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by 

1 
Jonathan W .  Wright,  g e n e t i c i s t  

N o r t h e a s t e r n  F o r e s t  E x p e r i m e n t  S t a t i o n  
F o r e s t  S e r v t c e ,  U . S .  D e p t .  A g r i c u l t u r e  

I N T R O D U C T I O N  

THE TREE-BREEDING WORK of t he  Northeastern Forest  
Experiment S t a t i on  has i t s  roots i n  a pro jec t  s t a r t e d  in"  
1924 by t h e  Oxford Paper Company of Rumford, Maine, t o  de- 
velop fast-growing poplars t h a t  would be s u i t a b l e  f o r  pulp- 
wood. The i n i t i a l  tree-breeding work i n  t h i s  p ro jec t  was 
done by A. £3. Stout  and Ernst J. Schreiner, most of it a t  ' 
t h e  New York Botanical Garden and i n  t he  c i t y  parks of 
Rochester, N. Y. The hybrids developed were placed i n  t e s t  
p lanta t ions  near Rumford, Maine. 

I n  1936 the  work was taken over by t h e  Northeastern 
Forest  Experiment S ta t ion  a t  New Haven, Conn. The poplar- 
breeding and t e s t i n g  work was continued under t h e  d i rec t ion  
of E. J. Schreiner.  The scope of t he  p ro jec t  was enlarged 
t o  include t h e  major northeastern t r e e  genera, and explora- 
t o r y  work w a s  s t a r t ed .  Techniques were worked out, poten- 
t i a l l y  valuable hybrids were produced, and t h e  groudwork 
was l a i d  down f o r  fu tu re  breeding work i n  these  genera. 

Ear ly  in World War I1 the  Northeastern S ta t ion  a t  New 
Haven was deactivated,  and i t s  personnel were t rans fe r red  t o  

' S T A T  IoNED AT 'THE MORRIS ARBORETUM. P u t  LADELPHIA. I N  cooPERAT,oN w THE 
U N " J ~ ~ s l ~ ~  OF PENNSYLVANIA. 



the Allegheny Forest  Ekperiment S t a t i on  a t  Philadelphia.  
The tree-breeding pro jec t  was suspended (except f o r  bare 
maintenance work) f o r  t h e  duration of t he  war .  

A t  t h e  end of t h e  w a r ,  the  Allegheny S t a t i o n  and i t s  
research t e r r i t o r y  we$e re01-g8~ai.~ed and expanded, and t h e  
new organization was renamed t h e  Northeastern Forest  Experi- 
ment Sta.Jion, with headquarters i n  Philadelphia ( l a t e r  moved 
t o  Upper Darby, a Philadelphia suburb). . A t  this t ims the ,  
tree-breeding research was resumed and expanded. 

The e a r l i e s t  poplar hybrids and t h e  newer maple, 
pine, and other  hybrids from the  1936-41 experiments were 
outplanted a t  various locat ions  throughout t h e  Northeast,  
where they remain under observation. Results  of t h e  poplar 
studies and t h e  other  e a r ly  experiments have been reported 
by Schreiner (34) - and others.  

Meanwhile, s tud ies  of o ther  species were resumed 
along the  l i n e s  of t h e  1936-41 studies.  Most of these  
studies were made by t h e  author, i n  the  v i c i n i t y  of Phila-  
delphia. T h i s  r epor t  out l ines  t h e  progress t h a t  has been 
nqde i n  the  period 1947-50. 

* 

O B  J E C T ' I  V E ' S  

The objectives of t h e  tree-breeding research p ro j ec t  
are (1) t o  produce superior types of t r e e s  f o r  f o r e s t  plant-  
ing i n  the Northeast, and (2) t o  work out techniques f o r  t h e  
genetic improvement of na tura l  stands i n  t h e  region. The 
improved types should be su i t ab l e  f o r  pulp o r  lumber produc- 
tion. Byproducts f o r  erosion control ,  Christmas t r ee s ,  
wi ldl i fe  plantings,  and ornamentals a r e  welcomed but a r e  not  
sought a f t e r .  

Plant breeding u t i l i z e s  differences wi thin  o r  between 
species. Up t o  now we have had knowledge of few in t r a -  
specific differences t o  work with; s o  we have concentrated 
on crosses between species  where the  di f ferences  a r e  appar- 
ent. A s  our knowledge of known differences within species 
becomes greater  we s h a l l  increasingly u t i l f z e  them i n  t h e  
breeding work, 

A new va r i e ty  f o r  f o r e s t  p lant ing must be cheaply 
propagated. Except i n  t he  poplars and possibly a few o ther  
hardwoods such a s  bi rch and maple, we.are i n t e r e s t ed  mainly 
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i n  seed propagation, f o r  two reasons. F i r s t ,  t he  genera We 
a r e  working with a r e  moderately d i f f i c u l t  t o  nearly impos- 
s i b l e  t o  root  from cu t t ings ;  and g r a f t i n g  i s  expensive- 
Second, t h e  uniformity resu l t ing  from c lona l  propagation 
of ten i n  i t s e l f  r e su l t s  i n  ser ious  disease  and insect 
d i f f i c u l t i e s .  

As y e t  t he r e  has been l i t t l e  opportunity for  making 
se lec t ions  within species. This means t h a t  even though a 
new hybrid individual  may grow b e t t e r  than e i t he r  of i t s  
parents it may s t i l l  not represent t he  be s t  hybrid obtain- 
ab le  from s e l e c t  parents of t he  species involved. In  some 
instances t he  improvement achieved may be no greater  than 
the  improvement possible by se lec t ion  within species. The 

B R E ~ D  I N G  M A T E R  I AIL 

The breeding work has been done on t r ee s  i n  
Morris Arboretum of t h e  University of Pennsylvania, Phila- 
delphia; Andorra Nursery, Conshohocken, Pa.;  averf ford 
College, Haverford, Pa.; Westtown School, Westtown, Pa.; 
Swarthmore College, Swarthmore, Pa.; and i n  various wild 
stands near  Philadelphia. 

a few wild stands of c e r t a in  species i n  t h e  eastern United 

Nomenclature of species s tudied follows Rehder ( 1 2 1 9  

s ince  many of t he  species a r e  not l i s t e d  i n  t he  U.  S. Forest 
Service Check L i s t  of t he  Native and Naturalized Trees of 
The United S t a t e s  Including Canada (325 pp., Washington, 

M E T H O D S  

Breeding techniques used i n  fo r e s t  t r e e  breeding have 
been described by Schreiner (2) , Johns on and Bradley (IS) 
and C U n g  and Righter (6). I n  general  t he  techniques 
described by these  authors have been followed. However, a 



number of refinements, such a s  washing catkins previous t o  
pollen extract ion,  cu t t i ng  of needles while applying bags, 
and use of double po l l ina t ion  bags, have been eliminated. 

The techniques used f o r  yellow-poplar d i f f e r  i n  sev- 
e r a l  respects from those described by Carpenter and Guard 
( I ) ,  as  mentioned l a t e r  i n  t h i s  report .  

3 

T Y P E S  O F  P O I L C ' I N . A T I O N S  M A D E  

Three types of poll inations--self ,  i n t r a spec i f i c ,  and 
interspecific--were made on each female whenever poss ible .  
I n  addit ion,  some bagged branches were l e f t  unpoll inated and 
open-pollinated seed was co l lec ted  from each female. Cer ta in  

% of these  pol l inat ions  were dispensed with a f t e r  t h e  breeding 
behavior of an individual  o r  of a species was wel l  known. 

The choice of species t o  be crossed was governed by 
(1) a v a i l a b i l i t y  of flowering material ,  (2) closeness of 
takonomic re la t ionship ,  and (3)  timber p o t e n t i a l i t i e s  of t h e  
species f o r  t he  Northeast. I n  t he  ashes, pines, and maples 
closeness of taxonomic re la t ionsh ip  has proved a good indi- 
c e o r  of species c rossab i l i ty ;  but i n  t he  spruces and oaks 
it has not. 

Choice of parent wi thin  species was governed mostly 
by flowering and f r u i t i n g  behavior of the  individual  t r e e s ,  
even though phenotypic and genotypic se lect ion f o r  growth 
performance and seed s e t  i s  probably necessary i n  most 
cases. II 

Sausage-casing o r  vegetable-parchment bags were used 
t o  p ro tec t  flowers from unwanted pol l inat ion.  The bags were 
secured by pu t t i ng  a wad of cotton around t h e  branch and 
tying t h e  open end of t h e  bag around t h i s  cotton. 

Yellow-poplar flowers were emasculated (by removal of 
stamens and perianth) , pol l inated,  and bagged i n  quick suc- 
cession on t he  same day. I n  the  maples (except boxelder) 
unopened flower buds were bagged several  days before pol- 
l ina t ion .  A l l  o ther  species were bagged when t he  flowers 
were s l i g h t l y  open (and probably receptive) but up t o  10 
days before any noticeable po l len  shedding by nearby t r e e s  
of the  same species. Data from t r ee s  t h a t  were inadequately 
bagged have been omitted. 



A few spruce and pine t rees  t h a t  s e t  very l i t t l e  seed 
t o  open pollination have been worked without bagging. A 1 1  
t r ees  so  worked a r e  indicated i n  the tables .  

In  recent years most bags used on pines have been ap- 
pl ied on the  current year 's  growth with no needle removal. 
The bags a re  re la t ive ly  small (2  x 8 inches t o  3 x 12 inches) 
and have paused l i t t l e  twig breakage. 

Except whkre otherwise noted (sugar maple, European 
ash) emasculation was practiced where needed so. t ha t  none of 
the control-pollinated branches mas subject t o  accidental  
self-pollination. 

Pollination bags were l e f t  on red and s i lve r  maples 
u n t i l  seed maturity. With other species they were removed 
1 t o  3 weeks a f t e r  pollination. There i s  evidence t h a t  the 
bags may be lelft on some species t o  advantage u n t i l  seed 
maturity (42). 

POlLlLEN COGfLECT'I ON., "S'TORAGE., 

& T E S ' T ' I  N G  

To colle'ct pollen from conifers, male catkins were 
gathered from 1 t o  3 days before normal anthesis;  they were 
placed on paper indoors and allomed t o  dehisce. To col lect  
pollen of oaks, ashes, and most maples, flowering branches 
about 1 foot long were brought inside, placed i n  water, and 
allowed t o  shed pollen onto paper. Pollen was not collected 
a t  a11 from Norway maple and related species of maple and 
yellow-poplar; freshly opened anthers were used a s  pollina- 
t i on  brushes. Branches of late-flowering maple species were 
successfully forced i n  the greenhouse by as  much a s  a month. 

Pollen was stored a t  25 or 50 percent re la t ive  h d d -  
ity and 40° F. (10). The pollen was carr ied i n  the f i e ld  
d t h o u t  a desiccator. When fresh anthers were used as  pol- 
l fna t ing  brushes, small flowering branches were kept i n  
water i n  the refr igerator  and removed as  needed. . 

f 

Pollen was stored fo r  only a few days f o r  most 
crosses, although f o r  a few crosses storage up t o  6 weeks 
was necessary. Pollen v i a b i l i t y  was tes ted  i n  the laboratory 
(germination t e s t s  on '2 percent agar containing 10 percent 

, sugar) f o r  many of the conifer pollens, but i n  most cases 
v i a b i l i t y  was checked by making intraspeci  fic crosses . 
These t e s t s  indicated tha t  pollen of various species of 
mple ,  ash, pine, and spruce may be successfully stored fo r  



a t  l eas t  3 weeks under the proper conditions. Only with 
yellow-poplar and maple (when pollen of the early-flowering 
red maple was s tored 6 weeks fo r  use on late-flowering spe- 
c ies )  i s  i t  probable tha t  l o w  pollen v i a b i l i t y  was the  
principal cause of low seed s e t .  

Pollen of many ash and maple species i s  of ten dif-  
f i c u l t  te col lect  i n  large quantity. So attempts were made 
t o  extend these pollens by d i lu t ion  with t a l c  o r  lycopodium 
spores. Diluted and undiluted pollens gave similar seed 
se ts .  

P 0lLC.I  NAT'I O N  

Pollinations were made during the following periods: 

Maple, ash, oak.--From flower-bud opening and s t y l e  
exsertion u n t i l  stigmatic withering, a period of 2 t o  8 or 
mo+e days per t r ee ,  depending on species. 

Pine.--From complete v i s i b i l i t y  of the s t r o b i l i  u n t i l  
1 pr  2 days before complete scale  closing, a period of 4 o r  
5 days per t ree .  

F i r ,  spruc'e.--From scale  opening u n t i l  the sca les  had 
nearly closed, a period of 2 t o  5 or  more days per t r ee ,  de- 
pending on species. 

Yellow-poplar.--When the buds had dropped t h e i r  
bracts and were so f t  but not yet open a t  the  t ip ,  a period 
of 4 t o  1 day per flower. 

Except on yellow-=poplar and Norway spruce, a l l  t h e  
flowers on a t r ee  (of the species herein reported) a r e  a t  
nearly the  same stage a t  any one time. 

Pollination of mind-pollinated species w a s  effected 
by punching a small hole i n  the  pollination bag, blowing 
pollen in to  the bag from a small medicine dropper, and seal- 
ing the hole ~ 5 t h  Scotch tape. With entomophilous species, 
pollination was effected by untying and removing the bag, 
brushing each stigma with a brush (most maples) o r  f reshly 
opened anther (Nomay and related maples, yellow-poplar), 
and replacing the bag. Each bagged branch was label led with 
a copper-w5red heavy paper labe l  i n  which identifying holes 
were punched corresponding t o  a number recorded on a data 
sheet. 



S E E D  C O I L ~ L E C T  I O N  N T R E A T M E N T  

I n  the f i r s t  years a l l  branches containing unripe 
fruit were cloth-bagged i n  mid-summer t o  prevent loss of 
seed. I f  done ear ly i n  July, this bagging a lso  prevented 
meeviling of oaks and ashes, but not of conifers. Conifer 
fruit i s  now collected without previous bagging. 

The f r u i t  was collected when the open-pollinated and 
f i l l e d  seed on the same t r e e  was c lear ly  r ipe  as  evidenced 
by shedding, cone openfng, o r  condition of the embryo 
(solid,  white i l p  most species; sol id ,  green i n  Norway and 
sugar maples. ) 

No simple way of separating f i l l e d  yellow-poplar seed 
from empty seed was found without darnaging the seed; so i n  
th f s  genus the amount of seed f i l l i n g  was judged ent i re ly  
from gepmfnation behavior. For other species, seed f i l l i n g  
w a s  determined by pinch t e s t s  (ash, maple, f i r ) ,  color (some 
hard pines), o r  by f loa t ing  i n  50 percent alcohol (spruce, 
pine). Short immersion i n  alcohol did not inJure the seed. 

Seeds of spring-fruiting maples were planted and 
seeds of oaks and fa l l - f ru i t ing  maples were s t r a t i f i e d  with- 
i n  2 days of collection. Seeds of other genera were s t r a t i -  
f ied a s  soon as  convenient a f t e r  extraction. Since 194&the  
seeds have been t rea ted  with Semesan before s t r a t i f i ca t ion .  
S t r a t i f i ca t ion  was f o r  3 months i n  barely moist sphagnum i n  
corked v ia l s  a t  40° F. Thiq was sa t i s fac tory  f o r  a l l  spe- 
c ies  except white ash and ~ u r b ~ e a n  ash, f o r  which warm-plus- 
cold s t r a t i f i c a t i o n  f s  needed (@), and f i r ,  f o r  which 120 
days or  more was needed. 

After s t ra t i f ica t ion ,  the seeds were sown i n  s o i l  i n  
the  greenhouse. A t  4 t o  6 weeks the young seedlings were * 
transferred t o  individual 2$-inch pots; 4 t o  6 weeks l a t e r  
they were planted i n  the  nursery. I n  some lo t s ,  especially 
from the 1947 pollinations,  there was conqiderable lo s s  from 
rot during storage, damping-off, o r  mice. Whenever nunbers 
Permitted, seedlings have been planted i n  randomized blocks 
i n  the nursery. 

C 

Hybridity of the seedlings has been judged from corn- 
Parative seed s e t s  and the characters of the progeny up t o  
the age of 3 years ( the o ldes t  progeny). Usually an e f fo r t  
has been made t o  compare progenies from the same female 
parent, although t h i s  has not always been possible. Only 
Owinat ions  giving consistently high seed se t s  o r  progeny 
af f @rent from others from the  same female parent a r e  con- 
sf dered as hybrids. 



R E S U L T ' S  

A C E R  

I n  mid-March 1948~ cut branches of several maple spe- 
cies  wege t rea ted  with 0.1 percent ' ethylene f o r  1 hour, 
0.1 pe$cent ethylene chlorhydrin i n  water f o r  45 minutes, 
ethylene chlorhydrin vapor for  50 minutes, ethgr vapor f o r  
45 minutes, o r  2 percent sucrose i n  water f o r  24 hours. A t  
t ha t  time branches kept i n  t ap  water required about 12 days 
t o  flower, The sugar treatment hastened flowering by 2 o r  
3 days i n  5 species, Other treatments did not hasten--or 
inhibited--f lowering. 

Pollen of Acer platanoides, A .  saccharm, A ,  njtgrum, 
and A. negundo t h a t  was stored f o r  as  long as 8, 16, 17, and 
25 b y s  respectively gave a t  l eas t  some seed s e t  when used 
In intra-specific pollinations. No longer t r i a l s  were made. 
Pollen of A. platanoides could be sa t i s f ac to r i ly  stored f o r  
a t  l eas t  8 days by keeping cut  branches i n  water i n  the re- 
f ~ g e r a t o r  and removing the  flowers as  needed. 
A 

In  geneml, l i t t l e  d i f f i cu l ty  was encountered i n  
hastening flowering o r  s tor ing pollen for the f e w  days t h a t  
were needed i n  order t o  match the blooming periods of most 
species-pairs. It was only i n  trying t o  use the  l a t e  spe- 
cies on the very early-blooming s i lve r  maple thak the dif-  
f i cu l ty  was serious.  

Pollen col lect ion from A ,  platanoides and i t s  close 
relat ives  and A, henryi was d i f f i cu l t .  ' These species shed 
very l i t t l e  pollen and an hour's collection could hardly be 
seen i n  the bottom of a v ia l .  I n  19.47 and 1948, when col- 
lected pollen was used, seed se t s  were very low i n  crosses 
involving these species a s  male parents. This was probably 
due t o  lack of pol l inat ion,  since it was usually impossible 
t o  be sure tha t  every s t igma received pollen. I n  1949 and 
1950 freshly opened anthers were used as pollinating brushes 
and seed se t s  were much higher. 

P o l  1 i n a t e d  $ V n P o l  l i n a t e d  Sarnaras 

I n  the spring-fruiting red maple, f r u i t s  of unpol- 
l inated and unsuccessfully pollinated flowers enlarged 
l i t t l e  o r  none and dropped about 4 weeks a f t e r  pollination. 
Fruits of suecessfully pollinated flowers s w r t e d  t o  enlarge 
shortly before t h i s  flower drop and showed l i t t l e  mortali ty 
thereafter.  



In the fall-fruiting A. platanoides and A. palmaturn, 
fruits from all flowers enlarged to about half size within 
2 to 4 weeks of pollination. Soon thereafter the unpollina- 
ted or unsuccessfully pollinated fruits dropped and success- 
fully pollinated fruits enlarged rapidly with little subse- 
quent loss. The similarity of behavior of unpollinated and 
unsuccessfully pollinated fruits indicates that in wide 
crosses fertilization did not take place or abortion oc- 
curred very early. None of these species is parthenocarpic. 

A. newdo is nearly 100 percent vegetatively parthe- 
nocarpic and pinch tests at fruit maturity were necessary to 
determine which pollinations were successful. Limited data 
indicate that A. buergerianum and A. saccharum may also be 
parthenocarpic. 

In A. platanoides but not in other species it was 
noted that the seeds resulting from certain interspecific 
combinations were much smaller than were any of the seeds 
resulting from intraspe- 
cific pollinations (table 
1). These small seeds TABLS %.--R#latsvr wrsgkt of rrrd* from crarrr~ 

ripened earlier than did on Arer 9lntononder fen111e paventr. :*SO 

normal seeds, and had 
much smaller cotyledons. 
The embryos were alive at 
the end of the stratifi- 
cation period but did not 

seedlings (A. platanoides 
x mayrii) . Presumably 
they might be propagated 
successfully by embryo Wr,~ I~.. scd c.... 

culture if excised in 
July or August. . 

- Number Rclmtirc 
Y.1. pmrent 

of seeds aced .sight 

A. pl~tana~der 196 LOO 

S#Lf 11 103 

A. cappadocrcum 63 103 

A. mmyn a 75 64 

A. raccharun 91 35 

In all species, both members of a samara pair may 
contain filled seeds. 

Controlled Pollinations 
e - 

With few exceptions seed sets to open and intraspe- 
cific pollinations were high. The exceptions are: 

A. saccharinurn.--This species usually flowered long 
before cold weather was past and consequently lost most of ,, 

its flower crop. 

A. platanoides. 194.8.--In this year only, several 
flowering trees failed to fruit. 



A. rubrum.--One t r e e  of this normally f r u i t f u l  spe- 
c i e s  has produced many female flowers but no f r u i t  i n  each 
of 5 years. This may be due t o  genetic causes. 

Crosses between species i n  t he  same sec t ion  of t h e  
genus were moderately and consis tent ly  successful. But 
most of t he  crosses between species i n  d i f f e r en t  sec t ions  of 
t he  genus only one ( ~ l a t a n o i d e s  x saccharm and reciprocal)  
was successful '  ( t ab l e  2). 

r 7  
L A 

r Tr 7 

1,300 100 110 110 1,600 110 22.000 1.140 b.5SO 
rybru.' 0.09 1 . 9  0 0 0 0 18.5 19.3 0 

L A L A 

450 
t a c c k a r i n u m *  5 . 1  

A 
r ~r 7 

1,000 2,100 6,900 I40 1,600 180 2.600 4,600 
n l ~ u n d o  ' 0.1 0.6 0.7 1.1 0.5 1.1 31.4 1.1 

L A A  

' ~ ~ 6 ~ ~  of f lower.  .a. c s l cu larcd  on the  b a r i s  of  4 per inf lorcmeencc i n  A .  rubrum and A. sncsharinun. 6 in A. nrpundo. 
 NO^^.^ ..maras matured but  .ere probably empty; hmrdncss o f  perirnrp made pinch t e a t  d i f f i c u l t .  No seed germinated. 

Nvmbir o f  flower. p o l l i n s t c d .  
percent of orulcs ns tur ing  f i l l e d  meed. 

The strong genetic ba r r i e r s  t o  c ro s sab i l i t y  between 
d i s t an t l y  re la ted  species  have presumably a r i s en  through t he  
accumulation of many small mutations, t ranslocat ions ,  o r  
inversions. Differences i n  chromosome number cannot account 
fo r  t he  lack of seed s e t ,  f o r  most of t h e  f a i l u r e s  involved 
diploid  species. A. saccharinurn i s  t e t r ap lo id  o r  possibly 
hexaploid i n  par t ;  A. r u b  i s  hexaploid and octoploid; 



A.  p la t ano idg  i s  diploid  o r  possibly t e t r a p l o i d  i n  pa r t ;  i1 I ill 
a l l  t he  other species used a r e  d ip lo id  (& 3, 38). 

Variation i n  species c ro s sab i l i t y  among d i f f e r en t  
t r e e s , o f  t he  same species i s  shown i n  t ab l e  3, i n  which a r e  
included a l l  trees of two s ~ e c i e s  tha t  were used as female ! , I  ,, 11 - - - - - - - - - - - - - - - - - - - - - . - 

- - - -  

parents f o r  t h e  same cross i n  two d i f f e r en t  years. Trees 
t h a t  were good producers of one type of hybrid seed i n  one 
year were a l so  good producers of the  same type of seed t h e  
next year. But t r e e s  t h a t  were good producers of one type 
of hybrid seed were not necessar i ly  good producers of o ther  
types. 

Male parent 

Pcm.lc 2 : 
Year Z 

psrant 
-a 1 B - 

e Q C 
C 

.-. ,. 
4 

% 1 2 5 r 
Percent 9 e r c r n t  Parcant Percent Percent  Percsnt 

A. ) l ~ t a n o i d e r :  

6 6 0 8  I949 16.0 0.5 0.4 4 -- -- 
I950 10.0 7 .7  0 6.1 -- --  

F62a 1949 11.1 0 1.5 1.1 
-- - -  

I950 55.S 4.6 .. 11 .1  -- -. 
G63a 1948 14.2 -- -- 0 - *  -- 

I950 55.5 1.1 13.6 1.0 -- - -  

&1916. I949 43.7 1 . 1  1.4 0.5 -- -- 
1910 39.0 16.1 17.1 1.9 -- -- 

A. n r p n d o :  

6 5 8 ;  I949 -- - - -- -- 10.6 1.1 
I950 -- -- -- .. 60.6 0.1 

1949 - - - - -- .. 46.1 16.7 
1950 - - - - -- .. 71.3 21.1 

Table 4 contains a summary of a l l  known maple 
crosses.  Most a r e  in t rasec t iona l ,  as were t h e  hybrids pro- 

I duced i n  our experiments. However Rehder lists a number of 
na tu r a l  in te r sec t iona l  hvbrids (27j. Most of these a r e  r a r e  - - - - -- - -- - - - - - - - - - - - - - -- - - -u - - - -- - , -, - 

and presumably resu l ted  from t h e  cross-poll ination of hun- 
dreds o r  thousands of flowers. Albenski, however, repor ts  
s eve ra l  successful  a r t i f i c i a l  hvbrids between sections.  with 1 :I$; - - . - - - - - - - - - - - - -- - - - - - - - - - - -w - - - 
supporting growth data f o r  some of them (L). 
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rubrum F F F F F F H H F 
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A 
18 
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s ~ c c h u r ~ n u n  

F F 

* ~ l r e c c i o n  of cross  unknown. 

f'-- Hybrids *brained 

- -  Undeternincd; 
p o s s i b l y  h y b r i d s  

F - -  F a i l u r e  

A u t h o r i t i e s :  

1 ,  A lbrnsk i  (1)  6 .  Rehdcr (27)  

1. Anderson and Hvbr i sh t  (2) 7.  S.8, Kar l  (unpuhli*hed) 

1. vanaeresu and Lafond (7)  1. S l r r i n  (37)  

4 .  De..ersis (I)' 9. Norrheast. F o r c s t  Elpt. S t * .  

I .  F r ~ e r n  (16)  
(unpublished d a t a .  1927 -41 )  

10. Author'. s t u d i c s  



C r i t e r i a  O f  H y b r i d i t y  

The following notes give t h e  macroscopic differences 
observed in t h e  f irst  1, 2, o r  3 years i n  those l o t s  be- 
l ieved t o  be t r u e  o r  probable hybrids: 

A. platanoides xmayrii.--Hybriditycertain. Seeds 
were s e t  i n  8 out of 12 crosses,  and were usually smaller 
than were nonhybrid seed from the  same female parent ( table  
1); seeds germinated f a s t e r  than d id  nonhybrid seeds ( t ab le  
5 )  ; cotyledons were wider, longer and darker green on hy- 
b r ids  than on nonhgbrids; fo l i age  and height of 1-year old 
seedlings were not d i s t i nc t i ve ;  many hybrids of t h e  1950 
crop died soon a f t e r  germination. 

T A B L E  5 . - - A v e r o g c  ~ r r n r n a t r o n  t r n e  f o r  A c r r  s e e d  

f r o m  1 q 4 0  c o n t r o l l e d  P o l l ~ n a t s r n r  

C a n b l n l r i o n  
Mcnn 

germinat ion  time Standard  e r r o r  

Days ~ Y S  

platsnordrs r platanotdrs 24.1 t 1.1  

Platanoadrr z rmccharun 6 . 5  Z 4.1 

$iatono%des r n a y r t t  9.1 ?. 1 . 2  

p i e t s n o ~ d e r  r c n # p a d o c ~ c u m  1 3 . 1  t 1.7 

ncpunda x nrgundo 14.0 ? 0.4 

nopvnda x h e n r y ,  16.1 f 1 .0  

A .  platanoides x cappadocicum.--Hybridity cer ta in .  
Seeds were s e t  i n  9 out  of 10 crosses and were of ten la rger  

% 

than nonhybrid seeds; seeds germinated more quickly than 
nonhybrid seeds; cotyledons were l a rge r  than on nonhybrids; 
f i r s t - yea r  seedlings outgrew nonhybrids by about 25 percent 
and leaves had many cappadocicum characters.  

A. platanoides x saccharurn.--Hybridity ce r ta in .  Seeds 
were s e t  i n  11 out of 34 crosses; most of seeds were very 
poorly developed, but did contain an embryo. The few seeds 
t h a t  germinated were of near ly  normal s i z e  and ge'rminated 
more quickly than did  nonhybrid seeds. The seedlings ob- 
t a ined  resembled s t r a i g h t  A .  platanoides, but  a r e  s l i g h t l y  
smaller  and darker green. 

A .  saccharum x p1atanoides.--Hybridity probable. 
Seeds s e t  in two out of f i ve  crosses,  poss ib ly  a s  a r e su l t  
of se l f ing .  Seedlings had near ly  unlobed leaves t ha t  did 



not.resemble A. saccharurn i n  shape, but did i n  texture. 

A-. --Hybridity certain.  Seeds 
were s e t  i n  a l l  bags i n  two out of two crosses; seeds gemxi- 
nated s l igh t ly  sloGer than nonhybrid seeds. There were no 
growth differences the f i r s t  year. T h i s  may represent a 
backcross,. as  the  male parent had some sugar maple char- 
acters.  

A, rubrum x saccharinurn. --Hybridity cer tain.  Reports 
by other workers and high seed se t s  leave no doubts as t o  
hybridity. 

A .  negundo x henryi.--Hybridity cer tain.  Crosses 
were unsuccessful during the f i r s t  2 years, but very suc- 
cessful i n  1949 and 1950. Hybrid seeds germinated s l i g h t l y  
slower than nonhybrid seeds. Hybrid seedlings were d i s - .  
tinguishable from cotyledon stage onward by m r e  regular 
leaf-lobing, pronounced red color of the  young leaves, and 
about 25 percent greater  growth i n  height. 

Two of the  successful crosses look promising on the  
b v i s  of 2 years' performance. The seedlings of A. n e m g  
x henryi grem considerably f a s t e r  than did nonhybrid seed- 
l ings from the same female parent, although not so f a s t  as  
did seedlings from other A .  negundo females. Young leaves 
were brightly colored, becoming apple-green with a t inge  of 
red when mature; on young seedlings a t  l e a s t  there i s  
pleasing red growth throughout the  summer. The hybrids may 
prove useful f o r  windbreak or  ornamental plantings, but a r e  
probably not sui ted f o r  timber production. 

The other promising cross i s  A. plgtanoides x 
cappadocicum. The f i r s t  species i s  a highly esteemed pro- 
ducer of qual i ty  lumber i n  Europe and i s  widely adapted i n  
this country, becoming naturalized i n  many stands i n  the' 
Philadelphia area, where it has good form when g r m  i n  
closed stands. No information i s  available about the wood 
quality or  timber form of the second species. The hybrid 
seedlings grew rapidly. 

D i s c u s s i o n  

In t  erspecific hybridization, especially between 
closely related species, seems t o  be a f r u i t f u l  l i n e  of a t -  
tack f o r  maple improvement. Some crosses , a r e  eas i ly  made 
and some of the resul t ing hybrids grow fas t .  

But mass-production of the hybrids by seed i s  a 
stumbling block. With a r t i f i c i a l  methods the seed produc- 



t ion per man-d;ay i s  very small. Nor i s  it l ike ly  tha t  
natural crossing gardens w i l l  do much bet ter .  Most of the 
crossable species bloom a t  d i f fe rent  times. Too, as Grant 

B (3) has emphasized, differences i n  flower structure a re  
very effect ive i so la t ing  mechanisms i n  insect-pollinated 
plants--and especially so i n  plants pollinated by honeybees. 
The maples a re  honeybee-pollinated and exhibit  a wide diver- 
s i t y  in  flower structure; so they may not cross easi ly  when 
interplantbd. 

Making the  hybrids true-breeding by doubling the i r  
chromosome numbers with colchicine seems t o  of fer  a possible 
way of achieving mass-production. Of course, we know nothing 
yet a s  t o  whether the doubling w i l l  f n  i t s e l f  be detrimen- 
t a l .  Selection and hybridization within species a re  also 
promising and w i l l  not involve the same d i f f i cu l t i e s  i n  
mass-producing the seed. 

F R A X ' I N U S  

Two types of pollination bags were used--sausage 
casings and vegetable parchment, I n  1947 the sausage casings 
offered nearly complete protection against a heavy l a t e  
f ros t ;  the  vegetable parchment did not. I n  1950 comparative 
t e s t s  of the  two types of bags were made. On Fraxinus ez- 
ce ls ior  both bags gave heavy f r u i t  s e t  but on F. pennsgl- 
vanica t h e  sausage casings were great ly  superior t o  the 
vegetable parchment. . 

F d t  s e t  of F, excelsior t o  intraspecif ic  pollina- 
t i on  was stimulated i n  1950 and 1951 by bagging (with e i ther  
type of bag) for  a 3-week period immediately following pol- 
l inat ion.  Baggedbranchesgave s e e d s e t s 1 5 t i m e s g r e a t e r  
than did hand-pollinated branches tha t  were not bagged. -+ 

I n  1950 branches of F. pennsylvanica (pollinated by 
F. velut ina)  tha t  were bagged continuously from pollination 
u n t i l  f r u i t  maturity with sausage casings gave a very heavy 
crop of empty samaras. ' In  1951 s imilar ly t reated branches 
matured very heavy crops (300 or  more samaras per branchlet) 
of f i l l e d ,  mweeviled samaras. C 

The pollination bags react  adversely on young leaves, 
k i l l i n g  them i f  l e f t  on too long. They hasten flowering but 
dela stigmatic withering by a few days and (in F, excel- 
sior); hasten the ear ly development of the  f r u i t  by a week or 
more, It i s  possible t h a t  a l l  these effects--as well as  the 
increased yields  of samaras per branch--are due t o  the main- 
tenance of higher temperatures during the  weeks following 
pollination. 



The seed s e t s  of F. americana and F. pennsylvanica 
did not d i f f e r  between the e a r l i e s t  pollinations (made when 
the panicles were just  issuing from the bud and the p i s t i l s  
were 1 mm. long) and l a t e r  pollinations (made when the  pani- 
c les  were 5-8 cm. long and the  s ty l e s  were up t o  8 mn. long) 
as  long a s  the stigmas were a l l  i n  a fresh'condition. How- 
ever, p o l ~ n a t i o n s  made a f t e r  any of the stigmas on the  t r e e  
s t a r t ed  so  wither were nearly complete fai lures .  

I n  a l l  years seed weeviling was severe i n  green and 
white ash. Cloth bagging i n  mid-July (1950), but not h 
l a t e  August (1947-49), gave prac t ica l ly  complete weevil 
control. 

C o n t r o l l e d  P o l l i n a t i o n s  

I n  nearly a l l  cases, in t raspec i f ic  pol l inat ion gave 
somewhat higher seed s e t s  than were obtained from open pol- 
l ina t ion  (table 6 ) .  The fa i lu res  were due t o  pol l inat ion in 
antoff-year or  to  pol l inat ion a f t e r  the  receptive period was 
passed. There was no evidence of incompatibil i t ies within 
species. 

T A B L E  6.--Sunnary of r e s u l t s  of a s h  IFrarinurl b r e e d i n f ,  ~ 0 4 7 - 5 0  

MsLc parent 

'~ssunin~ I 0 0  fl-r.  per panicle in Melioides, I 0  i n  F. ercrlsiar. 
.*Matured rerdm =re probmbly the result oT relfing. 

I Number of flowers pollinsted, in hundreds (estimated). 
Average aced set. in percent (csti~ted). 
Highest meed ~ c t  obtained, in mcrccnt (estimatsd). 



Both the  pubescent (var. typica) and glabrous (var. 
lanceolata) va r i e t i e s  of F . penns ylvanica were used. They 
were i n t e r f e r t i l e  and reacted similarly when crossed with 
other species. This was expected since they are  not well  
s'eparated geographically and appear t o  belong t o  the same 
breeding population. 

Except i n  F. excelsior, f e r t i l i z e d  and unferti l ized 
samaras grew a t  the  same ra t e  f o r  about 3 weeks a f t e r  pol l i -  
nation. A t  t h i s  time they were about 3 mm. long. The un- 
f e r t i l i z e d  f r u i t s  grew l i t t l e  a f t e r  t h a t  and soon dropped, 
whereas f e r t i l i z e d  f r u i t s  a t ta ined f u l l  s i ze  by the  s h t h  
week. By the f i f t h  week unfer t i l ized f r u i t s  were 6-12 mm. 
long and dropping; fertilized f r u i t s  were f u l l  s ize  (20- 
30 ma. long). I n  a l l  species there was l i t t l e  mortality 
among f e r t i l i z e d  f r u i t s  a f t e r  the s ix th  week. 

There was no evidence of vegetative parthenocarpy. 

Of nine d i f fe rent  interspecif ic  com5inations t r i ed ,  
only two were cer ta in ly  successful: F. pennsylvanica x. 
velutina and reciprocal, The few seeds matured t o  other 
crosses were probably the resu l t  of self ing (on F. excelsior 
female) o r  of eontamfnation, 

The hybridity of the F. pennsylvanica x velutina and 
reciprocal seedlings i s  a t tes ted  by: 

1. Consistently high seed s e t s  fo r  d i f fe rent  t rees  and dif- 
f erent years. 

2.. The occurrence i n  the progeny from the 194.8 crosses of 
0/98 albinos from Fa velutina x penns~lvanica and of 
3 / l l  albinos from the intraspecif ic  cross (probably be- 
tween s ibl ings)  i n  F. velutina. The female parent was 
the  same i n  both cases. (With a chi-square value of 
25.3 and 1 d.f. this difference i s  s ignif icant .  ) 

3.  The two species a re  much more closely related taxonomi- 
ca l ly  than a r e  any of the other species-pairs considered 
They d i f f e r  i n  many s l igh t  quantitative characlegs. 

To date no s ignif icant  differences have been found 
i n  growth performance o r  appearance between hybrid and non- 
hybrid progeny from the  same female. 

Polyploidy i s  known i n  the genus. It mas thought 
tha t  differences i n  chromosome number might be responsible 
f o r  the lack of crossing i n  some cases. Accordingly stomata 
measurements were made of the F. americana parents and root- 



t i p  counts were made on F. velutina from several or igins  t o  
supplement e a r l i e r  counts (31, @) . A l l  the F, americana 
parents used were diploid and no polyploids have been found 
i n  the other species. Hence lack of crossabi l i ty  seems due 
t o  genic d i f f  erentiatton, translocations, e tc  . r a the r  than 
t o  differences i n  chromosome number. 

P r e v i a u s  H y b r i d i z a t i o n s  

The following hybrids have been reported previously: 
F. richardi x americana 
F. x 
P. excelsior var. aureovariemta x americana 
F. excelsior var. aureovarieg;tta x pennsylvanica 
F, excelsior var. aureovariegata x q u a d r a n d a t a  
F, oxycarpa x pa l l i s ae  

The f i r s t  f ive  a re  a r t i f i c i a l  hybrids made by Johnson and 
Heimburger (2) ; the l a s t  i s  a hybrid described by Anderson 
and Turr i l l  (1). 

Our findings a r e  a t  variance with those of Johnson 
and Hekburger, They report  rather high seed se t s  from 
crosses involving species i n  d i f fe rent  subsections, and be- 
tween F. riehapdi (= F. pennsylvanica?), F. pennsylvanica, 
and F. americana. The crosses we attempted f a i l ed  t o  take 
unless they were between very closely related species; even 
the cross F, pennsylvanica x americana fa i led  even though 
the  species a r e  i n  the same subsection and a r e  often d s -  
ident i f ied  i n  the f ie ld .  

D i s c u s s i o n  

Lack of flowering material  and the i n a b i l i t y  of many 
female t rees  t o  mature f r u i t  a f t e r  pollination ( a t  l e a s t  i n  
certain p a r s )  a re  the major hindrances t o  controlled- 
pollination experiments i n  ash. Five years1 f ru i t ing  obser- 
vations indicate tha t  an ash-breeding arboretum should con- 
t a i n  10 t o  20 or more t r ees  per biotype to  make up fo r  the 
lack of flowering and frui t ing.  

Some l 5  species have been gmwn fo r  20 years o r  more 
in t h i s  area. From casual observations, the two c o m n  
natives (F, americana and F. pennsylvanica) grow up t o  twice 
as f a s t  as the best exotic (F. excelsior).  However, some of 
the western American species a r e  showing up well i n  nursery 
t r i a l s .  I n  view of the re la t ive  lack of species cross- 
ab i l i t y ,  future improvement work i n  t h i s  area should s t r e s s  
selection within these two species and hybridization within 
species and ~ t h  t h e i r  very close western American relatives.  
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C'I R : I  O D E N D R O N  

Carpenter and Guard (2) have described techniques 
used i n  control led-pol l inat ion experiments i n  yellow-poplar 
( t u l i p t r ee ) .  The techniques we used were similar t o  t h e i r s  
i n  these respects:  Bud s tage chosen fo r  working, freshness 
of pol len used, po l l ina t ion  immediately a f t e r  emasculation, 
and length of s t r a t i f i c a t i o n  period. Our techniques d i f -  
fered from t h e i r s  as follows: We used sausage-casing bags 
ins tead of Kraft-paper bags, pol len from f r e sh ly  opened 
anthers ins tead of from unopened anthers,  removed t he  peri-  
anth completely i n  performing emasculations, shipped flower 
buds v i a  ordinary m a i l  r a ther  than a i r  m a i l  although packed 
i n  t he  same Ray, and judged seed f i l l i n g  from germination 
behavior r a the r  than from cu t t i ng  t e s t s .  

I n  various years some of t he  flowers have been emas-. 
culated and bagged but not pol l inated,  These t e s t s  ind ica te  
t h a t  t h e  species i s  almost completely vegeta t ively  parthe- 
nocarpic, a s  t he r e  were no differences between po l l ina ted  
and unpollinated flowers i n  t h e  percentage of f1.mers devel- 
oping normal-sized seed. This is  shown in t h e  following 
tabula t ion,  which fncludes a l l  pol l inat ions  made. 

Treatment, a l l  flowers Flowers Flowers m a t u r i n g  , 
emasculated and bagged t r ea t ed  normal f r u i t  

Not po l l ina ted  35 32 
Pol l inated 347 318 

To determine i n  w h a t  por t ion of t he  flowering season 
t h e  flowers a r e  most receptive, po l l ina t ions  were made a t  
i n t e rva l s  i n  1950. Pol l inat ions  made when 1 t o  10, 25, 50, 
and 75 percent of t h e  flowers on t he  t r e e s  had reached 
anthesis  gave 8, 11, 5, and 7 percent germinable seed re- 
spect ively .  There seems t o  be no c l ea r ly  defined super io r i ty  
of e a r l y  over l a t e  pol l inat ions .  

Another s e r i e s  of pol l inat ions  was  made t o  determine 
t h e  cor rec t  s tage of bud development t o  choose f o r  &scula- 
t i o n  and po l l i na t i on  ( t ab l e  7).  There seems t o  be a wide 
l a t i t u d e  i n  choice of buds. 

Liriodendron i s  insect-poll inated.  F l ies ,  beetles,  
honeybees, and bumblebees i n  decreasing order  of abundance 
were observed on t he  opened flowers, whether emasculated o r  
not .  The number of insec t  v i s i t o r s  always seemed su f f i c i en t  
t o  insure  t h e  po l l ina t ion  of a l l  stigmas. A grea t  deal  of 
s e l f i n g  seemed t o  t ake  place, because i n s e c t s  were often 



seen t ravel ing from anther t o  stigma of the same flower. 

The r e su l t s  of a l l  pollinations a re  given i n  tab le  8. 
In  a l l  cases the female parents were native Philadelphia 
trees.  One female parent ( ~ 1 6 4 5 )  was superior as a pro- 
ducer of f i l l e d  seeds a f t e r  almost a l l  types of pollination. 
No s ingle  male parent showed such superiority. I n  most 
cases me males t h a t  gave high yields on one female parent 
gave very low yields  on other female t rees .  And (aside from 
~ 1 6 4 5 )  the female giving the  highest yield with one male 
was not the same f o r  other males. This suggests t h a t  there 
was interact ion between male and female although differences 
i n  seed yield due t o  time of day of pollination, condition 
of pollen, etc. , are not ruled out. It i s  not known whether 

TABLE 7 . - - G s m i n o b l .  L i r s o d r n d r o n  r s r d  o b t a i n e d  a f t e r  ) o l l t n a t t o n  

at  v a r ~ a u s  r t o g r r  of b u d  d e v e l o p m e n t ,  1 ~ 5 0  

r 

Germinabl. r c c d s  fr -  cross--  

Stage of bud d e r c l o p r n c  
G 1 6 ~ 0  G 1 6 4 0  6 1 6 4 5  

= G-754. = G 7 5 3  C-754 

Percen t  P e r c e n t  Percent 

Buds h a r d ,  b r a c t s  r i s h t  . . - - 36 

Buds ~ l ~ ~ h c l p  s o f t ,  b r a c t s  d r o p p s d  7 I  I  19 

Buds v e r y  n o f r  3  5  61 

Bud. s l i g h t l y  open. p o l l e n  y e t  unshed I 3 I I  

T A B L E  8 . - - Y i e l d s  o f  g e r m i n a b l e  s e e d  o b t a i n e d  from ~ n t r o s b c c i f i c  c r o s s e s  

o f  L i r i a d r n d r o n  t u l l p l f s r a .  1 0 4 7 - 5 0 .  

* , 
Approx ima te  percentace of f i l l e d  sccds a f t s r  p o l l i n a t i o n  by-- 

PoHsn f r a  
.. 

Pea. L C  

P.TC"C 
l n r e c t r  from** 1  to I 4  trees frm. 

(f lo.crs  unb.#gcd) I t o  Pa.,  Ind.. mio, 
n c r r b y  t r s c s  and VP. 

6-754 I I 0-1  0 - 1 8  

6 7 5 5  3  0  6 0-11 

Gi640 I 0  1 - 5  0-13  

G-,645 9 I 1  40 1-26 

WE19 1  0 5 0- I 

* h r r u t m s c s  v r  ba.4 a the DM-bcr of g=rmim.bl= .reds obt.ined f r o .  the  f r u i t s  of 3 t o  9 mstur rd  f l o r e ra  p c r  

pollinmiam (I5 t o  100 110-c.3 far rhe y ~ e l d .  a f t e r  ope" pollinmcim). ~ s r h  flo..r i. ~.-.d I. ha-. 8 5  carpel.. .. 
II. poll... n d  r c .u l l i n l  s e e d l i n t s  .ere kept  s.p.rntc s r c o r d ~ n s  10 11. parent  trss. 



t h e  low degree of s e l f i ng  and these  in te rac t ions  mean t h e  
presence of genetic incompat ibi l i t ies .  They might be ex- 
plained equally wel l  by A .  G. Johnson1 s observation (per- 
sonal communication) of meiotic i r r e g u l a r i t i e s  i n  this 
species. 

Observation of po l l i na t i ng  i n sec t s  indicated t h a t  
po l l ina t ion  by s e l f  o r  by nearby c lose ly  r e l a t ed  t r e e s  might 
explain the  small amount of sound seed usually found i n  
yellow-poplar a f t e r  open pol l inat ion.  The crossing data  do 
not  support t h i s  conclusion, f o r  t he  yie lds  a f t e r  open pol- 
l i n a t i o n  a r e  about what might be expected a f t e r  po l l ina t ion  
by a random group of e i t h e r  nearby o r  d i s t a n t  t rees .  

The percentages of good seed were much lower than 
were obtained by Carpenter and Guard, who reported a range 
of 0 t o  5.6 percent a f t e r  se l f ing ,  2.4 t o  34.8 percent a f t e r  
open po l l ina t ion ,  and 28 t o  90 percent a f t e r  crossing. Dif- 
ferences i n  methods of determining sound seed and i n  p o l l i -  
nat ion technique no doubt account f o r  some of the  superior- 
i t y  of t h e i r  resu l t s .  Differences i n  seed-setting a b i l i t y  
of females i n  t he  two l o c a l i t i e s  probably played a par t ,  
too. 

To date no s i gn i f i c an t  d i f ferences  i n  growth of t h e  
progenies have been noted. However, a l l  t h e  se l fed and most - 
of t h e  crossed progenies a r e  only 1 year  old. 

Q U E R C U S  

Pia tn i t sky  ( 2 4  has reported t h a t  vegetable parchment 
bags a r e  b e t t e r  f o r  t h e  oaks than a r e  Kraft  paper o r  sausage 
casing. Accordingly, they were used exclusively. They 
caused a l i t t l e  l e a f  damage when l e f t  on too  long, but  no 
apparent flower damage. However, seed s e t s  on t h e  best  
bagged branches were considerably lower than on open-polli- 
nated branches on the  same t r ee s .  

W. S . Flory, Jr. , (personal comunication) pract iced 
s e l ec t i on  f o r  f ru i t f u lne s s  i n  dupl icat ing t h e  o r ig ina l  Ness 
b b r i d s .  He worked only t r e e s  t h a t  showed t h e i r  ab ih i t y  .to 
mature f r u i t  by having a good crop of year-old acorns i n  ad- 
d i t i o n  t o  flowers a t  t he  time t he  po l l ina t ions  were made. 
The presen t  data  confirm t h e  need f o r  such se lect ion,  since 
t h e  c o ~ t r o l l e d  po l l ina t ions  were successful  on four  t r e e s  
t h a t  matured heavy acorn crops but were f a i l u r e s  on e igh t  
t r e e s  t h a t  matured no acorns t o  open po l l ina t ion  t h e  same 
year.  



Piatnitsky (26) reported tha t  oak stigmas a r e  recep- 
t i v e  fo r  a week o r  more, i .e. ,  during the en t i r e  period 
during which there i s  no apparent external change in the 
stigmas. To check t h i s ,  the 1947 ,pollinations were made a t  
intervals .  The resu l t s  confirmed Piatni tsky 's  conclusion, 
for  seeds were obtained from pollinations made a t  a l l  
stages. . 

"In l a t e  July 1947, heavily f ru i t ing  branches on sev- 
e r a l  t rees  were sprayed with 10 and 30 ppm. naphthaleneace- 
t i c  acid and 25 ppm. 2,4-dichlorophenoxyacetic ac id  i n  an 
attempt to  increase f r u i t  s e t .  A t  the end of September of 
the  same year there were no s ignif icant  differences between 
t rea ted  and untreated branches i n  mortality of e i the r  f i r s t -  
or  second-year acorns. 

 at* for I t r e e s  t h a t  set no reed t o  r i n d  p o l l i n a t i o n  or c o n t r o l l s d  
po l l inat ion  are o n i t t c d .  

Legend: 
P lorcrs  p o l l i n . t s d .  
Acorns natured. 
Acorn. gcrminntcd. 

S h a d i n ~  i n  corners ind ic . tcs  prcsunably s u c t c s s f u l  conbin.tion.  

The crosses made a r e  l i s t e d  i n  table  9. The one 
cross known t o  be successful was Quercus borealis var. 
maxima x velutina and reciprocal. The progeny of this cross 
have leaves tha t  a re  broader and l e s s  deeply lobed than are  
leaves of seedlings of the  female parent. The leaves of the 
reciprocal hybrids a re  s imilar  t o  those of seedlings of the 



I Q. v i ~ f i n i a  x l y r a t a  (2, 22) - 1 '  1 '  

Q. robur x borealis  var, maxima (25). , . I ,  ' 7 -  

I Q. robur x macrocarpa (a,) a 

Q. macranthera x robur (22) . . 
Q. macranthera x borealis var . maxima \ 2+ . 

I -  _ 

I Q. alba x robur is) . I / I  I I i! 
I n  addi t ion numerous na tura l  hybrids are  known (a). I +? ,111 

male parent. The hybrids a r e  smaller than are red oak seed- 
l i ngs  from the  same parents, When grown i n  the nursery i n  
close proximity t o  nonhybrids, the hybrids were f a i r l y  easy 
t o  recognize i n  t h e i r  f i r s t ,  second, and th i rd  years. Pre- 
sumably they could be eas i ly  recognized i f  grown on a mass- 
production basis, but not necessarily i n  the  wild. Several 
puta t ive  natural  hybrids of t h i s  cross (x Q. hawkinsii 
Sudworth) have been found (a) . 

The following a r t i f i c i a l  hybrids have been reported 
i n  t h e  oaks: 

Q. robur x macranthera 

- - 

Q o  macrocarpa x borealis  var. maxima \a)* 

A B I E S  

hanniana, 

C 
Limited crossing of f i r s  was attempted i n  1947 : 

1948, using single specimens of Abies vei tchi i ,  A. hmq- 1 . v ' lLL/! , .PI 

l e p i s ,  A .  cephalonica var. apoll ininis,  A. norc 
and A. concolor as females and these same trees plus  
A las iocarpa a s  males. 

The flowering branches were enclosed i n  sausage 
, \ ' I  l1 

casings when the  female flowers were halfway out of the  bud 111 I :  
1 1 ~ 1  1 

and t h e  scales  were s t i l l  closed or had just  s t a r ted  t o  
open. The flowers a r e  b r i t t l e  and eas i ly  broken a t  t h i s  
stage.  The bags were l e f t  on u n t i l  about 2 weeks a f t e r  POL- 1 1 jI!![ l i na t i on ;  they caused some needle burning but l i t t l e  cone '1 114 l o s s .  1 1  # I  '1 

is) 1 i'jg 
Cone loss  varied from O t o  100 percent. T h i s  l o s s  ]111 1,yIk 

w a s  apparently not re la ted  t o  poll ination,  bagging, nor t o  I j i$/b 
any obvious environmental factor .  The cone-set data, group- 

''- 
I 

ed f o r  a l l  species, a r e  given below: 

Bagging and po l l ina t ion  Flowers Cones 
treatment t reated matured 

1 
I 
-? 

Unbagged, pol l inated by wind 230 99 1 1 I,! 

I 20 13 Bagged, unpollinated 
60 Bagged and se l fed  o r  crossed 191 



Mot only a r e  t h e  f i r s  parthenocarpic, but  unpollina- 
t ed  cones contained near ly  a f u l l  complement of f u l l - s i z e  
seeds. This made it impossible t o  judge success of t h e  pol- 
l i na t i ons  from t h e  seed-set data.  Germination w a s  e r r a t i c  
and low, due e i t h e r  t o  poor seed f i l l i n g  o r  t o  poor tech- 
nique; and no conclusions a s  t o  species  c r o s s a b i l i t y  a r e  
poss ible ,  ( I t  has s ince  been found t h a t  4 months' s t r a t i f i -  
ca t ion  gives nea r l y  100 percent  germination and t h a t  pinch 
t e s t s  of  soaked seeds can be used t o  t e s t  seed f i l l i n g . )  

I n  1949, co l l ec t ions  of wind-pollinated seed were 
made from i s o l a t e d  t r e e s  of A. cephalonica, A. nordmanniana, 
and A.  c i l i c i c a  i n  t h e  hope of obta ining na tu r a l  hybrids. 
A l l  t h e  t r e e s  were subject  t o  cross-pol l inat ion by o ther  
species,  The percentage o f s o u n d s e e d s v a r i e d  f r o m 3 t o  -. 10  percent. The r e su l t an t  seedlings were uniform i n  appear- 
ance, suggesting t h a t  t h e  seeds were from s e l f i n g  and t h a t  
no na tu ra l  hybr idizat ion had taken place. 

Previously reported hybrids i n  t h e  genus a re :  

A .  pinsapo x cephalonica and reciprocal .  Natural,  
r a i sed  i n  1868 (a). 
A. pinsapo x nordmanniana and reciprocal .  Natural,  

I ra i sed  i n  1872 (21). 
A. nordmanniana x c i l i c i c a .  A r t i f i c i a l  (16). 
A. nordmannia- x cepha lodca  . A r t i f i c i a l  (3.6) . 
A. lowiana x grandis. A r t i f i c i a l  (20). 
A. s i b i r i c a  x c i t c h i i  olivacea. A r t i f i c i a l  (11). 

P I C E A  

Sausage cas ing bags were used. Theee oaused consid- 
erable  needle l o s s  on white spruce but had l i t t l e  e f f e c t  on 
cone o r  seed s e t .  

Much of t h e  bagging had t o  be done a f t e r  t h e  female 
flower buds had opened, but usual ly  before not iceable  po l len  
shedding, I n  s p i t e  of t he  l a t e  bagging near ly  a l l  unpolli- 
nated controls  gave no seeds. 

I n  most species t he  cone scales  a r e  p a r t i a l l y  o r  
f u l l y  open a s  soon as the  flowers emerge from the  bud and 
they remain i n  t h i s  condit ion f o r  2 o r  3 days o r  longer i n  
some years. Pol len  shedding on t h e  same t r e e  occurs during 
t h i s  period o r  a t  l e a s t  overlaps it considerably. It i s  
d i f f i c u l t  t o  recognize s tages  of flower opening within this 
period. (1n Picea abies  however, s tages  may be recognized, 
s ince  the  flowers enlarge three- o r  four-fold and t he  bud 
sca les  open more before closing.)  



Accordingly, i n  1950 pollination& were made during 
each of the two stages t h a t  may be recognized i n  P, glauca: 
(1) a stage i n  which most of the  flowers on the  t r e e  s t i l l  
retained a "captt of bud scales, and (2) a stage i n  which 
this tlcapN had dropped. For the "cap-on" stage the  seed 
sets were 0.3, 0.7, 1.0, and 2.9 good seeds per cone f o r  

TABLE 10. - -Sunnarv  o f  results of r $ r u c r  I P s c e o J  b r c r d i n p .  1048-51 

I Male parent  I 

I BRANCUES BAGGED BEFORE AND AFTER POLLINATIOW I 

FLOWERS SUBJECT FO WIND POLLIYATIOW 
Recorded r e e d  refs tnclude o n l y  t h o s e  reeds s e t  r n  r r c e r s  of amount rx9rsted 

from wind  bollinatlan a lone  

* ~ h e r c  r c r e  no ~ p e n - ~ ~ l l i ~ . r e d  rnnrs on t h c r s  t r e e s ;  so i t  was i n a d v i s s b l e  t o  makc judgnsnt as t o  
prohab l s  h y h r i d i t y  of t h e  reeds .  r h e  crass orperata x or#erato ..a made i n  g u . n t i t v  on s n o t h s r  t r e e  
but a11 t h e  cone. so c r o s s e d  we& cu t  e a r l y  b y  s q u i r r e l s ,  i n d i c a t i n p  a h i n h  c o n t e n t  of rood seeds. 

Ir.cnd: 
Number of cones natured. 
Nu-bcr of empty sccdr per cone. 
Nu-bcr o f  f i l l e d  r e e d s  per cane.  

Shading in  cnrncrs indieatcs aposrcnr ly  auccsssful p e l l i n . t  i o n .  



4 d i f f e r en t  t r e e s .  For t he  "caps-off" s tage t h e  seed s e t s  
were 1.4, 1 . 6  2.3, 3.2, and 5.2 good seeds pe r  cone f o r  
5 o ther  t rees .  Although inconclusive, t h e  r e s u l t s  i nd i ca t e  
an advantage of l a t e  pol l inat ion.  

A l l  species t e s t e d  (except poss ibly  P. omorika) 
proved to* be p r a c t i c a l l y  100 percent vegeta t ively  partheno- 
carpic. Thus i n  t ab l e  10 only the  number of cones matured 
i s  giue"n, as t h i s  i s  near ly  the  same a s  t h e  number of 
flowers pol l inated.  

Seed s e t s  t o  open po l l ina t ion  were moderate i n  P. 
abies and P. asperata ,  very low i n  other  species  ( t ab l e  15. 
This i s  a consequence of t h e  small amount of pol len pro- 
duced: these two species produce moderate amounts, and t he  
other  species very l i t t l e .  

There a r e  addi t ional  data  f o r  nine t r e e s  of P2 
montigena, P. omorika, P, o r i en t a l i s ,  and P, p o l i t a  not in-  
c3,uded i n  t a b l e  10. For 13 crops from these  t r e e s  t h e  maxi- 
mum y i e ld  t o  open po l l ina t ion  was 2.0 good seeds per  cone; 
8 of t he  crops gave no good seed. 

C o n t r o l l e d  P o l l z n a t i o n s  

The crosses made a r e  summarized i n  t a b l e  10. I n  P2 
glauca some of t h e  t r e e s  s e t  a s  much seed t o  s e l f i n g  a s  t o  
crossing; o thers  s e t  no seed t o  se l f ing.  The one t r e e  
t e s t ed  i n  P. ab ies  was s l i g h t l y  self-compatible. 

Nearly a l l  crosses attempted resu l ted  i n  some normal- 
s ized empty seeds. Except f o r  P. ~ l a u c a  x glauca (which m y  
have been i n s u f f i c i e n t l y  pol l inated)  t h e  number of empty 
seed w a s  g r ea t e s t  f o r  t he  crosses a l s o  giving f u l l  seeds, 
indicat ing t h a t  t h e  presence of many empty seeds means 
greater  p o s s i b i l i t y  of ult imate success. 

Of 30 i n t e r spec i f i c  combinations t r i e d ,  3 were appar- 
en t l y  successful--P. abies  x asperata and reciprocal ,  P. 
montigena x asperata ,  and P ,  montigena x abies.  Probable 
hybridity must as ye t  be judged so le ly  by t h e  consistency 
and s i z e  of t he  seed se t s .  These crosses were moderately t o  
highly successful  each time t r i e d .  

There a r e  a s  ye t  no data  on t h e  growth performance of 
t hehyb r id s ,  Apriorireasoningindicates t h a t  t h e c r o s s  
P. asperata x ab ies  and reciprocal  i s  promising. Nomay 
spruce has a l ready proved i t s e l f ,  and Teng (39) regards P. 
asperata  a s  t he  most widespread and f o r  dry c l i -  
mates of a l l  t h e  Chinese spruces. I t s  wood i s  used f o r  



general construction but i s  l i g h t e r  than t h a t  of most other 
spruces. Apparently the species i s  very variable, and new 
germ plasm i s  needed, because the  only flowering specimens 

T A B L E  11.--Summary o f  r e f i o r t r d  c r o r r r r  t n  t k e  penus P i c r m  

*~irectiom of cross untnam. 

'Ltgcnd: 
H -- Eybrids obtained 
U -- Undetermimedi 

pamiblc hybrid. 

f - -  Failure 

A.thoritics: 1 .  Eklrndh (11) 

2. Johnmon (17) 
3. Johnson and &Lbur8cr (19) 

4. lchder (27) , 
I .  Northeast. Forest E p t .  St*. 

(unpublidwd data, 1937-41 

6. Amthor'l = r d i + =  

i n  Philadelphia a r e  too broad-crowned and coarse-branched 
(at l e a s t  i n  the  open) t o  be used a s  a timber type. The two 
species a r e  considered as closely re la ted  by Rehder (a). 



P r e v i o u s  Work 

I n  tab le  11 the  crosses made by previ0u.s workers a r e  
summarized i n  addition t o  the crosses reported here. 

The crossabi l i ty  pattern indicated by the  data of 
Johnson and Heimburger (19) i s  f a r  d i f fe rent  from tha t  indi- 
cated bgraur data. ~ h e g r e ~ o r t  high seed s e t s  from pract i -  
ca l ly  every cross attempted, whereas most of ours were 
complete o r  near fai lures .  For four crosses there i s  a 
def in i te  contradiction between the two se t s  of data. 

The natural  hybrids reported by Rehder (211) a r e  pre- 
sumably the r e su l t  of rare  crosses andmay or  may not give 
high seed se t s  a r t i f i c i a l l y .  Apparently a l l  the crosses re- 
ported as  successful by Eklundh (U.) gave moderate t o  high 
seed se t s ,  

There i s  l i t t l e  o r  no correlat ion between taxonomic 
posit ion and ease of hybridization. 

P.1  N U S  
h 

Cone mortali ty on individual t rees  varied from 0 t o  
nearly 100 percent. Most of it occurred the f i r s t  year o r  
ear ly i n  the second growing season. Rarely was there much 
mortali ty in the 2 or  3 months preceedfng cone rfpenfng, 
although ea r l i e r  weevil damage frequently became evident 
then. 

Much of t h i s  mortality i s  a t t r ibutable  t o  the follow- 
ing factors: (1) insect  damage t o  the  flower buds or  young 
flowers, (2) weevil damage t o  near-mature cones, (3) contin- 
uing internal  (genetic?) factors within the t r ee ,  (4) pre- 
vious heavy cone crop, (5)  lack of proper pollination, and 
(6) bagging treatment. Strangely, few cones were l o s t  t o  
squirrels  i n  sp i t e  of a heavy squi r re l  population. 

In P. densiflora, P. resinosa, and P. n i m a  i n  19M 
and i n  P. m i f f i t h i i  i n  1951 there was almost t o t a l  flower 
mortali ty on some t rees  due t o  insects  present i n  the  
flowering shoots pr ior  t o  bagging, I n  P . strobus, P. c r i f -  
f i t h i i ,  and Po f l e x i l i s  especially there was always l igh t  t o  
moderate mortali ty from cone weevils. 

We suspect t h a t  genetic factors  a r e  involved i n  the 
consistently heavy cone mortali ty of cer ta in  vigorous 5. 
strobus trees.  . 



It i s  probable tha t  the re la t ive ly  poor cone crops on 
some large P, ~ r i f f i t h i i  and on most P. resinosa from 1947 
t o  1950 were due t o  depletion of food reserves by a previous 
heavy cone crop. Similarly the heavy cone crops from 1947 
t o  1950 on many P. strobus t rees  probably influenced the 
heavy cone mortali ty of the 1950-51 crop. 

Pol l inat ion was necessary fo r  normal cone development 
i n  most species; only P. g r i f f i t h i i ,  one t r e e  of P. r i dda ,  
and several t r ees  of P. strobus were vegetatively partheno- 
carpic. I n  the five-needled white pines, pol l inat ion by any 
other five-needled s ~ e c i e s  (but not by the  three-needled 

I so f t  pine P . bungean o r  by various ha 
the  development of normal cones. I n  the  ser ies  Lariciones, 
pol l inat ion by nearly any other member of the ser ies  re- 
sul ted i n  the development of normal cones containing empty 
or  f u l l  seeds. There a re  seven exce~ t ions .  as  follows: 

Female Hale 
parent parent Results 

P. parvif lora  P . gr i f  f it h i i  Few very small cones. 
P. resinosa P. tabulaeformis No cones. 
P. densiflora P.tabulaeformis Manysmallcones, no 

seeds. 
P. sy lves t r i s  P. tabulaeformis Few small cones, no 

I 
seeds. 

P. sy lves t r i s  P . taiwanensis No cones. 
P. nigra P. tabulaeformis ' Few cones, few seeds. 
P. tabulaeformis P. massoniana Few cones, no seed;;. 

I n  P. parviflora there i s  a peculiar re la t ion  between 
f e r t i l i z a t i o n  and cone size.  The seeds a r e  large i n  re la t ion  
t o  the  mass of the cone, and a f u l l y  developed seed causes a 
bulge i n  the  subtending cone scale,  making it possible t o  'b 

estimate the  number of seeds i n  unopened cones. 

I n  several t rees  of P, strobus intraspecif ic  crossing 
1 resul ted i n  s igni f i  .ntly lower cone 

specif ic  crossing. 

r& pines) resulted i n  

- 
s e t  than did in te r -  

I n  general, type of bag used--vegetable p a r b e n t  O r  

sausage casing--had l i t t l e  e f fec t  on cone se t .  However, fo r  
P. g r i f f i t h i i  the vegetable palrchment bags were found t o  be 
de f in i t e ly  inferior--perhaps by af fec t ing  stage of flower 
development and hence whether o r  not t h e  pollinations were 

I effective.  A pr io r i ,  l e a v i n ~  of the pollination bans on 

I u n t i l  maturity would seem detrimental t o  cone se t .  However, 
there  were a few accidental cases i n  which continuous bag- 
ging did no harm and may have benefited cone and seed s e t  



S e e d  ' S e t s  T o  W i n d  P o l l i n a t i o n  

Seed s e t s  t o  wind-pollination f o r  t h e  t r e e s  used i n  
t h e  control -pol l inat ion work a r e  given i n  t a b l e s  14 and 17. 
T h e y a r e l o w f o r m o s t s p e c i e s .  F o r P .  f l e x i l i s , P . p a r v i -  
f l o r a ,  P, s t robus ,  and P. s y l v e s t r i s  t h e  seed s e t s  shown 
a r e  t y p i ~ a l  of near ly  a l l  t r e e s  i n  t he  Phi ladelphia  a rea  and 
a r e  a cgnsequence of t h e  small amount of po l len  produced; 
even t r e e s  p lan ted  i n  groups of 1 0  o r  20 a r e  no t  adequately 
pol l inated.  

It i s  poss ible  t o  work most t r e e s  of these  species  
without bagging i f  t he  expected seed s e t  i s  reasonably high. 
I n  1949-50 t h i s  was done on one t r e e ,  from which 89 P_. 

% s t robus  x g r i f f i t h i i  and 78 P, strobus x ayzcahuite seed 
were harvested from about 5 minutes1 po l l i na t i on  work. (k- 
pected numbers of nonhybrid seeds due t o  wind-pollination 
were 8 and 4 respectively.)  

For t h e  o ther  species t he  low seed s e t s  a r e  not  
t yp i ca l  of a l l  t r e e s  i n  t h e  a rea  but  a r e  a consequence of 
the  I s o l a t i o n  of t h e  pa r t i cu l a r  t r e e s  worked. They a r e  more 
abundant po l l i na to r s  and usual ly  give much higher seed s e t s  
when growing i n  groups, I n  these  it i s  more d i f f i c u l t  t o  
f i nd  t r e e s  t h a t  do no t  need t o  be bagged. 

C o n t r o l l e d  P o l l i n a t i o n s  
- - W h i t e  P i n e s  

Three c r i t e r i a  may be used t o  judge t h e  success of  
t he  control led  pollinations--cone s e t ,  t o t a l  seeds per  cone, 
and f i l l e d  seeds pe r  cone. L i t t l e f a i t h  can be placed in t h e  
f i r s t  two c r i t e r i a ,  f o r  two reasons. F i r s t ,  t h e r e  i s  i n  
many cases an inverse  re la t ionsh ip  betweenzcone s e t  o r  t o t a l  
seed s e t  and f i l l e d  seed s e t .  Second, Buchhol.a (&) repor ts  
t h a t  in ponderosa pine  t h e  seed coat  i s  f u l l y  formed before 
f e r t i l i z a t i o n ;  i f  t h i s  i s  a l s o  t r u e  i n  t he  white pines t h e  
presence of t h e  seed coat  means merely t h a t  t he  pol len  o r  
po l len  tube has provided a s t imulat ing inf luence f o r  cone 
and seed-coat production. 

Judged by a l l  three  c r i t e r i a ,  crosses  between 5- 
needled pines of t h e  sec t ion  Cembra and hard pines  o r  o ther  
pines of t he  subgenus Haploxylon weye unsuccessful ( t ab l e s  
12, 13), Judged by the  last c r i t e r i o n  alone, crosses be- 
tween species i n  d i f f e r e n t  s e r i e s  of the  sec t ion  Cembra were 
unsuccessful o r  s l i g h t l y  successful,  and most crosses  wi thin  
t h e  s e r i e s  S t r o b i  of t he  sect ion Cembra were successful .  
Some in t e r spec i f i c  crosses i n  the  S t rob i  gave higher s e t s  of  
f i l l e d  seeds than d id  i n t r a spec i f i c  po l l ina t ions  on the  same 
t r e e s .  



TABLE z a . - - R c l a t i v e  r u c c e r .  a j  differrat h i n d s  of b O ~ ~ i n a t i o n  

i n  t h e  u A t t e  

+ 
Trrc = trcc Arermgc S e t  

Kind of cross 
cmbinmtion. of good seed tcm=rks 

per con* 
Trred Suceeea fu l  

Wumbrr Xunbrr lumbrr 

I 0 0 

. $ 1  

No cones. or enpty  seeds. l e t r e e n  seetiens* 11 r 

With*. species I0 17 1.0-10.0 Norms1 concs.  empty nnd f u l l  seeds. 

- 
* ~ p e c i c s .  .tries. mcction, and limits II dc f lncd  by Rchdcr (Z7). 

TABLE 1 3 .  --Summary of 

Male parent 

- Cembrre Scrabi 
P - : 

Fena le  
-a - 

parent  
.a " - * .. - 8 

n 

1 . 0  e - .. m 
'1 I: 

* . l * = -  - 

210 43 I4 120 130 

I 0 6 I 2 

flrrllir 25 - -  27 14 0.1 

1.2 - -  7.0 0 0 

.- -- 7.0 
L 1 

0 0 

r .  
700 8 11 62 7 6 86 184 

1s 21 2 29 100 17 1 29 

pnrvlflonl 2.6 3.0 1.7 2.7 6.6 2.0 2.5 6.8 

0.1 1.0 0 0 1 . 0  0 0 0 
0 -- 1.0 0 0 1 . 0  A 0 0 - 

19 IS I9 

9 0  67 79 

I I 18 26 
PIUEC 

0.8 0.5 5.7 

- - 1.2 1.4 
A 

I00 25 1 16 18 11 19 
1 

r~ r 7  
53 289 

20 12 60 19 11 1 16 13 12 
' 

I2 0 20 10 1.0 0 18 I7 26 C 
priffsthtt 

3.9 0 11 0 0 0 0 10 1.1 

- - -  I2 0 0 0 0 46 9.2 . 
2 0  7 4 6 1  4 1 7 6  26 1013 r2671k172 6 6  I4 

7 

s t  robus 
3 0  27 14 31 33 12 17 61 32 27 34 11 28 

2.1 0 I6 4.1 6.0 7.1 7.7 0.4 1.0 7.4. 1.1 0.1 0 

0.7 0 1.4 0.1 .04 0.2 1.7 0 1.6 4 . 1  1.1 0 0 

-- - -  6.4 1.0 1.0 1.3 4.9 0 4.3 1 3 A 2 4 1  0 0 * A 

S t r o b x l i  p o l l r n . t r d .  
Cone set, ~n perccnr 
Number o f  empty e e r d s  per cons 

Nurnbsr of f u l l  rccdr  per cone. 
Creacrst s e t  obtalncd of gend nerds Per 

1 ,r 



Crosses involving P. parviflora a re  an apparent ex- 
ception. P. pamif lora  x g r i f f i t h i i  consistently yielded 
few or  no cones; P. strobus x p a r ~ i f l o r a  yielded f i l l e d  but 
non-germinable seeds. 

The low seed yields  on P. strobus t o  a l l  types of 
controlled -pollination i s  puzzling, The species was native 
x i th in  aJfew miles of Philadelphia, and now grows well  i n  
the area. ' Poor technique i s  probably not the reason, be- 
cause open-pollinated seed yields  f o r  t rees  i n  groups a r e  
a l so  very low. Possibly climatic factors a r e  ~espons ib le .  
I f  so we may guess tha t  climate limited the natural  range of 
the species more by l imit ing seed yields tL%n b~y fzfluencing 
vegetative behavior o r  seedling establishment. A t  present 

t there i s  no clue as t o  the nature of these climatic factors  

since the only r ea l ly  sa t i s fac tory  seed y ie ld  (24.5 good 
seeds per cone) w a s  ob-tained from pranches tha t  were l e f t  
bagged from flowering ~ t E l  cone mhturity--under jus t  t he  
opposite of natural conditions. The yields  o f  f i l l e d  seeds 
per' cone were relatively higher i n  P o  f l e x i l i a ,  Pa grif-- 
f i t h i f ,  and P. ayacahuite, a l l  of which are  f a r  removed from 
t h e i r  native habitats.  

% 

Another pecul ia r i ty  of P. strobus i s  tha t  the  t o t a l  
f ie ld  of seed per cone was usually less  a f t e r  h t r a s p e c i f i c  
pollination than a f t e r  pollination by some other species. 

The performance of one large P, g r i f f i t h i i  i s  in ter -  
esting. It has yielded a maximum of 0.3 f i l l e d  seeds per 
cone i n  each of 2 years of controlled-pollinat%on wol~k' and 
has yf elded l i t t l e  f i l l e d  seed t o  open pa l l i na t ion  (probably 
mostly s e l f )  the past  several years. The few progeny oh- 
tained are  weak and variable. The tree i s  old, vigorous, 
and apparently not a hybrid. A cytologfeal i r r egu la r i ty  i s  
suspected but has not been cheeked. 

Table 14 i l l u s t r a t e s  the var iab i l i ty  encountered i n  
making the same cross on d f f e r e n t  t rees  and i n  d i f fe rent  
years, A t r e e  may be high-yielding fo r  one cross and low- 
yielding f o r  another one. T h i s  same var iab i l i ty  w a s  encoun- 
tered i n  other crosses, par t icular ly I n  the Interser ies  
cross P. strobus x f l e x i l i s ,  i n  which only 1 of 17 di f ferent  
t r e e  x t r e e  combinations was successful. 

Our data were combined with those of other investiga- 
t o r s  t o  obtain tab le  15 and figure 1, The strength of the 
bond between any two species i n  figure 1 is  presumably an 
indication of the  closeness of the i r  genetic and phylo- 
genetic relationships. With the exception of P. lambertiana, 
a l l  members of the ser ies  StrobZ so f a r  tes ted f ~ m  a 



closely kni t  group within which most crosses a re  possible. 
Maintenance of t h i s  ser ies  (with the probable exclusion of 
P . lambertiana) seems just i f ied.  

T A B L E  14.--Vcriability i n  c o m a  a n d  r e e d  s r t  of fruitful Pinur s t r o b u s  

b l e n d :  
Conc set, i n  psrssnt. 
Number o f  filled sccds per cone. 

Mayr (21) produces considerable evidence t o  show t h a t  
i n  the animal kingdom geographic i so la t ion  is necessary for  
the maintenance of two closely related species. The species 
tha t  cross readi ly are  a l l  geographically separated. P_. 
lambertiana, whose range overlaps t h a t  of P. ayacahuite,is 
not c losely related t o  the other species; it crosses l i t t l e  
or  not a t  a l l  with them. C 

I n  respect t o  growth, the  best  white pines fo r  the 
Philadelphia area a re  P. strobus, P. g r i f f i t h i i ,  P. ayaca- 
huite, P. f l e x i l i s ,  P. koraiensis, and P. amandi, i n  de- 
creasing order of probable value. The f i r s t  three cross 
readily. Therefore concentration on select ion and hybridi- 
zation amorig these three species seems t o  be the most prom- 
i s ing  line of at tack fo r  the production of useful hybrids 
for the Northeast. 



TABLE 15.--Summary of  r e p o r t e d  c r o r r r s  i n  t h e  pernus P s n u r .  S e c t i o n  C c m b r a  

h l c  psrcnt 

Crnbrao Plcrilcs Scrobi 

Pcmslt , 
parent .B 

'! I - Q 
.: a 

" n.0 

b o w i f l o r e  F 
1 , l  

6 u 1  
L A 

F F U 4 
g r ~ f f i t h i t  1 6  F I 

n o n t i c a l a  U 
4 

'ir s r 7 
r t robur  U I '  U  F " 

L ~ l T l ~  
l L 7 A  1.1.6 

g r c f f i t h t t  
r s trobus  

U u 
I I 4 1  

montrcoln U 
I p a m i f l o r a  7 

S#.SI.S I .  

other secttans 
U F F 
+ + 4,s 

L c ~ n d :  H - -  Hybrids obtained 
U - -  Undetermined, possibly hybrids 

F - -  F a i l u r e  

Aurhoriricr: 1 .  Johnson and Heimburgsr (19) 

2. Rehdcr (27) 

I .  sax ( I D )  

4 .  Righter and D u f f i c l d  (21) 

I. Northeast. Forest Expc.  S t - .  
(unpoblishcd darn.  1937-41) 

6. Author's studies 

7 .  A.G. Johnson (personal rocrerpondence) 



CROSSING RELATIONSHIPS 

WITHIN THE SECTION CEmRA Of THE GENUS PINUS 
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ATTEMPTS TO HYBRIDIZE FAILED DEFINITELY .......... OR FEW SEEDLINBS Of D W T F U L  HYIRIDITY 

OBTAINEO. 

--- HYBRIDS DOTAIMED IN SMALL NUMBERS. 

- kYIRIDS OITAINED CONSISTENTLY IN 
MODERATE OR LARIE NUMBERS. 

Figure 1.--The c r o s s a b i l i t y  pat tern  w i t h i n  t h e  
s e c t i o n  Cembra of the genus P inus .  

C o n t r o l l e d  P o l l i n a t i o n s  
- - S e r i e s  L a r i  c i o n e s  

A l l  four intraspecif ic  crosses attempted were SUC- 

cessful. However, seed se t s  t o  in t raspec i f ic  crosses as  
Well a s  t o  open pollination were rather  low, possibly be- 
cause of climatic control over seed set t ing.  



TABL6 10.--Suaaar, of resalts of controlled jnllinatio~s of herd )inrs 

1S.ri.s Lsriciorar old Imsi#serl 

I 

Y l e  p r t n t  

- L r l c i o n e a  
0 

Ins i rpc .  - 
Female 0 U 

prreat  i 2 
0 

c u -  

7 

100 r 1 8  9 13 11 18 114 
50 55 11 48 55 0  18 

rerinora 1.3 2 .9  2.T 0.1 3.7 -- 0.1 
I . 2  7 . 0  0  0  0  -- 0  -- 11 0  0 0  -- 0  

Z O O  11 12 10  21 r192 13 r l l  19 15- 
70 19 SO 80 1 4  51 47 7 )  63 73 

dens%florn 21 0  2 . 2  15 7 . 2  11 6 . 9  1.5 0  0 . 1  
4 .  0 6 . 2  0  8 0.1 v.3 9.9 0 2 .5  -- -- I6 0  8  0 .2  0.3 1 .9  I 3 . 0  

L 1 L A L A 

700 13 48 I04 61 43 48 86 I l  2 1  26 
40 0 11 $2 31 23 20 6 0  25  6 

s y l v r r t r i s  1.1 -- 13 12 1 . 5  24 4  I  -- 0  0  
1.1 -- 0  0 I  0.2 0  8  -- 0  0  -- -- 0  0  11 0.2 0  0  -- 0  0  

r 7  7 
150 15 64 111 L O  24 27 r 3 6  86 

r .  

20 6  20  IS 30 4  7 19 6  67 
n irra  I8 1 . 0  I 2  I2 1 . 1  2.0 12 1.3 0.3 I . @  

4 .9  8  0  1 . 7  0  0 3 . 0  1.1 0 6 . 0  
-- -- 0  8 .0  0  0  3 .0  3.5 0  6.0 

12 
7 

20 . 11 16 
50 45 81 69 

thmbargi i  1.5 1 .8  3.1 1.3 
0 . 1  1 . 1  0  1 . 4  -- 2.3 @ 1 . 1  

300 10 11 I  12 IS r 3 6  ' 1 9 '  13 1 1  
50 0  9  100 I 3  3s  61 41 11 64 

tabulaeforris 8 . 1  -- 0  8 . 0  0  6 .2  7 . 1  I4 5 . 1  0 . 6  
1 . 0  - 0  0  0 .05 0.3 1.9 0  0 -- -- 0  0  0  e.3 2.0 2 .0  0  0  

L A 

40 14  5  1 5  63' 
I0  0  0  0 44  

v irr ln iona  I8 .- -- -- 13  
6 . 7  -- -- -- 1 .1  
-- -- 

10 6 
50 13 4 51 4  

r ig id*  43 0  0 4 . 0  0  
9 .0  0  0  62 0  
-- - -  0 9 1  0  

*Mixture of p a l l c s s  of 111 , h r i c i o n c s  ...ilmble except P. rcsrnoso. 

Strnhi l i  p o l l i a n t e d .  
Coac s e t ,  i n  percent. 
N u d e r  of empty seed. per corns. 

Nvrbcr  of f u l l  aced. per cone. 

Greatest set  obtsimcd of g o d  .reds per  c a c .  

O f  30 d i f fe rent  in te rspec i f ic  crosses t r i e d ,  8 were 
probably successful. I n  6 of the  crosses the seed sets were 
high enough t o  give some promise of being mass-produced i n  
seed gardens. These resu l t s  ( table  16) a r e  i n  s u b s t a n t i a l  



B L E  1 7 . - - S u m m a r \  a f  r r $ o r t r d  c r o s r t s  t n  t h e  p e n u s  P i n u r .  S e r t r s  L a r i c l s n c s  

Spcclrr ~n F F F F F 
o t h e r  ~ c r l e s  , 6 6 7 L 

Legend: H - -  Hybrids *brained A u t h o r i t i e s  

U .- Undetermined; I .  Hyun, S.K. (pcrsanml cammunic8tion); 
~ o l s i b l r  hybrids S a r l c n t  ( 2 9 ) .  N.tur.1 hyhr id*  cornen,  

F - -  F a i l u r e  
fem.1, parent u n t n o m .  

2 .  Johnson and Hcimbur=er (19) 

1. W a t t s t e i n ,  W. *on (p rson .1  cona~nic~ti0n)b 
hybrid,  female parent unknan.  

4 .  R i a h t c ~  and D u f f i e l d  ( l a )  

I. Schre incr  (11) 

6 .  Norrhenst.  F e r e r t  E.pr. St.. 
(unpublished dat., 1917-41)  

1 .  Author's s tud ies  

T 

n t  with those of o ther  inves t iga tors  ( t a b l e  17). 

e r i e s  were f a i l u r e s ,  Crosses with species i n  o ther  s 
as they were i n  most cases previously reported. o I a m i i L  1 

from t h a t  found . . The c ro s sab i l i t y  pa t t e rn  i s  d i f f e r en t  
in t h e  white pines. For one th ing  t h e r e  appears t o  have 

\ .. ".. I t  

been a grea te r  amount of genetic (and t 



at ion between species. For another, there i s  no closely 
kni t  group of species t h a t  cross readily with each other i n  
allcombinations.  Too, some o f t h e  success fu lc rosses in -  
volve species with s l igh t ly  overlapping ranges (sylvestr is-  
mwo, sylvestris-nigra, densiflora-thunbergii) . 

P. tabulaeformis i s  s e t  apart from the r e s t  of the 
ser ies .  As a female parent it  yielded probable hybrids only 
with Pa thunberdi .  A s  a male parent it was inef fec t ive  i n  
promoting cone o r  seed s e t  on 4 other species. 

! 
Pa resf iosa i s  a l so  set apart  from the r e s t  of the  

ser ies ,  Even though it has been used in tens fve lyas  a m a l e  
and female parent by several investigators it has yielded 
probable hybrid seed from only two combinations. 
noteworthy t h a t  red pine i s  separated taxonomically from 
each of the other s ecies i n  me ser ies  (except t h e  Carib- 
baean *. t ropica l i sP  i n  a t  l e a s t  six characters (a, s) L 

American range; acuminate, ovoid bud; fascicles  not spread- 
ing' from branchlet; needles breaking when bent; r e s in  ducts 
of needles both external and medial; conelet mutic; cone 
subsessile, leaving scales on t h e  branch a f t e r  droppfng. 

I n  the Philadelphia area P. resinosa, P. sy lves t r i s ,  
and P, n i w a  a r e  the most promising as  fores t  t rees .  
P. densiflora and P. thunbergii a l so  grow well but have very 
poor trunk and cmwn form, Since P,  r e s k o s a  crosses l i t t l e  
or  'not a t  a l l  with the  other  species it appears necessary t o  
t r e a t  it as a separate en t i ty  f o r  improvement purposes. The 
other four species m y  be t reated as  a group within which 
gene exchange can be profitable.  

C o n t r o l l e d  P o l l z n a t i o n s  
- - S e r i e s  I n s i g n e s  

I n  each of 2 years the  cross P. v i rdn iana  x bank- 
siana resulted i n  high cone se t ,  many empty seeds per  cone, 
very few good seeds, and ear ly germination of the  good 
seeds. The cross, i f  possible a t  a l l ,  i s  not so eas i ly  made 
as  a r e  some of the crosses reported i n  the lodgepole-jack- 
shore pine group by the I n s t i t u t e  of Forest Genetics (g), 

P. I4gida i s  known t o  cross readily with Pa echinata 
and Pa taeda i n  the Australes and i s  probably a mis f i t  i n  
the Insfgnes ( 2 3 ,  I n  view of t h i s  the f a i lu re  of thb 
interspecif ic  crosses attempted i s  not surprising. 



C r i t e r i a  Of Z y b r i d i t y  

The following are  the macroscopic differences ob- 
aemed i n  the f i r s t  1, 2, o r  3 years i n  those l o t s  believed 
t o  be t rue or  probable hybrids. 

P. densiflora x thunbergii, P. densiflora x taiwanen- 
a, P. ninra x sinensis,  P. thunbergii x niftra.--These a r e  
considered probable hybrids. I n  each case the seed s e t  was 
consistent and greater than was t o  be expected from chance 
contamination. However, no growth differences between the 
hybrids and nonhybrid seedlings from the same female parent 
have yet shown up. 

P , peuce x strobus. --Hybridity probable. Female par- 
en t  not bagged but subject t o  l i t t l e  wind-pollination 
(mostly from P. strobus, s l i g h t l y  from s e l f  .and two other 
species).  Seed s e t  increased nearly five-fold by addi- 
t i ona l  hand-pollination. Seedlings from wind- and hand- 
pol l inat ion similar, vigorous, probably a l l  of the same par- 
entage. Seeds germinated nearly 100 percent. 

P. peuce x griffithii.--Hybridity probable. Same 
female parent and pol l inat ing conditions as i n  the  previous 
combination. Seed s e t  decreased s l igh t ly  by hand-pollina- 
t ion. Seeds germinated 40 percent, One of the  two seed- 
l ings obtained was red-stemmed soon a f t e r  gemination, W- 

l i k e  the seedlings i n  the previous combination; thy other 
was dwarfed. 

P. g r i f f i t h i i  x strobus. --Hybridity probable. seed 
s e t  cdnsistent from bag t o  bag. Seedlings have s l igh t ly  
redder stems i n  f i r s t  weeks than do nonhybrids. 

P. strobus x P. f le l r i l i s  .--Hybridity cer tain.  In the I 

f i r s t  year the hybrids were intermediate between seedlings 
of the  parents in ra te  of germination, amount of damping- 
of f ,  color of stem, and amount of leaf  serration. By the 
t h i r d  year they had the blue of the  male parent. The seed- 
l ings  lack vigor, possibly because of the par t icu lar  t r e e  
used as a male parent. It i s  a poor specimen and i t s  non- 
hybrid progeny a re  f a r  befow normal P. f l e x i l i s  seedlings i n  
vigor. 

P. strobus x parvif1ora.--Hybridity cer tain.  I n  each 
of two years only 4 out of 4.4 f i l l e d  seeds germinated (ger- 
mination i s  95-100 percent i n  most P. strobus lo t s ) .  The 
seedlings have much smaller cotyledons and leaves than do 
P. strobus seedlings, and lack vigor. 



P. strobus x priffithii.--Hybridity certain.  Cross 
repeated on different  females with consistent resul ts .  Hy- 
brids have redder stem. i n  the  f i r s t  two weeks and s l i g h t l y  
longer needles a f t e r  a year than do nonhybrids. They a r e  
similar t o  nonhybrfds i n  t h e i r  secorqd and t h i r d  years. 

P. strobus x ayacahuite.--Hybridity certain.  C m  
r e p e a t e d ~ n  d i f fe rent  females with consistent resu l t s .  Some 
seed l o t s  geminated s ignif icant ly slower o r  les$ than did 
nonhybrid l o t s  from the same female parent. Some seedling 
l o t s  were greener i n  f i r s t  weeks than nonhybrids, Similar 
t o  P. strobus. seedlings a t  end of f i r s t  year. 

P. densiflora x sy1vestr is . - -Hybrf~ty certair,. A t  
% end of f i r s t  season hybrids have twisted secondary needles 

and a re  about 1& inches t a l l  whereas ordinary P. densiflora 
seedlings have only primary needles and are  about 3 inches 
t a l l .  

P.nigra x thunbergii, P +  t a b u l a e f o d s  x thunbergii, 
P . nfnra x densiflora. --Hybridity probable. Seedlings 
t a l l e r  than ordinary seedlings a t  end of f i r s t  year. 

S U M M A R Y  

The techniques used i n  the forest  genetics project of 
the Northeastern Forest Experiment Station from 1947 t o  1950 
a re  s M l a r  t o  those used by other workers, but many m d i f i -  
cations making f o r  greater  ease of working were found pos- 
s ib l e  d t h o u t  ge t t ing  undue contamination from ~ u t s i d e  
sources. Technique generally was not a limi.ting fac tor  i n  
obtaining high seed se ts .  Climatic factors  and lack of spe- 
c ies  crossabi l i ty  were more important ir, most cases. 

A large number of interspecif ic  combinations were 
t r ied .  The data from Acer, Pinus, and Fraxfnus, when corn- 
bined with those from other workers, a re  suf f ic ien t  to 
warrant preliminary estimates of the crossabi l i ty  patterns 
i n  the genus. 

I n  very f e w  instances a re  the data suff ic ient  t o  en- 
able us t o  say t h a t  a cer tain cross m i l l  not take f f  re- 
peated many times i n  many places. However, they show that  
i n  these genera many crosses between closely related species 
w i l l  give from 10 t o  100 percent of the seed expected from 
intraspecif ic  pollinations,  whereas crosses between less  
closely related species give no seed or  a t  the most up to  



5 percent of the possible seed se t .  The successful and 
probably successful crosses a r e  l i s t e d  below: 

A C E R  

Crosses within species al l  eas i ly  made. 

A.  platanoides x ma-yrii. --Hybridity certain. Grows 
same r a t e  as female parent. Seed s e t  moderate. 

A ,  platanoides x ca~podocicum.--Hybridity certaih.  
Hybrids vigorous, seed s e t  moderate. 

LI ~la tano ides  x saccharm and reciprocal. --Hybridi- 
t y  probable. Seed s e t  low. 

A. s a c c h a m  x niprum.--Hybridity certain.  Possibly 
a backcross. Seedlings s imilar  t o  female parent, seed s e t  
high. 

A. rubrum x saccharhum.--Hybridity certain. Seed 
s e t  high. 

A. ne~tundo x henryi.--Hybridity certafn. Grows fas t -  
er  than female parent, possesses fol iage characters of v a u e  
as an ornamental. 

F R A X ' I M U S  

Crosses within species eas i ly  made on f r u i t f u l  t r ees  
but many fa i led  because of accidents, 

F. vennsylvanlca x velutina and reciprocal.--Hybrid- 
i t y  certain.  No gronth differences as yet.  Seed s e t  very 
hi&* 

&'I R ' I  O D E N D R O N  

Liriodendron tulipifera,--Crosses d t h .  ' species 
eas i ly  made but f i l l i n g  of seed was low and variable, a l -  
though surpassing f i l l i n g  of open-pollinated seed. No 
in terspec i f ic  crosses t r i e d b  



Q U E R C U S  

Crosses within and between species all made with d i f -  
f icul ty ,  with very low seed se ts .  

Quercus boreal is  x velutina and reciprocal,--Hybrid- 
i t y  certgin,  Hybrids do not surpass parents i n  growth. 

A 

A B ' I  E S  

Results of pollinations doubtful because of d i f f icu l -  
t i e s  (now solved) of t e s t ing  f i l l i n g  of seed and obtaining 
adequate germination. 

\ 

P ' 1  C E A  

Crosses within species apparently eas i ly  made with 
mbderate seed se ts .  Most interspecff ic  crosses failed.  

.P. abies x asperata.--Eiybridity cer tain.  Young hg- 
beds not eas i ly , ident i f iab le .  Seed s e t  high. 

P. monti~ena x abies, P. montiaena x asperata.--Xy- 
br id i ty  probable. Seed s e t s  high. 

P'I  N U S  

Crosses within species made with varying degrees of 
diff icul ty ,  depending mainly on frui t fulness  of f-le par- 
ents. 

P. peuce x strobus.--Hybridity p-bbable. Seed se t s  
high. 

P. peucs- x g r i f f i t h i i .  --Hybridit7 probable. Hybrids 
runty, seed s e t  low. 

P. g r i f f i t h i i  x strobus and reciprocal. --Iiybddity 
certain.  Hybrids probably superior to  parents i n  growth, 
Seed s e t  moderate t o  high. 

P. strobus x f l e x i l i s  . --Hybridity cer tain.  Hybrids 
intermediate i n  four characters. Cross took i n  only 1 of 
17 combinations t r i ed .  Seed s e t  low. 

P . strobus x ayacahuite. --Hybridity certain. Seed 
s e t  moderate t o  high. 
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P. strobus x pardflora.--Hybridity certain.  Seed- 
l ings  weak. Seed se t  high i n  one combination. 

P. densiflora x sy1vestris.--Hybridity certain.  Seed 
s e t  low. Hybrids indent i f iable  the f i r s t  year. 

P. densiflora x taiwanensis.--Hybridity probable. 
Seed s e t  moderate. 

p .  densiflora x thunbergii.--Hybridity probable. Seed 
s e t  low. 

P. nigra x densif1ora.--Hybridity probable. Seed s e t  
moderate . 

P. nigra x thunber&i.--Hybridity probable. Seed s e t  
moderate. 

P. nima x sinensis.--wbridety probable. Seed s e t  
moderate. 

P. tabulaeformis x thunber&i.--Hybridity probable. 
Seed s e t  moderate. 
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