and e l o n g a t i o n ,  Work w a s  begun on t h s s  problem because v e g e t a t i v e  
p ropaga t ion  1s a t  present a l l m i t i n g  f a c t o r  i n  s t u d i e s  of many spe- 
c i e s ,  A b e t t e r  unders tand ing  of t h e  mechanism of r o o t i n g  should l e a d  
t o  more e f f e c t i v e  u se  of the  va r i ous  means of s t i m u l a t i n g  r o o t  develop- 
ment t h a t  now show promise o r  have been e f f e c t i v e  wi th  some of t h e  l e s s  
d i f f i c u l t  s p e c i e s ,  

I/' C h i e f ,  D iv i s i on  of Fo re s t  Management Research,  Lake S t a t e s  F o r e s t  
~ x ~ e r y m e n t  S t a t i o n ,  S t .  Paul  1 ,  Minn. 



2 ,  A study of t h e  r o l e  of auxin i n  t h e  i n i t i a t i o n  of f lowers and i n  sex 
expression of f o r e s t  $sees, 

3,  A s tudy of the r o l e  a& auxin i n  t h e  t r a n s i t i o n  from springwood t o  sm- 
merwood, C o l l e c t i s a s  a t  i n t e r v a l s  during the  growing season w i l l  re-  
l a t e  auxin concent ra t ion  to t h e  type of wood being formed, 

White Spruce 

We have a 1936 p lan t ing  t h a t  inc ludes  seven sources from t h e  Lake S t a t e s ,  
Ontar io ,  and t h e  Black H i l l s ,  Col lec t ions  f o r  a more comprehensive study 
of r a c i a l  v a r i a t i o n  i n  white spruce have been completed with t h e  excep- 
t i o n  of t h r e e  Canadian and one U. S o  source,  Wendy-eight sources a r e  
involved, covering t h e  botanica l  range of t h e  spec ie s ,  Seed w i l l  be % o m  
i n  t h e  nursery  i n  sp r ing ,  1958, Tes t s  of seven c o l l e c t i o n s  made i n  1955 
showed marked d i f f e r e n c e s  i n  seed dormancy between sources ,  

S tudies  of t h e  c h a r a c t e r i s t i c s  of spruce and of t h e  te-crhniques that a r e  
well  adapted t o  use i n  gene t i c s  research  on spruce have been made t o  pro- 
vide t h e  b a s i s  f o r  f u t u r e  work on t h i s  spec ies  group, One of t hese  has 
t o  do with f a l l  g r a f t i n g  of mater ia l  obtained a t  t h e  time of seed co l l ec -  
t i o n ,  Aids t o  success a t  t h i s  season were s tudied  i n  1956, Black spruce 
and Norway spruce were included i n  add i t ion  t o  white spruce,  Day length  
and tenpera ture  f o r  the  s tock  p l a n t s  were var ied  both before and a f t e r  
graf t l n g  . Rt3~ul.t s :  

I ,  Pretrea%ment seened to have l i t t l e  e f f e c t  on surv iva l  of t h e  g r a f t s  
provided t h e  stack p l a n t s  were m ~ ~ i n t a i n e d  i n  good growing condi t ion  
throughout the smmer ,  

2 ,  Treatment a f t e r  g r a f t i n g  had a marked e f f e c t  on s u r v i v a l ,  m d i c a l  
changes i n  t h e  physiology of t h e  p l a n t  brought on by t reatment  were 
a s soc ia t ed  with low scion s u r v i v a l ,  

3 ,  G r o w t h  of the sc ions  was l i t t l e  a f f e c t e d  by pretreatment  but  markedly 
a f f e c t e d  by post-graft3.ng t rea tment ,  C h i l l i n g  f o r  about 8 weeks i s  
necessary do  break dormancy and produce maxjmm growth, Long day 
compensates i n  p a r t  f o r  lack  of c h i l l i n g ,  

A s i m ~ l a r  s t udy  with more vigorous root  s tock  showed b e t t e r  o v e r a l l  re- 
sults, Tes ts  of the uses of day length  v a r i a t i o n s  and low Lenperature t o  
stimula te e a r l y  and long-sus tained growth of whi t e  spruce seedl  i.ngs were 
made i n  11956, If  success fu l ,  such t reatments  could make i t  poss ib l e  f o r  
seedl ings  t o  go k#hrough 2 o r  more normal growth cycles  i n  1 y e a r ' s  time 
and thus  has ten  t h e i r  development t o  c e r t a i n  des i r ed  s t a g e s ,  Prel iminary 
r e s u l t s  i n d i c a t e  Ghat 4 t o  6 weeks' c h i l l i n g  ac 36O F ,  i s  s u f f i c i e n t  t o  



In  1956 t h e  SGation began a  s t u d y  of white  spruce with t h e  t h r e e f o l d  objec-  
t i v e  of determining and desc r ib ing  (1) t h e  f i r s t  appearance of pr imordia l  
male and female f lowers  and t h e i r  development through one complete c y c l e ,  
( 2 )  determining and desc r ib ing  t h e  developmental s t a g e s  i n  f lower forma- 
t i o n  du r ing  t h e  pe r iod  of p o l l i n a t i o n ,  and ( 3 )  t h e  t ime i n t e r v a l  between 
p o l l i n a t i o n  and f e r t i l i z a t i o n  Observat ions were made and ma te r i a l  co l -  
l e c t e d  a t  s p e c i f i e d  i n t e r v a l s  from e a r l y  sp r ing  t o  l a t e  f a l l ,  Microscopic 
examination of t h i s  ma te r i a l  has  given some b a s i s  f o r  e a r l y  i d e n t i f i c a t i o n  
of male f l ower s ,  female f lowers ,  and vege t a t i ve  buds, Observat ions a r e  
being cont inued dur ing  1957 and more complete ana lyses  of m a t e r i a l  w i l l  
be made, 

A s tudy of t h e  e f f e c z  of g ros s  c l i m a t i c  changes over  sho r t  geographic d i s -  
t ances  on t h e  development of ecotypes i n  w h i t e  spruce i s  under way, I n  
t he  Upper Peninsula  of Michigan t h e r e  i s  a range s f  average f r o s t - f r e e  
season from 80 t o  140 days wi th in  a d i s t a n c e  of 40 m i l e s ,  Nineteen seed 
sources  have been c o l l e c t e d  wi th in  t h i s  area and these  a r e  undergoing pre-  
l iminary  x e s t i n g  under c o n t r o l l e d  cond i t i ons  i n  t h e  greenhouse. 

A s tudy  of c o n t r o l l e d  poll . ination, was made i n  1956: 

I ,  To determine t h e  mast e f f e c t j v e  bag type o r  combination, 

2 ,  Ts determine t h e  developmental s tage  a t  which female str6biIi show 
g r e a t e s t  r e@epSlv i%y ,  

3 ,  To make p re l i~ : in i a rv  observa t ions  on species and s e l f - c o m p a t i b i l i t y ,  

4 ,  To develop techz'iiqi~es f o r  overcoming speci'es incsmpati b i l i t y  . 

5 .  To work 09% ean t ro i  methods f o r  cone insects, 

Resu l t s  showed that: 

1, A C Q ~ @ ~ P A ~ I ~ F ~  o f  satrs9ge casing arad. k r a f s  bags was b e s t ,  

2 ,  Fema le  f lowers  were r e c e p t i v e  to p o P L i r z a t i o ~  f o r  a maximum of 5 days 
begionlng a t  ?he f i r s t  pol len  sheddiag, 

3 ,  Several  ink e ~ s p e c ~ i e s  crosses y i e l d e d  s e e d ,  

4 ,  Nsne o f  t r ~ e  h o r ~ a ~ e s  tesTed overcame s p e c i e s  i ncompa t ib i l i t y ,  

5 ,  Lindane gave p a r t i a l  contra1 a f  cone i n s e c t s ,  

A modified r epe t ikaan  s f  t h e  s tudy was made i n  1957 but was l i m i t e d  by 
poor f lower p roduc t ion ,  

A p a r t  of t h e  whi te  spruce projec t  but  a l s o  bear ing  on work with o t h e r  
spec i e s  i s  t h e  selec5ion of supe r io r  t r e e s  on t h e  n a t i o n a l  f o r e s t s ,  A f t e r  
?,he pub l i ca t i on  of t h e  Guide f o r  S e l e c t i n g  Superior  Fo re s t  Trees  and 



Stands i n  the  Lake ,States,gi t h e  na t iona l  f o r e s t s  i n  t h e  region were 
asked by t h e  Regional Fores t e r  t o  supply da ta  on t r e e s  t h a t  they be- 
l i eved  were i n  t h e  super ior  category,  Two f o r e s t s  have sent  i n  these  
desc r ip t ions  and t h e  t r e e s  have been checked i n  t h e  f i e l d ,  Continued 
and widespread p a r t i c i p a t i o n  by management f o r e s t e r s  i s  requi red  and re-  
quested t o  make t h i s  phase of t h e  program f u l l y  success fu l ,  The se l ec t ed  
t r e e s  w i l l  be used i n  s t u d i e s  of v a r i a t i o n ,  t h e  inhe r i t ance  of t r e e  char- 
a c t e r i s t i c s ,  and seed orchard and breeding techniques,  

# Progeny Tes t s  and Other Miscellaneous Studies  

A s  noted be fo re ,  some of t h e  ou tp lan t ings  now under observat ion were made 
i n  t h e  e a r l y  t h i r t i e s ,  h o n g  these  a r e  seed source i n s t a l l a t i o n s  f o r  red 
p ine  with p l o t s  remaining i n  two a r e a s  of nor thern  Minnesota, The prob- 
lems of t h inn ing ,  accentuated by a row-by-row arrangement of sources,  have 
been argued back and f o r t h  i n  connection with one of t hese  t e s t s .  I n  gen- 
e r a l ,  i t  i s  a reminder t o  us  t h a t  progeny t e s t i n g  needs thorough planning,  
wise dec i s ions  on t h e  necessary compromises on o b j e c t i v e s ,  and a f a i r  
measure of good f o r t u n e ,  

The regional  seed source study of jack p ine  seems t o  be of f  t o  a good 
s t a r t ,  The p l an t ings  t h e  S t a t i o n  i s  maintaining c lose  check on have had 
good su rv iva l  with one exception,  No attempt has  been made t o  compare 
sources a t  t h i s  e a r l y  d a t e  and no d i f f e rences  have been so.prominent t h a t  
they exc i t ed  comment from f i e l d  examiners, A few minor i n s e c t  a t t a c k s  
have been r epor t ed ,  

Sixteen sources of white p ine  seed have been assembled from throughout 
t h e  botanica l  range of t h e  spec ies  a s  p a r t  of an in ter - reg ional  seed 
source study i n  cooperation with t h e  Southeastern,  Northeastern,  and Cen- 
t r a l  S t a t e s  Fores t  Experiment S t a t i o n s ,  and t h e  Ontario Department of 
Lands and F o r e s t s ,  Seeding i n  t h e  nursery i s  scheduled f o r  next sp r ing ,  

The S t a t i o n  succeeded i n  obta in ing  a number of Russian and Siber ian  
sources s f  Scotch p ine ,  Norway spruce ,  and a n w b e r  of o t h e r  spec ies  i n  a 
recent  seed exchange, They were sown i n  t h e  spr ing  of 1953 and a r e  de- 
veloping well  i n  t h e  nursery ,  The sources of Norway spruce w i l l  help t o  
round out  an o l d e r  study o f  t h i s  spec ie s ,  

Older p l an t ings  t h a t  a r e  remeasured p e r i o d i c a l l y  include: 

a ,  Scotch p ine  seed sources 

b e  Norway spruce seed sources - I n t e r n a t i o n a l  Union 

c ,  European and Siber ian  Larch sources 

2/ Prepared by Paul 0 ,  Rudolf of t h e  Lake S t a t e s  Fores t  Experiment 
~ t , a ~ i &  with t h e  a s s i s t a n c e  of t h e  Subcorni t tee  on Tree and Stand Selec- 
t i o n ,  and published by t h e  Lake S t a t e s  S t a t i o n  (S ta t ion  Paper No, 40, 
l956) ,  



d ,  Hybrid p o p l a r s  

e ,  Eas te rn  x western whi te  p i n e  hybr ids  

f .  Jack p i n e  x lodgepole  p ine  hybr ids  

g ,  Some 65 e x o t i c  t r e e  s p e c i e s  from random sources  

B l i s t e r  Rust Races 

Research on b l i s t e r  r u s t  r a c e s  was begun in formal ly  a t  t h e  Un ive r s i t y  of 
Minnesota i n  1950,  Limited f i nanc ing  was furn i shed  by t h e  U. S .  Depart-  
ment of A g r i c u l t u r e  i n  1951, The S t a t i o n  en t e r ed  t h e  p i c t u r e  i n  1952 when 
Ralph L Anderson jo ined  t h e  s t a f f ,  I n  1955 evidence of r a c i a l  d i f f e r -  
ence was found on a  s p e c i e s  of Ribes ,  

Subsequent r e sea rch  has  confirmed t h e  i n i t i a l  evidence of r a c i a l  d i f f e r -  
ences ,  Pre l iminary  evidence of p o s s i b l e  r a c i a l  v a r i a t i o n  ha s  been noted 
on o t h e r  Ribes  s p e c i e s ,  

The nex t  s t e p  i s  t o  determine whether r a c i a l  d i f f e r e n c e s  a l s o  show up on 
t h e  p i n e  h o s t ,  For  t h i s  purpose c l o n a l  l i n e s  a r e  being b u i l t  up through 
g r a f t i n g ,  A good s t a r t  has  been made with:  Eas t e rn  whi te  p i n e  of a  Lake 
S t a t e s  source ,  Korean p i n e ,  l imber  pi.ne, and Balkan p ine .  Weahope t o  add 
c l o n a l  l i n e s  of  the  fol lowing:  A n o r t h e a s t e r n  source  of e a s t e r n  whi te  
p i n e ,  a r u s t . - r e s i s t a n t  s e l e c t i o n  of e a s t e r n  whi te  p i n e ,  a  normal western 
source of western white! p i n e ,  and a. r u s t - r e s i s t a n t  s e l e c t i o n  of western 
whi te  p i n e .  T e s t s  on p i n e  h o s t s  w i l l  begin i n  t h e  immediate f u t u r e .  

P l ans  

The ou t look  f o r  g e n e t i c s  r e sea rch  a t  t h e  Lake S t a t e s  S t a t i o n  i n  t h e  pe r iod  
j u s t  ahead i nc ludes  cons ide rab l e  development work. However p r e s e n t  f ac -  
i l i t i e s  a r e  good and t h e r e  a r e  on ly  t h e  normal problems l y i n g  i n  t h e  way 
of improving them, 

The emphasis on spruce w i l l  con t inue  f o r  a number of y e a r s ,  Problems i n  
connect ion wi th  o t h e r  s p e c i e s  a r e  e n t i c i n g  and cannot a l l  be  taken  c a r e  
of by o t h e r  r e sea rch  agenc ies  i n  t h e  r eg ion ,  N o  doubt v a r i e t y  w i l l  c reep  
i n  more r ap id ly  than  t h e  f i nanc ing  t o  t a k e  c a r e  of i t .  

There i s  a f e e l i n g  of optimism on o u r  p a r t  due t o  t h e  q u a l i t y  and no t  t h e  
q u a n t i t y  of  ou r  resea.rch s t z f f  and because of a  formal ly  recognized pro- 
gram e s t a b l i s h e d  i n  a f i e l d  t h a t  rece ived  on ly  spo rad i c  a t t e n t i o n  i n  t h e  
p a s t ,  



Fores t  Tree Improvement a t  t h e  Universi ty of Minnesota 

l/ by Scot t  S ,  Pauley- 

p r i n c i p a l  i n i t i a l  e f f o r t  i n  t h e  e s t a b l i s h e n t  of t h e  t r e e  improvement pro- 
j e c t  ad t h e  Univers i ty  of Minnesota continues do be d i r e c t e d  Lo t h e  accu- 
mulation and propagation of experimental ma te r i a l s  a t  t h e  Un ive r s i ty ' s  
North Cent ra l  School and Experiment S t a t i o n  (NCSES) and i n  a new nursery 
e s t ab l i shed  on t h e  St* Paul campus, Addit ional  t e s t  and demonstration 
ou tp lan t ings  were a l s o  e s t ab l i shed  and new s t u d i e s  i n i t i a t e d  by seve ra l  
graduate s tuden t s  i n  1956-57 A s a r i z e d  desc r ip t ion  and r epor t  of pro- 
gress  on these  a c t i v i t i e s  fo l lows,  

Nursery Propagation 

Through cooperation of t h e  Knife River Mursery (Kimberly-Clark of Minne- 
s o t a ,  I n c , )  and t h e  Willow River and Badoura n u r s e r i e s  (Minnesota Conser- 
vat ion Department), severa l  thousand seedl ings  and t r a n s p l a n t s  of white 
spruce,  black spruce,  red p ine ,  jack p ine ,  and white p ine  have been l ined-  
out  f o r  use a s  roots tocks  i n  t h e  MCSES nursery and i n  t h e  S t ,  Paul nursery ,  
Addit ional  roots tocks  of t h e  following spec ie s  have been propagated from 
seed: Yellow-poplar, black willow, quaking aspen,  eottonw?od, s i l v e r  pop- 
l a r ,  grey b i r c h ,  r i v e r  b i r c h ,  paper b i r c h ,  American elm, S ibe r i an  elm2 
s l ippe ry  elm, rock elm, red maple, s i l v e r  maple, and black l o c u s t ,  

In  add i t ion  t o  t h e  new nursery s i t e  made a v a i l a b l e  to  the  Tree Improvement 
P ro jec t  on t h e  S t ,  Paul campus i n  t h e  sp r ing  of 195'7, t h r e e  new rodent- 
proof seedbeds and a heel ing-in bed adjacent  t o  t h e  Green Hal1 (School of 
Fores t ry)  greenhouse have been cons t ruc ted ,  These f a c i l i t i e s  w i l l  mater i-  
a l l y  improve our  a b i l i t y  t o  handle seedl ing  progenies ,  

Outplant ings - 

Tree Improvement Arbore tm,  --Through cooperation of t h e  Blandin Founda- 
t i o n ,  i n i t i a l  outplan1,ing i n  a Tree Improvement Arboretum a t  She D, M ,  

a Gum Memorial Park ,  P r a i r i e  Lake, was made i n  t h e  spr ing  of 1956, The 
p l an t ing  consisted. of various cottonwood, balsam poplar ,  and aspen eco- 
types and hybr ids ,  

I n  May 1957, 100 4- t ree  p l o t s  of paper b i rch  seed sources were es t ab l i shed  
i n  t h e  arboretum a r e a ,  The seed sources represented cover most of t h e  
range of t h i s  spec ies  i n  North Ameri.ca,, Seed o f  t h i s  mater ial  w8S a.ssem- 
bled by D r ,  Chi-Wu Wang i n  1953 while on t h e  s t a f f  of t h e  Narvard F o r e s t ,  
(Dr, Wang i s  now on t h e  s t a f f  of t h e  School o f  Fores t ry ,  Universi ty o f  
Flo r ida ,  ) 

l/ Pro fes so r ,  School of Fores t ry ,  I n s t i t u t e  of Agr i cu l tu re ,  Univer- 
s i t y  of Minnesota, S t .  Paul 1, Minnesota. 



I n  a d d i t i o n ,  28 4 - t r ee  p l o t s  of va r ious  paper  and yellow b i r c h  seed sour- 
c e s ,  and p u t a t i v e  n a t u r a l  hybr ids  of t h e s e  spec i e s  wi th  bog b i r c h ,  were 
p l a n t e d .  Seed of t h i s  m a t e r i a l  was assembled by A ,  G, Johnson whi le  on 
t h e  s t a f f  of t h e  Arnold Arboretwn, Harvard Un ive r s i t y ,  i n  1953 and 1954. 
(Mr, Johnson i s  now on t h e  s t a f f  of t h e  H o r t i c u l t u r e  Department, Univer- 
s i t y  of Minneso ta - )  

Cook ou tp lan t inge- -The  Cook o u t p l a n t i n g  a r e a ,  e s t a b l i s h e d  through coopera- 
t i o n  of  t h e  Diamond Match Company on t h e  P e t e  Trygg farm nea r  Cook, Minn., 
i n  t h e  s p r i n g  of 1956, was i nc r ea sed  i n  t h e  s p r i n g  of 1957 by t h e  a d d i t i o n  
of a  p o r t i o n  of t h e  b i r c h  sources  descr ibed  above, Twenty-one of t h e  Wang 
seed source  c o l l e c t i o n s  and 12  of  t h e  Johnson c o l l e c t i o n s ,  i n  va r ious  p l o t  
s i z e s ,  were ou tp l an t ed  i n  t h e  s p r i n g  of 1957 

F ive  F2 and backcross  p rogenies  of quaking aspen were a l s o  ou tp l an t ed  i n  
t h e  Cook t e s t  a . rea ,  

Highway 33 outplant ing,--Through coopera t ion  of t h e  Diamond Match Company 
ano the r  t e s t  s i t e  f o r  b i r c h  was made a v a i l a b l e  t o  t h e  Tree Improvement 
P r o j e c t  i n  t h e  s p r i n g  of 1957, Th i s  a r e a  comprises a p i e c e  of  newly 
c l e a r e d  l and  on t h e  west s i d e  of Highway 33,  about 1 0  mi l e s  n o r t h  of Clo- 
que t .  Fo r th - f i ve  of t h e  Wang b i r c h  sources  were ou tp l an t ed  he re  i n  t h e  
s p r i n g  of 1957. 

Waseca, Aus t i n ,  and S t ,  Paul  outplant ings , - -One hundred cottonwood and 
balsam popla r  c l o n a l  l i n e s  were e s t a b l i s h e d  i n  ha rd ines s  t e s t s  i n  n o r t h ,  
c e n t r a l ,  and sou thern  Minnesota i n  t h e  s p r i n g  of 1956. Marked v a r i a t i o n  
i n  f r o s t  damage of  c e r t a i n  c lones  between p l a n t i n g s  was recorded i n  1956- 
57 ,  The p l o t s  w i l l  be maintained with  coopera t ing  agenc ies  f o r  s eve ra l  
yea r s ,  

S tud i e s  i n  P rog re s s  

Mode of  i n h e r i t a n c e  i n  aspen,--Several  F2 and backcross  p rogenies  de r ived  
from c r o s s e s  of F i  hybr id  aspen popula t ions  were produced i n  t h e  green- 
house du r ing  l a t e  w in t e r  1956 and 1957. The Fl popula t ions  u t i l i z e d  were 
der ived  from c o n t r o l l e d  c r o s s e s  of s e l e c t e d  quaking aspen and European 
aspen p a r e n t s  made by t h e  Cabct  Foundation i n  1950. 

Hermaphroditism i n  quaking aspen,--An a n a l y s i s  of female ,  male,  and herma- 
p h r o d i t i c  ( b i s e x u a l )  t r e e s  i n  a  206-tree  sample of s exua l l y  mature quaking 
a spens ,  a l l  of s e e d l i n g  o r i g i n ,  was made i n  1956, Resu l t s  of  t h i s  s tudy  
a r e  summarized i n  Minnesota F o r e s t r y  Notes No, 55 

C e r t a i n  a s p e c t s  of t h i s  i n i t i a l  s tudy  ( e , g ,  a c t u a l  r a t i o  of male o r  fema.le 
f lowers  t o  b i s exua l  f lowers  i n  a  s i n g l e  t r e e ,  s e l f  f e r t i l i t y  s t u d i e s  o f  
b i s exua l  p l a n t s ,  g e n e t i c  sex mechanisms involved ,  e t c . )  w i l l  be cont inued 
by M r ,  Soon Chul Hong, a  Korean gradua te  s t uden t  now i n  r e s idence ,  

Birch s t u d i e s , - - I n  a d d i t i o n  t o  t h e  Wang and Johnson b i r c h  c o l l e c t i o n s  de- 
s c r i bed  above, f u r t h e r  s t u d i e s  of e co typ i c  d i v e r s i t y  and n a t u r a l  hyb r id i -  
z a t i o n  i n  t h e  n a t i v e  b i r ches  have been i n i t i a t e d :  



(1)  I n  cooperat ion with Rapond J. good, Manager of t h e  Diamond Match 
Conpaaty" Land and Tinnber Department, open pol l inaeed  seed coll,ec- 
t i o n s  from 11 selec ted  b i r ch  s tands  were made i n  l a t e  August 1957, 

( 2 )  Studies  of n a t u r a l  hybr id iza t ion  involving paper b i r c h  and bog b i r ch  
were i n i t i a t e d  dur ing  t h e  p a s t  year  by Knud E ,  Clausen, a graduate 
stradent i n  t h e  School of Fores t ry ,  I n i t i a l  e f f o r t  has  been d i r e c t e d  
t o  t h e  loca t ion  and mapping of hybrid swarms throughout t h e  S t a t e  
and c o l l e c t i o n  of herbarium mate r i a l  and seed f o r  morphological and 
cy to log ica l  sxudi e s  , 

Fores t  gene t i c s  survey,--A repor t  on t h e  Minnesota f o r e s t  gene t i c s  survey 
conducted by Thomas 0 ,  Rudolph and William J, Libby during t h e  s 
1956 has  been completed, T h i s  r epor t  was not intended f o r  pub l i ca t ion ,  
bu? a s  a re ference  f o r  more d e t a i l e d  i n v e s t i g a t i o n s ,  Three copies  have 
been prepared and a r e  a v a i l a b l e  on loan ,  A po r t ion  of -the data  c o l l e c t e d ,  
concerned with jaek p ine  v a r i a t i o n  and d i s t r i b u t i o n  i n  Minnesota, has 
been published a s  Hinnesota Fores t ry  Notes No, 58. 

Jack p ine  variat ion,--As an outgrowLh of t h e  above r e p o r t ,  a  d e t a i l e d  in-  
ves t iga t ion  of jack pine  d i v e r s i t y  has been undertaken -by Thornas 0 ,  
Rudolph and Roland E ,  Schoenike, both graduate s tuden t s  i n  the  School of 
Fores t ry ,  These s3,udends a r e  p resen t ly  engaged i n  a s tudy of t h e  jack 
pine seed source p l a n t a t i o n s  e s t ab l i shed  by D r ,  Schantz-Hansen at t h e  Cbo- 
q u e t  Experimental Fores t  i n  t h e  e a r l y  1 9 4 0 k s ,  and t h e  more r ecen t ly  es tab-  
l i shed  seed source p l an t ings  nade cooperat ively by the  Lake S t a t e s  Fores t  
Experiment S ta t ion  and the  Universi ty of Minnesota, If feas ib le ,  f i e l d -  
work w i l l  be undertaken ou t s ide  t h e  S t a t e  throughout the  range of jack 
p i n e ,  and e s p e c i a l l y  jn  western Canada *ere t h e  natural, range of jaek 
pine a'nd i t s  western counterpar t ,  Lodgepole p i n e ,  ove r l aps ,  

Toxin t e s t a  f o r  Dutch elm disease,--Tests  of a tox in  screening method f o r  
the  i s o l a t i o n  o f  American elm seedl ings  r e s i s t a n t  t o  t h e  D u t c h  elm d i s -  
ease were undertaken by Frank S o  Santamour, a graduate s tudent  i n  t h e  
School of Fores t ry ,  dur ing  the  p a s t  w in te r ,  Resul t s  of t hese  t e s t s  d i d  
not support the  f e a s i b i l i t y  of such a  screening method nor support t h e  
hypothesis  t h a t  a  t ax in ,  produced by t h e  causal  f u ~ g u s ,  i s  t h e  prime di  s- 
ease-causing f a c t o r  i n  xnfected t r e e s ,  

Graft ing and hybr id i za t ion  a %  elm,--The g r a f t i n g  and h g b ~ i d i z a t ~ i o n  s t u d i e s  
undertalcen by Paul E, C o l l i n s  while a graduate s tudent  i n  residence a t  the  
School o f  F o r e s t r y  i n  the sp r ing  o f  1956 a r e  being continued a t  Souzh 
Dakota S ta te  College, 

Yel low-poplar ecotypes ,--Adaptabili ty tests of four  open-pollina ted seed 
sources (Hew York, Tennessee, North Carol ina ,  Michigan) of Liriodendron 
t u l i p i f e r a  were i n i t i a t e d  i n  1956, Other such t e s t s  of southern spec ie s ,  
designed to  i so l a t e  poss ib ly  adapted ind iv idua l s ,  a r e  planned, 



Jack p ine  and lodgepole  F2 popula t ion ,  --Through coopera t ion  of  t h e  I n s t i -  
t u t e  of Fo re s t  Genet ics ,  P l a c e r v i l l e ,  C a l i f , ,  w e  have been suppl ied  sam- 
p l e s  of seed from F1 hybr ids  of t h e  c r o s s  lodgepole  x jack pine--a con- 
t r o l l e d  c r o s s  t h a t  was made a t  t h e  I n s t i t u t e  a number of yea r s  ago,  Sev- 
e r a l  samples of lodgepole  p ine  seed from t h e  same l o c a l i t y  of o r i g i n  a s  
t h e  female pa ren t  of t h e  o r i g i n a l  c r o s s  have a l s o  been supp l i ed .  These 
samples,  t oge the r  with samples of Minnesota jack p i n e ,  a r e  c u r r e n t l y  being 
propagated,  

Progeny t e s t  ana lys i s , - -Mr ,  John C "  Barber ,  on l eave  from t h e  Southeas te rn  
Fo re s t  Experiment S t a t i o n ,  U, S ,  Fo re s t  Se rv i ce ,  was i n  res idence  a s  a 
gradua te  s tuden t  i n  t h e  School of F o r e s t r y  dur ing  t h e  1956-57 academic 
yea r .  M r ,  Ba rbe r ' s  research  problem i s  concerned with t h e  &year evalua- 
t i o n  of s e v e r a l  s l a s h  pine progeny t e s t s  growing i n  t h e  S t a t e  of Georgia,  

Basswood propagat ion,--Studies  of basswood propagat ion from stem and roo t  
c u t t i n g s  have r e c e n t l y  been undertaken by William J P e t e r s ,  a g radua te  
s tudent  i n  t h e  School of F o r e s t r y ,  Basswood i s  given high ranking by 
Minnesota farmers  a s  a d e s i r a b l e  farm woadlot t r e e ,  Other hardwoods of 
high p r e f e r e n t i a l  r a t i n g  by t h e  S t a t e ' s  farmers  a r e :  rock e l m ,  r ed  ( s l i p -  
pery)  elm, red  oak ,  white  oak,  b u t t e r n u t ,  walnut ,  and green a s h .  

Growing no r the rn  p l a n t i n g  s tock  i n  t h e  South,--Richard Watt,  a member of 
t h e  Lake S t a t e s  P o r e s t  Experiment S t a t i o n ,  w i l l  be i n  res idence  a s  a grad- 
u a t e  s tudent  i n  t h e  School of Fo re s t ry  dur ing  the  cu r r en t  academic yea r ,  
M r .  Watt p l ans  t o  i n i t i a t e  a research  problem which w i l l  be designed t o  
a s s e s s  t h e  f e a s i b i l i t y  of growing c e r t a i n  n a t i v e  nor thern  c o n i f e r s  i n  
n u r s e r i e s  of t h e  deep South, In  t h e  long growing seasons of such a r e a s ,  
and under an a r t i f i c i a l l y  lengthened photoperiod designed t o  i n c r e a s e  t h e  
per iod of a c t i v e  grawth, h igh-qua l i ty  p l a n t i n g  s tock  may be produced i n  a 
s h o r t e r  t ime ,  

F o r e s t  Tree Trnprovement i n  t h e  Department of Genet ics  
a t  t h e  Univers i ty  of Wisconsin 

The Univers i ty  of Wisconsin i n  cooperat ion with t h e  Wisconsin Conservation 
Department undertook a program i n  f o r e s t  t r e e  improvement i n  J u l y  of 1948, 
The general  o b j e c t i v e  of t h e  program was f o r  t h e  improvement of t h e  gene t i c  
q u a l i t y  of t h e  f o r e s t  t r e e  p l a n t i n g  s tock  used i n  Wisconsin r e f o r e s t a t i o n ,  
The program has  been developed a long  t h r e e  genera l  l i n e s .  They a r e :  

1, S e l e c t i o n s  and t e s t i n g  of supe r io r  f o r e s t  tree spec i e s  

1/ Forester- in-Charge,  Fo re s t  Genet ics  Research, Univers i ty  of W i s -  - 
cons in ,  Madison, W i s ,  



2 ,  Hybridizat ion s t u d i e s  

3 .  Specia l i  zed. s t u d i e s  on such problems a s  vegeta t ive  propagat ion,  flower 
induct ion ,  establishment and maintenance of f o r e s t  t r e e  seed orchards ,  
e t c ,  

To d a t e ,  over  360 indiv idual  t r e e  s e l e c t i o n s  have been made, Not a l l  of 
t h e s e ,  however, represent  p lus- t ree  s e l e c t i o n s -  Many of t h e  indiv idual  
t r e e  s e l e c t i o n s  have been used t o  provide s tock  f o r  progeny t e s t s  and a s  
parent stock f o r  f o r e s t  t r e e  seed orchards t o  he e s t ab l i shed .  

Species of i n t e r e s t  include r e d ,  whi te ,  and jack p ines ,  white and black 
spruces ,  and some balsam f i r .  In  a d d i t i o c ,  some indiv idual  t r e e  se lec-  
t i o n s  have been made f o r  quaking and b ig tooth  aspen,  and seve ra l  b i r ch  
populat ion c o l l e c t i o n s  have been acqui red ,  

An at tempt has been made t o  b u ~ l d  up a c o l l e c t i o n  of breeding ma te r i a l  
f o r  f u t u r e  research ,  Included i n  &he c o l l e c t i o n  a r e  some 20 spec ies  of 
Pinus, 5 spec ie s  of Lar ix ,  6  spec ies  of P icea ,  3 spec ies  of Abies, and 3 
species of S e t u l a .  Representat ive ssmples of a l l  t h i s  ? a t e r i a l  a r e  being 
grown i n  breeding c o l l e c t i o n  a r e a s  i n  seve ra l  l oca t ions  throughout t h e  
S t a t e ,  

ApproximaGely 100,000 t r e e s  from open-pollinated seed from indiv idual  
t r e e s  o r  s e l ec t ed  a r e a s  a r e  now involved i n  progeny and provenance t e s t s ,  
The t r l a l s  a r e  composed of 36- and 64-tree p l o t s  r e p l i c a t e d  2 o r  3 times 
wi tb ln  a t r i a l ,  The t r i a l s  a r e  then r ep l i ca t ed  on 2 o r  3 d i f f e r e n t  s i tes 
in c e n t r a l  and nor thern  Wisconsin, Per iodic  surv iva l  counts ,  growth re-  
cords ,  and o t h e r  observat ions w i l l  be made on t h e  a r e a s ,  Ce r t a in  pro- 
venances o r  individual  tree s e l e c t i o n s  which prove t o  be super ior  t o  
o t h e r s  i n  t h e  test w i l l  be used a s  seed sources f o r  f u t u r e  r e f o r e s t a t i o n  
work and a s  parent  s tock f o r  seed orchards ,  

Control led p o l l i n a t i o n s  have been performed during the  years  a s  t ime,  per- 
sonnel ,  and f lowering on t h e  p ines  permi t ted ,  The major i ty  of t hese  pol- 
l i n a t i o n s  have been made o n  red p i n e ,  a l though some work has a l s o  been 
done w i t h  jack p ine ,  Austr ian p i n e ,  and white and Norway spruces ,  Both 
i n t r a -  and i n t e r s p e c i f i c  c rosses  have been attempxed, Resul t s  t o  d a t e  
have been r a the r  poor ,  Many cones have been l o s t  through i n s e c t  damage, 
To date  no i n t e r s p e c i f i c  crosses have yielded seed,  A small s c a l e  s e l f -  
compa t i  bi Li t y  t e s t  wi. tb red p ine  has been i n  progress  f o r  severa l  yea r s ,  

The object, of s eve ra l  of t h e  spec ia l i zed  s tud ies  i s  t o  provide informa- 
t i o n  of  value f o r  %he s y s % e m a t ~ c  development and management of a network 
of f o r e s t  tree seed orchards ,  In  add i t ion ,  a  number of the  s t u d i e s  w i l l  
y i e l d  data  of value i n  t h e  pu r su i t  of o t h e r  phases of t h e  t r e e  breeding 
research ,  

A l l  s f  t h e  flower induct ion s t u d i e s  Lo d a t e  have involved t h e  use of mech- 
a n i c a l  means, Gird l ing  (both semi-circular  and s p i r a l ) ,  s t r a n g l i n g ,  roo t  
pruni.ng, dsfofi%ti.on, and phloem inweraions have been used on d i f f e r e n t  
age c l a s s e s  of red pine, The r e s u l t s  have been v a r i a b l e ,  The s p i r a l  g i r -  
d l e  gave t h e  g rea tes t  i ~ m e d i a t e  response i n  nu-mber of both male and female 



f lowers .  This  t rea tment  a l s o  caused t h e  g r e a t e s t  damage t o  t h e  t r e a t e d  
t r e e s ,  r e s u l t i n g  i n  t h e  dea th  of t h e  te rmina l  p o r t i o n s  of branch t i p s ,  
The semi-c i rcu la r  g i r d l e  gave increased  f lower ing  and d i d  no t  no t i ceab ly  
i n j u r e  t h e  growing crown. 

Response t o  s t r a n g u l a t i o n  was slow, but  a s  t h e  trees grew and began t o  
s t r a n g l e  themselves ,  f lowering increased  

Root pruning d i d  cause increased  f lower ing  on a l r eady  f lowering m a t e r i a l  
and i n i t i a t e d  f lowering on non-flowering t r e e s ,  

Most phloem inve r s ions  f a i l e d  t o  grow; however t h e  few inve r s ions  which 
d i d  t a k e  d i d  no t  s t i m u l a t e  o r  i n i t i a t e  f lowering on 8- t o  12-year-old red  
p i n e ,  The number of  t r e e s  which survived was smal l ;  hence t h e s e  r e s u l t s  
should no t  be considered conc lus ive .  

The techniques f o r  f i e l d  g r a f t i n g  of red  p ine  have been developed s u f f i -  
c i e n t l y  t o  a l low f o r  t h e i r  widespread a p p l i c a t i o n  i n  t h e  es tab l i shment  of 
a  network of f o r e s t  t r e e  seed orchards  i n  Wisconsin, 

The g r a f t i n g  i s  done i n  t h e  e a r l y  s p r i n g  before  new shoot growth begins .  
S tored  o r  f r e s h l y  c o l l e c t e d  s c ions  a r e  used ,  P r i o r  t o  g r a f t i n g ,  t h e  
s c ions  a r e  dipped i n  a  25-percent s o l u t i o n  of l i q u i d  l a t e x  and allowed t o  
d ry .  This  an t i -des i ccan t  he lps  t o  c a r r y  t h e  sc ion  over  t h e  f i r s t  few 
weeks while  t h e  c a l l u s  t i s s u e s  a r e  formed, A veneer g r a f t  i s  used.  
Gra f t i ng  success  ranged from 5 t o  100 percent  depending on sc ion  l o t s *  
The average percent  of g r a f t s  t o  "take",  however, was about 65,  

Greenhouse g r a f t i n g  has  been cont inued,  The percent  of succes s fu l  g r a f t s  
h e r e ,  however, was abou? 3 5 .  Various spec i e s  of Pinus were used a s  under- 
s t ocks  t o  determine g r a f t a b i 1 i . t ~  a s  wel l  a s  f o r  s t u d i e s  t o  determine 
understock in f luence  on t h e  s t imu la t i on  of precocious f lower ing .  

Vegetat ive propaga t ion  by means of  roo ted  c u t t i n g s  has  been a t tempted ,  
Spring "planted" c u t t i n g s  taken from 2-2 red  p ines  s eve ra l  weeks p r i o r  t o  
"p lan t ing"  gave a s  h igh  a s  25 percent  roo t ing .  The American Chemical 
Company's experimental  powder Rootone #lo4 gave r o o t i n g  of 25 percent  
a f t e r  17  weeks i n  out-of-deors c u t t i n g  beds,  When a  second r e p l i c a t e d  
bed of c u t t i n g s  was allowed t o  over-winter and t h e  t r i a l  was read  a f t e r  
64 weeks, roo t ing  bad dropped t o  19 pe rcen t ,  

A i r  l a y e r i n g  of r e d ,  wh i t e ,  j a c k p  and S c a t s  p ines  y ie lded  no rooted bran- 
ches ,  The t r ea tmen t s  were app l i ed  i n  l a t e  June and e a r l y  J u l y .  This  un- 
doubtedly was t oo  l a t e  i n  t h e  growing season,  and b e t t e r  r e s u l t s  would 
c e r t a i n l y  be expected provided t h e  t rea tments  could be app l i ed  e a r l i e r  i n  
t h e  s p r i n g  p r i o r  t o  bud break 

Dormant vege t a t i ve  bud pr imordia ,  formed a t  t h e  base of each needle  f a s -  
c i c l e  i n  P inus ,  can be s t imula ted  i n t o  growth by i n j u r y  o r  removal of t h e  
d i s t a l  p o r t i o n  of t h e  branch. When t h e  t i p  i s  removed o r  i n j u r e d ,  an 
abundance of small  branches o r  s c ions  a r e  produced by growth of t h e  l a t e n t  



buds, Thus i t  i s  poss ib le  t o  produce l a r g e  nmbers  of scions f o r  increas- 
ing se lec ted  genotypes by g ra f t ing ,  

Branch-tip c l ipping t r i a l s  were ca r r i ed  out i n  northern Wisconsin on 9- 
year-old p lanta t ion red pine ,  When t h e  treatment was applied p r i o r  t o  
the  t h i r d  week i n  July,  the  bud primordia were s u f f i c i e n t l y  st imulated 
and had enough growing season remaining a f t e r  treatment t o  form good 
scions,  These scions were l a rge  enough a t  the  end of the  growing season 
t o  be used f o r  g ra f t ing  the  following A p r i l ,  A s  few as one and a s  many 
a s  40 buds were st imulated i n t o  growth on a s ingle  clipped terminal ,  

The f i r s t  of t h e  f o r e s t  t r e e  seed orchards t o  be es tabl ished i n  Wisconsin 
was s e t  out  on an abandoned f i e l d  i n  the  Ke t t l e  Moraine S t a t e  Forest  near 
Eagle, W i s , ,  i n  A p r i l  1955- Rabbit damage t o  many of the  t r e e s  consider- 
ably  reduced the  number of l i v e  stems, Hore t r e e s  were added t o  the  o r i -  
g inal  p lant ing i n  the  spring of 1957, Measures have been taken t o  p ro tec t  
the  t r e e s  from fur the r  animal damage, F ie ld  g ra f t ing  a l s o  was ca r r i ed  
out f o r  seed orchard purposes during the  spring of 1957, 

Gone-crop predic t ion surveys a s  well a s  cone-picking time s tud ies  have 
been conducted, The information gathered has been made ava i l ab le  t o  the  
Wisconsin Conservation Department t o  a s s i s t  them i n  plannin'g t h e i r  cone- 
buying programs, Data a r e  a l s o  being accmulated  r e l a t i v e  t o  the  cyc l i c  
nature of flowering of red p ine ,  

The Verif ied Forest  Tree Seed program which was i n i t i a t e d  i n  Hovember 
1956 by the  Wisconsin Conservation Department i n  cooperation with the  
f o r e s t  t r e e  improvement program has already been discussedo 

A new inves t igat ion has been undertaken f o r  several  populations of red 
pine which show a high degree of basal forking,  Several mutant red pines 
have been found including a p r o s t r a t e  bushy type,  a "snaker' type which 
has a tendency t o  form very few s ide  branches, and a f a s t i g a t e  type which 
has shor t ,  f i n e ,  acutely angled branches, These types a r e  being vegeta- 
t i v e l y  propagated, and s tudies  t o  determine t h e i r  genetic makeup are 
planned, 



F o r e s t  Tree Improvement i n  t h e  Department of P l a n t  
Pathology a t  t h e  Univers i ty  of Wisconsin 

For a  number of yea r s  t h e  Univers i ty  of Wisconsin and t h e  Wisconsin Con- 
s e rva t ion  Department have cooperated on programs aimed a t  t h e  development 
of s u p e r i o r  d i s ea se -  and i n s e c t - r e s i s t a n t  t r e e s ,  Two major p r o j e c t s  have 
been c a r r i e d  ou t  i n  t h e  Department of P l a n t  Pathology.  One i s  concerned 
wi th  t h e  b l i s t e r  r u s t  r e s i s t a n c e  i n  white  p ine  and t h e  o t h e r  with poplar  
improvement, 

B l i s t e r  Rust  Res is tance  i n  White P ine  -- 
Progress  i n  t he  development of blister-rust-resistant white  p i n e s  has  con- 
t inued  a long  s e v e r a l  main l i n e s ,  inc lud ing  s e l e c t i o n ,  t e s t i n g ,  b reed ing ,  
and vege t a t i ve  propaga t ion .  The i n v e s t i g a t i o n s  have been made by R. F, 
Pa t ton  and A ,  J. Rike r ,  

Resi,stance of paren t  s e l e c t i o n s  i n  the farm of g r a f t s  has been t e s t e d  i n  
t h e  B l i s t e r  Rust Nursery and a l s o  i n  s u t p l a n t i n g s  i n  a number of d i f f e r e n t  
p l a c e s  i n  t h i s  country and abroad,  O f  the  o r i g i n a l  163 s e l e c t i o n s ,  40 
have been r a t e d  h igh ly  r e s i s t an l ,  and many of these have bean used in, t h e  
breeding program, Add.li.tiona3 selectlsns have  bean made and test,ed %or re- 
s i s t a n e s ,  and o k h e r s  will b e ,  t o  encompass a widalr range o f  climate and 
gens t y p e s .  

To determine the inheriTaace p s t t e r n  of r e s i s t a n c e ,  t h e  progeny from re- 
s i s t a n t  t r e e s  have been tested,  Seedlings from open-pol l inated r e s i s t a n t  
t r e e s  had l i t t l e ,  i f  any ,  more r e s i s t a n c e  Ohan o rd ina ry  s eed l ings .  Thus, 
emphasis has  been p laced  on con t ro l l ed  c r o s s e s  between r e s i s t a n t  trees, 

A t o t a l  of 263 d i f f e r e n t  c o n t r o l l e d  c r o s s e s  have been made, A r t i f i c i a l  
i n o c u l a t i o n s  of 900 seed l ings  from t h e  f i r s t  c r o s s e s  have ind i ca t ed  t h a t ,  
on t h e  average ,  a low percentage of the f i r s t - g e n e r a t i o n  s eed l ings  had re- 
s i s t a n c e  t o  b l i s t e r  r u s t ,  Some p a r e n t s  appeared t o  have g r e a t e r  a b i l i t y  
than  o t h e r s  t o  p a s s  t h e i r  r e s i s t a n c e  on to  t h e i r  o f f s p r i n g ,  The s i n g l e  
s e l f - p o l l i n a t i o n  included among 5hese f i r s t  c ro s se s  produced s tun t ed  seed- 
l i n g s ,  but  t h e s e  had much less i n f e c t i o n  than %he cheeks, In  f u r t h e r  
tests i n  t h e  B l i s t e r  Rust  Nursery, over  8,000 seedlings, i nc lud ing  those  
from c r o s s e s  between resiszant e a s t e r n  w h i t e  p i c e  and r e s i s t a n 2  western 
white  p ine  have been inoculated and r e s u l t s  w i l l  be a v a i l a b l e  soon, To 
in t roduce  a d d i t i o n a l  r e s i s t a n c e  f a c t o r s  from n a t u r a l l y  resistant s p e c i e s ,  
a  number of ot l ier  i n t e r s p e c i f i c  crosses have been nra.de, Sound seed has 
been obta ined  on e a s t e r n  white  p ine  from c o n t r o l l e d  p o l l i n a t i o n s  wi th  
Mexican white  p i n e ,  Himalayan p i n e ,  Japanese white  p i n e ,  and Balkan p i n e .  
Po l l en  from e a s t e r n  white  p ine  y ie lded  some seed on Balkan p i n e ,  From 
these  and o t h e r  progenies  under t e s t ,  s e l e c t i o n s  of F1 i n d i v i d u a l s  w i l l  
be made f o r  f u r t h e r  sc reen ing  and f o r  t h e  product ion of F2 genera t ions  
through F1 i n t e r c r o s s e s  o r  backcrosses  ts t h e  p a r e n t s ,  I f  a u se fu l  

1," Fo re s t  P a t h o l o g i s t ,  Univers i ty  s f  Wisconsin,  Madison, Wise - 



percentage of r e s i s t a n c e  can be t ransmi t ted  through %$he seed from c e r t a i n  
combinations, t h e  evenxual establishment o f  a seed orchard i s  contempleted, 

Methods of vegeta t ive  propagation have continued under i n v e s t i g a t i o n ,  Ap- 
pa ren t ly ,  top g r a f t i n g  f i e l d  t r e e s  may speed up t h e  e s t a b l i s h e n t  of seed 
orchards ,  I n  trials designed t o  promote e a r l y  f lowering,  F1 seedl ings  
were g ra f t ed  i n t o  t h e  c r o w s  of l a r g e  f lowering white p ine  t r e e s ,  How- 
eve r ,  po l l en  has not  yet  been secured from g r a f t s  made a s  e a r l y  a s  1953, 
Rooting c u t t i n g s  has proved cheaper than g r a f t i n g ,  With 4-year-old t r e e s  
and s u i t a b l e  t reatments  i d  has been success fu l ,  With 15- t o  60-year-old 
t r e e s  t h e  r e s u l t s  have been va r i ab le ;  a t  best  25 t o  30 percent  of t h e  cut-  
t i n g s  have rooted ,  Ten years  a f t e r  e s t a b l i s h e n t  i n  p l a n t a t i o n s ,  t r e e s  
from rooted c u t t i n g s  have proved ind i s t ingu i shab le  from t r e e s  of seedl ing  
o r i g i n ,  

Poplar  Improvement 

The aim of t h i s  p ro jec t  has been t o  develop a number of poplar  clones re -  
s i s t a n t  t o  d i seases  and i n s e c t s ,  capable of rap id  growth on severa l  d i f -  
f e r e n t  s i t e s ,  and s u i t a b l e  f o r  a v a r i e t y  of uses.  The program has in-  
cluded s e l e c t i o n ,  i n t roduc t ion ,  breeding,  and t e s t i n g ,  I t  has  been 
c a r r i e d  on by J, E ,  Kuntz and K ,  R ,  Shea, A ,  J, Riker ,  and, more r e c e n t l y ,  
by J, G, Berbee, 

Through t h e  cooperation of var ious  agencies ,  c lones  have been obtained 
from many d i f f e r e n t  p l aces ,  inc luding  South Dakota, Minnesota, Pennsyl- 
vania,  Maine, Canada, and Holland, Pn cooperation with t h e  Harvard For- 
e s t ,  400 o t h e r  clones from various p a r t s  of t h e  United S t a t e s  have been 
obta ined ,  About 50 clones have been supplied by t h e  Northeastern Fores t  
Experiment S t a t i o n ,  Approximately 200 Wisconsin poplar  t r e e s  have been 
se lec ted  a s  supe r io r ,  I n  a l l ,  over 750 clones have been s e t  out  f o r  
s tudy,  

To evalua te  t h i s  m a t e r i a l ,  c u t t i n g s  from t h e  various clones were set out  
in  r e p l i c a t e d  blocks,  I n  these  t e s t s ,  most of t h e  hybrid poplars  devel- 
oped elsewhere have proved unsa t i s f ac to ry  i n  Wisconsin, However, a few 
of t h e  n a t i v e  and introduced s e l e c t i o n s  have been found r e s i s t an*  t o  one 
o r  s eve ra l  of t h e  d i seases  and i n s e c t  p e s t s  of poplar ,  and have d e s i r a b l e  
growth c h a r a c t e r i s t i c s ,  

In f u r t h e r  t r i a l s ,  t hese  promising clones w i l l  be used i n  small p lan ta-  
t i o n s  on a v a r i e t y  of soils i n  Wisconsin, 

A l a r g e  number of t r e e s  a l s o  has been obtained by con t ro l l ed  p o l l i n a t i o n s  
us ing  e l i t e  Wisconsin t r e e s  a s  pa ren t s ,  The fol lowing c rosses  have yielded 
progeny: A monoecious quaking aspen s e l f  ed;  quaking aspen (female) with 
b ig tooth  aspen*, eas t e rn  cottonwood*, and white poplar*; b i  gtooth aspen 
(female) with e a s t e r n  cottonwood and white poplar*; white poplar  (female) 
with balsam poplar  and eas t e rn  cottonwood; and balsam poplar  (female) with 
e a s t e r n  cottonwood and quaking aspen, For those spec ies  ind ica t ed  by t h e  



a s t e r i s k s ,  t h e  r e c i p r o c a l  c ros se s  a l s o  have been succes s fu l ,  I n  a d d i t i o n ,  
progeny have been obta ined  from i n t r a s p e c i f i c  c r o s s e s  wi th  a l l  of  t h e  
above spec i e s .  

Approximately 10,000 seed l ings  ob ta ined  from t h e s e  c ros se s  have been 
p l an t ed  near  Madison and near  Wausau, The i r  r e s i s t a n c e  t o  cankers  i n c i t e d  
by Hypoxylon pruinatum (Klotzsch)  Cke., Sep to r i a  musiva P k , ,  and Cytospora 
chrysosperma (P.) ex F r .  i s  being t e s t e d  by a r t i f i c i a l  i nocu la t i on .  Con- 
t i nued  eva lua t ion  of t h e  s eed l ings  over  a  pe r iod  of yea r s  w i l l  be neces- 
s a ry .  

Recent Advances i n  Fo re s t  Tree Improvement 
a t  t h e  Univers i ty  of Michigan 

I/ by Burton V ,  Barnes- 

Fo re s t  t r e e  improvement research  a t  t h e  School of Natural  Resources of 
t h e  Univers i ty  of Michigan c e n t e r s  i n  t h e  S i l v i c u l t u r e - S i l v i c s  and Path- 
ology d i v i s i o n s  of t h e  Fo re s t ry  department.  The Botany department of t h e  
Univers i ty  has  a l s o  a s s i s t e d  by g iv ing  space f o r  some l i m i t e d  aspen flow- 
e r i n g  and p o l l i n a t i o n  experiments.  A t  p r e s e n t ,  however, t h e r e  a r e  no 
f a c i l i t i e s  f o r  i n t e n s i v e  breeding experiments o r  l a rge - sca l e  progeny 
t e s t s .  Research i n  f o r e s t  t r e e  improvement i s  s t r e s s e d  from t h e  s i l v i c u l -  
t u r a l  po in t  of view and i t  cont inues  a long  t h e  l i n e s  of v a r i a t i o n  and se- 
l e c t i o n .  

The i n i t i a t i v e  i n  tree improvement r e sea rch  i s  taken by P ro fe s so r  Stephen 
H ,  Spu r r ,  P ro fe s so r  Dow V .  Baxter ,  and gradua te  s tuden t s  who choose t h i s  
f i e l d  of s p e c i a l i z a t i o n .  P ro fe s so r  Baxter i s  cont inu ing  h i s  research  i n  
t h e  s e l e c t i o n  of i nd iv idua l  t r e e s  of t h e  Chinese ches tnu t  t h a t  have proved 
s a t i s f a c t o r y  f o r  c u l t u r e  i n  Michigan. The t r e e s  t h a t  have demonstrated 
t h e i r  ha rd ines s  t o  approximately 30 Michigan win t e r s  a r e  being s e l e c t e d  
f o r  y i e l d ,  s i z e ,  and q u a l i t y  of n u t s  they  produce. I n  coopera t ion  wi th  
t h e  Lake S t a t e s  F o r e s t  Tree Improvement Committee t h e  annota ted  b i b l i o -  
graphy: co ore st Genet ics  i n  t h e  Lake s t a t e s "  was publ ished i n  June 1956. 

The Univers i ty  owns an 800-acre t r a c t  northwest of Ann Arbor where s e v e r a l  
seed sources  of Sco t s  p ine  a r e  p l an t ed .  These p l a n t i n g s  have been t h e  
sub jec t  of p a s t  r e sea rch  i n v e s t i g a t i o n s  and a r e  p r e s e n t l y  used f o r  s tu -  
dent  i n s t r u c t i o n  i n  s i l v i c u l t u r e .  A l a r c h  provenance experiment was be- 
gun i n  t h e  s p r i n g  of 1957 when seed l ings  r ep re sen t ing  s e v e r a l  o r i g i n s  of 
European and Japanese l a r c h  were p l an t ed .  Seedl ings  of t h e  Dunkeld hy- 
b r i d  l a r c h  a r e  now i n  t h e  f o r e s t  nu r se ry .  I n  a  s e p a r a t e  l a r c h  p r o j e c t ,  
t h e  Univers i ty  i s  coopera t ing  wi th  P ro fe s so r  D r .  R .  Schober of t h e  Lower 

1/ I n s t r u c t o r ,  School of Natural  Resources,  Univers i ty  of Michigan, 
Ann ~ F b o r ,  Mich. 



Saxony Fores t  Research S t a t i o n  i n  undertaking t h e  American t r i a l s  of a  
mass c o l l e c t i o n  of European l a r c h  seed,  The l a r c h  seed was co l l ec t ed  by 
Professor  Schober from t h e  bes t  l a r c h  s tands  and phenotypical ly super ior  
i nd iv idua l s  throughout t h e  range of European l a r c h  i n  Europe, 

Another p a r t  of cu r ren t  research  c e n t e r s  upon t h e  genus Populus and i s  
p r imar i ly  concerned with t h e  two n a t i v e  North American members of t h e  sec- 
t i o n  Leuce: Populus tremuloides (quaking aspen),  and Populus grandiden- 
t a t a  (b ig tooth  aspen),  The i n i t i a l  phase of t h i s  work i s  a fundamental - 
study of t h e  n a t u r a l  v a r i a t i o n  of t hese  aspen spec ies  i n  northern Michigan 
by Burton V. Barnes of t h e  Fores t ry  department, The Universi ty owns a  
9,000-acre t r a c t  i n  E m e t  and Cheboygan Counties near  t h e  t i p  of t h e  L o w e r  
Peninsula,  which is  t h e  home of  t h e  Universi ty Bio logica l  S t a t i o n ,  I n  t h e  
summer of 1956, fieldwork was i n i t i a t e d  by iden t i fy ing  and mapping 35 geo- 
graphica l ly  i s o l a t e d  quaking aspen and b ig tooth  aspen clones on poor- 
q u a l i t y  g l a c i a l  outwash sand s o i l s ,  Differences wi th in  and between c lones  
w i l l  be demonstrated by showing t h e  morphological d i v e r s i t y  of t h e  l eaves ,  
bark,  buds, flower p a r t s ,  seeds ,  and seedl ings ,  Branch diameter ,  branch 
ang le ,  f a l l  l e a f  co lo ra t ion ,  time of l e a f  f a l l ,  and f lu sh ing  time w i l l  
f u r t h e r  i l l u s t r a t e  t h e  c lona l  v a r i a t i o n .  Besides t h e  d e t a i l e d  b io log ica l  
s tudy,  da ta  have been co l l ec t ed  t o  a s s e s s  t h e  growth performance and r a t e  
of spread f o r  each clone.  The c lones  w i l l  cont inue a s  permanent p l o t s  of 
t h e  Bio logica l  S t a t i o n  and w i l l  a f f o r d  f u t u r e  oppor tun i t i e s  t o  analyze 
c lona l  development. 

The purpose of t h e  study i s  t o  g ive  a  c l e a r e r  p i c t u r e  of c lona l  growth and 
development of aspen and t o  po r t r ay  accura t e ly  t h e  wide range of i nd iv i -  
dual  v a r i a t i o n  even when s i t e  condi t ions  a r e  uniform, I t  i s  f e l t  t h a t  
t h i s  type of information w i l l  help American and European t r e e  breeders  i n  
understanding these  h ighly  va r i ab le  spec ies .  I t  should g ive  them valuable 
a s s i s t a n c e  i n  t h e  s e l e c t i o n  of d e s i r a b l e  parent  mater ia l  f o r  f u t u r e  hybrid- 
i z a t i o n  experiments,  Succeeding s t u d i e s  planned t o  fol low a re :  (1)  The 
s e l e c t i o n  of supe r io r  c lones  on sandy sites i n  nor thern  Michigan, and (2)  
t he  vegeta t ive  propagation of aspen by root  and green c u t t i n g s .  Seed from 
seve ra l  s e l ec t ed  and open-pollinated female clones w i l l  be germinated and 
seedl ings  out-planted on a v a r i e t y  of s i t e s  i n  Michigan and Europe. 

Some work has  a l r eady  been s t a r t e d  f o r  t h e  f u t u r e  Michigan progeny t r i a l s  
of  t h e  quaking aspen x European aspen hybrid,  A small populat ion of t h i s  
hybrid was produced i n  t h e  spr ing  of 1957 and t h e  seedl ings  w i l l  be t r ans -  
p lan ted  i n  t h e  spr ing  of 1958, This year more breeding experiments a r e  
planned i n  o rde r  t o  have mater ia l  i n  f u t u r e  years  f o r  comparison with t h e  
l a r g e  q u a n t i t i e s  of t h e  European aspen x quaking aspen hybrid produced i n  
Europe. I n  Europe t h i s  hybrid i s  rece iv ing  more a t t e n t i o n  and seems more 
promising than d i p l o i d  and t r i p l o i d  forms of t h e  n a t i v e  European aspen,  

In  t h e  spr ing  of 1956, severa l  spontaneous clones of t h e  white poplar  x 
b ig tooth  aspen and b ig tooth  aspen x quaking aspen hybrids were found i n  
lower Michigan. Several  c lones of pe r fec t  flowered quaking aspen were 
a l s o  discovered,  Again t h i s  year f o r e s t e r s  and b o t a n i s t s  of t h e  Univer- 
s i t y  w i l l  be searching i n  lower Michigan f o r  these  inf requent ly  occurr ing  
gene t i c  types and a l s o  f o r  n a t u r a l  t r i p l o i d s  of both b ig tooth  aspen and 
quaking aspen , 



Tree Improvement A c t i v i t i e s  
a t  Michigan S t a t e  Universitv 

by Jonathan W .  V?rightLi 

In  o the r  years P rof ,  P ,  W. Robbins has covered the  various f o r e s t  genet ic  
experiments t h a t  have been s t a r t e d  a t  Michigan S t a t e  University, Instead 
of t ry ing  t o  bring you up t o  da te  on these  experiments--after a l l  t r e e s  
don ' t grow too much i n  2 years--1 ' d l i k e  t o  speak about some of our plans 
f o r  the  f u t u r e ,  

The teaching program a t  Michigan S t a t e  University w i l l  include f o r e s t  
genetics ins t ruc t ion  a t  both the  undergraduate and graduate l e v e l s ,  In  
addi t ion ,  & w i l l  be a b l e  Ls spend about half  time on research- The re- 
search program has not yet been c r y s t a l l i z e d ,  However, 3 can be sure  of 
one th ing ,  X t  w i l l  include a minimum of short-term s tud ies  which a r e  put 
i n  because they w i l l  make convenient c l a s s  demonstrations. Long-term 
s tud ies  designed t o  produce the  best  t r e e s  f o r  Michigan p lan te r s  w i l l  
make even b e t t e r  c l a s s  demonstrations and t h e s i s  p r o ~ e c t s ,  ' 

Last year Michigan nurse r i es  produced about 88,000,000 red pine ,  about 
66,000,000 Scotch p ine ,  and smaller amounts of o ther  species.  Therefore, 
red pine i s  Michigan's most planted t r e e ,  and w i l l  get  t h e  g rea tes t  em- 
phasis  i n  our program, Our i n i t i a l  e f f o r t s  w i l l  be aimed a t  producing 
b e t t e r  red p ine ,  o r  a t  producing improved s t r a i n s  of o ther  species which 
w i l l  outperform red pine on the  ground and be a s  valuable as t h a t  species 
i n  the  s a m i l l  . 
The European pine  shoot moth is the  number one problem of red pine i n  
Michigan, I t  i s  s t i l l  not ser ious  i n  the  Upper Peninsula o r  i n  the  north- 
ern  por t ion  of the  Lower Peninsula. However, it i s  enough of a problem i n  
southern Michigan t o  make i t  l i k e l y  t h a t  a shoot moth-resistant s t r a i n  
would be appreciated more by f o r e s t e r s  than almost anything e l s e  we could 
produce, 

A quick gl.ance around the  Lansing area ind ica tes  t h a t  the  exo t i c  f i e l d  i s  
promising, Pondesosa p ine ,  Austrian p ine ,  and Scotch pine a r e  a l l  doing 
wel l ,  One o r  more of them might be more than a s a t i s f a c t o r y  replacement 
f o r  red pine i n  c e r t a i n  a r e a s ,  although probably not over the  range a s  a 
whole, They a r e  considerably more r e s i s t a n t  t o  the  shoot moth than i s  
red pine ,  B u t  w e  need t o  know much more about those species.  In  par t icu-  
l a r  we need t o  know more about t h e i r  c l imat ic  adap tab i l i ty  and t h e i r  geo- 
graphic races ,  The small r a c i a l  t e s t s  now i n  existence a r e  q u i t e  inade- 
quate ,  Range-wide, well-replicated,  and s t a t i s t i c a l l y  analyzable proven- 
ance t e s t s  of red pine and of those th ree  exot ics  a r e  high on our must-do 
l i s t  f o r  the  next few years*  I suspect t h a t  those same species w i l l  loom 

I/ Associate Professor ,  Department of Fores t ry ,  Michigan S t a t e  Uni- 
v e r s i k  East Lansing, Mich. 



l a r g e  i n  t h e  programs sf o t h e r  agencies ,  too, We w i l l  hope t o  ca r ry  along 
as much a s  p o s s i b l e  06 t h i s  provenance t e s t i n g  work on a cooperat ive 
b a s i s ,  provided t h a t  t h e  ~ s o p e r a t i v e  work p l ans  c a l l  for  t h e  bes t  poss ib l e  
experimental des ign ,  

Michigan S t a t e  m i v e r s b t y  has ~ ~ n i t e  a nmber  of s t a t i s t i c i a n s  and genet i -  
c i s t s  on i ts  s t a f f ,  1 l i k e  t h a t ,  There w i l l  be oppordmit ies  t o  work 
with them on s t u d i e s  t o  determine t h e  best poss ib l e  experimental des igns  
f o r  f o r e s t  gene t i c s  experiments,  Take t h e  f i e l d  of provenance t e s t i n g ,  
We know from past experiments on f o r e s t  t r e e  spec ie s  Ghat growth r a t e  d i f -  
fe rences  of up t o  25 percent  a r e  o f t e n  meaningless i f  based on unrepl ica ted  
experiments,  Therefore we must rep l ica te ,  And we know from experiments 
on herbaceous p l a n t s  t ha t  many I-, 2-, and $-plant p l o t s  g ive  50  o r  100 
percent  more i n f o ~ n a t i o n  than t w o  o r  three 100-plant p l o t s .  A l s o ,  they 
a r e  much cheaper to i n s t a l l  and measure But t h e r e  a re  seve ra l  t h i n g s  we 
don ' t  know, We can" tdleuLate beforehand whether a given experimental 
design w i l l  permit v a l i d  c ~ n r l u s l a n s  a s  t o  5-percent,  LO-percent, o r  15- 
percent  d i f f e rences  between origins, Every provenance test  we e s t a b l i s h  
o b l i g a t e s  our employers t o  $25,000, $X00,000, or even $500,000 worth of 
f u t u r e  work, Therefore it seems o n l y  r i g h t  that w e  zaould t r y  t o  e l imi-  
n a t e  a l l  poss ib l e  guesswork i n  planning those t e s t s ,  I a m  hopeful t h a t  
during t h e  next year we can complete two experimental design studies, us- 
ing data  from e x i s t i n g  comerc la l  p l ~ n t a t l o n s ,  t o  help us  ,in planning a l l  
our  subsequent tests,  

So f a r  T ' vv  tdaked o n l y  about provenance tes*, ing,  b t may well  be that an 
indiv idual  tree s e l e c t i c n  and s e l e c t i v e  breeding program i n  red p ine  holds 
more promise. W e  %r ggning to  f i n d  o u t ,  The f i r s t  s t e p ,  o f  course ,  w i l l  
be t o  s e l e c t  t h e  pbl~rs trees, That w i l l  &ske a l i t t l e  t i m e .  There should 
be about 500 of t33.0se p l u s  t rees- -se lec ted  fo r  apparen t  r e s i s t a n c e  t o  t h e  
shoot moth o r  apparent r a p i d  growth--kn provide the basis  for a new s t r a i n .  
With too small a amber of i n i t i a l  s e l e c t i o n s  w e  can get  only % h e o r e t i c a l  
information showi-ng what can be done, W e  'd Bike t h e  a c t u a l  irmproved 
st rain, ,  

During t h e  course of khis prel iminary phenstgrpic s e l e c t i o a  work w e  w i l l  
ge t  c l u e s  a s  t o  auIhether o r  not  red pine i s  g e n e t i c a l l y  v a r i a b l e  i n  re- 
s i s t a n c e  t o  s h o t  moth a t t a c k ,  Clues,  not p r o s f ,  I f  those clues point 
i n  t h e  r i g h t  d i r e c t i o n ,  we w i l l  go ahead w i t h  t h e  next step--a seedl ing  
progeny t e s t  of t h e  selected p a r e n t s ,  

My thoughts on by-passing the t r a d i t i o n a l  cl anal seed archard ran some- 
t h i n g  l i k e  t h i s ,  (I) A gaod-sized c lona l  orchard would be expensive,  ( 2 )  
The c lona l  t e s t ,  i f  p roper ly  d e s i m e d ,  wauld g i v e  information on the  ge-  
n e t i c  v a r i a b i l i t y  of red p ine  wizh regard t o  shoot moth r e s i s t a n c e -  How- 
e v e r ,  t h a t  i s  not  the information we need For a seed-propagated spec ie s  
we have t o  know whether super ior  t r e e s  g ive  s-upericar s eed l ings ,  (3 )  The 
c lona l  t e s t  can serve  a s  a tested seed orchard only i f  every clone i s  pro- 
geny t e s t e d  It i s  the progeny test ing--not  t h e  graf t ing-- tha t  w i l l  prove 
t h e  s u p e r i o r i t y  of certain p a r e n t s ,  (4) At the end of one prsgeny-test ing 
rotat ion--sap 1.5 years  from now--the c3snal  tesx could be thinned to become 



a  t e s t e d  seed orchard.  But what would happen i f  w e  thinned our  Fl seed- 
l i n g  progeny t e s t ,  l eaving  t h e  best  progenies? F i f t e e n  years  from now 
they w i l l  s t a r t  t o  produce seed,  The seed t h e y  produce w i l l  be genet i -  
c a l l y  more va r i ab le  than t h e  seed produced by the  c lona l  seed orchard ,  but  
it w i l l  have t h e  same average p roduc t iv i ty ,  (5) I f  our  o r i g i n a l  a s smp-  
t i o n  t h a t  t h e  bes t  pa ren t s  give t h e  best  seedl ings  i s  correct-- the e n t i r e  
p r o j e c t  w i l l  f a l l  a p a r t  a f t e r  15  years  i f  i t  i s n y - - s e e d  harvested from 
t h e  bes t  indiv idual  t r e e s  of t h e  bes t  Fl progenies w i l l  produce even bet- 
t e r  F2 t r e e s .  The s e l e c t i o n  cyc le  can be repeated f o r  a t  l e a s t  5 o r  6 
genera t ions  ( i f  we a r e  t o  judge by t h e  r e s u l t s  on lower p l a n t s ) ,  wi th  a  
constant  gene t i c  increase  per genera t ion ,  On t h e  o t h e r  hand a  c lona l  t e s t  
does not  o f f e r  any oppor tun i t i e s  f o r  f u r t h e r  s e l e c t i o n  work, 

Those f i v e  p o i n t s  can be summarized a s  fo l lows,  A seedl ing  progeny t e s t  
i s  cheaper and f a r  super ior  t o  a  c lona l  progeny t e s t  f o r  a spec ies  t h a t  
i s  usua l ly  propagated by seed,  

In  these  remarks I have attempted t o  give--not a  complete summary of a l l  
our  f u t u r e  plans--but some of t h e  major p r o j e c t s  t h a t  I f e e l  reasonably 
c e r t a i n  w i l l  be s t a r t e d  i n  t h e  next biennium o r  a t  l e a s t  i n  t h e  next 5 
yea r s ,  We may s t a r t  o f f  r a t h e r  slowly, but I  th ink  i t ' s  b e t t e r  t h a t  way, 
Then w e  can be su re  t h a t  every p ro jec t  w i l l  f u rn i sh  good t h e o r e t i c a l  in-  
formation f o r  t h e  sc ience  of f o r e s t  gene t i c s ,  and improved s t r a i n s  which 
w i l l  be usable  on s i z a b l e  Michigan a r e a s ,  

Progress  Report,  Fores t  Genet,ics Work 
a t  t h e  I n s t i t u t e  of Paper Chemistry 

by Dean ~ i n s ~ a h r l ~  

The gene t i c s  program of The I n s t i t u t e  of Paper Chemistry i s  supported sn 
p a r t  by seve ra l  pulp and paper companies and i a  p a r t  by t h e  research  funds 
of t h e  I n s t i t u t e ,  Major emphasis bas centered on t h e  gene t i c  improvement 
of aspen with p a r t i c u l a r  a t t e n t i o n  being given t o  genet ic  e f f e c t s  upon 
pulping and papermaking c h a r a c t e r i s t i c s  and to t h e  use of polyploidy i n  
hardwood t r e e  improvement, 

Since t h e  l a s t  meeting of t h i s  conference i n  August 1955, we have, i n  ad- 
d i t i o n  t o  t h e  previously described t e s t  a r ea  on Rhiwelander Paper Company 
land ,  purchased a  38-acre nursery and tesf  s i t e  near  Appleton We a l s o  
have e s t a b l  ished t e s t  a r e a s  i n  cooperatson w i t h  the  Kimberly-Clark Corpor- 
a t i o n  on a  s i t e  near  Marenisco i n  Upper Michigan and a r e  fencing a  test 
area  near  Cornucopia in Northeastern Wisconsin on Cornel l  Paperboard Gom- 
pany l and ,  Also, we a r e  t o  have add i t iona l  labora tory  space f o r  cy to logi -  
c a l  and f i b e r  anatomy work when t h e  new w i n g  of t h e  research  bui ld ing  i s  
completed, 

1/ Phys io log i s t ,  I n s t i t u t e  of Paper Cheanistry, Appleton, W i s ,  - 





aspen t r i p l o i d s  and t h e i r  recogvlition i n  the  f o r e s t ,  The second a r t i c l e  
i s  a f i e l d  guide and discusses methods of recognizing t r i p l o i d  aspen i n  
the  f i e l d ,  

In  addi t ion  t o  the  previously described s tud ies ,  work is i n  progress on: 
(1) IaBheritance of wood c h a r a c t e r i s t i c s  i n  aspen, ( 2 )  physiology of flower- 
ing and rooting of Populus, (3) t h e  e f f e c t  of i r r a d i a t i o n  on aspen, (4)  
the  comparative performance of male and female aspen and t h e i r  sex r a t i o  
in nature ,  (5) the  s o i l s  s f  an exceptional stand of aspen having cubic 
volumes from 40,8 t o  93,0 cords per a c r e ,  (6) a t r e e  se lec t ion index f o r  
aspen, (7') the  poss ib le  existence of an unequal chromosome p a i r  and i t s  
r e l a t i o n  t o  t h e  sex of the  t r e e ,  and (8) a method of fumigation f o r  the  
control  s f  flower bud larvae ,  

Report on Research a t  the  Forest Products Laboratory 
o f  In te res t  t o  Forest  Genet ic is ts  

by Harold L. ~ i t c h e l l y  

S ince ' the  question usua1ly a r i s e s ,  I might begin by explaining why i t  i s  
t h a t  we do not do more work on Lake S t a t e s  species ,  It i s  l a rge ly  a mat- 
t e r  s f  economics, The Lake S ta tes  combined have only 4,8 percent of t h e  
Nation's t o t a l  growing stock and only 2,4 percent of the  t o t a l  sawtimber. 
When you s t a r t  breaking these  f igures  down by species ,  o r  even species 
groups, t h e  contr ibut ion of any one t o  the  nat ional  woodpile becomes in- 
f i n i t e s i m a l ,  Thus, a s  an organizat ion with national  and in te rna t iona l  
i n t e r e s t s  and r e s p o n s i b i l i t i e s ,  w e  c a n ' t  log ica l ly  j u s t i f y  much more than 
we a r e  now doing on local  species--and c e r t a i n l y  not on the  b a s i s  of t h e  
f a c t  t h a t  our physical p lant  happens do be located i n  Wisconsin, 

On the  o ther  hand, w e  have by no means neglected Lake S t a t e s  species ,  a s  
t h i s  brief  repor t  w i l l  show, Moreover, p r a c t i c a l l y  a l l  o f  our research 
on the  im.provemen% of both metkasds and equipment f o r  determining wood- 
qua l i ty  f a c t o r s  i s  a s  appl icable  t o  Lake S t a t e s  species a s  t o  any o the rs ,  

A s  I indicated i n  my previous t a l k ,  a good par% of our work during the  
past  year o r  so was i n  connecTion with making laboratory determinations 
on increment eoses from the  Mississippi Forest  Survey, Next year t h i s  
work w i l l  be extended to Arkansas, again i n  cooperation with t h e  Southern 
Forest  Experiment S ta t ion ,  and, we hope, i n t o  Missouri i n  cooperation 
with the Lake Szates and Central S ta tes  Sta&ions,  The new work, together 
with the  Mississippi da ta ,  w i l l  provide good information on the wood 

l/ Chief, Division of Timber Growth and Ut i l i za t ion  Relat ions,  Forest  
Produ>s Laboratory, Forest  Service,  U .  S. Department of Agriculture.  The 
Laboratory i s  maintained a t  Madison, Wis,,  i n  cooperation with the  Univer- 
s i t y  of Wisconsin, 



qua1 a l l  t h e  way from t h e  Gulf t o  
t h e  u r a l  ranges,  

Another major a c t i v i t y  was our cooperati,on w i t h  t h e  Ca l i fo rn ia  S t a t i o n  on 
a study of r a c i a l  va.riat,ion of ponderosa p ine  over i t s  e n t i r e  n a t u r a l  
range. The sampling 1.n t h i s  case was l e s s  i n t ens ive  than in. t h e  Missis- 
s i p p i  Survt 
B r i t i s h  Columbi,a and e a s t  to t h e  Black H i l l s  and Nebraska s a n d h i l l s .  

a r e a ,  extending from Hexico t o  

Wood-quality determdnaGions were made of increment co res  taken from se lec-  
t e d  t r e e s  r: 

In  cooperation w i t h  various Unive r s i t i e s  and Fores t  Experiment S t a t i o n s ,  
we continued lor kg-range b a s i c  s t u d i e s  of t h e  inf luence  of various e n v i r s a -  
mental. f a c t o r s  a.nd s i . lv icu l t ;ura l  p r a c t i c e s  on wood q u a l i t y ,  a.nd of the 
h e r i t a b i 1 i . t ; ~  of  f i br i  1 ang le ,  speci . f ic  g r a v i t y ,  and o t h e r  q u a l i t y  indi- 
ca, tors .  The spc acies studied included southern p ines ,  var ious  p ine  hybr ids ,  
Douglas-fir ,  ponderosa p i n e ,  red  p ine ,  aspen,  hybrid pop la r s ,  cottonwood, 
and red oak, 

Subs tan t i a l  progress was a l s o  made i n  t h e  development of new methods and 
equipment. Important con t r ibu t ions  i n  t h i s  f i e l d  include:  (1)  A t a p e r  
gage f o r  c a l i b r a t i n g  s tandard increment borers ;  ( 2 )  Smith ' s  maximm mois- 
t u r e  technique f a r  maeking p r e c i s e  s p e c i f i c  g rav i ty  determinat ions on in- 
crement co res ,  inc luding  separa ted  springwood and s m e r w o o d  specimens 
from s i n g l e  annual r i n g s ;  ( 3 )  Mart 's  s luorescence microscopy technique 
f o r  making d i r e c t  measurements of f i b r i l  ang le ;  and (4)  a new design 
t r a v e r s i n g  microscope f o r  making f a s t  accura te  measurements of s 

Recent Advances i n  Fores t  Tree Improvement 
by Indus t ry  i n  t h e  Lake S t a t e s  

by B. L. ~ e r k l u n d l /  

This  i s  a r epor t  of progress  s lnce  t h a t  presented a t  t h e  1955 Conference 
i n  Wisconsin Rapids, W i s e  For convenience it has  been c l a s s i f i e d  i n t o  
four  ca tegor ies :  Seed and nursery  p r a c t i c e s ,  f i e l d  t r i a l s ,  s i l v i c u l t u r e ,  
and scholarsh ip  and r e l a t e d  a c t i v i t i e s ,  

Seed Co l l ec t ing  and Hussery P r a c t i c e s  

The Blandin Paper Company has  e s t ab l i shed  a t r e e  nursery and experimental 
p l an t ings  of var ious  aged s tock  a s  a guide i n  planning f u t u r e  nursery pro- 
duct ion ,  

18 F o r e s t e r ,  Mekoosa-Edwards Paper Co , ,  represent ing  Lake S t a t e s  
Council of I n d u s t r i a l  F o r e s t e r s ,  



The Rbinelander Paper Company a l s o  has e s t ab l i shed  i t s  own nursery ,  

The Blandin, Kimberly-Clark, Nekossa-Edwards, Northwest, and Rhinelander 
Paper Companies r epor t  an emphasis on con t ro l l ed  seed c o l l e c t i o n s ,  Same 
no longer  buy "open market cones" and a l l  eventkla.liy hope t o  have estab- 
l i s h e d  control led-supply sources,  

Cooperative o r  Independent F i e l d  T r i a l s  of Fores t  Stock 

The Diamond Match Company is  working c lose ly  with D r  Sco t t  Pauley of &he 
Universi ty of Minnesota i n  f i e l d - t e s t i n g  aspen and b i r ch  s tock ,  P l o t s  
were e s t ab l i shed  i n  1952 a t  O r r ,  i n  1956 a t  Cook, and i n  1957 a t  both 
Cook and Cloquet,  Minn, 

I n  1956 t h e  Kimberly-Clark Company es t ab l i shed  hybrid poplar  planting5 a t  
Lore t to ,  Mich,,  from 22 d i f f e r e n t  clone o r i g i n s ,  and i n  1957 t h e y  s e t  ou t  
a poplar  hybrid p l an t ing  a t  Nl;arenisco, Mich, 

The Mosinee Paper M i l l s  Company r e p o r t s  second-year surv iva l  of 98 5 per- 
cent  and t o t a l  he ight  of 0.98 foot  i n  t h e i r  cooperat ive Lake S ta tes  J a c k  
pine s tudy,  with a  remeasurement due i n  1958, 

In 1956 t h e  Nekoosa-Edwards Paper Company es t ab l i shed  3 r e p l i c a t e s  of red 
p ine  seed source s t u d i e s  a t  both Nekoosa and Minocqw, W i s , ,  and 3 black 
spruce r e p l i c a t e s  i n  nor thern  Wisconsin, I n  1957 t h e y  s e t  out  3 white 
spruce seed source r e p l i c a t e s  a t  Minocqua. A l l  r e p l i c a t e s  a r e  being ex- 
amined t h i s  f a l l ,  with t h e  1954 jack p ine  r e p l i c a t e s  ( repor ted  a s  es tab-  
l i s h e d  a t  t h e  previous Conference) showing considerable i n s e c t  problems, 
p r imar i ly  t h e  jack-pine shoot moth, 

S i l v i c u l t u r a l  P r a c t i c e s  

The  C l i f  fs-Dow Company i s  working c lose ly  with t h e  Upper Peninsula Fores t  
Research Center of t h e  Lake Stakes Fores t  Experiment S t a t i o n ,  t h e  Ghatham 
Branch of t h e  Michigan Agr i cu l tu ra l  Experiment S t a t i o n ,  and t h e  Mmising 
Ranger D i s t r i c t  of t h e  Upper Michigan National Fores t  i n  hardwood gene t i c  
stand improvement, 

I n  1957 t h e  Rhinelander Paper Company began a la rge-sca le  p r o J e c t ,  the 
purpose of which i s  t o  promote and favor sprout ing  from t h e  best aspen 
t r e e s  o f  t h e  s t a n d .  In  timber-marking ~ o n i f e r o u s  s tands ,  esnpbasis of 
gene t i c  improvement has  gone beyond general  marking p r a c t i c e s ,  

Scholarships and Other A c t i v i t i e s  

The Blandin Paper Company provided a Tree Improvement Arbore tm and a 5- 
year grant  of $25,000 f o r  use i n  forest gene t i c s  work by t h e  School sf 
Fores t ry ,  Universi ty of Minnesota, 





Pat ton  of t h e  Universixy of Wiscsnsin and some from our osan parent  se lec-  
t i o n s  on t h e  t e s t  s i t e ,  En t h i s  same area w e  a l s o  have a test p lo t  f o r  
root  g r a f t s ,  a l s o  developed by D r s ,  R iker  and PatLon, The area  now sup- 
p o r t s  1,100 seedl ings  and 150 grafes, Our test area for root g r a f t s  es tab-  
l i s h e d  9 years  ago continues t o  show a very l o w  i n fec t ion  r a t e  on t h e  root  
g r a f t s ,  while  t h e  c o n t r o l s  have shown 900 percent  in fec t ion  and have been 
replaced ,  

To i n v e s t i g a t e  t h e  p o s s i b i l i t i e s  of flower induct ion by combining d i f f e r -  
e n t  spec ies  i n  grafd ing ,  over 200 i n t e r s p e c i f i c  grafts involving e a s t e r n  
white ,  Norway, Balkan, S w i s s  s tone ,  and Korean p ine  i n  various combina- 
t i o n s  have been made, Average surv iva l  has been 80 pe rcen t ,  and t h e r e  
have been very s t r i k i n g  d i f f e rences  lead t h e  vegeta-f,irre growth p a t t e r n s  
among t h e  d i f f e r e n t  combinations of spec ie s ,  Some of the  combinations pro- 
duce reduced primary growth and yet flower more a b a ~ a d a n ~ k y  than those which 
grow v igorou~Ly ,  For example, a& the  38 Swass stone pine scssns on Norway 
p ine  roots tocks  (a slow-growing c ~ r n b i n a t i o n ) ~  20 have  flowered while a f  
t h e  S w i s s  s tone  p ine  scions on w h i t e  pine  (a v e r y  vigorous vege t a t i ve  com- 
b i n a t i o n ) ,  one out  o f  50 have flowered, Differences among the other  com- 
b ina t ions  a r e  equal ly  s i g n i f i c a n t ,  and the work i s  being continued Some 
of this work i s  i n  cooperat ion with the  Minnesata I ron  Range Resources and 
Rehab i l i t a t ion  Commission, with whom we a r e  also engaged i n  i n t r a s p e c i f i e  
Norway p ine  g r a f t i n g  f o r  t h e  establishment of seed orchards ,  Tha s l a k t e r  
problem has continued along t h e  same l i n e s  a; previously repor ted-  

The a t tempts  t o  induce flowering by bark i nve r s ion  a s  reported a t  t h e  l a s t  
meeting have been eonZ,inued, To date ,  t h e r e  h a s  been a reduct ion 1x1 p r i -  
mary grovth on the  t r e e s  with inve r s ions ,  Howeverd there is  as  yet  no 
ind ica t ion  of f lowering,  Since sraperficial examlnatian s f  t h e  c a l l u s  tis- 
sue revealed c e l l  o r i e n t a t i o n s  d i f f i c u l t  t o  i n t e r p r e t  i n  terms of normal 
cambial development, an anatomical s tudy  s f  t h e  d is turbed  t i s s u e s  i s  being 
conducted by Dr, John Carlson of the  biology department of the  Universi ty 
of Minnesota, m l u t b  Branch,  I n  connection waeb  t h f  s ,  annual samples of 
bark invers ions  have been made, i n  add i t ion  t o  bark g r a f t s  and invers ions  
i n  which t h e  xylem and phloem have been separated by a plastic s t r i p  t o  
det,ermin,e t h e  e f f e c t  s f  each t i s s u e  an the d3 f f e s e n t i a t j o n  a f  young c e l l s ,  

In  an e f f o r t  t o  speed up she process of testing f o r  resis%a:%ce to bl ister 
r u s t ,  a t tempts  have been made t o  supplement natural in&rculaf,isr; by a r t a f i -  
c i a l  methods" In our  fsrst at tempts l a s t  y e a r ,  30 diamond-shaped pzeces 
of i n fec t ed  bark have been gra,fted onto hea l t ,hy  trees, These patch 
g r a f t s ,  however, d i d  not survive, f o r  t h e y  were drswed out by  p i t c h ,  
This  p a s t  sp r ing ,  en&Sre r ings of diseased bark #ere graf ted  o ~ t o  hea l thy  
t r e e s ,  i n  the same manner a s  done i n  our  bark inversion %rialso Some of 
these  inocula t ions  appear ts be t r ansmi t t ing  "he d2 sease , a% though re- 
s u l t , ~  a r e  s t j  11 pre l iminary ,  

These prel iminary a t tempts  a t  f l o w e r  induct ion ,  p o l l  i n a t i s n  seed orchard 
es tab l i shment ,  and a r t i f  i c l a l  inoculaZ ion  sf  Per enough promise, w e  f e e l ,  
so t h a t  we p lan  t o  continue our  work along these l i n e s  f o r  t h e  Immediate 
f u t u r e ,  



flower induc 
that we must d is t inguish  between induction of f 

flowers, s ince  they a r e  two d i f f e r e n t  processes 

i n  Fores 
S t a t e s  

t i o n ,  I 
lowering 

Conce 

L was pointed out 
and st imulat ion of 

rning bark inver- 
s ion it was pointed out  (1) t h a t  we should study inversion m i o n s  m d e r  
the  micrascope t o  determine whether there has been a r e a l  inversion o r  a 
mere bridging of the  gap by regular  t i s s u e ,  and (2 )  t h a t  D r  Sax of Harvard 
obtained f laqeg st imulat ion from bark inversions on graf ted  material  but 
not on seedlings,  [Th is  may, of course,  have re f l ec ted  merely the f a c t  
t h a t  the  graf ted  m,ater&al physiological ly ready t o  flower whereas the  
seed l i  

I N  FOREdjT TREE 
OTHER REGIONS 

Progress Report f o r  She l t e rbe l t  Tree Improvement 
and Mursery Prabfems i n  P r a i r i e  Canada 

by W .  H c r a m /  

M r ,  Mark Holst has previously given you a bird's-eye view of t r e e  breeding 
work i n  Canada (Proc, 2nd Conf, pp, 41-42, 1955), so we s h a l l  confine t h i s  
report  t o  our a c t i v i t i e s  a t  Xndian Head, The Indian Head Forest  Nursery 
Sta t ion was es tabl ished by the  Canada Forestry Branch i n  1903 f o r  the  ex- 
press  purpose o f  supplying s h e l t e r b e l t  material  t o  p r a i r i e  farmers, Since 
then the  s t a t i o n  has produced and d i s t r ibu ted  some 250 mil l ion  broadleaf 
seedlings and since 1910 some 8 mil l ion  conifer  seedlings f o r  s h e l t e r b e l t  
p lant ings ,  From 1935 on, increasing a t t e n t i o n  has  been given t o  f i e l d  
s h e l t e r b e l t s  f o r  farms, and a f f o r e s t a t i o n  on submarginal land,  (A few 
copies of the  S t a t i o n ' s  1947-52 Progress Report a r e  ava i l ab le  f o r  those 
des i r ing  fu r the r  d e t a i l s , )  

Research i n  tree improvement was i n i t i a t e d  a t  the  S ta t ion  i n  1947, While 
the  professional  s t a f f  f o r  t h i s  work has not increased,  the  technician 
s t a f f  has grown from 1 i n  1949 ts 6 i n  1957- I n  addi t ion ,  our f a c i l i t i e s  
and equipment have been g rea t ly  improved, especia l ly  by the construction 
of a new headerhouse and greenhouse i n  1957, Research work from 194.7 t o  
1949 was of an exploratory nature ,  which resul ted  i n  the formulation of 
improvement p ro jec t s  f o r  caragana, p ine ,  spruce, and poplar.  Investiga- 
t i o n s  were a l s o  i n i t i a t e d  t o  resolve problems i n  seed v i a b i l i t y ,  s torage ,  

1/ Plant  Breeder, Forest  Nursery S ta t ion ,  Canada Department of Agri- 
cul  tu& , Indian Head, Saskatchewan. 



vege ta t i ve  propaga t ion ,  and d i s e a s e  and i n s e c t  c o n t r o l ,  So lu t ions  t o  
t h e s e  problems a r e  e s s e n t i a l  p r e r e q u i s i t e s  do our  t r e e  improvement work, 

Caragana Pro<] e c t s  

The S ibe r i an  peashrub has  proven an important and v e r s a t i l e  t r e e  spec i e s  
f o r  s h e l t e r b e l t  purposes  i n  t h e  Canadian p r a i r i e s ,  Favorable  r e s u l t s  i n  
t h e  eoaf,rol of wind e ros ion  by t h e  use of t h i s  spec i e s  c r ea t ed  a  demand 
f o r  increased  he igh t  growth, This  was one o b j e c t i v e  of t h e  improvement 
program i n i t i a t e d  i n  1949 

The spec i e s  was found t o  be n a t u r a l l y  c ros s -po l l i na t ed ,  w i th  Hymenoptera 
i n s e c t s  being Lbe p r i n c i p a l  p o l l i n a t i n g  agen t s  Cheesecloth proved super- 
i o r  to paper o r  p l a s t i c  bags f o r  i s o l a t i o n  of  t h e  bloom, Se l f - compa t ib i l i t y  
of 218 o p e n - p o l l i n a t ~ o n  p l a n t s ,  which were s e l e c t e d  on t h e  b a s i s  of v i g o r ,  
seed se t ,  e t c  , ranged from 0  t o  100 pe rcen t .  To d a t e ,  w e  have i d e n t i f i e d  
13  se l f - incompat ib le  ( o r  s t e r i l e )  vigorous s e l e c t i o n s  Cross -compat ib i l i ty  
r e s u l t s  f o r  s e l f - f e r t i l e  and s e l f - s t e r i l e  s e l e c t i o n s  appear  t o  be condi- 
t i oned  by the a c t i o n  of  s eve ra l  compa t ib i l i t y  (S) f a c t o r s ,  Reg re t t ab ly ,  
a l l  s e l f - s t e r i l e 5  appa ren t ly  have t h e  same genotype and hence a r e  c ross -  
i n c o ~ p ~ t i b l e  To overcome t h i s  problem w e  have c o l l e c t e d  access ion  mate- 
r i a l  from a13 p o s s i b l e  sources ,  which should ensure  gene t i c  d i v e r s i t y  of 
the growth  and compa t ib i l i t y  f a c t o r s  

Tnbred afid hybrl  d  psogeni e s  , which r e s u l t e d  from s e l f  - and c ross -  
dettarmisl.3tion s i n c e  1948, have been p l an t ed  i n  performance t e s t s ,  R e -  
s u l t s  t o  d a t e  suggest t h a t  t h e  v igor  p o t e n t i a l  of progenies  may be e s t i -  
mated w i  t h  ~ e a s o n a b l e  accuracy from t h e  he igh t  of 4-year-old s eed l ings ,  
The f a c t  t h a t  some h ighly  s e l f - f e r t i l e  s e l e c t i o n s  c a r r y  good growth fac-  
Lars b a s  been substsn4,iated by t h e  supe r io r  v igor  of t h e i r  inbred (SI) 
pragec ies  Tes t ?  a r e  i n  progress  t o  eva lua t e  t h e  combining a b i l i t y  of 
t he se  vigorous s e l f - f e r t i l e  s e l e c t i o n s  wi th  e x i s t i n g  s e l f - s t e r i l e  s e l ec -  
t ion? 

Softwood cu tk ings  were supe r io r  t o  hardwood c u t t i n g s ,  budding, o r  g r a f t -  
i ng  a s  a means s f  propagat ing s e l e c t i o n s ,  Maximum r o o t i n g  of softwood 
c h ~ t t i n g g  was obta ined  i f  c o l l e c t e d  before  moisture  conten t  of t h e  woad 
f e l l  below 71 p e r c e n t ,  Malathion t rea tments  gave good c o n t r o l  of aphids  
w i t h i n  i so l a t i on  bags S a t i s f a c t o r y  means of c o n t r o l l i n g  t h e  seed cha l c id  
have not  bee^ determinede 

Spruce Improvement P r o j e c t s  -- -- - 

Spr i~ce  improvement work was delayed awaiti.ng s o l u t i o n s  of problems r e l a  t- 
i n g  t o  seed v i a b i l i t y ,  d i s e a s e ,  procedures ,  and personnel ,  I nd i ce s  f o r  
cone ma tu r i t y ,  seed s t r a t i f i c a t i o n  t r ea tmen t s ,  and c o n t r o l s  f o r  damping- 
o f f  d i s e a s e s  have now been reso lved ,  Through t h e  cour tesy  of D r ,  T, 0. 
Perry  of t h e  Unaversi ty  of F l o r i d a ,  we have adopted sausage ca s ings  f o r  
t h e  i s o l a t i o n  of spruce bloom, Paper ,  c o t t o n ,  and polyethylene m a t e r i a l s  
proved u n s a t i s f a c t o r y ,  





Seed V i a b i l i t v  

Problems p e r t a i n i n g  t o  t r e e  seed matur i ty ,  s to rage ,  dormancy, e t c , ,  a r e  
being inves t iga t ed  a s  p r e r e q u i s i t e s  t o  our  breeding program. 

Indices  f o r  determining t h e  s t age  of matur i ty  f o r  harves t ing  spruce cones 
and peashrub pods have been evolved, S ize ,  y i e l d ,  and germination of 
spruce seed were found t o  increase  with matur i ty  of t h e  seed ,  V i a b i l i t y  
of mature peashrub seed was double t h a t  of immature seed a f t e r  common 
s to rage  f o r  5 yea r s ,  Dormancy of spruce seed appeared t o  increase  o r  de- 
c rease  with matur i ty  depending on t h e  seedt ree  and seedyear ,  Dormancy of 
peashrub seed seemed t o  decrease with maturation on t h e  t r e e  and decreased 
f u r t h e r  under s to rage  

Hvbrid Seed Product ion  

Hybrid progenies ,  which have been produced t o  d a t e  by hand p o l l i n a t i o n s ,  
a r e  now i n  performance t e s t s  t o  i d e n t i f y  t h e  super ior  combinations, I t  
i s  proposed t o  mass-produce seed f o r  such super ior  hybrids i n  t h e  f u t u r e  
by means of n a t u r a l  c ros s ing  blocks,  The two pa ren ta l  s e l e c t i o n s  of each 
super ior  hybrid w i l l  be propagated vegeta t ive ly  and p lanted  a s  a l t e r n a t e  
rows i n  such blocks i n  an i s o l a t e d  l o c a t i o n ,  I t  w i l l  be e s s e n t i a l  t h a t  
one (and p re fe rab ly  both) of t h e  pa ren t s  be self- incompatible ,  I f  only 
one of t h e  pa ren ta l  s e l e c t i o n s  i s  self- incompatible  t h e  hybrid seed w i l l  
only be produ.ced on c lona l  ma te r i a l  of t h i s  s e l e c t i o n  i n  a n a t u r a l  c ross-  
ing  block,  

Other S tudies  

Studi.es a r e  i n  progress  t o  reso lve  t h e  photoperiodic requirements of t r e e  
seedl ings  f o r  progeny t e s t s ,  Resul t s  t o  d a t e  suggest a 16-hour photo- 
period i s  required f o r  peashrub and a 20-hour period f o r  spruce,  

Cooperative s t u d i e s ,  with Dr, 0, Vaar ta ja ,  pa tho log i s t ,  have indica ted  
t h a t  s o i l  drenches a r e  e f f e c t i v e  f o r  c o n t r o l l i n g  damping-off d i s e a s e s ,  
Pre- and posl-sowing app l i ca t ions  ( s o i l  drenches) o f  Tersan o r  Captan a t  
0 , 6  and 0,2 gram pe r  square foot  a r e  recommended. 





P r a c t i c a l  r e sea rch ,  bas i c  research ,  and t each ing  comprise t h e  th ree fo ld  
o b j e c t i v e  of t h e  Program a s  supported by t h e  indus$ries 

One of t h e  major p ro jee&s  of the  Program i s  t h e  s e l e c t i o n  of super ior  
phenotypes f o r  use i n  the  establishment of  seed orchards f o r  cooperat ing 
i n d u s t r i e s ,  These se l ec t ed  t r e e s  a r e  propagated by g r a f t i n g  and then 
serve  a s  breeding s tocks  f o r  many bas i c  s t u d i e s ,  The best w i l l  provide 
t h e  breeding Pines of the  f u t u r e c  

A l l  s e l ec t ed  t r e e s  a r e  b e i n g  tested t o  see  if their phenotypic s u p e r i o r i t y  
has  a genet ic  basis, Pas t  experience i n  se lec txng  super ior  southern p ine  
phenotypes p e r m ~ t s  the  p red ic t ion  ~,ha8,  most, c r f  these Lrees w i l l  prove t o  
be gene t i ca l ly  supe r io r ,  T h e  p l an ta t ions  from t h e  i n i k i a l  seed orchards 
w i l l  produce a sign-i f i canr l y grea te r  re turn  t h a n  t he  p l a n t a t i o n s  eslab-  
f i s h e d  by cur rent  seed c o l l e c t i o n  p rac t i ces  The few se lec ted  t r e e s  t h a t  
a r e  proved geneT,icall y average o r  l n f e r l o r  w i l  ke rogued from t h e  coopera- 
t o r ' s  seed ~ r c h a r d s ,  A t  t h e  start cf t h e  Program , eaeh cooperating company 
was v i s i t e d  and a 2-day t r a i n i n g  sess ion  was h e l d  f o r  the  f i e l d  f o r e s t e r s ,  
A t  t hese  t r a i n i n g  sessions t h e  theo r i e s  a n d  ??echniques sf  t r e e  se l ec t ion  
were explained and demonstrated ts over 175 foresters- 

During the  p a s t  3 y e 6 3 r ~  over  6,000  t r e e s  were examined by Zkhese f o r e s t e r s  
and t h e i r  a s s i s+ ,an t s  T h e  best of these were repor ted  t o  t h e  company con- 
t a c t  men, This  cont,ac& man examined eaeh t r e e  a g a i n  and  with the  a i d  of 
a spec ia l  scar ing  s y s t e m  select& t h e  besf f o r  propagation and u s e  i n  t h e  
Genetics Program Over 500 trees have beeb? s e l e c f e d  to date Mast of 
t hese  t r e e s  a r e  growreg ave r  2; tinres as f a s f  a s  the s u r ~ o m d i n g  t r e e s  of 
t h e  same a.ge and a r e  os~Q~~r-;daa~d,ing In  sr m-aigb*p.,ees he-i g h t  g r o ~ v t h ,  d i sease  
r e s i  s t ance ,  and o*,ker charac t  eri st? cs s f  i ~ p o r t  ance L o  the coopera tor ' s  
product ion  goods, 

Cut t ings  from these  selecxed t r e e s  are shot down s i t h  a hxgh-powered r i f l e  
and shipped t o  t h e  Cfniwersifv for g r a f t i n g ,  The g r a f t s  are p l a ~ b e d  i n  a 
c e n t r a l  tes t ,  a rea  here a t  Ga~nesviPle a w l  in 1 he ~ ~ e e d  orchards s f  the  co-  
operat.ing companies Two g ~ " 8 f % ~ d  p E a n f , ~  frcm eqpch tree a r e  kept by t h e  
Universi ty and khe  remainder a r E  sen t  back ?a r h e  a sope ra  tors, 

In  addit,l.on ts t h e  p r a ~ t ~ i c s l  aca,iv-i "eies o f  seiec&-iorri a$ ~ r ~ p e r i o r  t r e e s  and 
seed orchard e s t a b l i  shmena, companies a re becommg increas ingly  seed- 
q u a l i t y  conscious Logging opera t ions  i n  goad t ~ m b e r  s tands  are being d,e- 
f e r r ed  until t h e  x i m e  of seed ripening w h e ~  a doable crop of seed and t i m -  
ber  i s  being ha rweceed from the  l a n d  Mea-al y e v e r y  csnract, man 1s engaged 
i n  t h e  task  of Lhinr i iv lg  exceptionail, s$,ands of "reps  to % t i m u l a t e  seed pro- 
duct ion .  I n  many instaraces "seed prsductlon areas" are sprayed with 
i . n s e c , t i c i d e ~  Frana t h e  3ir a n d  ferfAl- ized rc;a imptneve seed crop5 These a r e  
stop-gap measures bemg mn5f igaled t o  provide v i t a l  seed during t h e  years 
when t h e  seed orchards a r e  growing to f u l l  production capac i ty ,  

A l a r g e  a rea  of p rac r t ca j t  research evolves d ~ r c c ~ l y  from the probl,ems of 
seed-orchard and seed-production a rea e s t a b k l  shment and management What 
spacings,  whaT f e r t i l i z e r s ,  %&hat c u l  t l v a a   on a n d  wha-t pruning p r a c t i c e s  
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p a r t  of t h e  Program, Weekf y 
revea l ing  much information 

i n  photoperiod requirements 
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t e luc ida t ion  of t h e  p a t t e r n  
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indus t ry  i n  t h e  South i s  very 
You have heard Br, Perry t e l l  of 
t North Carol ina S t a t e  a l s o  ob ta in  

t h e  pulp and paper indus t ry ,  There 
ou our  program and i t s  r e l a t i o n -  
t o  say tha-t w e  expend our  funds 

three Pollowi.ng ways : 

e r a t i n g  companies, with spec ia l  em- 
i a l  a'nd i t s  incorpora t ion  i n t o  

s t ab l i shed  , Our ope ra t ing  a rea  
s see ,  North and South Carol ina ,  

rch on problerns of general  i n t e r e s t  t o  a l l  cooperat ing 
W e  have spesiabized on wood p r o p e r t i e s  such a s  s p e c i f i c  

be r  leng$;h, c e l l u l o s e  content ,  and compression wood, 

i t h  g r a d ~ a ~ d e  sturtents majoring i n  f o r e s t  gene t i c s ,  The pas t  
year w e  had 3 s tudents ;  t h i s  f a l l  we w i l l  have 7 o r  8 working e i th .e r  
f o r  the Master's o r  Doctor 's  degree i n  f o r e s t  gene t i c s  o r  a s  spec ia l  
s tuden t s  coacent ra t ing  t h e i r  s t u d i e s  i n  t h i s  f i e l d ,  

I wish t o  d i scuss  wi th  you one po r t ion  of our bas i c  research ,  and how i t  
a p p l i e s  t o  the  company seed orchards ,  These orchards a r e  not a  small 

1/ Associate  Professor  of Fores t  Genet ics ,  School of Fores t ry ,  North 
Carol ina S t a t e  College,  Raleigh,  N u  C. 



t h i n g "  The companies w i t h  which w e  work have e s t a b l i s h e d  or  a r e  e s t a b l i s h -  
i n g  about  250 a c r e s  of seed orchards  D r  P e r r y ' s  companies probably a r e  
e s t a b l i s h i n g  cons iderab ly  more This  acreage  i s  planned t o  supply t h e  
seed f o r  aZI the p l a n t i n g  t o  be done by t h e s e  companies f o r  many yea r s  i n  
t h e  f u t u r e ,  Thus,  f o r  our  companies a l o n e ,  w e  w i l l  have a  p o t e n t i a l  seed- 
l i n g  product ion of 100 m i l l i o n  annual ly  of one s p e c i e s ,  The s i z e  of t h e  
seed or.ckza,rd operaJ:ioras should snswer your ques t  ions a . ~  t o  how important 
i t  i a  t o  make s u r e  t he  b e s t  t r e e s  a r e  used f o r  es tabl ishment  of t h e  seed 
orcha,rds 

M r  R ,  L McElwee, *be  l i a i s o n  g e n e t i c i s t  who works wi th  me: makes t h e  
f i n a l  s e l e c t i o n  and g r a d i n g  of every t r e e  t o  be used i n  each company's 
seed o rchs rd ,  In t h e  field he selects f o r  r ap id  growth, good limb f o m ,  
s t raagh*,  boles* and ot,her usual c r i t e r i a  used i n  s e l e c t i o n  of supe r io r  
trees Addi*,ionally,  however, he o b t a i n s  wood specimens from a l l  s e l e c t e d  
and check trees so chak they can a l s o  be eva lua ted  an wsod p r o p e r t i e s ,  
Before this can be cione a n t e l l i g e n t l y ,  we must f i r s t  gain some knowledge 
of  t h e  gene$-ics of ~ i o s d  p r a p e r t i e s ,  

I have bee& working a n  wood gene t i c s  s i n c e  e a r l y  1951, i c e , ,  f o r  5 yea r s  
i n  Texas and now ill North Ca ro l ina ,  The e o m e ~ t s  t o  fo lHo~+ a r e  based on 
work done d u r i n g  f h a  l; p e r i o d ,  Some of then  have been published and w i l l  
be f a c ? i l i a T  lo you ;  some a r e  i n  p r e s s ;  and many a r e  i n  t h e  form of data, 
now i n  my f i i e s  o r  i n  experiments now being pursued,  BPea'se be a b s o l u t e l y  
c l e a r  on one poina--1 k speaking only  about lohBoPly p i n e ,  However, I a m  
spea.kiog about i t  from t w o  exI rene  p o r t i o n s  of i t s  range:  from Texas w i th  
i t s  d r o u g h ~ s  and severe  weaLher t o  p l a c e s  i n  North Caro l ina  where l o b l o l l y  
p ine  some~imes g r o M s  o n  8 7 0  12 f e e t  o r  more of water -sa tura ted  pea t  aver-  
l y i n g  t h e  m i n e r a l  so11 O f  great l r r te res t  i s  &he fact  t h a t o u r  Texas 
studie. ;  9,vd the ~ T u d 1 . e ~  o n  T,be e a s t e r n  lobPol ly  have ylePded t h e  same 
r e s u l  t s 

T t  w-i 1 4  POI, be poss ib l e  f o r  me to do more Than men5ion some of t h e  ch ie f  
p o i n l ~  of i n l e r e s "  They a r e  a s  follows: 

For over 30 vears  -It; h a s  been csnsbantly repea ted  'h,ha-i, there i s  a  
close r e l a t  ionsh lp  ber2weea growth ra te  and s p e c i f i c  gravi*,y,  In ten-  
sive syt-t~dies sho~n, that t he re  i s  very l i t t l e  cosrela,%ion be%ween spec- 
i f  i c  g r a v i t y  and r s t e  sf growth ( a s  expressed i n  r i n g s  p e r  inch)  f o r  
wood o f  %be same age out s i d e  of t h e  c e n t r a l  core  sf  j uven i l e  wsod, 
Perhaps a l l  of you have read o r  been taught &bat f o r  c o n i f e r s ,  f a s t  
growth r e s u l t s  i n  2 0 %  specxf ic  g r a v i t y  and slow growth r e s u l t s  i n  high 
speei  f i c  g r a v i  x y POP" l o b l o l l y  pine, within t he  f rarnework of  commer- 
cial potaQ~on age,  t h i s  Jus t  i s n ' t  s o ,  N o t  o ~ l y  o u r  work, but ma.ny 
oLher rece~t 5tudies have shown t h a t  t h i s  r e l a t i o n s h i p  is  nonex i s t en t ,  
D r  Pe r ry  a n d  Dr Wang p l o t t e d  t h e  s p e c i f i c  g r a v i t i e s  of s e l e c t e d  
t r e e s  that had a volume s u p e r i o r i t y  2 , 5  Lo o v e r  4 times t h e  check 
t r e e s  agaanst  t h e  s p e c i f i c  g r av i t  ries of t h e  check t r e e s  altd found the 
C u r v e s  ne'3 r1-y ~ ~ i ~ ~ " - i d e d .  They  d id  This p a r f , i a l l y  i n  se2f defense ,  
because  t h e i r  companies were a f r axd  t h a t  by s e l e c t i n g  the  f a s t  growers 
t h e y  would be propagat ing t r e e s  w i t h  low spec i f i c -g rav i ty  wood, 





of wa i t i ng  f o r  She f u l l  r o t a t i o n  age ,  without des t roy ing  t h e  test  
mater i . a l ,  

6,  We a.re developing r e l a t i o n s h i p s  on t h e  c h a r a c t e r i s t i c s  of j uven i l e  
wood, mature wood, and compression wood a s  a f f e c t e d  by growth and 
environmental c o n d i t i o n s ,  

7 ,  According t o  Kramer i n  Texas,  and o t h e r s ,  t h e  f i b e r  l eng th  of mature 
wood i s  r e l a t e d  t o  wood l a i d  down near  t h e  end of t h e  j uven i l e  p e r i o d ,  
i . e , ,  about 1 0  y e a r s ,  H i s  work, a s  w e l l  a s  o t h e r  work i n  Georgia and 
elsewhere,  a l l  p o i n t s  t o  t h e  gene t i c  c o n t r o l  of f i b e r  l e n g t h ,  J u s t  
a s  f o r  s p e c i f i c  g r a v i t y ,  f i b e r  l eng th  t ends  towards constancy o u t s i d e  
t h e  c o r e  of j uven i l e  wood. 

8.  Yield s t u d i e s  ( o r  l i g n i n - c e l l u l o s e  r a t a o s )  make up t h e  bulk of o u r  
cu r r en t  b a s i c  r e s e a r c h ,  I t  appears  t o  d a t e  t h a t  some t r e e s  w i l l  y i e l d  
more usab le  f i b e r  than o t h e r s ,  weight f o r  weight .  Very pre l iminary  
r e s u l t s  based on only  a few samples show some t r e e s  y i e l d i n g  between 
4 a,nd 10  percent  more ho loce l lu lo se  and a l p h a c e l l u l o s e  than o t h e r s ,  
These r e s u l t s  a r e  "hot o f f  t h e  p re s s "  and t h e  a n a l y s i s  of  t h e  bulk of 
t h e  ma. ter ia l  awa i t s  my r e t u r n  t o  t h e  l a b o r a t o r y o  W e  w i l l  have samples 
from t h e  b e s t  s t ands  jn s i x  S t a t e s ,  from many si tes from t h e  Tennessee 
msunta i n s  t o  t h e  Caro l ina  swamps, and 1 . a t i t u d i n a l l y  from Savannah, Ga, , 
d o  Richmond, Va, We a r e  s tudying ( a )  v a r i a t i o n  from t r e e  t o  t r e e  
within a s i t e  ( b )  var ia . t ion  between si tes wi th in  a  geographic region 
and (c )  v a r i a t i o n  between geographic r eg ions ,  For  each of t h e  thou- 
sa'nds of sample t r e e s  we w i l l  have recorded on IBM c a r d s  complete 
growt,la. and elzvironrraent a 1  da.i;a, a s  w e l l  a s  wood proper ty  information 
includillag h o l o c e l l u l o s e ,  a l p h a c e l l u l o s e ,  s p e c i f i c  g r a v i t y ,  compres- 
s ion grow t,h , percent summerwaod , and f i b e r  l englh  , 

I n  my t a l k i n g  about t h e  var ious  wood p r o p e r t i e s ,  some of you may have l o s t  
s i g h t  of t h e  o b ~ e c t ~ i v e s  of t h i s  resea.rch,  One of t h e  x a j o r  ones i s  t o  es -  
t a 'b l i sh  seed orchards  fo r  t h e  i ndu . s t r i e s ,  so they  w i l l  ha.ve t r e e s  t h a t  a r e  
not, only t a ' l l e r ,  f a s t e r  growing, b e t t e r  formed, e t c , ,  but a l s o  t h a t  have 
t h e  type of wood they  most d e s i r e  f o r  t h e i r  p roduct ,  To do so we need t o  
know 23.11 we cam. about t h e  p a r t i c u l a r  wood ~ h a r a c i ~ e r  and how it: ( a )  i s  
a f  fecGed by the  env i ro~men t  (b)  i s  a f f e c t e d  by Lhe t r e e ' s  paren tage  ( c )  
a f f e c t s  t h e  product  the indus t ry  makes, W e  can he lp  on the f i r s t  two, 
I t  i s  a tremendously i n t e r e s t i n g  r e sea rch  cha l l enge ,  





In addition to other  tree improvement research,  AXaba~a Paly:e~ha%e $ns t i -  
t u t e ,  Louisiana S t a t e  T h i v e r s i L y ,  ar~d the University &bf Tennessee have re- 
search projects Ln farest  genetics uder the f ede ra l  Agricultural mrket2ng 
Research A c t ,  i n  cooperation with t h e i r  respective State Agrf cultural, Ex- 
periment Stations, The pro jec t  at Alabara Pslydeehnic Institute inc ludes  
r e l a t i v e  nutriect requirements and efficiency a f  p r o g e ~ i e s  of "plusf t  piaes 
and of their checks, and has r e c e n t l y  been expazded to persit %fork on 
hard1~dood genetics, 

K. Al len ,  af the Southern JnztituQe of Forest Gezetics, has -JUST cow- 
pleted 2 years '  gradua$,e !work at Duke Univer~ity, ~ n d e s  O m ,  Mramer and 
N a y l o r ,  sa  t h e  cactrasting growth-substacce complexes of Eoagleaf pr%e, 
its hybr id s ,  and lsblshby and s lash pines, T h i s  b ~ ~ r s  dxrectl y an cqe of 
the most eha.3 lenging genet i cs  problems in the Ssv%h--s!~~orLlznlng or el imz - 
nat ing the notr~riorss stemless cr "grassF"-t.tag eoP juve~i.l.e lo-gleaf pi~v-e ,  

A t  Newcomb Gallege af Tubane Un~versr~y, Dr, WaBZas A,  EggLer bss cow- 
pleted 2 y e a r s  " work, %rh ca=roperati.~n wz tb  A, %%, H O ~ ~ G S  I s d ~ , s f  rie~, $ 3 ~  * , 
and &he Scarrtksern l a s t i t u " - , s  of Forest  Genetics, OE the  anatomy and pheno.1- 
ogy of pine reproductive processes, inc luding  the dat",e o f  faarm%bsn of 
the primosdxa of female and male s t r o b i l k ,  Under a r e e e ~ ~ t  g r a ~ t  % r c ~  %he 
National Seie~ce Foundation, he 1s extending this sfudy to slash and 
shor t leaf  pxnes, T h e  Biophysxcs Laboratory s c  TuLace U n i v e r s i t y  3 s cocp- 
e ra t ing  1~3th the Soc.therc InsdiLute  of Farest Gesetacs in studaes of  the 
effects 02 irradi.at,id=an o~ i l ; l i~a :  seed, 

The University s f  Arkansas i s  cooperatsing with X,ke Grssselt Research Gen- 
t,ep sf the Sautnern Fores t  Experiment S t a t i o n ,  and w i t ?  $be Gr~3se:t Cam- 
paxsy, + r ~  ?":;st,% 0% I,oca:t rsces s% Xoh;lalZy pice seed, Mi,ssrs-uipgi SSate 
GsLlege 1s coopet-atrng wlth t k s  Statioz: in t e s t s  of p ~ y b a l d ~  made a% 
P l a c e r v i k  le , 

The U3iversxty of Te3neasee zs cooperaklag w i t h  %fie T e n ~ . s ~ z e e  Valley 
Au.%;hori$,ly cw several seed source %esets CincLading a s t u d y  on Y i r g i z z a  
p i n e  9pcris~red by Phe IilrwrvPand Board of Sa+ura l  R e e ~ r ~ r c e s ] ,  1np~aveiL3 &ut 
E r e e  v a r i e t y  Zes ts ,  and p 5 ~ e  pr4~pagaCi0~ i~aave-?~"I;~gzZ3.0~:1- 

Federal Rgencxes - ---- 

The xrery ccanslderabke ae? , fv i t i e s  o f  L k e  S o u t h e a s t ~ r r .  2nd Scalairhern Fo re~* ,  
Exper~.nent SLat-iar-n,s xag be dlsn~s~ed bri%Pl y , as $hey kasve been ~ d s q \ ~ a  te$y 
described i r k  annual repor ts  and other p~bllcations, 

A t  %he Sou%Lesster,r, Station, the  ~ a - j a r  %re@ d,mprovewa%-,-f prsgraa%%s are a& 
%be Lake C i t y  and ATkevs-"Macon Research Cenxers, i~ Flor ida  artd G e o r g i a ,  
r e spec t ive ly ,  the latter i a  cooperation w i % b  %ke Ida, Gason Callaway Poaada- 
tion, the University of Georgia, %he Georgia Fores$ry  Coq~issicn, acd the 
Georgia Fores t  Researekt C o ~ ~ n c i f ,  Less ex%ensive programs are ae~der way 
at t h e  Franklin, Wa , (single-pare3t l o b l ~ l " l ~ y  progeny ~ e s t r )  , A s h e v i l l e ,  
N ,  C, (yellow-poplar, red oak, and sblte pine r a c i a l  variation tests, and 
hybrid poplar and bligh~~resistacdd c h e s t ~ a s  studies), Santee, S ,  @ ,  
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Seed Saurce Study sponsored 

mp ravemen% , 

program dating from before 1948, it i r c ludes ,  or has included,  much work 
on racial variatioc of pines and on vegetative propagation, individual- 
%re@ aad aursery selection 0% pines and eastern redcedar, and related 
work ,  suck a s d e v e l c p v  E:? t ~f t,h.or~.le\: s hc.r..ey; f:cr;.c.t,; .I- . :.r:: r;-j c,:: cj- ':-tcrr:;vl.c ,---*st 



w i t h  pods s u i t a b l e  far  c a t t l e  feed,  se lec t ion  off black walnut f o r  nut pro- 
diizct~on, and some work on f igured gra in  of wood, Host of t h i s  work has 
been done i n  cooperation with various S t a t e  Agricultural  Experiment Sta- 
t i o n s ,  Federal Forest  Experiment S ta t ions ,  and other  organizat ions,  includ- 
ing  t h e  University nf the  South, Tennessee S t a t e  Department of Conservation, 
Tennessee Fish  and Game Gomission,  Maryland Board of Matural Resources, 
and Coosa Elver Paper Company, The WA was owe of the  p r inc ipa l  promoters 
of the  F i r s t  Southern Conference on Tree lnprovement i n  1951, and E, G ,  
Wiesebcbegel of i t s  11i.visioxa of Forestry Relat ions i s  the  present  Chairman 
of the  Comm-ittee on Southern Forest  Tree Improvement, 

Region 8 of the  U, S .  Fares& Service has es tabl ished a nmber  of seed pro- 
duction a reas  on n a t i o ~ a l  f o r e s t s  throughout the South, I t s  outstanding 
contr ibut ions  xn the f i e l d  s f  t r e e  improveaent, however, have been the  
orgaalzat ion o f  the Fimt and Second Southern Tree Improvement Conferences 
i n  Atlanta i n  11951. and 1953, and, i ts  lmremittxng campaign t o  get S t a t e  and 
i n d u s t r i a l  nurserymen t o  procure seed from s u i t a b l e  geographic sources, 

S t a t e  Departments sr Csmm~ssions af  Forestry 

A t  l e a s t  th ree  State  Forest  Service programs of f o r e s t  t r e e  improvement 
deserve special  ment zone 

The Texas Fores t  Serv ice  started a c t i v e  research i n  t r e e  improvement about 
1950, and established i % ~  Forest  Genetics Laboratory i n  1951, w i t h  s t rong 
industxiax supper-and in close  cooperation with Texas A 8r, M College, The 
Laboratory has a professxonal staff o f  3 ,  plus  2 graduate fel lows;  a f i n e  
laboratory bui ld ing and greenhouse; space i n  the State f o r e s t  nursery; a 
l a rge  o u t p l a ~ t i n g  area, w i t h  residence,  a t  P a s t r i l l ,  Tex,; and other  ex- 
perimen%al areas, 8 -  J, Hndges Indus t r i e s ,  I ac , ,  a t  Many, L a , ,  with whom 
the b b ~ r a t o r y  has a cooperative con t rac t ,  b u i l t  i t s  greenhouses espe- 
c i a l l y  to f i d  the needs o f  the  Texas program, and has done much work i n  
wegetatave propagation and outplanting i n  cooperation with the  Texas 
group, Bruce Zobel was i n  charge of the  work from 1951 u n t i l  his move t o  
North Carolina S l a t e  College i n  1957, when he was succeeded by Claud 
Barom * 

The research i n  Texas has been concentraGed w o n  se lec t ion  and breeding of 
1-oblsl ly p ine  f o r  form* growth r a t e ,  drought r es i s t ance ,  and wood qtaali- 
t ieem-especially high and low spec i f i c  gravi ty ,  Outstanding use has been 
made of l o b l o l l y  from the  so-called "Lost Pines" area i n  a region of low 
rainfal2 and high evaporation rate some 120 miles west of the  main lob- 
loPPy p ine  belt, Impostant basic contr ibut ions  have been. made t o  the  
problem a f  inher i tance  sf: speci.f i c  g rav i ty ,  VegetEadivc; propagation has 
Led t h e  way ta active work i n  seed orchard nanagement, Another important 
phase has been introduction of exot ic  pines from Mexico, Some work has 
been done in hybr id iza t ion,  r a c i a l  va r i a t ion ,  and nursery se lec t ion .  

The Geosgxa Fores t ry  Commission" program is  one s f  f inanc ia l  and organi- 
za t iona l  a s s i s t ance  and support ra ther  than of d i r e c t  research,  In  co- 
operat ion with t h e  Southeastern Forest  Experiment S ta t ion ,  the  Georgia 
School of Fores t ry ,  and the Georgia Forest Research Council, it has 





study of r a c i a l  v a r i a t r o ~ '  i a  lobloi.ly pine and i t s  "documented" planta-  
t i o n s ,  noyd being converted t o  "breeding blocks" with the corepany's help,  
a r e  on Gaylord  land^, The company i s  s t a r t i n g  a c t i v e  work on seed or-  
chards, with nearly P50,000 acres of plan%ations and thousands of ac res  
of even-aged na tu ra l  stands from which t o  se lec t  superior  t r e e s ,  (The 
p lanta t ions  include 12,700 ac res  o lder  than any o ther  extensive planta-  
t i o n s  i n  the Souah; the na tu ra l  s tands include a 10,000-acre block of 
longleaf p ine  from the 1920 seed crop & r ~ m  v i rg in  t imber , )  Caylord has 
been the  l a r g e s t  sxngke csopesator i n  t h e  Southwide Pine Seed Source 
Study, and T, E ,  B e s c a w ,  Chief of t h e  company's ForresG htanagement Section,  
was Wiesehaeg~l. k predecessor a s  Chairman, of the  Cornittee on Southern 
Forest Tree Imprsvement , 

A .  d. Hsdges Industr~cs, Lnc,, a t  Many, L a , ,  has a f o r e s t e r  w ~ r k i n g  nearly 
fu l l - t ime on tree improweroent research: w i t h  a f i e l d  assistant and ample 
l a b a r ,  In abdlCx,an %c an adequate research budget,  f a c i l i t i e s  include a 
4,000-acre denced area, Eceess do  thousands of ac res  of p lanta t ions  and 
na tu ra l  stands, a 25- by 25- by 25-foot a i r - ~ o n d i t i o r ~ a d  greenhouse with 
an 18-foat l o b l s l l y  pxce es tabl ished in i d  ( fo r  g ra f t ing  experiments), a 
smaller greenhouse that can be held a t  GS0 F ,  even i n  m i d s m e r  ( fo r  vege- 
t a t i v e  propagation], extensive progeny-testing a r e a s ,  and a remarkable 10- 
ac re  long lea f - l ab l s l ly  pine hybrid swarm, A s  previously noted,  A ,  J, 
Hodges Tndus t r ics  have cooperative research agreements w i t h  the  Texas For- 
est Service ,  Louisiana State University, and the Southern Forest  Experiment 
S ta t ion ,  k:Iaan lices of work have included i n t e r s p e c i f i c  hybr id iza t ion,  
vegetat+ive propagatien, racial var ia t ion ,  and the e s d a b l i s b e n t  of an 80- 
acre arbore t~m s f  2ative and exot ic  pines and hardwoods, Game management 
research and arnafi?ea%al gardens a r e  included i n  t h e  experimental t r a c t ,  
which aften draws 1,580 ts 2,000 visitors on a Swday,  

The CrosseTt C~mpany, a t  Crosse t t ,  Ark,,  i n  addit ion t o  f inancing a f u l l -  
time researcher i n  cooperation with  the Southern Forest  Experiment Sta- 
t ion :  has a tree improvement program of i t s  awn, with emphasis on lob- 
l o l l y  pine and ~Lt imaxe ly  on short leaf  pine seed orchards, 

Com6xtq;ee s~ Southern Forest  Tree Improvement -- -----. 

AL%hsugh rr,uzh of the research and other t r e e  improvement a c t i v i t y  just 
outfraed arose t b ~ o u g h  xhe xnitiative of t h e  organizat ions and individuals  
engaged rri i t ,  some a t  least owes i t s  s t a r t  t o  the  Committee on Southern 
Forest Tree 1mprovemez~;k . The Cornidtee def j.nitel y has served a useful  
f un.c%isn an ccsrdana t i n g  the work, 

The Clarnm tzce  $pas an cutgrowth of the  F i r s t  S~u*;;herra, Conference on Forest  
T r e e  Irn~~rsveln,sn$, held pa 1951, I t  has 18 members, Seven of these  repre- 
sent  the  Southeastern Forest  Experiment S ta t ion ,  the  Southern Forest  Ex- 
periment, Sta%lo% and I ~ E '  Southern I n s t i t u t e  of Forest  Genetics, Region 8 
of the U, S ,  Forest S e r v i c e ,  the Tennessee Va%ley Authori ty,  and the  pro- 
f ess iozs  a6 forest  pathology and f o r e s t  entomslogy, and a r e  appointed f o r  
i n d e f i n i t e  terms, The remaining 11 serve &year terms, beginning a t  stag- 
gered i n t e r v a l s ;  3 represent schools of f o r e s t r y ,  3 represent  S t a t e  fo res t ry  





ary  s f  Forest Tree Improvement Work 
i n  the  Northeast 

This report  on the  recent  advances i n  f o r e s t  t r e e  improvement i n  the  North- 
e a s t  i s  based on 40 r e p l i e s  t o  quest ionnaires sent  t o  northeastern S t a t e  
f o r e s t r y  organizat ions ,  a g r i c u l t u r a l  experiment s t a t i o n s ,  f o r e s t r y  exten- 
sion se rv ices ,  p r i v a t e  indust ry ,  f o u d a t i o n s ,  i n s t i t u t i o n s ,  fo res t ry  
schools, and research cen te r s  of the  Northeastern Forest  Experiment Sta- 
t i o n ,  The various types of s tud ies  reported have been segregated i n t o  
c lasses  such as  provenance, propagation and progeny t e s t s ,  and a s 
of the  work i n  each c l a s s  is  presented./ 

Stand and Individual  Tree Select ion 

There a r e  16 p r o j e c t s  now i n  progress,  involving 13 di&$erent  organiza- 
t i o n s  and 9 species ,  Seven p ro jec t s  have a s  t h e i r  objec t ive  the  develop- 
ment of seed orchards es tabl ished from selec ted  phenotypes of Scotch pine ,  
white p ine ,  white spruce, and Normy spruce, About half  of these  seed 
orchards w i l l  be used f o r  production of improved Christmas t r e e  p lant ing 
stock * 

The r e ~ a i n i n g  prs ' jects  a r e  concerned with se lec t ion  f o r  improving t r e e  
qua l i ty  and timber-growing p o t e n t i a l i t i e s  i n  l a r c h ,  white pine,  l o b l o l l y  
p ine ,  Norway spruce, ches tnut ,  and sugar maplel presumably through the  
establishment o f  seed orckt.ards of superior  trees and through hybridizat ion 
of se lec ted  i n d i v l d w l s ,  

Progeny Tests 

The bulk of the progeny -testing of control-poll inated hybrids i n  our re-  
gion i s  being done by t w o  organizat ions,  the Hartford Foundation a t  the  
Yale School sf  F o r e s t r y  and the  Northeastern Forest  Experiment S ta t ion ,  
The majority o f  these hybrids are of hard pine,  spruce, and 5-needled 
white  pine pa ren t rage ,  and lrireare developed mainly by t h e  Experiment Sta- 
t i o n ,  Several other  ~ r g a n i a a t i o n s  are engaged i n  control-poll inated pro- 
geny zes ts  on a cooperative bas i s ,  

One-parent progeny tests of se lec ted  phenotypes of black cherry,  Scotch 
pine ,  sugar maple, oak, N o r ~ ~ a y  spruce, and several  species of 5-needled 
white p ines  have been l i s t e d  by severa l  organizat ions,  

19 Geneticist ,  Northeastern Forest  Experiment S ta t ion ,  Burlington, V t .  - 
2 1  A l ist  ( o r i g i n a l l y  accompanying t h i s  repor t )  of the  f o r e s t  t r e e  im- 

proveGent s tud ies  i n  the  Northeast and cooperating organizat ions may be 
obtained from the  Lake S t a t e s  Forest  Experiment S ta t ion ,  S t ,  Paul Campus, 
S t ,  Paul l ,  Minn, 





Five s tud ies  have been reported i n  morphology, An example of one of t h e  
Bore outstanding of these  is  the  i d e n t i f i c a t i o n  of pu ta t ive  pine hybrids 
by means of s tonates ;  t h i s  work has been done by the  Hartford Fomdation,  

A l a r g e  part of the  work i n  cytology i s  being done a t  the  Hartford Fomda- 
t i o n ,  Here a study of chromosome behavior during f e r t i l i z a t i o n  i s  i n  pro- 
g ress  i n  Austrian p ine ,  Studies i n  induction of polyploidy i n  s l a s h  pine 
and i n  staining techniques a r e  a l s o  reported,  The Boyce Thompson I n s t i t u t e  
f o r  Plant Research i s  studying polmloidy induction i n  l a r c h ,  

Soil-S%&e Studies 

Six s o i l - s i t e  studies a r e  now i n  progress in the  Northeast,  The Cornell 
University Agr icul tura l  Experiment; S ta t ion  is  studying the  s o i l  and c l i -  
matic requirements %or optimw growth i n  red p ine ,  I t  is  a l s o  inves t igat -  
ing  the  degree t o  which mown geographic races  maintain des i red-character -  
i s t i c s  i n  a range 06 s o i l  and c l imat ic  condit ions,  A somewhat s imi la r  
study, aJsa i n  red p ine ,  has been l i s t e d  by the  New York Department of 
Conservation, Division of Lands and Fores ts ,  

The f i r s t  y e a r ' s  fieldwork of a hardwood s o i l - s i t e  study, conducted 
j o i n t l y  by the  Northeastern Forest  Experiment S ta t ion  and the  Vermont 
Agr icul tura l  Eqer iment  S ta t ion ,  i s  nearly complete, The study has a s  
i ts  object ive  the  determination of f a c t o r s  which control  s i t e  produeti- 
v i t y  o f  northern hardwood species ,  

The Northeastern Fores t  Experiment S ta t ion  a l s o  has a s o i l - s i t e  study i n  
progress i n  white pmae, and t h e  University of M i n e  Department of Forestry 
has a s imi la r  study i n  spruce, 

Nursery Work,--A program of nursery and outplanting s tud ies  designed t o  
investigate seeding and plant ing t e c b i q u e s  s u i t a b l e  f o r  c o m e r c i a l l y  i m -  
por tant  northern hardwoods i s  i n  progress a t  the Burlington, V t , ,  un i t  o f  
t h e  Northeastera Forest Emeriment S ta t ion ,  

Arboreta EstabLishment,--TWO arbore ta  a r e  now being es tabl ished,  The Hart- 
ford  Foudadion is building an a r b o r e t m  of a l l  species which they f e e l  
would be o f  importance i n  t h e i r  fu tu re  t r e e  breeding programs, The North- 
eas te rn  Forest Eqer iment  S ta t ion  i s  begiming to bui ld  a birch breeding 
a r b o r e t u  of naCive and exotic species near i t s  Burlington u n i t ,  



A comprehensive study of geographical variation in sugar maple is now in 
its fourth year at, the Ohio Agricuftural Experiment Station,+ F i f t y  sources 
are included, TWO permanent; plantings have been made at; Wooster, and an- 
other %ill be made in extreme southern Ohio in, the spring of 1958, To 
date it has been possible ts idmtify patterns of variation in drought re- 
sistance, winter hardiness, tree form, and time of leafing-out and of on- 
set of w i m t e r  dormancy, Li%"D;e iaf~rmatlon has yet been obLained on 
racial varkation in hegght growth, A research bu1Jet;in is now in press 
dealing with these studies, and will be in print in a week ar two, 

The yellow-poplar seed source study initiated by the Foreset Servfce in 
1952 Includes established field plantiwgs in Ohio, fndiana, and Illinois, 
The interregio~al white pine provenance tests will include a series of 
plots in the Central S t a l e s  regisn; seedlings will no% be ready for field 
planting mtil, 1960, however, The Ohio Agri~ultural Experiment Station i s  
plannxng to cooperate vkth the Forest Service in provenance testing of 
white pine, and: additionaf seed callecr-tioxas have been made from several 
isolated stands o f  nafive white pine in Ohio, 

Replicated seed source t e s t s  o f  shortleaf: pine from six northern sources 
matging from New Jersey ts ldisssuri are plarened for Ohio; one test will be 
on strip-mine spoils, These p l o t s  will provide eastern scapplements for 
the shortleaf provenance t e a t s  in fLlinois and Missouri established by 
the Forest Service, 

1/ Assistant Professor, Ohio Agricultural Experiment Station, 
woost&, Ohio. 



Provenance t e s t s  a r e  being cossiducted. a t  Iowa S t a t e  C o l h g e  on Scotch, pine 
and European l a r c h ;  nine sources of l a rch  a r e  included, and BcComb plans  
t o  a u ~ e n t  these  w i t h  addi t ional  sources, 

Genetic Selec t ion &and Clonal Testing 

In  Ohio, cooperative State-Federal t e s t s  a r e  p lamed of 10 se lec t ions  of 
black l o c u s t ,  using stock g r o w  from cut t ings  a t  B e l t s v i l l e ,  Hd, P l o t s  
w i l l  be es tabl ished on four  d i f f e r e n t  s i t e s  i n  eas te rn  Ohio, t o  study 
va r ia t ion  i n  borer r es i s t ance ,  form, and vigor,  

Four promising clones o f  t h e  hybrid Populus grandidentata x P ,  a lba  have - - 
been discovered i n  Iowa, Two have been d i s t r ibu ted  t o  o%her s t a t e s  f o r  
t e s t i n g ,  One oT these  clones has a figured g ra in ,  

A$ Wooster we now have about 25 @lone% of sugar maple se lec ted  i n  Ohio and 
the  northeastern s ta tes  on t h e  bas i s  of high sugar content of the  sap,  and 
propagated vegetat ively by g ra f t ing  and h d d i n g ,  Several bmdred ramets 
have been produced, and seed orchards w i l l  be es tabl ished i n  the  spr ing of 
1958, 

A program of individual  t r e e  se lec t ion  f o r  vigor has been s t a r t e d  i n  eas t -  
e rn  white pine;  se lec t ions  a r e  being propagated by greenhouse and f i e l d  
g r a f t  i w g  , 

Some i n t r a s p e c i f i e  crosses  have been made on sugar maple t o  study inher i -  
tance of sugar content among progenies from selec ted  t r e e s ,  Crosses have 
been ~nade among t r e e s  r a t i n g  high, low, and intermediate i n  sugar content ,  
as  determined by repeated refractometer t e s t s  over a peri.od of several  
years,  We hope t o  obta in  in fomat ion  by prsgeny t e s t i n g  about inher i tance  
of capacity for  high syrup y i e l d ,  Th is  winter ,  small-tree t e s t s  of sugar 
content are planned f o r  both clonal  s tock and seedling progenies, using 
specia l  tecbiques f o r  measurement, 

In  1956 we began e o ~ t r o l l e d  po l l ina t ion  a% Wooster a f  white p ines ,  both 
within t h e  eastern white pine species and between t h i s  species and other  
r e la ted  f ive-needle pines ,  Flowering specinens of several  species of the  
subgenus Nap%owy%sn i n  our a r b s r e t m  make t h i s  poss ib le ,  Tn addi t ion  t o  
eastern ~ ~ h i Q e  pine ,  these include Ifimlayan, Japanese white, and Korean 
pines, Phenolsgical records a r e  being acemubated of flowering and f r u i t -  
ing iw the pines and severa l  s t h e r  genera i n  t h e  arbore t -m,  where a diver-  
s i t y  s f  breeding mater ia l  is  ava i l ab le  f o r  use here o r  i n  exchange with 
o the r  i n s t i t u t i o n s ,  We are increasing our a s b o r e t m  stock of p o t e n t i a l  
breeding t r e e s  of dscwented seed source i n  a nmber  of species,  





ACTIVITIES OF THE 
FOREST TREE IMPROVEWNT CO~ITTEEY 

n Earl  Adams conducted a br ief  business meeting of the  Lake S t a t e s  
Forest  Tree Improvement C o m i t t e e  on t h e  evening of September 17, Re- 
p o r t s  of subcomittees,  amomcements of new appointments, and e l e c t i o n  
of o f f i c e r s  were t h e  p r inc ipa l  items of business, 

Reports of Subcornit tees 

Chaiman Adaaraa reported t h a t  the  subcomi t t ees  on Bibliography, Superior 
Tree and %&and SelecEion, and Seed Collect ion Zones have completed t h e i r  
a s s i g m a n t s ,  published repor t s  (see back cover),  and been discharged, 
The subcomi t t ee  o m  P ro jec t s  f o r  Study has been discharged and i ts  f m c -  
t i o n s  absorbed by a new subcomi t t ee  on Research Evalraation, Coordination, 
and Planning, 

Paul  Rudolf reported t h a t  &he l a t t e r  subcogkrra.ittee has canvassed the  e n t i r e  
C o m i t t e e  f o r  suggestions on the  d e s i r a b i l i t y  of and best  means f o r  pre- 
paring p ra jec t  s a r y  statements covering a l l  f o r e s t  t r e e  improvement re- 
search i n  the  region, The survey w i l l  be done i n  cooperation with the  
Forest  Genetics Research Fomdation,  

Two recent ly  formed subcomi t t ees  on Forest  Tree Seed C e r t i f i c a t i o n  and 
on Register  and m r k i n g  a %  Select ions  do not yet  have any a c t i v i t i e s  t o  
repor t ,  

Repor t  on Northeastern Fs res t  Tree Improvement Conference 

Paul, Rudolf represented the  Lake S t a t e s  C o m i t t e e  a t  t h e  F i f t h  Martheast- 
ern Forest  Tree Impravemeaat Conference held a t  Orono M e , ,  on August 22 
and 23, H e  reported a well-planned, well-attended, and well-conducted 
conference with a r eg i s t e red  attendance of 91, A nwnber of very i n t e r e s t -  
ing  papers were presented and an i n s t r u c t i v e  f i e l d  t r i p  conducted, Be- 
cause the Proceedings o f  $be Northeastern Conference w i l l  be published, 
no f u r t h e r  d e t a l s  w i l l  be included here,  

Mew Garni t tee  Appoia%%ments 

Hembers of the  Lake States Fs res t  T r e e  Improvement Camittee are appointed 
f a r  4-year terns by the agencies they represent ,  A t  each biennial  coa- 
ference appointments are made of 7 members, half  of the  C o m i t t e e ,  A t  
t h i s  Conference members appointed t o  serve u n t i l  1961 were as folfows: 

i 

14 T h i s  mater ia l  was s r.j.zed by Paul O, Rudolf, Executive Secre- - 
t a r y ,  Lake S t a t e s  Forest  Tree Improvement C o m i t t e e ,  





The repor t  of the Resolutioas Cornit tee (appended) was read and adopted 
aruaanintously . 
Report of t h e  Resolutions C o w i t t e e  

(Adopted maniaously 9/l7/57) 

1, %e wish t o  "%;ha& Supt, Bbta lamki  and h i s  s t a f f  of the  North Central  
School and Experiment S ta t ion  f o r  providing the  f a c i l i t i e s  and serv- 
i c e s  t h t  have d.one so much t o  make our meeting a success, 

2 ,  We wish t o  thank M r *  Z ,  A ,  Zasada of the  Lake S t a t e s  S ta t ion ,  D r ,  
Scott  Pauley of the  University off Minnesota, and Mr, M, J, U t i m e r  of 
t h e  iBlancain Paper 60, f o r  =king arrangements f o r  the  f i n e  f i e l d  t r i p  
scheduled for t h i s  Conference, 

3 ,  W e  recommend t o  t h e  Society of American Fores ters  t h a t  another spec ia l  
issue s f  t h e  Journal of Forestry be devoted t o  f o r e s t  t r e e  improve- 
ment, probably some t i m e  during 1958, 

4, W e  wish t o  express our apprecial ion t o  Paul Rudolf, our Executive Sec- 
r e t a r y  and f i r s t  Ghairmn, f o r  f a i t h f u l  and e f f i c i e n t  service  t o  the  
Corni t tee ,  P s r  systematical ly reainding the  r e s t  of us of our assign- 
ments and r e s p o n s i b i l i t i e s ,  and f o r  otherwise keeping our Committee 
a l i v e  and f w c t i o n i n g ,  

N o  L, Mitchell ,  Cbirman 
R ,  E, Ochsner 
J, W, Wright 

On the  evening sf  September 17 approximately 3.00 kodachrome and black-and- 
white slides were s h o w ,  They i l l u s t r a t e d  such t r e e  inaprovement items as 
unusual t r e e s ,  se lec t ions ,  pregeny tests, vegetat ive propagation techniques 
and r e s u l t s ,  bark inversion,  and hybrids,  The following showed and de- 
scribed s l ides :  C ,  E ,  Ahlgren of t h e  Quetico-Superior Wilderness Research 
Center, S, S, Pauley of the  University of h4innesota, W, B ,  Kriebel of t h e  
Ohio Agriesultura% Ewerinen% Sta t ion ,  Hans Mienstaedt of the  Lake S t a t e s  
Forest Eweriment Station, A ,  L, McComb of Iowa S t a t e  College, A ,  G, John- 
son of the University o f  Minnesota, Ro  G, B i t t  of the  University of Wis- 
cansfn, W, J, Gabriel s f  %he Mortheastern Forest  Experiment S ta t ion ,  and 
T, 0, Perry sf the U ~ ~ i v e r s i t y  of Flor ida ,  

This slide sha~v was one of t h e  most i n t e r e s t i n g  and popular p a r t s  of t h e  
Csnfereace, 





t o  preserve t r e e s  from a l l  seed sources, Considerable demonstration use 
is  made of t h i s  plantation. t o  show how well careful ly  tended stands can 
grow, 

An a r t i c l e  i n  the  Journal of Forestry,  Vol, 52, No, 9, Sept. 1954, 'wood 
Density and Seed Source i n  Yomg Plantation Red pine" by L.  W e  Rees and 
R, M, Brown, i s  based on t h i s  study, 

A much larger  study of red pine seed sources was established oar. the 
Superior National Forest i n  1932, 

Aspen stands,--This i s  a 50-year-old stand of excellent  Minnieso%a aspen, 
Nearby is  a 35-year-age c l a s s  of same high q w l i t y  aspen, A major thin- 
ning study is  located i n  each of these age c lasses ,  

These t r e e s  have been selected a s  an, e l i t e  clone by several  gene t ic i s t s ,  
The t r e e s  a r e  83 f e e t  t a l l  a t  50 years of age, I t  should be noted tha t  
t h i s  stand is  growing on a f e r t i l e  heavy Loam s o i l ,  

Lake 13 red pine stand,--These a r e  140-year-old red pines known Locally 
a s  the Lake 1 3  stand,  The t r ee s  range from 95 t o  about 105 f ee t  i n  
height,  and the  stand has from 25 t o  35 m M  per ac re*  Growth on the  11 
permanent sanple p lo t s  var ies  from 200 t o  300 board-feet per ac re  per 
year, M r .  R ,  C, H i t t  has several se lect ions  marked out i n  t h i s  stand,  

Cutfoot Experimental Forest  

This 3,000-acre experimental fo res t  has extensive 45- and 90-year age 
c lasses  of red pine,  A nmber of s i l v i ~ u l t u r a l  s tudies  a r e  carr ied on i n  
both age c lasses ,  Besides the  s i l v i cu l t u r a l  experiments, 1,000 acres  of 
t h i s  fo res t  a r e  i n  a management wit,  and another 640 acres  a r e  i n  a 
natural  area ,  

Growing-stock-levels studies,--This i s  one 0% a nmber of growing-stock- 
l eve l  s tudies  i n  red pine i n  Mimesota. In this experiment Levels o f  60, 
80, LOO, 120, and 140 square f e e t  of basal area per ac re  a r e  min ta ined ,  
Cubic volume growth f o r  the  past  5 years has been highest on the  120-sqwre- 
foot level  but only s l i gh t l y  lower on the  other  l eve l s ,  

Cutting-methods studies,--In t h i s  experlawent t r e e s  are cut by 3 nethods: 
from above, Prom below, and by a conbination of from above and below, The 
cubic vokme growth r e s u l t s  from the  f i r s t  2 of the 3 repl icat ions  show 
l i t t l e  var ia t ion between the  3 cu t t ing  methods, 



.-4f considerable h i s t o r i c a l  i n t e r e s t  t o  f o r e s t e r s  
p&na plan ta t ions  es tabl ished a t  the  North Central  Sta- 

t i o n  2 8  1908 by the &hen d&re@tor of the Sta t ion ,  Professor H, He Chapwan, 
Planting a%ack cgnsisted 2- do 4-year-old wildl ings col lec ted  near 
Carlton ( v i c i n i t y  of Cloquet), %inn. i n  spring 1898, and grown i n  t rans-  
p lant  beds =ti1 tilae of outp2a&ating, 

--The majar port ion of the  conifer  propagation 
ctian w%th t h e  School of Fores t ry ' s  t r e e  improve- 

ment project  fs  centered a t  the gor th  Central S ta t ion ,  Several thousand 
seedlings and $Pan~;planes of wkite spsuee, black spruce, r e d  p ine ,  jack 
pine and white pine a r e  carrentZy fined-out i n  the  nursery f o r  use a s  
rootstocks f n  the grafting program, The hardwood nursery and seedbeds f o r  
the project  a r e  located  on tbe S t ,  Paul Canapus, 

Demonstratioa area,--This t r i angu la r  a r e a ,  ly ing south of the  Nor*t;h Cen- 
t r a l  S ta t ion  tree iaproveaent nursery, was planted i n  pa r t  i n  spring 1956 
w i t h  various parenta l  clones of balsam poplar and aspen and t h e i r  F; o f f -  
spring,  The b l a n c e  og the area w i l l  be planted w i t h  ce r t a in  re la ted  

ff 

populations BOW being gram i n  the S t ,  Paul nursery, 

D, M, Gunn Memoriaai. P w k  (about 5 miles north of Grand Rapids on Highway 
P 

38, west shore of Prair ie  Lake) 

Tree inprovement arboretm,--This a r b o r e t m  occupies a port ion of the  - 
D, fM, Memarial Park established by t h e  Charles E;, Blandin Fomdation,  
In caopsratiorm w i t h  the Blandrim Foundation, the  School of Forestry has 
u d e r t a k e n  e s t a b l i s h e a t  o f  %be a r b o r e t m  t o  ensure p e r p e t w t i o n  of a 
reservoir  of potea%i&lfp useful  tree genes f o r  fu tu re  breeding work, 
I n i t i a l  planting@ were made in, spring 1956. Each clone o r  seedling family 
i s  represented by a s ingle  pboL of a t  l e a s t  4 t r e e s ,  Spacing i s  10x10 
feet,  Wro geasra are now represented: Populus (80 clonal  l i n e s  of 20 
d i f f e r e n t  species or  hybrid combinations); and Betula (1.28 paper and 
yellow birch seedling 2amilfes af d i f f e r e n t  seed source), 

Blandin Tree Narserye--This mdern  nursery, adjacent  t o  t h e  D, M, G u n  
gemorial Park, is under development by t h e  Blandin Paper Company. I n i t i a l  
work on the nursery s i l e  V8S started only l a s t  year, 
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COWON AND SCLENTIFIC: NAMES OF TREE SPECIES 
A4EmIONED I N  THE TEXT 

Common Name 

Ash, green 
Ash, white 
Aspen, bigtooth 
Aspen, European 
Asp en,  quaking 

Birch, bog 
Birch, gray 
Birch, paper 
Birch, r i v e r  
Birch, yellow 
Basswood, American 
But ternrat 

Caragana (see Siberian pea shrub) 
Cherry, black 
Chestnut, American 
Chestnut, Chinese 
Cottonwood, eas te rn  

Elm, A r n e r i  can 
Elm, rock 
Elm, Siberian 
Elm, s l ippery  

F i r ,  balsam 

Hemlock, western 
Honeylocust 
Larch, Dunkeld 
Larch, European 
Larch, Japanese 
Larch, Siberian 
Locust, black 

Maple, red 
Maple, s i l v e r  
Maple, sugar 

S c i e n t i f i c  Name 

Fraxinus pennsylvanica 
F, americana 
Populus grandidentata 
P , tremula 
Pa - tremuloides 

Betula pwnadla var glandul i f e r a  
B ,  popul i fo l ia  
B. papyrifera 
E. nigra  - - 
B,  a i leghaniens is  - 
T i l i a  americana 
Juglans cinerea 

Prunus serot ina  
Castanea dentata 
C, mollissima 
fiopulus de l to ides  

Pseudstsuga rnenziesii 

Ulmus americana 
U ,  thomasii - 
U ,  p m i l a  - 
U, rusbra - -  
Abies balsamea 

Tsuga heterophylla 
Gledi ts ia  t s iacanthos  
x U r i x  eurs lep i s  
L, decidua - 
L,  l ep to lep i s  - 
L, s i b i r i c a  - 
Robinia pseudoacacia 

Acer - rubrum 



Oak, northern red 
Oak, while 

Peashrub, Siberian 
Pine, Austrian 
Pine, Bal 
Pine, eas tern  white 
Pine, Himalayan 
Pine,  jack 
Pine, Japanese w h i t e  
Pine, Korean 
Pine, limber 
Pine, loh lo l ly  
Pine, lodgepole 
Pine,  longleaf 
Pine, &xican white 
Pine, Nomay (see red pine) 
Pine,  p i t ch  
Pine, ponderosa 
Pine, red 
Pine Scotch (Scots) 
Pine,  shor t leaf  
Pine, s l a sh  
Pine,  sonderegger 
Pine, spruce 
Pine,  Swiss stone 
Pine,  Virginia 
Pine,  western wh9te 
Poplar, b a l s a  
Poplar, s i l v e r  
Poplar, white 

Redcedar, eas tern  
Redcedar, western 

Spruce, black 
Spruce, blue 
Spruce, Colorado (see  blue spruce) 

Spruce, Sitka 
Spruce, wkite 

Walnut, black 
Willow, black 

Quercus rubra 
aL ba !it* P 

Caragana arborescens 
Pinus nigrza -- 
P, peace 
P, s t robus  
P. g r i f f i t h i  - 
P, banksiana 
P. parvif  l o r a  
F. koraiens is  
P, f l e x i l i s  - 
P, taeda 
P, eon"t;orta 
P. p a l u s t r i s  
Fe ayacahuite - 
P, r ig ida  
F. ponderosa 
P. resinosa 
I;. s y l v e s t r i s  
P, echinata 
F. e l l i o t i i  
P. x sondereggeri - 
P, glabra 
P. cembra - P , v i  rginzana 
- 
P, monticola 
~ o p u l u s  balsamif e ra  
P,  a lba ,  clone s i l v e r  
I - 
P, a lba  - - 
Juniperus virginiana 
Thuja p l i c a t a  

Picea mariana - 
P, p u g e n s  - 
19, abies  - F. s i t c h e n s i s  - 
P. glauca - 
Juglans nigra - 
Sal ix  nigra -- 
Liriodendron t u l i p i f e r a  




