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MUCH of the s i l v i c a l  information m our for -  
e s t  t r e e s  is widely s ca t t e r ed  and some- 

times d i f f i c u l t  t o  find. To make t h i s  material  
more readi ly  a v a i l a b l e ,  the  Fo re s t  Se rv i ce  is 
assembling information on the  s i l v i c a l  charac- 
t e r i s t i c s  of  a l l  t h e  important  n a t i v e  f o r e s t  
t r e e  spec i e s  o f  t he  United S t a t e s .  It is ex-  
pected t h a t  t h i s  information w i l l  be published 
a s  a comprehensive s i l v i c s  manual. 

'his r epo r t  presents the s i l v i c a l  charac- 
t e r i s t i c s  of one species. It contains the essen- 
t i a l  information tha t  w i l l  appear i n  the general 
manual but has been wri t ten with par t icu lar  r e f -  
erence t o  the species i n  the Northeast. Similar 
r epo r t s  on o ther  spec ies  a r e  being prepared by 
t h i s  Experiment S t a t i o n ,  and by severa l  of the  
other  regional  f o r e s t  experiment s t a t i o n s .  
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T HE "green" i n  green ash (Fraxinus pennsylvanica Marsh.) 
r e f e r s  t o  the  leaves. They a re  nearly as bright  green 

on the lower surface as on the upper. The spec i f i c  Latin 
name 'pennsylvanica' was given t o  the species because it 
occurs i n  the United S ta t e s  and because i n  1785 Pennsyl- 
vania and the American colonies were of ten  considered as 
synonymous i n  the minds of European botanis t s .  

The taxonomy of the  species is somewhat confused. 
Several au thor i ta t ive  t r e a t i s e s  ( 1 0 ,  27, 29) and most s t a t e  
f l o ra s  recognize two var ie t ies :  green ash (F. pennsylvanica 
var. lanceolata (Borkh.) Sarg.), and red ash (F. p. var. 
pennsylvanica). Also, Mi l le r  (23)  has considered western 
Oregon ash (F. l a t i f o l i a  Benth.) and velvet  ash (F. velutina 
Torr.) t o  be subspecies of  the  eastern American green ash. 
L i t t l e  ( 1 9 ) )  however, t r e a t s  Oregon ash and velvet  ash as 
separate species, and does not recognize v a r i e t i e s  of green 
ash. L i t t l e ' s  concepts a r e  accepted i n  t h i s  paper. 

Green ash and white ash ( F .  americana L.) a r e  some- 
times confused i n  the f i e ld .  This is understandable i f  the 
iden t i f i ca t ions  a re  based on shaded leaves. However, there  
is no reason fo r  mistaken iden t i t y  i f  sun leaves o r  f r u i t  
a r e  avai lable.  I n  green ash the leaves a re  green on both 
surfaces and sharply ser ra te ,  and the samara wing is decur- 
ren t  halfway down the slender seed; i n  white ash the leaves 
a re  white on the lower surface and dentate, and the samara 
wing is terminal on the  cigar-shaped seed. The Carolina ash 
(F. caroliniana Walt.) is scarcely separable from green ash 
on vegetative characters  but is dist inguishable by i ts f l a t ,  
wide f r u i t .  

I Green ash is the  most widely distributed--but not the  
most common--of a l l  the American ashes ( f ig .  1 )  Its 
na tura l  range extends from southern Nova Scot ia  t o  southern 
Saskatchewan and Montana, and southward t o  Texas and north- 
ern Florida. I n  the western pa r t  of i ts range i t  is the  
only representat ive of t he  genus. Green ash has been COm- 

monly planted i n  England ( 9 ) ;  there  i t  grows t o  heights of 
60 f ee t .  I t  i s  a l so  doing well i n  the  Arboretum des Barres 
a t  Nancy, France (28) .  
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C L I M A T E  

The climate within the natural distribution area of 
green ash is sub-humid to humid. Over this area there is a 
raqge in annual precipitation of 15 to 60 inches, in warm 
season precipitation of 10 to 35 inches, in average January 
temperature of 0 to 55' F., in average July temperature of 
65" to 80° F., in average snowfall of 0 to 100 inches, and 
in average length of the frost-free season of 120 to 280 
days (35). 

Geographic-origin tests conducted in Minnesota and 
Massachusetts point to moisture and winter temperature as 
the most important factors governing the distribution of the 
geographic ecotypes and presumably the species as a whole. 
In Meuli and Shirley's studies of drought resistance, trees 
from the Central Plains States suffered much more drought 
injury than did trees from the northwestern part of the 
species' range ( 22 ) .  Wright's provenance tests showed pro- 
nounced ecotypic differences in susceptibility to the low 
winter temperatures found in central Massachusetts (39). 
Trees from the southern part of the range grew vigorously 
during the summer but each winter killed back nearly to the 
ground. The northern trees were slower growing but hardy. 

Figure 1.--me natural range of green ash. 
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T O P O G R A P H Y  A N D  S O I L S  

Green ash is found most commonly on a l l uv i a l  s o i l s  
along r ive r s  and brooks, and l e s s  frequently i n  swamps ( 4 .  
15, 17) .  I t  l i n e s  the watercourses i n  the western p a r t s  of 
its range where r a i n f a l l  is in su f f i c i en t  t o  support upland 
t r e e  growth. I t  is common on land t h a t  is subject  t o  flood- 
ing once o r  twice a year, and remains healthy when flooded 
up t o  40 percent of the time during the.growing season (If). 
Unlike the  black ash (F. n i g r a  Marsh.), i t  is not usual ly 
found i n  peat  bogs. There i s  a published report  of i t s  hav- 
ing invaded moist upland s o i l s  i n  Nebraska, ( 3 4 ) ,  but else-  
where i n  its range i t  is r a r e  i n  the na tura l  upland fores t .  

I n  s p i t e  of the  f ac t  t ha t  na tura l  stands a r e  almost 
completely confined t o  bottomlands, t h i s  species  grows well 
when planted on moist upland so i l s .  I t  has been one of the  
most successful and commonly planted hardwoods i n  the  Great 
P la ins  she l t e rbe l t s  (1 6, 2 4 ,  38). From North Dakota t o  
Texas it has thr ived when planted on medium- t o  coarse-tex- 
tured upland sands and loams with good moisture r e l a t i ons  
and with neut ra l  t o  a lka l ine  react ions.  I n  a few Such 
places where t he  water t ab l e  is only 4 t o  8 f ee t  below the  
surface i t  is reproducing na tura l ly .  One successful plant- 
ing i n  t he  Northeast was establ ished on a f e r t i l e  upland 
s o i l  t ha t  o r ig ina l ly  had supported a northern hardwood for- 
est . l  And most of the English and French plant ings are on 
moist upland s o i l s  (9,281. 

The na tura l  d i s t r i bu t ion  pa t t e rn  of the  species  is 
such as  t o  ind ica te  t h a t  i t  needs high s o i l  moisture. This 
is substant iated by s tudies  i n  I l l i n o i s  p ra i r i e - so i l  plant- 
i n g ~  (30). I n  these, the  s o i l  under successful  green ash 
was found t o  be constant ly moist. I t  i s  a l so  borne out b'y 
the  f a c t  t h a t  i n  the  Great P l a in s  the  bes t  she l t e rbe l t  
plant ings a r e  on coarse-textured s o i l s .  In  regions of de- 
f i c i e n t  r a i n f a l l  more water i s  ava i lab le  f o r  t r e e  growth on 
such s i t e s  than i n  heavy clay s o i l s .  

I n  Iowa f e r t i l i z e r  experiments, green ash was more 
to le ran t  of high s o i l  a lka l in i t y  than were several  o ther  
hardwood species;  however, i t  showed severe ch loros is  when 
grown on a s o i l  with a pH of 8.1 (21). I n  these t e s t s  it 
grew b e t t e r  on fo re s t  s o i l s  than on p r a i r i e  so i l s ,  pre- 
sumably because s u i t a b l e  mycorrhizae and organic matter  were 
present i n  the  f o r e s t  s o i l .  I t  responded t o  the  addit ion of 
2,000 pounds of ni t rogen but not t o  added phosphorous o r  
potassium. However, the  response was not grea t  enough t o  
ind ica te  t ha t  t he  addit ion of f e r t i l i z e r  t o  the  average 
Iowa f i e l d  was economically j u s t i f i e d  f o r  green ash. 

'Lhpublished data ,  Northeastern F o r e s t  W e r i r n e n t  Stat ion.  



A l a t e r  Iowa study of 30 d i f f e r en t  plantations, most 
of them about 20 years old, has fur ther  emphasized the  i m -  
portance of s o i l  cha rac t e r i s t i c s  on the  growth of green ash 
(12). This study w a s  l imited t o  the  Lindley-Weller s o i l  
associat ion area of southeastern Iowa. History p r io r  t o  
plantat ion establishment, amount of erosion of the  A hori- 
zon, and percent f o l i a r  nitrogen were the  pr inc ipa l  f ac to r s  
associated with success of the  plantat ions.  

I n  t h i s  Iowa study, growth was much be t t e r  on areas 
t ha t  had not been cu l t iva ted  prbviously (2.37 f ee t  per year 
height growth) than on areas t ha t  had previously been inten- 
s ive ly  pastured (1.76 f e e t  per  year) o r  cu l t iva ted  without 
maintenance of s o i l  f e r t i l i t y  (0.92 f e e t  per year). Growth 
was b e t t e r  i f  there  had been no previous erosion of the A 
horizon (1.99 f e e t  per year) than i f  up t o  50 percent of the 
A horizon had been removed (1.60 f e e t  per year) o r  i f  up t o  
100 percent of the  A horizon had been removed (0.81 f e e t  per  
year).  Plant ings with 2.25 percent nitrogen i n  t h e i r  l eaf -  
l e t s  averaged 2.40 f ee t  per year i n  height growth whereas 
those with 1.50 percent nitrogen in  t h e i r  l e a f l e t s  averaged 
only 0.81 f ee t  per  year height growth. Less than 10 percent 
of the green ash plant ings examined were regarded as  s a t i s -  
factory, apparently because of unsui table s o i l  conditions. 
I n  contrast ,  nearly a l l  t he  pine plantat ions on s imi la r  
s i t e s  were growing well. 

Despite i t s  r a the r  exacting s o i l  requirements, green 
ash has been used with considerable success i n  attempts t o  
a f fores t  spo i l  banks resu l t ing  from strip-mine operations i n  
Pennsylvania, West Virginia, and the Central S ta tes  (6, 18). 
Survival i n  these plant ings usually has been high. Growth 
r a t e s  up t o  1 foot  per  year have been reported. Although 
these growth r a t e s  a re  much lower than on f e r t i l e  a l l uv i a l  
so i l s ,  they a r e  high enough t o  make green ash one of t he  
favored species fo r  strip-mine a f fores ta t ion  ( f i g .  2).  

B I O T I C  

A s s o c i a t e d  S p e c i e s  

Green ash i s  most common i n  the s i l v e r  maple-American 
elm, pin oak-sweetgum, sweetgum--yellow-poplar, sweetgum- 
Nuttal l  oak-willow oak, sugarberry-American elm-green ash, 
and overcup oak-water hickory cover types as  recognized by 
the Society of American Foresters  (32). 

I t  is a minor component of the bur oak and white oak- 
red oak-hickory cover types, and is an understory species i n  
the cottonwood, black willow, and loblo l ly  pine-hardwood 
cover types and i n  the most f e r t i l e  portions of the aspen 
cover type (17). 



Figure 2 .  --Green ash i s  one o f  the spec ie s  favored 
for p lant ing on s tr ip-mine spoi 1 banks. This p lant-  
a t i o n  i s  on f e r t i l e  s p o i l s  in  Fulton County, Ohio. 



I ts  most common associated species  a r e  boxelder (Acer 
negundo L.), red maple ( A .  rubrum L.), pecan (Carya i l l i n o -  
ens i s  (Wangenh.) K. Koch), sugarberry (Ce l t i s  laevigata 
W i l l d . )  sweetgum (Liquidambar s t y r ac i f l ua  L.), American 
sycamore (Platanus occidental is  L.), eas te rn  cottonwood 
(Populus del toides Bar t r . ) ,  p l a in s  cottonwood (P. s a rgen t i i  
Dode), quaking aspen (P. tremuloides Michx.), black willow 
(Sa l ix  nigra Marsh.), willow oak (Quercus phellos L.), and 
American elm (Ulmus americana L.) 

Figure 3 .  - - A  severe in fes ta t ion  o f  oys ter -  
she1 1 scale  on green ash. This i s  one o f  
several pests that a t tack the spec ies .  

I n s e c t  & D i s e a s e  P e s t s  

Many in sec t s  feed occasional ly on green ash (8, 25). 
One of t he  most se r ious  is the  oys te rshe l l  s ca l e  (Lepi- 
dosaphes ulmi (L.)), which is d i s t r i bu t ed  throughout t he  
Northeast and can cause considerable mortal i ty  among seed- 
l i n g s  and small t r e e s  ( f i g .  3). During t he  summer of 1958 
t h i s  s c a l e  was espec ia l ly  troublesome on spo i l  bank plant-  
ings i n  Pennsylvania. The carpenter  worm (Pr ionoxys tus 
robiniae (Peck)) bores i n t o  t he  heartwood of l a rge  limbs and 
trunks, permit t ing the  entrance of fungi.  The brown-headed 
ash sawfly (Tomoste thus mu1 t ic inc tus  Roh.) and t he  black- 
headed ash sawfly (Tethida cordigera (Beauv.)) occasional ly 



cause ser ious  defo-liation of shade t r ee s .  Unspecified 
borers  a r e  common i n  t rees  planted i n  the  she l t e rbe l t s  of 
t he  Great P l a in s  ( 2 4 ) .  

There a r e  several  diseases t h a t  i n  general a r e  of 
minor i m p ~ r t a n c e . ~  The fungus Mycosphaerella f r a r in i co l a  
(Schw.) House causes a leafspot  that.sometimes r e s u l t s  i n  
premature de fo l i a t i on  of young t rees .  Anthracnose 
(Gloeosporinm aridum (E l l .  & Tr.) Arth.) a l so  causes pre- 
mature defo l ia t ion ;  i t  is most ser ious i n  wet years. A r u s t  
caused by Puccinia peridermiopora (E l l .  & Tr.) Arth. causes 
d i s to r t i on  of pe t io l e s  and small twigs. The white mottled 
heartwood r o t  (Fomes fraxinophi lus (Pk.) Sacc.) gains 
entrance through wounds o r  broken branches and is most trou- 
blesome i n  the Midwest. I n  Texas and Oklahoma green ash 
showed intermediate suscep t ib i l i t y  t o  a root  r o t  caused by 
Phymat o t r  ichum omnivorurn (Shear) Duggar (38). The root  r o t  
damage i s  negl ig ib le  on l i g h t  s o i l s  but is a ser ious fac tor  
m i l i t a t i n g  against  the  plant ing of the  species  on heavy 
s o i l s .  I n  most nurseries  damping-off losses  a re  small. 

Anima 1 P e s t s  

The co t ton t a i l  rabbit ,  snowshoe hare, white-tailed 
deer, and three species  of b i rds  have been reported a s  feed- 
ing on green ash (37). In  repor t s  of na tura l  stands t he re  
is usually no mention of ser ious damage by animals. However, 
r abb i t s  and c a t t l e  may in ju re  unfenced she l t e rbe l t  plant- 
ings ( I ,  2 4 ) .  

F L O W E R I N G  A N D  F R U I T I N G  

Green ash i s  dioecious, t h a t  is some t r ee s  a r e  male, 
some female. Flowers a re  borne over the  e n t i r e  outer  por- 
t i on  of the l i v e  crown (42) .  Flowering has been observed 
on a 7-year-old t r e e  t ha t  was only 12 f ee t  t a l l .  Usually, 
however, flowering does not s t a r t  u n t i l  t r e e s  a re  3 t o  4 
inches i n  diameter and 20 f e e t  t a l l .  A high percentage of 
favorably s i t ua t ed  male and female t r ee s  of flowering s i z e  
flower annually and many female t r ee s  f r u i t  annually. The 
percentage of the t o t a l  t r e e s  t ha t  flower and f r u i t  regular- 
l y  is  higher than i n  white ash. 

'Alma M. Waterman, personal communication. 



The flowers of green ash appear before the leaf  buds 
s t a r t  t o  enlarge--in March o r  April  i n  Florida ( 5 ) ,  and 
l a t e  April  o r  ear ly  May i n  Pennsylvania ( 4 2 ) .  Male flower 
buds require  1 t o  2 weeks t o  pass from the unenlarged winter 
condition t o  completion of pollen-shedding. Within a stand, 
the range among individual t r e e s  i n  onset of pollen-shedding 
is 2 t o  3 days. Each individual t r e e  sheds pol len over an 
in te rva l  of 3 t o  4 days. The pollen, which is  wind dis-  
seminated, t r ave l s  r e l a t i ve ly  shor t  distances, most of i t  
f a l l i n g  within 200 o r  300 f e e t  of the source ( 4 0 ) .  

Flower-bud enlargement s t a r t s  a few days l a t e r  on 
female t r e e s  than on males. The stigmas of the female 
flowers a r e  recept ive as soon as they emerge from the bud, 
and they remain recept ive f o r  about a week ( 4 1 ) .  Receptiv- 
i t y  appears t o  end ju s t  before the  stigmas s t a r t  t o  wither. 
The female flowers and young f r u i t  a re  very s ens i t i ve  t o  
l a t e  spring f ro s t s .  

The technique of control led pol l ina t ion  i n  green ash 
is r e l a t i ve ly  simple ( 4 1 ) .  By bagging the  female flowers 
before they open, then in jec t ing  pollen from the  selected 
source i n to  the  bag a f t e r  the flowers open, s e t s  of 25 t o  50 
sound seeds per  panicle  of ten  can be obtained. 

Within a month a f t e r  po l l ina t ion  the samaras develop- 
ing from f e r t i l i z e d  flowers reach mature s i z e  (41) .  There 
seems t o  be no parthenocarpy (production of f r u i t  without 
po l l ina t ion) ;  unpollinated flowers o r  flowers pol l ina ted  by 
an unrelated ash species drop off  within the f i r s t  month. 
The growth and ripening of embryos lag  behind the growth of 
the samaras, and a r e  not completed u n t i l  l a t e  September o r  
ear ly  October. Seed ripeness can be determined eas i l y  i n  
the f a l l  by macroscopic examination of excised embryos. 
When r ipe  the embryo should be about 1 centimeter long, 
s l i g h t l y  l e s s  than 1 millimeter i n  diameter, white, and more 
firm than a c r i s p  car ro t .  

The seeds s t a r t  t o  f a l l  as  soon as  they r ipen and 
continue t o  f a l l  u n t i l  l a t e  winter o r  ear ly  spring. Most of 
the  seed is  wind-dispersed within a few hundred f e e t  of the  
parent t rees .  There is  also some dispersal  by water, but  
the importance of water as a long-distance d ispersa l  agent 
is  not known (36). 

V E G E T A T I V E  P R O P A G A T I O N  

Green ash of sapl ing o r  pole s i z e  sprouts readi ly.  
The resu l tan t  sprout clumps usual ly contain only one o r  two 
stems. 



Cuttings made from young t r e e s  root  r a the r  ea s i l y  
under good greenhouse root ing condit ions ( 1 4 ) .  However, no 
p rac t i ca l  way t o  root  cu t t ings  from older  t r e e s  has ye t  been 
developed. Green ash can be bench-grafted o r  f ie ld-graf ted  
successful ly by the  usual methods.1 Fortunately f o r  t h e  
po t en t i a l  g r a f t e r ,  a 5-year supply of understocks can be  
"stored" by severely root-pruning young seedl ings and heel- 
ing them i n  by groups of 50 o r  100. Most of t he  seedl ings 
w i l l  remain a l i v e  under such condit ions but  w i l l  grow s o  
l i t t l e  t h a t  they w i l l  supply an assortment of small under- 
s tocks whenever needed. Green ash understocks have been 
used successful ly with scions of several  o ther  ash species .  

For experimental purposes l imi ted  quan t i t i e s  of clo- 
na l  mater ia l  can be obtained ea s i l y  by severely pruning the  
tops and roots  of 2-year-old seedlings, s p l i t t i n g  the  rooted 
stumps longitudinal ly,  waxing the  open surfaces, and re- 
p lan t ing  the  s p l i t  port ions i n  a shaded and well-watered 
nursery.' I n  preliminary t e s t s  surv iva ls  of over 50 per- 
cent  were obtained even without the  precaution of waxing and 
shading t h e . s p l i t  port ions.  

S E E D  H A N D L I N G  

Seed is most ea s i l y  co l lec ted  from standing t r e e s  i n  
ear ly  October. Large quan t i t i e s  of seed can sometimes be 
swept up from roads i n  l a t e  October o r  ear ly  November. 

Green ash seed may be sown soon a f t e r  col lect ion,  o r  
i t  may be s tored  f o r  a year a t  room temperature without 
se r ious  l o s s  of v i a b i l i t y  . However, t he  germination per- 
centage probably decreases somewhat during such storage, 
The longest successful  s torage recorded w a s  f o r  8 years - (3) .  
That seed was kept a t  a temperature of 41" F. and a t  a mois- 
t u r e  content of 7 t o  10  percent.  

Freshly co l lec ted  green ash seed i s  dormant because 
of an impermeable seed coat  (7,  26, 33) .  This dormancy can 
be overcome by moist s t r a t i f i c a t i o n  f o r  60 t o  90 days a t  re- 
f r i g e r a t o r  temperatures (36). The dormancy of green ash is 
more e a s i l y  overcome and the germination percents  a r e  usual- 
l y  higher than f o r  o ther  commonly grown ashes. 

I n  nature and i n  most nurser ies  t he  need f o r  s t r a t i -  
f i ca t i on  i s  avoided by sowing the  seed i n  the autumn. The 
bes t  procedure is t o  place the seed about 4 inch deep i n  a 
f e r t i l e  mineral s o i l  and t o  mulch i t  over winter.  Of course, 
i n  nature most seeds do not  reach the  optimum depth, and 
seed mor ta l i ty  is exceedingly high. 



S E E D L I N G  D E V E L O P M E N T  

A N D  E A R L Y  G R O W T H  

I n  t he  l a t i t u d e  of Pennsylvania, fall-sown seeds ger- 
minate i n  ear ly  May. The seedl ings a r e  epigeal ;  t ha t  is, 
a f t e r  germination the  cotyledons a r e  above ground. Germi- 
nation of ten  w i l l  be hastened by shading the  seedbeds t o  
conserve moisture i n  the  upper s o i l  layers .  However, with 
adequate moisture t he  seedlings grow bes t  i n  f u l l  sunl ight ;  
therefore, removal of the shades 2 t o  3 weeks a f t e r  germi- 
nation usually i s  advisable i f  the  beds can be watered. 
Damping-of f losses  usually a r e  s l i g h t .  

Under good (not  necessari ly optimum) nursery condi- 
t ions, seedl ings grow about 1 foot  t a l l  the f i r s t  year and 
another 14  f ee t  t he  second season. For such growth they 
probably need a growing spgce of about 4 square foot  the  
f i r s t  year and 1 square foot  the second year. However, 
they can survive a t  l e a s t  2 o r  3 years under more in tense  
weed competition o r  overcrowding than o ther  common bottom- 
land hardwoods such as  eastern cottonwood and American elm, 
whether i n  the  nursery o r  i n  the wild. Under these less -  
than-optimum conditions t he  seedlings may grow only 2 o r  3 
inches per year. 

I n  cen t r a l  Massachusetts provenance t e s t s ,  no d i f -  
ferences were noted i n  the da t e  at  which green ash seedl ings 
s t a r t e d  growth i n  the spring ( 3 9 ) .  On the o ther  hand, there  
were genet ic  differences i n  the  date  of cessat ion of growth. 
Trees of northern o r ig in s  completed height growth and s e t  
terminal buds by l a t e  June, and shed t h e i r  leaves i n  l a t e  
September before the  f i r s t  f r o s t .  This stock was winter- 
hardy. I n  contrast ,  t r e e s  of southern o r ig in s  exhibi ted an 
indeterminate growth habi t  and retained 1 ive  green leaves 
a f t e r  the  f i r s t  severe f r o s t .  Seedlings of the  most south- 
ern o r ig in s  died back nearly t o  t he  ground the  f i r s t  winter. 

Green ash nursery stock crui stand severe mishandling 
during the dormant season without dying. Even aftel) expo- 
sure  of the roots  t o  open a i r  f o r  several  minutes, o r  a f t e r  
pruning the  roots  t o  within an inch of the  root  co l la r ,  
seedlings can be forced i n t o  making 6 o r  8 inches of growth 
the  f i r s t  season. A s  mentioned before, seedlings w i l l  re- 
main a l i v e  4 o r  5 years a f t e r  being heeled-in i n  l a rge  
bundles. Untransplanted seedl ings t ha t  have suffered from 
crowding o r  shading exhib i t  t h i s  same a b i l i t y  f o r  prompt 
recovery a f t e r  re lease .  

Uninjured nursery seedl ings develop no s ide  branches 
during the f i r s t  year, no matter  how favorable t he  growth 
conditions. On vigorous seedl ings the uppermost 1 o r  2 
pa i r s  of l a t e r a l  buds develop i n t o  branches during the 



second o r  t h i r d  year ;  weak seed l ings  may remain f r e e  of 
branches f o r  severa l  years.  I n  both seed l ing  and l a t e r  
s t ages  green ash is branchier  than white ash. 

Figure 4.--When a green ash seed l ing  i s  
ben t ,  or planted crooked, a sprout dev- 
elops from the base t o  become the  new 
leader. 

I f  t h e  terminal bud is  removed during t h e  growing 
season from seedl ings  of southern o r ig in ,  branches develop 
on t h e  cur ren t  y e a r ' s  growth (39). Pecu l ia r ly ,  these  
branches a r i s e  from advent i t ious  buds above t h e  already- 
formed l a t e r a l  buds, not  from the  buds t h a t  were p resen t  be- 
f o r e  t h e  i n j u r y  occurred. The dominance exer ted by t h e  
a p i c a l  bud can a l s o  be l o s t  i f  t h e  seed l ing  is  bent  o r  
planted crooked. I n  such a  case  a  sprout  develops from t h e  
base of the  t r e e  and takes  over  as a new v e r t i c a l  l eader  
( f i g .  4) .  



Apical dominance is usual ly s t rong enough i n  vigorous, 
uninjured, open-grown t r e e s  so  t ha t  they have a s ingle ,  
s t r a i g h t  stem u n t i l  they a r e  15 o r  more f e e t  t a l l .  I f  t he  
apical  dominance is l o s t  by t he  removal of the  terminal bud, 
the uppermost l a t e r a l  branch quickly takes over and re- 
a s se r t s  dominance over the lower branches. I n  slowly grow- 
ing, shaded specimens the  tendency f o r  quick reasser t ion  of 
ap ica l  dominance following deer nipping o r  f r o s t  in jury  t o  
t he  terminal bud is much l e s s  pronounced. A s  a consequence, 
understory seedl ings frequently have poor stem form. 

S A P L I N G  S T A G E  T O  M A T U R I T Y  

I n  about 1,000 s h e l t e r b e l t s  i n  t he  Great Plains ,  
green ash averaged 1 .3  f e e t  per year height growth f o r  i t s  
f i r s t  6.5 years  ( 2 4 ) .  Open-grown t r e e s  planted on a f e r t i l e  
s o i l  i n  Phi ladelphia  grew 45 t o  55 f e e t  t a l l  and 8 t o  12 
inches i n  diameter i n  21 years .  These growth r a t e s  a r e  
lower than those reported f o r  white ash. There a r e  few da t a  
on t he  growth r a t e s  o r  volumes of t r e e s  grown under s tand 
conditions. 

I n  most areas  t h i s  species  reaches heights  of 50 t o  
60 f e e t  and diameters breas t  high of 14  t o  2 f e e t  (29) .  I t  
a t t a i n s  l a r g e r  average maximum s i z e s  i n  t he  bottomlands of 
the Central  S t a t e s .  D r .  C. A. Schenk reported f inding a 
t r e e  138 f e e t  t a l l  and 5 f e e t  i n  diameter along t he  Wabash 
River i n  Indiana. The l a rges t  l i v ing  green ash on record is  
i n  Big Oak Tree S t a t e  Park, Missouri. I t s  height,  diameter 
b reas t  high, and crown spread a r e  respect ively 106 fee t ,  4.4 
fee t ,  and 79 f e e t  (2) .  

Sapling and mature green ash t r e e s  a r e  usual ly 
branchier and more crooked than a r e  white ash t r e e s  grown a t  
s imi la r  spacings. 

The root  systems of green ash and 30 o ther  she l t e r -  
b e l t  species  i n  a snow-trap p lan t ing  i n  North Dakota were 
s tudied by Yeager ( 4 4 ) .  The s o i l  was a Fargo clay, with a 
3-foot l aye r  of black surface s o i l  overlaying a l i gh t -  
colored, calcareous, clayey s o i l  with no hardpan. The s o i l  
was poorly drained and was wet i n  ea r ly  spring;  l a t e r  i n  t he  
season t he  water t ab l e  was a t  a depth of 15 f e e t  o r  more. 
O f  a l l  species  studied, green ash had t he  fourth most ex- 
tensive root  system. The roo ts  of t r e e s  38 f e e t  t a l l  had 
penetrated 48 f e e t  l a t e r a l l y  and 3.6 f e e t  downward; they 
were about equally d i s t r i bu t ed  among the  upper 3 f e e t  of 
soiL. 

Excavations of green ash root  systems i n  nearby a reas  
showed v e r t i c a l  root  penetrat ion of 3.2 f e e t  i n  un i r r iga ted  
sandy and clay s o i l s  and of 4.5 f e e t  along t he  edges of 



sloughs. The extensive root  systems undoubtedly cont r ibute  
t o  a high degree of wind-firmness i n  green ash. According 
t o  Hopkins' repor t  on wind damage t o  t r e e s  a t  Hays, Kansas, 
green ash was the only species  among those commonly planted 
there  t ha t  was not se r ious ly  damaged i n  1951 by summer wind 
storms (13 ) .  

T O L E R A N C E  

A N D  P L A C E  I N  S U C C E S S I O N  

Green ash is in to l e r an t  t o  moderately to le ran t .  I t  
comes i n  ea r ly  i n  succession on a l l u v i a l  so i l s ,  e i t h e r  as a 
pioneer species  o r  following eas te rn  cottonwood, quaking 
aspen, o r  black willow (31, 32 ) .  I t  is l e s s  able t o  maintain 
i ts pos i t ion  i n  the  crown canopy than its more rapidly grow- 
ing associates  such as red maple and American elm. For t h i s  
reason the  percentage of ash usual ly decreases with increas- 
ing age i n  mixed elm-ash-maple stands. 

Green ash is composed of t h r ee  o r  more geographic 
ecotypes ( o r  possibly port ions of c l ines) .  The t r e e s  be- 
longing t o  these ecotypes a r e  ea s i l y  dis t inguishable when 
growing under uniform conditions i n  a nursery but not  when 
growing na tura l ly .  For t ha t  reason they a r e  not given Lat in 
v a r i e t a l  o r  subspecif ic  names. 

l e u l i  and Sh i r l ey  demonstrated the  presence of th ree  
d i f f e r en t  ecotypes i n  the Great P la ins  (22) .  The popula- 
t i on  from the  arid, northwestern p a r t  of the  species '  range 
was more drought-resistant than tha t  from the moister 
cen t r a l  Great Plains.  Meuli and Shi r ley ' s  ecotypes may o r  
may not be i den t i ca l  with those from eas te rn  United S t a t e s  
s tudied by Wright (39) .  The l a t t e r  d i f fe red  from each o ther  
i n  several  cha rac t e r i s t i c s .  As compared t o  the  Coastal 
P l a in  ecotype (Virginia, North Carolina, and South Carolina) 
t he  Northern S t a t e s  ecotype (Maine t o  Minnesota) grew more 
slowly, had greener pet ioles ,  was more winter hardy, and 
the  leaves were l e s s  subject  t o  damage by f a l l  f ro s t s .  A 
s i ng l e  progeny from New York was intermediate between the  
above northern and southern ecotypes i n  the  cha rac t e r i s t i c s  
named. A l l  t r e e s  examined were diploid, with 2n = 46 chro- 
mosomes. 

The presence o r  absence of s o i l  o r  a l t i t u d i n a l  eco- 
types i n  the species  has not  ye t  been demonstrated. How- 
ever, there  are a few da t a  on individual  t r e e  variat ion.  I n  



one small t e s t  c lonal  differences i n  hardiness of the  leaves 
t o  growing season f r o s t s  were demonstrated among the  open- 
pol l ina ted  of fspr ing  of a s ing l e  female parent. Randomly 
d i s t r i bu t ed  var ia t ion  i n  pubescence and samara shape is pre- 
sumed t o  be under genet ic  control .  

Taxonomic analyses ind ica te  t ha t  a l l  the  genet ic  
var ia t ion  described up t o  t h i s  point  arose within the  spe- 
c i e s  r a the r  than as  the  r e s u l t  of introgression.  The green 
ash i s  j u s t  as  d i s t i n c t  from other  sympatric species  a t  the  
northern as a t  the  southern pa r t  of i t s  range. 

Attempts have been made t o  c ross  green ash a r t i f i -  
c i a l l y  with three  o ther  species--white ash, velvet  ash, and 
European ash ( F .  e x c e l s i o r  L.) ( 4 1 ) .  The cross  green X vel- 
vet  ash was cons is ten t ly  successful,  gave high seed se ts ,  
and yielded iden t i f i ab l e  hybrids t ha t  grew about as  f a s t  as  
the eastern parent.  The o the r  two combinations yielded no 
iden t i f i ab l e  hybrids. 

Berlandier ash ( F .  b e r l a n d i e r i a n a  A. D.C. of L i t t l e  
(19)  = F ,  p e n n s y  l v a n i c a  spp. p e n n s y  l v a n i c a  of Mil ler  ( 2 3 ) )  
of Texas and northern Mexico i s  a closely re la ted  species  
t ha t  probably intergrades with green ash i n  Texas. There 
has been no de ta i led  analysis  of the  border zone between 
the two species. 

The pumpkin ash ( F. t o m e n t o s a  Michx.) is  a r a r e  
hexaploid (211~138 chromosomes) species  of the Coastal P l a in  
and the Mississippi Valley (43) .  I ts  leaves, twigs, flowers, 
and f r u i t  a re  l a rge r  than those of green o r  white ash but 
qua l i t a t i ve ly  s imi la r  to  one o r  the  other  of those two 
species. Annotations on o ld  herbarium specimens i n  the  
major herbaria  of the eastern United S ta tes  show tha t  pump- 
k in  ash nearly always occurs near one o r  both of the o ther  
two species;  i n  Tippecanoe County, Indiana, there is a 
na tura l  stand with a l l  three species present.  The pa t te rns  
of morphological var ia t ion  and geographical d i s t r i bu t ion  
taken together comprise s trong evidence fo r  the  view t h a t  
pumpkin ash is  a true-breeding polyploid der iva t ive  of a 
cross  between a diploid green ash and a te t rap lo id  white 
ash. 
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%is is one of a s e r i e s  of 15 s i l ~ i c a l  papers t o  be 
published by the  Northeastern Fo res t  Experiment S t a t i o n .  
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*Sweet birch 
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Red maple 
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* E t c h  pine 
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