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FOREW ORD

T he S ixth C om m onw ealth  F o restry  C onference, a t 
its m eeting in  C an ad a  in  1952, accepted a  recom m en­
da tion  m ade  by its C om m ittee o n  F o res t M anage­
m ent, S ilviculture a n d  F o res t P ro tec tion  w hich was 
expressed in  th e  follow ing w ords:

‘ A  deta iled  accoun t o f the use o f  exotic 
species in  th e  C om m onw ealth , based  partly  on 
in fo rm ation  supplied  to  the T h ird  B ritish  E m pire  
C onference, was given by the  la te  Professor 
R .S . T ro u p  in  h is bo o k  E xo tic  Forest Trees in the 
British Em pire  (1932). M uch  experience has been 
gained since th a t da te  a n d  it  is recom m ended 
th a t th e  S tand ing  C om m ittee should  a rrange fo r 
its collection in  a  s tandard ised  fo rm  fo r p resen­
ta tio n  to  the nex t C om m onw ealth  F orestry  C on­
ference.’

T he  S tand ing  C om m ittee ap p o in ted  a sm all su b ­
co m m ittee , u n d er the  C hairm ansh ip  o f  M r. M . V. 
L aurie , to  give effect to  th is recom m endation , an d  
this sub-C om m ittee drew  up  a s tan d ard  fo rm  (see A p­
pendix, page 166) fo r the subm ission o f  in fo rm ation , 
w hich they sent to  each  F o res t D ep artm en t in  the 
B ritish  C om m onw ealth , po in ting  o u t th a t the Sixth 
C om m onw ealth  C onference h a d  resolved th a t the 
in fo rm ation  on  exotics, fo r w hich they w ere asking, 
shou ld  be  p resen ted  to  the Seventh C onference in 
A ustra lia  in 1957.

T his pub lica tion  is the  response o f  G rea t B rita in  to  
th e  request o f  th e  C om m onw ealth  C onference. 
N ecessarily, it is a  long  docum ent. T he  in troduc tion  
o f  alien trees has been going on  fo r several centuries, 
an d  th e  clim ate o f  th e  B ritish  Isles perm its th e  culti­
va tion  o f  a very large n u m b er o f  exotics from  all 
p a rts  o f  th e  w orld , som e o f  w hich have succeeded so 
well th a t they have becom e th e  stap le  species in 
B ritish  forestry. F o r  this reason , it was th o u g h t th a t 
this rep o rt m ight be o f  general in terest, an d  the 
F orestry  C om m ission  has therefo re  decided to  m ake 
it  available to  th e  pub lic  as one o f  th e ir series o f 
Bulletins.

In  p reparing  this repo rt, we have follow ed gener­
ally th e  form  prescribed by th e  S tand ing  C om m ittee 
o f  the C onference in dealing w ith th e  m ost im por­
ta n t exotic trees in  use in this coun try  a t  th e  presen t 
day, a lthough  we have m odified it  slightly  here and  
there as c ircum stances dem anded. F o r  trees 
w hich are  used to  som e extent in th e  forest 
b u t are  o f  m in o r im portance, we have follow ed 
the s tan d ard  fo rm  as far as it w as possible

to  do  so w ith  the in fo rm ation  a t ou r d is­
posal ; b u t there is, inevitably, som e unevenness in 
th e  trea tm en t o f  species in this class. A s fo r the 
o thers, we have given separa te  notes on  those exotic 
trees w hich have been tried  occasionally  in  sm all 
p lo ts  o r  p lan ta tio n s an d  o f  w hich we have a record , 
b u t we a re  conscious th a t this m ethod  o f  p rocedure  
has led  to  the inclusion o f  som e trees o f  no  con ­
sequence a t  all, solely because som eone has p lan ted  
them  on  a  sm all scale, a n d  the exclusion o f  o thers 
w hich m ay  actually  be com m on in th e  coun try  as 
o rnam en ta l trees, a n d  the possibilities o f  w hich 
m ay  be greater. W e have tried  to  preserve an  even 
balance a n d  to  give m ost space to th e  trees w hich 
deserve it an d  in  th is we th in k  we have been success­
ful. W e m ust, how ever, d raw  a tten tio n  to  the accoun t 
o f  the  genus Eucalyptus, a  genus o f g reat h o rticu l­
tu ra l an d  silv icultural in terest, b u t a t  the sam e tim e 
o f  n o  fo rest im portance  here. I t  has been given m uch 
m ore  space th a n  it  deserves if  it is regarded  as a 
fo rest tree in G rea t B rita in , b u t we felt tha t, in  view o f  
its w orld-w ide im portance, it m igh t be o f  im portance 
to  fo resters in  o th e r countries to  know  how  different 
species o f  E ucalyptus have behaved in  conditions 
w hich a re  extrem ely difficult fo r them . In  dealing 
w ith  th e  aw kw ard  subject o f  nom enclature  we have 
follow ed R ehder in  h is M anual o f  C ultivated Trees 
and Shrubs, a n d  w here th is has led us to  em ploy a 
b o tan ica l nam e n o t in  com m on use, th e  custom ary  
nam e is given as well.

In  com piling this rep o rt we have received help 
from  m any o f  o u r colleagues. M r. G . G . S tew art, 
M r. R . F au lkner, M r. R . L ines a n d  M r. T . R . Peace 
have all w ritten  sections on genera an d  species. M r. 
Peace has also prov ided  m uch in fo rm ation  on  d is­
eases an d  general patho logy , w hile D r. M . C rooke 
has con trib u ted  th e  in fo rm ation  w hich is given on 
insect pests. D a ta  on  p roduc tion  an d  ra tes o f  grow th 
have been provided  by D r. F . C. H um m el an d  on  
dim ensions o f indiv idual specim en trees by M r. A . F . 
M itchell. M r. J. D . M atthew s has helped us by giving 
in fo rm ation  ab o u t seed p ro d u c tio n  an d  vegetative 
p ro paga tion , w hile we have depended  on  M r. E . G . 
R ichards an d  M r. J. R . A aro n  fo r assistance in  p re ­
p arin g  the sections on  tim ber an d  utilisation . O thers 
o f  o u r colleagues have also helped us in num erous 
w ays including M r. G . D . K itchingm an, the 
L ib rarian , w ho has p rovided  lite ra tu re  references. 
M r. H . L. E dlin  has dealt w ith the rep o rt in its
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final stages a n d  has seen i t  th rough  the press.
F o r  perm ission to  rep roduce  th e  d iagram s in  

C hap te r 2  w e a re  indeb ted  to  M essrs. S. G regory  
(Fig. 4), an d  H . L . P enm an  (Fig. 6) an d  th e  M eteo ro ­
logical Office (Figs. 1, 2, 3, 5 an d  8). T he  M eteoro ­
logical Office a n d  M r. E . G . B ilham  have also  k indly  
agreed to  the  rep roduc tion  o f  th e  d a ta  in  T ables 2, 3 
and  4.

FORESTRY COMMISSION,
25, Savile R ow ,
L ondon , W .l.
A pril, 1957

T hanks a re  also due  to  th e  m any landow ners w ho 
have given facilities fo r th e  m easurem ent a n d  reco rd ­
ing o f  th e ir specim en trees a n d  p lan ta tions an d  to  
those w ho have m ade available to  u s the ir ow n 
records o f  ou ts tand ing  trees.

J a m e s  M a c d o n a l d  
R .  F .  W o o d  
M . V . E d w a r d s  
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PART I

General Considerations 
affecting Exotic Forest Trees 

in Great Britain
Chapter 1 

THE PLA C E OF EX O T IC  TREES IN  B R IT IS H  SIL V IC U L T U R E

T here  a re  few  countries in  th e  w orld  in  w hich 
exotic trees p lay  a  m ore  im p o rtan t ro le  th an  in 
G rea t B rita in  w here it  is now  im possible to  m ake 
even th e  sho rtest jou rney  w ithou t seeing, in forest 
o r w oodland , in  p a rk  o r  garden, a  diversity o f  trees 
d raw n from  m any different p a rts  o f th e  w orld . So 
fam iliar have m any o f  them  becom e, th a t it is h a rd  
to  regard  them  as alien in  orig in ; so long have they 
been established here  an d  so well have they adap ted  
them selves to th e  soils an d  the clim ate o f  th is island, 
th a t they  now  have all th e  appearance  o f  na tive  trees. 
T he g rea t variety  o f  species, grow ing in  G rea t 
B rita in , is a p t to  obscure the relative poverty  o f  ou r 
na tive  flo ra  in  trees, a  poverty  w hich is m ore  p ro ­
n ounced  in  th e  conifers, o f  w hich o u r sole indigenous 
representatives a re  the Scots pine, th e  yew a n d  the 
jun iper. O f these, only the Scots p ine is a  tim ber 
tree, fo r th e  yew rarely  a tta ins size and  shape suitable 
fo r conversion  an d  th e  ju n ip er is scarcely ever m ore  
th an  a  scrubby bush. A m ong b road leaved  trees, 
there  is n o t so g rea t a  d isparity  betw een indigenous 
a n d  exotic, b u t, even in  this g roup , im p o rtan t and  
fam iliar trees such as the sycam ore, th e  ho rse  chest­
n u t an d  th e  plane, as well as o thers o f  sm aller con ­
sequence, have undoub ted ly  been in troduced  w ithin 
h isto ric  tim es.

T he general poverty , in  species, o f o u r na tive  flora 
is, partly , due to  th e  geographical s itua tion  o f  the 
B ritish  Isles, and , partly , th e  resu lt o f  recen t geo­
logical h isto ry . T he  indigenous w ood land  o f  G rea t 
B rita in  fo rm ed  p a r t  o f  th e  D eciduous F o res t o f 
W estern  E urope, bu t, in  th e  H ighlands o f  S cotland, 
a n d  possib ly  elsewhere, there  w ere forests, dom in ­
a ted  by th e  Scots pine, fo rm ing  an  o u tlie r o f  the 
N o rth e rn  C oniferous F o res t. In  G rea t B rita in , a t 
the  very extrem ity o f  E u rope , the native w oodlands

w ere lacking in  certa in  species w hich occur na tu ra lly  
in  the sam e types o f  fo rest on  the C on tinen t; thus, 
the N orw ay  spruce was absen t from  the C oniferous 
F o res t in B rita in , th ough  p resen t elsewhere in  
E urope, w hile the beech appears to  have been native 
only  in  the  so u thern  p a r t o f  E ngland, an d  absen t 
from  the  deciduous forest, dom inated  by oak , in  the 
rest o f  th e  country . T he severance o f  G rea t B rita in  
from  the co n tin en t o f  E urope, w hich to o k  place in  
the A tlan tic  period , m ust have prevented  the m i­
g ra tio n  in to  the coun try  o f  several species w hich 
have since been in troduced  by m an.

A  coun try , w hich uses exotic tim ber trees 
m ay do  so fo r several reasons o r  fo r one 
in particu la r, b u t in  general it is im pelled 
to  th is ac tion  either because its native forest 
is scanty, or, because its forest flora is chiefly 
com posed  o f  species w hich are  n o t w holly suitable 
fo r its trad e  a n d  industria l requirem ents. F o r  b o th  
reasons, exotics a re  now  being used  in this country  
b u t it  is necessary to  p o in t o u t th a t they were n o t 
in troduced  originally  w ith either o f  those purposes in  
m ind. T he story  o f  the in troduction  o f  exotic trees in to  
G re a t B rita in  is a  long one, going back, probably , 
to  the  beginnings o f  reco rded  histo ry , an d  certain ly  
gathering  m om en tum  from  the sixteenth century  
onw ards. H ere  a n d  there, no  doub t, a  tree m ay have 
been deliberately  in troduced  w ith a view to  econom ic 
use, b u t m ost o f  the in troductions w ere b ro u g h t in  by 
persons w ho w ere interested  in  them  as subjects fo r 
cu ltiva tion  in  gardens an d  parks, fo r em bellishm ent 
ra th e r th a n  fo r the p ro duc tion  o f  tim ber. T he great 
developm ents w hich to o k  place in  the sixteenth, 
seventeenth, e igh teen th  a n d  n ineteen th  centuries, an d  
w hich have persisted  in to  the tw entieth, w ere b rough t 
ab o u t by the opera tio n  o f  certa in  factors, som e o f
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2 P L A C E  O F  E X O T I C S  I N  S I L V I C U L T U R E

w hich are  still a t w ork. In  the first place, S outhern  
E ngland , from  the M iddle Ages onw ard , has been a 
w ealthy coun try  an d  the Industria l R evolu tion  
sp read  w ealth  to  o th er p a rts  o f  B rita in  du ring  the 
n ineteen th  century . T his m ade  it  possible n o t only 
to  finance p lant-co llecting  expeditions, bu t also to 
p rovide su itab le  settings fo r th e  exotics, w hen they 
cam e in, an d  expert a tten tio n  in  their cultivation. 
Secondly, the  enorm ous g row th  o f  m aritim e trad e  
an d  the acquisition  o f  colonies an d  territo ries all over 
the w orld , p rov ided  innum erable  oppo rtun ities fo r 
the collection  o f  seed a n d  the in tro d u c tio n  o f  plan ts 
in to  the m o th e r coun try , oppo rtun ities w hich were 
taken  advan tage  o f  fully. In  the th ird  place, G reat 
B ritain  has p roduced  a long an d  em inent succession 
o f  explorers an d  plan t-co llectors, the nam es o f  m any 
o f  w hom  are  fam iliar to  all, w ho by the ir en terprise 
an d  determ ination  b rough t to  light th e  richness o f  
the forest vegeta tion  in m any a  rem ote an d  difficult 
region. Lastly, som e cred it m ust be allow ed to  the 
clim ate  o f  this coun try , w hich, despite its vagaries, 
has been k ind, o n  th e  w hole, to  alien p lants.

Speaking qu ite  generally, one m ay  say th a t an 
exotic tree passes th rough  th ree  stages before it is 
accepted  fo r w idespread use in  the forest. In  the 
first stage, on  first in troduc tion , it is p lan ted  as a 
specim en tree  in  gardens, a rb o re ta  o r  parks, usually 
on  to lerab ly  good  lan d  an d  in  p laces w here skilled 
cu ltiva tion  can be given. T his testing  period  serves 
to  exclude those  trees w hich a re  misfits in  the clim ate, 
an d  it so rts those rem ain ing  in to  trees w hich grow  
vigorously an d  well, a n d  those w hich survive 
w ithou t distinguishing them selves in  any  way. The 
second stage is the tria l o f  the m ore  prom ising 
a rb o re tu m  species and , occasionally , o f  som e o f  the 
less prom ising, in  sm all p lan ta tio n s o r  plots. This 
gives the opp o rtu n ity  o f  determ in ing  how  a  species 
will fare, n o t as a  single specim en, b u t as a p lan ta tion  
an d  how  it w ill s tan d  the rougher trea tm en t w hich 
p lan ting  as a fo rest tree im poses on  it. T ria l p lo ts o f  
this so rt a re  also useful in com paring  the g row th  in 
forest cond itions o f  several species o f  the sam e genus, 
the differences betw een w hich m ay be m ore  easily 
d istinguished in p lan ta tio n  fo rm  th an  as a rbore tum  
trees. M any species, som e long in troduced , have never 
passed beyond  the stage o f  tria l plots. T he th ird  
stage is the use o f  chosen species in  forest p lan tations, 
alm ost alw ays o f  lim ited  extent, an d  this stage places 
the exotic u n d er fu rth er test, because the selected 
trees o ften  find them selves on  m ore difficult sites 
than  they h ad  h ith e rto  m et w ith, w ith the resu lt th a t 
lim itations in  the possib le use o f  the tree begin to  be 
revealed.

It has usually  h appened  th a t only after these three 
stages have been passed, does an  exotic becom e o f  
w idespread an d  general use. T here  are, how ever, 
ce rta in  o th e r cond itions w hich m ust be satisfied

before this becom es possible, fo r the tree m ust be 
easy to  re a r in  the nursery  an d  to  establish  in  the 
forest, an d  a  regu lar supply o f  seed m ust be available. 
O ne can  th ink  o f  trees w hich w ould  be used m ore 
freely if  those cond itions cou ld  be met.

In  G rea t B rita in , we are  fo r tu n a te  in hav ing  a  
splend id  series o f  a rb o re ta , a lm ost all p lan ted  by 
private  ow ners an d  a lm ost all still in  p riva te  posses­
sion. A lthough  it  is no longer possible fo r m ost 
p rivate  p ro p rie to rs  to  m ain ta in  these collections in  
the am ple style o f  fifty years ago, m any o f  them  are 
still in  very good  cond ition  an d  every one o f  them  
has som ething to  teach. I t  is encouraging, too , to  
find th a t th is in terest in a rbo ricu ltu re  is still strong  
and  th a t new  collections a re  being form ed. T he 
F orestry  C om m ission is sharing  w ith  th e  R oyal 
B otanic G ardens, Kew, the w ork  o f  m ain ta in ing  the 
N a tio n a l P inetum  a t B edgebury in  K en t (F orestry  
C om m ission, 1955) and  it has recently  acqu ired  the 
ce lebrated  a rb o re tu m  o f  W estonbirt, on  the borders 
o f  G loucestershire an d  W iltsh ire, w hich has a 
rem arkab le  collection  b o th  o f  b road leaved  a n d  co n i­
ferous trees (Jackson, 1927). A ll these collections 
represen t the v ital first step in  the study o f  exotic 
trees; there  a re  m any exotics still w o rth  study  a t this 
stage, fo r a lthough  the exotics, w hich are  o f  m ost 
im portance  in B ritish  forestry, a re  know n and  
reasonably  well understood , it is a  m easure o f  p ru ­
dence to  have som e o th er trees available in  reserve, 
in case som e disease o r  pest pu ts the favourites to  
hazard . T here  is also the possibility  tha t, fo r sites 
o f  special difficulty, som e tree, n o t yet tried , m ay be 
found  ab le  to  ad a p t itself to  the ir conditions.

T rial p lo ts o f  exotic species are  fo u n d  all over the 
country , on  p rivate  estates an d  in the forests o f  the 
Forestry  C om m ission, an d  the lite ra tu re  show s th a t 
m any o thers existed in  private  w oodlands during  the 
last century , w hich have now  d isappeared. L arger 
trials, in  w hich a  num ber o f  exotic species have been 
set out, side by side, have also  been conducted ; an d  
there a re  excellent exam ples in the F o res t o f  D ean  
(M acdonald , 1931), a t Bagley W ood, n ear O xford, 
a t  the R oyal A gricu ltu ra l College, C irencester 
(Jam es, 1951) an d  a t C rarae , in Argyll. M ore 
recently, the F o res try  C om m ission has established 
sets o f  p lo ts o f  th is k ind , com paring  a large num ber 
o f  species, a t B eddgelert in N o rth  W ales, a t  Ben- 
m o re in  Argyll, an d  elsewhere. In  this so rt o f  w ork , it 
is m ost im p o rtan t to  keep adequate  records, and  
m any o f  the o lder trials on  private  estates have lost 
m uch o f  the ir value fo r this reason. By studying  
w hat is left, one can o b ta in  m uch  useful in fo rm ation , 
even if  no  w ritten  records have survived; b u t m uch 
is lost, an d  especially th e  know ledge, w hich m ay be 
qu ite  im portan t, o f  w hat has been tried  and  has 
failed com pletely. In  a  large organ isa tion , such as a 
sta te  fo rest service, it is possib le to  fr itte r aw ay m uch
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lab o u r an d  m oney in  conducting  trials o f  exotics in 
this way an d  careful p lann ing  o f  the w ork  is highly 
desirable. T his is a  m atte r to  w hich th e  F o res try  
Com m ission have h a d  to  pay  a tten tio n  lately.

O ne curious fea tu re  o f  exotic trees in  G rea t 
B rita in  is th a t very few o f  them  have succeeded, even 
after several centuries, in  becom ing w holly n a tu ra l­
ised, in  the sense th a t they can  m ain ta in  an d  extend 
their position  by n a tu ra l seeding. T he ou ts tand ing  
exam ple o f  a  tree, w hich has so succeeded, is the 
sycam ore (Acer pseudoplatanus), a  native o f  the 
C on tinen t o f  E urope, w hich w as in troduced  p ro b ­
ably in the early  M iddle Ages (Jones, 1944) an d  which 
is now  spreading in  m ost p a rts  o f  the coun try  w ith 
great vigour. F o r  th is reason, it has no t been dealt 
w ith as an  exotic in  these pages. O n  the o th e r hand , 
N orw ay spruce, w hich was p robab ly  b rough t in  be­
fore the end  o f  the sixteenth century , has never show n 
any sign o f  establishing itself na turally , regeneration  
being spasm odic and  generally uncom m on, while 
the E u ropean  larch, w hich has been w ith us fo r 
nearly fo u r centuries, though  regenerating  freely in 
som e seasons and  in  som e localities, has so fa r  given 
little evidence o f  m ain tain ing  itself natu rally  in  the 
coun try  as a whole. B o th  these trees, therefore, long 
established an d  fam iliar as they are, m ust be re­
garded as exotics still, and  as such, they are discussed 
in this w ork. F o r the purposes o f  this study, we have, 
therefore, included as exotics all those trees w hich are  
know n o r  believed to  have been in troduced  an d  
w hich have no t becom e naturalised , in th e  sense 
referred to . T here will prove to  be som e anom alies, 
no doub t, am ong w hich the Spanish  chestnu t 
(Castanea saliva) is the m ost ou tstand ing . W e have 
excluded th is tree, in troduced  probab ly  in the very 
d istant past, m ainly because it is very well e s tab ­
lished in certa in  districts, a lthough  stric t app lication  
o f  the ru le ju s t m en tioned  w ould  n o t shu t it ou t 
a ltogether from  the list o f  exotics.

T he use o f  exotic trees in forestry  p robab ly  began 
seriously in  the eighteenth  cen tury  w ith  the N orw ay 
spruce, b u t this is a  tree  ab o u t w hich we have su r­
prisingly little  in fo rm ation . A t the sam e tim e, the 
E u ropean  silver fir (Abies alba), was also used bu t 
here again  little precise in fo rm ation  is available. W e 
canno t exclude the possibility  th a t som e exotic 
broadleaved trees w ere also p lan ted  a t an  early  date, 
but here  again  we have no  secure sources o f  know ­
ledge. T he first exotic to  be used on  a large scale, as a 
forest tree, o f  w hich we can  be qu ite  certa in , is the 
E uropean  larch  w hich was widely p lan ted  on  their 
estates in  Perthsh ire  by successive D ukes o f  A tho ll 
a fter 1750.

D uring  the n ineteen th  century , E u ro p ean  larch  
and  N orw ay spruce con tinued  to  be p lan ted  and  
from  the m iddle o f  th a t cen tury  onw ards, D oug las 
fir cam e in to  general use. T he last decades o f  the

n ineteenth  cen tury  saw the appearance, in o u r w ood­
lands, o f  S itka spruce; this w as used to  an  increas­
ing ex ten t du ring  the early years o f  the tw entieth  
cen tury  w hen it w as jo ined , in the forest, by Ja p a n ­
ese larch  an d  C orsican  pine. O ther species, such as 
A bies grandis, Abies nobilis, Thuja plicata, an d  Tsuga 
heterophylla, w ere p lan ted  on  a  sm all scale but, in 
the m ain , the exotic conifers on  w hich m ost reliance 
con tinued  to be placed, w ere the E u ropean  larch and  
the N orw ay  spruce. E xotic broadleaved  trees were 
n o t used  except in sm all tria l plots.

In  1919 the s itua tion  changed  because, in th a t 
year, the G overnm en t o f  the tim e set up  the F orestry  
C om m ission w hich was charged  w ith a long term  
p rogram m e o f  forestry, involving n o t only restocking 
o f  existing w oodlands b u t the afforestation  o f  large 
areas o f  treeless land , chiefly heath land , m oorland  
a n d  up lan d  pasture. I t  was this developm ent w hich 
b ro u g h t exotic conifers in to  the p rom inen t place 
w hich they now  occupy in  o u r forests an d  w ood­
lands.

In  1947, a  com plete census o f  B ritish w oodlands 
w as u n dertaken  (F orestry  C om m ission, 1952) and  
it w as possib le fo r us to  see the w hole p icture  an d  to  
study th e  effect o f  the changes w hich h ad  resulted  
from  the n a tio n a l fo rest policy in troduced  a lm ost 
th irty  years earlier. I t  was found  th a t exotic conifers 
by th a t tim e accounted  fo r 61 per cent o f  all the 
coniferous h igh  fo rest in  the coun try  b u t th a t exotic 
b road leaved  trees occupied only a trivial place in the 
b road leaved  forest. T ab le  1 gives details o f  the acre­
age o f  exotic conifers in B ritish  forests an d  w ood­
lands in  1947.

E X O T IC  C O N IF E R S  IN  G R E A T  B R I T A I N :
AREA A N D  O W N E R S H IP

T able 1. Acres

Species
Private
Wood­
lands

Forestry
Commis­

sion
Total

Sitka spruce ................ 25,129 141,908 167,037
(Picea sitchensis)

Norway spruce 47,611 85,542 133,153
(Picea abies)

European larch 101,758 31,145 132,903
(Larix decidua)

Japanese larch 26,174 28,884 55,058
(Larix ieptoiepis)

Corsican p in e ............... 6,499 32,004 38,503
(Pinas nigra var.

calabrica)
Douglas fir ................ 14,496 23,308 37,804

(Pseudotsuga taxifolia)
Hybrid larch ............... 4,606 1,520 6,126

(Larix euroiepis)
Pinus contorla .... 177 3,083 3,260
Tsuga heterophylla 170 906 1,076
Others (less than 1,000

acres each) ................ 2,630 3,245 5,875
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Sitka spruce has risen to  the p rem ier p lace solely 
because o f  its w idespread use by the F o restry  
C om m ission ; E u ropean  larch, on  the o th er hand , 
m ain tains a  h igh  position  in  the list chiefly because 
it  is p lan ted  so generally by p rivate  ow ners. N orw ay  
spruce, Japanese  larch  a n d  D oug las fir a re  w ell re ­
presented  b o th  in p riva te  an d  in s ta te  p lan ta tions. 
C orsican  p ine an d  Pinus contorta, a n d  especially the 
la tter, a re  m uch m ore  generally p lan ted  by the 
C om m ission th an  by p rivate  ow ners.

T he reasons fo r the increasing use o f  exotic con i­
fers are  well know n. T here  is, in  the first place, the 
general trend  tow ards softw oods an d  aw ay from  the 
hardw oods o f  th e  broad leaved  forest, th e  resu lt o f  
m odern  m ethods o f  utilisation , and , so fa r as we can  
see, th is trend  is unlikely  to  be reversed. T h a t will 
m ean an  even g reater use o f  conifers in  the fu ture. 
W ith  only one native coniferous tim ber tree, one 
w hich can n o t be used  everyw here, it is inevitable 
th a t exotic conifers shou ld  be m ore  an d  m ore  em ­
ployed. Secondly, several exotic conifers have show n 
th a t they are  particu larly  well ad ap ted  to  ac t as 
p ioneers on  som e o f  the open  lan d  w hich is being 
afforested; Japanese larch , fo r exam ple, has p roved  
highly successful as a  first c rop  on  u p lan d  grasslands 
a n d  grass heaths, w hile Pinus contorta, o n  the p o o re r 
peats, establishes itself quickly w here m any o ther 
trees fail. In  the th ird  place, o u r need  fo r the g reatest 
possib le  p ro d u c tio n  from  the  land , requires us to  
p lan t h igh  yielding species, an d  this need brings us 
back to  exotic conifers. F ou rth ly , we have consider­
ab le  areas o f  scrub  an d  o ld  coppice, som e o f  them  
sem i-natural, grow ing on sites w hich a re  m arginal 
fo r b road leaved  trees, o r  even p o o re r ; on  these sites, 
conversion to  conifers is the only way o f  bringing the 
w ood land  in to  p ro d u c tio n  an d  fo r th is purpose, 
shade-bearing  exotic conifers have proved  successful. 
L astly , as a  result o f  selective felling in  th e  past, 
m uch o f  o u r b road leaved  h igh  forest is seriously 
understocked . T he m ost p ractical m ethod  o f  bring­
ing forest like this in to  full p roduc tion , is to  enrich 
it by p lan ting  fast grow ing, shade-bearing  conifers 
w hich will grow  up  am ong  the hardw oods an d  can 
be harvested  w ith them .

W ith  b road leaved  trees, th e  position  is quite 
different, an d  th e  ou tlo o k  is m uch less prom ising. 
T h a t there  will alw ays be a  m ark e t fo r hardw ood  
tim ber o f  h igh  quality , the re  is no  reason  to  doub t, 
bu t fo r any th ing  less th a n  th e  best, m arkets in  fu tu re  
m ay be  difficult. A t the  presen t tim e, G rea t B ritain , 
like som e o th er countries in  W estern  E urope, has a 
superfluity o f  in ferio r hardw oods, chiefly oak.

W ith  o ther h a rdw ood  trees the s itua tion  is no t 
50 acute , b u t fu ture  developm ents, in o th er fields, 
m ay affect them  also. C ircum stances like these m ay 
d ictate  a policy o f reducing the a rea  u nder b road- 
leaved forest, an d  confining it to  the very best sites

available. In  th e  b road leaved  forests o f  the fu ture , it 
is difficult to  see any  im p o rtan t p lace fo r exotic 
species.

W e m ust, therefore, expect to  see a  con tinu ing  
h igh p ro p o rtio n  o f o u r p lan ting  carried  o u t w ith 
exotic conifers. So far, we have used six o f  them — 
E uropean  larch , Japanese larch, N orw ay  spruce, 
S itka spruce, C orsican  p ine an d  D oug las fir— 
on  a  large scale b u t there  are  o ther available 
w hich have already been used  in  a  m odest w ay, and  
w hich m ay becom e m ore  p rom inen t in  th e  fu ture. 
A m ong these are  Abies grandis, Tsuga heterophylla, 
Thujaplicata  and  Chamaecyparis lawsoniana. T o  som e 
extent, these species a re  m utually  exclusive, in  the 
sense th a t a site w hich will su it one o f  them , will su it all, 
an d  we have n o t yet w orked  o u t any  special use for 
them  in silviculture, in  the w ay in  w hich a  p lace has 
been found  fo r Pinus contorta. I t  is possible th a t we 
m ay never succeed in  this, an d  it  m ay be th a t as one 
o f them  becom es m ore widely em ployed in  p lanting , 
there will be a co rresponding  d im inution  in  the area 
devoted  to  one o f th e  o thers o r  to  D ouglas fir. T here 
are  som e disadvantages in  having to o  m any trees a t 
one’s disposal, particu larly  in  m arketing , an d  care is 
therefore needed in  th e  choice fo r p lan ting  w here 
silvicultural requirem ents do n o t p o in t stra igh t to  
one species.

T he forestry p rogram m e in B rita in  including as it 
does th e  afforestation  o f relatively large areas w ith 
exotic conifer species, often  in p u re  blocks and  
stands, w ould  seem  to  carry  w ith  it a  g reat risk 
o f  serious insect dam age an d  interference. This 
w ould app ea r to  be increased because m any non- 
indigenous pest species have en tered  w ith  an d  be­
com e firmly established on  the im ported  h o st trees. It 
is true  to  say, how ever, th a t these dangers have no t— 
a t least yet— becom e real and  tha t, in  fact, m ost o f 
the crops are  rem arkab ly  free from  really serious 
insect injury. In  only one instance— th a t o f  the 
com m on silver fir, Abies alba— has the use o f an  
exotic tree in  B rita in  been seriously curta iled  by the 
incidence o f  insect a ttack .

V arious insect pests are  dealt w ith  la te r b u t tw o 
im p o rtan t species w hich, on accoun t o f  their 
general feeding hab its , m ust be m en tioned  a t this 
stage are  th e  large p ine weevil, H ylobius abietis, 
an d  the black p ine beetles, H ylastes  spp. B o th  breed 
m ost abundan tly  in p ine areas b u t feed o n  any 
conifer a t  th e  tim e o f estab lishm ent an d  can  cause 
very serious dam age an d  som etim es com plete loss o f 
th e  crop.

T here is n o  evidence th a t exotics as a  group  are 
m ore o r less subject to  fungal an d  bacterial diseases 
th an  native  trees b u t it is certain ly  u n fo rtu n a te  tha t 
a  num ber o f  diseases, such as Rhabdocline pseudo- 
tsugae on D oug las fir, M eria  laricis on  larch  and  
Keithia thujina on  Thuja, m ust have been in troduced
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w ith th e ir hosts. These an d  o th er diseases, confined 
to  genera and  species, will be  considered later. O ur 
pu rpose here  is to  cover only diseases affecting a  
large num ber o f genera.

C ertain ly  the m ost serious o f these is Fomes 
annosus, bo th  as a  cause o f  dea th  in  pines, p a rtic ­
u larly  C orsican  an d  o u r native Scots, and  as a  source 
o f  b u tt ro t in  o th er conifers. A ll species o f spruce and  
larch are  highly susceptible, D oug las fir being 
slightly m ore resistant, while the sta tus o f th e  m ino r 
conifers is n o t know n w ith any certain ty . Arm illaria  
mellea, an equally  widely d is tribu ted , b u t ra th e r less 
serious ro o t fungus, also has an  im m ensely w ide h o st 
range. I t  is quite likely pu re  chance th a t m ost o f  the 
trees know n to  be particu larly  susceptible to  this 
fungus a re  exotics, fo r instance, w alnu t, Japanese  
larch  an d  Picea om orika.

G ro u p  dying o f  conifers, associated  w ith  Rhizina  
inflata, has been  recorded  in  m ost o f th e  princ ipal 
coniferous species, w ith the exception o f  D oug las fir, 
bu t it is certain ly  m ost severe on  S itka spruce.

In  the nursery , dam ping  off occasionally  affects 
m ost exotic conifers and  som e broadleaved trees. 
G rey m ould , B otrytis cinerea, is particu larly  liable 
to  a ttack  trees w ith a  p ro longed  grow ing season, 
such as Cupressus macrocarpa, o r the Sequoias, p ro ­
bably because they con tinually  p rov ide th e  fungus 
w ith the fresh succulent tissue it requires. Species 
continu ing  grow th late in to  the au tu m n  an d  there­
fore liable to  au tu m n  frost injury, such as Japanese 
larch and  S itka spruce, a re  also p rone  to  B otrytis  
a ttack , follow ing frost dam age. Species w hich fail 
to  ripen  properly , a t any ra te  in  som e seasons, such 
as A ilanthus o r Catalpa, a re  also liable to  B otrytis  
a ttack  on the un ripened  shoots. In  so fa r as all these 
grow th peculiarities a re  dependent on  behav iour 
acquired  in  an o th e r clim ate, exotics m ay be regarded  
as m ore likely to  be a ttacked  by B otrytis  th a n  native 
trees.

I t  rem ains true, how ever, th a t tak ing  a  b ro ad  
view, exotics p resen t m uch th e  sam e disease p a tte rn  
as native trees, so th a t their behav iou r in  B rita in  
gives little su p p o rt to  any general condem na tion  
o f  exotics on  grounds o f liability  to  disease.

D u rin g  recen t years m uch a tten tio n  has been p a id  
to  questions o f  p rovenance in  re la tion  to  exotic 
trees an d  m uch experim ental w ork  has been con ­
ducted  in o rd e r to  determ ine w hether one origin 
o f  a  species gives a be tter fit to  o u r cond itions than  
ano ther. T his subject has also been dealt w ith  by 
W ood (1955) in  his w ork  on  th e  forests o f  th e  Pacific 
coast o f W estern  N o rth  A m erica. A lready, it has 
been show n th a t, in  E u ro p ean  larch , seed from  the 
A lpine regions o f  Sw itzerland an d  th e  T yro l is u n ­
su itab le  for use in G rea t B rita in  as it has given rise to  
p lan ta tio n s susceptible to  frost dam age an d  subject 
to  devastating  a ttacks o f die-back. M ore recent w ork

seems to  suggest tha t, in o th er species, p lan ts o f 
different origins m ay show  different degrees o f  
susceptibility  to  disease. This is w ork  w hich m ay 
save us from  gross errors, as it has done  w ith 
E u ropean  larch ; it m ay give us stocks w hich grow  
slightly faster, a t least in  the early  stages, an d  it m ay 
be o f im portance  because o f differences in  the 
p roperties o f  the tim ber grow n from  seed o f different 
origins. M ost o f this is long-term  w ork and , though  
im p o rtan t, it m ust n o t be allow ed too  m uch refine­
m ent, because it will do no one any good  to  learn  
th a t th e  ideal seed source is a half-acre pa tch  on  the 
b an k  o f  som e rem ote m ou n ta in  stream , w hen it  is 
necessary to  find hundreds o f  pounds w eight o f 
seed fo r th e  an n u a l p lan ting  program m e. Provenance 
studies, as well as saving us from  bad  blunders, will 
undoub ted ly  ad d  m ore  precision to  o u r use o f 
exotics an d  m ay lead to  an  im provem ent in  g row th 
a n d  perform ance. T his, how ever, m ay be accom p­
lished m ore  quickly by studying w hat we have in the 
coun try  already.

In  a  congeries o f  species such as we have in  G rea t 
B rita in , som e native, m any alien in origin, an d  sub ­
jec ted  to  the selective influence o f na tu re  an d  o f 
silvicultural a rt, there are  possibilities for the develop­
m en t o f  new  species by hybrid ization  and  o f new 
form s by selection. A m ong inter-specific hybrids we 
have already  the no tab le  exam ple o f  the hybrid  larch  
(L . eurolepis), a  cross betw een the E u ropean  a n d  the 
Japanese  species, w hich cam e to  light in the early 
years o f  this cen tury  an d  w hich is now  well e s tab ­
lished as a  tree  fo r planting . A no ther curious exam ple 
w as discovered a little  la te r in  the fam ous arb o re tu m  
a t W estonb irt, Pinus holfordiana, a  hybrid  betw een 
th e  M exican P. ayacahuite and  the H im alayan 
P. griffithii. T his is a  tree  o f  som e vigour and  
hard iness w hich m ight have value n o t in G rea t 
B rita in  only, if seed cou ld  be ob ta ined  in  q uan tity . 
T hen  we have an  inter-generic hybrid , Cupressocy- 
paris ieylandii, a  cross betw een Cupressus macrocarpa 
an d  C hamaecyparis nootka tensis ; this hybrid  has 
th e  m erits o f rap id  grow th an d  o f hardiness while its 
tim ber prom ises well. I t  m ight be used  m ore  freely if 
supplies o f  p lan ting  stock  were to  becom e available 
b u t its seed is usually  sterile an d  we have n o t solved 
the p rob lem  o f  raising it vegetatively.

A m ong broadleaved  trees, E ngland  has p roduced  
in  the L ucom be oak , a  hybrid  betw een Quercus 
ilex  and  Q. suber, a  tree thriv ing well in the sou thern  
p a rt o f  the coun try , w hich has been used fo r o rn a ­
m ental purposes, though  no t fo r tim ber p roduction , 
w hile an o th e r hybrid , Platanus acerifolia, a  cross re­
puted ly  betw een P. orientalis an d  P. occidentalis, is 
fam iliar to  all as the p lane tree w hich does so m uch 
to  em bellish the streets and  squares o f  L ondon .

I t  is possible th a t m any hybrids o f  th is so rt have 
occurred  w ithou t detection  already and  there  is no
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d oub t th a t m ore will appear, from  tim e to  tim e, in 
fu ture, bu t few er o f  them  will p robab ly  escape 
detec tion , fo r there a re  likely to  be m ore  tra ined  
observers on the g round . T here is also the possibility  
o f  artificial hybrids.

T he im provem ent o f  o u r stocks o f  exotic conifers 
by careful selection, from  th e  m ateria l already  in  the 
country , is possibly th e  line w hich will give the m ost 
enduring  results. A lready, a survey o f seed sources is 
in p rogress in  the  course o f  w hich stands a re  class­
ified accord ing  to  the ir su itab ility  fo r seed p ro duc tion  
and , by confining seed collections to  those crops 
w hich a re  classified as su itable, a  g radual im prove­
m en t in  o u r p lan ta tio n s w ill result. A t th e  sam e tim e 
specially fine trees o f  num erous species have been 
selected in all p a rts  o f  G rea t B rita in  an d  these will 
be used fo r breeding. I t  is hoped , by th e  use o f  seed 
o rchards, to  p roduce  annually  a p a r t o f  o u r seed 
requirem ents from  specially selected stocks o f  exotic 
trees b u t o f  im m ediate  B ritish  origin. W e m ay, 
therefore , look  fo rw ard  to  an  im provem ent in the 
quality  and  perfo rm ance o f  o u r exotic trees, 
b rough t ab o u t in  this way.

I t  has already  been  m en tioned  th a t scarcely any 
o f  th e  long in troduced  exotic trees has succeeded in 
establish ing itself na tu ra lly  in G rea t B rita in  bu t 
there are  signs th a t som e o f  those  m ore  recently  in tro ­
duced m ay behave differently, fo r one  can  now  see

m any m ore  attem pts a t  regenerating  them selves 
natu ra lly  by species such as L aw son cypress, Thuja 
plicata  an d  Tsuga heterophylla  than  one can by o lder 
species such as E u ropean  larch  o r even D ouglas fir.

T he clim ate in  G rea t B ritain , w ith generally cool 
sum m ers an d  frequent spring frosts, is unfavourab le  
fo r seed p ro duc tion  o f  m any exotics w hich are 
com m only p lanted . B ut one o r  o th er o f  the trees 
m entioned, w hich p roduce  a b u n d an t seed crops at 
frequen t intervals, m ay be able to  spread  unex­
pectedly in  the new  forests w hich we have created.

J.M.
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Chapter 2 

CLIM ATE OF GREAT BR ITA IN

General
In  B rita in , the forester is fo rtu n a te  in  hav ing  a t 
his d isposal a  long-standing  body  o f  m eteorological 
records from  num erous an d  well d is tribu ted  stations. 
H is only com plain t is th a t the sta tions a re  som ew hat 
concen tra ted  in th e  industria l and  th e  be tte r agri­
cu ltu ra l regions, an d  th ere  a re  insufficient records 
from  sta tions situa ted  in  m o u n ta in o u s an d  sparsely 
inhab ited  coun try , w here m uch  afforestation  is 
carried  on. T his gap  has a t least been partia lly  filled 
by a  num ber o f  special studies, an d  the general 
features o f  o u r m o u n ta in  clim ates a re  becom ing 
reasonably  well know n.

T he  au th o rity  responsible fo r the collection  and  
p resen ta tion  o f  c lim atological d a ta  in  th e  U n ited  
K ingdom  is the  M eteoro log ical Office, w hich can 
call on som e 350 sta tions fo r com prehensive observ­
a tions (B ilham  1938) plus ab o u t 5,000 add itional

ones fo r rainfall. T he  principal sources o f published  
in fo rm ation  on  the  B ritish  clim ate a re :—

The B ook o f  N orm als  M eteorological Office,
H .M .S .O .

The M onth ly  W eather R eport „  ,, ,,
British R ain fa ll ,, ,, ,,
The Climatological A tlas o f

the British Isles  (1952) ,, ,, ,,
In  add ition , tw o com prehensive general accounts 

o f  the B ritish  C lim ate shou ld  be m en tioned :—  
B ilham , E. G . 1938 The Climate o f  the British  

Isles. M acm illan , L ondon  
M anley, G o rd o n  1952 Climate and the British  

Scene, C ollins, L ondon

T he  lite ra tu re  is extrem ely large, as befits a  subject 
m a tte r w hich excites a lm ost as m uch a tten tio n  as 
any  o f th e  n a tio n a l sports. H ere som e effort will be
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Fig. 2. A verage A nnual F requency o f  D ays w ith M in im um  T em peratu re  o f  32°F. o r  less.

(C lim atological A tlas)
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m ade to  com m ent on  the clim atic factors w hich 
ap p ea r to  be o f  chief im portance  in  the cu ltivation  
o f  exotic trees. T his is n o t a  subject on  w hich m any 
definite conclusions have yet been reached an d  this 
is the less surprising  since the  p a r t played by clim ate 
in  th e  d is tribu tion  o f  o u r native trees is n o t by any 
m eans always clear.

T he m ain land  o f  B rita in  lies betw een the 50th and  
59th latitudes (N orth ). G enerally  speaking, the B ritish  
clim ate owes its m ain  features to  A tlan tic  influences, 
th e  no rm al d is tribu tion  o f p ressure bring ing  in 
w esterly a ir  stream s. A lso, the  sea tem peratures off 
ou r w estern sea b o a rd  are  affected by th e  w arm  
oceanic cu rren t know n as th e  G u lf Stream . T he 
absence o f  any p ro m in en t m oun ta in s in  E u ro p e  
im m ediately to  the east o f us perm its con tinen ta l 
a ir stream s to  flow in to  the coun try  w ith som e ease 
when the  general p ressure system  is favourable.

H ence B rita in  experiences (and  som etim es a t  very 
sh o rt notice) changes from  the  usual oceanic type 
o f  clim ate to  a m ore  con tinen ta l o n e . Since the 
annua l range o f  tem pera tu re  in  a  tem pera te  con tin ­
en tal clim ate is w ider th a n  in  an  oceanic one on  the 
sam e la titude , con tinen ta l a ir  brings us co lder th an  
no rm al conditions during  the w in ter h a lf  o f  th e  year 
an d  w arm er th a n  n o rm al conditions du ring  the 
sum m er.

T he m o re  im p o rtan t con tinen ta l spells occur m ost 
frequently  in  la te  w in ter an d  early  spring, w hen we 
sam ple in  a  m odified degree the w in ter conditions 
o f C en tra l E urope, fo r w hich we a re  usually  qu ite  u n ­
prepared . T he com m oner B ritish  w inter, “ w et and  
w indy” , seems to  leave th e  m ore  lasting  im pression.

Illustrative m eteoro log ical d a ta  app ea r in  T ab le  3, 
page 21.

Clim atic Classification

N o  general agreem ent exists on  th e  m ost su itab le  
system  o f  classification o f  clim ate fo r fo restry  p u r­
poses. I t  has long  been un d ers to o d  th a t an  adequate  
descrip tion  m ust include th e  significant extrem e 
tem peratures, th e  am oun ts an d  d is tribu tion  o f  th e  
rainfall, a n d  som e m easure o f  th e  sum m er w arm th. 
T his is th e  b a re  m inim um , a n d  o th e r factors, such 
as w ind velocity, m ay often  have  an  overrid ing  im ­
portance. Such in fo rm ation  is often  conveyed by 
sim ple “ n o rm als”  o f  tem pera tu re  o r  p rec ip ita tion  
fo r m on ths o r  seasons. In  o rder to  categorise 
clim ates, fo rm ulae  have been used  w hich tre a t such 
m easures arithm etically  in  an  a rb itra ry  m anner, 
often  aim ing a t  the best “ fit” w ith  observed dis- 
bu tion  o f  vegetation . Such p rocedures usually  m eet 
w ith th e  difficulty th a t th e  lim its o f particu la r types 
o f  vegeta tion  in  one region a re  n o t th e  sam e as those 
fo r a re la ted  type in  a  neighbouring  region.

A  recen t m eth o d  w hich shou ld  be  m en tioned  here  
is th a t o f  G aussen  (1956), in  w hich th e  m onth ly

m eans o f tem pera tu re  an d  p rec ip ita tion  a re  re ­
p resen ted  on  the sam e d iag ram  to  th e  scale 
P  (p rec ip ita tion , m m .) =  2 T  (tem peratu re , C°). 
W here th e  tem pera tu re  curve lies above th a t o f  p re­
c ip ita tion  the period  is considered  one o f  m oistu re  
deficiency (secheresse). T he  In te rn a tio n a l U n io n  o f 
F o res t R esearch  O rganisations has recom m ended 
its m em ber countries to  p repare  clim atic  m aps 
accord ing  to  th is system  as a  trial o f  the  m ethod. 
T his is in  progress in  B ritain .

A  different app roach  is th a t o f  T h o rn thw aite  
(1948) w ho a ttem p ts to  link  tem pera tu re  an d  m ois­
tu re  requ irem en t in  one system . I t  is u n d ers tood  th a t 
his m ethods have p roved  useful in N o rth  A m erica; 
in  B rita in  how ever his m ethod  o f  calculating  
“ po ten tia l evap o tran sp ira tio n ” does n o t appear 
applicable. T he  g rea t a ttrac tio n  o f T h o rn th w aite ’s 
ap p ro ach  is th a t his scales o f  tem pera tu re  and  
m oistu re  a re  in tended  to  be re la ted  to  the responses 
an d  requ irem en ts o f p lan t g row th ; they a re  n o t 
purely  a rb itra ry .

A  convenient m ethod  o f  sum m arising d a ta  fo r 
tem pera tu re  an d  prec ip ita tion  has been devised by 
K ale la  (1937). T his is specially designed for the com ­
p arison  o f  clim ates in  silv icultural an d  provenance 
studies o f  exotics, an d  has been m uch  used o f  recent 
years in E urope. T he d a ta  fo r a num ber o f  ‘type’ 
B ritish  sta tions has been presen ted  accord ing  to 
K ale la ’s m ethod  in  T ab le  4, page 23.

B rita in , fo r tw o m ain  reasons, is a  difficult 
coun try  to  sub-divide in to  m eaningful clim atic 
zones. T he first an d  m ost obvious reason  is th a t it is a  
sm all coun try  a n d  clim atic differences a re  o f  degree 
ra th e r th a n  k ind. T his requires a  little  fu rth er 
com m ent. W e have in  fact very g rea t varia tions in  
p rec ip ita tion , b u t th e  d is tribu tion  o f  rainfall th ro u g h ­
o u t th e  year is such th a t a t  o u r m odera te  tem pera­
tures n o  p a r t o f the  coun try  can  be considered  really  
d ry ; fo r illu stration , irriga tion  in  ag ricu ltu re  is n o ­
w here essential. T he second reason  is th a t clim ate in 
B rita in  is hopelessly confounded  w ith  the  m ain  
physical features o f  th e  co u n try ; the  o lder, h a rd e r 
rocks fo rm ing  the m ain  m o un ta in  ranges a re  to  th e  
w est a n d  north -w est, w ith  younger, so fter deposits to  
th e  east an d  south-east, underly ing  th e  p rincipal low ­
land  areas. Since o u r prevailing  w inds a re  w esterly 
an d  m oisture-laden , ra in fall is h ighest o n  w estern 
m o u n ta in  reg ions; so also  is exposure. T he  m ain  
clim atic  axis is roughly  north -w est to  sou th-east, 
“ coo l/m o ist”  to  “ d rie r/w arm er” an d  a long  th is 
d irection  a re  to  be fo u n d  also  th e  m ain  trends in  
soils an d  topography .

T he  in terre la tions betw een clim ate  a n d  th e  land  
in  B rita in  a re  fully dealt w ith  by S tam p (1949).

Very recently, A nderson  an d  F a irb a im  (1955) 
have m ade a  valuab le  p ioneer a ttem p t a t th e  clim atic 
subdivision  o f Sco tland  fo r silv icu ltu ral purposes.
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They ad o p t the length o f the grow ing season (w hich 
is also a m easure o f w arm th), an d  the grow ing season 
rainfall, as the m ain  variables in distinguishing 
clim atic provinces; and  they recognise th e  effects 
o f  a ltitude  on  tem pera tu re  and  exposure inside these 
provinces. B oundaries o f  the provinces a re  ad justed  
to  the chief physiographic  features. T he geology of 
the provinces is described.

I t seems likely th a t A nderson  an d  F a irb a irn ’s 
m ethod  is basically sound, though  o th er m easures 
o f tem pera tu re  and  m oistu re  m ust be considered. 
W hethe r it is p ro fitab le  rem ains to  be seen. T here 
can be no d o u b t th a t we have provinces capable 
o f  definition in  term s o f  clim ate, bu t w herever the 
coun try  is m oun ta inous, vertical zoning becom es so 
m uch m ore  im p o rtan t th an  ho rizon ta l th a t th e  m ap  
is a p t to  becom e m eaningless.

T em perature

E xtrem es. T he range o f tem pera tu re  experienced 
is relatively sm all. T he abso lu te  upper lim it in 
so u thern  E ng land  is 100°F., while in Sco tland  it is 
perhaps 90°F. (B ilham  1938). Z ero  (F) tem peratures 
a re  reco rded  in exceptional w inters, an d  very rarely 
indeed tem pera tu res b e lo w — 10°F. (B ilham  1938). 
T he m ean  annua l range o f  tem peratures now here 
exceeds 24°F.

F igu re  1 show s the d is tribu tion  o f abso lu te  
m in im um  tem peratu res in  B rita in  fo r th e  years 
1901-1940. W in ter favourab le  cond itions are  to  be 
found  on  the coasts— particu larly  th e  west coast. 
This p a tte rn  is o f  im portance fo r th e  less w inter- 
hardy  exotics, e.g. Eucalyptus spp ., Cupressus macro­
carpa, etc.

W in ter m inim um  tem peratures do n o t greatly lim it 
the use in B ritain  o f  exotics from  sim ilar latitudes.

U nseasonable F rosts. O f g reater silvicultural im ­
po rtan ce  a re  unseasonable  frosts occurring  in  the 
grow ing season, especially in  la te  spring, a haza rd  to  
w hich alm ost th e  w hole o f  th e  coun try  is liable. 
Spring  frosts have been stud ied  by D ay  an d  Peace 
(1946), w ith  special reference to  th e  exceptionally  
severe fro st o f  M ay 16th, 1935. I t  is scarcely possible 
to  m ap  th e  incidence o f la te  spring frosts, though  on  
a  reg ional basis they occur w ith  g reater frequency 
a n d  severity in  in land  d istricts th a n  in  coastal 
(particu larly  w est coastal) ones. T he liability  o f  the 
B ritish  clim ate to  unseasonab le  frosts renders th e  
“ frost-free  perio d ” , a com m only-used m easure o f  th e  
length  o f  th e  grow ing season, a  ra th e r  m isleading 
sta tistic . I t  is perhaps be tte r su ited  to  clim ates w ith 
a  m ore  definite m arch  o f  tem pera tu re . T he  C lim ato­
logical A tla s  m aps the average annua l frequency 
o f  days w ith  m in im um  tem pera tu re  o f  32°F. o r  less 
(Fig. 2), b u t th e  significance o f  this p a tte rn  fo r 
forestry  in  B rita in  is by no  m eans clear.

L a te  spring  frosts a re  som etim es severe and  w ide­
sp read ; b u t m ore  usually, while it is the general 
w eather conditions th a t govern  their occurrence, 
their severity is a m atte r o f  local topography . T he 
collection  o f  co ld  a ir from  higher g round  in  poorly  
dra in ing  basins is the classic feature, b u t rad ia tio n  
frosts m ay be accen tuated  by the local vegetation , 
as w hen a dense grass sw ard  insulates th e  g round  
an d  allows very cold cond itions to develop ju s t above 
its surface.

T he liability to  late spring  frosts in  a p a rticu la r 
locality is o f im portance  as regards the choice of 
species in  p ioneer p lan ting , bu t is n o t usually  a 
perm anently  lim iting factor.

A  com paratively  ra re  b u t very im p o rtan t p h en o ­
m enon is th e  “ glazed fro s t” caused by ra in  falling 
w ith the a ir tem pera tu re  below  freezing po in t, trees, 
telegraph wires etc. becom ing coated  w ith a  layer 
o f ice. Such an  occurrence in  January , 1940, caused 
serious dam age to  w oodlands over a considerable 
a rea o f  E ng land  an d  W ales. (Sanzen-B aker and  
N im m o, 1941.) B ranches m ay be stripped  an d  leaders 
b roken , o r  w hole trees overthrow n. A t the w orst 
young p lan ta tions m ay be devastated , bu t fo r tu n a te ­
ly the m ost serious dam age is seldom  w idespread.

Summ er W arm th. F ig. 3 show s th e  m ean  July 
tem peratures. These are  sea-level isotherm s a n d  are  
useful only fo r show ing the general p a tte rn . I t  will be 
no ted  th a t m id-sum m er tem pera tu res a re  very m uch 
a  question  o f la titude, b u t there  is also an  appreciab le  
tendency to  bu ild  u p  h igher tem pera tu res in land.

A  better m easure o f  sum m er w arm th  is accum u­
lated  tem perature. G regory  (1954) has used  6°C . 
(= 4 2 .8 °F .)  as a  th resho ld  value, a n d  by sub trac ting  
this from  the m ean  m onth ly  tem p era tu re  (if higher) 
an d  m ultiplying the rem ainder by th e  num ber o f  days 
in  the m on th , a  p ro d u c t in  “ day-degrees” is o b ­
tained. This m ay be sum m ed fo r the year. G regory  
has used the no rm al lapse-rate  w ith elevation  (1°F . 
in  300 ft. approx .) to  estim ate values fo r th e  p rincipal 
m oun ta in  areas. H is m ap  for, an n u a l values in B rita in  
is reproduced  here. (Fig. 4). T he m ap does n o t 
p u rp o r t to  show  the effects o f  any bu t m a jo r differ­
ences in  relief.

Sum m er w arm th  is undoub ted ly  a  variab le  o f  im ­
p o rtance  in  B ritain , though  its influence m ay n o t 
alw ays be obvious. A  num ber o f  b roadleaved  trees 
(e.g. Fagus, Castanea) s tan d  close to  th e ir sum m er 
w arm th  lim its in  B rita in , w hich show s m ost p lain ly  
in  th e  poverty  o f  seed p roduction . T he econom ic 
p lan ting  lim it in  m oun ta inous coun try  is rare ly  a 
m a tte r  o f  tem pera tu re  alone, since exposure will 
no rm ally  p rove  lim iting before  a  tem pera tu re  lim it 
can  be reached.

H ow ever, the hea t energy availab le  fo r vegetation  
does fall off very rap id ly  w ith increasing elevation  in  
o u r m aritim e clim ate. M anley (1952) discusses this
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N ote: F rom  40 inches upw ards the isohyets ru n  a t 10-inch intervals to  m axim a exceeding 100 
inches on  the w estern hills. (C lim atological A tlas)
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AVERAGE EVAPORATION —  INCHES/YEAR

N O T A T I O N  

THEORETICAL 17 

DIRECT 17

20? 21

Fig. 6. E v ap o ra tio n  over G rea t B ritain . 

(Penm an)

SCALE OF MILES
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very fully. R egard ing  th e  area o f  the m ean  tem pera­
tu re  curve over 42° F . as som e ind ication  o f th e  heat 
energy available to  p lan ts in th e  vegetation  period , 
he show s th a t this area is reduced  to  a  g reater degree 
by a  given ascent in  a n  oceanic clim ate th an  in a 
m ore con tinen ta l one, assum ing the  n o rm al lapse 
ra te  w ith altitude  (approx. 1°F. in  300 ft.) to  apply  
in bo th  cases.

M oun ta in  clim ate is also very fully discussed by 
Pearsall (1950). T he  tem pera tu re  lim it fo r tree 
grow th in  B rita in  is probab ly  ab o u t 2,000 ft, a t w hich 
elevation the clim ate m ay be regarded  as sub-arctic. 
Since the tem pera tu re  curve does n o t vary  m uch  in 
form  w ith  increasing altitude, b u t sim ply ‘sinks’, 
the length in days above any a rb itra ry  value, say 
42°F. (o r “ the grow ing season”) is equally  a  m easure 
o f  sum m er w arm th.

A ccum ulated  tem pera tu re  appears a  reasonably  
good indication  o f  sum m er w arm th , an d  has been 
used in the selection o f  sites fo r seed orchards, etc. 
(M atthew s, 1955) since it  can  be  show n th a t the 
seed-bearing o f  m ost o f  ou r im p o rtan t species is 
dosely  related  to  sum m er w arm th . I t  is also highly 
p robable  th a t the g row th o f  a  num ber o f  o u r exotics 
is related to  sum m er w arm th , though  it is n o t easy 
to  disentangle this fac to r from  o ther site qualities. 
E ncouraging results have how ever been ob ta ined  in 
prelim inary investigations on  one im p o rtan t exotic, 
nam ely C orsican pine.

Rainfall, H um idity, Evaporation 

R ainfall. F igure  5 show s th e  m ean  annua l rainfall 
over B ritain . T he d is tribu tion  requires little  com ­
m ent; it is very m uch a  com bination  o f  east an d  
west coast properties an d  relief. T he h ighest average 
values o f  ab o u t 200 inches a re  experienced on  a few 
w estern m oun ta ins in  W ales, th e  L ake D istric t an d

Scotland. A t the o th er end  o f the scale averages o f 
less th a n  20 inches m ay be found  in  a  sm all a rea  by 
th e  T ham es estuary . (B ilham  1938.)

B ritish  rainfall is well d istribu ted  th roughou t the 
year. T ab le  2 show s th e  p a tte rn  o n  a  regional basis.

I t  w ill be  n o ted  th a t the spring q uarte r is the 
d riest (except in  the N o rth  o f Scotland w here the 
sum m er q u a rte r  tends to  be drier). T he “ sum m er 
h a lf” (again  except in  th e  N o rth  o f Scotland) every­
w here averages over 40 per cent o f  the annual to tal, 
a n d  there  is a  fo rtu n a te  tendency fo r th e  drier, 
easte rn  side o f th e  coun try  to  have a greater p ro ­
p o rtio n  o f  its an n u a l ra in fall in  the sum m er than  
has th e  w etter, w estern, side.

T he  dry  spring  is an  im p o rtan t feature  o f the 
B ritish  clim ate. I t  is advantageous insofar as it 
facilitates early  nursery  cu ltivations; b u t w hen the 
sp ring  is exceptionally  dry, p lan ting  losses m ay be 
considerable. T he  spring is also the m ain  fire danger 
season in B rita in .

T he  reasonab ly  adequa te  sum m er rain fall has 
som e obvious effects. G ro u n d  vegeta tion  is usually 
green a n d  fire h aza rd  low  th ro u g h o u t the sum m er, 
a n d  B ritish  nurseries are  n o t norm ally  equ ipped  fo r 
irriga tion . V ariability  o f  ra in fa ll is as (o r m ore) 
im p o rtan t th an  th e  n o rm al quantity . B ritish  ra in ­
fall is n o t unduly  variab le  in  annua l am ounts. 
G lasspoo le  (1921) h as  m apped  the relative variability  
(m ean dev iation /m ean  X 100) o f  British annua l ra in ­
fall, w hich fo r the g rea ter p a r t o f  B rita in  is less than  
16 p e r  cent. G regory  (1955) has m ade fu rth e r studies 
o n  th e  variab ility  o f  rainfall.

S h o rte r perio d  varia tions are  o f  course very m uch 
g reater. Excessive rain fa ll preceding gales is a  
com m on fea tu re  o f  the accounts o f  g rea t w indblow s 
affecting fo rests .

D ry  periods longer than  th irty  days are  fortunate ly  
ra re  in  B ritain .

R A IN F A L L  O F E A C H  Q U A R T E R , A N D  O F  T H E  S U M M E R  H A L F - Y E A R , 
E X P R E S S E D  AS A P E R C E N T A G E  O F T H E  T O T A L

T a b l e  2  %

Winter {Dec., 
Jan., Feb.)

Spring {Mar., 
Apr., May)

Summer {June, 
July, Aug.)

Autumn {Sept., 
Oct., Nov.)

Summer 
Half-Year 

{Apr.-Sep.) inc.

Scotland, North .............. 32.0 20.2 20.0 27.8 38.9
Scotland, West .............. 29.7 19.4 22.6 28.3 42.2
Scotland, East ............. 25.3 21.0 26.1 27.6 46.4

England, North-east 22.2 21.3 28.5 28.0 49.3
England, East .............. 23.4 20.8 27.2 28.6 48.9
England, Midlands 25.0 21.1 26.6 27.3 47.8
England, South-east 26.4 19.7 23.9 30.0 42.9

England, North-west, and 
Wales ..........................

N orth
26.2 19.4 25.5 28.9 45.5

England, South-west, and 
Wales ..........................

South
29.5 19.3 21.8 29.4 40.7
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DIFFERENCE BETWEEN PRECIPITATION 
AND EVAPO-TRANSPIRATION 

FOR SIX MONTHS APRIL-SEPTEMBER

N O T A T I O N  

ITT! SURPLUS MORE THAN 8 INCHES 

TTTTTI SURPLUS LESS THAN 8  INCHES 

= = ]  DEFICIENCY LESS THAN 4 INCHES 

DEFICIENCY MORE THAN 4 INCHES

SCALE OF MILES

Fig. 7. M oistu re  Zones.
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Fig. 8. M ean  W ind  Velocities. 

(C lim atological A tlas)
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Severe sum m er droughts, w hen they do occur, are 
n o t norm ally  follow ed by w idespread dam age to  
established p lan ta tions, b u t various g row th ab ­
norm alities are  associated  w ith them  (false rings, 
stem  cracks e tc .; D ay  (1954), C halk  (1951), D obbs
(1953). Since the  dry sum m er is a h o t sum m er, 
species requiring  w arm er conditions th an  are  usual 
in  B rita in  often  respond  by enhanced  grow th, and  
m ost species flower w ith m ore than  average freedom  
in the subsequent year.

I t is n o t a t p resen t possible to  say w hat is the 
best expression o f  the [British rain fall in  re la tion  
to  fo restry ; A nderson  an d  F a irb a irn  (1955) use the 
M ay-Septem ber (inclusive) to ta l, som etim es know n 
as the “ pen ta -p rec ip ita tion” .

E xcept a t elevations w hich are  too  high for 
forestry  in  B ritain , snow  does n o t con tribu te  
m aterially  to  the annua l to ta l p rec ip ita tion , and  
though  snow  is a com m on enough  phenom enon  in 
the B ritish  w in ter it is n o t a  c lim atic  feature  w hich 
requires m uch com m ent. As regards sto rage o f  
m oisture  it is p robab ly  o f  little  significance to  us.

Snow  in B rita in  is usually  m oist and  clinging; it is 
som etim es a  fac to r in  w ind-throw . W hen it  falls 
unseasonably , a fter b roadleaved  species have flushed, 
it m ay  cause som e dam age by stripp ing  branches.

H um idity. B rita in  has a m oist atm osphere , the 
m ean  relative hum idity  averaged over the w hole year 
is ab o u t 80 per cen t in  th e  drier districts, and  m ean 
a fte rn o o n  values o f  relative hum id ity  in  the sum m er 
do  n o t fall m uch below  60 per cent in  any  p a r t o f  
the coun try  (B ilham  1938). T he im portance  o f  
hum idity  (by itself) as a fac to r in B ritish  forestry  is 
n o t a t  all c lea r; certain ly  o n  the b ro ad  scale it is 
m ore p rofitab le  to  consider the m oistu re  fac to r in  
term s o f  rain fa ll an d  evapora tion .

Evaporation. In  the absence o f  reliable in fo rm ­
a tio n  on  evapora tion , som e expression o f  grow ing 
season tem pera tu re  m ay  be used to  distinguish 
betw een equal am oun ts o f  rainfall. A nderson  and  
F a irb a im  (1955) do this in their classification o f  
Scotland. A t least this avoids equating  the sam e 
grow ing season prec ip ita tions a t substantially  
different tem peratures, b u t it gives no  ‘values’ to  the 
different am oun ts o f  ra in fa ll; th a t is to  say it does 
no t suggest w hether, o r by w hat am oun t, they are  
in  excess (o r the  con trary ) o f  the evaporation .

Penm an  (1950) has derived a fo rm ula  fo r the 
evapo ra tion  from  a land  surface w hich can  m ake 
use o f  th e  w eather records collected a t stations 
m aking  fairly com prehensive observations, including 
m easures o f  tem perature, sunshine, v ap o u r p ressure 
an d  w ind speed. H e has m apped  ab o u t 100 such 
determ inations fo r B rita in , an d  finds th a t they 
agree well enough  w ith the evidence from  catchm en t 
areas, etc. P enm an’s m ap  is rep roduced  here (Fig. 6).

P en m an ’s determ inations app ea r to  show  a b road

regional p a tte rn ; they do n o t (usually) vary cap ri­
ciously from  place to  place accord ing  to  the local 
conditions. I f  local factors tend  to  annul each o ther, 
as seems to  be suggested (increase in  w ind speed w ith 
elevation  being com pensated  fo r by c loudier skies 
and  low er tem peratures, fo r instance) ev apo ra tion  
w ould be a useful basis fo rc lim atic  zoning. A  tentative 
effort has been m ade in  this d irection  by superim pos­
ing the grow ing season rain fall on  P enm an’s 
evapo ration  m ap  (Fig. 7). T he only claim  th a t is 
m ade fo r this is th a t it is p robab ly  a  great deal m ore 
inform ative th an  a  m ap  o f  annual, o r  o f  grow ing 
season, rainfall. I t  does, fo r instance, illu stra te  the 
fact th a t m oisture  conditions are  a t  least as m uch  a 
question  o f  “n o rth  o r  so u th ” as o f  “ east o r  w est” . 
T he driest English conditions a re  p robab ly  n o t to  be 
equalled  in the n o rth e rn  h a lf  o f  B ritain , irres­
pective o f  the rainfall. T his is confirm ed by silvi­
cu ltu ra l experience w ith  the m ore  m oisture-loving 
species.

O ther C lim atic F actors

Exposure. T his is a  com plex factor, in  w hich w ind 
velocity is the m ost im p o rtan t com ponent. B rita in  
is undoubted ly  a  ‘w indy’ coun try ; the prevailing 
d irection  is from  the sou th  to  west q u a rte r; the 
strongest w inds also  usually  em anate  from  th is 
quarte r. T he average w ind speed a t 33 feet above 
g round  level is m apped  in the C lim atological A tlas, 
see Fig. 8. T he w indiest d istricts are  on  the west 
coasts, b u t average w ind speed falls o ff m arkedly  
in land  from  all coasts.

T he average annual frequency o f  gales, i.e. w inds 
o f  velocity exceeding 39 miles per hour, also  falls 
o ff in land, bu t m ore  m arkedly  from  the north -w est 
o f  the coun try  to  the south-east. H ence, on  average, 
the exposed regions o f  north-w est Scotland, the tip 
o f  the P em broke peninsula (W ales), L an d ’s E n d  and  
the L izard  (C ornw all), all have th irty  gales p e r year; 
w hereas a t  the o th er end  o f  the scale m uch o f  cen tral 
E ng land  has only two.

Inside the general pa tte rn , there is o f  course a g rea t 
deal o f  local varia tion . T he im p o rtan t local factors 
are  e levation  (particularly  relative elevation), an d  
aspect. A  survey o f  sites fo r w ind-pow er conducted  
by the E lectrical R esearch A ssociation  (G old ing  an d  
S tedhart, 1950) located  a  num ber o f  hills on  the west 
coast, less th an  1,000 feet in  elevation, w ith estim ated  
annua l average w ind velocities o f  20 miles per h o u r 
and  over. These are  rem arkably  high values.

I t is n o t a t p resen t possible to  quo te  any expression 
o f  w ind velocity w hich will serve to  d raw  a lim it 
fo r tree g row th ; an d  there is a  good deal o f  doubt 
ab o u t the o th er com ponents o f  ‘exposure’. Salt 
spray  is locally o f  im portance, b u t p robab ly  n o t to  
any  d istance in land . M oistu re  loss from  active
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foliage is p robab ly  a  m ore im p o rtan t fac to r in 
stun ting  th an  the physical buffeting. T he actual 
tem pera tu re  o f  the w ind is often o f  som e im portance. 
C ertain  species (Sequoia sempervirens is a  good 
exam ple) ap p ea r to  be m ore dam aged by freezing 
easterly w inds th an  by any o ther clim atic vicissitude.

E xposure is under active investigation a t the 
present time, since it is o f  p articu lar im portance  in 
B ritain to  know  how  far the p lan ting  o f  w ind- 
to le ran t species in p ioneer crops o r  shelterbelts can  
m odify the m icro-clim ate in exposed environm ents 
otherw ise suitable fo r afforestation . T he effects o f  
shelterbelts are analysed in a  recent paper by G loyne
(1954).

T here is no  d oub t th a t exposure is the m ost 
lim iting fac to r to  height g row th  o f  trees in  B rita in  
(M acdonald , 1951). I t  has even been used by 
A nderson  (1931) as a basis fo r clim atic zoning, quite 
good agreem ent w ith the d is tribu tion  o f  conifer 
Q uality Classes in Scotland being o b ta in ed ; how ever, 
as previously m entioned, it is hopelessly confounded  
w ith tem perature.

A p a rt from  the lim ita tion  o f  he igh t g row th and  
yield, w hich is no  d o u b t a function  o f  h igh  m ean  
velocity ra th e r th an  o f  occasional extrem e speeds, 
the hazard  o f  w ind-throw  m ust be m entioned. T he 
d isaster o f  Jan u a ry  31st, 1953, to  th e  forests o f  the 
east o f  Sco tland  is an  extrem e exam ple (Steven 1953, 
A ndersen  1954). This s to rm  was accom panied  by 
gusts o f  w ind exceeding 100 m iles per h ou r. W ith  
w inds o f  this speed w oodlands in  the region con ­
cerned m ay be com pletely devastated , as they were 
in this instance. F ortunate ly , no th ing  com parab le  
in scale is on  reco rd  (Steven 1953), bu t past evidence 
suggests th a t tw o o r  three ‘lesser’ disasters m ay be 
expected in each h a lf  century. P robab ly  o f  m ore 
im portance  (in the aggregate) are  the gales w hich 
a re  o f  annua l occurrence (m ost frequen t ab o u t the 
equinoxes), and  w hich som ew here o r  o ther reach 
gust speeds sufficient to  cause local w ind throw s.

Sunshine. L ittle  a tten tio n  has been p a id  to  sun­
shine as a forest influence on  its ow n account. 
Excellent records are  available for B rita in ; the 
Climatological A tlas  m aps the average m eans o f daily 
sunshine fo r each m on th  an d  fo r the year, also  the 
percentage o f possible sunshine. T he yearly m eans 
o f  daily sunshine vary from  4.5 hou rs on  th e  sou th  
coast o f  E ngland, to  3 hours over m uch o f  n o rth ­
w est Scotland ; an d  th e  co rresponding  percentages o f 
possib le sunshine range from  40 to  20 per cent. 
B ilham  (1938) observes th a t there  is (a) a  general 
increase o f  sunshine from  n o rth  to  sou th ; (b) a 
decrease o f  sunshine from  the coasts in land ; and  
(c) a  decrease o f sunshine w ith  a ltitude. I t  is p lain  
th a t the principal features o f  this pa tte rn  are  also 
seen on a  m ap  o f  accum ulated  tem peratures.

A tm ospheric Pollution. Industria l sm oke, o f  which

su lphur dioxide is the chief harm fu l constituen t, is an  
adverse fac to r over fairly considerab le  areas of 
po tentially  afforestable land  in the Pennines betw een 
the industria l concentrations o f  L ancashire an d  the 
W est R id ing  o f  Y orkshire. T he generally g reater 
susceptibility o f  conifers to  a tm ospheric  po llu tion  is 
im p o rtan t here, since m uch o f  the afforestable area 
concerned  is exposed an d  unsu ited  to  b roadleaved 
trees.
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TA B L E  3 : M E T E O R O L O G IC A L  D ATA  F R O M  SE L E C T E D  T Y P E  S T A T IO N S

ABERDEEN OBSERVATORY. LATITUDE 5 7 °  1 0 ' N .;  LONG. 2 °  6 '  W . ; 3 7  FEET ABOVE MEAN SEA LEVEL, ( a )  *
EAST SCOTLAND, COASTAL

Temperatures (°F) Jan. Feb. Mar. Apr. M ay June July Aug. Sept. Oct. Nov. Dec. Year

Mean............................ 39 39 40 43 48 53 57 56 53 48 42 40 47
Daily maximum 43 43 45 48 53 59 62 62 58 52 46 43 51
Daily minimum 35 35 36 38 43 47 51 51 47 43 38 36 42
Extreme maximum .... 59 64 70 74 75 80 86 83 82 77 63 61 86
Extreme minimum .... 4 6 10 21 29 30 38 33 30 25 13 6 4

Rainfall (in.) Mean 2.2 2.1 2.4 1.9 2.3 1.7 2.8 2.7 2.2 3.0 3.0 3.2 29.5

ROTHESAY (BUTE). LAT. 5 5 °  5 0 '  N . ; LONG. 5 °  4 '  w . ;  2 0 0  FEET ABOVE MEAN SEA LEVEL, ( b )  * 
WEST SCOTLAND, MILD ISLAND CLIMATE

Temperatures (°F) Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year

M ean............................ 40 40 41 45 50 55 57 57 53 49 43 41 48
Daily maximum 44 44 47 51 57 62 64 63 59 53 47 45 53
Daily minimum 36 36 36 38 43 47 51 51 48 44 39 37 42
Extreme m axim um .... 56 56 64 71 78 85 84 83 81 69 61 57 85
Extreme minimum .... 12 11 20 22 30 33 39 36 32 25 20 19 11

Rainfall (in.) Mean 4.5 4.0 3.6 3.0 3.0 3.1 4.0 4.9 4.0 4.4 5.1 5.4 49.0

FORT WILLIAM (INVERNESS). LAT. 5 6 °  4 9 '  N . J LONG. 5 °  7 '  W . ; 171  FEET ABOVE MEAN SEA LEVEL, ( c )  *
WEST SCOTLAND, H IG H  RAINFALL

Temperatures (°F) Jan. Feb. Mar. Apr. M ay June July Aug. Sept. Oct. Nov. Dec. Year

Mean............................ 39 39 41 44 51 55 57 57 53 48 42 40 47
Daily maximum 44 44 47 51 58 63 65 64 60 54 47 44 53
Daily minimum 35 35 35 37 43 47 50 50 47 42 37 35 41
Extreme m axim um .... 57 56 63 73 83 86 84 85 85 74 63 66 86
Extreme minimum .... 5 10 11 20 26 35 37 36 30 22 11 11 5

Rainfall (in.) Mean 9.6 7.4 6.6 4.4 3.9 3.5 4.8 6.1 6.3 7.0 8.1 10.1 77.8

COLMONELL (AYR). LAT. 5 5 °  8 '  N . ; LONG. 4 °  5 3 '  W . ; 1 7 0  FEET ABOVE MEAN SEA LEVEL. 
SOUTH-WEST SCOTLAND, COASTAL

Temperatures (°F) Jan. Feb. Mar. Apr. M ay June July Aug. Sept. Oct. Nov. Dec. Year

M ean............................ 40 40 42 45 51 55 58 57 54 49 43 41 48
Daily maximum 45 45 48 52 59 62 65 64 61 55 49 46 54
Daily minimum 36 35 35 38 43 48 51 51 47 43 37 37 42
Extreme maximum .... 55 56 67 72 82 82 82 88 77 74 63 60 88
Extreme minimum .... 13 12 16 16 26 33 34 28 28 21 12 14 12

Rainfall (in.) Mean 4.3 3.9 3.4 2.5 2.6 2.5 3.1 4.0 3.5 4.5 5.0 5.6 44.8

* See Table 4, p.23.
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BRAEMAR (ABERDEEN) L A T . 5 7 °  N . ; L O N G . 3 °  2 2 ' W . ; 1 ,1 2 0  FEET ABOVE MEAN SEA LEVEL, ( d )  * 
CENTRAL SCOTLAND, ELEVATED VALLEY CLIMATE

Temperatures (°F) Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year

M ean............................ 34 34 36 41 46 53 55 54 50 44 38 35 43
Daily maximum 40 40 42 48 55 62 63 61 58 50 • 44 40 50
Daily minimum 29 29 30 33 38 44 47 46 42 37 33 29 36

Rainfall (in.) Mean 3.1 2.7 2.9 2.3 2.4 1.9 2.6 3.4 2.5 3.8 3.9 3.6 35.1

GREAT YARMOUTH (GORLESTON) (NORFOLK). LAT. 5 2 °  3 5 '  N . J LONG. 1° 4 3 '  E . ; 5 FEET ABOVE MEAN SEA LEVEL.
EAST ENGLAND, COASTAL

Temperatures (°F) Jan. Feb. Mar. Apr. M ay June July Aug. Sept. Oct. Nov. Dec. Year

M ean............................ 41 40 42 46 51 57 62 61 58 52 45 41 50
Daily maximum 44 44 47 51 57 63 68 68 64 57 49 44 55
Daily minimum 37 36 37 41 46 51 55 55 52 47 41 38 45
Extreme m axim um .... 57 60 66 72 81 81 87 89 82 74 64 60 89
Extreme minimum .... 10 13 18 19 31 37 42 41 33 27 23 15 10

Rainfall (in.) Mean 1.7 1.5 1.8 1.5 1.7 1.8 2.3 2.5 2.0 2.9 2.4 2.4 24.5

HOLYHEAD (ANGLESEY). LAT, 5 3 °  1 9 ' N . ; LONG. 4 °  3 7 '  W . ; 2 6  FEET ABOVE MEAN SEA LEVEL. 
NORTH WALES, MILD ISLAND CLIMATE

Temperatures (°F) Jan. Feb. Mar. Apr. M ay June July Aug. Sept. Oct. Nov. Dec. Year

Mean............................ 44 43 44 46 51 55 59 59 57 53 47 45 50
Daily maximum 46 46 48 50 55 59 63 63 61 55 50 47 54
Daily minimum 42 40 40 42 47 51 55 55 53 49 44 43 47
Extreme m axim um .... 55 59 67 75 76 83 85 86 78 76 62 56 86
Extreme minimum .... 20 17 26 26 32 40 43 45 40 32 29 26 17

Rainfall (in.) Mean 2.9 2.4 2.6 2.1 2.0 2.1 2.6 3.2 2.7 4.0 4.1 4.2 34.9

FALMOUTH (CO RNW A LL). LAT. 5 0 °  9 '  N .J  LONG. 5 °  5 '  W . ; 1 6 7  FEET ABOVE MEAN SEA LEVEL, ( e )  * 
SOUTH-WEST ENGLAND, COASTAL, EXTREMELY MILD

Temperatures (°F) Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year

Mean............................ 44 44 45 48 53 57 61 61 58 53 47 45 51
Daily maximum 48 48 50 53 59 63 67 67 63 58 52 49 56
Daily minimum 40 39 40 43 48 52 55 55 53 48 43 41 46
Extreme maximum .... 57 58 63 70 75 82 85 83 78 72 62 58 85
Extreme minimum .... 20 22 23 29 30 40 44 44 36 32 23 24 20

Rainfall (in.) Mean 4.2 3.7 3.5 2.6 2.2 2.3 2.8 3.3 2.9 5.0 4.8 6.3 43.6

* See Table 4, p. 23.
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CAMBRIDGE (CAMBS.). LAT. 52° 12' N . ; LONG. 0° 8 '  E . ; 41 FEET ABOVE MEAN SEA LEVEL, (f) *
EAST-CENTRAL ENGLAND

Temperatures (°F) Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year

M ean............................ 39 40 42 46 53 58 62 61 57 50 43 40 49
Daily maximum 45 46 50 55 63 68 71 71 66 58 49 45 57
Daily minimum 34 33 34 38 44 48 52 52 48 42 37 35 41
Extreme m axim um .... 59 67 70 84 88 88 95 96 93 80 65 60 96
Extreme minimum .... 4 6 12 21 25 32 36 38 28 23 8 0 0

Rainfall (in.) Mean 1.5 1.3 1.5 1.3 1.8 2.1 2.2 2.3 1.6 2.4 1.9 1.9 21.8

BUXTON (DERBY). LAT. 53° 16' N . ; LONG. 1° 55 ' W .; 1,007 FEET ABOVE MEAN SEA LEVEL, (g) *
WEST-CENTRAL ENGLAND, ELEVATED VALLEY CLIMATE

Temperatures (°F) Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Year

Mean............................ 36 37 39 43 49 54 57 57 53 47 41 37 46
Daily maximum 41 41 44 49 57 61 64 64 59 52 45 41 52
Daily minimum 32 32 33 36 41 46 50 50 46 41 36 33 40
Extreme maximum .... 56 58 66 73 79 83 89 88 86 77 61 58 89
Extreme minimum .... 0 — 11 1 8 19 30 31 33 29 18 12 ~ 4 — 11

Rainfall (in.) Mean 4.5 3.8 4.1 2.9 3.1 3.2 3.9 4.4 3.2 4.9 4.7 5.7 48.4

STATION— YORK (YORKS.). LAT. 53° 57 ' N .J LONG. 1° 5 ' W .J 57 FEET ABOVE MEAN SEA LEVEL, ( h )  *
NORTH-CENTRAL ENGLAND

Temperatures (°F) Jan. Feb. Mar. Apr. M ay June July Aug. Sept. Oct. Nov. Dec. Year

Mean............................ 39 40 42 46 53 57 61 60 56 50 43 40 49
Daily maximum 44 45 48 53 61 66 69 68 64 56 48 44 55
Daily minimum 35 35 36 39 44 49 53 52 48 43 38 35 42
Extreme m axim um .... 60 61 73 78 82 88 89 90 92 78 66 60 92
Extreme minimum .... 3 3 8 11 24 34 37 37 30 23 14 —5 —5

Rainfall (in.) Mean 1.8 1.5 1.7 1.6 2.0 2.1 2.5 2.5 1.6 2.7 2.1 2.2 24.3

T he above da ta  are  quoted , w ith acknow ledgm ents, from  E. G . B ilham : The Climate o f  the British Isles, 
and  from  the B ook o f  Normals.

TA B LE 4 : D ATA  F O R  S T A T IO N S a— h E X P R E S S E D  A C C O R D IN G  T O  K A L E LA ’S SY STE M

Station a b c d e f a h

Number months with mean 
10°C. =50°F. or more

temp.
4 5 5 4 6 6 4 6

Mean temp, o f fC ° 13 12 13 12 14 14 13 13
months in question |F ° 55 54 55 53 57 57 55 56

Mean temp, o f /  C° 14 14 14 13 16 17 14 16
warmest month \ F ° 57 57 57 55 61 62 57 61

Number months with mean 
0°C.:= 32°F. or less ....

temp.
none none none none none none none none

Mean of these /  C° — — — — — — — —

months 1 F° — — — — — — — —

Mean of coldest /  C° 4 4 4 1 7 4 2 4
months \ F ° 39 40 39 34 44 39 36 39

Mean annual JC ° 10 10 10 12 9 13 12 12
range \ F ° 18 17 18 21 17 23 21 22

Mean annual inches .. 29.5 49 77.8 35.0 43.6 21.8 48.4 24.3
precipitation millimeters 749.3 1244.6 1976.1 889.0 1107.4 553.7 1229.4 617.2

* See Table 4 below.



24

Chapter 3 

S O I L S

In  a country  w here there is no  great extent o f 
forest, an d  w here w hat there is, is largely o f an  
artificial character, it is n o t easy to  discover any 
clear-cu t rela tionsh ip  betw een soils an d  tree-grow th 
except o f the m ost general k ind , and  m uch w ork has 
yet to  be done before th e  responses o f the individual 
forest species to  the soils on  w hich they have been 
placed, can  be properly  elucidated. W e have, o f 
course, bu ilt up  a substan tia l body o f em pirical 
know ledge relating  to  the m ost w idely-used o f the 
exotic trees and , w here soil im poses lim its on grow th, 
we know  roughly w hat those lim its are, a lthough  our 
know ledge lacks precision. B ut, fo r som e o f the 
m inor exotic trees, we lack even this am oun t o f 
in form ation .

M uch  o f the fo restry  p rogram m e in G rea t B rita in  
consists o f afforesting b are  lan d  on w hich there is 
little  tree grow th, o r none  a t all, to  serve as a guide; 
w here tree g row th does occur, it is usually o f a  so rt 
qu ite  different from  the exotic conifers w hich are 
being p u t in. In  the circum stances, foresters have 
natu ra lly  tended  to  select fo r p lanting , species 
w hich establish  them selves readily ; and  though  
experience has show n th a t a tree w hich form s a crop 
easily will usually  continue to  grow  well, there  is no 
certa in ty  th a t all th e  exotics w hich we a re  p lan ting  
will eventually  find them selves a t hom e on all the 
soils on  w hich they have been placed. T his is a  subject 
on  w hich research  is needed, fo r th e  failure o f an  
exotic tree  to  develop beyond  a  certa in  p o in t on a 
p a rticu la r soil m ight raise serious problem s b o th  in 
silv iculture an d  in  m anagem ent.

T he prac tice  o f p loughing  before p lan ting , w hich 
is now  general on  land  ab o u t to be afforested, has 
a  bearing  on any discussion o f  soils in  re la tion  to  
exotic trees. W e know  th a t p loughing prom otes 
earlier estab lishm ent o f m ost species and  tha t, in  the 
m ore extrem e cases, it converts a  site w hich is u n ­
su itab le  fo r p lan ting  in to  one on  w hich a  crop  o f trees 
becom es a  possib ility ; b u t we a re  still uncerta in  
ab o u t the long-term  effects o f  prelim inary  cu ltivation  
o r  p artia l cultivation . I f  it  could  be show n, for 
exam ple, th a t by do ing  m ore  th an  th e  m inim um  
cu ltiva tion  necessary fo r estab lishm ent we |could 
increase the  g row th  o f a  species by one Q uality  Class, 
then  it  w ould  p robab ly  pay  us to  p lough  m ore 
intensively to  begin w ith.

T he  p lan ting  o f  exotic trees, an d  th e  subsequent 
g row th  o f  the  crop , provides a  field fo r studying the 
effect o f  th e  trees on th e  soil. T his is o f  som e 
im portance  because it  is necessary fo r th e  p lan te r to

appreciate  the consequences o f his ac tion  in  in tro ­
ducing a  long-lived tree from  an o th e r country . T he 
effects m ay differ according to  the type o f  soil, 
th e  clim ate, w hether the  crop is p u re  o r m ixed, the 
trea tm en t, g rade o f th inning, an d  so o n ; an d  it is 
advisable to  find o u t as m uch ab o u t them  as 
possible.

T here  is thus w ide scope in  th e  exotic p lan tations 
o f G rea t B rita in  fo r soil research , an d  now  th a t we 
have num erous crops o f  m any species in  canopy, 
o r approach ing  the stage o f  canopy-form ation , there 
is a  good  range o f  m ateria l on w hich to  w ork. 
F o rtuna te ly  there  is grow ing in terest in  fo rest soil 
research  an d  m uch  stim ulating  an d  im p o rtan t w ork  
is now  going on  in  various research In stitu tes an d  
U niversities.

Tansley (1939) in  his book  The British Islands and  
their Vegetation  gives an  excellent accoun t o f  the 
soils o f  th e  coun try  in re la tion  to  clim ate  an d  
vegetation, in  the course o f w hich he  sta tes: ‘F o r  
various reasons, m ature, fully developed soil profiles 
a re  fa r from  occurring  over th e  w hole surface o f  the 
country . A nyth ing  like typical exam ples, indeed, 
have to  be  very carefully sought. W e have seen th a t 
th e  conditions o f  a  steep slope do n o t adm it o f  th e  
m a tu ra tio n  o f  the profile— the soil rem ains p e r­
m anently  im m ature. H a rd  rocks w hich w eather slow ­
ly have only been exposed over m ost o f  th e  coun try  
to  a  clim ate o f anything like th e  existing type during  
th e  few  th ousand  years since th e  Pleistocene glacia­
tion , an d  even during  th a t tim e th e  clim ate has 
undergone significant changes so th a t in  m any  cases 
the soils have n o t h ad  tim e to  develop a  m atu re  
profile. Soils w ith  im peded drainage, an d  thus 
w holly o r  partia lly  w aterlogged, can n o t develop the 
profile characteristic  o f  the  clim atic type. A gain, 
m any profiles have been partly  ero d ed  a n d  thus 
truncated , so th a t, fo r exam ple, th e  B horizon , w hich 
was form ed a t  som e little dep th , m ay ap p ea r o n  the 
surface; an d  these actually  occupy th e  g reatest a rea  
o f the country . O thers, again, have been d is tu rbed  by 
various agencies, o f  w hich by far the m ost im p o rtan t 
a n d  w idespread is cu ltiva tion  ’

T his q u o ta tio n  brings o u t som e o f the  difficulties 
m et w ith in  a ttem pting  to  discuss briefly th e  soils o f  
G rea t B rita in , in  re la tion  b o th  to  th e  p lan ting  o f 
exotic trees an d  to  th e  k inds o f  lan d  w hich are  
available fo r forestry. T he geology o f  th e  co u n try  is 
varied  and , in  som e parts , exceedingly com plex, 
m uch o f  th e  land  is covered by glacial d rifts o f 
various sorts, an d  there  is superim posed  th e  effect
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o f con tinued  land-use over a  prolonged  period  o f 
tim e. A ny system  o f  classification fo r this pu rpose 
is open to  som e objection, bu t th e  m ost convenient 
available is possibly th a t used by the Soil Survey of 
G rea t B ritain . In  their classification the follow ing 
m ajo r soil g roups have been recognised:

(a) O rganic soils, (b) Podzolized soils, (c) G ley 
soils, (d) B row n earths, (e) C alcareous soils.

Organic Soils
T his group  o f  soils is o f the greatest in terest to  
foresters in G rea t B rita in  because it includes the 
peats w hich cover large areas in  the n o rth  an d  west, 
areas o f low u tilisation  value fo r o th er purposes, on 
w hich forestry  is being encouraged  to  expand. 
A lthough Z ehetm ayr (1954) in his w ork  Experim ents 
in Tree Planting on Peat has accepted  as a  pea t any 
soil w ith a superficial covering o f organic  m atte r 
m ore th an  six inches thick, the  Soil Survey requires a 
dep th  o f 9 o r 12 inches before a soil is adm itted  into 
th is class. Z ehetm ayr’s definition is useful fo r the 
purposes o f p ractical forestry, b u t it will be m ore 
convenient, in this discussion, to  follow  th e  practice 
o f  the soil surveyors. Peat deposits a re  variously 
distinguished bu t the m ain  separa tion  is into local 
p eat deposits an d  clim atic peats. T he form er are 
form ed in hollows an d  depressions w here p o o r 
drainage o r high rainfall lead to  their accum ulation , 
a n d  they are  generally o f small extent an d  for this 
reason o f little in terest to  forestry. In  som e districts 
they are  m ore w idespread in occurrence, an d  w here 
they have a  high base status, they are  valued fo r 
agriculture, an d  trees are  rarely grow n on  them . 
T he clim atic peats, occurring in districts o f high 
rainfall, h igh hum idity  an d  low insolation , have been 
divided by G . K . F raser (1933) in to  ‘hill p ea t’ and  
‘b lanket m oss’, the first o f which, situated  a t re la­
tively high elevations, has n o t generally been used 
fo r forestry, a lthough  som e experim ental p lan tations 
have been attem pted  on it; while th e  second, w hich 
covers large areas, is the m ost im p o rtan t fo r af­
fo restation  in Scotland and  the n o rth  o f England.

T his ‘b lan k e t’ peat is variable in  depth a n d  in 
structure. In  som e places it form s deep bogs; on  
slopes an d  flats it is th inner though  o ften  o f  con­
siderable depth , and  it becomes quite th in  w here it 
covers rocky knolls an d  m orain ic  m ounds. I t  has 
been classified as to  struc tu re  in to  am orphous peat, 
pseudofibrous peat an d  fibrous peat, each o f  w hich 
is o ften  ind icated  by the presence in  quan tity  o f  
characteristic  p lan ts— the purp le  m oorgrass, M olinia  
coerulea, on  am orphous p ea t; heather, Calluna 
vulgaris an d  co tto n  grass, Eriophorum  spp. on  the 
pseudofibrous p ea t; an d  deer grass, Trichophorum  
(Scirpus) caespitosum, on  the fibrous peat. W hen 
stream s o r  d rainage w aters traverse the peat, ‘flushes’ 
are form ed in w hich conditions are  m uch better for

tree  grow th. O n these flushes, N orw ay spruce o r  S itka 
spruce is the usual choice fo r p lanting . O n the 
am orphous peats S itka spruce is largely used, bu t 
if  p lan ts  such as Trichophorum, Calluna o r  Vaccinium  
a re  p ro m in en t am ong  the M olinia, then  a p ro p o rtio n  
o f  pine is in troduced  an d  the spruce is usually  given 
phospha te  a t  th e  tim e o f  p lanting . Scots p ine is often  
used, b u t if  exposure is a  fac to r to  be taken  in to  
account, Pinus contorta  is used instead. G enerally , 
the g rea ter the frequency o f  Calluna the  m ore 
cau tion  m ust be taken  in  using spruces. T he fibrous 
peats w ith  Eriophorum  a re  m ore  difficult an d  require  
close dra in ing ; S itka spruce is often  used on  these 
sites a n d  requires phosphate  if  it is n o t to  go in to  
check. Pines, w hich are  used in  m ixture w ith  the 
spruce, also benefit by the app lication  o f  a  phos- 
pha tic  fertiliser. T he pseudofibrous peats ch a rac te r­
ised by Trichophorum  a re  the subject o f  m uch experi­
m enting  because we are  no t yet certa in  th a t it is safe 
to  em bark  o n  full-scale afforestation  on  this type o f  
land . I t  has been show n th a t on  som e o f  the w orst o f  
these, a  c rop  o f  Pinus contorta  can  be established, b u t 
w e do n o t yet know  how  crops o f  this so rt will 
develop. M ost o f  the peat lands are subject to  ex­
posure to  a  g reater o r  less degree; in extrem e cases 
th is m ay m ake it im possible to  p roceed w ith p lanting  
an d  in o thers it m ay affect the choice o f  species.

Podzolized Soils
Podzols a re  frequen t in  the north -east (M uir 1940) 
an d  the east o f  B rita in , and  they are  also found, 
well developed, o n  the E ocene in  the so u th  o f  
E ngland. F o r  reasons given by R ob inson  (1935) well- 
developed podzols are  uncom m on in W ales. They 
a re  norm ally  associated  w ith  a  hea th  type o f  vegeta­
tion . M uch  land  o f  th is k in d  has been available fo r 
afforestation  in  the last thirty-five years an d  a  con ­
siderable body o f  in fo rm ation  has been bu ilt up  on  
m ethods o f  p lan ting  it w ith  trees.

W ell-developed podzols such as fo rm  u n d er p ine 
forest in  the no rth -east o f  Scotland  can  be p lan ted  
w ith  Scots pine, a  species w hich grow s slowly bu t 
produces h igh-quality  tim ber. T hose o f  th e  so rt 
found , say, on  the extrem ely infertile  E ocene deposits 
a t  W areham , in  th e  so u th  o f  E ngland, do  n o t offer 
m uch encouragem en t to  anyone w ho p lan ts  them  
direct, th o u g h  in  o ther districts the podzolized 
B agshot sands o f  the E ocene can be p lan ted  success­
fully w ith o u t p loughing. W ith in  recent years, how ­
ever, it has becom e th e  general practice  to  p lough  all 
podzols before p lan ting , even in  o ld  w oodland, 
w herever this can  be done.

W here a  h a rd  p an  occurs, p loughing is essential as, 
w ithou t it, only a stun ted  crop  o f  p ine can  be grow n. 
M uch  o f  the land  o f  this type is associated  w ith 
m oist hea th  cond itions an d  is o ften  subject to  co n ­
siderable exposure, bu t it is com m only  ra th e r level
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land  an d  convenient fo r ploughing. As Steven (1940) 
says “ This trea tm en t (i.e. ploughing) mixes the 
different horizons together, tends to  stabilize w ater 
re la tions du ring  w inter and  sum m er, and  im proves 
aera tion . T he vegeta tion  type is influenced, a t least 
tem porarily , grasses increasing in  am oun t and  
luxuriance” .

Peaty podzols w hich have a m o r layer several 
inches th ick  have usually  a  th in  iro n  pan . The con­
d itions usually are  m oister an d  the vegetation 
approaches the m o o rlan d  ra th e r th an  the heath  
type; in  the sou th  o f  Scotland, fo r exam ple, this 
type o f  soil is fo u n d  usually  w here the ra in fa ll is a t 
least 40 in. per annum  and  is then  associated m ainly 
w ith  M olinia coerulea.

T he choice o f  species fo r p lan ting  on  podzols and  
podzolized  soils is n o t always easy to  m ake. O n the 
characteristic  dry  hea th lan d  podzols, a  pine is the 
obvious choice, the native Scots pine being in 
general use, a lthough  the C orsican  p ine gives good 
resu lts in the sou th  o f  E ngland. E uropean  larch 
has grow n well on  soils o f  this type in  various parts  
o f  B rita in  and  good results have som etim es 
fo llow ed the use o f  D oug las fir. O n  the m ore 
difficult podzols, especially those  w ith h a rd  iron  pan , 
m uch  experim ental w ork  has been conducted  w ith a 
view to  finding suitable species w hich w ould  be m ore 
highly p roductive  th an  Scots pine. S itka spruce has 
given som e p rom ise a lthough  it is often  necessary to  
apply  a phospha tic  fertiliser a t the tim e o f  p lan ting ; 
N orw ay  spruce is generally unsu itab le  as it checks 
bad ly  in  th e  presence o f  Calluna while Japanese 
larch , w hich establishes itse lf readily , is to  som e 
ex ten t suspect on  accoun t o f  its susceptibility to  
dam age by drought.

T he  peaty  podzols a re  difficult to  afforest and  
they requ ire  to  be p loughed  to  im prove the drainage. 
O n m any sites w here this type occurs, a  m ixture o f  
Scots p ine  an d  S itka spruce is being p lan ted , bu t 
Pinus contorta  is used in  p lace o f  Scots p ine w here 
exposure is severe.

Gley Soils
G ley soils w hich have developed u nder conditions 
o f  in te rm itten t o r  perm anen t w aterlogging are  o f  
w ide d is tribu tion . In  the low land  regions, where 
o rig inally  they carried  a w et type o f  deciduous 
w oodland , they a re  now  m ainly u nder agriculture 
and , in  p a rts  o f  E ng land , have long been under 
p erm an en t grass. In  these districts, th ough  no  large- 
scale affo resta tion  goes on, there  is a  considerable 
am o u n t o f  w ood land  in  sm all patches, p lan ted  
m ostly  w ith m ixed deciduous species.

In  u p lan d  regions, soils show ing gleying are 
frequen t an d  som e o f  them  are  used fo r forestry. 
A  com m on type in  up lan d  districts is th e  peaty  gley

w hich has been p lan ted  extensively in  the B orders 
w here Scotland an d  E ngland  meet.

G ley soils require  d rainage before  a  crop  o f trees 
can be established, and  on  the g round-w ater gleys 
th is m ust be reasonably  deep an d  m ust be well m ain­
tained. F o r  th e  surface-w ater gleys, drainage need 
n o t be so deep, bu t it is nevertheless essential.

In  low land districts, the  g round-w ater gleys are 
no t m uch used fo r fo restry  b u t crops o f p o p la r are 
som etim es raised  on  them ; th e  surface w ater gleys 
will grow  a  variety  o f  species, bu t young  tree crops 
are  often slow to  establish.

In  up land  districts, the better g round-w ater gleys 
grow  N orw ay spruce very well, b u t on o ther types, 
Sitka spruce is better.

Brown Earths
Soils o f the brow n earth  type are  o f w ide occurrence 
bu t they  vary in fertility according to  th e  richness or 
poverty  o f the pa ren t m aterial. They w ould  norm ally 
carry  deciduous forest, m ainly o f oak , b u t in upland 
districts, w here they are  n o t cultivated , they m ay be 
associated  w ith a  so rt o f  acid  grassland  o r even 
grass-heath. They a re  often  well d ra ined  naturally , 
b u t im perfect d rainage w ith  a certa in  am o u n t o f 
gleying a t som e dep th  is n o t uncom m on.

O n the richer, low land brow n  earths, there  is a 
g rea t variety  o f  trees w hich can be grow n, an d  the 
choice is usually  d ic ta ted  by considerations o ther 
th an  those o f  soil.

In  hill country , conifers are  the usual selection 
and, w here exposure is n o t severe, a  nu m b er o f 
different species can be safely grow n, o f  w hich the 
larches and  the spruces a re  th e  com m onest.

Calcareous Soils
T he soils a lready m en tioned  a re  all acid, from  the 
acid  peats to  the best brow n earths w hich have 
m odera te  o r  slight acidity. T he calcareous soils, 
therefore, s tan d  o u t as a  class a p a rt a n d  they  are  
natu rally  m uch m ore  restric ted  in  d is tribu tion  being 
confined to  chalk  an d  lim estone fo rm ations an d  to  
the chalky bou lder clays o f  th e  east M idlands. The 
rendzinas an d  rendzin iform  soils in th is g roup  have 
recently been discussed from  the fo rester’s po in ts o f 
view by J. M . B. B row n (1953). T he characteristic  
soils o f th e  chalk  an d  lim estone a re  d ry  and  alkaline 
and  these features lim it the species w hich can be 
grow n. M ost o f  th e  conifers a re  unsuitable, 
although  several will m ake pole crops, an d  the staple 
species fo r p lan ting  is beech.

T he calcareous soils on  th e  chalky bou lder clay 
frequently  exhib it im peded d rainage w ith  som e 
gleying. They usually  carry  crops o f  o ak  an d  ash, 
w here they are  n o t u nder agriculture.
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Coastal Sands
Stretches o f dunes and  coastal sands have been 
m ade available fo r p lan ting  a t  various tim es, the 
m ost im p o rtan t o f these being a t C ulbin, M oray ­
sh ire; T entsm uir, F ife; Pem brey, C arm arthen ; and  
N ew borough, Anglesey. Pines are  the principal 
species used.

J. M.
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Chapter 4 

TEC H N IQ U ES OF ESTA BLISH M EN T AND TENDING

T he techniques m entioned in this chap te r a re  those 
generally applied b o th  to  exotic and  to  native trees. 
T he m ost im p o rtan t technique in establish ing a  forest 
in B rita in  is p lanting , fo r though  n a tu ra l regenera­
tion  and  direct sow ing are  occasionally  carried  ou t on 
a very lim ited scale, in p ractice they are  o f  sm all 
account.

O n private  estates m ost o f the p lan ting  has been 
on old w oodland  sites for w hich long-established 
techniques a re  suitable. In  con trast, betw een one- 
h a lf and  tw o-th irds o f  the F orestry  C om m ission’s 
recent p lan ting  has been on bare  upland. M ethods o f 
m echanical cu ltivation  and  drain ing  have therefore 
been developed by the F orestry  C om m ission to  a 
greater extent than  w ould  have been justifiable for a 
p rivate  ow ner w orking on  a  m uch sm aller scale and  
in different conditions.

Nursery Work and Planting Stock
F ores t nurseries in B rita in  are  classified into 
‘hea th land ’ o r ‘w ood land’ nurseries, and  ‘agricul­
tu ra l’ o r ‘established’ nurseries. T he soils o f  the 
form er are  characteristically  light and  sandy, and 
m ay con tain  a certain  am oun t o f p ea t; they are  also 
acid  and  intrinsically infertile. In  the first years after 
fo rm ation , heath land  an d  w oodland  nurseries are  
extrem ely free from  weeds. T he soils o f  agricultural 
nurseries are  ra th e r heavier, as they are  m ainly light 
to  heavy loam s w ith  slightly acid  reaction  (pH  
5.0— 6.5); they a re  intrinsically fertile.

H ea th lan d  nurseries w ere first used fo r large-scale 
p ro duc tion  o f  seedlings in 1945 an d  achieved 
im m ediate success, p roducing  h igh yields o f top

quality  seedlings a t relatively low cost. T he area has 
increased in recent years an d  now  a large p ro p o rtio n  
o f o u r coniferous seedlings a re  raised  in  nurseries o f 
this type. A gricu ltu ra l nurseries are  now  m ostly 
u sed  fo r lin ing o u t seedlings, often  those sent in 
from  hea th land  nurseries, an d  fo r raising h a rd ­
w ood species.

T he period  since 1945 has been one o f  extrem ely 
active research  in to  the problem s o f nursery n u trition  
in  B rita in  (C row ther et al. 1951-1956); m any o f the 
conclusions reached  have been inco rpo ra ted  in to  
cu rren t practice. T he fertility  o f nursery  soils is 
m ain ta ined  by app lica tion  o f  inorganic fertilizers 
supplying nitrogen , phosphorus a n d  po tassium . 
O rganic m a tte r is usually  applied  to  heath land  
nurseries in th e  fo rm  o f  hop-w aste and , in som e 
agricu ltu ra l nurseries, by the in troduction  o f a green- 
crop  in to  th e  ro ta tio n . L im e is applied  only in very 
acid  nurseries, and  th a t infrequently  an d  in  very light 
dressings. A  th ree  to  fou r year ro ta tio n  is usually  
p ractised  b u t the actua l cropp ing  varies accord ing  to  
local conditions.

Seedbeds a re  norm ally  p repared  in  spring , and  
sow ing takes place from  m id-M arch  to  m id-A pril, 
au tum n  sow ing being lim ited to  hardw oods. M ost 
seed is still sown b roadcas t by hand , bu t the p ractice 
o f  sow ing by m achine, e ither in drills o r  b roadcast, 
is becom ing m ore w idespread, an d  in larger nurseries 
it is likely soon  to  becom e the s tan d ard  practice. 
T he density o f sow ing is calculated  by tak ing  into 
account the num ber o f viable seeds per pound , the 
experience o f previous years w ith the sam e species in 
a given nursery , an d  w hether it is in tended  to  produce 
one-year o r tw o-year o ld  seedlings.
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SEED QUALITY, SOW ING DENSITY AND YIELD FOR SELECTED CONIFERS
T a b l e  5

Species

Normal Seed Qualities Sowing Density (Normal Quality Seed)

No. Pure 
Seed per lb. 

(Thous.)

Germination
percentage

No. Viable 
Seed per lb. 

(Thous.)

Desirable 
Stocking at 

first year. No. 
o f  Seedlings 
per Sq. Yd.

Recommended 
Density o f  
Viable Seed 
per Sq. Yd.

Recommended 
Normal 
Sowing 

Density (Sq. 
Yd. per lb.)

Scots pine 75 90 67 500 1,200 56
Sitka spruce 190 90 170 1,000 2,000 85
Tsuga heterophvila 290 60 175 900 3,000 58
Abies grandis 23 25 6 300 500 12

T able  5 gives seed qualities, sow ing densities and  
expected yields o f  som e o f th e  conifers com m only  
used ; the densities a re  those recom m ended fo r 
crops w hich will be lifted a t  the end o f the first year.

A fter sow ing, the  seed is usually  covered w ith  
i  to  1 inch o f  coarse sand  o r  gravel w hich should  be 
free from  lim e o r silt, the dep th  being dependent on  
th e  species. A  cover dep th  o f -ft- inch is s tan d a rd  for 
m ost conifers, b u t A bies  germ inates be tter u nder 
th icker cover and  Tsuga u n d e r th inner cover.

Seedlings rem ain  in th e  seedbeds fo r one o r tw o 
years according to  species an d  ra te  o f  grow th. 
Seedlings o f  larches, D ouglas fir and  m ost pines, as 
well as spruces in  m any hea th land  nurseries, a re  
usually  lifted  a t the end  o f  one year. Abies  species 
norm ally  s tan d  fo r tw o years.

T he lin ing-out spacing depends on  the species, 
size and  vigour o f  th e  seedlings, and  varies from  14- 
inches x  6 inches to  3 inches X 10 inches.

U ndercu tting  o f seedlings as a  substitu te  for 
lin ing-ou t is only prac tised  on  a very sm all scale and  
is still the subject o f  experim ent.

W eed con tro l is an essential p a rt o f B ritish nursery 
prac tice  an d  has been revolutionised  in recent years 
by the  w idespread use o f  m ineral o ils ; pre-em ergence 
sprays o f  vaporising  oils a t the ra te  o f  sixty gallons 
per acre a re  applied  to  seedbeds in alm ost all 
nurseries. Post-em ergence sprays o f w hite sp irit are 
n o t so com m only applied, b u t w here they a re  used, 
pines an d  spruces a re  sprayed a t ra tes o f up  to  th irty  
gallons per acre, depending on  the tim e o f  year; 
larches, D oug las fir an d  w estern hem lock are  m ore 
sensitive an d  can  only safely be sprayed a t ra tes n o t 
exceeding fifteen gallons per acre. H ardw oods are 
easily  dam aged  by post-em ergence spraying. In  
tran sp lan t lines, in  som e nurseries, weeds a re  con­
tro lled  w ith sprays o f  vaporising oil o r w hite sp irit a t 
ra tes  up  to  forty  gallons per acre. M echanical 
m ethods o f  weed con tro l a re  also being developed 
fo r use in the larger nurseries.

T ransp lan ts are  the type o f stock  in general use for 
forest p lanting . F o r  sites w here there is little  shelter

an d  little weed com petition , e.g. on  ploughed hea th  
o r m oorland , sm all transp lan ts up  to  ten o r twelve 
inches a re  p referred . O n unploughed  g round  o r  on 
o ld  w oodland  sites w here weed grow th m ay be 
strong, larger an d  o lder p lan ts up  to  tw enty-four 
inches tall a re  usually  p lanted .

Seedlings o f the m ajo r coniferous species have 
been used fo r p lan ting  experim entally  on a  fairly 
large scale since 1930, b u t the ir survival ra te  is 
low er an d  the w eeding costs h igher th an  fo r tran s­
p lan ts (G uillebaud, 1933). N ow adays, seedlings o f 
pines, spruces an d  larches are  used only when 
transp lan ts a re  n o t available and  then  only on shel­
tered  sites on  p loughed  ground. E dw ards an d  H olm es 
(1951) show ed th a t the  stu rd ier th e  seedling, the 
be tte r the chances o f  survival follow ing p lanting .

Ground Preparation and Planting Methods
Fencing  against stock  is generally carried  ou t, an d  
rab b it fencing is usually  necessary. M yxom atosis has 
reduced  the rab b it p o p u la tio n  very m aterially , an d  if  
th e  position  can  be m ain ta ined  considerab le  
econom ies in  fencing will resu lt; also n a tu ra l regen­
e ra tio n  m ay becom e a  m ore practicable p roposition . 
In  certa in  districts, p lan ta tions m ust be fenced 
against deer.

In  the restocking o f  b road leaved  w oodland , 
coppice o r  scrub, p artia l o r  com plete  clearance o f  
w oody w eed grow th m ay be necessary. H ow ever, 
w herever possible, trees are  p lan ted  u nder the exist­
ing cover, w hich is then gradually  rem oved. T his 
reduces the costs o f  weeding. W here it is necessary to 
clear com pletely, repeated  cu tting  b ack  o f  w oody 
regrow th  is requ ired  un til the new  crop  has closed 
canopy.

D rainage  is an  essential p rep a ra to ry  m easure o n  
the m o ist up land  sites, m oorlands an d  peats. I t  m ay 
also be requ ired  on  heavy soils in  areas o f  low  
rainfall. W hile m uch  dra in ing  is still done by han d , 
particu larly  on  sm all p lan ting  projects, th e  use o f  
dra in ing  p loughs has becom e general o n  th e  m ore 
extensive opera tions. O n peat, b o th  h an d  an d  plough
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drain ing  m ethods are  designed to  p rov ide inverted  
tu rfs fo r p lan ting  on, in  add ition  to  th e  prim ary  
objective o f  drainage. H an d  m ethods com m only  
p rov ide single turfs, w hich are  spaced a t the p ro p er 
p lan ting  distance.

T he drain ing  p lough  m ost frequently  used is the 
C u thbertson  single m o u ld -board  p lough. T his m akes 
an  excellent d ra in  an d  tu rn s o u t a  tu r f  ridge, w hich 
m ay either be p lan ted  w here it  lies, o r  cu t up  in to  
slices an d  spread  betw een the furrow s. O n the very 
p oo res t deep pea t the furrow s are  usually  spaced 
five to  six feet apart, b u t o ften  on  the b e tte r peats 
they  a re  ab o u t seventeen to  tw enty-tw o feet apart, 
allow ing tw o o r  th ree row s o f  tu rfs to  be spread 
betw een the furrow s. O ften, as an  alternative  to  the 
spread ing  o f  turfs, the C u thbertson  doub le  m ould- 
b o a rd  p lough , w hich tu rn s o u t tw o tu r f  ridges, is 
u sed  betw een the d rains m ade by  the single m ould- 
b o a rd  p lough. A  ligh ter p lough , th e  Begg, is also 
widely used on  shallow  pea t an d  on  g rassland  w here 
a  sm all tu r f  is satisfactory.

C leaning o f  drains, a n d  th e  occasional deepening 
o f  selected channels, h as  to  be carried  o u t from  tim e 
to  tim e, an d  th is is o ften  done im m ediately  before 
the c rop  form s thicket, an d  again  ju s t a fter each 
th inning. D ra in  cleaning is essential to  m ain ta in  the 
stability  o f  the crop.

C ultivation  by p loughing  is carried  o u t on  several 
im p o rtan t types o f  land . L ittle  cu ltiva tion  is now  
perfo rm ed  by hand , except fo r w hat m ay be done in  
the  ac t o f  planting .

O n h ea th lan d  sites, the object is to  suppress 
h ea th e r (Calluna), to  reduce soil com paction , a n d  to  
b reak  the h a rd  p an  if  present. T he p lo u g h  m ost 
frequently  used  has till recently  been the “ R .L .R .” 
(nam ed a fte r R . L. R ob in son—la te r L o rd  R ob inson  
— C hairm an  o f  th e  F o res try  C om m ission from  
1932-1952). I t  is now  how ever being replaced by the 
F o res try  C om m ission T ine p lough . P loughing is 
usually  carried  o u t a t p lan ting  spacing, i.e. a t  ab o u t 
five fo o t intervals.

P loughing is also prac tised  o n  u p lan d  grasslands 
a n d  on  chalk  dow nlands, w here cu ltiva tion  is o f  
lesser im portance  a n d  suppression o f  com peting 
vegeta tion  is th e  m ain  objective. These sites do  n o t 
call fo r such strong  im plem ents as are  requ ired  fo r 
d rainage o r  hea th lan d  cultivation . O n chalk  dow n- 
land , strengthened  agricu ltu ral p loughs have  been 
used.

T he  trac to rs  in  general use fo r p loughing  by the 
F o res try  C om m ission have been s tan d a rd  com ­
m ercial m akes o f  ab o u t th irty  to  fo rty  ho rse  pow er, 
fo r  exam ple th e  C aterp illa r D  4 an d  the In te r­
n a tio n a l T D  9 an d  the  recently in troduced  B T D  6; 
fo r very soft pea tlan d  the H o w ard  P latypus an d  a 
m odified F o rd so n  C oun ty  have been successful.

T he no rm al m ethod  o f  p lan ting  is no tch ing , using

a  spade o r  m attock . O n uncu ltiva ted  sites w here the 
g ro u n d  vegeta tion  is dense, a  sm all pa tch  is ‘screefed’ 
clear o f  vegeta tion  w ith  a  m attock  before each p lan t 
is p u t in ; o n  steep slopes a  step on  w hich to  p lan t the 
tree is o ften  m ade. O n hand -p repared  turfs, the 
p lan ts a re  n o tched  in to  the top  o f  the tu r f  in the 
sam e w ay as in  p lan ting  the tops o f  p lough  ridges. 
P it p lan ting  is p ractised  only w hen large p lan ts are  
necessary, fo r exam ple on  o ld  w ood land  sites.

W here the site has been ploughed, the position  fo r 
p lan ting  will depend o n  w hether p loughing has been 
done m ainly fo r drainage o r fo r cultivation . O n 
d ra ined  sites, the p lan ts are  placed either on  the top  
o r  in  the side o f  the p lough  ridge, and  w here the soil 
is pea t the p lan ts are  p u t in  deeply to  allow  fo r 
con trac tion  o f  the pea t w hen it dries ou t in sum m er. 
O n heath land , it is preferab le  to  p u t the p lan ts in  the 
b o tto m  o r  a t  the side o f  the fu rrow ; in  this position  
th e  ro o ts  are  am ongst th a t p a rt o f  the soil w hich has 
been m ost d is tu rbed  by the p lough, an d  the p lan ts 
a re  sheltered  to  som e extent by the ridge. In  the wet 
hollow s w hich a re  occasionally  found, how ever, the 
p lan ts m ust be p laced  o n  the ridge. W here p loughing 
has been u n dertaken  m ainly fo r weed suppression, 
th e  sp o t m ost likely to  rem ain  w eed-free is chosen fo r 
p lan tin g ; usually, this is in  the b o tto m  o f  the furrow .

P lan ting  can  be carried  o u t from  au tu m n  to  early  
spring, i.e. O ctober to  A pril, w herever w eather 
cond itions perm it. M ost p lanting , how ever, is done 
in  the spring. In  the n o rth  o f  the country  a n d  a t 
h igher elevations, p lan ting  m ay continue in to  M ay 
w ith  certa in  species.

P hosphatic  fertilisers are  applied  a t  the tim e o f  
p lan ting  o n  the p o o re r peats, characterised  by deer 
grass (Trichophorum) an d  co tto n  grass (Eriophonim ), 
a n d  also  on  the m ore  difficult Calluna heaths. Basic 
slag has been widely used, b u t g round  m ineral 
pho sp h a te  is th e  com m onest fo rm  o f  phospha te  in  
use a t p resent. S uperphosphate  is also used, b u t no t 
so generally. T he usual dosage o f  g round  m ineral 
p ho sp h a te  is l i  to  2 oz. p e r p lan t. M anuring  w ith 
elem ents o ther th an  phosphorus is n o t p ractised  a t 
p resen t, n o r  a re  fertilisers norm ally  applied  except to  
expedite establishm ent, bu t the w hole subject o f  
nu tritio n  o f  fo rest crops is u nder investigation a t the 
presen t tim e.

Spacing
T he com m on convention  has been to  p lan t pines 
a t  fou r-an d -a-h a lf feet spacing, spruces a t five to  
five-and-a-half, an d  larches an d  D oug las fir a t  six 
feet. P ractice varies accord ing  to local circum stances, 
b u t the general tendency in recent years has been to  
w iden the p lan ting  d istance fo r m ost species.

Direct Sowing
A lthough  it has been used o n  m any occasions in
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the forest, d irect sow ing is rarely  p ractised  today. 
T he m ethod  is n o t as reliable as p lanting , an d  it 
costs nearly as m uch.

Natural Regeneration
T here  are  exam ples o f  crops w hich have been 
regenerated  natu ra lly  b u t they are  few in  num ber. 
U ncertain ties in seed p roduction , and  the presence 
o f  rabb its  an d  o th er enem ies o f  young seedlings, 
have d iscouraged the use o f  na tu ra l regeneration  as a 
system.

Beating-up
B eating-up, the replacem ent o f  dead  p lan ts in 
young  p lan ta tions, norm ally  takes place up  to three 
years after the g round  has been p lan ted , the object 
being to ensure th a t there are  sufficient p lan ts to  
m ake a w ell-stocked p lan ta tion .

Weeding
On very weedy sites, w eeding is o ften  necessary fo r  
four years after p lan ting , a n d  occasionally  longer; it 
has to  be con tinued  un til th e  young  trees are 
sufficiently tall and  sturdy. O n sites w here weed 
g row th  is slow, an d  on  g round  w hich has been 
p loughed, little  w eeding m ay be requ ired ; the 
e lim ination  o r  the reduction  o f  this laborious and  
costly opera tio n  is an  im p o rtan t resu lt o f  ploughing.

Brashing and Pruning
B rash ing— the rem oval o f  dead  branches up  to  a 
height o f  ab o u t six feet, is carried  ou t in  conifer 
p lan ta tions shortly  before first th inning. The 
aim  is to  o b ta in  satisfactory  access fo r m arking, 
felling and  rem oval o f  the thinnings. The 
com m onest practice  is to  b rash  ab o u t two-

th irds o f  the stem s in a c rop  an d  to  confine 
the w ork to  those trees w hich will n o t be 
felled in  the first th inning. N orm ally  no  b rash ing  is 
necessary in  h a rdw ood  p lan ta tions.

P runing  has been undertaken  o n  a  sm all scale fo r 
m any years, b u t the profitab ility  o f  p run ing  in  
B rita in  is still open to doub t. In  certa in  special cases, 
e.g. pop lars, it is dem onstrab ly  essential. T he heigh t 
to w hich stem s are  p ru n ed  seldom  exceeds tw enty 
feet. O nly selected stem s are  p runed .

Thinning
T hinning  o f  p lan ta tions is usually  begun w hen the 
average heigh t o f  the crop  is 25 to  30 ft. In  the second 
h a lf  o f  the n ineteen th  century  it was th e  p rac tice  to  
th in  lightly an d  to  keep th e  c rop  dense a ll its life. 
D uring  the tw entieth  cen tury  the  tren d  has been 
tow ards progressively heavier thinnings.

T he th inn ing  grade now  m ost w idely p ractised  is 
the m oderately  heavy (C /D ) g rade; m ost o f  the da ta  
to  be found  in  the R evised Y ield T ables fo r C onifers 
(H um m el a n d  C hristie, 1953) are  based  o n  fully- 
stocked crops th inned  to  this grade. L arch  crops are  
how ever generally given a  heavy (D ) g rade th inning.

J.R.A.
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P A R T  II

Exotic Coniferous Trees
in Great Britain

In  the follow ing accounts, w hich deal w ith conifers, we have included m ost o f  the 
genera, even though  som e o f them  are  o f  n o  im portance  to  foresters in  G rea t B ritain , 
because we to o k  the view th a t it m ight be  o f  in terest to  people in o ther countries to 
know  how  trees, w hich m igh t be o f  im portance  to  them , have fared  u nder o ther 
conditions. W e have therefore included all coniferous genera, species o f  w hich have 
been grow n in  the open a ir in  G rea t B rita in  regardless o f  w hether they have had  to  
receive p ro tec tion  to  keep them  alive.

Abies M iller

N early, if n o t all, the true  firs (o f w hich D allim ore
(1948) lists som e fo rty  species) a re  in cu ltiva tion  in  
B ritain. M any a re  o f  considerable a rbo ricu ltu ra l 
value.

T aking  the genus as a  w hole, N orth -w est A m erica, 
E urope and  Jap an  are  the sources o f  the m ost 
successful A bies in troductions in to  B ritain . Species 
from  C hina  an d  the H im alayas have p resen ted  
difficulties in cu ltiva tion ; a  num ber o f  them  are 
no to riously  liable to  dam age by la te  spring frosts.

T hree species are, o r  have been, o f  silvicultural 
im portance, nam ely :— A. alba, A . grandis, a n d  A . 
nobilis, an d  these will be dealt w ith in  detail.

A  num ber o f  o thers have been p lan ted  to  varying 
degrees on  a  purely  experim ental scale, a n d  in ­
dividual m en tion  will be m ade o f  the follow ing, all 
o f  w hich are  represen ted  in tria l p lan ta tions. 
Abies amabilis, A . balsamea, A . cephalonica, 
A. concolor, A . lasiocarpa, A . magnifica, A . nordman- 
niana, A . pinsapo  and  A . veitchii.

O f these, the only ones w hich so fa r  show  any 
prospects o f  entering  forestry  a re :— A . amabilis, 
A. concolor, A . nordmanniana and  A . veitchii.

O f the num erous o ther species in  cu ltivation  little 
need be said. N o rth  A m erican species from  low er 
latitudes include A . venusta from  C aliforn ia  and  
A. religiosa from  M exico ; bo th  are very susceptible to 
frost dam age. A .fra s e r i  from  the A lleghany M o u n ­
tains is usually  p o o r in  cultivation , b u t a  p lo t a t 
C rarae , Argyll, has a tta in ed  a heigh t o f  27 ft. in  18 
years and  is grow ing vigorously.

Several o th er E u ro p ean  o r  N o rth  A frican species 
are in cultivation . A. cilicica from  A sia M ino r an d

N o rth  Syria is ra re  in  cu ltivation  bu t a few good 
specim ens exist, no tab ly  one a t the N atio n a l 
P inetum , B edgebury, K ent, reco rded  in  1954 
as 88 ft. in height. A . numidica, from  A lgeria, is 
be tter represented , an d  several specim ens exceeding 
80 ft. a re  know n. A bies bornmiilleriana, an  in ter­
m ed ia te  betw een A . cephalonica and  A . nordman­
niana from  A sia M inor, has only  recently  been 
in troduced . A . sibirica, the  Siberian  fir, does very 
p o o rly ; it is p resum ed  th a t it is ill-adapted  to  the 
sh o rte r sum m er day o f  B ritish  latitudes.

O f the  A sians, a  taxonom ically  difficult g roup  o f  
C hinese species including A. fabri, delavayi, fa rgesii 
an d  georgei, a re  m ost decorative subjects in  the 
a rb o re tu m  b u t are  spring frost susceptible an d  also 
specially p ro n e  to  honey-fungus (Arm illaria) a ttack .

T he rem ain ing  Japanese firs have n o t a ttrac ted  
m uch  a tten tio n  fo r fo rest p lan ting , b u t A . homolepis, 
A . holophylla  a n d  A .firm a  a re  represen ted  in  a rb o re ta  
an d  the tw o fo rm er species appear capable o f  
a tta in ing  respectable dim ensions.

T he H im alayan  species A . pindrow  and  A . specta- 
bilis have a  bad  rep u ta tio n  fo r spring frost 
dam age, a n d  have perfo rm ed  best in  the west an d  
north -w est (though  the la tte r species has a lm ost 
succum bed a t C rarae, A rgyllshire). O ther species in 
cu ltivation  include the A sians, A . mariesii, recurvata, 
sachalinensis, koreana, chensiensis an d  squamata.

DISEASES AND PESTS

Few  diseases pecu liar to  Abies a re  observed in 
B ritain . Rehmiellopsis bohemica, causing a needle 
cast an d  dea th  o f  shoo ts has been fairly frequently
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repo rted , certain ly  on  A . grandis a n d  A . alba, and  
p robab ly  o n  o ther species. N ectria cucurbitula has 
been reco rded  associated  w ith severe canker an d  
dieback on  A . cephalonica.

T he insect pests o f  A bies  a re  p robably  o f  greater 
im portance. T he silver firs a re  the hosts o f  Adelges 
niisslini C .B. a n d  A . piceae R a tz ., and  the a ttacks o f  
the fo rm er species on  Abies alba are serious. O ther 
species o f  A bies  a re  m ore resistan t to  a ttack .

Abies alba M iller. (A . pectinata  D e C andolle) 
c o m m o n  n a m e s — Silver fir, since the tim e o f  Evelyn 

(1664).
T im ber: Silver fir (B ritish S tand­

ard  N om encla tu re  o f  T im bers, 
1952).

COUNTRY OF ORIGIN AND PROVENANCE

N ative  o f  the m oun ta ins o f  central an d  sou thern  
E urope, it is specially p rom inen t in  the Vosges, 
Ju ra , in  the B lack F o res t an d  in  N o rth e rn  B avaria. 
T he d is tribu tion , w hich is com plex, is illustrated  by 
Schm ucker (1942). Abies alba  contac ts Abies 
cephalonica in  the B alkans an d  in term ediate  form s 
have been described (T urrill 1925, 1937).

N o  B ritish  evidence is available on  the provenance 
a ttrib u tes  o f  A . alba, w hich are  discussed by G uin ier
(1949) fo r F rance.

I t  is n o t know n w hence the orig inal in troductions 
o f  A bies alba cam e. L ittle  seed has been im ported  in 
recen t years b u t w hat sm all am oun ts have been 
acqu ired  have em anated  from  F rench  sources.

HISTORICAL NOTES AND EXTENT OF PLANTING

Silver fir, like W eym outh  pine, is an  exam ple o f  an 
exotic o f  som e im portance  in its day w hich is no 
longer p lanted .

T he in troduction , o r  m ore correctly  the first p lan t­
ing o f  the tree  in  B rita in  is usually  ascribed to 
Sergeant N ew digate, w ho (according to  Evelyn) 
p lan ted  tw o Silver firs a t H arefield  P ark , M iddlesex, 
in  1603.

A bies alba appears to  have been an  object o f  
a rb o ricu ltu ra l in terest from  an  early  date. L oudon  
(1854) m entions the use o f  the tree  to  “ distinguish 
the residence o f  the  large landed  p ro p rie to r from  
those o f  h is m ore  hum ble neighbours” an d  notes th a t 
Silver fir eventually  y ielded place to  the cedar fo r this 
estim able pu rpose. N o  d o u b t the  large dim ensions 
a tta in ed  by such purely  decorative specim ens 
excited in terest in  the possibilities o f  Silver fir as a 
com m ercial p roposition .

A n  early  reference to  m ore  extensive p lan ting  o f  
the tree is an  aw ard  in  1797 to  H enry  V ernon  o f  
H ilto n  P a rk  n ea r W olverham pton  fo r p lan ting  som e
6,000 Silver firs. T his m ay  well have been a period  o f

considerable in terest in  Abies alba. H u tch ison  (1885) 
rem arks th a t “ com pared  w ith the desire fo r its m ore 
extended p ro p ag a tio n  th ro u g h o u t the coun try  a t 
th a t period, it  is som ew hat singular to  find th is tree 
in com paratively  little  favour w ith  p lan ters a t th is 
day” . H utch ison , w ho was m ainly concerned  w ith  
Silver fir in  Scotland, gives a  p ictu re  o f  a  tree w hich 
h ad  been very widely p lan ted  th ro u g h o u t the 
coun try  b u t now here apparen tly  in the fo rm  o f  
extensive p lan ta tions. R a th e r it h ad  been p lan ted  as 
single specim ens, as avenues, in ‘c lum ps’ o f  a  few 
dozen trees (often  am ongst hardw oods), o r sparsely 
in  m ixture w ith  o th er conifers.

M ichie (1870), w riting ra th e r earlier, gives m uch 
the sam e picture, an d  it m ay be assum ed th a t Silver 
fir w as never p lan ted  extensively in  p u re  crops in 
Scotland. T he position  in  E ng land  an d  W ales seems 
to  have been ra th e r sim ilar, Silver fir being used very 
frequently  in  the en richm ent o f  broad leaved  w ood­
lands, bu t rarely  if  ever in  pu re  p lan ta tion .

P rio r to  the second W orld  W ar, large o ld  Silver 
firs scattered  th rough  o ak  w oods (and often  stand ing  
ou t som e 20 ft.-30 ft. above the oak  crow ns) were 
quite a com m on featu re  in  the eastern  counties o f  
England.

H utch ison  m akes it clear th a t Silver fir h a d  n o t yet 
been supp lan ted  by the “new -fangled in tro d u c tio n s” , 
and  considered it  the  h ighest yielding conifer 
available to  the p lan te r o f  his tim e. In  his view its 
frost susceptibility  an d  slow early  grow th w ere the 
m ain draw backs, an d  he  th o u g h t A bies nordmanniana 
the  m ost p robab le  replacem ent.

Silver fir appears to  have increased  in  popu larity  
in  the la tte r  p a rt o f  the n ineteen th  century , an d  one 
o f  the com m onest uses o f  the tree a t th a t tim e w as in 
underp lan ting  E u ropean  larch , particu larly  p lan ta ­
tions affected by canker and  heavily th inned  in  the 
rem oval o f  diseased trees. U nfortunate ly , how ever, 
Adelges niisslini, w hich m ay  have been in th e  coun try  
since ab o u t 1820 (V arty 1956) appears to  have 
becom e a  really  serious pest by the tu rn  o f  the 
century, and  fu rth er p lan ta tions o f  Silver fir on  any 
scale becam e hazardous. A lso, ab o u t this tim e, 
A bies grandis began to  appear in  experim ental 
p lan ta tions, an d  its relative freedom  from  adelgid 
a ttack  an d  rap id  early  g row th  encouraged  foresters 
to  regard  it as an  acceptable substitu te  fo r A . alba.

T able 6 show s the areas occupied  in 1947 by Silver 
fir o f  various age classes.

T he cu rren t ra te  o f  p lan ting  is negligible.

CLIMATIC AND SITE REQUIREMENTS

Abies alba reaches its finest developm ent in  Scot­
land , b u t does n o t app ea r to  have very well m arked  
preferences, since large specim ens have been 
recorded  in  a lm ost all districts. I t to lerates exposure 
quite well, an d  has been a  productive species a t
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Age Class Uneven Total

1-10 11-20 21-30 31-40 41-60 61-80 81-120
Over
120

Aged

*PrivateIy owned and 
Forestry Commission .... 22 11 22 43 20 47 87 42 185 419

Note * Practically the whole privately owned.

fairly  h igh  elevations in  S cotland  (H utch ison  1885). 
It behaves reasonably  well even in  coastal districts. 
G u n n  (1885) no tes th a t it behaved  “particu larly  
well” a t  C leascro on  the  island o f  Lewis. A  few 
Silver firs can  be seen m aking  a  fa ir show ing in  
b lasted  broad leaved  w ood land  n o t fa r from  the 
L izard  pen insu la  in  C ornw all.

I t does n o t appear over-fastidious as to  soils; 
M ichie (1870) claim s th a t it does well o n  heavy soils, 
bu t n o t on  sands o r  gravels. I t  is certain ly  n o t su ited  
to  very dry a n d  infertile sands, n o r to  pea t soils.

T he fro st susceptibility o f  A . alba has discouraged 
p lan ting  in  the open  on  frosty  flats o r hollow s, an d  it 
has usually  been established u nder som e degree o f  
cover affording a  p ro tec tio n  from  rad ia tio n  frosts.

e s t a b l i s h m e n t  t e c h n i q u e

n u r s e r y  p r a c t i c e . N o recen t experience is avail­
able, b u t trea tm en t differs little  from  th a t fo r A . 
grandis an d  A. nobilis.

v e g e t a t i v e  p r o p a g a t i o n , ( w h e r e  r e q u i r e d  i n  
g e n e t i c a l  w o r k )  a l s o  f o l l o w s  c lo s e ly  t h a t  f o r  A. 
grandis.

p l a n t i n g . N o  special techniques appear to  have 
been developed. >

s p a c i n g . V arious early  au th o rs  draw  a tten tio n  to  
the necessity fo r close spacing in  p lan ta tio n s o r  
g roups in  o rd e r to  discourage heavy lim bs an d  con ­
sequent large knots. S elf p run ing  is certain ly  slow.

t e n d i n g  a n d  t h i n n i n g

T here is no cu rren t p ractice to  record . T he 
possibility  o f  m itigating  the  severity o f  Adelges 
a ttack  by various m ethods has been discussed in the

literature, bu t there appears to  be little  evidence in  
su p p o rt o f  any econom ical operation .

OTHER SILVICULTURAL CHARACTERISTICS

T he h igh  degree o f  shade to lerance o f  A bies alba  is 
one o f  its ou ts tand ing  characteristics. C on tinen ta l 
sources claim  th a t its roo tin g  system  is deep and  
searching, particu larly  in  com parison  w ith  th a t o f  
the spruce, b u t no investigations have been m ade in 
B ritain .

RATE OF GROW TH AND YIELD

T he slow  in itia l g row th  o f  Abies alba is frequently  
m en tioned  as one o f  its draw backs. A fter it is 
tho roughly  established how ever, it is a  very consider­
able volum e producer, and  till the advent o f  D ouglas 
fir, w as considered  to  be th e  m ost productive species 
available to  B ritish foresters. Even now  m any o f  the 
largest conifers in B rita in  are Silver firs. T rees over 
120 ft. tall w ith  b reast heigh t girths 12 ft. o r m ore are 
by no  m eans excep tional; the largest specim en is 
th o u g h t to  be a  tree  a t K ilbride, Inveraray , A rgyll; 
m easured  by A. F . M itchell in  1954 this w as 180 ft. 
tall an d  g irthed  20 ft. 9 in. a t b reast height. T his tree 
has a good  claim  to  be the tallest in  B ritain.

N o  B ritish  Y ield T ab le  (o ther th an  a  p rovisional 
set o f  figures by M aw  (1912)) has been published, 
an d  p lo t m easurem ents are  scarce. W hat in fo rm ation  
is available w as collected betw een 1919 and  1921 
w hen five tem porary  p lo ts w ere m easured , two in 
south-w est S cotland  an d  three in the south-w est o f  
E ng land , as show n in th e  first five entries in T ab le  7 
follow ing. A ll these p lo ts w ere on  m oderately  
exposed sites rang ing  from  300 to  620 feet in altitude.

T a b l e  7  a b i e s  a l b a : g r o w t h  a n d  p r o d u c t i o n

Locality Age
Years

Mean Height
(ft.)

Mean Girth 
at Breast 
Ht. (in.)

Standing Volume 
per Acre (Hoppus 

f t .  Over Bark)

Endsleigh, C o rn w a ll ..................................................... 48 69 39 6,410
Stevenstone, Devon ..................................................... 42 56 41 5,370
Okehampton, D ev o n ..................................................... 53 61 39 5,675
Dunskey, Wigtown ..................................................... 51 48 34 5,960

>» JJ •••• •••• •••• 55 54 45 7,065

Drummond Hill, Perth ......................................... 31 42 21 2,200
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D ata  for a younger p lo t now  grow ing a t D ru m ­
m ond  Hill, Perthshire, have been added  as the sixth 
entry. T his p lo t is a t ab o u t 1,000 ft. elevation and  is 
on a  south-facing  slope su rrounded  by larch  p lan ta ­
tions o f  the sam e age b u t g reater height. All 
dom inan t and  co -dom inan t trees are  healthy  and  
cu rren t annua l height grow th is up  to  tw enty-four 
inches.

H eight fo r age, the best g row th a tta ined  here  is 
approxim ately  th a t o f  (British) Q uality  C lass 11 
N orw ay spruce, bu t the volum e p ro duc tion  either on 
a height o r age basis is m ore  im pressive.

DISEASES AND PESTS
N o specific diseases are  know n. T he continental 

experience th a t Abies alba is less p rone to  bu tt-ro t 
due to  Fomes annosus th an  m ost coniferous species 
appears to  receive som e confirm ation  from  H u tch i­
son (1885) w ho says Silver fir is n o t susceptible to 
“ ro t in soils w here bo th  larch  and  spruce are  severely 
d eterio ra ted  thereby” . E xperience during the 1939-45 
w ar gave fu rth er confirm ation  because it was rare  to 
find a ro tted  Silver fir even on  sites w here o ther 
conifers were badly decayed.

Adelges niisslini a ttacks A bies alba so severely tha t 
the p lan ting  o f  the tree in B rita in  has been virtually  
suspended. (V arty 1956.)

OTHER FORMS OF DAMAGE
w i n d b l o w . A . alba appears to  be a fairly w indfirm  

species.
a t m o s p h e r i c  p o l l u t i o n . A . alba is n o t know n to 

differ from  o th er Abies species, all o f  which abho r 
pollu ted  atm osphere.

o t h e r . T he h igh  degree o f  frost susceptibility o f 
A. alba has been no ted . It is o f  im portance only when 
the tree is young.

SEED AND SEEDBEARING
E uropean  Silver fir com m ences flowering between 

25 and  30 years o f  age while m axim um  seed p roduc­
tion in B ritain  p robab ly  begins betw een 40 and  60 
years o f  age (a lthough  there are few da ta  available 
ab o u t this). F low ering norm ally  takes place in M ay.

C one collection should  be done as soon as the 
cones begin to  open and  before they fall apart. 
T he norm al tim e is early o r m id-Septem ber and  the 
latest tim e is usually the end o f Septem ber (M atthew s 
1955).

GENETICS AND BREEDING
N o seed sources have as yet been registered, bu t 

breeding fo r resistance to  Silver fir Adelges may 
becom e w orthw hile. Six plus trees have been selected 
and  recorded fo r their great size and  good grow th 
habit.

NATURAL REGENERATION
A bies alba  has frequently  produced qu ite  prolific

crops o f  seedlings, particu larly  in S co tland  an d  in 
E ast A nglia. G ilchrist (1875) describes a case o f 
successful regeneration  o f Silver fir in A berdeenshire. 
H ere an  80-year-old p lan ta tio n  o f  E u ropean  larch , 
Scots pine and  N orw ay spruce had  a sm all percen tage 
o f Silver fir dom inants scattered  th roughou t, w hich 
had  regenerated  in gaps due to  w indblow  and  exp lo ita ­
tio n ; thriving uneven-aged groups o f Silver fir up  to 
8 feet in height were to  be found  ab o u t the p lan ta tion . 
M cN eill (1945) describes the conditions u nder w hich 
Silver fir (am ongst o ther species) is regenerating  on 
D unech t E sta te  n ear A berdeen. Inveraray , A rgyll­
shire, is an  estate  w here n a tu ra l regeneration  o f 
Silver fir is fostered and  accepted in the m anagem ent 
o f the w oodlands.

TIMBER
H om e-grow n Silver fir has n o t been o f  any  g rea t 

com m ercial im portance  ow ing to  the relatively sm all 
and  inconstan t supply. I t has how ever received a 
good deal o f  favourab le  com m ent. Le M aire 
W itham  (1841) describes an  early  experim ent in 
which the bending  strengths o f E u ropean  larch  and  
Silver fir w ere com pared , the results (som ew hat 
surprisingly) being in favour o f  the la tter.

H utch ison  (1885) m entions a  tria l o f hom e-grow n 
Silver fir sleepers on the H igh land  R ailw ay in  w hich 
they com pared  very favourab ly  w ith im ported  B altic 
tim ber.

T he tim ber k iln-dries well, w ith  som e tendency to 
check an d  fo r kno ts to  loosen. T he w eight o f the 
seasoned w ood usually  falls betw een 25 an d  30 lb. 
p er cubic foot.

I t  is n o t du rab le  an d  is m oderately  resistan t to  
im pregnation  by w ood preservatives, bu t satisfactory  
penetration  can  be ob ta ined  e ither by a  h o t and  co ld  
tan k  o r a  p ressure treatm ent.

I t  w orks well, m achine an d  hand  tools giving a 
good finish, an d  it holds nails well.

A ccording to  the  hom e tim ber trade  it has been 
used m ainly fo r esta te  w ork. Saw n tim ber, w hich a ir 
seasons well w ith little degrade, has been supplied  to 
the building trad e  fo r carcassing an d  ro o f  boarding. 
It has also been used for built-in  fu rn itu re  w here it 
was well liked on accoun t o f its clean appearance.

It m ay be regarded  as a  general pu rpose  “ white- 
w ood” type o f softw ood.

POTENTIALITIES OF THE SPECIES IN THE NATIONAL 
ECONOMY

B ut fo r the ravages o f Adelges niisslini, there  seems 
little d oub t th a t this long established an d  w ell-tried 
species w ould have an  im p o rtan t (if n o t a prim ary) 
p lace in B ritish forestry. A s it is, the hazards a re  too  
great to  perm it o f any large scale usage. I t  is ju s t 
possible th a t a  silvicultural o r even a  provenance 
solu tion  m ight be found , in w hich case the species 
w ould undoub ted ly  gain g round.
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Abies am abilis (D ouglas) Forbes (P late  17)
T his tree was in troduced  by D ouglas from  the 
Pacific coast in 1830. A ccording to  Elwes an d  H enry 
(1906/13) few o f  D oug las’ orig inal seedlings (if any) 
survived the n ineteenth  century , bu t a  considerable 
re in troduc tion  from  O regon was m ade in 1882.

The tree has never been widely p lan ted , Elwes 
and  H enry record  few specim ens o f  any m erit 
an d  speak o f it as a  failure in cultivation . M ore 
recently how ever, som e very successful individuals 
have been rep o rted ; a  specim en 99 ft. ta ll a t B lair 
A tho ll in Perthshire appears to  be the largest in  the 
country  a t present.

One established experim ental p lan ta tio n  exists, a t 
C rarae. Argyllshire. T he species here  appears 
extrem ely successful, and  has a tta ined  a  height o f 
38 feet in 23 years, w ith a  m ean  breast height g irth  o f 
15 inches, an d  a stand ing  volum e o f 2,000 H oppus 
feet per acre, 396 H oppus feet having been rem oved 
in thinnings.

N o  in fo rm ation  is available on  provenance. It is 
presum ed th a t the m ost prom ising env ironm ent for 
this species will be in the west o f  B ritain , perhaps 
on the better m oun ta in  soils. O n general clim atic 
grounds it is th o u g h t th a t it m ay have an  advantage 
over its w estern N o rth  A m erican neighbour Abies 
grandis in cool high rainfall districts (W ood 1955). It 
is know n to be extrem ely shade to leran t, an d  m ay be 
useful in underp lan ting  o r  in the conversion o f  p o o r 
broadleaved scrub to  high forest.

Abies balsam ea (L innaeus) M iller 
Little need be said o f  this eastern  N o rth  
A m erican species, w hich is only m en tioned  since it 
has been long in cultivation  in B rita in  and  has 
occasionally been tried  in the forest. Few  trees in 
B ritain appear to  have exceeded 50 feet in height. I t 
has, curiously enough, show n som e degree o f 
prom ise on an  inclem ent peat site a t Inchnacardoch , 
Inverness-shire. (Z ehetm ayr 1954.)

Abies cephalonica L oudon
The G reek fir, in troduced by G enera l N ap ier in 
1824. is quite com m on in cultivation , an d  has 
reached large dim ensions in certa in  parts  o f  the 
country . T here are  num erous records o f  trees 
exceeding 80 feet in height and  m any o f over 100 feet; 
the largest recorded specim en appears to  be a tree 
m easured by the H on. M aynard  G reville a t Tend- 
ring H all, Suffolk. In  1953 this was 135 feet tall w ith 
a breast height g irth  o f 12 feet 7 inches. M any o f  the 
largest trees are  in the east o f  E ngland.

L ittle  a tten tion  has been paid  to  A . cephalonica as 
a p lan ta tio n  tree, p robab ly  on accoun t o f its coarse 
branch ing  hab it and  frost susceptibility. A  young 
plot exists in the F orest G arden  a t Bedgebury, K ent,

w here the tree has been difficult to  establish due to  
dam age by spring frosts, bu t a t B enm ore u nder the 
m ild conditions o f the west coast o f  Scotland a p lo t 
p lan ted  in  1949 quickly becam e established an d  is 
now  grow ing vigorously a t the rate o f m ore than  one 
foo t a year.

Abies concolor (G ordon) E ngelm ann (P late 17)

Follow ing  R ehder’s nom enclature, the varian t 
w ith th e  m arkedly  pectinate  leaf arrangem ent 
(often  accorded  the nam e A . lowiana) is n o t dis­
tinguished here  as a  separa te  species.

T he species (in the b road  sense) was in troduced  
from  C alifo rn ia  by L obb  in  1851. It has been widely 
p lan ted  in  a rb o re ta , and  a tta in s im pressive d im en­
sions. O ne o f  the finest specim ens, a t D urris , K in ­
cardinesh ire , h a d  a  heigh t o f  145 ft. an d  breast height 
g irth  14 ft. 4 in. in  1955. T here are  several trees at 
B lair A tholl, Perthsh ire , exceeding 120 ft. in height.

T here  a re  a  few experim ental p lan ta tions o f  A . 
concolor, a n d  while none are  sufficiently o ld  to  have 
given useful yield data , the early  developm ent o f  
som e o f  the stands is distinctly prom ising. A t 
B edgebury, K ent, the tria l p lo t has a tta ined  32£ ft. in 
height in  20 years, w ith a standing  volum e o f  1,250 
H oppus ft. an d  a to ta l yield to  date  o f  1,589 H oppus 
ft. per acre. H ere  A . concolor com pares favourably  
w ith the m ore  frequently  p lan ted  A. nobilis, b u t is 
slow er in  the first 20 years o f  its life th an  A . grandis.

A plot, described as A . lowiana, a t C rarae, Argyll, is 
grow ing well, an d  a t 21 years o f  age m easures 39 ft. 
top  heigh t and  has a  m ean  g irth  o f  18 in. Its height 
is the sam e as th a t o f  A bies grandis o f  equal age, 
b u t th e  volum e is ra th e r g reater. N ex t to  this p lo t is 
one described as A bies concolor w hich grew very 
sim ilarly un til recently, b u t now  th a t it has closed 
canopy  it is suffering severely from  ‘die-back’, and  
appears likely to  fail com pletely. Its height averages 
23 ft. These differences are  presum ably due to  the 
different provenances o f  the seed, the “ lowiana” type 
from  O regon  an d  C alifo rn ia  an d  the “ concolor” 
type from  C o lo rado , A rizona and  N ew  M exico.

W e have no t sufficient evidence to  determ ine the 
clim atic o r  soil requirem ents o f  A. concolor, bu t it 
does n o t appear to  be unduly  dem anding as regards 
soils— n o t m ore so th an  A. grandis. It has perform ed 
quite  well in low rainfall districts, but does not 
appear to to lerate  exposure— particu larly  in high 
rainfall d istricts— nearly as well as Abies nobilis. It 
m ay  be very difficult to  find a place fo r it d istinct 
from  th a t o f  A . grandis.

L ittle  is know n o f  its p rovenance a ttribu tes, bu t it 
is a  reasonable  assum ption  th a t the no rth -w estern  
p art o f  its range (w here it overlaps w ith  Abies 
grandis) will be the m ost su itable source o f  seed for 
B ritish conditions.
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Abies grandis Lindley
T he tree is generally referred  to  u nder its botan ical 
nam e. T he tim ber has a ttrac ted  no  com m on nam e as 
yet.

COUNTRY OF ORIGIN AND PROVENANCE

W estern  N o rth  A m erica, from  C aliforn ia  th rough  
O regon  an d  W ash ing ton  to  (and  including) V an­
couver Island  in B ritish  C olum bia. E astw ards to  
M o n tan a  and  Idaho  in  the cen tre  o f  its range.

T he p rovenance a ttribu tes  o f  A . grandis have no t 
been stud ied  in B ritain . T he principal seed sources 
fo r the F orestry  C om m ission have been (i) V ancouver 
Island , (ii) W ashington— especially the foothills o f  
the n o rth e rn  C ascade M oun ta ins. These regions are 
considered  to  rep resen t a reasonably  close approach  
to  B ritish  clim ate (W ood  1955). T he D anes a ttach  
considerable im portance  to  the provenance o f  Abies 
grandis an d  ap p ea r to  favour the sam e general 
te rrito ry  (Tillisch 1952); this au th o r quotes G erm an 
experim ents in w hich seed sources east o f  the 
C ascades p roved  unsuitable. (See also M uller 1938.)

HISTORICAL NOTES

A bies grandis w as discovered by D ouglas on  the 
C o lum bia river in  1825 an d  seed was sent hom e by 
h im  in 1830 (H arvey 1947). T his seed was received 
by th e  H orticu ltu ra l Society o f  L ondon  in 1831 bu t 
very few p lan ts w ere raised  (Elwes an d  H enry). 
T he re-in troductions by V eitch’s collector W illiam  
L obb, p robab ly  from  N o rth e rn  C alifornia, and  
by Jeffrey from  the F raser river (Johnstone 1939) 
reached  B rita in  in 1852 and  constitu te  the en try  o f  
this species in to  con tinuous cultivation.

A bies grandis a ttrac ted  a tten tion  as a  possible 
fo rest exotic a t an  early  date, due to  its extrem ely fast 
g row th  in num erous a rbo re ta . H u tch ison  (1883) 
discussed its possibilities as a  tim ber species fo r 
S cotland, an d  no ted  th a t it h ad  proved  “ perfectly 
hardy  and  ad ap ted  to  the clim ate” , an d  was also 
m uch  faster in g row th  th an  the com m on Silver fir 
(A . alba). H enry  (1915) considered A bies grandis 
decidedly the m ost p rom ising  o f  the Pacific Silver 
firs, an d  no ted  th a t on  favourab le  sites its grow th 
cou ld  be even faster th an  th a t o f  D ouglas fir.

T he first tria l p lan ta tio n s o f  A bies grandis date 
from  the la tte r p a r t o f  the 19th century. A  g roup  o f  
som e 20 trees p lan ted  in  1888 a t Inveraray , A rgyll­
shire, m ay represen t the o ldest existing “ p lan ta tio n ” , 
b u t the tw o-acre p lo t p lan ted  in  1900 a t N ovar, 
R oss-shire, has p robab ly  h ad  the greatest influence 
o n  the subsequent use o f  the tree. (M arrio tt 1907, 
M ackenzie 1937.) T he h is to ry  o f  the species as a 
fo rest exotic in  B rita in  is, how ever, to  all in ten ts an d  
purposes con ta ined  by the period  since the en d  o f  the 
first W orld  W ar in  1918.

EXTENT OF PLANTING

T his is quite sm all a t p resent, th o u g h  it is in ­
creasing rapid ly . T he areas o f  A bies grandis existing 
in G rea t B rita in , a rranged  by ow nership  an d  age 
class as in  1949, a re  show n in T able 8.

T he cu rren t ra te  o f  p lan ting  is a  good  deal h igher, 
som ething over 1,000 acres hav ing  been p lan ted  in 
C om m ission forests a lone  since 1949. I t  is p robab le  
th a t the a rea  w ould  have been considerably  greater 
b u t fo r difficulties in  ob ta in ing  seed.

CLIMATIC REQUIREMENTS

A bies grandis show s n o  very clear-cu t clim atic 
responses in  B rita in , b u t certa in  trends are  no tice­
able. I t  is qu ite  healthy  over a  w ide range o f  annual 
p rec ip ita tions and , su itab ly  sited, m ay  grow  very 
satisfactorily  w ith  a  m ean  an n u a l ra in fall o f  as little 
as 30 in. H ow ever, the tree responds to  increasing 
rainfall, an d  the h ighest yielding stands are  found  in  
distinctly m o ist d istric ts— perhaps o f  40 in. o r  m ore 
in  the n o rth  an d  45 in. o r m ore  in  th e  sou thern  h a lf  
o f  the country . A . grandis is n o t so dem anding  on  
m oistu re  supply as S itka spruce o r  Japanese larch 
am ongst o u r m ore  im p o rtan t exotics. T he tem pera­
tu re  requ irem ents o f  A . grandis do  n o t appear to  
lim it its usefulness in  B rita in ; it is n o t d iscernibly less 
p roductive in the n o rth  th an  in  th e  south.

SITE REQUIREMENTS

T here are  certa in  clear restric tions to  the useful­
ness o f  A bies grandis. I t  is very sensitive to  exposure, 
and  consequently  its a ltitud ina l range is in  m ost 
places n o t great. In  this it com pares very un fav o u r­
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ably w ith its A m erican neighbour A . nobilis, w hich is 
m ost to le ran t o f  exposure. I t  is ill-adap ted  to  peat 
soils o r to  the poorest leached h ea th lan d  soils. Its 
fertility requirem ents are  how ever n o t fully know n— 
they are  certainly n o t excessive— as the tree  has 
succeeded qu ite  well on  sites o f  low nu trien t con ten t, 
as a t Bedgebury, K en t (Forestry  C om m ission, 1955). 
T he general im pression appears to  be th a t it is 
unsu ited  to  highly calcareous soils. It has been little 
p lan ted  on  heavy clays, an d  w hat evidence there is 
suggests th a t it will be unsu ited  to  such soils. L ike 
m ost firs it has an  obvious preference fo r fresh m oist 
conditions.

Its high degree o f  shade to lerance renders it a  
useful species fo r underp lan ting , an d  it is frequently  
used in the conversion o f  p o o r b roadleaved types— 
birch  scrub, o ak  coppice etc. Such usage au tom atic ­
ally  sites it on  the better soils in  up lan d  districts, 
an d  especially on  brow n earths as against podzolized  
soils.

ESTA BLISH M EN T T E C H N IQ U E

n u r s e r y  p r a c t i c e . N o special m easures are 
necessary in  the p repara tion  o r m anuring  o f  seed­
beds. Sowing, how ever (as w ith o th er Abies  species) 
is best done m uch  earlier th an  fo r the general ru n  o f  
conifers. E xact d a ta  are  n o t available, b u t the 
indications are  th a t F eb ruary  o r  early  M arch are 
suitable periods (provided soil cond itions are 
reasonable); stratification  fo r periods up  to  three 
m onths m ay take the place o f  early sowing.

T he seed should  be covered to  a dep th  o f  \  in. w ith 
one o f  the s tan d ard  grits. Abies grandis seedbeds are 
frequently  shaded  during  h o t sum m er w eather, b u t it 
is no t certa in  th a t this p ractice is essential. M ineral 
sp irit w eedkillers m ay be used on  Abies grandis seed­
beds, b u t cau tion  is requ ired  w hen applying post- 
em ergent treatm ents since this species is n o t am ong 
the m ost resistan t conifers.

A bies grandis m ay be lifted and  lined o u t as one- 
year seedlings, fo r it is the only A bies  species w hich 
reaches usab le  d im ensions a t one year w ith  any 
frequency; how ever, it is m ore  com m only lifted after 
tw o years in the seedbeds. P lan tab le  stock  m ay be 
ob ta ined  after one year in the lines, b u t in p o o re r 
nurseries o r  w here larger stocks are  requ ired , it is 
custom ary  to  leave it fo r tw o years.

v e g e t a t i v e  p r o p a g a t i o n . This is u s e d  o n l y  in  

b r e e d i n g  w o r k .
Grafting. T he  m ethod  em ployed fo r A bies  species 

in general is the w hip graft. This is carried  o u t under 
glass in la te  M arch , p o tted  roo tstocks being used. 
Scions o f  A . grandis and  o ther A bies  species should  
be taken  from  the leading shoo ts o f  strong  side 
branches in the upper p a rt o f  the crow n, as grafts 
from  low  branches often  p roduce m is-shapen trees.

Cuttings. As w ith o th er Abies species, p rop ag a tio n  
by cu ttings is difficult.

p l a n t i n g . N o  special techniques are  required . 
U n d er partia l shade, take  is usually  fa ir to  good. 
A bies grandis does n o t “ check” to  the sam e degree 
as o th er A bies  species, bu t grow s rapidly  w ith in  a few 
seasons o f  planting .

s p a c i n g . A bies grandis is usually p lan ted  a t 5 ft. 
6 in. spacing, b u t as w ith o th er species the m odern  
tendency is to  go wider. I t  is frequently  p lan ted  a t 
irregu la r spacing in  the conversion o f  p o o r h a rd ­
w oods o r  underp lan ting  o f  light canopied  conifers.

t e n d i n g  a n d  t h i n n i n g

w e e d i n g . N o  special w eeding prescrip tions are 
follow ed. D u e  to  its h igh degree o f  shade to lerance, 
an n u a l w eedings can  often  be delayed till the  la te  
sum m er. A lso overhead  cover (b roadleaved scrub, 
etc.) can  be m ain ta ined  fo r a considerable period , if  
desired, w ith consequent reduction  o f  g ro u n d  w eed­
ing. I t  is a  com m on practice  to  ring -bark  w orthless 
hardw oods stand ing  over A bies grandis.

t h i n n i n g . A s w ith o th e r conifers in B ritain , 
m odera te  to  m oderately  heavy low th innings are  the 
com m on practice. These com m ence w hen the c rop  is 
ab o u t 30 ft. in  height. Locally, crow n th inn ing  is 
practised , an d  Abies grandis can  easily, if  desired, be 
b rough t in to  an  irregu lar canopied  stand  a t least for 
a  period.

p r u n i n g . By reason  o f  its extrem ely fast ra te  o f  
grow th, p run ing  has an  excellent chance o f  p roving a 
p rofitab le  op e ra tio n  w ith this species.

o t h e r  s i l v i c u l t u r a l  c h a r a c t e r is t ic s

T he fo rm  o f  the stem  is good, w ithout m arked  
taper. C oarse dom inan ts are  n o t so com m on as in 
D oug las fir, an d  an  am ple selection o f  w ell-form ed 
trees is usually  available.

T he litte r o f  A bies grandis breaks dow n readily  in  
the forest, a n d  is relatively h igh  in .m inera l con ten ts 
(O vington 1953-4). I t  is n ear to  D oug las fir in this 
respect, an d  com pares favourab ly  w ith m ost conifers.

RA TE O F G R O W T H  A N D  Y IELD

E arly  g row th  is rap id —especially so fo r a  species 
o f  this genus. O n good  quality  sites the species m ay 
a tta in  50 ft. in 20 years. A t D unste r, Som erset, Abies  
grandis is 106 ft. tall a t 41 years o f  age. T here  are  
m any fine indiv idual specim ens in a rb o re ta , and  
som e o f  these have reached  extrem ely im pressive 
dim ensions. T he tallest recorded , m easured  in  1955 
a t  L eigh ton  H all in  W ales by the H on. M aynard  
G reville, has a height o f  168 ft. an d  a  b reast height 
g irth  o f  12 ft. 2 in. I t was p lan ted  in  1888. T here is no  
d o u b t th a t A bies grandis is capab le  o f  a tta in ing
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dim ensions in B rita in  com parab le  w ith those in its 
native h ab ita t, and  it will certain ly  be represented  
am ongst the tallest trees in B ritain.

T he co n tinua tion  oF rap id  height g row th in A bies 
grandis is particularly  closely connected  w ith the 
degree o f  exposure.

A  provisional yield table  (Lewis 1956) has recently 
been prepared  fo r A bies grandis in B rita in  but no t yet 
published. I t is based on  17 perm anen t an d  17 
tem porary  p lo ts well d is tribu ted  over the country . 
F ou r Q uality  Classes are  recognised, typified by rates 
o f  g row th  w hich appear likely to  represen t top  
heights a t 50 years o f  age o f  120 ft., 110 ft., 100 ft. 
a n d  90 ft. respectively. C om paring  the yields o f 
A bies grandis w ith  those o f  D ouglas fir an d  S itka 
spruce a t equivalent top  heights o f  110 ft., the  to ta l 
p ro d u c tio n  o f  A bies grandis (13,890 hop p u s ft. 
O .B .) is 810 hoppus ft. g reater th an  th a t o f  S itka 
spruce and  1,610 H oppus ft. g reater th an  th a t o f  
D oug las fir. T here  is little  d o u b t th a t A bies grandis 
is likely to  give rise to  the m ost p roductive stands o f  
any com m only p lan ted  species in  B ritain .

T able  9 gives figures from  the above-m entioned 
p rovisional yield table.

Y I E L D  O F  A B I E S  G R A N D I S  A T  50 Y E A R S  O F  A G E

T a b l e  9 H oppus feet per acre, over b a r k

Quality
Class

Top
Height

(ft-)
Main
Crop

Cumula­
tive Thin­

ning Yield

Total
Crop
Yield

I 120 7,430 8,370 15,800
11 110 6,810 7,080 13,890

111 100 6,160 5,830 11,990
IV 90 5,470 4,630 10,100

DISEASES A N D  PESTS

N o  specific diseases are  know n. T he fungus 
Rehmiellopsis bohemica, causing  a  needle cast and  
dea th  o f  shoots, has been rep o rted  on  Abies grandis.

T he seeds o f  A bies grandis a re  often  hollow ed ou t 
by the C halcid  seed flies M egastigm us milieri, 
M . pinus, M . rafni an d  M . suspectus.

O T H E R  FORM S O F D A M A G E

w i n d b l o w . A bies grandis is m oderately  suscep­
tib le  to  w indblow , b u t p robab ly  som ew hat less so 
th an  D oug las fir. A s a  rap id  grow ing tree p lan ted  on 
a  relatively sm all scale, p lan ta tions o f  A bies grandis 
a re  a p t to  be ou ts tand ing  objects in  the general 
env ironm ent, and  hence ru n  an  un fa ir risk o f  being 
th row n. I t  is perhaps as frequently  broken  by wind 
as actually  throw n.

a t m o s p h e r i c  p o l l u t i o n . A . grandis has no  place 
in regions o f  high a tm ospheric  pollu tion .

S tem  crack (D ay 1954) is relatively com m on in 
A bies grandis. It is, perhaps, a  som ew hat less fre­
quent occurrence than  in A bies nobilis.

SEED A N D  SEED BEA RIN G

Abies grandis has so far been a  p o o r seed p roducer 
in  B ritain . T he first flowering occurs betw een 30 and  
35 years o f  age and  the first sizeable cone crops are 
p roduced  betw een 40 an d  45 years o f  age. C rops have 
occurred  a t intervals o f  3 to 5 years. F low ering 
usually  takes place in M ay, and  the norm al tim e for 
seed collection  is late A ugust o r  early  Septem ber.

L ittle  experience o f hom e seed is available, only 
five lots having passed th rough  the C om m ission Seed 
L abora to ry . These h ad  the sam e average w eight as 
the seed im ported  (65 lots) during  the sam e period—
19,000 per lb., bu t germ ination  capacity  was very low 
indeed, averaging no m ore than  1 per cent against the 
im ported  seeds’ 15 per cent.

T he high p ro p o rtio n  o f ‘em pty’ seed (in fact, resin 
filled) is p robab ly  due to failure o f po llination , seed 
collection having been m ade from  isolated trees; 
M egastignuis flies (see D iseases and  Pests) also take 
their toll.

GEN ETIC S A N D  B R EE D IN G

T he follow ing seed sources have been reg iste red :— 
‘P lus’ and  ‘A lm ost P lus’ : tw o stands to ta lling  1 + acres. 
F ifteen  ‘P lus’ trees have been selected in the general 
p rogram m e fo r record ing  and  preserving ou tstand ing  
trees in  B ritain .

N A T U R A L  REG E N E R A T IO N

A n appraisal o f the possibilities is n o t yet possible, 
bu t a  num ber o f  instances have been recorded. 
Abies grandis is one o f  several species w hich regener­
ate  w ith som e regularity  a t Bedgebury. (F orestry  
C om m ission 1955.)

TIMBER

T he tim ber k iln  seasons well, w ith o u t checking, 
b u t w ith a slight tendency to  w arp  an d  collapse. I t 
weighs ab o u t 25 lb. p e r cubic foo t w hen seasoned. 
I t is n o t natu rally  resistan t to  decay.

Tests have been m ade on  tw o consignm ents o f 
hom e-grow n th innings. T he results indicate th a t 
the tim ber has ra th er a  low  resistance to  im pact. I t 
w orks well w ith m achine and  h an d  tools, but m ay 
spring badly during  sawing.

In fo rm ation  from  the hom e trad e  indicates th a t it 
has so fa r been used m ainly fo r esta te  w ork. I t m ay 
be regarded  as a  general pu rpose  “ w hitew ood” type 
o f  softw ood except th a t it shou ld  no t be used  w here 
it w ould  be subjected to  suddenly ap p lied  loads.
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P O T EN TIA LITIES O F T H E  SPECIES IN  T H E  N A T IO N A L  

ECO N OM Y

Since A . grandis is unsu ited  to the p o o rer conifer­
ous sites, and  is fu rth er restric ted  due to  its in to ler­
ance o f exposure, it is n o t likely to  be p lan ted  on  a 
very large scale. Its high p roductiv ity  will how ever 
encourage increasing use o f the species on the better 
sites, particu larly  in the conversion o f  poo r 
hardw oods and  in succession (by underp lan ting) to 
Japanese and  E uropean  larch. E arly tim ber tests are  
sufficiently encouraging to  w arran t increased p lan t­
ing o f Abies grandis.

Abies lasiocarpa (H ooker) N u tta ll 
T his is the least successful o f  the N orth-w est 
A m erican A bies species. Som e efforts have been 
m ade to  bring  it in to  cultivation  as a p lan ta tio n  tree, 
w ithou t in fact its having d istinguished itself first in 
the arbore tum . T he best specim en reported  to  the 
1931 C onifer C onference was 106 feet tall, a t 
E astn o r C astle, L edbury , H erefo rd ; this, how ever, 
appears exceptional. A  p lo t a t B enm ore, A rgyll, is 
grow ing well a fter a  slow sta rt, an d  is 13 ft. high a t 
14 years o f  age. A  nearby p lo t a ttrib u ted  to  A. 
lasiocarpa var. arizonica is also healthy  bu t only 
averages 5 ft. in height a t 12 years o f age. T he 
n a tu ra l range o f A . lasiocarpa is very g reat and  it 
w ould be surprising  w ere there n o t provenance 
differences o f  im portance.

Abies magnifica A. M urray
T his tree, in troduced  by John  Jeffrey in 1851, has 
p robab ly  no chance o f finding a p lace in o u r forests. 
I t  closely resem bles A bies nobilis (and  is frequently  
m istaken fo r it), b u t a lm ost alw ays grow s m ore 
slowly. I t  has, how ever, been tried  in p lan ta tio n , and  
a t C rarae , A rgyll, a p lo t 23 years o ld  has a tta ined  23 
feet in  height w ith m ean breast heigh t g irth  o f 15 in . ; 
it appears quite healthy. A . magnifica  form s an 
extrem ely handsom e object in the arbo re tum , and  
som e sizeable specim ens exist. A  tree 108 ft. tall a t 
D unkeld  (m easured in  1955 by A . F . M itchell) 
appears to  be th e  tallest in  the country . Few  o thers 
have been recorded as a tta in ing  100 feet, an d  it 
appears im probable  th a t it w ill reach  the u ltim ate  
dim ensions o f  A . nobilis.

Abies nobilis Lindley (A . proeera  R ehder). (P late 2)

T he nam e ‘N oble fir’ is som etim es used but less 
com m only th an  the botan ical nam e. The tim ber has 
no  com m on nam e in Britain.

C O U N T R Y  OF O R IG IN  A N D  PR O V E N A N C E

A . nobilis has a fairly restricted range (in com ­
parison  w ith m any o ther N orth-w est A m erican 
species) in  the C ascade M ountains o f O regon and 
W ashington. It is a tree o f the higher elevations, 
between 2,000 ft. an d  5,000 ft.

T he provenance a ttribu tes o f A. nobilis have no t 
been stud ied  in B ritain , no r (so far as is know n) 
elsewhere in E urope. Seed sources for use in B ritain  
have n o t been delim ited; the m ajority  o f the seed 
im ported  to  date  has com e from  the Cascade 
M oun ta ins o f W ashington.

H IS T O R IC A L  NOTES

A bies nobilis was discovered by D ouglas in 1825, 
and  seed sent hom e by him  arrived in B ritain in 1831. 
(H arvey 1947.)

T he O regon A ssociation obtained  several con ­
signm ents o f seed in the 1850’s th rough  the efforts o f 
Jeffrey, M urray  an d  Beardsley. C ertain  o f these 
im porta tions failed to  p rov ide p lants because the 
seed was infested w ith M egastigm us pini (M urray  
1857).

M essrs. Veitch, th rough  their co llector Lobb, also 
im ported  seed in the 1850’s. It quickly becam e a 
favourite  o rnam en ta l tree an d  its d is tribu tion  was 
facilitated  by its hab it o f coning and  producing 
fertile seed a t an  early  age. (A rcher and  G eorge 1859.)

H om e seed, how ever, yielded poor progeny in 
m any cases (probably  due to  self fertilisation), and  
this bu ilt up  a certa in  prejudice against the collection 
o f seed from  hom e sources, w hich took  som e little 
tim e to  dispel (Fow ler 1880).

T he h istory  o f  the species as a p lan ta tion  tree is 
short, an d  largely confined to  the period since the 
first W orld  W ar. As usual, how ever, a  good d is tribu ­
tion  o f a rb o re tu m  specim ens and  a few pioneer 
p lan ta tions p rov ided  evidence for the fu rther 
developm ent o f the species. A m ongst no tab le  early 
p lan tings m ay be m entioned those a t A rdverikie,

A B I E S  n o b i l i s : H I G H  F O R E S T  A R E A S ,  P U R E  A N D  M I X E D  S T A N D S  C O M  B I N  E D , B Y A G E C L A S S E S ,

T a b l e  1 0  1 9 4 7  Acres

Age Class
Uneven
Aged

Total
1-10 11-20 21-30 31^40 41-60 61-80 81-120

Private Woodlands ...............
Forestry Commission

5
38

4
100

74
25

80 59
2

56 60 45
9

383
174

Total 43 104 99 80 61 56 60 54 557
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Inverness-shire. H ere the tree was p lan ted  by Sir 
Jo h n  R am sden  on  som e scale from  ab o u t 1878, and  
its success a t elevations betw een 800 ft. and  1,200 ft. 
a ttrac ted  m uch a tten tio n  (Stirling-M axw ell 1911). It 
was also p lan ted  by Sir Jo h n  Stirling-M axw ell a t 
C o rro u r, Inverness-shire, from  1892 onw ards 
(S tirling-M axw ell 1929). P lan ting  o f the tree as a 
decorative species in  Scottish  ‘policy’ w oodlands in 
the la te  n ineteenth  century  has resulted in a  sm all 
num ber o f m ixed stands in w hich A . nobilis is 
dom inan t.

EX T E N T  O F P L A N T I N G

T his is still relatively sm all. In  1947 the areas by 
age classes in F o restry  C om m ission and  private 
w ood lands were as show n in T able 10, page 39.

Since this da te  the ra te  o f p lan ting  has increased 
som ew hat, bu t over the coun try  as a w hole Abies 
nobilis accounts fo r m uch less th an  1 per cent o f 
coniferous p lanting . Locally, how ever, the species is 
o f  som e im portance, and  it is regularly if no t 
extensively p lan ted  in  Scotland and  Wales.

C L IM A T IC  REQ U IREM EN TS

W hile this tree (in com m on w ith m ost o ther 
coniferous species) exhibits no  well-defined clim atic 
lim its in B rita in , it does seem reasonably clear th a t 
its best developm ent is to  the n o rth  and west. 
Excellent individual specim ens are  to be found in 
sou th -eastern  a rb o re ta , bu t large trees are far 
com m oner in Scotland. I t  is probably  a species of 
relatively low  hea t requ irem ents; it is likely also tha t 
it  appreciates the low  evapora tion  rates o f the north . 
It is perfectly hardy  to w inter cold  in B ritain , but can 
be dam aged  by la te  spring  frosts.

SITE REQ U IREM EN TS

T he m ost useful characteristic  o f the species is its 
to lerance o f exposure, w hich is the principal adverse 
fac to r opera ting  a t  high elevations. A t Beddgelert, 
C aernarvonshire , w here A . nobilis is represented 
am ongst m any o ther species on a  very exposed site  at 
approxim ately  1,000 ft. elevation, it is one o f the 
m ost successful species as regards freedom  from  
blast sym ptom s (defo rm ation  o f  crow n, seasonal 
defoliation). I t is conspicuously superio r to  its N o rth ­
w est A m erican  neighbour A . grandis in this respect. 
I t  does n o t ap p ea r to  be a  species o f high nu trien t 
requ irem ents, an d  has grow n very successfully on 
qu ite  p o o r tills an d  m orain ic  deposits. I t has been 
reco rded  as grow ing well on  certain  types o f peat— 
particu larly  flushed am orphous peats. (Stirling- 
M axw ell, 1929; Z ehetm ayr, 1954.) (H ere, however, 
A . nobilis will certain ly  be surpassed  by several o ther 
species such as Sitka spruce and  Thuja plicata.) I t  has 
even m ade  som e show ing on  the extrem ely infertile 
B agshot beds (Eocene) a t W areham , bu t only w ith

the assistance o f  a legum inous nurse, b room  
(Sarotham nus scoparius). C adm an  (1953) regards A . 
nobilis as a species o f  h igh p rom ise fo r exposed sites 
in  the W elsh m ountains, w here no th ing  to  da te  has 
been found  m ore resistan t th an  S itka spruce. H e also 
no tes th a t the m oistu re  requirem ents o f  A . nobilis 
ap p ea r to  be less th a n  those o f S itka spruce.

ESTABLISHMENT T E C H N IQ U E

n u r s e r y  p r a c t i c e . T here is little  to  d istinguish  
A. nobilis from  A . grandis in seedbed technique. It 
rarely, how ever, a tta in s  ‘u sab le’ dim ensions in  one 
year in the seedbed, an d  is com m only  lifted as a two- 
year-o ld  seedling. It usually  rem ains in the tran sp lan t 
lines fo r a  fu rth er tw o years; it is in to le ran t o f  
m oving and  m akes little  g row th  the first year after 
transp lan ting .

v e g e t a t i v e  p r o p a g a t i o n . T his is only prac tised  in 
the p ropaga tion  o f  desirable individuals o r h o rticu l­
tu ra l varieties.

Grafting. T he m ethod  em ployed is th a t described 
fo r Abies grandis. I t  has been recognised fo r som e 
tim e th a t A . alba is n o t a  good  ro o ts to ck  fo r A. 
nobilis because o f th e  extrem ely rap id  early  d iam eter 
grow th o f  the latter.

Cuttings. P ropagation  by cu ttings from  young  trees 
used to  be practised  in  th e  m id-n ineteen th  century , 
bu t is n o t an  easy m ethod.

p l a n t i n g . N o special p lan ting  techniques have 
been developed fo r A . nobilis. L ike A . grandis and  
Tsuga heterophylla, it is o ften  p lan ted  u n d er partia l 
cover (oak o r  b irch  scrub). T he take is usually  better 
under such conditions, b u t it is n o t nearly  so shade 
to le ran t as the aforem entioned  species and  th e  only 
benefit is in in itial survival.

s p a c i n g . In  pure  p lan ta tions A . nobilis is usually  
p lan ted  a t 5 ft. 6 in. spacing; on  highly exposed sites 
a closer spacing m ay be adopted .

t e n d i n g  a n d  t h i n n i n g

t e n d i n g . A . nobilis is slow  in s ta rting  to m ake 
height grow th, and  w eeding m ay be prolonged . I t  is 
particu larly  sensitive to  the com petition  o f  the 
com m on heathe r (Calluna vulgaris), a n d  co n tro l o f 
heather, by m ulching, cu ltivation , etc., is highly 
beneficial.

t h i n n i n g — is usually  carried  o u t to  a  m odera te  o r 
m oderately  heavy low  grade. A  noticeab le  feature  o f 
young stands o f  A . nobilis is the m arked  irregu larity  
o f height and  d iam eter grow th. I t  is desirable to  pay 
early an d  close a tten tio n  to  th e  d is tribu tion  o f 
dom inants in this species. Som e p redom inan ts m ay 
be very coarse, m ore  m arkedly  so th a n  in  Abies  
grandis.

p r u n i n g — is n o t regularly  practised , b u t there  is 
probab ly  a good case fo r it to  o b ta in  clear m ateria l 
fo r box m aking.
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Locality
Elevation

ft .

Age

yrs.

Top Ht.

ft .

Mean Girth 
Breast Ht.

in.

Volume 
Per Acre 
Hopp. ft .  
over Bark

Total Volume 
Production 
Per Acre 
Hopp. f t .  
over Bark

Temporary Plots
Alltcailleach, Aberdeen 850 22 38 20 1,927 —

Loch Eck, Argyll ................ 300 24 39 23} 2,660 —

Glen Branter, Argyll ................ 300 24 49 21 3,311 —

Glen Finart, Argyll ................ 50 24 40 16} 1,747 —

Benmore, Argyll ................ 100 25 47 23 3,809 —

Glen Urquhart, Inverness 800 26 44 21 3,744 —

Drumtochty, Kincardine 450 26 42 19} 2,875 —

Ardgoil, A rgy ll............................ 100 26 42 20} 2,478 —

Douglas, Lanark ................ 680 27 52 21 3,960 —

Radnor, Radnor ................ 1,250— 1,500 27 44 24} 3,074 —

Baledmund, Perth ................ 900 28 47 19} 3,630 —

Barcaldine, Argyll ................ 75 28 43 15 2,338 —

Dovey, Merioneth ............... 400 28 40 17} 2,260 —

Loch Eck, Argyll ................ 120 29 46 27 2,471 —

Monreith, Wigtown ............... 100 31 59 28* 6,508 —

Balcarres, F i f e ............................ 300 42 65 111 7,806 —

Lynedoch, Perth ................ 240 45 79 50 9,210

Permanent Plots
Durris, Kincardine ................ 300 33 57* 20} 5,066 0,001
Benmore, Argyll ................ 300 28 54" 23} 3,758 5,022
Ratagan, Inverness ................ 550 22 37 18* 2,907 3,515
Gwydyr, Caernarvon ................ 250 28 43 20} 2,752 3,119
Bedgebury, Kent ................ 300 25 33 15* 1,609 1,899

O T H E R  S IL V IC U L T U R A L  C H A R A CTE R IST IC S

T he u pper p a rt o f  the stem  o f A bies nobilis tapers 
m ore m arkedly  th an  th a t o f  m ost conifers.

T olerance o f  shade has been m en tioned  above; th e  
species u n d er B ritish  conditions appears to  be 
distinctly less to le ran t th an  A bies grandis. E xperience 
in  the cultivation  o f A . nobilis in m ixture is lim ited; 
its slow early  developm ent renders it unsu itab le  fo r 
in tim ate  m ix tu res; it is p robab ly  b e tte r to  p lan t it  in  
groups.

RA TE OF G R O W T H  A N D  Y IELD

T he tree alw ays grows slowly fo r a few seasons 
after p lanting . W hen established, how ever, A bies  
nobilis is by no m eans slow. A t B eddgelert (Y  G yrn  
F o res t G arden) under conditions n o t un typ ica l o f 
those fo r w hich Abies nobilis w ould  be prescribed 
today , a  sm all p lo t averaged 32 ft. in  heigh t a t  26 
years o f  age, and  was grow ing a t the ra te  o f 20 in. per 
annum . E levation  here  is 1,000 ft., ra in fall ab o u t 100 
in. per annum , an d  the site is very exposed. T he soil is 
a  stony till o f no g rea t depth . (N earby on  a  deep peat 
A . nobilis has tak en  24 years to  reach  11 ft., bu t 
rem ains healthy .) S im ilar ra tes o f  g row th are  recorded 
fo r th e  p ioneer p lan ta tions a t  A rdverikie, Inverness- 
shire (Stirling-M axw ell, 1911) w here the tree 
averaged 15 in. pe r year fo r the first 30 years on  land

betw een 800 ft. a n d  1,200 ft. elevation. U n d er 
exposed an d  elevated conditions A . nobilis m ay often  
grow  as fas t as any o th er species, including S itka 
spruce. O n sites m ore  generally favourab le , how ever, 
it  is likely to  be surpassed  by such species as D ouglas 
fir o r  A bies grandis in  rap id ity  o f height grow th.

Y ield  tab les fo r A bies nobilis in  B rita in  have n o t 
yet been p repared . D a ta  are  available from  five 
perm anen t a n d  seventeen tem porary  plots an d  these 
a re  sum m arised  in T able  11.

A bies nobilis appears to  be a  h igh yielding species. 
A t equivalen t heights its volum e p ro d u c tio n  seems 
likely to  resem ble th a t o f  the to p  tw o (British) 
Q uality  Classes o f  D oug las fir. W ith  top  heigh t 50 ft., 
a  to ta l volum e p ro d u c tio n  o f  4,500 H oppus ft. m ay 
be expected.

N o  m easurem ents o f  crops 50 o r  m ore  years o ld  
are  available. T here are, how ever, num erous records 
o f  o lder individual trees, m any o f  w hich exceed 100 
ft. in  height. E xceptionally  fine trees a re  those a t 
D uncra ig  C astle, R oss-shire, an d  Inveraray , A rgyll. 
T he fo rm er was 148 ft. ta ll in  1952, w ith  b reast 
he igh t g irth  11 f t . ; the  la tte r in  1954 m easured  147 ft. 
in  heigh t w ith b reast g irth  10 ft. 1 in. T his tree  is 
recorded  as having been p lan ted  in  1873.

T he appearance  o f  the larger trees does n o t suggest 
th a t m any  will greatly  exceed 150 ft. in he igh t in
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B ritain . A very com m on occurrence is the loss o f  the 
leader follow ing heavy cone bearing.

DISEASES A N D  PESTS

N o specific diseases are  know n. The fungus 
R ehm ielhpsis bohemica, causing a  needle cast and  
death  o f  shoots, has been reported  from  C orrour, 
Inverness-shire.

T he seeds o f  A . itobilis a re  hollow ed o u t by the 
C halcid fly M egastigm us pinus (H ussey 1954). 
T his is o f  som e im portance in  reducing the yield o f  
viable seed. A . nobilis appears resistant to  the attacks 
o f  Aclelges niisslini, the serious pest o f  A . alba 
(V arty 1956).

O T H E R  FORMS OF D AM A G E

w i n d b l o w . A . nobilis is considered  a  m oderately  
w indfirm  species; the evidence so fa r  suggests (at 
least) th a t it m ay be above the average in this 
respect.

I t is very resistan t to  snow  dam age an d  was 
particu larly  free from  in jury  in  the severe glazed 
fro st o f  1940. (Sanzen-Baker an d  N im m o 1941.)

Stem  crack  o f  the type ascribed by D ay  (1954) to  
d rough t is a  com m on phenom enon. Such cracks 
o ften  bear w itness to  m arkedly  sp iral grain. T he 
v igour o f  the tree seems to  be qu ite  un im paired .

a t m o s p h e r i c  p o l l u t i o n . In  com m on w ith  the rest 
o f  the genus A . nobilis is highly susceptible to  
a tm ospheric  po llu tion  in industria l neighbourhoods.

SEED A N D  SEED -BEA RIN G

A . nobilis is p robab ly  the best seed p roducer o f  the 
A bies species com m only p lan ted  in  B rita in . F low er­
ing begins betw een the 25th an d  30th years, an d  the 
first w orthw hile cone crops a re  o b ta ined  betw een the 
30th an d  35th years. G o o d  cone crops a re  p roduced  
a t  approx im ately  three year intervals. (M atthew s 
1955). T he no rm al tim e fo r cone collection  is la te  
A ugust o r  early  Septem ber.

H om e collected seed has been on  average o f  p o o re r 
quality  th an  im ported  seed. T ab le  12 briefly sum ­
m arises experience in th e  C om m ission Seed T esting 
L abo ra to ry .

In  som e years hom e seed has been very heavily 
infested by M egastigm us  seed flies.

A B I E S  N O B I L I S  : S E E D  T E S T I N G

T a b l e  12

No. o f Average No. Average
Samples o f  Seeds Germination
Tested Per Lb. Capacity

Home 65 16,000 13%
Im ported .... 45 13,000 22%

GEN ETICS A N D  B R E E D IN G

T he follow ing seed sources have been registered: 
“ P lus” an d  “ A lm ost P lus” — 1 stand  o f  10 acres; 
“ N o rm a l”— 2 stands to ta lling  2 acres. Sixteen “ P lus” 
trees have been selected in  the general p rogram m e 
fo r the preservation  o f  ou ts tand ing  trees in B ritain.

N A T U R A L  R E G E N E R A T IO N

T he regularity  a n d  freedom  o f  coning  certainly 
offers a  chance o f  securing regenera tion  by n a tu ra l 
m eans. A t A rdverik ie, Inverness-shire (one o f  the 
p ioneer sites o f  the species) quite prolific regeneration  
occurred  a ro u n d  iso lated  trees, an d  seedlings were 
lifted  in  considerable num bers fo r lin ing-out in the 
nursery. (A nderson 1928.)

TIMBER

N o  tests have been carried  o u t o n  this species. 
A ccording to  in fo rm atio n  received from  the hom e 
tim ber trade, the tim ber a ir seasons quickly, is n o t 
durab le , bu t w orks well w ith  m achine an d  h an d  tools 
giving a good  finish.

I t  has m ainly been  used fo r esta te  w ork, b u t has 
been supplied  saw n to  the bu ild ing trad e  fo r ca r­
cassing an d  fo r ro o f  board ing .

I t  m ay be regarded  as a  general pu rpose  “ white- 
w ood” type o f  softw ood.

A n  in teresting  side-line has been the export o f  
green branches to  Ice land  fo r the m ak ing  o f  w rea th s! 
(W atson, 1948.)

P OTEN TIA LITIES  I N  T H E  N A T I O N A L  E C O N O M Y

I t  seems p ro b ab le  th a t this species w ill be p lan ted  
to  an  increasing extent, w ith o u t a t  any tim e becom ing 
one o f  the first ten  exotic conifers in  B rita in . I t 
appears to  be finding a  rea l p lace in  o u r silviculture 
in  th e  Scottish  a n d  W elsh hills an d  m ay perhaps 
replace S itka spruce on  som e o f  th e  drier sites a t 
p resen t p lan ted  w ith  th a t species, particu larly  w here 
exposure is an  im p o rtan t factor.

Abies nordm anniana (Steven) Spach 

T his C aucasian  species w as in troduced  to  W estern 
E u rope  in  1848. T here  is som e d o u b t as to  the 
da te  w hen it reached  B ritain . I t  is, o f  course, a 
m uch m ore  recen t arrival th an  the re la ted  Abies alba. 
A . nordmanniana is a  tree w hich im presses as an  in­
div idual specim en in  m any  collections. T here are 
num erous records o f  trees exceeding 100 ft. in 
height, an d  it appears to  be w ithou t m arked  clim atic 
preferences. N o r  a re  its soil requirem ents easily 
defined. In  spite o f  the fact th a t the tree has been well 
spoken  o f  fo r m any years, there  app ea r to  have been 
few tria l p lan ta tions, though  it was p lan ted  in som e 
quan tity  in  m ixture a t  B enm ore, A rgyll, in  the 1870’s 
(S talker 1883). Possibly this com paratively  late
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E uropean  arrival has suffered from  the keen in terest 
pa id  to  the N orth-W est A m erican firs, A. nobilis, A. 
grandis and  A. concolor, w hich are  faster grow ing 
species. T he im p o rtan t question  w ith A. nordman­
niana, how ever, is w hether it will prove an adequate  
replacem ent for the silviculturally valuable A. alba 
now alm ost lost to  us due to  Adelges niisslini.

N . D. G . Jam es (1951) describes a trial p lan ta tion  
o f  A . nordmanniana a t C irencester, G los., grow ing on 
shallow  soils over the (calcareous) G rea t O olite 
fo rm ation , the local p rec ip ita tion  being app rox i­
m ately 35 in. T he s tand  was established by under- 
p lanting  larch and  Robinia pseudoacacia, the 
overw ood being la ter rem oved. H e gives the follow ing 
data  for the fir a t an age o f  43 years: 994 stem s per 
acre, 4 9 |  ft. top  h t., 23 in. g irth  a t b reast height, 230 
ft. (H oppus) basal a rea  per acre, and  4,070 H oppus 
ft. per acre volum e. T he volum e is sim ilar to  th a t o f 
an  ad jacen t stand  o f  Thuja plicata.

A 21-year-old p lo t a t B enm ore, Argyll, averages 
19^ ft. in height, and  there  is a  recently established 
trial p lo t o f  A . nordmanniana a t B edgebury, K ent.

Abies pinsapo Boissier

T his fir was in troduced  from  Spain by W iddring- 
to n  in 1839, bu t has scarcely em erged from  the 
arbore tum , i t  is an  interesting tree in th a t it appears 
to  belong to  the relatively sm all g roup  o f coniferous 
species adap ted  to  calcareous soils. I t is also well 
su ited  to  th e  drier an d  w arm er parts  o f the country. 
C om m on in a rb o re ta , it never reaches large d im en­
sions (90 ft. seems to  be ab o u t its lim it) and  it 
frequently displays p o o r stem  form  often w ith 
m ultip le leaders. O ne o f the few p lan ta tions o f the 
tree is a  large group  a t L ilford  H all, in N o rth am p ­
tonsh ire , an d  there is also a p lo t o f som e 50 trees a t 
C rarae, Argyll, w hich averaged 13 ft. in height after 
20 years.

Particularly  good  specim ens o f the tree are  to  be 
seen a t W estonbirt in G loucestershire and  Rhinefield 
D rive (N ew  F orest), H am pshire; m easured in 1956 
and  1955 respectively these trees had  a tta ined  90 ft. 
and  91 ft.

Abies veitchii Lindley

T his is a  relatively recent in troduction  from  Japan  
(by M aries in 1879). I t  now  appears to  be the easiest 
o f the Japanese firs in cultivation  in B ritain. It seems 
relatively resistan t to  spring frost, and  healthy 
specim ens a re  to  be seen in m ost parts  o f the country. 
A rbo re tum  records suggest th a t it will a tta in  its best 
developm ent in the west and  north , in fact it already 
appears to  have reached dim ensions com parab le  to  
those given for its native hab ita t. A . M itchell records 
trees 71 ft. ta ll a t B lairquhan , A yrshire (1956) and  
M urth ly , P erthsh ire  (1955), the la tte r p lan ted  (it is 
thought) in 1885.

A  p lan ta tio n  m ade a t C rarae , Argyll in 1939 is 
grow ing very vigorously. A t 16 years o f age the trees 
ranged  in height from  15 ft. to  30 ft. A t W indsor, 
B erkshire, a p lan ta tio n  14 years o f age is app rox i­
m ately 25 ft. tall, and  the tree appears equally 
healthy in this m uch drier clim ate.

Sm all g roups o f A . veitchii have been p lan ted  a t 
Beddgelert and  G w ydyr in N o rth  W ales and  a 
p lan ta tio n  was established in the Bedgebury F orest 
P lots in 1949. A . veitchii cones freely and  produces 
viable seed in B ritain.

R .F .W .
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A gathis (L am bert) Steudel

N o  tree  belonging to  this genus will develop in  
G re a t B rita in  ou t-of-doors an d  it is m entioned  only 
because individuals o f  A gathis australis, w hich was 
in troduced  in 1823, a re  occasionally found  in  gardens 
an d  a rb o re ta  in the  m ildest p a rts  o f th e  country. 
T hey  rarely  reach  m ore  th an  10 o r 12 feet in  height.

T his an d  several o ther species a re  grow n success­
fully u nder glass in B otanic G ardens.

J.M .

A raucaria Jussieu 

W ith one exception, species o f  the genus Araucaria  
are  n o t hardy  in G rea t B rita in . T rees such as A . 
bidwillii and  A . cunninghamii have reached a good  
size and  have survived fo r m any years in  the 
T em perate  H ouse a t K ew  an d  these and  o th er species 
m ay be found  u nder glass in various p a rts  o f  the 
country  in B otanic G ardens. Araucaria excelsa, the  
N orfo lk  Island  Pine, is n o t uncom m on as a po t-p lan t 
in houses, shops, etc., w hile in  the extrem e sou th ­
west o f E ngland  it occasionally survives out-of- 
doors. T he best exam ples are  a t Tresco A bbey in the 
Scilly Isles w here there is an  avenue o f  trees o f this 
species (H ill 1920) w hich have succeeded m oderately  
well where the exposure is n o t too  great. O ne o f 
these trees, m easured in 1952 by D . F . F o u rt, 
had  reached a  height o f  40 feet and  had  a g irth  o f  5 ft. 
4 in. A t Tresco there  is also a sm all specim en o f  A . 
augustifolia, from  Brazil, grow ing in the open  air. 
The only m em ber o f  the genus, really h ardy  in 
G rea t B rita in  is Araucaria araucana.

A raucaria araucana (M olina) K . K och  (P la te  1) 
This rem arkable tree, com m only  know n as the 
M onkey Puzzle, was in troduced  shortly  a fter 1795, 
when A rch ibald  M enzies presen ted  to  Sir Joseph  
B anks a few p lan ts w hich he h ad  raised  on  b oard  
ship from  seeds ob ta ined  in th a t year in Chile. O ne 
o f these p lan ts survived a t  K ew  un til 1892 w hen it 
died (A non. 1893). T he principal in troduc tion  was 
effected by W illiam  L obb  in  1844 an d  a fter th a t tim e 
the tree becam e widely d is tribu ted  all over G rea t 
B ritain . A lthough  a few p lan ta tio n s o f  th e  species 
were form ed it w as used  m ainly fo r o rnam en ta l 
purposes, as specim en trees o r in avenues. T here  is 
no  d o u b t th a t on  a  su itable site, an d  given am ple 
room , the M onkey Puzzle can be a  m ost im pressive 
tree; bu t cu rren t standards o f taste  condem n it and  
it m ust therefore  languish  unused  u n til th e  wheel 
tu rn s an d  it  com es back  in to  fash ion  once m ore.

A . araucana does n o t seem  to  be  able to  reach  any 
great height u nder o u r cond itions a n d  n o t m any 
trees exceed 80 feet. T he tallest trees o f  w hich we 
have record  occur chiefly in the west a n d  south-w est 
as fo r exam ple, a t B icton, D evon, 84 ft., W estonbirt, 
G loucestershire, 82 ft., L ochnaw , W igtow n, 84 ft., 
B lairquhan , A yrshire, 81 ft.; it is a lm ost certa in  th a t 
the heights ultim ately reached  by M onkey Puzzles 
in the m ilder parts  o f  th e  coun try  exceed those  w hich 
are  possible in  th e  east an d  north-east.

Araucaria araucana does n o t grow  rap id ly  in 
height w ith  us an d  it is unlikely to  average as m uch 
as a  foo t in  annua l heigh t g row th  th ro u g h o u t its life. 
I t  also tends to  be a  slow sta rte r  a n d  it m ay m ake 
very little  g row th fo r som e years a fter it  has been 
planted . Its g irth  increm ent, how ever, is satisfactory
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a n d  it m ay reach ten o r  twelve feet in circum ference 
by the tim e it is approach ing  a  hundred  years o f age.

T here are  indications th a t A . araucana is n o t a  
long-lived tree in G rea t B ritain  and  th a t individuals 
will n o t survive for m uch m ore than  a  century. I t  is 
tru e  th a t th e  w ell-know n avenue trees a t B icton, 
now  m ore th an  a  hund red  years old, a re  still reason­
ably h ea lth y ; bu t there  is evidence from  o ther p a rts  
o f the coun try  o f  a g radual and  som etim es rap id  
deterio ra tion  ro u n d  ab o u t th a t age, o f the death  of 
th e  low er branches, and  o f the slow disappearance of 
the live crow n. A  recent illustration  o f this has been 
reported  by W illiam s-Ellis (1956) w ho described the 
ruins o f a p lan ta tio n  o f Araucaria form ed ju s t over a 
century  ago a t Portm eirion  in N o rth  W ales. His 
p h o to g rap h  show ed trees w ith low er branches all 
dead and  w ith sm all flattened crow ns which were 
gradually  being eaten  in to  by the death  o f their lower 
mem bers.

Araucaria  appears to  w ithstand  exposure well in 
G rea t B rita in  bu t it does no t seem to  have been used 
to  provide shelter a lthough  the Forestry  C om m ission 
have recently p lan ted  a  sm all quan tity  experim entally 
fo r th is pu rpose on the L izard  Peninsula in C ornw all. 
W e do n o t know  w hether it w ould  mix well w ith 
o th er trees bu t we presum e th a t it w ould  not.

E stablished trees o f  A . araucana appear to  be quite 
hardy  a n d  able to  w ithstand  low tem pera tu re  in 
w in ter as well as severe late spring frosts. D allim ore 
(1948), how ever, m entions th a t a t Bedgebury several 
young trees, six feet high, were k illed  to g round  level 
by a tem peratu re o f  — 15°F. in January  1940 and , 
later, sprang  again  from  coppice shoots.

Very few p lan ta tions o f  M onkey Puzzle have been 
m ade and  there  are  m easurem ents fo r only one, a 
sm all p lan ta tio n  a t M onreith  in  W igtow nshire 
w hich extends to  1.7 acres. This crop  is now  app rox i­
m ately 40 years o ld  and  a  m easurem ent m ade 
recently (1956) show ed the m ean height o f  the trees 
to  be 25-j- ft., the m ean  breast-height g irth  31 in . ; and  
the m ean volum e per tree 6 cubic ft. H oppus m easure. 
T here were 415 trees per acre an d  the estim ated 
volum e standing  per acre w as 2,500 H oppus ft.

In  this p lan ta tion  there is a considerable range in 
height over the individual trees, fo r a lthough  the 
average heigh t o f  the crop  was 25^ ft. the tallest tree 
was 36 ft. Irregu larity  seem s to  be a  featu re o f  c ro p s 
o f  M onkey Puzzle to  judge by w hat little evidence is 
available in  G rea t B rita in , irregularity  n o t only in 
heigh t g row th  bu t in  h ab it an d  general developm ent. 
T here has been som e speculation  as to  w hether trees 
o f  different sex have different hab its  o f  g row th  
(Elwes an d  H enry) bu t there seems to  be no  agree­
m en t am ong the au thorities o n  this po in t.

W here m ale an d  fem ale trees are  in proxim ity , 
cones are  p roduced  in m ost years by the fem ales a n d  
seed p ro duc tion  is reasonably  good. Seed w as being 
p roduced  in  E ng land  in  the eighteen-seventies by 
trees o f  L o b b ’s in tro d u c tio n  o f  1844, w hile it is 
rep o rted  (H adfield 1956) th a t in  1872 betw een 8 an d  
10 bushels o f  seed were yielded by the fifty trees in 
the avenue a t B icton. Seedlings occasionally  ap p ea r 
a t som e distance from  any possible paren t tree an d  it 
is assum ed th a t they are  sp read  by birds. O ur hom e 
p roduced  seed is generally o f  good  quality  an d  if 
stratified in m oist peat fo r three o r fo u r m on ths a t  a  
tem pera tu re  o f  36°F., it germ inates well a fter sowing. 
I t does no t present any difficulty in the nursery.

In  N ovem ber 1951, 19 lb. o f  seed was collected a t 
T o rtw orth  in G loucestershire, divided in to  three lots 
a n d  stored  a t 363F. in the follow ing different ways.

(a) stratified in m oist peat,
(b) stratified in dry  peat,
(c) sto red  dry in a sealed container.
A fter storage for fo u r m on ths, the seed w as sown 

w ith the results show n in T ab le  13.
J .M .
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T a b l e  13 A R A U C A R I A  A R A U C A N A :  S E E D  T E S T S

Treatment
Number o f  seeds 

per lb.
Number o f  

Viable (1) Seeds 
per lb.

Production o f  
one yr. Seedlings 

per lb.

Germination 
survival (2) 

factor

Mean height o f  
ane yr. Seedlings 

in.

A 125 115 88 .77 2.36
B 125 115 39 .34 2.35
C 125 115 58 .50 1.59

S  g J S S t o X Z Z L l  factor -  Total s i d in g  production lb.
N umber of viable seeds per lb.
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A throtaxis D on

A throtaxis cupressoides and  A. laxifolia  a re  m et w ith 
occasionally  in shrubberies and  a rb o re ta  but 
A. setaginoides is no t often  seen. N one o f  them  will 
ever be o f  econom ic value in G rea t B ritain . A ccord­
ing to D allim ore and  Jackson , A. laxifolia  has been 
know n to reach a height o f  46 feet in C ornw all, but 
th is is exceptional and  specim ens o f  this genus 
generally do no t reach h a lf  tha t height.

J.M .

C'allitris V entenat 
A lthough  specim ens o f  one o r  o ther o f  the species 
o f  Callitris m ay occasionally  be found  in gardens in 
the m ildest parts  o f  G rea t B ritain , p lants o f  this 
genus are  usually seen only under glass in this 
country . U nder B ritish conditions Callitris is m uch 
too  tender fo r use ou tdoors.

J.M .

Cedrus Trew
C edars a re  fam iliar trees, particu larly  in  the 
sou thern  parts  o f  G rea t B rita in , w here they have 
long been used fo r o rnam en ta l p lan ting  ra th er th an  
forestry. T he cedar o f  L ebanon  (C. libani), the A tlas 
cedar (C. atlantica) and  the deodar (C. deodara) have 
all been extensively used ; the C yprus cedar (C. 
brevifolia) is rarely  seen.

Ccdrus atlan tica M anetti
T he A tlas cedar, w hen well grow n and  given am ple 
space in  the righ t setting, is an  extrem ely handsom e 
tree, particu larly  in  its g laucous variety, and  there 
a re , fo rtunate ly , m any fine specim ens now  to  be seen. 
A native o f  the A tlas M oun ta ins in N o rth  A frica, it 
is o f  in terest as being a lm ost the only tree from  th a t 
con tinen t w hich flourishes in  the B ritish  Isles. I t was 
in troduced  in  1845.

Cedrus atlantica  has scarcely been used in  forestry 
b u t one o r  tw o tr ia l p lan ta tio n s have been m ade. 
A t G ravetye, in Sussex, a  p lo t 52 years o f  age had  
a  top  height o f  72^ ft., a  m ean  g irth  a t breast height 
o f  50 in., and  a volum e per acre o f  5,500 H oppus ft. 
T he to ta l volum e p ro duc tion  was 6,860 ft., 
giving a  m ean annual increm ent o f  132 H oppus ft. 
p er acre. T he period ic  an n u a l increm ent betw een the 
ages o f  46 and  52 years w as 256 H oppus ft. p er acre. 
A t B edgebury a p lo t o f  this species h ad  reached a  
heigh t o f  2 0 i ft. a t 20 years w hile a t  B uriton , 
H am pshire , on  the chalk , an o th e r p lan ta tion  o f  the 
sam e age h ad  a tta in ed  only  12 ft. T here w ould  appear 
to  be a  reasonab le  p rospect th a t the A tlas cedar 
w ould  m ake a  p roductive c rop  o n  good sites in the 
S o u th  o f  E ng land  b u t it is a  tree w hich obviously 
s ta rts  slowly, becom ing m ore vigorous only later. 
C ones a re  regularly  p roduced  in  G rea t B rita in  bu t 
the quality  o f  the seed is low  and  inferior to  th a t o f  
im p o rted  seed. In  o u r clim ate, the cones a re  very

difficult to open an d  no  really satisfactory  m ethod  
for dealing w ith them  has yet been devised. T he seed 
germ inates well under norm al conditions. I t  is 
difficult to  keep because it de terio ra tes rap id ly  in  
storage, and  it has been suggested th a t it m ight be 
sto red  in the cones; its keeping qualities have n o t 
been tested in co ld  storage. Few  specim ens o f  Cedrus 
atlantica  in G rea t B ritain  exceed 100 ft. in  height, the 
tallest recently m easured being tw o a t E astn o r 
C astle, H ereford , 119 ft. an d  117 ft. respectively. 
O ther trees over 100 ft. in height a re  to  be found  a t 
Cuffnells, L yndhurst, H am pshire , 109 ft.; B eauport, 
Sussex, 110 ft.; an d  W estonbirt, G loucestershire, 
104 ft.

Cedrus deodara (R oxburgh) L oudon  (Plates 3 & 17)

The deodar was in troduced  in to  G rea t B ritain  
from  India during the period  1820-1830, b u t there is 
som e d oub t as to the actua l year in w hich the first 
in troduction  was m ade.

As a forest tree, C. deodara is little used in G rea t 
B ritain and  there are  few p lan ta tions now  available 
for study, bu t during  the m iddle o f the n ineteen th  
century, it had  a sm all vogue in the  R oyal Forests. 
The C om m issioners o f W oods an d  F orests began 
im porting  substan tia l quan tities o f seed in 1853, 
w hich they ob tained  from  the E ast Ind ia  C om pany, 
and  in subsequent years, m any deodars were p lan ted  
in the R oyal F orests in th e  South  o f E ngland 
(C om m issioners o f  W oods 1853). Som e o f these still 
survive as individual trees in the oak  w oods a t Alice 
H olt, and  also in the N ew  F orest, but the experim ent 
does no t seem to  have succeeded and  it was n o t 
pursued. A m ong existing p lan ta tions from  which 
figures o f grow th and  p roduc tion  are  available, is a 
p lo t in Bagley W ood, near O xford, w hich, a t  45 
years o f age, h ad  a top  height o f 62± feet, a  m ean  
g irth  o f 28 inches an d  a  stand ing  volum e o f  3,665 
H oppus feet per acre. T he to ta l volum e p ro duc tion  o f  
this deodar crop  was 5,918 H oppus feet, w hich gave a 
m ean annual increm ent o f  132 H oppus feet per acre. 
T he periodic m ean annua l increm ent betw een 35 and  
40 years o f  age was 225 H oppus feet per acre, and  
between 40 and  45 years, 146 H oppus feet.

A  sm all p lo t a t A bbotsw ood, in the F o res t o f  
D ean, aged 35 years, h ad  a  to p  height o f 65 feet, a  
m ean girth  a t breast height o f 3 0 i inches, an d  a 
volum e per acre o f 2,006 feet. A t Bedgebury, in K en t, 
an  irregular p lan ta tion , 20 years old, averaged only 
H i  feet in height, b u t a t C rarae , in Argyll, a  21-year- 
o ld crop had  a top  height o f 27 feet and  a  m ean  girth  
o f 13A inches. T here is the  suggestion, in these 
figures, th a t C. deodara m ay grow  m ore rap id ly  in 
height in the m oister, m ilder w estern d istricts— b u t 
this is, as yet, by no  m eans clear. L ike C. atlantica  
th is species has show n th a t it can  grow  in p lan ta tio n  
form  in G rea t B ritain , b u t it is doub tfu l w hether
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either o f these cedars has any  p rospect o f  being used 
o ther than  in  a  very sm all way.

T here a re  num erous good  specim en trees o f C. 
deodara in  the coun try  bu t, generally speaking, it 
does n o t seem  to  have yet reached as large dim ensions 
as the o th er cedars com m only  p lan ted . A m ong som e 
o f the tallest trees are  specim ens a t  E astn o r Castle, 
110 an d  109 feet, B icton, D evon, 103 feet and  
Stanage P ark , R ad n o r, 105 feet.

Cedrus libani L oudon

This tree has been grow n in G rea t B rita in  a t least 
since the seventeenth  cen tury  an d  there are  num erous 
fine specim ens, particu larly  in  sou thern  districts. 
I t  is an  im pressive tree w hen well grow n an d  can  be a 
great o rnam en t to a  park .

It has n o t been used  in forestry and , so fa r  as can  
be determ ined, there are  no  tria l p lan tations.

A m ong specim en trees o f w hich recent m easure­
m ents have been taken  a re  individuals a t A lbury  
Park , Surrey, 117 feet, C obham  H all, K ent, 117 feet, 
L eaton K nolls, Shropshire, 114 feet, P ark  Place, 
Henley, O xfordshire, 112 feet, and  B rahan , Ross- 
shire, 104 feet. Som e o f  the cedars o f  L ebanon  have 
large girths, fo r exam ple, 27 feet 4 inches a t C obham  
H all, 26 feet a t  T erling Place, Essex, and  24 feet 7 
inches a t W arw ick Castle.

J.M .
c e d r u s : r e f e r e n c e

Commissioners o f Her Majesty’s Woods, Forests and
Land Revenues, 1853: Thirty-first Report.

Cham aecyparis Spach

O f the six species w hich m ake up  this genus, only 
one, C. form osensis, a  native o f F orm osa , is no t 
hardy in  G rea t B rita in , a lthough  occasional speci­
mens have survived fo r a  sh o rt tim e in the open air. 
O f the o thers, C. lawsoniana, from  W estern  N o rth  
A m erica, is o f  forest im portance in this country , 
while C. nootkatensis, from  the sam e region, though  
m uch less im portan t, is a  tree w hich m ay yet find a 
sm all place in o u r silviculturer T he two Japanese 
species, C. oblusa  an d  C. pisifera, have been little 
used in th e  forest, and , in view o f the better perform ­
ance o f  C. lawsoniana, a re  unlikely ever to find a  
regular p lace as forest trees. C. thyoides, a  native o f  
the E astern  an d  S outh-eastern  U nited  States an d  the 
first o f  the genus to  be in troduced , has rarely 
succeeded w hen p lan ted  in  G rea t B rita in ; so fa r as 
is know n, it has never been used in  th e  forest.

T his genus, w hich is thus o f  lim ited  silvicultural 
im portance, is nevertheless o f  th e  greatest conse­
quence in ho rticu ltu re  because a  characteristic  o f 
C. lawsoniana, C. obtusa, C. pisifera, and , to  a less 
extent, o f  C. thyoides an d  C. nootkatensis, is their 
ex trao rd inary  capacity  fo r varying u nder cultivation  
and  producing  an  astonishing num ber o f  form s and

varieties. V ariations in  colour, in hab it, in  type o f 
foliage an d  branch ing  a re  com m on, while C. pisifera  
produces som e w ell-know n varieties, the “ R etino- 
sporas”, th e  m ain  characteristic  o f w hich is the 
re ten tion , th ro u g h o u t their lives, o f the juvenile type 
o f  foliage.

A lthough  som e o f these varieties o f  the Chamaecy- 
paris  species a re  m ore  curious than  beautiful, m any 
are  extrem ely handsom e an d  well w orth  the a tten tio n  
they receive. I t  is unlikely th a t in terest in them  will 
decline.

C ham aecyparis lawsoniana (A. M urray) P arla to re  
This tree is generally referred  to  as L aw son cypress. 
T he tim b er grow n in G rea t B rita in  has scarcely 
com e in to  com m erce an d  it has no  trade  nam e.

C O U N T R Y  OF O R I G I N  A N D  P R O V E N A N C E

A  native o f  W estern  N o rth  A m erica, L aw son 
cypress is found  natu ra lly  in the forests o f so u th ­
w estern O regon  a n d  north -w estern  C alifo rn ia  in  the 
coastal reg ion  an d  a t elevations m ainly below  3,000 
feet (Elwes an d  H enry).

N o  studies o f  the p rovenance o f L aw son cypress 
have been m ade in  G rea t B rita in . O wing to  ab u n d an t 
seed p ro d u c tio n  o f  trees in  this country , it is rarely 
necessary to  im p o rt seed from  A m erica fo r forestry 
an d  ho rticu ltu ra l purposes.

H IS T O R IC A L  NOTES

This tree  was first in troduced  in  1854 by W illiam  
M urray , w hose first consignm ent o f  seed, from  the 
U p p er Sacram ento  Valley in C alifornia, was sent 
to  M essrs. L aw son, the seedsm en, o f E d inburgh . A  
larger in tro d u c tio n  follow ed in 1855, a n d  very soon  
afterw ards L aw son cypress becam e p o p u la r and  
well d is tribu ted  in park s an d  gardens. I t  d id  n o t 
app ea r to  be tried  as a forest tree un til som e con ­
siderable tim e later.

T he rem arkab le  tendency to  vary in cultivation , 
w hich has been referred  to , led to  the selection o f  a 
large num ber o f  varieties, the best o f  w hich have 
been k ep t in  existence by vegetative p ropagation . 
T he s tan d a rd  w ork  H andbook o f  the Coniferae, by 
D allim ore  an d  Jackson , lists over fifty varieties an d  
there  a re  doubtless m any m ore. L aw son cypress is 
also a  favourite  tree  fo r garden  hedges as it clips 
well and  keeps its shape.

EX T E N T  O F P L A N T I N G

A t presen t, L aw son  cypress is one o f  the m inor 
coniferous species an d  there are  few signs o f  m uch 
in terest in  its possibilities. T ab le  14 show s the areas 
u n d er this species reco rded  during  the C ensus o f  
W oodlands 1947-49. Since then , a  sm all am o u n t o f  
p lan ting  has been done annually  an d  the area  
increased, b u t n o t to  any  im p o rtan t extent.
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C H A M A E C Y P A R I S  L A W S O N I A N A :  H I G H  F O R E S T  A R E A S ,

P U R E  A N D  M I X E D  S T A N D S  C O M B I N E D ,  B Y  A G E  C L A S S E S ,  1947  
T a b l e  14 Acres

Age Class Uneven
Aged Total

1-10 11-20 21-30 31-40 41-60 61-80 81-120

Private Woodlands ................
Forestry Commission

25
A ll

10
69

11
2

50
4

17
1

19 2 83
30

217
578

Total 497 79 13 54 18 19 2 113 795

I t  w ill be n o ted  th a t m ost o f  the p lan ting  in  recent 
years is in the forests o f  the F orestry  C om m ission.

C L IM A T IC  REQUIR EM ENTS

T here is scarcely any p a rt o f  the popu la ted  districts 
o f  G rea t B rita in  w here one can n o t find a  specim en o f  
L aw son cypress, bu t its a ltitud inal lim its have n o t 
yet been determ ined. G enerally  it seems to  grow 
b e tte r in  the w estern, m oister parts  o f  th e  country. 
T here are  suggestions th a t it m ay  grow  faster in 
regions o f  h igher tem pera tu re ; bu t this is by no  
m eans certain , an d  the evidence w hich we have 
show s it to  be quite p roductive in the no rth . W e have 
little  to  guide us, in p lan ta tions, ab o u t the resistance 
to  exposure show n by this species, b u t in  som e 
exposed situations it has show n less resistance than  
several o th er species. Low  tem peratures in w in ter do 
n o t h a rm  this tree, bu t it is som etim es dam aged by 
frosts in  the spring, all the  foliage tu rn ing  brow n  and  
shoo ts an d  buds dying (D ay an d  Peace, 1937). 
I t  show s good  pow ers o f  recovery from  fro st dam age.

SITE R EQ U IR EM EN TS

L aw son cypress has been tried  as a first crop  on  a 
n um ber o f  sites w ith  varying degrees o f  success. I t 
failed on  the  L on  M or, Inchnacardoch , Inverness- 
shire, on  a  deep Trichophorum  (Scirpus) peat, only a 
few p lan ts surviving to  reach  a heigh t o f  tw o to  fou r 
feet in  tw enty years (Z ehetm ayr 1954). A t Beddge- 
lert, C aernarvonsh ire , o n  a  less difficult Eriophorum- 
M olinia  pea t, it reached  21 feet in heigh t 25 years 
a fte r p lan tin g ; a t  K ielder, N orthum berland , on  a  
M olinia-C alhm a  p ea t it  has reached  11 feet a fter 
16 years, an d  appears to  be qu ite  healthy . O n a dry 
u p lan d  h ea th  over th e  Jurassic  a t  A llerston  in Y o rk ­
shire, L aw son  cypress p lan ted  o n  p loughed  g round  
in  1939, grew  very badly, even w hen phosphate  was 
app lied  a t  th e  tim e o f  p lan ting , a n d  the young  trees 
w ent seriously in to  check. In  1945, a m ulch o f  cut 
hea th e r w as app lied  to  h a lf  the p lan ta tion , a n d  this 
w as effective in  bringing the p lan ts o u t o f  check and  
enabling  them  to  grow . T he effect o f  th e  m ulch  was 
investigated  by L eyton  (1955) w ho found  th a t 
m ulching h a d  increased the up tak e  o f  n itrogen  and

phosphate  and  h ad  led to  im proved soil m oisture  
conditions, a  m atter o f  im portance on a dry site. A t 
W areham  in D orse t, on  a  strongly podzolized  low ­
land  heath , L aw son cypress sim ilarly w ent in to  check 
after p lan ting  and , sim ilarly, show ed a  response to  
m ulching. O n the o th er hand , on  a high-lying, 
exposed hea th  n ear B odm in, in  the south-w est o f  
E ngland, L aw son cypress has established itself in a 
vegeta tion  o f  Calluna, U lex gallii and  M olinia , w here 
S itka spruce has checked very badly (G ran t, 1948). 
O n a  heavy clay soil, in  R ockingham  forest, N o rth ­
am ptonsh ire , L aw son cypress has been used experi­
m entally  as a  first crop  on  old arab le  land  an d  on  o ld  
w oodland  after it h ad  been clear cut. O n bo th  sites it 
has grow n slowly b u t satisfactorily , reaching 18 ft. in  
height in  23 years. As a first crop , L aw son cypress is 
unsuitable fo r the p o o re r peats and  fo r the dry type o f  
heath , a lthough  it appears likely to succeed on  the  
m oister heath lands o f  the west an d  south-w est. I t  
establishes itself readily  on  brow n  ea rth  soils bu t 
grows slowly on  the heavy clays. W e have little 
evidence as to  its behaviour on  the highly calcareous 
soils o f  the chalk.

As it stands shade well, this species can  be used fo r  
underp lan ting  o ther conifers o r  fo r bringing in u n d er 
hardw ood  scrub. I t  was also one o f  the shade- 
bearing trees used a t N ovar, R oss-shire, fo r in tro ­
ducing in to  larch  p lan tations (A non. 1906) in the 
early years o f  this century.

ESTABLISHMENT TE C H N IQ U E

n u r s e r y  p r a c t i c e . C. lawsoniana is n o t a  difficult 
subject in  the nursery  and  norm al nursery  trea tm en t 
is adequate. Seed is usually sow n b roadcast a t 40 sq. 
yd. per pound , and  a light covering o f  sand  o r  g rit is 
satisfactory. Stocks raised  in  hea th land  nurseries are  
usually  large enough to  lift a t the end o f  the first 
grow ing season; in  o ther nurseries, they m ay have to  
ru n  to  tw o years before they are large enough  to  
handle. Losses in  lin ing-out are  n o t usually  high an d  
no  special precau tions are  needed.

v e g e t a t i v e  p r o p a g a t i o n . This is n o t used in 
raising  nursery stocks fo r p lan ting  in the forest bu t is 
im p o rtan t in  horticulture.
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p l a n t i n g . L aw son  cypress is n o t difficult an d  the 
s tan d a rd  m ethods a re  satisfactory.

s p a c i n g . L aw son cypress is usually  spaced a t 4-4 
ft. o r  5 ft.

T E N D I N G  A N D  T H I N N I N G

w e e d i n g . N o rm al w eeding treatm ents are  all th a t 
are necessary. I f  th e  cypress has been used fo r under- 
p lan ting  it w ill s tan d  qu ite  happily  u n d er m oderately  
dense shade, th o u g h  it w ill n o t grow  m uch. C leanings 
are  n o t o ften  requ ired  because the dense shade cast 
by the cypress, generally  suppresses w eed trees and  
shrubs w hich have com e in to  the p lan ta tion .

t h i n n i n g . T he correc t regim e has n o t yet been 
w orked  o u t b u t to  th in  L aw son  cypress is slightly 
disconcerting. E ach  tree w hich is rem oved leaves a 
neat ho le  in  the canopy  an d  these holes do n o t close 
over quickly because crow n sp read  is slow. L aw son 
cypress seem s to  be sluggish in  its responses an d  it 
m ay be ru n  o n  a  longer th inn ing  cycle th an  m ost 
conifers.

p r u n i n g . P run ing  is n o t usually  practicable. I t 
m ight p rove a  costly o p era tion  ow ing to  the num er­
ous sm all b ranches o n  the stem. N a tu ra l p run ing  is 
very slow, fo r green branches m ay be found  quite 
low on the stem , even w hen the canopy  appears to  
have ju s t closed.

O T H E R  S I L V I C U L T U R A L  C H A R A CTE R IST IC S

O ne unp leasan t fea tu re  o f  L aw son  cypress, 
repeatedly found , is the fo rk ing  o f  the stem  w hich 
often begins below  b reast heigh t an d  m ay be repeated  
higher up  the stem . T he cause is still unknow n. 
A lthough  one m ight n o t expect th a t crow ding trees 
o f  an  extrem ely shade-bearing  species w ould  be 
effective in  reducing  the num ber o f  forks m aterially , 
it has been found , in  a  spacing experim ent a t 
R heola , in  S ou th  W ales, th a t the m ore  w idely-spaced 
plo ts h ad  a m uch sm aller p ro p o rtio n  o f  trees w ithou t 
forks, than  th e  p lo ts w here the trees h ad  been

p lan ted  close together. F o r  exam ple, w ith  3 ft. 
spacing, 70 per cent o f  the trees w ere w ithou t low 
fo rk s; w hereas w ith  8 ft. spacing, only 40 per cen t 
w ere free from  this defect. This reco rd  relates only to  
trees fo rk ing  below  breast-height.

RA TE OF G R O W T H  A N D  Y IELD

T here is no  yield tab le  fo r L aw son cypress in 
G rea t B rita in . A  few perm anen t sam ple p lo ts have 
been estab lished  an d  m ain ta ined  and  m easurem ents 
have also been co llected  in  several sm all p lan ta tions. 
D a ta  from  those m easurem ents are  given in  T ab le  15.

H eigh t g row th in  L aw son cypress is n o t rap id , fo r 
heights o f  ju s t over 60 feet a t 50 years are  p o o r w hen 
com pared  w ith  those o f  o th er exotic conifers from  
W estern  N o rth  A m erica. O n the o th er hand , volum e 
fo r a  given heigh t tends to  be h igh ; this is due to  the 
generally dense stocking in  p lan ta tions o f  this 
species. Its narrow , co lum nar crow n, an d  its 
to lerance o f  shade allow  m uch denser stock ing  th an  
can  be kep t w ith  m ost o th er species.

Ind iv idual specim en trees are no t often  found  w ith 
heights g rea ter th a n  100 feet bu t trees o f  80 to  100 
feet h igh are  com m on. A m ong the tallest specim ens 
recently  reco rded  are  trees a t Inveraray , Argyll, 102 
ft. by 11 ft. 9 in. a t b reast heigh t an d  102 ft. by 9 ft. 
g ir th ; 100 ft. by 7 ft. 7 in. a t M urth ly , Perthsh ire ; 100 
ft. by 12 ft. 7 in. in the N ew  F orest, H am psh ire ; 99 
ft. a t B lair C astle, Perthsh ire , B uchanan  C astle, 
S tirlingshire an d  K irkennan , K irkcudbrigh tsh ire ; 
an d  98 ft. a t M uncaster, C um berland .

DISEASES A N D  PESTS

L aw son cypress has n o t suffered from  any specific 
disease since its in troduc tion  an d  it is generally 
rem arkab ly  healthy  in appearance. N o  insect a ttacks 
have been rep o rted  except fo r dam age caused  in a 
dense young  crop  o f  na tu ra l seedlings in  the F o res t 
o f  D ean  by the weevil O tiorrhynchus singularis L.

T a b l e  1 5  c h a m a e c y p a r i s  l a w s o n i a n a : g r o w t h  a n d  p r o d u c t i o n

Locality
Elevation

(ft-)
Age

(yrs.)
Top Height 

(ft.)
Mean Girth 

(in.)
Volume per acre 

(It. f t .  over bark)
Total Production 
(//. f t .  over bark)

Caio, Carmarthen ................ 800 16 204 14 1,198 _
Thornthwaite, Cumberland .... 650 19 27 17 1,648 --
Llanover, M onmouth 700 21 28 144 1,066 --
Inchnacardoch, Inverness 200 21 34 134 1,463 --
Gwydyr, Caernarvonshire 400 23 45 20 3,127 4,376
Bedgebury, Kent ................ 300 25 39J 18 2,184 3,117
Ardgarlan, Argyll ................ 50 27 32 19 2,073 —

New Forest, H ants..................... 140 31 48 224 2,543 —

Chopwell, Durham ................ 700 45 424 23 2,397 —

Petworth, Sussex 200 47 624 26 4,819 —
Novar, Ross-shire 250 51 614 28 5,517 11,778
Alholl, Perthshire 800 54 61 244 3,555 —
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Trees in  the sm all pole stage are  som etim es 
dam aged  by deer w hich rub  the stems.

O T H E R  FORMS OF DAM A GE

w i n d . T here are  scarcely enough  p lan ta tions on  
w hich to  base a judgm en t on  the susceptibility o f  
L aw son cypress to  w indblow . O ne sam ple p lo t, at 
N o v ar in  R oss-shire, blew dow n in the great gale o f  
January  1953, bu t o n  this occasion the Law son fared  
no  w orse th an  m ost o ther species. Iso la ted  trees, o f  
w hich there are large num bers in the country , seem 
to be w indfirm , fo r they rarely  blow dow n although  
they occasionally  b reak  in  w ind, particu larly  if they 
a re  forked. T he p robab ility  is th a t this species will be 
w indfirm  on  m ost soils.

s n o w . T here is one reco rd  o f  dam age to  a  p lan ta ­
tion , in the F o res t o f  D ean , by heavy wet snow  w hich 
la id  flat m ost o f  a  p lan ta tio n  alm ost fo rty  years old. 
W e do n o t know  w hether this was an exceptional 
case o r  w hether o th er p lan ta tions will suffer in the 
sam e way.

i c e . L aw son cypress was little  dam aged by the 
severe glazed fro st o f  1940 (Sanzen-Baker and  
N im m o 1941). Its hab it o f  g row th probab ly  allows 
it to  recover quickly from  the effects o f  a phenom enon  
o f  th is sort.

a t m o s p h e r i c  p o l l u t i o n . T his tree will to lerate  a  
m odera te  am o u n t o f  p o llu tion  such as is found  on  the 
ou tsk irts  o f  cities an d  large tow ns, bu t it does poorly 
if  the po llu tion  is heavy.

SEED A N D  SEED BEA RIN G

Flow ering begins early  w ith  this species in  G reat 
B rita in  an d  flowers appear from  the fifth year 
onw ards. G ood  crops o f  cones are  available from  the 
tw entieth  year, the m axim um  seed p roduc tion  
occurring  betw een 40 and  60 years o f  age (M atthew s 
1955). G o o d  crops o f  seed occur a t three-yearly 
in tervals, bu t there  is som e seed every year.

G EN ETIC S  A N D  BR EE DIN G

Tw o ‘p lus’ stands ex tending to  3^ acres have been 
registered  as well as one ‘n o rm al’ s tand  o f  i  acre. 
N ine ‘p lu s’ trees have been selected an d  recorded.

N A T U R A L  REG E N E R A T IO N

I t  is too  early  to  speak ab o u t n a tu ra l regeneration  
a lthough  it m ay well becom e possible to  regenerate 
this species natu rally  in  fu tu re  if  it is desired to  do so. 
L aw son cypress is a  frequent, and  often  abundan t, 
p roducer o f  seed an d  the seedlings to lerate  shade. 
P rov ided  there  is a  clean forest floor, w ith  m ineral 
soil, n a tu ra l seeding m ay be easy. Seedlings are 
frequently  fo u n d  in o u r p lan ta tions now  and, in the 
snow -dam aged p lo t in  the F o res t o f  D ean , a  very 
dense c ro p  o f  n a tu ra l regeneration  appeared.

TIM BER A N D  F U E L  Q U A LIT Y  A N D  USES

Very little  tim ber o f  Law son cypress has com e on  
the m arket b u t sm all poles from  thinnings are usually  
pu t to  the sam e uses as o ther coniferous poles, for 
m ining tim ber, fencing, etc. N o  special uses have been 
found  fo r hom e-grow n L aw son tim ber an d  it is 
regarded, a t present, as a general pu rpose softw ood.

T he tim ber weighs ab o u t 27 lb. per cubic foo t 
when seasoned. H eartw ood is resistant to  decay but, 
a t the sam e time, difficult to trea t w ith preservatives. 
Satisfactory penetra tion  is only achieved u nder 
pressure. The tim ber w orks well w ith m achine an d  
h an d  tools an d  gives a good finish.

The foliage is in g reat dem and by florists and  good  
prices are ob tained  fo r clippings.

POTENTIALITIES OF T H E  SPECIES IN  T H E  N A T IO N A L  

ECONOMY

A lthough L aw son cypress appears to  be a t hom e 
in m ost parts o f  B ritain  and  to  grow  reasonably  
well on  a variety o f  soils, it is n o t likely to  have an  
im portan t place in o u r silviculture in fu tu re  chiefly 
because the sites w hich su it it best, su it o th er species 
even better. O ne canno t see it m ak ing  g round  a t the 
expense o f  A bies grandis, Tsuga heterophylla  o r 
Thuja plicata  on  good sites, bu t it m ay have a 
lim ited use as a  p ioneer species on  certa in  types o f  
land. O n the better g round , it m ay sp read  by 
n a tu ra l seeding.

C ham aecyparis nootkatensis (L am bert) Spach.

T he N oo tka  cypress, discovered by A rch ibald  
M enzies in  1793, was n o t in troduced  in to  G rea t 
B ritain  un til 1853. I t has been p lan ted  as a specim en 
tree and  an o rnam en ta l in  m ost parts  o f  the coun try  
and  it has succeeded; bu t it has n o t grow n anyw here 
as tall as Law son cypress. I t has exceeded 90 ft. in  
height a t D upplin , Perthsh ire  (93 ft.); a t W estonbirt, 
G loucester (93 ft.) and  a t E as tn o r C astle, H erefo rd  
(91 ft.), bu t m ost o f  the best specim ens do n o t reach  
m ore than  80 ft. In sp ite o f  reasonably  good  grow th 
in  m any districts, it has no t been tried  in fo restry  save 
on a very sm all scale, an d  although  a m ild in terest has 
been taken  in  it during the last th irty  years, as a 
possible tree fo r high-lying peat-covered land , the 
results o f  experim ents w hich have been carried  o u t so 
fa r are  n o t encouraging. C. nootkatensis is w in ter 
hardy and  does n o t seem  to  be greatly  affected by 
late spring frosts; it also appears to  w ithstand  
exposure. Its g reat d isadvantage is th a t it  grows 
extrem ely slowly in  its early  years. I t  m ay  yet be 
possible to  find a sm all place fo r it in  o u r silviculture, 
bu t this is less likely now  than  it seem ed a t one tim e.

A t Bedgebury, K ent, C. nootkatensis  reached  16£ 
ft. in 20 years in  a  p lan ta tion . A t C irencester, 
G loucestershire, a  p lan ta tio n  form ed in  1906 o n  a
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shallow  soil over the G rea t O olite  lim estone, has 
grow n slowly and  a t 22 years o f  age, was only six 
feet high. T his c rop  is interesting, because it con tains 
two highly d istinct types o f  tree ; one, w ith  single 
stra igh t stem s grow ing a t approxim ately  the sam e 
ra te  as Thuja plicata', an d  the o ther, w ith a strong  
tendency to  fork  a t low  levels an d  m uch  p o o re r in 
grow th. T here is possib ly  a genetical difference 
between the tw o lots. A t B enm ore, Argyll, N o o tk a  
cypress has grow n better, having reached 3 2 | feet in 
25 years. As a  first c rop  on  peat C. nootkatensis has 
been tried  a t various places. A t Inchnacardoch , 
Inverness-shire, on  deep pea t it largely failed, while 
on  shallow er slope peat in the sam e forest, it has 
grow n very slowly, even w ith  the aid o f  phosphate , 
so that, in  twelve years, it was no m ore th an  three 
feet high. A t A chnashellach, R oss-shire, on  th in  
peat, 8-24 in. deep, w ith a  Trichophorum  (Scirpus)- 
Calluna vegetation , N o o tk a  cypress p lan ted  in 1930 
averaged only 2.7 ft. in  height in 1946, bu t a  few 
plants w hich h a d  been p u t o u t o n  a  grass flush were 
from  6 to  8 feet high. T his lo t o f  nootkatensis  was 
badly dam aged  by the severe cold o f  the w in ter o f  
1946-47. O n a  m oist up land  hea th  a t C locaenog, 
N o rth  W ales, this species reached 5 ( ft. in  height in  
15 years; o n  a heavy clay soil a t R ockingham  Forest, 
N ortham p tonsh ire , it was no  m ore  th an  7 ft. a fter 
20 years’ grow th, w hile, on  the chalk , a t F riston , in 
Sussex, it reached  only 3^ ft. a fter 25 years. C. 
nootkatensis appears to be subject to  dam age by deer.

T he seed o f  th is species is difficult to  germ inate and  
requires stra tifica tion  fo r up  to  a  year before sowing. 
Seed collected in G rea t B rita in  is generally o f  low 
quality. O therw ise, it presents no  prob lem  in the 
nursery. C. nootkatensis is one o f  the paren ts o f  the 
hybrid cypress, Cttpressocyparis leyiandii.

C ham aecyparis obtusa (Siebold and  Zuccarini)
Endlicher

A native o f  Jap an , this tree was in troduced  in 1861 
an d  is n o t in frequently  m et w ith  in  G rea t B rita in  as 
an  o rnam en ta l o r  specim en tree, though  it is m uch 
less com m on th an  C. lawsoniana an d  scarcely as 
a b u n d an t as C. pisifera. Som e o f  its varieties are  
com m on in gardens. As a specim en tree, it rarely  
exceeds 60 ft. in  height and , as m ost o f  the good  
specim ens occur in sou thern  E ngland , it is p robab le  
th a t it prefers w arm er cond itions th an  are  available 
over m ost o f  G rea t B ritain . A m ong the tallest trees 
recently m easured  are  specim ens a t W estonbirt, 
G los., 63 ft .; Cuffnells, L yndhurst, H an ts., 62 ft.; 
L in ton  P ark , K en t, 57 ft.; K ew  G ardens, Surrey, 
53 ft.

T his species has been little  p lan ted  as a  fo rest tree 
a n d  there w ould  seem  to  be no  advan tage  in using  it. 
I t has been tried  on  deep pea t b u t has failed an d  o ther 
sm all trials have n o t y ielded m uch  success.

C ham aecyparis pisifera (Siebold and  Zuccarini) 
E ndlicher

A lso Japanese, this species was likewise in troduced  
in  1861 and , next to  C. lawsoniana, it is now  the 
com m onest cypress in G rea t B ritain , in the typical 
fo rm  an d  in its m any varieties. F o r  forest planting , it 
has been used only experim entally  on  a  very sm all 
scale an d  the results indicate th a t it will never find a 
place in silv icultural practice. T here is a tree o f  the 
typical C. pisifera  65 ft. h igh a t H eatherside, C am ber- 
ley, Surrey, one a t R ossdhu, D u m b arto n , 60 ft. and  
one a t M urth ly , Perthshire, 56 ft. T he varieties, 
plum osa  an d  sqitarrosa, w ith juvenile foliage, grow  as 
well as the typical fo rm , if  n o t be tte r; there  are 
specim ens o f plw nosa  a t W isley (R oyal H orticu ltu ra l 
Society G arden), 74 f t . ; a t L in ton  P ark , K ent, 69 f t . ; 
Redleaf, K en t, 66 f t . ; an d  a t M ethven, Perthsh ire , 60 
ft. O f squarrosa, a tree a t B icton, D evon, is 80 ft. h ig h ; 
and  one a t W isley, 69 ft.

C. pisifera  has failed w hen p lan ted  on  peat an d  it 
w ent o u t very quickly w hen tried  o n  an  exposed 
up lan d  h ea th  a t C lash indarroch , A berdeenshire. A t 
Lael, R oss-shire, it has reached 12 ft. in height in 17 
years, in  a  grass-bracken  herbage on  good  soil. A t 
B enm ore, A rgyll, w here it was dam aged  by field 
voles, it reached  20 ft. in  27 years, an d  a t B eddgelert, 
C aernarvonsh ire , a  height o f  10 ft. w as m ade in 20 
years o n  an  ac id  soil w ith  th in  peat.

C ham aecyparis thyoides (L innaeus) B ritton , Sterns 
an d  Poggenberg

T his tree, in troduced  in 1736 from  eastern  N o rth  
A m erica, survives in G rea t B rita in , bu t never reaches 
m ore th an  a sm all size. T he tallest tree is p robab ly  
tha t a t K ew  w hich is only 42 ft. in height. I t has no t 
been used in  the forest. D u rin g  th e  severe spring 
frosts o f  M ay, 1935, specim ens escaped dam age 
entirely , in a  hollow  w here the tem peratu re  was 
know n to have fallen to  I5°F. (D ay an d  Peace, 
1937.)

J.M .
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C ryptom eria D . D o n
Cryptom eria  is a  m onospecific genus, the only 
species, C. japonica, being o f  m in o r forest im port­
ance in  B ritain . T he tree reaches qu ite  sizeable 
dim ensions an d  has been p lan ted  in  a num ber o f  
sm all p lo ts an d  tria l p lan ta tions in this country.

C ryptom eria japonica (L innaeus filius) D . D on.
(Plate 17)

Cryptomeria japotiica is a  native bo th  o f  C hina and  
Jap an  an d  is one o f  the m ost im p o rtan t tim ber trees 
o f  the la tte r  country.

T he C hinese variety  (C. japonica  var. sinensis) was 
discovered in  1701 by J. C unningham  an d  was first 
in troduced  in to  G rea t B rita in  by C ap ta in  Sir 
E verard  H om e in  1842. T he Japanese tree, though  
the first to  be discovered (by K aem pfer in  1692), was 
n o t in troduced  fo r certa in  un til 1879 w hen it was 
b rough t in by M aries. N o  provenance com parisons 
have yet been m ade bu t seed from  a  num ber o f  
Japanese sources has been sow n in the nursery and  a 
sm all p rovenance experim ent is p lanned. As far as is 
know n all existing p lan ta tions have been raised  from  
Japanese  seed.

Cryptom eria  can  be raised  in the nursery  by 
stan d a rd  techniques. I t  is som ew hat p rone  to  dam age 
by au tum n  frosts. Seedlings grow n in  a good 
ag ricu ltu ral type nursery  m ay be expected to  be 
liftable a t the end  o f  the first year and  to  be fit for 
p lan ting  a t th e  end  o f  one year in  the tran sp lan t 
lines. R esults in  hea th land  nurseries have been ra ther 
variable.

T he early  g row th  o f  the few existing p lan tations 
has been rap id  bu t irregular. A t Bere F orest, H am p­
shire, in  a p lan ta tio n  o f  1 |  acres, the biggest trees 
were 15-20 feet in  height ten years after p lanting . In 
Bedgebury F orest, K ent, tw elve years after planting, 
heights ranged  from  2-25 ft. while the average height 
after 23 years was 30 ft. T hough  good, this ra te  o f  
g row th  is by no  m eans ou tstand ing  an d  is exceeded 
by a num ber o f  species in the forest p lo ts a t Bedge­
bury.

In  the F orest o f  D ean , a t the sou thernm ost end  o f  
the bo rder betw een E ng land  an d  W ales, a  17-year- 
o ld  p lo t was 31 ft. in heigh t an d  h ad  a standing 
volum e o f  2 ,1 16 H oppus feet per acre. A nearby plot 
o f  A bies grandis o f  the sam e age was a little taller but 
h ad  no  g reater yield.

A t B eddgelert in  N o rth  W ales, on  an  exposed site 
at an  elevation  o f  1,000 ft., tw o groups o f  trees 
averaged 18 ft. a t  15 years an d  13 ft. a t  13 years 
respectively, an d  are  am ong  the m ost prom ising 
trees o n  this site.

In  the west o f  Scotland, a t Lael in W ester Ross, 
an d  in several sites in  Argyll, young  p lan ta tions o r 
species p lo ts are  to  be found. A t Lael the trees were 
only 16 ft. h igh  in 16 years an d  very irregular, while

a t C rarae, Argyll, the crop  averaged 41 ft. in  height 
and  24 in. in  g irth  21 years a fter p lanting . T he 
standing volum e o f  this p lo t was ab o u t 2,500 H o p p u s 
ft. p er acre, and  com pares favourab ly  w ith  the 
volum e p roduction  o f  any o ther species in  the very 
com prehensive collection a t  C rarae.

A t K napdale  in Argyll, on an  o ld  w ood land  site, a  
sm all 23-year-old p lan ta tio n  h a d  a top  height o f  54 
ft. and  an average g irth  o f  37 in.

T he oldest crop  m easurem ent com es again  from  
the F orest o f  D ean, w here a group  o f  trees 35 years 
o ld  averaged 65 ft. in height. T he average g irth  was 

in .; b u t this figure is p robably  h igher than  it 
w ould norm ally be because o f  the num ber o f  ou tside 
trees in the group.

A m ong the biggest recorded  specim ens o f  
Cryptomeria japonica  are trees: 111 ft. by 10 ft. 1 in. 
a t B icton, D evon; 111 ft. by 10 ft. 3 in. a t Redleaf, 
K en t; 111 ft. by 6 ft. 9 in. a t L eaton  K nolls, S h ro p ­
shire; and  100 ft. by 10 ft. a t B enm ore, Argyll. T he 
age o f  these trees is unknow n and  it is perhaps 
possible th a t som e are the Chinese variety  and  no t 
the Japanese.

The site requirem ents o f  Cryptom eria  do no t seem 
to be exacting. The tree grow s qu ite  satisfactorily  on 
infertile silt a t B edgebury an d  gravelly clay a t Bere, 
bo th  sites receiving ab o u t 30 in. m ean  annual ra in ­
fall. However, the species does appear to  grow  m ost 
rapidly in  the west in the areas o f  h igher rainfall. A t 
Beddgelert, the  tree has w ithstood quite severe 
exposure a t 1,000 ft. w ithou t becom ing brow ned o r  
defoliated. This site is co ld  an d  liable to  heavy w inter 
snowfalls and  som e snow -break has occurred.

A t Lael, trees o n  bracken/grass vegetation  have 
done well, while trees in an ad jacent p lo t on  Calluna 
have gone in to  check.

W hen canopy is closed, a  dense shade is cast and  
g round  vegetation  is quickly suppressed. A t K n ap ­
dale the crop  has been rem arked  on  for its ability  to 
clean itself, being sim ilar to  the larches in this 
respect. The tree is very shade to le ran t an d  has been 
proposed as a possible species fo r p lan ting  in h a rd ­
w ood coppice areas.

The only pests reported  are  voles w hich are  said to  
prefer the species to  m any o ther conifers.

A n unusual characteristic o f  Cryptom eria  is its 
ability to th row  coppice shoots. Elwes an d  H enry 
report th a t coppicing occurs in Jap an , w hile in 
B rita in  it has been repo rted  from  B edgebury w hen 
the forest p lo t was 15 years old. Elwes an d  H enry  
also m ention  th a t low er branches o f  som e B ritish 
specim ens have taken  ro o t an d  form ed a co lony  o r  
grove a ro u n d  the pa ren t stem.

Cryptomeria  is readily  p ropagated  vegetatively. 
C uttings can be struck  by taking one-year shoo ts w ith  
a  heel in late A ugust o r  Septem ber (i.e. early  au tum n) 
and  pu tting  them  in a cold fram e in a 50%  m ix tu re o f
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peat an d  sand. T hey shou ld  be ready fo r transp lan ting  
in  the follow ing spring.

T here are  m any cu ltiva ted  varieties o f  C. japonica; 
D allim ore  an d  Jackson  (1948) list tw enty, som e o f  
w hich have been p ro p ag a ted  o n  a  large scale fo r 
o rnam en ta l p lanting . Var. elegans— w ith perpetual 
juvenile foliage an d  var. elegans nana, a  dw arf w ith 
juvenile foliage, a re  tw o varieties th a t have been 
particu larly  widely p lan ted . V ar. elegans was in tro ­
duced from  Jap an  in  1861 by J. G . V eitch bu t it is 
believed originally  to  have com e from  C hina (Elwes 
and  H enry).

Seed, b o th  hom e co llected  an d  im ported , is 
seldom  o f  good  quality . T he average germ ination  o f  
23 lo ts tested  a t A lice H o lt (Forestry  C om m ission 
Seed T esting  S tation) in  the period  1949-55 was 
12 per cent, th e  m ax im um  being 48 per cent. Small 
hom e collections o f  seed have been m ade an d  the 
seed was fo u n d  to  be no  w orse th an  im ported  seed.

S porad ic  n a tu ra l regenera tion  has been recorded.
The fu tu re  o f  Cryptom eria japonica  as a  forest 

species in B rita in  is uncertain . P resen t indications 
a re  th a t it w ill be a  h igh  volum e p roducer doing well 
under a  ran g e  o f  cond itions including those  o f  
m oderately  exposed m o u n ta in  sides, an d  it is possible 
th a t the species will find a  perm anen t place on  such 
sites in the m ilder parts  o f  the country.

J.R .A .

Cunninghamia R . B row n ex R ichard  
Cunninghamia lanceolata (L am bert) H o o k er filius 
T his no tew orthy  C hinese conifer was in troduced  in to  
G rea t B rita in  in 1804 b u t it is n o t a com m on object 
w ith us because it grow s only in  th e  w arm er districts 
and  has been little  p lan ted  w ith in  recent years. I t  is 
usually  ra th e r unsightly  because it is subject to  frost 
dam age, an d  accord ing  to  D allim ore  particu larly  so 
in the au tum n , w ith  the  resu lt th a t th e  tips o f 
branches a re  o ften  killed. T he dead  po rtions are  la ter 
th row n  off, an d  litte r th e  g round , w hile the tree  
m akes new  shoo ts from  the p o in t o f  dam age. I t  is 
som etim es in ju red  during  severe w inters b u t o ften  
escapes dam age, a n d  it w ould  seem  to  be, on  the 
w hole, reasonab ly  resistan t to  w in ter cold. The 
p robab ility  is th a t sum m er tem peratures in  m ost o f  
G rea t B rita in  are  n o t h igh enough  fo r it. I t  is o f  no  
forest interest.

T he ta lles t specim en recently  m easured  is a t 
B icton, D evon ; th is is 92 ft. in  heigh t w ith  a  g irth  a t 
breast he igh t o f  7 ft. 3 in. (1949). A t L in ton  Park , 
K en t a tree  p lan ted  in  1843 is now  74 ft. ta ll; a t B ury 
H ill, D ork ing , Surrey, a  specim en o f  Cunninghamia 
p lan ted  in  1840 was 66 ft. h igh  in  1954.

J .M .

Cupressocyparis D allim ore  
This genus w as crea ted  by D allim ore  to  cover a 
b igeneric h y b rid  betw een Cupressus macrocarpa  and

Chamaecyparis nootkatensis d iscovered in  W ales and  
recognised as a  hybrid  in  1925.

Cupressocyparis leylandii (Jackson an d  D allim ore)
D allim ore

T his hybrid  tree  was discovered a t L eigh ton  H all, 
W elshpool, M ontgom ery, an d  was ob ta ined  on  th a t 
estate  o n  tw o separa te  occasions, the first in 1888 
w hen C. nootkatensis w as the fem ale pa ren t an d  the 
second, in  1911, w hen the reciprocal hybrid  was 
secured.

C. leylandii is n o t a  com m on tree because it has no t 
p roduced  fertile seed itself and  the p ro duc tion  from  
the orig inal paren ts was low. N ow  th a t the technique 
o f  raising  it from  cu ttings is b e tte r u n d ers tood  it is 
likely th a t it will becom e m ore  frequently  represented  
in o u r p lan ta tions.

T here are  som e good  specim ens in  various parts  o f  
the country . O ne o f  the o rig inal trees a t L eighton, 
from  the 1911 stock, was blow n dow n in 1954 w hen 
after 44 grow ing seasons it h a d  reached  a  heigh t o f  
90 ft. a n d  con ta ined  69 H oppus ft. o f  tim ber. A t Kew, 
a  tree p lan ted  in 1930 w as 53 ft. ta ll in  1956, an d  a t 
B edgebury, a  28-year-old tree h ad  reached  a  height 
o f  52 ft. T here are  specim ens over 60 ft. in  height at 
Inveraray , A rgyll; Y ester, E ast L o th ian , and  W ake- 
h u rs t, Sussex. A  sm all p lo t fo rm ed w ith  roo ted  
cu ttings has been p lan ted  a t B edgebury and  is grow ­
ing well, w hile an  o lder p lan ta tio n  on  the estate  o f  
M r. A. L. F . H ills a t R edleaf, K ent, is show ing great 
prom ise.

I t  is to o  early  yet to say how  this hybrid  will behave 
generally in  the coun try  b u t it has a lready show n 
th a t it can  grow  w ith  v igour in a variety  o f  conditions 
a n d  one can, therefore, regard  it as a  prom ising new 
acquisition . I t  seems to  be frost hardy , having 
survived the severe w in ter o f  1940 a t  B edgebury 
w hen m any cypresses w ere killed.

A t the presen t tim e, it is rep roduced  exclusively 
from  cuttings. C u ttings fo u r to  six inches long, w ith a  
heel o f  o lder w ood, are  taken  either in  the th ird  week 
o f  M arch  o r  in la te  June  o r  early July a n d  inserted  in 
a  m ed ium  consisting  o f  equal p a rts  o f  coarse silver 
sand  an d  g ranu la ted  peat. In  an  unheated  fram e, the 
cu ttings w ill ro o t in  ab o u t twelve m onths, bu t 
electrical soil heating  increases the speed o f  roo ting  
a n d  the n u m b er o f  p lan ts w hich take  ro o t. T he 
cuttings, w hen roo ted , m ay be lined  o u t in  the 
nursery  in  Septem ber o r  in  A pril. They m ake good  
p lan ts a fter one o r  tw o seasons in  the  tran sp lan t 
lines.

C. leylandii has a  co lum nar h ab it o f  g row th and  
p roduces a  dense m ass o f  foliage. I t  is said  to  be a 
useful hedging  p lan t (Pearce, 1956). Seven d istinct 
clones are  being p ro p ag a ted  fo r testing u nder forest 
conditions.
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T he tim ber o f  the tree w hich was blow n dow n at 
L eighton in 1954 was exam ined by the F orest 
P roducts R esearch L ab o ra to ry  a t Princes Ris- 
borough  (1956). It was found  th a t the tim ber had  
good strength  qualities, dried  well in the kiln and 
was easy to w ork. T he heartw ood  was found  to  be 
highly resistant to  fungal decay.

Because o f  its rap id  grow th, an d  the indication  
th a t it will produce tim ber o f  good quality , this tree 
will be used m ore  frequently  in future, if supplies o f 
p lan ting  stock becom e available.

J.M .

c u p r e s s o c y p a r i s : r e f e r e n c e s

Forest Products Research Laboratory. 1956. Leyland’s 
cypress (Cupressocyparis leylandii). (Progress Report 
No. 1). F.P.R.L., Princes Risborough.

Pearce, S. A. 1956. Cupressus leylandii as a Hedge Plant. 
Gardener’s Chronicle 139, p. 615.

Cupressus L innaeus 
T his genus consists o f  ab o u t a dozen species, som e o f 
w hich are  to o  tender fo r o u td o o r cultivation , and  
none o f  w hich is really hardy  over all B ritain . 
Cupressus cashmeriana is n o t uncom m on as an 
in d o o r p lan t bu t will scarcely survive in  the open air; 
n o r will C. duclouxiana. Cupressus arizonica, 
C. goveniana, C. macnabiana, C. sempervirens and  
C. torulosa  will survive only in  the m ildest parts  o f  the 
coun try , and  even in  these d istricts they are  rarely  
seen. Cupressus lusitanica  is slightly hard ier an d  is 
m ore  often  m et w ith, bu t here again  usually  in  the 
w estern an d  sou thern  regions, a lthough  occasional 
trees survive an d  grow  in o th er districts. H ard iest o f 
all is C. macrocarpa, a  tree  w hich is qu ite  com m on in 
th e  so u th  an d  south-w est an d  w hich extends n o rth  
fo r a considerable distance a long  the w estern sea­
board . T his last is the only true  cypress o f  any interest 
to  B ritish  forestry , b u t th e  extent o f  th a t interest is 
lim ited.

Cupressus funebris E ndlicher

T his species, a  native o f  cen tral C hina, was dis­
covered  in 1793 and  in troduced  in to  G rea t B ritain  
in  1848.

A  sm all p lo t, p lan ted  by Sir G eorge C am pbell at 
C rarae  in A rgyll, has grow n surprisingly well 
bu t there  the clim ate is m ild. A t 23 years o f  age, the 
m ean  to p  height o f  the p lo t was 31 ft., an d  the m ean 
girth , a t breast height, 20^ in. T his p lo t has been 
slightly dam aged  by w ind, bu t the c rop  is now  
stand ing  a t ab o u t 470 trees to  the acre, w ith a basal 
area, per acre, o f  109 sq. ft.

Cupressus goveniana G o rd o n
This tree  has been know n in G rea t B rita in  since 
1848 w hen seeds w ere sent from  C alifornia. I t  is 
rarely  m et w ith. A sm all p lo t, p lan ted  a t C rarae, is

no t faring w ell; m any o f  the trees have died an d  the 
survivors are  m ost unhappy. E arly  grow th, 1{ ft. in 
six years, was satisfactory.

Cupressus m acrocarpa G ordon
c o m m o n  n a m e — Som etim es talked ab o u t as
M onterey cypress, m ostly it is referred to as
‘m acrocarpa’.

C O U N T R Y  OF O R IG IN  A N D  PRO V EN A N CE

This species is o f  very lim ited occurrence naturally , 
being confined to  a  sm all a rea near M onterey in 
C alifo rn ia  and  to  the island o f  G uadalupe, o ff the 
coast o f  Low er C alifornia.

H IST O R IC A L NOTES

I t is rep o rted  th a t C. macrocarpa was first cu l­
tivated  in England, by the H orticu ltu ra l Society, 
in 1838, from  seed sent by L am bert. T he m ost 
im portan t early in troduction  was by H artw eg in 
1846.

EXTENT O F P L A N T IN G

Cupressus macrocarpa has been little used as a 
forest tree an d  the area a t present under p lan tations 
is quite trivial.

CLIM A TIC REQUIREM ENTS

T hroughou t its h is to ry  as an exotic in G reat 
B ritain , C. macrocarpa has show n th a t it is highly 
susceptible to  low  tem peratures in w inter and  there 
are  records o f  the death  o f  fairly large trees during 
exceptionally severe frosts in  w inter-tim e as, fo r 
exam ple, in 1860, 1895 (Elwes an d  H enry) and  1940 
(For. C om m . 1955). T his susceptibility has restricted  
macrocarpa  to  the sou th  and  the w est an d  to  districts 
w ithin easy reach  o f  the sea. I t  is, therefore, an 
uncom m on object in  the m idland an d  north -eastern  
parts  o f  the country  although  it succeeds, qu ite  far 
no rth , on  the w estern side, near the sea. O n the o th er 
hand , it is n o t greatly  troub led  by la te  spring frosts. 
It resists exposure to  salt winds from  the sea an d  is 
o ften  used in sou thern  coastal districts as a shelter o r 
screen.

SITE REQUIREM ENTS

C. macrocarpa is lim ited m ore by clim ate th an  by 
soil, fo r it appears to  be a t hom e on  m ost soils o f  the 
brow n earth  type. F ro m  w hat little  experience we 
have, it does no t relish very acid  soils; it was tried  on 
a M olinia-J uncus bog a t Beddgelert, C ae rnarvon ­
shire, and  died out, save fo r tw o trees, w hich are 
grow ing well (Zehetm ayr 1954). O ne interesting 
characteristic  o f  this tree is its g row th on  chalk  soils 
near the coast, in the sou th  o f  E ngland. I t was used 
as a first crop  on  chalk  dow nland by Sir W illiam  
Som erville (1909) and  his success has been repeated , 
on  a sm all scale, in the sam e district.
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E STABLISHMENT T E C H N IQ U E

n u r s e r y  p r a c t i c e . T he seed o f  this species has a 
very low  germ ination  p e r cen t as the num ber o f  
em pty seeds is h igh ; fo r first quality  seed, it is con ­
sidered th a t a  germ ination  percen tage o f  30 is 
satisfactory . T he seed germ inates easily, requ iring  no 
special trea tm en t before sow ing, a n d  the nursery 
p roduc tion  is high, hav ing  reg ard  to  the num ber o f  
viable seeds. In  a good  nursery , the seedlings should  
be large enough  to  lift a t the end  o f  the first year; in 
som e h ea th lan d  nurseries they have reached  a  foo t 
high as one-year seedlings. I t  is possibly better to  
confine this species to  nurseries w hich can  p roduce 
seedlings large enough to  line ou t a t the end  o f  the 
first year; because experience, in the past, has show n 
th a t tw o-year-o ld  seedlings often  suffer very heavy 
losses a fter lin ing-out. T he lifting o f  tran sp lan ts fo r 
use in  the fo rest requires careful a tten tion , if 
failures are  to  be avo ided  after p lan ting . I t  was found, 
ab o u t 20 years ago (M acdonald  1935), th a t while 
tran sp lan ts lifted  in  A pril from  the nursery  and  
p lan ted  in  the forest a t once, suffered losses by death  
after p lan ting  o f  78 per cent, only 12 per cen t o f 
deaths resulted  w ith  tran sp lan ts w hich h a d  been 
lifted in  the prev ious Septem ber an d  k ep t heeled in, 
in the nursery , un til A pril. E arly  lifting o f  tran s­
plan ts w ould  seem  to  be desirable. I t is n o t know n, 
how ever, w hether au tu m n  p lan ting  is better than  
p lan ting  la te  in  spring.

v e g e t a t i v e  p r o p a g a t i o n . T his is n o t used in 
forest p rac tice  a n d  there  is no  in fo rm ation  from  
experim ents. C ultivars o f  o th er true  cypresses are 
usually g rafted  o n  roo tstocks o f  C. macrocarpa by 
the nursery  trade.

d i r e c t  s o w i n g . T his is n o t p ractised  in  G rea t 
B ritain.

p l a n t i n g . Cupressus macrocarpa  has been a 
troublesom e tree in  th is respect, a n d  p lan ting  was, 
n o t infrequently , follow ed by w holesale failure. T his 
appeared  to  be due m ore  to  nursery  trea tm en t than  
to  ac tua l m ethods o f  p lanting .

s p a c i n g . T here is little  in fo rm ation ; C. macrocarpa 
w ould  p robab ly  be p lan ted  today  a t spacings o f  5 ft. 
o r 5* ft.

T E N D I N G  A N D  T H I N N I N G

T here is n o t enough experience on  w hich to  base a  
p ronouncem ent, bu t m ethods used  fo r o th er conifers 
w ill p robab ly  be applicable. I f  clean tim ber is 
w anted, it w ill be necessary to  prune.

R A TE OF G R O W T H  A N D  Y IELD

T able 16 gives details w hich have been ob ta ined  
from  m easurem ents in different parts  o f  the country .

O f the plots, listed below , those a t F riston  and  
Poverty  B o tto m  (M acdonald , F o u rt an d  C hristie
1954) are  grow ing on  the chalk, on  dry sites in  a 
region o f  low  rainfall. T h a t a t  B edgebury, though  
fu rth er from  the sea and, on  a  slightly acid  m odera te  
loam , is b road ly  in the sam e clim atic region. It will 
be seen th a t g row th  in these d istricts is slow er than  
in  the h igh-rainfall an d  on  the acid, though  fertile, 
soils in Argyll. A t C um lodden  (W ood an d  T h o m ­
son 1955) the p lo ts m arked  (a) and  (b) are  b o th  p a rt 
o f  the sam e p lan ta tion , b u t p lo t (b) was m easured  on 
shallow  soil, slightly h igher u p  the slope, and  p lo t (a) 
on  deeper soil a t a  slightly low er elevation.

DISEASES A N D  PESTS

In  th e  nursery , C. macrocarpa is highly susceptible 
. to  a ttack  by B otrytis cinerea w hich o ften  does con ­
siderable dam age. As a  fo rest tree, it has no t been 
troub led  in G rea t B rita in  w ith  fungal diseases o r  
insect pests.

O T H E R  FORM S OF D A M A G E

w i n d b l o w . T here are  too  few p lan ta tio n s o f  this 
species in  th e  country  to  enab le  us to  say w hether it is 
liable to  w indblow , o r  no t. O ne sam ple p lo t, in 
A rgyll, was blow n dow n som e years ago, bu t 
elsewhere th e  tree has rem ained  firm . I t  is possible 
th a t on  m oist, shallow  soils, it m ay suffer dam age o f 
this so rt b u t th a t o n  deeper o r  d rier soils, it will p rove 
w indfirm .

a t m o s p h e r i c  p o l l u t i o n . H ere  also, evidence is 
lacking. I t  is frequently  fo u n d  in  tow ns as a  hedge 
p lan t bu t the districts w here it is possib le to  use it fo r 
this pu rpose  are  no t, as a rule, sm oky. I t is p robable 
th a t it w ill show  little  resistance to  a tm ospheric  
po llu tion .

T a b l e  16 c u p r e s s u s  m a c r o c a r p a : g r o w t h  a n d  p r o d u c t i o n

Locality Elevation

(ft-)

Age

(yrs.)

Top Height 

(ft-)

Mean Girth 
True
(in.)

Volume per acre 

(h. f t .  o.h.)

Total Volume 

(h. ft . o.h.)

Bedgebury, Kent 250 21 32 10i 583 614
Largie, Argyll ................ 400 22 45 221 2,826 2,949
Cumlodden, Argyll (a) — 25 46 22 2,360 —

Cumlodden, Argyll (b) — 25 40 17 1,470 —

Friston, Sussex ................ 250—300 25 39 15* 1,178 1,409
Poverty Bottom, Sussex 300 35 55 29 3,904 4.242
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SEED A N D  SEED B EA RIN G

Cupressus macrocarpa  is know n to have yielded 
fertile  seed in  G rea t B rita in  bu t little is know n ab o u t 
its p roduction .

G E N E T IC S  A N D  B R EE D IN G

L ittle  has been done on  C. macrocarpa bu t four 
‘p lu s’ trees have been selected fo r fu rther w ork on  the 
hybrid  Cupressocyparis leylandii.

T IM BER

T here is no  in fo rm ation  ab o u t the tim ber o f  this 
tree  grow n in G rea t B ritain .

P OTEN TIA LITIES  O F T H E  SPECIES IN  T H E  N A T IO N A L  

E C O N OM Y

These are  exceedingly sm all, if  C. macrocarpa is 
regarded  as a  possible forest tree in  its ow n right, 
because ap a rt from  lim ited  use on  chalk  soils in  the 
sou th , o r  as a  shelter tree n ear the sea in  the south 
a n d  south-w est, there  does n o t seem  to  be a  place for 
it anyw here. O n th e  o th er hand , it m ight acquire 
som e im portance  as a p aren t o f  the hybrid  L eyland 
cypress.

C upressus sem pervirens L innaeus 
T he fam ous M editerranean  cypress has been know n 
in  E ngland  fo r a  long time, because it was in cultiva­
tio n  in the m iddle o f  the sixteenth century  an d  la ter 
references indicate th a t it was fairly p lentiful well 
in to  the seventeenth  century . I t is now  a ra re  tree, 
fo u n d  only in  the m ilder districts, except w here it 
h as special p ro tection , an d  n o  d oub t the early 
fash ion  fo r p lan ting  w aned a fter each  severe w inter. 
I t  is too  tender fo r use in G rea t B ritain .

In  a sm all p lo t a t C rarae , Argyll, it has reached 14 
feet in height in 22 years. T here  are  individual trees 
o f  67 and 66 ft. in height a t E xbury, H am pshire, one 
o f  66 ft. a t the R oyal B otan ic  G arden , E dinburgh, 
a n d  one o f  46 ft. a t W hittingeham e, E ast L othian .

J.M .
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D acrydium  Solander 

Very few species in this genus have been in troduced  
in to  G rea t B ritain  and  though  specim ens o f  D . 
cupressinum  and  D. franklin i a re  occasionally m et 
w ith  in the w arm er parts o f the country , they have 
rarely reached m ore th an  20 feet in  height. B o th  
species have survived fo r 30 years in the N atio n a l 
P inetum  a t B edgebury where, however, they are  no 
m ore than  bushes.

J.M .

Fitzroya H ooker, filius

Fitzroya cupressoides (M olina) Johnston  
Fitzroya cupressoides, w hich was in troduced  in 1849, 
is a  native o f  Chile and  P atagon ia  w here it grow s as a 
tree  o f som e considerable stature. In  G rea t B ritain , 
how ever, though  it w ithstands the clim ate and  
appears to  have a w ide tolerance in respect o f soil, it 
is rarely found  as anything bu t a bush o r sm all tree. 
Individual p lan ts have been recorded, th irty  feet o r 
so tall, bu t generally the specimens occurring  in 
gardens and  shrubberies do n o t usually exceed half 
this height. I t is unsuitab le  fo r forest use.

J .M .

Ginkgo Linnaeus
Ginkgo biloba L innaeus. T he m aidenhair tree o f 
Japan , Ginkgo biloba, was discovered in  1690 by 
K aem pfer and  in troduced  in to  E urope ab o u t forty  
years later. I t  was first b rough t in to  E ngland ab o u t 
1754, and  the first record  o f its flowering in  E urope 
was a t K ew  in 1795. M ale trees in  E ngland are 
reported  to  flower abundan tly  a t intervals, bu t there  
was no  record  o f fruiting by fem ale trees until 1919 
and  1922 (D allim ore, 1922).

T he ginkgo grows m oderately  well in  m any parts  
o f southern  England b u t it is now here com m on, 
occurring alm ost invariably as a tree p lan ted  singly 
in gardens and  parks. I t  to lerates tow n conditions to  
som e extent— it was reported  by le Sueur as th e  only 
conifer growing in the City o f L ondon  (le Sueur, 
1934) bu t it is undoubtedly  better in  an  unpo llu ted  
atm osphere. L ittle is know n ab o u t its requirem ents 
and  although  it is found  grow ing on  a  range o f  soils 
it does n o t seem to  flourish on the m ost acid. So fa r 
as is know n, ginkgo has never been tried  as a  p la n ta ­
tion  tree.

T he ginkgo m ight be used m ore frequently  as an  
ornam ental, bu t there seems to  be no fu ture  fo r it  in  
forestry in G reat B ritain . T here are  som e good 
individual specimens in E ngland still surviving. A t 
L in ton  Park , K ent, a  ginkgo p lan ted  in  1844 w as 90 
feet high w ith a g irth  o f  7 ft. 7 in. in  1956; a t C hisw ick 
H ouse in  L ondon  a  tree reported  to  be 57 feet h igh  in 
1889 was 88 feet in  height in  1952 and  h ad  a  g irth  o f 
8 ft. 7 in. O ther trees o f abou t 90 feet in  height a re
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reported  from  S herborne an d  M elbury in  D orset. 
T he w ell-know n tree a t  Kew, p lan ted  in  1754, is 70 
feet high w ith a  g irth  o f  12 feet 8 inches a t 2 feet from  
the ground. A ll the trees o f  any size occur in  the 
sou thern  p a rt o f  E ngland. In  W ales there  is a  tree o f 
ab o u t 70 feet in height a t Powis C astle, M ontgom ery.

J.M .
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G lyptostrobus E ndlicher

G lyptostrobus pensilis (S taun ton) K . K och

A native o f C hina, w here it is said  to  be unknow n in 
the wild state, G lyptostrobus pensilis is m uch too  
tender fo r use in  G rea t B rita in  in d istinction  to the 
allied Taxodium  distichum  w hich has reached  a 
considerable size in several places. Specim ens of 
Glyptostrobus have been reported  from  various 
districts in the sou th  o f E ng land  w here they are 
grow ing in th e  open a ir  bu t, generally, this tree rarely 
survives long w hen p lan ted  o u t o f doors.

H enry  (1926) suggested th a t Glyptostrobus pensilis 
m ight be used  fo r p lan ting  on  sw am py sites in sub­
tropical regions.

J.M .

g l y p t o s t r o b u s : r e f e r e n c e

Henry, A. 1926. The Swamp Cypresses o f China and 
N orth America. Trans. R. Scot. Arb. Soc. 40, 105-107.

Juniperus L innaeus 

This genus is n o tab le  because it includes one o f  the 
three native conifers o f  G rea t B ritain , Juniperus 
communis, w hich occurs as a  bush  or, rarely , as a 
sm all tree, in  various p a rts  o f  th e  country . I t has tw o 
m ain hab ita ts , th e  chalk  dow ns o f S outhern  E ngland, 
w here it is one o f  th e  characteristic  p lan ts o f  the 
scrub w hich precedes the appearance  o f beechw ood, 
and  th e  p ine  an d  b irch  w oods o f  the H ighlands o f 
Scotland. I t is rarely  m ore  th an  ten  feet in height in 
the w ild state.

T he jun ipers belong to  a  genus w hich is widely 
spaced over the N o rth e rn  H em isphere, m ainly in 
m oun tainous districts, a n d  there  a re  num erous 
species m any  o f  w hich have been in  cu ltiva tion  here 
for a  long tim e, in gardens an d  parks. I t  is in teresting  
to n o te  th a t, o f th e  exotic jun ipers, J. sabina  was 
in troduced in  th e  six teenth  cen tu ry ; J. virginiana, J. 
phoenicea and  J. bermudiana, in  th e  seventeenth; 
J. oxycedrus an d  J. thurifera  in  the  e igh teen th ; an d  J. 
californica, J. chinensis, J . drupacea, J . occidentalis 
an d  J. recurva, am ong  o thers, in  th e  n ineteen th  
cen tu ry ; w hile th e  p resen t cen tury  has seen the

in troduc tion  o f  a  num ber o f o th er exotic species. 
M any o f  them  are  sh rubs in the ir native habitats. 
M ost o f the in troduced  jun ipers rem ain  as shrubs o r 
bushes in  G rea t B rita in  an d  only J. chinensis an d  J. 
virginiana no rm ally  reach the sta tus o f being sm all o r 
m edium  sized trees. O f these tw o species, there are 
num erous ho rticu ltu ra l varieties, som e o f w hich are 
com m only used in  gardens. T here is no  place for any 
o f the jun ipers as a  fo rest tree in th is coun try  but 
m any o f them  will con tinue  to  hold  a  strong  h o rti­
cu ltu ra l interest. I t  should  be no ted  th a t the E ast 
A frican  species, J. procera, canno t be grow n o u t o f 
doors w ith  us.

K eteleeria C arriere

T here a re  tw o species in this genus, bo th  C hinese in 
origin, Keteleeria davidiana an d  K. fortunei. B oth  
have been tried  from  tim e to  tim e in G rea t B rita in , 
b u t w ith little  success. K. davidiana, w hich was 
in troduced  in 1888, is occasionally  seen in  gardens 
and  a rb o re ta  in th e  m ilder parts  o f  the coun try  b u t it 
does n o t really  thrive an d  it is liable to  be dam aged 
by early  frosts in the au tu m n  an d  by la te  frosts in  the 
spring. K. fortunei, w hich appears to  have been first 
in troduced  in 1848, is rarely  m et w ith  in G rea t 
B rita in  w here clim atic conditions a re  unsuitable.

J .M .

L arix  M iller

T he genus L a rix  is a  sm all one, d is tribu ted  chiefly 
in th e  co lder regions o f  the n o rth e rn  hem isphere, and  
consists o f  ab o u t ten  species. T he larches fo rm  a 
valued constituen t o f  the  forest in  E urope, A sia and  
N o rth  A m erica. T he taxonom y o f  th e  larches is 
com plicated  by their d is tribu tion , particu larly  in 
A sia, w here the  varieties o f  L . gm elini have been 
given specific ran k  by som e au tho rs , b u t by others 
a re  considered  as geographical varieties. In  the sam e 
w ay there  are  close sim ilarities betw een L . griffithii 
a n d  its nearest neighbou r L . potanini.

T he only  species w hich are  sufficiently im p o rtan t 
in B ritish  silv iculture to  w arran t detailed  consider­
a tio n  a re  L a rix  decidua, L a rix  leptolepis, an d  the 
hybrid  betw een them —L a rix  eurolepis. O f the 
rem ain ing  species, m ost have been tried  in  G rea t 
B rita in  b u t only L . occidentalis has been tested  in  the 
fo rest on  a  varie ty  o f  sites. L arches from  th e  m ain ­
lan d  o f  A sia have done badly  w herever they  have 
been p lan ted .

A lthough  only the E u ropean  an d  th e  Japanese 
larches will be used on  a large scale in  forestry there 
m ay be  a  p lace in  tree-breeding fo r one o r  o th er o f 
the  species w hich have n o t succeeded.

DISEASES A N D  PESTS

d i s e a s e s . A ll species o f  larch  ap p ea r to  be susceptible 
to  b u tt-ro t caused  by Fomes annosus. L arch  canker,
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associated  w ith the fungus Trichoscyphella (D asy- 
scypha) willkom mii, is o f  m ajo r im portance in the 
genus an d  will be trea ted  a t som e length under 
L . decidua. V arious o ther larch  species are  also 
affected, bu t Japanese larch  an d  hybrid  larch are 
relatively im m une, as a re  som e o f the eastern 
provenances o f E uropean  larch.

L ittle  is know n ab o u t the pathology o f the less 
com m on larch  species; no  specific diseases have been 
n o ted  on them  in B ritain .

i n s e c t  p e s t s . T he larches grow n in B rita in  suffer 
from  the a ttacks o f  a wide variety  o f  insect pests, o f 
w hich the m ost obvious a re  the defoliators and  the 
sap-suckers.

T he sawfly group  o f defoliators com prises seven 
B ritish  species. These are  Pristiphora erichsoni H tg ., 
P. laricis H tg ., P. wesmaeli T isch., P. glauca  Bens., 
Pachynem atus im perfeclus Z add ., A noplonyx des­
tructor Bens., and  Cephaleia alpina K lug. E uropean , 
Japanese and  hybrid  larch  are  all subject to  a ttack  
b u t the sawflies usually  show  a preference fo r 
Japanese larch  an d  hybrid  larch  over E uropean  
larch . T his is p robab ly  because the m ore  succulent 
foliage o f  the fo rm er species provides e ither better 
egg-laying sites o r  food  w ith a h igher survival value 
to  th e  larvae. T he large larch  sawfly, P. erichsoni, 
caused serious dam age during  the first decade o f the 
p resen t century  in N o rth  W ales and  the L ake 
D istric t o f  E ngland  (H ew itt, 1908; H anson , 1951), 
bu t, a lthough  widely d istribu ted , has been quiescent 
since then . A . destructor an d  P. laricis a re  com m on 
an d  w idespread, th e  form er in p a rticu la r causing 
foliage brow ning an d  occasionally  com plete de­
fo lia tion  in m any parts  o f  the  country  from  year 
to  year (C rooke, 1953). T he o th er sawfly species m en­
tioned  a re  o f  little im portance.

T w o L ep idop terous defoliators o f  larch  are  
Coleophora laricella H bn ., w hose a ttacks, w hich 
cause foliage w ilting an d  brow ning, are  frequent b u t 
n o t serious; and  Eucosm a  (Sem asia) diniana G uen. 
w hich, a lthough  an  im p o rtan t pest on  th e  con tinen t 
o f  E urope, has never been responsible fo r serious 
dam age to  larch  in B ritain .

In festa tions o f  the sap-sucking Adelges viridis 
R atz . an d  A . strobilobius K a lt. a re  frequently  heavy 
and  obvious in B ritish  larch  crops w ithou t producing  
serious adverse effects on  the trees. I t  should  be 
m entioned , how ever, th a t Adelges spp. a re  im plicated 
in th e  com plex producing  die-back o f  E uropean  
larch  (M acdonald , 1949) as are  the shoot-boring  
larvae o f  Argyresthia  spp . T here is som e evidence 
th a t the forest behav iour o f  these adelgids is different 
on Japanese larch  an d  hybrid  larch  from  th a t on  
their orig inal E u ropean  larch host (C rooke, 1953).

M egastigm us seitneri H off, infests larch  seed b u t is 
n o t troublesom e a t the p resen t tim e. I t  could, how ­
ever, possibly becom e o f im portance in  seed orchards.

T he larches suppo rt a num ber o f species o f  bark  
beetle b u t only one o f them , the recently in troduced  
Ips cembrae H eer, is an  im portan t pest (C rooke and  
Bevan, 1957).

L arix  decidua M iller (L . europaea D e C andolle)
(P lates 4 and  12) 

c o m m o n  n a m e . E uropean  larch, applied  to both  
the tree an d  its tim ber.

C O U N T R Y  OF O R IG IN  A N D  PRO V EN A N C E
E uropean  larch has a d iscontinuous d istribu tion  

over E urope an d  falls in to  four groups: (a) A lpine;
(b) Sudeten; (c) Polish and  (d) T atra , the la tte r three 
being som etim es bracketed  under the term  “ C arp a th ­
ian ” . E ach o f  these occurs in distinct areas, bu t, due 
to  afforestation  over m any years, foreign p ro ­
venances have been in troduced in to  all these regions, 
so th a t it is difficult to  ensure th a t seed collected in 
the Sudeten and  T a tra  areas, in  particu lar, is from  
genuine aborig inal stock. As differences in  seed p ro ­
venance are  o f  considerable im portance in E uropean 
larch  these n a tu ra l regions will be described m ore 
fully.

(a) a l p i n e . This covers the entire extent o f the 
central A lps from  south-east F rance th rough  
Sw itzerland, no rth ern  Italy  and  south  G erm any to  
A ustria  and  ends in the W ienerw ald ju s t west o f 
V ienna. I t ranges from  low elevations (900 feet near 
V ienna) to  8,000 feet in the F rench A lps and  7,500 
feet in the Ita lian  T yrol. A t these great elevations it 
is little be tter th an  scrub, and  its zone o f best grow th 
is from  4,200 feet to  4,500 feet (Tscherm ak, 1935). I t  
has a characteristically  d iscontinuous d is tribu tion  
w ithin this region, som etim es being entirely absent 
from  the w estern, w indw ard side o f a m oun ta in  
while com pletely covering the lee side. In  the H igh 
A lps it avoids shady valley bo ttom s and  is p rom inen t 
on high ridges, bu t in  Low er A ustria  it is the shady 
m oun ta in  sides w hich are  colonized (M cC om b,
1955). N um erous provenance trials on the C on tinen t 
(R ubner, 1941; Schober, 1949) and  in B ritain  
(M acdonald , 1937; Edw ards, 1953) have show n th a t 
there is considerable variation  between the grow th o f  
different provenances o f A lpine larch. E xperim ents 
in  B rita in  show  th a t h igh altitude origins are  to  be 
avoided, while those from  low elevations are  m ore 
suitable.

(b) s u d e t e n . Trees o f this group are  found only 
on the east slope o f the A ltvater m oun ta ins in the 
Sudeten region, w hich now  form s the bo rder betw een 
C zechoslovakia and  Poland. T he true  Sudeten larch  
occurs m ostly between 950-2,600 feet (R ubner, 1952). 
T he clim ate is transitional betw een the con tinen ta l 
one experienced in  the A lpine region and  th e  m ari­
tim e one o f north-w estern  G erm any. U nfortunately , 
A lpine provenances have been plan ted  w ithin the 
region and there m ust always be uncertain ty  ab o u t
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bulk  seed collections from  th is area. T he provenance 
experim ents m entioned  above (in p a rticu la r E dw ards 
1953) have show n th e  superio rity  o f genuine Sudeten 
larch  over all o th e r provenances. C onfusion  has 
been caused, especially in early p rovenance experi­
m ents, by the use o f  seed from  Silesia. This was 
reported  to  be o f  Sudeten provenance, b u t p lan ta ­
tions in Silesia (as elsewhere) are  m ixed and  som e­
times give progenies o f  A lpine type, so th a t ‘Silesian’ 
canno t be recognised as a d istinct provenance.

(c) p o l i s h . O riginally widely d is tribu ted  over m uch  
o f  sou th -eastern  P o land , it has now  been reduced  to  
a  few areas cen tred  in  the Lysa G o ra  region. I t  is 
typically a  low -elevation provenance occurring  be­
tween 450-1,800 feet, an d  experiencing a  m oderately  
con tinen ta l clim ate (M cC om b, 1955). I t  is separa ted  
geographically  from  the tru ly  con tinen ta l L . sibirica 
which gives a greatly  inferio r perform ance in  B ritain .

(d) t a t r a . T he n a tu ra l range o f the T a tra  larch  
includes th e  H igh  a n d  Low  T a tra  m oun ta ins a n d  th e  
no rth ern  edge o f  the Erzgebirge on  the b o rd e r 
betw een eastern  C zechoslovakia an d  sou thern  
Poland . It occurs m ostly betw een 1,800 feet and
4,000 feet, elsewhere it is som ew hat scattered.

T here is obviously  a  link  betw een the T a tra  and  
the Polish larch  bu t it is n o t th o u g h t th a t Sudeten 
larch  is so nearly  re la ted  (R ubner, 1943). A ll three, 
how ever, have the typical sm all cone type o f  the 
C arpa th ians w hich is very different from  the cone 
types o f  the A lpine larch. L ittle  is yet know n ab o u t 
the g row th  in  B rita in  o f  larch  from  the T a tra  region.

T here  is no  clear record  o f  th e  provenances o f  the 
earliest larches im ported  in to  the B ritish Isles, but 
from  the appearance  o f the rem aining trees they are 
o f  the A lpine ra th e r th an  the C arpa th ian  type. Som e 
o f them  succeeded so well in  E ngland , an d  p artic ­
u larly  in Scotland, th a t ex travagan t claim s were 
m ade fo r the species. F o r  the nex t 200 years opinions 
differed as to  w hether it was better to  collect seed 
from  existing larch  stands in  this country  o r to  use 
im ported  seed, b u t th e  first provenance experim ents 
were n o t la id  dow n un til 1929. A lp ine seed origins 
have given a variab le  perform ance, grow ing only 
slightly less vigorously th an  Sudeten larch  on  good 
sites and , th ough  they tend  to  suffer m ore from  
dieback (see D iseases and  Pests, page 57), this 
has n o t been a killing disease on  the best areas. O n 
the p o o re r sites, how ever, the A lpine provenances 
have p roduced  a  sorry  p icture, w ith slow  grow th and  
very destructive a ttacks o f  dieback. T he w orst 
results have been w ith  th e  larch  from  th e  highest 
elevations. I t  was un fo rtu n a te  th a t fo r th e  first 
fifteen years o f its existence the  F orestry  C om m ission 
used these A lpine origins fo r the m ajority  o f  its seed 
im ports.

F ro m  1927 onw ards substan tia l collections were 
m ade from  the old stands in S cotland, in fact, in

1934 nearly  fou r tim es as m uch seed was collected in 
S co tland  as was purchased  from  the A lps. T he 
behav iour o f  p rovenances from  Scottish  stands o f  
larch  has been variable in respect o f  d ieback, 
som e appearing  resistan t while o thers are  badly 
affected. In  view o f  the heterogeneous na tu re  o f o u r 
old p lan ta tions, som e o f w hich m ay be com posed o f 
the p rogeny from  canker-resistan t individuals o f the 
orig inal crop , while o thers are  know n to  be the 
resu lt o f d irect im porta tion  o f  A lpine seed, this 
resu lt is n o t surprising . By 1933, Swiss A lpine seed 
was becom ing suspect, though  a few im porta tions 
w ere m ade up  to  1946, w hen the last big consign­
m en t o f  Swiss seed arrived . T he result o f  this w ide- 
scale use o f  seed from  the H igh A lps has presen ted  
B ritish  foresters w ith m any problem s, since early 
g row th  has often  been perfectly satisfactory  u p  to  
the th icket stage, w hen dieback begins. In  recent 
years th e  em phasis has sw ung ro u n d  to  the Sudeten  
an d  Polish  p rovenances an d  there have been fairly  
large im ports from  these areas. N either Polish n o r  
T a tra  larch  has ever been used in B ritain  on 
any scale, bu t there  has been excellent g row th of 
Polish  larch  in  S cotland (H unter-B lair, 1948) an d  
sm all scale im porta tions ju s t a fter the recent w ar 
have grow n ou tstandingly  well. T he first seed 
specifically sta ted  to  be from  the T a tra s was received 
in  1954, b u t it  is possib le th a t som e o f  the early  
“ Silesian” seed cam e from  the T a tra  region.

T o  sum  up , the high A lp ine provenances have 
frequently  grow n slowly an d  suffered severely from  
dieback, those from  the low er elevations in  the 
A lps an d  A ustria  have given a  very variab le  per­
form ance, while those  from  th e  C arp a th ian  group  
(Sudeten, T a tra  a n d  Polish) have given the best 
results o f  the im ported  larch . T rees w hich orig inate 
from  th e  best o ld  Scottish  stands are  som etim es n o t 
inferio r and  m ay be superio r in height g row th a n d  
resistance to  dieback.

H IS T O R IC A L  NOTES

K now n to  be in E ng land  by 1629 (Park inson), 
larch  w as n o t used as a  fo rest tree un til th e  end  o f  the 
seventeenth  century , w hen a  p lan ta tio n  was m ade a t 
G oodw ood , Sussex. In  Scotland the earliest trees 
know n, a p a rt from  one m entioned  in 1683 in  th e  
B otan ic  G arden , E d inburgh , an d  the trees a t T he 
Lee, L anark , o f  doub tfu l date , a re  the trees a t 
D aw yck, p lan ted  in 1725. B ut the first large-scale 
use o f  larch in B rita in  was by the D u k e  o f  A tho ll a t 
D unkeld , a fter 1750. T here seem  to have been larch  
a t D unkeld  from  1727, b u t there  is also  m uch in the 
o ld  accounts to suggest th a t the trees used trad itio n ­
ally as the m ain  source o f seed w ere p lan ted  in 
1738. T he first p lan ta tions w ere them selves used as 
seed-sources an d  thus was established the “ D u n k e ld ” 
larch  used  in m uch o f C entral Scotland.
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L A R I X  D E C I D U A  ( E U R O P E A N  L A R C H ) :  D I S T R I B U T I O N  B Y  C O U N T R I E S  A N D

T a b l e  1 7  p e r c e n t a g e s  o f  h i g h  f o r e s t  a r e a s  o c c u p i e d , 1 9 4 7

England Scotland Wales Creat Britain

Ownership
Area
Acres

Percentages
Area
Acres

Percentages
Area
Acres

Percentages
Area
Acres

Percentages

o f con­
ifers

o f  all 
species

o f con­
ifers

o f  all 
species

o f con­
ifers

o f  all 
species

o f  con­
ifers

o f  all 
species

Private Woodlands 
Forestry Commission

59,752
13,406

31
7

8
5

34,890
13,179

13
7

9
7

7,1 16 
4,560

34
6

1
5

101,758
31,145

21
7

8
6

Total 73,158 19 7 48,069 10 9 11,676 11 6 132,903 14 8

L A R I X  D E C I D U A  ( E U R O P E A N  L A R C H ) :  H I G H  F O R E S T  A R E A S ,  P U R E  A N D

T a b l e  18 m i x e d  s t a n d s  c o m b i n e d , b y  a g e - c l a s s e s , 1947 A cres

Ownership 1-10
yrs.

11-20
yrs.

21-30
yrs.

31^10
yrs.

41-60
yrs.

61-80
yrs.

81-120
yrs.

Over 
120 yrs.

Uneven
aged Total

Private Woodlands 
Forestry Commission

13,481
5,635

19,469
16,807

19,507
6,004

14,385
652

17,987
573

7,987
270

1,951
439

441
6

6,550
759

101,758
31,145

Total 19,116 36,276 25,511 15,037 18,560 8,257 2,390 447 7,309 132,903

EX T E N T  OF P L A N T I N G

L arch  is generally d istribu ted  in G rea t B ritain  but 
now here m akes up a large p ro p o rtio n  o f  the to tal 
a rea  o f  high forest. I t is widely p lan ted  in small 
patches for general esta te  an d  farm  use. In  Scotland 
it is m ost p rom inen t in P erthsh ire  w here it m akes up 
sixteen per cent o f  the a rea  o f  conifers, bu t it is well 
represented  th ro u g h o u t the H ighlands. I t has 
frequently  been p lan ted  in the sou th  o f Scotland 
an d  it occurs in fair p ro p o rtio n  in the n o rth  o f 
E ngland. T he m ain  d is tribu tion  fu rther sou th  is in 
the w estern h a lf o f  the country , i.e. N o rth  W ales, 
S hropshire, H erefo rd  and  G loucester. In  1947 there 
w ere 132,903 acres o f  larch  stands in B ritain , o f 
w hich  fifty-five per cent were in E ngland, thirty-six 
p e r  cent in Scotland and  nine per cent in W ales. 
(See T ables 17 and  18.) L arch  is m pre often  used in 
m ix ture , th an  any com m on conifer. O nly forty-tw o 
p e r cen t o f  the to ta l a rea  consists o f  pu re  stands. 
101,758 acres, o r seventy-seven per cent, were 
privately  ow ned, a h igher p ro p o rtio n  than  th a t o f 
any  o th e r com m on conifer. T he low  percentage 
(th irty -th ree  per cent) o f  larch  in C om m ission F orests 
is partly  a  reflection o f  their predom inantly  less fertile 
soils. A lthough  it has been widely p lan ted  fo r 200 
years, it becom es ripe fo r felling early in  life and  
few old  stands rem ain . As T able  18 show s, only two 
p e r  cen t is m ore  than  eighty years old.

T h e  w ay in w hich E uropean  larch  has been 
largely replaced by Japanese larch can  be seen in the 
A n n u a l R ep o rts  o f  the F orestry  C om m ission

(1921-1954). In  1921 the F o res try  C om m ission 
p lanted 2 \  m illion E u ropean  an d  Japanese larch , o f 
which num ber the vast m ajority  were E uropean . 
By 1932 the peak o f  E uropean  larch  p lan ting  had  
passed, and  by 1952 only 382,000 E u ropean  larch 
were used com pared  w ith 16 m illion Japanese 
larch. This figure fo r E uropean  larch  represents less 
than  one per cen t o f the to ta l num bers o f  p lan ts 
used. Since 1952, there has been a trend  tow ards 
p lan ting  m ore E uropean  larch , an d  in 1955 nearly 
2£ m illion p lan ts were used. M ore seed is now  being 
collected from  selected Scottish  stands.

CLIM A TIC  REQUIREMENTS

In  its native hom es larch experiences a consider­
able range o f clim atic conditions from  th e  extrem e 
C ontinen tal to  the m oderately m aritim e. In  B rita in  
the incidence o f late spring  frosts is one o f  the chief 
factors governing its use in  afforestation . T his was 
realised by the earliest p lanters a n d  in the w oods o f  
the fourth  D uke o f  A tho ll it was no ted  in 1795 th a t 
p lan ta tions above 600 feet a t D u nke ld  escaped 
“ d ieback” , while those w oods on  the low er slopes 
o f the Tay Valley (in the frost pool) often  becam e 
frosted  and  diseased (A tholl 1832). D ay  an d  Peace 
(1937) reported  th a t E uropean  larch  w as n o t one  o f  
the conifers m ost affected by the severe m id-M ay 
frosts o f 1935, b u t D ay  (1951) no ted  th a t M arch 
an d  early A pril frosts are  the im p o rtan t ones w ith  
this species. T he chief dam age caused by frost is in 
killing the newly flushed shoots an d  thus m ak ing
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cond itions favourable fo r larch canker; dam age is 
also done to  seedlings in the nursery  and  the flowers 
o f  m atu re  trees.

W hile larch appears to  have a definite preference 
for con tinen ta l conditions in  C en tra l E u rope  its 
behav iour in th is coun try  does n o t ap p ea r to be 
lim ited by clim atic factors since good stands an d  old 
individuals a re  found  in all parts  o f  G rea t B ritain . 
W here, how ever, a  non-reten tive soil is com bined 
w ith a  low  rainfall, larch  fails to  p rosper, e.g. C ulbin, 
M oraysh ire  and  T he tfo rd , N orfo lk .

Larch does n o t seem  to  require  a h igh  sum m er 
tem pera tu re  for op tim um  grow th in B ritain , since 
speed o f  g row th varies little from  n o rth  to  south  o f 
the country . G o o d  stands occur bo th  in  those regions 
w hich have a  long grow ing season an d  an oceanic 
clim ate, and  in those w here the grow ing season is 
appreciably  sho rte r and  w hich have a m oderately  
continen tal clim ate, such as U pper D eeside and  the 
U pper Tay valley in Scotland.

Larch is no t a  tree w hich stands up  well to 
exposure to  strong  winds, though  it succeeds on 
sheltered sites a t a  high elevation. O n w ind-sw ept 
sites the trees develop a p ronounced  lean an d  seldom  
grow  very high. It is well adap ted  to  w ithstand  m uch 
co lder w inters th an  any it experiences in B ritain , 
bu t it does no t w ithstand  exposure to  sea-winds 
(A nderson , 1929).

SITE REQ U IREM EN TS

“ This species is typically a tree o f the m iddle and  
h igher bu t sheltered slopes. I t m akes considerable 
dem ands on the fertility o f the soil, while its relatively 
high ra te  o f  tran sp ira tion  necessitates a con tinuous 
and  m odera te  supply o f w ater. T he slopes a round  
D unkeld  have show n them selves a second hom e of 
the species. H ere we have m orain ic  o r  in situ  soils 
o f m ica schist and  sla te .”  (Steven, 1927). O n such 
sites it grow s to  100 feet in height in eighty years 
and  even 1,000 feet u p  a height o f  eighty feet 
is a tta ined . “ O n the w hole it requires a t least 
m odera te  base-richness in th e  soil and  fails on 
infertile sites. I t is no t happy, how ever, on extrem ely 
base-rich sites. F resh , light, loam y soils suit it best, 
bu t it is often capable  o f grow ing fo r a sho rt tim e 
on ra th e r heavy m arls and on shallow  lim estone 
sites.” (A nderson , 1950). A nderson  also concludes 
th a t there are  th ree types o f  E uropean  larch  site:

(a) I t m ay be grow n to  m atu rity  as a pure  crop 
on fertile hill sites w ith a grass-heath  vegetation 
(these types are  frequently  invaded by bracken).

(b) O n m ore fertile sites w ith a greater supply of 
soil m oisture , prim e larch can be grow n to  a con ­
siderable size.

(c) O n the less fertile g rass-heath  types it can  be 
used in m ixture w ith Scots pine as a soil-im proving 
species.

A ccording to  the sam e au th o r (A nderson, 1956) 
th e  roo ts o f  larch seem particu larly  capable o f d is­
solving m etallic cations from  the pa ren t m aterial o f 
the soil; these cations are  tran sm itted  to  the leaves 
an d  re tu rned  to  the soil th rough  leaf-fall. O vington 
(1956) notes the high phosphorus con ten t o f  larch 
leaves and  the im proved phosphorus sta tus o f  the 
soil beneath  larch  stands. T his soil-im proving 
characteristic  o f larch  was no ted  in the early  A tholl 
p lan ta tions, bu t has only recently been explained. 
W here the soil is p o o r in m etallic cations such as on 
acid  o r  peaty  soils, larch  does no t im prove the soil 
appreciably , and  Jacks (1932) has no ted  th a t it is 
likely to  p roduce  an  acid hum us. O n deep peat larch 
is a failure, bu t on a fertile shallow  pea t it has 
grow n m oderately  well (Z ehetm ayr, 1954).

Being a  species well adap ted  to  deep ro o t pene­
tra tio n  on su itab le  soils it does n o t p ro sp er where 
its ro o t developm ent is restricted  by a  high w ater 
table  o r an im perm eable layer in the soil (D ay, 1947). 
A ird  and  S tone (1955) show ed th a t there was a 
strong  correlation  betw een good  height grow th and  
soil dep th  and  m oisture  con ten t. E u ropean  larch  has 
been p lan ted  on m any sites w here the soil is know n 
to be far from  ideal. D ry  sands, heavy clays and  
highly calcareous soils give p o o r results.

T he prob lem  o f  the m ost su itable aspect is no t 
simple. “ A  northerly  aspect m ay be an  advan tage  
in places w here there  is a  risk o f frost. A  sou thern  
aspect m ay be better because the E u ropean  larch 
is a  tree which, in its native h ab ita t, is used to  brigh t 
sunlight and  a high light intensity. This m ay be 
o f  im portance  on the cloudy west coast where, in 
fact, there are  exam ples o f good larch p lan ta tions 
w ith a sou therly  aspect; bu t on  the o th er hand , 
soils w ith this aspect dry ou t m ore rapidly  in times 
o f d ro u g h t.”  (M acdonald , 1949).

T he effect o f elevation is o f  less im portance than  
shelter, b u t it is difficult to  separa te  the two. In  a 
survey o f D eeside w oods, stands o f Q uality  C lass II 
were found  a t 1,640 and  1,730 feet. L arch  occurs in 
the Loch E richt p lan ta tions, Inverness-shire, up 
to  2,000 feet, and  excellent stands exist nearly to the 
to p ; a lthough  height g row th is slow there, the trees 
are  twice the height o f Scots p ine o f the sam e age. 
A no ther high elevation s tand  was in C aenlochan  
G len, A ngus, a t an elevation o f 2,200 to  2,400 feet 
w here larch ab o u t 110 years o ld  h ad  reached 62 feet 
in height and  had  a g irth  o f 68 inches. R oger (1941) 
has repo rted  stun ted  na tu ra l larch  seedlings as high 
as 2,950 feet on G las M aol in the G ra m p ia n s , 
grow ing am idst a typical arctic-alp ine flora.

ESTA BLISH M ENT T E C H N IQ U E

n u r s e r y  p r a c t i c e . T he nursery  trea tm en t o f 
E u ropean  larch is sim ilar to  th a t o f  o th er conifers. 
T he seeds are  ra th er variable in size and  w eight.
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averaging 75,000 per pound . G erm ination  o f  differ­
en t consignm ents is e rra tic  and  the m ean o f a  large 
nu m b er o f tests is only 24 per cent. Im ported  seed 
tends to  have a higher germ ination  percentage than  
h o m e  seed. W ith  seed o f 24 per cent germ ination 
i t  shou ld  be sow n a t a  ra te  o f  25 square yards of 
b e d  per pound.

T o  p roduce  one-plus-one-year transplants, larch 
is  norm ally  sow n in agricultural type nurseries, 
w here it grow s fast enough to  produce a p lan t fit 
fo r lin ing-out after one year. N itrogenous m anures 
are  often  om itted  in fertile nurseries.

v e g e t a t i v e  p r o p a g a t i o n . In  breeding w ork, 
g ra ftingcan  becarried  on ou t o f doors, giving fifty to  
eighty-five per cent success. Scions are collected when 
still d o rm an t in F ebruary  and  a re  grafted  in late 
M arch ; for grafting under glass, collection can be 
m ade early in January  and  grafting done from  the end 
o f  January  to  m id-February . T he roo t-stocks are  one- 
p lus-one  year Japanese o r  hybrid  larch  fo r norm al 
pu rposes, bu t, for rap id  p ro duc tion  o f  m aterial, 
p lan ts o f five years o r o lder can be used. O ne-year 
w ood is used for scions, as stou t as possible and 
a t least three inches long. Side-veneer grafting or 
top-w ork ing  are equally successful.

C u ttings o f  larch from  trees up  to  ab o u t tw enty 
years old will ro o t, bu t a ttack  by B otrytis  can  on 
occasions wipe them  out. H alf-ripened shoots 
inserted in early July in to  peat-sand  o r peat-verm i- 
culite resist B otrytis  better if the top  inch o f  newest 
grow th is rem oved. B ottom  hea t helps in roo ting  
an d  glass is necessary; under good conditions a 
th irty  per cent success has been achieved.

d i r e c t  s o w i n g . This is no t a su itable m ethod  for 
raising larch in G reat B ritain.

p l a n t i n g . T he best type o f p lan t is a  sturdy (nine 
to  eighteen inches) one-plus-one-year o r tw o-plus- 
one-year transp lan t. Seedlings have been tried  on 
num erous occasions (G uillebaud, 1933-1935 and  
M acdonald , 1937) bu t have never proved  so satis­
factory  as transplants.

O n m any o f the sites on w hich larch is p lanted , 
g round  p repara tion  by p loughing is e ither n o t 
needed o r im possible, though  on Ca//w/a-covered 
hill land it is nearly always beneficial. T he norm al 
m ethod  o f  p lan ting  is notch  p lan ting  in a p repared  
screef, and  this should  be done in February  o r  M arch 
preferab ly  during  m ild o r open w eather. P lan ting  
m ust be done well before flushing starts o r it may 
lead to  heavy losses.

s p a c i n g . A t the tu rn  o f the century, w hen close 
spacing  was norm al practice for all species, 3 ft. by 
3 ft. was no t uncom m on for larch. T he earlier 
A tho ll p lan ta tions had  been established using 5 to 
6 ft. spacing, and  today  54 ft. spacing is regarded 
as a m inim um . 6 ft. to  7 ft. spacing is now  regarded 
a s  suitable, though  w here a  good m arket exists for

sm all poles A ckers (1938) has p roposed  41  ft. 
spacing. T he results o f one spacing experim ent in 
A berdeenshire w ith E uropean  larch  suggests a 
slight superiority  o f  the closer spacings (3 ft. and  
4% ft.) over the wide spacings (6 ft. and  8 ft.) on a  po o r 
exposed site. A  sim ilar experim ent a t F leet F orest, 
K irkcudbrightshire , in a sheltered area, originally 
show ed a poo rer height grow th for the w ider 
spacings (6 ft. and  8 ft.) bu t now  there is little 
difference in  top  height.

Densely p lan ted  groups, w ith wide spaces betw een 
groups, p lan ted  in  the m anner advocated by A nder­
son (1951) have n o t proved superior to norm al 
p lanting. T he outside trees in m any o f  the groups 
have becom e dom inant, while the central trees are 
suppressed, resulting in a crop w ith coarse b ranching 
and  one-sided crow ns on  these outw ard-leaning 
dom inants.

A lthough  very frequently sta ted  as a fact, there 
seems to  be little solid evidence th a t wide spacing 
enhances the capacity  o f  a  p lan ta tion  to  resist 
canker and  “ d ieback” ; in  fact M arshall (1906) 
reports a  case w here larch  p lan ted  a t twelve feet 
by twelve feet in o ld  coppice was badly cankered.

T E N D IN G  A N D  T H I N N I N G

w e e d i n g . I t  is generally agreed th a t larch is very 
in to leran t o f  shade and  m ust be well weeded in the 
years follow ing p lan ting ; but, as it has no  early  
check period , weeding can be relaxed earlier than  
w ith m any o th er trees.

t h i n n i n g . I t  is one o f o u r m ost strongly light- 
dem anding species. T hinn ing  should  begin early, 
perhaps as early as twelve to fifteen years, and  
should  be heavy. I f  larch  has been p lan ted  closer 
than  five feet apart, th inn ing  should  certainly s ta rt 
a t ab o u t this age, bu t where six o r seven feet spacings 
a re  used it m ay be tw enty years old before th inning 
is needed.

T he interval betw een successive thinnings shou ld  
be ab o u t three years fo r the first three o r four th in ­
nings bu t m ay la ter increase to five years.

T he crop is m uch lighter on the g round th an  any 
o ther conifer and  in properly thinned w oods g round  
vegetation becom es re-established in a very sho rt 
time. A lthough  it is agreed th a t heavy th inn ing  is 
generally desirable for larch, a  large percentage o f 
the larchw oods in this country  have no t been 
heavily th inned  in the past.

p r u n i n g . N atu ra l p run ing  takes place rapid ly  in 
closed stands. L arch  p lan tations are  no t often 
brashed  before thinning, an d  a large percentage o f 
the dead  branches on  the crop trees w hich are  left 
m ay be knocked off by the falling thinnings.

It is unusual for high prun ing  to be carried  in to  
the live crow n, bu t where it is done it does no t
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result in the p ro d u c tio n  o f so m any epicorm ic 
branches as in  o th er species.

O T H E R  S I L V IC U L T U R A L  C H A R A C TE R IST IC S

A nderson  (1940) has listed n ine silvicultural 
characters, som e o f w hich have already been noted . 
A nderson also m entions its deep ro o t system, 
w hich is adap ted  to  the heavy dem ands m ade on  
soil m oisture. L a rch ’s h igh  w ater requirem ents 
directly a fter flushing m ean th a t on  sites w here the 
surface soil dries o u t in  spring and  early  sum m er it 
m ay be difficult to  establish. F ree-drain ing  slopes, 
or sites w here the soil rem ains cold a fter flushing, 
lead to  heavy losses even though  grow th m ay be 
satisfactory  w hen the ro o t deep system  is established. 
Because it is deciduous it w ithstands snow  dam age 
and w inter exposure an d  is thus ad ap ted  to  high 
elevations.

As m entioned  u nder “E x ten t o f P lanting , ” page 
60, nearly  sixty per cent o f  all larch  crops are  in  
m ixture w ith  o ther species. T he first use o f  larch  in  
the A tho ll p lan ta tio n s was in  m ix ture  an d  it was n o t 
until la ter th a t extensive pu re  p lan ta tions were 
form ed.

In  the n o rth  it was com m only p lan ted  w ith Scots 
pine an d  N orw ay spruce in  an  in tim ate  m ixture, and, 
on reasonably  fertile  g round , the  larch grew faster 
and suppressed th e  pine. W here the g round  was 
infertile o r th e  s itua tion  frosty, th e  p ine succeeded 
best, while on  wet g round  the spruce becam e 
dom inant. In  the sou th , larch  has been m ore often  
used in the p as t as a  nu rse  fo r b road leaved  species, 
with som ew hat variab le  results. T he chief dangers 
lie in neglecting to  rem ove the nurse before it 
sm others the nursed  species, and  in  p lan ting  too  
high a  p ro p o rtio n  o f nurse trees. A t p resent, very 
little larch  is being used as a nurse fo r oak , its place 
having been taken  by N orw ay spruce, w hich casts a  
heavier shade an d  suppresses the vegetation  quicker. 
L arch still finds a use in m ixtures, as a  cash  crop, 
which can  be felled a t an early  age, o r  left to  grow  
on to  p roduce larger tim ber w ith the hard w o o d  
crop.

O wing to  the large areas o f  larch  w hich have 
suffered fro m  dieback, the question  o f  how  to 
treat them  has long been im portan t. O ne well- 
know n a ttem p t to  obviate  the w orst effects o f  the 
disease was m ade  a t N o v ar in  R oss-shire (M ackenzie, 
1910). T he prob lem  o f  d ieback has exercised 
foresters greatly  during  recent years because o f  the 
large areas involved, an d  in  som e cases an  over- 
pessim istic view w as undoub ted ly  tak en  an d  m uch 
unnecessary w ork  done in  affected p lan ta tions. 
C u rren t p rac tice  follow s M acdonald  (1949) w ho 
po in ted  o u t th a t affected stands fall in to  fo u r 
classes: (a) I f  nearly  all trees have died, the only

so lu tion  is to  rep lan t w ith  an o th e r species, (b) If  
“ d ieback” is only p artia l, an d  on  a  site know n to be 
capable  o f  carry ing  good  larch , it shou ld  be th inned  
o u t b u t left as an  open  c rop  o f  larch , as in  fifteen 
years tim e the stock ing  will be nearer norm al,
(c) W here the soil is m oderately  fertile, the open 
c rop  o f  la rch  m ay allow  an  undesirab le  vegetation  
to  develop a n d  so underp lan ting  shou ld  be done 
sooner o r  la te r to  p reven t this, (d) W here the soil o r 
site is unsu itab le  the larch  shou ld  be replaced a t 
once by an o th e r species.

R A T E  O F G R O W T H  A N D  Y IELD

T he B ritish  yield table  fo r E u ro p ean  larch  
(H um m el an d  C hristie, 1953) is based  o n  fifty- 
e igh t p lo ts an d  the d a ta  adequately  cover the range 
o f  ages up  to  sixty years. T he few o lder p lots, being 
sca tte red  th ro u g h o u t all Q uality  Classes, justified 
the extension  o f  the  yield tables to  seventy-five 
years. O nly five p lo ts a re  in  Q uality  C lass I ;  over 
h a lf  the p lo ts a re  in  the second Q uality  Class. M ost 
o f  th e  p lo ts are  found  a t  elevations up  to  1,000 feet, 
a n d  no  p lo ts  o f  the first tw o Q uality  Classes are 
fo u n d  above th is height. P lo ts o f  th ird  a n d  fo u rth  
Q uality  C lass are  found  a t all elevations up  to
1.500 feet.

T he p lo t w ith  th e  h ighest stand ing  volum e per 
acre  in  G rea t B rita in  is one a t T in tern , M o n m ou th ­
shire, w hich a lthough  th inned  to  a  D  grade, h a d  a  
volum e o f  4,200 hop p u s cubic feet over b a rk  per 
acre  w hen  the  las t volum e assessm ent was m ade in 
1944. Several o th e r p lo ts  have reco rded  volum es o f
3.500 to  4,000 hop p u s cubic feet per acre.

T he to ta l volum e p ro d u c tio n  o f  Q uality  C lass I 
a t  fifty years o f  age is 5,570 H oppus feet, over­
bark , per acre, an d  this falls to  1,320 H oppus 
feet in the low est Q uality  Class. Since the m ajority  
o f  the stands in  B rita in  are  in Q uality  C lass II  o r  
III, the  m ean  p ro d u c tio n  averages ab o u t 3,760 
H oppus feet per acre from  fully stocked  stands.

C u rren t annua l increm ent culm inates a t an  early 
age in  E u ro p ean  larch. In  Q uality  C lass I a t 20 years 
it is a lready  decreasing, an d  in the o ther Q uality  
C lasses it is decreasing th ro u g h o u t the yield tables. 
T he cu lm ination  o f  m ean  annua l increm ent is 
reached  a t  an  early  age. In  Q uality  C lass I this po in t 
occurs a t 45 years, an d  in Q uality  C lass III a t ab o u t 
53 years, a t  w hich tim e only ab o u t sixty per cent o f  
the volum e is o f  saw  tim ber size. T he increm ent 
o f  ind iv idual trees rem ains high, b u t because 
larch  is an  extrem e light dem ander the trees 
m ust be w idely spaced apart. I t  follow s th a t fo r the 
la tte r  p a r t o f  the ro ta tio n  the w hole site po ten tia l 
is n o t being used a n d  hence it is logical to  u n d er­
p lan t o r  to  grow  larch  in m ixture w ith  a slow er 
grow ing species.
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W here underp lan ting  has been carried  out, the 
m eagre evidence a t p resen t available suggests th a t 
it h as  little  o r  n o  effect on  th e  ra te  o f  g row th  o f  
la rch  trees in the overcrop, prov ided  th a t the u nder­
crop  is n o t allow ed to  interfere w ith th e  crow ns 
o f  the larch.

M itchell (1956) has given records o f  the grow th o f  
ind iv idual larch  trees no tab le  fo r the ir g reat size 
o r  rap id  grow th. T here  are  m any records o f  old 
trees w ith  heights over 130 feet and  m ore th an  ten 
feet in  g irth . Because it has been grow n here fo r three 
centuries, E u ropean  larch  is one o f  the few exotics 
w hose approx im ate  size lim its in  B rita in  are  know n, 
an d  M itchell states th a t trees w ith  a to ta l height 
exceeding 145 feet an d  a  g irth  a t b reast height 
g rea ter th an  18 feet, will be very rare.

DISEASES A N D  PESTS.

T he insect pests o f  E u ropean  larch  have been 
considered  u n d er the  genus.

T he  le a f cast fungus, M eria  laricis, causes 
occasional setbacks in  the nursery , bu t can  be con­
tro lled  by spraying.

T he canker an d  dieback o f  p lan ta tions o f  E u ro ­
p ean  larch  have prov ided  B ritish foresters w ith one 
o f  their toughest problem s. D ieback  first becom es 
ap p aren t w hen the tips o f  th e  branches a t the level 
o f  the vegeta tion  begin to  die. A t a la ter stage, w hen 
th e  c rop  closes canopy, tip  dieback increases and  
b ran ch  cankers appear, follow ed by stem  cankers 
an d  a  general appearance  o f  debility. A t this stage 
the trees o ften  have an  infestation  o f  Adelges laricis. 
In  b ad  cases the branches die back  fo r a  long w ay up 
th e  stem , w hich becom es badly  cankered, and  the 
tree  is finally killed. Every great extension o f  larch  
p lan ting  has been follow ed by an  ou tb reak  o f  the 
disease; in the p lan ta tio n s m ade during the last 
w ave o f  larch  p lan ting  in  1920-30, dieback has 
occurred  over hund reds o f  acres, particu larly  in  the 
no rth -east o f  S co tland  and  in  South  W ales (M ac­
donald , 1949).

D ieback  was described in  the A thol! p lan ta tions 
in  the eighteenth  century , an d  over a period  o f  m ore 
th a n  a  cen tu ry  there  have been m any attem pts to 
explain  the causes; am ongst o thers, incorrect spacing 
o r  th inning, b ad  drainage, heavy snow fall, m ist and  
fogs, a ttacks by Adelges laricis, by Coleophora 
laricella  o r  o th er insects, p lan ting  on  o ld  fields, use 
o f  hom e-collected  seed, or, a lternatively, use o f  
foreign seed, have all been suggested a t  one tim e 
o r  an o th e r as likely causes. I t  is now  believed th a t 
canker an d  d ieback a re  caused by fro st dam age in 
associa tion  w ith  the fungus Trichoscyphella  (D asy- 
scypha) w illkonunii, an d  the w rong choice o f  p ro ­
venance. T he tro u b le  is often  accen tuated  by u n ­
su itab le  soil an d  site factors, fo r exam ple a frost

hollow  o r the floor o f  a  narrow  valley.
T he im portance o f  provenance has already been 

no ted , and  it is also clear th a t frost plays a  m ajo r 
ro le  in  the disease, since there are  a g rea t m any  ex­
am ples w here the low er p a rt o f  a p lan ta tion , w hich 
is exposed to  frost, shows all the sym ptom s o f  die­
back, while the u pper pa rt, w hich is un touched  by 
frost, is free from  the disease.

O T H E R  FORMS O F D AM A GE

w i n d . E uropean  larch  has been long regarded 
as a  w indfirm  tree though  exceptional gales have 
caused considerable dam age (M ichie, 1885). L arch 
proved  m ore  resistant, even to  the hu rricane o f  
January  1953, th an  Scots p ine o r any o th er com m on 
conifer (Lines, 1953; A ndersen, 1954). T he age o f  
the crop  is im portan t, as young  p lan ta tions on  fertile 
sites are  ra th e r p rone  to  w ind-sway, bu t later, 
resistance stiffens and  the crop is w indfirm  un til ro o t 
ro t and  senility becom e im portan t. T he m ajo r gales 
in  B rita in  com e a t a tim e w hen larch  is leafless, 
b u t larch is p rone  to  dam age from  the ra re  u n ­
seasonable gale (G osling, 1936). W hen larch  is 
b low n it  is very ra re  to  find trees b roken  by the 
w ind; they are  up rooted .

a t m o s p h e r i c  p o l l u t i o n . L arch  was no ted  by 
F isher (1895) as less susceptible to sm oke pollu tion  
th an  Silver fir o r  spruce, bu t m ore so than  Scots pine. 
Peace (1952) regards it as one o f  the susceptible 
conifers.

Peace has also found  tha t it is very susceptible to 
fluorine in the atm osphere.

SEED A N D  SEED-BEARING

T he best account o f  this is given by M atthew s 
(1955). F low er buds o f  larch  open in  M arch  o r 
A pril, earlier th an  m ost o ther conifers an d  are 
therefore often dam aged by frost. T he m ale and  
fem ale flowers are  intim ately m ixed over the w hole 
crow n o f  the tree. T he fem ale flowers norm ally  open 
first, though  this m ay be reversed on  occasion, 
depending on  the spring w eather (Leven, 1951). 
T his is an im portan t factor in  the p roduc tion  o f  
hybrids w ith pollen  from  Japanese larch. The 
flowering times o f  the tw o species have been show n 
to  overlap so th a t bo th  crosses can occur natu rally  
in  the field.

T he cones should  be collected from  O ctober 
onw ards; if  collection is delayed un til a fter D ec­
em ber som e seed is likely to  be lost. L arch  com m ences 
seed-bearing a t ten  to  fifteen years old, b u t the first 
good seed crop  com es betw een twenty-five to  th irty  
years o f  age. M axim um  production  begins betw een 
fo rty  and  sixty years, and  open-grow n specim ens co n ­
tinue to  p roduce good crops o f  seed un til well over 
one hund red  years o f  age. G o o d  seed crops com e at
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intervals o f  th ree to  five years, an d  there  is seldom  a 
year w ithou t som e seed. T he cones do  n o t open 
very easily,' due to  resin  on  the scales.

G o o d  seed years appear to  be those w ith  a m ild  
spring  and , in  the prev ious year, a  dry w arm  sum m er 
to  in itia te  flower developm ent; though  fru iting  is 
p robab ly  less affected by the varia tion  in  sum m er 
tem peratures th a n  by the occurrence o f  sharp  frosts in 
M arch, a t w hich tim e the flowers are  very susceptible. 
Irregu lar fluctuations in p ro d u c tio n  a re  evident.

G EN ETICS A N D  BR E E D IN G

L arch  early  a ttrac ted  tree-breeders because o f  its 
g reat n a tu ra l variation , the early  rep o rt o f  a  p ro ­
m ising hybrid  an d  the sh o rt tim e betw een gener­
a tions. E u ro p ean  larch  readily  form s hybrids w ith 
Japanese larch , an d  possibly w ith  tam arack  (L arix  
laricina), an d  intraspecific crosses betw een p ro ­
venances (A lpine X Sudeten) m ay prove prom ising.

In  B rita in  360 ‘P lus’ trees have been selected, 
sixteen stands o f  320 acres have been registered as 
‘A lm ost P lus’ seed sources, an d  eight stands o f  
sixty-five acres as N o rm al seed sources. A  one-acre 
seed o rch a rd  is already  established a t D rum toch ty , 
K incardineshire, an d  sixty acres o f  seed orchards are 
p lanned. These shou ld  provide a h igh  p ro p o rtio n  o f  
the E u ropean  larch  seed used in B ritain .

N A T U R A L  R E G E N E R A T IO N

T here have been som e cases o f  successful n a tu ra l 
regeneration  o f  la rch  in  B rita in , the m ost no tab le  
being T om  an  U ird  w ood near G ran tow n , M oray ­
shire. H ere  there  has been fairly  com plete regener­
a tion  over 400 acres, the seed com ing from  an  
adjoin ing unfelled stand . L arch  now  form s a com plete 
c rop , m ixed in  places w ith  Scots pine.

O ther occurrences o f  n a tu ra l regenera tion  were 
no ted  in  no rth -east Sco tland  during  the 1947 Census 
an d  nearly  all w ere on  n o rth e rn  aspects.

TIMBER

T he tim ber k iln  seasons w ith  a tendency to  d is to rt 
and  fo r kno ts to  loosen ; pieces show ing spiral grain  
can be particu larly  troublesom e. T he w eight o f  the 
seasoned w ood is ab o u t 37 lb. per cubic foot.

T he h eartw ood  is durable, b u t th a t in the vicinity 
o f  the p ith  is less durab le  th an  the o u te r heartw ood

(a phenom enon  w hich m ay be m ore  w idespread th an  
is o ften  realised). L arch  heartw ood  is very resistan t to  
p en e tra tio n  by preservatives.

L arch  is stronger an d  heavier th an  m ost o th er so ft­
w oods; its streng th  p roperties are com pared  w ith 
those o f  hom e-grow n Scots p ine in T able  19.

P rio r to  th e  tests a t the F o res t P roducts R esearch 
L ab o ra to ry , a  num ber o f  bending an d  crushing 
tests w ere m ade on  p itp rops an d  beam s an d  gave 
m uch  the sam e results (H udson  B eare, 1922-4).

A ccord ing  to  in fo rm ation  received from  the hom e 
tim ber trade, E u ropean  larch  a ir seasons fairly 
rap id ly  w ith  som e tendency to  split an d  w arp . I t is 
m ore difficult to  convert th a n  m ost o th er softw oods, 
largely o n  accoun t o f  spring, an d  a  different saw  set 
is o ften  required .

I t is particu larly  well liked  fo r estate  w ork , an d  in 
those parts  o f  the coun try  w here oak  is n o t the 
trad itio n a l fencing m ateria l, the  E u ro p ean  larch  post 
is the crite rion  by w hich all o th er softw ood  posts are 
judged  by users.

F o r  p ap e r p u lp  and  fib re-board  m anufacture, 
E u ro p ean  larch  o ld  enough  to  have h eartw ood  is 
n o t generally acceptable a t present.

L arch  is n o t generally  acceptable fo r telegraph 
poles, because it som etim es develops deep and  wide 
checks, and  it is said  th a t m ovem ent due to  spiral 
grain  can  th row  a cross-arm  o u t o f  alignm ent.

Saw n E uropean  larch  is used fo r w aggon and  
lo rry  build ing  an d  good  quality  m aterial is in 
dem and  fo r v a t m aking , b o a t build ing an d  traw ler 
equipm ent. I t  is also  used  fo r river defence works, 
p ier an d  bridge build ing. I t is regarded as a special 
pu rpose softw ood especially suited  to  service in 
cond itions o f  repeated  w etting  and  drying.

P O T EN TIA LITIES  OF T H E  SPECIES IN  TH E N A T IO N A L 

E CO N OM Y

A few years ago it w ould  have been true  to  say 
th a t the prospects fo r E u ro p ean  larch  in G reat 
B rita in  w ere n o t bright because o f  the w idespread 
die-back, bu t w ith  the rea lisa tion  o f  the im portance 
o f  site and  provenance there has been a swing 
back tow ards g reater use o f  this tree. N evertheless, 
larch  is unlikely  ever to  fo rm  a h igh p ro p o rtio n  o f  
o u r forest area. T he sites on  w hich it flourishes will 
su p p o rt o th er an d  higher yielding species, and

T a b l e  1 9 L A R I X  D E C I D U A  ( E U R O P E A N  L A R C H ) :  S T R E N G T H  O F  T I M B E R

Modulus o f  Elasticity Bending Strength Compression Parallel 
to the Grain

Sheer

European larch 
(Larix decidua)

Scots pine ................
(Pinus sylvestris)

1.100.000 lb. sq. in.

1.200.000 lb. sq. in.

2,200 lb. sq. in. 

1,600 lb. sq. in.

1,600 lb. sq. in. 

1,200 lb. sq. in.

200 lb. sq. in. 

200 lb. sq. in.
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Ownership 1-10
yrs.

11-20
yrs.

21-30
yrs.

31—40 
yrs.

41 yrs. 
and over

Uneven
aged

Total

Private Woodlands ............................ 1,079 1,564 1,333 537 162 31 4,606
Forestry Commission ............................ 727 455 338 — — — 1,520

Total 1,806 2,019 1,671 537 162 31 6,126

hence the use o f  E u ropean  larch  depends essentially 
on its pecu liar m erits. Its value fo r general estate 
purposes an d  the early  re tu rns w hich can  be ob ­
tained from  sm all-sized m ateria l m ake it a ttractive 
to  the private  ow ner in w hose p lan ting  program m es 
it will con tinue to  figure largely. R .L.

L arix  eurolepis H enry.

CO MM O N  NAME

H ybrid  larch. A lth o u g h  o th er larch  hybrids 
exist, the nam e “ hybrid  la rch ” is u n d ers tood  in 
G rea t B rita in  to  refer only to  th e  hybrid  betw een 
L. decidua and  L . leptolepis. In  p rac tice  no  d is­
tinction  is m ade betw een the trees o f  the first cross 
and  la te r filial generations o r  back crosses; in fact 
there is often n o  reco rd  o f  w hether the p lan ts are 
first, second  o r  even th ird  generation  stock.

H IST O R IC A L NOTES

T he first tree to  yield the h yb rid  was a young 
Japanese larch  standing  next to  tw o E u ropean  
larches, ab o u t 300 yards east o f  D u n k e ld  H ouse, 
P erthshire (C hittenden, 1932, p. 583).

T he hybrid  itself was first described by H enry  and  
F lood  (1919). O ther places w here the hybrid  has 
occurred  natu rally  are  G lam is, A ngus; D arnaw ay  
E state, M oraysh ire ; S tra thconon , R oss-shire and  
B arbeth , K irkcudbrigh tsh ire , all in  Scotland, and  
a t C ockle P ark , N o rthum berland , in  E ngland. T he 
cross was la te r m ade  in  m any E u ro p ean  countries.

In terest rem ained  cen tred  in the D u nkeld  region 
o f  S co tland  an d  the m ajo rity  o f  h yb rid  larch  
in  B rita in  has com e e ither from  the original Japanese 
larch  in the A venue there  o r  else from  first g en e r­
a tio n  p lan ta tions o n  the A th o ll E states nearby.

T he Japanese larch  trees on  the A venue a t D unkeld , 
from  w hich m ost o f  th e  seed w as collected, were 
p lan ted  in  1887. T he first seed w as collected ab o u t 
1900 and  the earliest reco rded  hybrid  seedlings w ere 
p lan ted  a t Inver, near D u nkeld  in  1904. (H enry  and  
F lood , 1919.) R ecently , how ever, a  p lan ta tio n  has 
been found  a t  L agrennich , near B lair A tholl, w hich 
appears to  an teda te  the Inver trees by several years.

A t D u nkeld  an d  som e o th er p laces hybrid  seed 
has also  been collected from  the E u ropean  pa ren t 
w ith the Japanese pa ren t supplying the pollen.

E X T E N T  O F  P L A N T I N G

H y b rid  larch  is classified as a  M in o r T ree Species 
in the C ensus o f  W oodlands 1947-49, w hich records 
an  a rea  o f  6,126 acres occurring  chiefly in  Private  
W oodlands in  S cotland. T able  20 show s the d is­
tr ib u tio n  by age-classes.

I t  is o f  in terest to  n o te  th a t nearly h a lf  the to ta l 
a rea  lies w ith in  the coun ty  o f  Perth .

Scarcity o f  seed has restric ted  the g reater use o f  
this desirable hybrid , an d  this has now  been tackled  
by p lan ting  seed orchards to  p roduce  the first 
generation  hybrid.

l a r i x  e u r o l e p i s : ( h y b r i d  l a r c h )  n u m b e r  o f  p l a n t s  u s e d  f o r

P L A N T I N G  A N D  B E A T I N G - U P  I N  C O M M I S S I O N  F O R E S T S

T a b l e  21 T housands o f  plants

Year England Scotland Wales Total

1946 180 116 16 312
1947 244 64 1 309
1948 19 53 — 72
1949 1 12 ____ 13
1950 58 32 1 91
1951 4 238 ____ 242
1952 — 744 2 746
1953 57 1,056 59 1,172
1954 1 438 23 462
1955 --- 1,441 38 1,479
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T able 21 show s the num bers o f  p lan ts used  fo r 
p lan ting  an d  beating  up  by the F o res try  C om m ission 
during the last ten  years. T he varying num bers 
reflect the fluctuations in seed supply.

There is no  in fo rm ation  ab o u t the num ber o f  
p lan ts used in  P riva te  W oodlands in the sam e 
period , bu t m ost esta tes w ith  seed-bearing hybrid  
larch collect cones from  them  either fo r their own 
use o r fo r sale.

C LIM A TIC  REQ U IREM EN TS

We have n o  in fo rm ation  to  suggest th a t hybrid  
larch  differs from  E uro p ean  o r  Japanese larch  in  its 
c lim atic requirem ents, although , due to  its grow th 
vigour, it has succeeded b e tte r u nder p o o r and  
exposed cond itions th an  either o f  these species. 
In particu lar, it is superio r to  Japanese larch  in 
m ain tain ing  a  good g row th  fo rm  w here the la tte r 
w ould be d is to rted  by strong  winds.

SITE REQUIR EM ENTS

H ybrid  la rch  has been used in  a  num ber o f  
experim ents o n  the u p lan d  heaths an d  also on 
shallow  and  deep peat. T he resu lts on  pea t have been 
sum m arised  by Z ehetm ayr (1954) w ho no tes th a t it 
is a hard ie r tree th an  Japanese larch , p robab ly  in 
every respect, an d  it grow s consistently  faster, 
especially w here exposure is an  im p o rtan t fac to r. 
Som e o f  the tallest and  m ost strik ing  p lo ts on  peat 
are hybrid  larch , b u t in places w here it  does n o t 
thrive, heavy losses occur early and  it does n o t linger 
in a sta te  o f  check as do  the spruces. O n the heaths 
it has also m ade rap id  g row th  and  is a lm ost in ­
variably  ta ller th an  Japanese larch  an d  m uch  taller 
than  E u ropean  larch  o f  the sam e age.

In  norm al F orestry  C om m ission practice there has 
been a tendency to  utilise this to lerance, and  to  p lan t 
hybrid  larch  on  ra th er exacting sites. B u t on 
m any p rivate  estates it is used on  sites fo r w hich 
E u ropean  larch  w ould  be the obvious choice. T his 
is done to  o b ta in  a  c rop  w hich gives m ore  rap id  
early  re tu rn s and  a h igher ra te  o f  increm ent than  
most p rovenances o f  E u ropean  larch  w ould  yield.

ESTABLISHMENT T E C H N IQ U E

n u r s e r y  p r a c t i c e . T he general nursery  trea t­
m ent fo r hybrid  larch  does no t differ from  th a t o f  the 
o ther tw o com m on larch  species.

It is a  com m on practice to  p ick  o u t seedlings o f  
hybrid  larch  (w hich have arisen  by free pollination) 
from  seedbeds o f  hom e-collected  Japanese larch. 
W ith progeny from  som e stands a  fa ir p ro p o rtio n  
o f  hybrids is a  n o rm al occurrence, an d  it is no t 
difficult to  p ick  o u t the m ore vigorous hybrid  p lan ts, 
w hich are  then  lined-ou t separately. I t  is likely th a t 
there rem ain  o th er hybrids w hich have n o t disclosed

their heterotic natu re , b u t this is the norm al m ethod  
o f  selecting the hybrid  population .

T E N D I N G  A N D  T H I N N I N G

T he trea tm en t o f  hybrid  larch as regards planting, 
tending and  th inning, does no t differ from  Japanese 
larch.

O T H E R  S IL V IC U L T U R A L  C H ARACTERISTICS

Because a given origin o f  ‘hybrid  la rch ’ m ay be 
the first generation  cross from  a  Japanese larch 
m other tree, o r  from  a E uropean  larch  m other, o r 
the second generation  cross from  hybrid  paren ts o r 
the back-crosses to  e ither paren t species o r  even a 
th ird  generation  cross, it is unlikely to give the sam e 
results as hybrid  larch  o f  a different origin. W hen 
open-pollinated  generations o f  hybrid  larch  were 
com pared  experim entally, it was found  th a t the first 
generation  hybrid  was best, follow ed closely by the 
second generation , while the th ird  generation  
hybrid  (collected from  a second generation  hybrid  
larch  p lan ta tion ) w as decidedly inferior.

H ybrid  larch  is valued in  B ritish silviculture fo r 
its very vigorous grow th, its hardiness and  freedom  
from  larch  dieback, an d  its straightness o f  stem, 
w hich resem bles th a t o f  the E u ropean  paren t. 
H ybrid  individuals show ing ou tstanding  vigour are  a 
relatively com m on feature  in som e stands o f  E u ro ­
pean  and  Japanese larch  from  hom e-collected seed, 
and  as they tend  to  be favoured in  th inning they 
will com e to  fo rm  a  higher p ropo rtion  o f  the final 
crop. I f  the m ajority  o f  seed comes from  hom e 
collections, a t the end  o f  several ro tations, few pure  
stands o f  E uropean  o r  Japanese larch m ay be left.

RATE OF G R O W T H  A N D  YIELD

The oldest sam ple p lo t was established in  1933 in 
the crop  p lan ted  in  1908 a t Low er W arren, D unkeld  
(T able 22) an d  m easurem ents have been m ade in  
seventeen o th er plots, all bu t five in  Scotland. 
M easurem ents have also been m ade in six tem porary  
p lo ts in Scotland.

N early  all the hybrid  larchsam ple p lots are equiva­
lent in height g row th  and  volum e increm ent to  
Q uality  C lass I Japanese larch.

T he g row th  ra te  has been com pared  w ith tha t o f  
Japanese and  E u ropean  larch  by E dw ards (1956), 
w ho concluded tha t, in eight cases where there  were 
com parab le  ad jacen t p lots, the hybrid  larch  were 
taller than  the Japanese, and  bo th  were ta ller than  
the E uropean  plots.

DISEASES A N D  PESTS

H ybrid  larch does n o t differ greatly  from  Japanese 
larch.
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T a b l e  2 2  l a r i x  e u r o l e p i s  ( h y b r i d  l a r c h ) :  g r o w t h  a n d  p r o d u c t i o n

Locality
Eleva-
ation
Ft.

Age
yrs.

Top
Height

Ft.

True
Mean
Girth

in.

Vol. per 
acre 

H. Ft. 
O.B.

Total 
Production 

per acre 
H. Ft. O.B.

Remarks

Atholl, Perthshire.... 270 48 86 40* 2,985 7,386 One o f the oldest 
plantations

Drumtochty, Kincardine .... 650 29 53* 26* 1,585 3,401
Glenbranter, Argyll 100 26 60 30 2,130 4,010
Drummond Hill, Perthshire 960 31 60* 30 2,160 4,241 1st Generation

do. 960 31 58* 29 2,178 4,186 2nd Generation
Achnashellach, Ross-shire 150 29 64 30 2,380 4,113 80 in. rainfall
Bedgebury, Kent ................ 300 26 55 29 2,263 4,266 33 in. rainfall
Leighton, Montgomeryshire 700 29 63 27* 2,190 4,214

SEED A N D  S EED -B EA RIN G

H ybrid  larch  bears cones m uch  earlier th an  either 
Japanese o r  E u ro p ean  larch , an d  th is feature often  
distinguishes hybrids in  p lan ta tions o f  those species. 
T he sm all am o u n t o f  da ta  on  seed suggest th a t 
it resem bles Japanese larch  in  seed weight, 
b u t E u ro p ean  larch  in  germ inative capacity . I t 
resem bles the pa ren t species in  the frequency o f  
good  cone crops and  in  its phenology.

GEN ETICS A N D  B R EE D IN G .

Seed p lan ta tions have been established from  1931 
onw ards by L o rd  D undee a t B irkhill, Fife, to 
p roduce  the back cross L. decidua X L. eurolepis. 
T he first seed o rch a rd  for. the p roduc tion  o f  first 
generation  h yb rid  larch  was established a t N ew ton , 
M oraysh ire , in  1951, using tw elve clones o f  Japanese 
la rch  an d  th ree o f  E u ropean  larch. T he first cone 
c ro p  was o b ta ined  in 1956 an d  from  now  on  an 
appreciab le  supply o f  first generation  hybrid  larch 
seed should  becom e available from  this an d  o ther 
seed o rchards. Fifty-five acres o f  seed o rchards 
are  to  be p lan ted  by 1960. E igh t first generation  
p lan ta tions o f  hybrid  larch  have been registered  as 
seed sources.

TIM BER

Very little  is know n ab o u t the tim ber as it has no t 
been tested fo r streng th  o r  w ork ing  p roperties by 
th e  F o res t P roducts R esearch  L abo ra to ry . C how d- 
hu ry  (1931) investigated the ana tom y  o f  the tim ber 
o f  a  single specim en and  rep o rted  th a t it resem bled 
the Japanese p a ren t in  its fine struc tu re . I t  has a 
good  rep u ta tio n  am ongst the few private  estates 
w hich have dealt w ith large num bers o f  thinnings, 
being used  fo r sim ilar purposes to  E u ropean  larch.

POTEN TIA LITIES  OF T H E  SPECIES I N  T H E  N A T IO N A L  

ECONOM Y.

H ybrid  larch  has been in  cu ltiva tion  fo r ab o u t 
fifty years and  has show n itself to  be one o f  ou r

fastest grow ing trees. I t  has grow n well over a 
fairly w ide range o f  sites an d  m ay be especially 
useful as a  p ioneer crop  on  u p lan d  heaths an d  peat. 
Its freedom  from  “ die-back” an d  canker enable 
hybrid  larch  to  be used  w ith confidence, an d  a 
regu lar supply o f  seed o f  the first generation  hybrid  
from  selected paren ts should  resu lt in  w ider use 
o f  this tree in  B ritish  silviculture.

R .L.

L arix  gmelini (R uprech t) L itvinov 
This tree, native to  S iberia, K orea , M anchuria  
and  th e  K urile  Islands, was in troduced  in to  this 
coun try  in  1827. I t appears to  be a  variab le  species 
and  som e w ell-know n varieties exist, o f  w hich var. 
japonica, the  K urile  L arch , and  var. principis- 
rupprechtii a re  also in cultivation .

N either L. gm elini n o r  any  o f  its varieties is 
suitable fo r use in  G rea t B rita in , as they suffer 
severely from  spring frosts. V arious g roups o f  
L. gm elini an d  sm all p lan ta tions have been attem pted  
a t various places, b u t w ith little  success. T here are 
som e fairly good individual specim ens w hich have 
survived, including one o f  gm elini a t W akehurst. 
Sussex, w hich is 63 ft. in  height, one o f  var. japonica, 
41 ft. h igh a t B rocklesby, L incolnshire, and  one o f  
var. principis-rupprechtii a t Kew, w hich is 36 ft. in 
height.

L arix  griffithii H o o k er

T his east H im alayan  species has been tried  on 
several occasions, b u t usually  fails to  survive o u r 
oceanic clim ate w ith its unseasonable fro sts ; p lan ts 
a t B edgebury died w ith in  tw o years o f  planting. 
T here is a  tree  77 feet high and  7 feet 7 inches in 
g irth  a t  S trete R aleigh, D evon, and  an o th e r 39 feet 
ta ll a t W akehurst Place, Sussex.

L arix  laricina (D u  R oi) K . K och

T his larch  has an  alm ost tran scon tinen ta l range
from  A laska  th rough  C an ad a  to  the no rth -east
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coast o f  the U .S.A . It was in troduced  in 1760, and  
plan ted  soon  a fter by the D uke o f  Argyll a t W hitton , 
M iddlesex; it was also p lan ted  on the A tholl estates 
ab o u t 1770. I t has never m ade any m ark  as a forest 
tree in B ritain, being o f  p o o r sta tu re  and som ew hat 
p rone to  canker. It has how ever been used w ith 
som e success a t B lairquhan , A yrshire, in very 
frosty  wet hollow s; the trees are o f  good hab it w ith 
narrow  crow ns, bu t the stem s are  no t very straight. 
T he tallest tree a t B lairquhan  is 58 feet high, while 
there is a  tree 85 feet h igh  and  4 feet 3 inches in 
g irth  a t W arnham  C ourt, Sussex. I t has been little 
used in p lan ta tions, bu t an  experim ental p lo t a t 
Ceiriog, D enbigh, p lan ted  in 1908, show ed quite 
good grow th, reaching 29 ft. a t 20 years o f  age.

R.L.

L arix  leptolepis (Siebold and  Zuccarini) G ordon

C O M M O N  NAME

Japanese larch, applied  to  b o th  the tree and  
its tim ber.

C O U N T R Y  OF O R IG IN  A N D  P R O V E N A N C E

T he species o rig inates in Japan , its na tu ra l range 
being confined to  a  sm all region in the centre 
o f H onshu  Island, betw een 35° and  37° N o rth  
and  137° to  140° E ast. I t ranges from  elevations o f  
roughly 4,000 feet above sea level to  8,000 feet o r 
to  an  extrem e lim it o f  9,200 feet on  Fujiyam a.

Since the n a tu ra l d is tribu tion  is so lim ited, it is 
n o t surprising  th a t geographical races have no t 
been distinguished. A  Japanese experim ent, quo ted  
by L indquist (1955), suggests th a t there are probably  
several clim atically  different provenances, each well 
adap ted  to various tem pera tu re  and  m oisture 
conditions, but in B rita in  the reactions o f  different 
provenances are  too  sm all to  be detected w ithout 
very precise experim entation  (E dw ards and  Pinchin, 
1953). H ow ever, progenies o f  different individual 
trees have show n significant varia tions w ith respect 
to  the vigour o f  the paren ts (W ood, 1950) and  these 
experim ents have also show n m arked  m orphological 
differences in crow n type (Lines, 1955, and  various 
con tinen tal au th o rs  listed by L indquist, ibid).

It has been p lan ted  in H o kkaido  and  seed is now  
also im ported  from  th a t island.

H IST O R IC A L  NOTES

T he Japanese larch  was in troduced  in to  B ritain  
in 1861 by J. G . V eitch. A t first it was a  neglected 
tree, little  p lan ted  even fo r o rnam en t, bu t the D uke 
o f  A tho ll b rough t seed from  Jap an  in 1883 an d  first 
used the species fo r forestry  (C hittenden, 1932). 
T he fam ous trees he  p lan ted  on  the A venue a t 
D unkeld , P erthsh ire , a re  described by M atthew s 
(1954). T he o ldest p lan ta tio n  so fa r traced is Lag- 
rennich  W ood  a t  B lair A tholl, Perthshire, where

seven acres were p lan ted  in 1895. The oldest p lan t­
a tio n  in E ngland  is said  to  be th a t o f  1898 a t C ockle 
Park , N o rthum berland  (M acdonald , 1931; Forbes, 
1925), and  these trees, w hich are  next to  p lo ts o f  
E u ropean  larch, have yielded hybrids, ju s t as 
happened  a t D unkeld  (see page 66), though the 
sam e in terest has no t been show n in seed collection.

EX TENT OF P L A N T I N G

Japanese larch  has now  become one o f  the m ost 
im p o rtan t exotics p lan ted  in B ritain , in spite o f  a 
ra th e r late in troduction  and  lack o f  seed supplies 
during tw o w orld  wars. See Tables 23 and  24.

It m ay be no ted  th a t the areas in private and  state 
forests are  a lm ost equal, Japanese larch thus 
occupying a place betw een E uropean  larch, w ith the 
m ajority  in  p rivate  w oodlands, and  such species as 
S itka spruce and  D ouglas fir w ith the m ajority  in 
Com m ission forests.

In  E ngland , a t the tim e o f  the 1947-1949 Census, 
the sta tus o f  Japanese larch  was sim ilar to  th a t o f  
D ouglas fir, b u t Japanese larch has since been 
increasing an d  D ouglas fir decreasing in popularity , 
so th a t by now , Japanese larch has probably  an 
advantage. In  Scotland, Japanese larch was ahead  o f  
D oug las fir in 1949, the d isparity  now  (1957) is even 
greater, an d  the sam e is even m ore true  in W ales, 
fo r Japanese larch  has long been extensively p lan ted  
there, w here the clim ate is suitable and  the soils 
m oderately  fertile.

In recent years the num ber o f  plants used annually  
by the F o res try  C om m ission, excluding p lants used 
fo r beating  up, has been abou t fourteen m illion, 
a  figure only exceeded by Sitka spruce and  Scots 
pine.

CLIM A TIC  REQUIREM ENTS

Japanese larch com es from  a la titude equivalent 
to  th a t o f  the M ed iterranean  region, w hich probab ly  
accounts fo r its rap id  grow th and  tendency to  harden  
off la te  in  the au tum n, w hen it m ay suffer dam age 
by frost (Veen, 1954). In  Jap an  it enjoys a sum m er 
rainfall clim ate w ith over forty  inches o f  ra in  per 
annum , an d  it is thus only suitable fo r the m oister 
parts  o f  B ritain . A lthough  p lan ted  fairly extensively 
a t first in the sou thern  and  eastern  parts  o f  England, 
it tended  to  stop  heigh t g row th com paratively  early 
in  life and  also suffered from  drought, especially on 
sandstone  fo rm ations and  sim ilar dry sites. N o tab ly  
after the dry sum m er o f  1911 there w ere num erous 
repo rts  o f  the failure o f  Japanese larch  in these 
parts  o f  the country . E lsew here, even w here the 
rain fall is heavier, deaths am ongst young trees are 
no t uncom m on in years o f  sum m er d rough t w here 
Japanese larch has been p lan ted  o n  shallow  soils 
over rock o r  o th er places w here the soil m ay dry 
ou t, o r  in a heavy grass m at.
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L A R I X  L E P T O L E P I S  ( J A P A N E S E  L A R C H ) :  D I S T R I B U T I O N  B Y  C O U N T R I E S ,

T a b l e  2 3  a n d  p e r c e n t a g e s  o f  h i g h  f o r e s t  a r e a s  o c c u p i e d ,  1 9 4 7

England Scotland Wales Great Britain

Ownership
Area
Acres

Percentages
Area
Acres

Percentages
Area
Acres

Percentages
Area
Acres

Percentages

o f  con­
ifers

o f  all 
species

o f  con­
ifers

o f  all 
species

o f  con­
ifers

o f  all 
species

o f con-\ o f all 
ifers species

Private Woodlands 
Forestry Commission ....

12,420
8,849

6
5

2
4

10,190
7,844

4
4

3
4

3,564
12,191

17
15

4
14

26,174
28,884

6 2 
6 ! 5

Total 21,269 5 2 18,034 4 3 15,755 15 8 55,058 6 3
i

L A R I X  L E P T O L E P I S  ( J A P A N E S E  L A R C H ) :  H I G H  F O R E S T  A R E A S ,

T a b l e  24 p u r e  a n d  m i x e d  s t a n d s  c o m b i n e d , b y  a g e - c l s s e s , 19 4 7  Acres

Ownership
Age-class

1-10
yrs.

11-20
yrs.

21-30
yrs.

31-40
yrs.

41-60
yrs.

61-80
yrs.

Over 
80 yrs.

Uneven
aged

Total

Private Woodlands 
Forestry Commission

6,043
12,855

8,524
12,801

7,988
2,776

2,183
105

637
49

80 1 718
298

26,174
28,884

Total 18,898 21,325 10,764 2,288 686 80 1 1,016 55,058

It does n o t app ea r th a t the  range o f  Japanese 
larch  is lim ited  by tem pera tu re  in any p a rt o f  
B rita in  w here trees will grow . C om ing as it does 
from  the m o un ta in s o f  Jap an , th is is n o t unexpected, 
an d  there  are  m any exam ples o f  good grow th o f  
Japanese  larch  a t relatively high elevations, es­
pecially  in  W ales.

Japanese larch  will grow  u nder cond itions o f 
considerab le  exposure, provided th a t the soil is no t 
im poverished, a lthough  the tree  m ay lean over and  
tw ist badly , especially if  the p lan ta tio n  is established 
w ith  large p lan ts. T he branches, being repeatedly  
k illed  back  and  grow ing again, m ay fo rm  a very 
dense thicket, bu t the tree  con tinues to  grow.

SITE REQ U IREM EN TS

Japanese larch  is an  accom m odating  species and  
it has been used  o n  a  w ide variety  o f  sites. T hough  it 
requ ires a  fertile soil fo r its fu llest developm ent, 
w ith in  th e  clim atic lim its already  ind icated  it is a 
good  p ioneer species an d  soon  overcom es com peting 
vegetation . D ay  (1947), w ho investigated  the soils 
o n  w hich Japanese la rch  h a d  been p lan ted  in  W ales, 
show ed th a t it occupied  an  in term ediate  position  
betw een E u ro p ean  larch , p lan ted  on  m ore  fertile 
soils o f  b row n ea rth  type, an d  Scots pine, w hich 
h a d  been p lan ted  on  degraded  o r  podzolized soils. 
I t  has thus been used considerab ly  to  extend the range 
o f  larch , partly  because it is a  species m ore resistant

to  exposure an d  also because it is ab le to  grow  on 
degraded  o r  leached soils such as the up land  heaths. 
H ere, if  assisted by p loughing  and , w here necessary, 
by the application  o f  phosphate , it establishes itself 
rapidly . Japanese larch  is used in  m uch  the sam e 
w ay in  Scotland.

I t  is even grow n successfully w here Trichophorum  
(Scirpus) is p resen t (M acdonald , 1953), but w here 
it  does well on  such sites th e  soils have probab ly  
been degraded  by burn ing  an d  grazing, ra th e r th an  
being fundam entally  poor. Z ehetm ayr (1954) des­
cribes experim ental w ork  on  deep peat, where 
Japanese larch  has been grow n successfully in 
experim ents w ith  the use o f  pho sp h a te  fertilisers, 
b u t such sites m ay be beyond  the p ro p e r ran g e  o f  
Japanese larch.

Japanese larch  has been p lan ted  on chalk  soils on 
the S ou th  D ow ns, b u t as a  ru le  it is even less 
satisfactory  than  E u ropean  larch  u nder such 
conditions.

ESTABLISHMENT T E C H N IQ U E

n u r s e r y  p r a c t i c e . Japanese larch  is trea ted  in the 
sam e way as E u ropean  la rch  in the nursery. T he 
seed is ra th e r sm aller, averaging ab o u t 115,000 to  
the pound , an d  th e  germ ination  capacity  is usually 
larger, norm ally  averaging fo rty  per cent. T hus the 
sow ing a rea  per p o u n d  o f  seed is larger, usually 
som e fifty to  sixty square yards.
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T here is n o  difficulty in ob tain ing  usable one- 
year seedlings an d  in  fact it is som etim es found  tha t 
raising  the fertility  in  established nurseries by special 
m anuring  an d  sterilisation , etc., results in  larch 
seedlings unnecessarily large and  unbalanced. 
T his m ay also hap p en  in  hea th land  nurseries. 
F requen tly  to p  dressings o f  n itrogen  are om itted  
o r  reduced. T his is specially necessary fo r Japanese 
larch  because o f  its tendency to  harden  off late in 
th e  season.

Japanese larch, like E u ropean  larch, tends to  be 
sensitive to  m ineral sp irit weedkillers and  it should 
be trea ted  in the sam e w ay as the la tte r species.

v e g e t a t i v e  p r o p a g a t i o n . A gain, Japanese larch  
behaves sim ilarly to  E u ropean  larch bu t grafting, 
carried  o u t fo r purposes o f  tree breeding, is usually 
done o u t o f  doors, a fte r the E u ropean  species, 
in  la te  M arch. C uttings o f  Japanese larch take ro o t 
m ore  easily th an  those o f  E u ropean  larch.

d i r e c t  s o w i n g . D irec t sow ing o f  Japanese larch 
has som etim es been tried  (W ood and  N im m o, 1952) 
bu t w ith  little  success, and  there  is no doub t tha t the 
use o f  p lan ts is to  be preferred.

p l a n t i n g . P lan ting  is a lm ost universally carried  ou t 
w ith one-plus-one-year p lan ts, w hich m ay range 
from  ab o u t eight to  tw enty inches in  size, the larger 
p lan ts being used  fo r fertile  soils and  weedy sites, 
an d  the sm aller ones fo r exposed and  fo r p loughed 
sites. O n  p loughed  land , if  the site is likely to  be dry, 
it is especially im p o rtan t to  p lan t near the b o tto m  o f  
the fu rrow  w ith  th is species. O n unploughed  sites 
no tch ing  o r screefing w ith  spade o r m attock  is usual.

Japanese larch  flushes early  in  the spring, and  
therefore early  p lan ting  is m ost im portan t, larches 
being the first species to  be dealt w ith a t the beginning 
o f  the season. A u tum n  planting , as som etim es 
recom m ended fo r deciduous species, is no t usually 
found  satisfactory.

A lthough  fertilisers are  n o t requ ired  on  m any 
soils w here larch  is used, phospha te  is usually  essen­
tia l o n  hea th  an d  peatland . Japanese larch  is 
particu larly  sensitive in  its response to  fertilisers, 
a n d  to  o th er fac to rs such as lack o r  excess o f  
m oisture, an d  a lthough  if  conditions are suitable its 
early  g row th is fast, if  they are  unsu itab le  it does no t 
go in to  a  s ta te  o f  check like spruce bu t fails to  
survive fo r long (Z ehetm ayr, 1954).

s p a c i n g . In  early  p lan ta tions Japanese larch  was 
closely spaced. I t  w as believed to  be a  ra th er m ore 
shade-bearing  species th an  E u ropean  larch  an d  w ith 
a coarser b ranch  form . H ow ever, as its rap id  early 
g row th an d  light-dem anding characteristics becam e 
know n, spacings w ere w idened, until now adays five 
a n d  a  h a lf  o r  six feet to  seven feet is norm al, o r  even 
eight feet in th e  west w here the early grow th is excep­
tionally  fast.

t e n d i n g  a n d  t h i n n i n g

w e e d i n g . Japanese larch  grows vigorously in its 
early years so th a t weeding is no t usually carried  on 
fo r long.

t h i n n i n g . M any o lder crops, closely spaced a t the 
s ta rt an d  lightly th inned thereafter, h ad  their live 
crow ns seriously reduced, and  though  la ter thinnings 
released them , crow n recovery has often  been slow 
and  the crops have suffered perm anent dam age. 
H eavy (D) grade thinnings are now norm al practice, 
an d  such th innings s ta rt early in life when the crop  
reaches a  to p  height o f  ab o u t twenty-five feet. 
H iley (1952) is an  exponent o f  a  policy o f  heavy 
th inning to  leave an  extrem ely low num ber o f  stems 
per acre, con tro lled  quantitatively, instead o f  silvi- 
culturally , by the canopy classification o f  the trees.

p r u n i n g . N atu ra l p run ing  takes place readily, 
an d  artificial assistance has no t usually been found 
desirable. B ut w ith wide spacing a t planting , and  
heavy th inning, p run ing  m ay be necessary.

O T H E R  S IL V IC U L T U R A L  CH ARA CTERISTICS

Japanese larch is a strong  light-dem ander, 
a lthough  ra th e r less so than  E u ropean  larch (A nder­
son, 1940). A  special characteristic , unusual in a 
deciduous light-dem anding  tree, and  first no ted  by 
F orbes (1925) is “ its pow er o f  quickly killing off 
surface vegetation, an d  a m ixture o f  it w ith  any 
species possesses distinct silvicultural advantages” . 
This has led bo th  to  the extensive use o f  Japanese 
larch  as a  fire belt ro u n d  p lan ta tions (Forestry  
C om m ission, 1939) an d  also  to  the extensive use o f  
Japanese larch  as a nurse. It was form erly re ­
com m ended as a  nurse for broadleaved species, bu t 
on  the soils su ited  to  them  the larch grows too  
v igorously and  becom es uncontro llab le . N ow, its 
success as a  p ioneer on  up land  heaths has led to 
its use w ith  o th er m ore dem anding conifers such as 
spruce. In tim ate  m ixtures w ith these w hich have 
been used involve difficulties in  tending, and  three 
row  strips o f  nurse an d  nursed  species are  now m ore 
com m only  used.

T he fast g row th  o f  Japanese larch  in y ou th  has 
com m ended it fo r use on  o ld  w oodland  sites if the 
reg row th  is n o t so tall as to  necessitate the em ploy­
m en t o f  a  m ore shade-bearing  species.

Its to lerance o f  exposure, coupled  w ith ils fast 
grow th, m akes it especially suitable fo r shelterbelts, 
p rov ided  th a t the exposure is no t too  severe (C adm an 
1953).

A  system  o f  heavy th inning in  m iddle life, w hich 
has been extensively recom m ended, is som etim es 
p ractised  and  affords an  oppo rtun ity  o f  under- 
p lan ting  w ith a  shade-to leran t species, to  form  
a tw o-storeyed forest w hich m ay term inate  either 
in  a m ixture o f  the tw o species o r in the treatm en t 
o f  the larch  sim ply as a  pioneer, involving its early
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rem oval. In  this case the Japanese larch serves the 
function  o f  producing  an  early in term ediate yield 
o f  sm all tim ber and  is o f  g reat service in easing the 
problem s o f  forest finance.

RA TE OF G R O W T H  A N D  YIELD

Figures fo r g row th an d  yield are  con ta ined  in  the 
B ritish yield tables (H um m el and  C hristie, 1953) 
w hich give details up to  the age o f  fifty years. The 
tables are based on  records from  ninety-six per­
m anen t sam ple plots. A t fifty years o f  age the first 
Q uality  C lass has a to p  height o f  ninety feet and  
the last (V), fifty feet, these figures being ten feet 
h igher than  the co rresponding  ones fo r E uropean  
larch.

T he m ean to ta l volum e p roduc tion  per acre from  
Q uality  C lass 1 a t fifty years is 7,500 H oppus feet, 
and  th a t fo r Q uality  C lass V, 2,600 H oppus feet.

N ineteen  o f  the sam ple plots are  a t elevations 
o f  one thousand  feet o r m ore, and  a t this height 
they fall m ainly in Q uality  C lass III, w ith one p lo t in 
Q uality  C lass II. T here is one p lo t over 1,500 feet, 
and  it is in Q uality  C lass V.

N o t m any trees appear to  have reached 100 feet in 
height yet, bu t there are  m any records o f  quick 
g row th  in you th , e.g. heights o f  twenty-five feet in 
e igh t years, fo rty  feet in eleven years (D evon), fifty- 
n ine feet in  tw enty-one years and  seventy-nine feet 
in th irty  years (Argyll).

M ention  should  be m ade o f  the theory  tha t 
Japanese larch ceased height g row th a t an  early age, 
a n o tion  p robab ly  derived from  the high p ro p o rtio n  
o f  trees w hich were m easured in  the drier p a r t o f  the 
coun try  (M acdonald , 1951). Successive revisions 
o f  the yield tables, based  on a  h igher p ro p o rtio n  o f  
p lo ts in  m oister clim ates, have show n th a t the 
theory  is unfounded .

DISEASES

In  the nursery , the leaf-cast caused by M eria  
laricis has recently  been found . In  the au tum n, 
Japanese larch  is also  ra th e r subject to  a ttacks by 
G rey M ould  (B otrytis cinerea), bu t so fa r the dam age 
has n o t been serious. In  th e  forest, canker an d  die­
back  o f  the k ind  found  o n  E u ropean  larch  is only 
occasionally  reported . Severe cankering  o f  the 
b rashed  stem  som etim es occurs, an d  has been 
variously  a ttr ib u ted  to  fro st an d  to  th e  fungus 
Phomopsis pseudotsugae. Japanese larch  seems 
particu larly  susceptible to  Arm illaria mellea, the 
honey fungus.

p e s t s . See the n o te  on  the genus Larix.

O T H E R  FORM S OF D A M A G E

w i n d b l o w . T here  is n o  reason  to  believe th a t 
Japanese larch  differs from  the E u ro p ean  larch  in  
its susceptibility  to  dam age from  storm s.

a t m o s p h e r i c  p o l l u t i o n . Japanese larch  was 
p lan ted  to  a  considerable exten t on  the N o ttin g h am ­
shire sandstones partly  on  accoun t o f  its resistance 
to  dam age by sm oke, an d  w here it d id  no t die o f  
d rough t, it was successful. O n p o o r soils in the 
Pennines it is n o t show ing the sam e capabilities. 
W here soil conditions are  good it is possible 
th a t this species show s g reater resistance to  a tm o s­
pheric  po llu tion  th an  its E u ropean  coun terpart. 
(C onder, 1957).

f r o s t . In  the early  years o f  its use, Japanese 
larch  was considered to  be resistan t to  frost bu t 
D ay  (1950) investigated cases w here it h ad  suffered 
bo th  frost dam age and  canker, th ough  n o t in the 
sam e m anner as E u ropean  larch ; an d  he considered 
th a t the differences in  susceptibility to  frost betw een 
Japanese larch  an d  the hardy  provenances o f  E u ro ­
pean  larch  are small.

SEED A N D  SEED -BEA RIN G

Japanese larch  com m ences flowering in late 
M arch  o r  early A pril, bu t, as w ith o th er species o f  
larch, the flowers are  often  dam aged by spring  
frost an d  poten tia lly  high seed p ro d u c tio n  is reduced. 
In  m ost years the cones should  be collected in 
Septem ber.

T he first flowers are  p roduced  betw een the fifth 
and  ten th  years an d  good  crops o f  cones m ay  be 
collected from  the fifteenth to  tw entieth  years. T he 
m axim um  p ro duc tion  is reached betw een the fo rtie th  
and  sixtieth  years, and  good  seed crops usually  
occur a t intervals o f  three to  five years. (M atthew s, 
1955.)

G EN ETICS A N D  BR EE D IN G

R egistered  seed sources com prise six “P lus” and  
“A lm ost P lus” stands, to ta lling  ab o u t fifty-five acres, 
an d  n ineteen  “ N o rm a l” stands to talling  ab o u t 117 
acres. Eighty-six Plus trees have been selected, fo r 
use b o th  in  the im provem ent o f  Japanese larch  an d  
as paren ts o f  the hybrid  larches L a rix  eurolepis an d  
L a rix  gm elini X leptolepis.

Seed orchards a re  being p lan ted  an d  it is p roposed  
to  establish  fo rty  acres by 1963. T his, it is estim ated , 
will p roduce  ab o u t one q u a rte r o f  the cu rren t annual 
seed requirem ent in B rita in , w hich is ab o u t 2,000 lb.

N A T U R A L  R E G EN ER A TIO N

N a tu ra l regenera tion  occurs occasionally  bu t it 
rarely  persists, and  it is n o t as yet m ade use o f  in 
forest m anagem ent.

TIM BER

T he tim ber is used m ainly fo r esta te  w ork  an d  fo r 
p it-w ood. I t  is n o t liked fo r packaging  purposes as 
it tends to  sp lit w hen nailed  an d  is to o  resinous to  be 
used in boxes fo r foodstuffs. Its h igh  resin co n ten t also



Plate 1. Araucaria araucana. H eight 60 ft. G irth  8 ft. W hittingeham e, E ast Lothian.



Plate 2. Abies nobilis. 28 years old. T op  height 43 ft. M ean girth  20) inches. V olum e per acre
2,752 H oppus feet. T ree on right show ing d ro u g h t crack, G w ydyr, C aernarvonshire.



Plate 3. Cedrus deodara. 45 years old. T op  height 623 ft. M ean g irth  28 inches. V olume per acre
3,665 H oppus feet. Bagley W ood, Berkshire.



P late  4. E u ro p ean  larch, L arix  decidua. Selected plus trees. 140-150 years old. B allindalloch,
Banffshire.



Plate 5. N orw ay spruce, Picea abies. 54 years old. T op  height 93A ft. M ean girth 40 inches.
V olume per acre 5,300 H oppus feet. T intern , M onm outh .



Plate 6. Picea om orika. 23 years old. M ean height 22 ft. R ockingham  Forest,
N ortham p tonsh ire .



Plate 1. Pinns coiilorta. 31 years old, D albeattie , K irkcudbrightshire ,



Plate 8. C orsican pine, Pirns nigra var. calabrica. 54 years old. T op  height 80 ft. M ean g irth
45 inches. T hetford , N orfo lk . V olum e per acre 4,270 H oppus feet.



i 
A

Plate 9. D ouglas fir. Pseudot.suga taxifolia. 96 years old. M ean height 125 ft. M ean g irth  9ft. I in.
V olum e per acre  9.740 H oppus feet. B olderw ood. N ew  Forest.
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P late 13. Tsuga heterophylla. 25 years old. T op  height 53i  ft. M ean g irth  21 inches. V olum e 
per acre 2,140 H oppus feet. G w ydyr, C aernarvonshire.



Plate 14. Eucalyptus gunnii ‘whittingehamensis\  P lan ted  1840. Age 116 years. H eight 96 ft. G irth
22 ft. 9 inches. W hittingeham e, East L othian .



Plate 15, Nothofagus procera. 20 years old. H eight 42 ft. P lan ted  u nder E uropean  larch, L a rix
decidua. H aldon , Devon.



Plate 16. R ed oak , Quercus borealis. 51 years old. T op  height 73 J ft. M ean g irth  301 inches.
V olum e per acre 1,969 H oppus feet. H erria rd  Park , H am pshire.
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renders it unsu itab le  fo r the m anufacture  o f  w ood 
wool and  fo r fibre boards.

Japanese larch  has ob ta ined  a rep u ta tio n  inferior 
to  th a t o f  the E u ropean  species, b u t there is som e 
doub t if  it is really poorer. R ecent streng th  tests, 
carried  o u t on  sm all clean specim ens and  jo ists cu t 
from  a ra th e r lim ited num ber o f  thinnings, show 
that it has roughly the sam e streng th  properties as 
E uropean  larch, a lthough  it is ab o u t fo u r pounds 
per cubic foo t lighter. P resent indications are  th a t it 
may find a use as a struc tu ra l tim ber on  account o f  
its good  strength/w eight ratio .

POTEN TIA LITIES  OF T H E  SPECIES IN  TH E N A T IO N A L 
ECO N OM Y

Japanese larch is extensively p lan ted  because it is 
a  good  pioneer species on  the better-drained  and  
m oderately  fertile soils, and  because the tim ber is 
useful fo r esta te  w ork  an d  o ther purposes. I t has 
perhaps no p a rticu la r place o f  its own, bu t owes 
its popu larity  to  its ease o f  establishm ent, rap id  
early g row th  an d  yield, and  the desire to  b reak up 
pure blocks o f  o ther species such as spruce. If, as 
expected, the tim ber o f  the two larches proves to  be 
equally valuable, then  the potentialities o f  Japanese 
larch are  greater th an  E uropean  larch, because o f 
its ability  to  grow  u nder m ore difficult conditions. 
B ut the volum e p roduc tion  o f  larch  is low com ­
pared w ith o ther exotic species w hich can occupy 
sim ilar sites; the uses fo r w hich the tim ber is su it­
able are som ew hat dissim ilar, and  these factors will 
no d oub t opera te  in  determ ining the fu ture  status 
o f  the species.

M .V.E.

L arix  occidentalis N u tta ll
The W estern  la r c h ; a native o f  N o rth  A m erica 
where it is found  betw een the R ocky M ountains and  
the C ascade R ange in O regon, W ashington and  
southern  B ritish C olum bia a t elevations o f  from  
2,500 to  6,000 ft. above sea level. I t was in troduced  
as recently  as 1881, a lthough  it had  been discovered 
by D avid D ouglas in 1826. M any trial p lan tations 
were m ade ab o u t the beginning o f  th is century, a 
list o f  w hich is given in a  paper by A. H enry  (1922), 
bu t it has been little p lan ted  in the last forty  years. 
A lthough  it grow s quite well in m any districts, it is 
now here able to  rival e ither the E uropean  o r  the 
Japanese larches, and  fo r this reason there is no 
place as a forest tree fo r it. As an  exam ple o f  its 
g row th in p lan ta tion  as a young tree, reference m ay 
be m ade to  a  p lan ta tio n  a t G o rd o n  Castle, M oray­
shire (M acdonald , 1930) w here in  20 years it had  
a  m ean heigh t o f  34^ ft. an d  a  volum e o f  750 hoppus 
ft. per acre, a  ra te  o f  g row th sim ilar to  th a t o f  E u ro ­
pean larch  o f  Q uality  C lass II.

L arix  pendula Salisbury

This tree is m entioned  because it is frequently  
referred  to  in  the literature , bu t there seems to  be no  
agreem ent ab o u t w hat it is. The general view is th a t 
it is a  hybrid  w ith L . laricina in its ancestry. T here 
have been several good  trees o f  L. pendula  in  G rea t 
B ritain , the best know n o f  which, now felled, was a 
specim en a t W oburn , B edfordshire. It was 105 ft. in 
height an d  was well over a century old.

L arix  potaninii B atalin

In troduced  in  1904 from  W estern  C hina, this tree 
is rare  in  G rea t B rita in  and , so far, has n o t show n 
any p rospect o f  success. N o th ing  is know n ab o u t 
its ra te  o f  g row th o r  site requirem ents.

L arix  sibirica L edebour

A species o f  wide d is tribu tion  in the n o rth e rn  parts  
o f  the Soviet U n ion , L . sibirica was in troduced  in 
1806 by the D uke o f  A tholl. I t  has p roved  to  be 
unsu itab le  fo r use in  this coun try  because it flushes 
very early  an d  is cu t back by spring  frosts. T he 
lea f buds have been know n to b reak  in January . 
H ere and  there individual trees have survived and  
have m ade good  progress as, fo r exam ple, a  specim en 
a t K ew  w hich grew to 68 feet in 57 years. This, 
how ever, is exceptional.

J.M .
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Libocedrus Endlicher 

T he genus Libocedrus, w hich has representatives in 
bo th  th e  N o rth e rn  and  the Southern  H em ispheres, 
has n o t figured prom inently  in G reat B ritain , even 
in arboricu ltu re , fo r n o t all the species are hardy  and  
o f  those w hich do survive in o u r conditions, only 
one, L. decurrens, can  be said to  grow well. O f the 
o thers, L . chilensis and  L . tetragona are occasionally 
m et w ith while L . plum osa, which is very rare, su r­
vives only in the m ildest parts o f the south-w est.

L ibocedrus chilensis (D . D on) E ndlicher 
A native o f  Chile, this tree was in troduced  in 1847, 
bu t has h ad  little  success. Its appearance is no t 
a ttrac tive  an d  this m ay have discouraged planters 
from  try ing  it m ore  frequently ; but where it is found 
in G rea t B ritain  it is grow ing slowly and  has really 
little  to  com m end it. A  small p lo t o f  L. chilensis 
w hich was p lan ted  a t Bedgebury because it was felt 
a t the tim e th a t it m ight have som e use in the forest, 
has grow n m oderately  well, the trees having reached 
16 ft. in height in 13 years, but the crop  seems to  be 
lacking in vigour, and  does no t suggest m uch 
prom ise fo r the future. A lthough it was reported  by 
Elwes and  H enry  th a t m ost o f  the plants o f  the 
orig inal in troduction  were killed by frost, recent 
experience a t Bedgebury indicates th a t the tree has a 
m easure o f  fro st hardiness. Individual specim en 
trees o f  up to  50 ft. in height have been recorded.

Libocedrus decurrens T orrey

T his tree, know n as the Incense cedar, is a native 
o f  O regon  and  C alifo rn ia  an d  was in troduced into 
G rea t B rita in  in 1853. I t  has been p lan ted  widely 
as a  specim en tree and  has been m ost successful as 
an  o rnam en ta l because o f  its rich green co lour and 
its strictly  co lum nar hab it o f  grow th. It does no t 
seem  ever to  have been used as a forest tree, no t even 
in tr ia l p lan ta tio n s on a sm all scale, and  this is 
su rp ris ing  w hen one considers how m uch better it 
h as  grow n in m any places than  som e o f  the conifers 
w hich have been tested in  this way.

T hough  widely d istribu ted  as a p lan ted  tree in G reat 
B ritain , it is n o t com m on and  relatively few young 
specim ens are  found. F rom  existing evidence there 
seem s to  be no clim atic bar to  its use bu t there is 
insufficient in fo rm ation  ab o u t its soil requirem ents 
as existing trees are found  only on  the better soils.

T here is only one recent record  o f  a tree o f  
Libocedrus decurrens w ith  a height o f  m ore than  100 
ft., a t W estonbirt, w here one specim en is 101 ft. 
h igh w ith a breast height g irth  o f  8 ft 6 in. T rees o f  
over 90 ft. in height have been recorded  from  
W estonbirt, G los.; and  from  D ropm ore , B ucking­
ham shire; W est D ean, Sussex; N uneham , O xford ­
shire and  E astnor Castle, H erefordshire.

L ibocedrus tetragona, Endlicher 

Libocedrus tetragona  was in troduced  by W illiam  
L obb from  South  A m erica as long ago as 1849, but 
it has never thrived in G rea t B ritain and is no t often  
seen.

J.M .

M etasequoia H u and  Cheng

M etasequoia glyptostroboides H u and  C heng .

T he discovery o f  this tree in C hina in 1945 aroused 
interest all over the w orld  am ong botanists and  
foresters because it h a d  been know n previously only 
from  fossil records. T he first seed cam e to  G rea t 
Britain in 1948 from  the A rno ld  A rbore tum  in 
A m erica, and  a second consignm ent was b rough t in 
later. T he num ber o f  plan ts raised  from  these in tro ­
ductions o f  seed was relatively sm all bu t it was soon 
discovered th a t M etasequoia  could  be rep roduced  
readily from  cuttings an d  the stocks so produced  
have been widely spread by p lanting . It is p robab le  
th a t there is only a  lim ited  num ber o f  clones re­
presented in the country  and, if any o f  them  should  
prove unsatisfactory , this m ay have un fo rtuna te  
effects on  the tree’s future.

Trees p lan ted  in this country  have generally 
grow n rapid ly  soon a fter p lanting , and  by 1956 
several trees in different districts had  exceeded 12 ft. 
in height, though  none, so far as is know n, had  
exceeded 25 ft. So far, M etasequoia  has no t been 
greatly troub led  by frost, bu t it succum bed to  an  
a ttack  by Arm illaria meilea  on  one occasion. O ne 
tree is reported  to  have borne  fertile seed.

T he tree is readily p ropagated  by cuttings taken  
in June and  July and  inserted in an unheated  p ro ­
pagating  fram e (M atthew s, 1952).

O ne o r tw o tria l p lan ta tions o f  M etasequoia  have 
been form ed bu t these are  still in their early stages. 
W e canno t say w hat will be the fu tu re  o f  this 
tree which, as yet, is no m ore th an  an interesting 
novelty.

J.M .
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Picea A. D ietrich

T his is a large genus, w ith species d is tribu ted  over 
the tem perate  zone o f  the N o rth e rn  H em isphere, 
m ost o f  w hich have been grow n in G rea t B rita in  a t 
one  tim e o r  another. T he exotic spruces vary greatly 
in  im portance; they include tw o o f  o u r m ost im ­
p o r ta n t fo rest trees Picea abies and  P. sitchensis; 
several w hich have been used in a sm all way in 
fo restry  a t various tim es, like P. oniorika, P. glauca 
a n d  P. engebnanni', and  one, P. orientalis, w hich has 
been strangely neglected although  it grows quite 
well. O thers, such as P. breweriana, possibly the 
m ost handsom e conifer in cultivation , and  P. 
pungens, have been used chiefly fo r ornam ental 
purposes. O f the rest, a lthough  several have been 
tr ied  in experim ental p lan ta tions and  m any have 
been plan ted  widely as specim en trees, there is 
none w hich has given any prom ise o f  wide usefulness. 
M any o f  the spruces are trees o f  small sta tu re  w ith 
us and  easily dam aged by frost.

DISEASES A N D  PESTS

u n s e c t s . T he spruces are  subject to a ttack  by 
q u ite  a large num ber o f  defoliating  insects. Seven 
species o f  sawfly— Pristiphora abietina  C hrist., 
P. subarctica  Forssl., P. saxeseni H tg ., P. ambigna 
Fall., P. amphibola  F o rst., Pachynematus scutellatus 
H tg .. P. montaim s Z add ., and  Gilpinia hercyniae 
H tg .— occur on spruce, o f  which Pristiphora abietina 
is the com m onest and  does the m ost dam age al­
th o ugh  it is no t really a serious pest. Gilpinia 
hercyniae is a potential m enace o f  som e note. O f the 
tw o bud-feeding species, Pristiphora ambigna is m ore 
num erous on Sitka spruce and  P. amphibola on 
N orw ay  spruce. A m ongst L epidopterous species 
w hich feed on spruce, Eucosm a tedella  C lerck, a 
needle-m ining type, causes a considerable am ount 
o f  dam age on occasion, w hilst E. diniana G uen. is o f 
m in o r im portance on Sitka spruce. A n aphid , 
N eom yzaphis abietina W lk., occurs on m any Picea 
species (Fox-W ilson, 1948).

In N orw ay spruce crops grow n fo r C hristm as 
trees, a ttacks o f  the red  spider, Paratetranychus 
tmunguis Jac., cause foliage brow ning  and  defolia­
tion , and  the gall-form ing A delgid species can also be 
troublesom e. T he la tter g roup  also, o f  course, 
occurs on forest crops bu t is o f  no practical signific­
ance (Forestry  C om m ission, 1952a).

O f the bark  beetles occurring  on spruce in Britain, 
Polygraphus poligraphus L. is the m ost harm ful 
species. Ips typographic  L., an o th e r im portan t 
sp ruce bark  beetle, has en tered  B ritain  in large 
num bers (Laidlaw , 1947) bu t has n o t becom e 
established.

T he larvae o f D ioryctria abietella  SchifT. are 
fairly  com m only  found  m ining the in terio r o f 
N o rw ay  spruce cones, w hilst M egastigm us stro-

bilobius R atz . infests N orw ay spruce seeds.
f u n g i . These a re  described below  u nder Picea  

abies, P . sitchensis an d  P. om orika. N o t m uch  in ­
fo rm ation  ab o u t the m inor species is available, bu t 
all species o f  spruce app ea r to  be susceptible to  
b u tt-ro t caused by Fomes annosus.

Picea abies (L innaeus) K arst. (P. excelsa  L ink)
(P late 5)

C O M M O N  NAME

N orw ay spruce. T he tim ber is usually  know n as 
spruce o r N orw ay spruce.

C O U N T R Y  O F  O R I G I N  A N D  P R O V E N A N C E

“T he tree  is a native o f E u rope  w here it has a  wide 
d is tribu tion , ranging from  the Pyrenees, A lps, and  
B alkans, no rthw ards to  S ou th  G erm any an d  E ast 
Prussia, to  Scandinavia an d  eastw ards th ro u g h  the 
C arpath ians an d  Po land  to  W est R ussia” . (D alli­
m ore an d  Jackson , 1948.) In no rthern  Scandinavia 
an d  W estern  R ussia there is a very wide zone w here 
hybrids occur betw een N orw ay  spruce an d  Siberian 
spruce, P. obovata  (W right, 1955).

T here are  a few experim ents w hich illu stra te  the 
reaction  o f  certain  E u ropean  provenances to  con ­
ditions in G rea t B rita in . A s the o ldest a re  only 
tw enty years o f age, results a re  n o t conclusive. 
E dw ards (1955) observes “ N orw ay  spruce o f  so u th ­
east E u ropean  provenances grows m ore vigorously 
th an  any o thers tested. Provenances from  F in land , 
N orw ay an d  Sweden have been the least successful, 
especially those from  th e  m ost no rth ern  regions. P ro ­
venances from  G erm an  a n d  A lpine sources are 
in term ediate in vigour o f  g row th” .

H IST O R IC A L NOTES

N orw ay spruce was present in  G rea t B rita in  in 
pre-glacial tim es, bu t d id  n o t re tu rn  to  th is country  
or to  the coastal fringe o f w estern E urope, except 
in N orw ay, a t the end  o f the last glacial period.

F o r  m any years it has been accepted  th a t spruce 
was in cultivation  in B ritain  in the first h a lf  o f  the 
16 thcen tury . L o u d o n (1 8 3 8 )s ta ted : “ T u rn er includes 
it in his “ N am es o f H erbes” , published in 1548; and  
b o th  G erard  an d  Park inson  not only give very good 
engravings o f it; bu t speak o f its being found  in 
great quantities in different parts  o f the island. 
The early B ritish w riters on trees, how ever, 
appear to  have often confounded  the Scotch p ine 
w ith the spruce fir. . and  it is repo rted  by 
B oodle (1917) th a t a fter exam ination  o f the w ritings 
o f these au tho rs  there  was “ no  confirm ation  o f the 
. . . .  opinion th a t this tree  had  been in troduced  by 
the m iddle o f th e  16th century . . . .” . A lthough  the 
d ate  o f its in troduction  is n o t know n, N orw ay 
spruce is accepted as one o f the earliest in troductions 
to  G rea t B ritain.
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England Scotland Wales Great Britain

Ownership
Area
Acres

Percentages
Area
Acres

Percentages
Area
Acres

Percentages
Area
Acres

Percentages

o f  con­
ifers

o f all 
species

o f  con­
ifers

o f  all 
species

o f con­
ifers

o f all 
species

o f  con-, o f  all 
ifers species

Private Woodlands 
Forestry Commission ....

15,435
26,122

8
13

2
11

29,223
41,562

11
21

8
21

2,953
17,858

14
21

3
21

47,611 
85,542

10 ' 4 
18 16

Total 41,557 11 4 70,785 16 12 20,811 20 11 133,153 1 14 8
i

P I C E A  A B I E S  ( N O R W A Y  S P R U C E ) :  H I G H  F O R E S T  A R E A S ,

T a b l e  26  p u r e  a n d  m i x e d  s t a n d s  c o m b i n e d , b y  a g e - c l a s s e s , 1947  Acres

Ownership
Age-class

1-10
yrs.

11-20
yrs.

21-30
yrs.

31-40
yrs.

41-60
yrs.

61-80
yrs.

81-120
yrs.

O ver 
120 yrs.

Uneven
aged

Total

Private Woodlands 
Forestry Commission

6,509
39,697

6,227
32,192

10,618
9,307

6,719
1,138

7,655
306

3,766
112

1,180
71

182 4,755
2,719

47,611 
85,542

Total 46,206 38,419 19,925 7,857 7,961 3,878 1,251 182 7,474 133,153

1950 to  1955, a t least a fu rther 38,000 acres o f  
N orw ay spruce have been p lan ted  by the Forestry  
Com m ission. T his figure is exceeded only by S itka 
spruce, Scots pine an d  Japanese larch. N o figures 
are  available fo r the sam e period  for p rivately  
ow ned w oods bu t it is certain  th a t a su b s tan tia l 
acreage has been planted.

C L IM A T IC  REQ U IREM EN TS

N orw ay spruce, though  a continen tal tree, is a  very 
accom m odating  species and has grow n well in th is  
country  in m any different localities. In  general it 
does least well in areas w ith an  annua l rainfall o f  
less th an  35 to  40 inches, bu t there a re  m any  
exam ples o f N orw ay spruce grow ing satisfactorily  
on m oist sites w here the annual rainfall is less th an  
this.

Low  w inter tem peratures rarely affect N orw ay  
spruce, bu t spring  frosts can  do considerab le  
dam age to  young trees (D ay and  Peace 1946); 
a lthough  they are often  severely cut back by frost, it 
is very unusual for any to  be killed com pletely.

N orw ay spruce does no t w ithstand  exposure 
well. O n exposed sites w here it can  be estab lished , 
the needles becom e brow n, m any are  lost, an d  the 
tree grows very slowly. B ut resistance to  snow  is 
very good, especially in the narrow  crow ned form s. 
It is very susceptible to  salt-laden winds. O nly in 
relatively sheltered in land areas do the trees grow  
satisfactorily  a t an elevation o f over 1,000 feet.

EX T E N T  O F  P L A N T I N G

N orw ay spruce has been a  favourite tree  for 
fo rest p lan ting  fo r very m any years, and  it is now  
found  th ro u g h o u t B ritain . T he Census o f W oodlands 
m ade in  1947-49 (F orestry  C om m ission 1952) gives 
som e in teresting  figures and  T able 25 has been m ade 
u p  from  th e  C ensus R eport.

T he im portance  o f the species m ay be seen when 
it is realised th a t the area  covered (8 per cent) is 
surpassed  only by the three native species, oak  
(24 per cent), Scots p ine (20 per cent), beech 
(9 per cent) an d  by one in troduction , Sitka spruce 
(9 per cent).

In  high forest stands up  to  th irty  years o f age, 
N orw ay spruce is the species w hich occupies the 
th ird  greatest a rea  in b o th  privately ow ned woods 
and  in F orestry  C om m ission areas; it is surpassed in 
the fo rm er by Scots p ine  and  E uropean  larch, and  
in  the la tte r by S itka spruce and  Scots pine. W hen 
privately ow ned an d  F orestry  C om m ission w oods 
are  considered  together, N orw ay spruce still holds 
th ird  p lace— to  Scots p ine and  Sitka spruce.

T ab le  26 above, w hich has been com piled from  
the  C ounty  details o f  the Census R eports (Forestry  
C om m ission, 1953) gives the age-class d is tribu tion ; 
the g rea t increase in  p lan ting  by the Forestry  
C om m ission a fter 1927 can be seen.

P lan ting  o f N orw ay spruce has con tinued  on a 
large scale in  recent years and  it is estim ated th a t 
in the six years follow ing the Census, th a t is from
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SITE REQUIREM ENTS

N orw ay spruce has done well on m any different 
site types, in particu lar m oderately fertile m oist, 
grassy o r rushy land, dam p old w oodland  sites, and  
the m ore fertile shallow  peats. O ne o f its m ain 
requirem ents is an  adequate  supply o f  m oisture, and  
because it is often p lan ted  on shallow  soils, it is very 
liable to  be affected by d rought, no t only o n  n o r­
m ally dry sites bu t in dam p areas w hich are  liable 
to  dry o u t in exceptionally dry w eather. O n m oist, 
po rous soils it can roo t deeply; bu t it is also capable 
o f grow ing in shallow  wet soils an d  this is one o f the 
tree’s m ost im portan t features. O n shallow  peats 
overlying clays, a good drainage system  to prevent 
the fo rm ation  o f wet hollow s is considered m ost 
im portan t.

I t is liable to  go in to  check, w hich m ay last for 
m any years, on heather land ; and  is no t su itable for 
p lan ting  on the poorest dry heaths o r wet m oors. 
C heck is a  com plex phenom enon in w hich com pet­
ition  for n itrogen betw een the trees and  the heather 
is an im portan t factor (L eyton 1951). N orw ay 
spruce is unsu itab le  fo r calcareous soils.

ESTABLISHMENT T E C H N IQ U E

n u r s e r y  p r a c t i c e . N orw ay spruce seed, which 
does n o t need any special trea tm en t beforehand, 
should be sown early in the spring. T he m ost 
satisfactory  broadcast sow ing density is 50 square 
yards o f seedbed per po u n d  o f seed o f 85 per cent 
germ inative capacity . A fter sowing, the seed is 
covered w ith \  inch o f coarse sand  o r grit, bu t no 
overhead seedbed covers, fo r exam ple lath  screens, 
a re  needed as a  p ro tection  against frost.

A  tw o-year-old  seedling is com m only  preferred  
fo r lining-out, bu t one-year-old seedlings are  som e­
times grow n to a satisfactory  size in  heath land  
nurseries. T he seedlings are  lined ou t a t a  spacing 
o f  ab o u t 2 inches by 9 inches w ith the object o f 
p roducing  a  tw o-year-tw o-year p lan t. O ccasionally 
tw o-year-one-year p lan ts are  large enough for 
p lanting .

v e g e t a t i v e  p r o p a g a t i o n . V egetative p ropagation  
is used on a  sm all scale for tree  breeding work.

Grafting. F o r  roo tstocks, w ell-grown, sturdy 
transp lan ts are  used, o f  one o f tw o sizes, e ither plants 
9 to  15 inches in height an d  ab o u t the thickness of 
a  pencil a t the base, o r p lan ts m ore th an  18 inches in 
height and  from  £ to  f  inches in  d iam eter a t a  height 
o f 6 inches. T he age o f  the p lan t varies w ith local 
conditions. T he scion w ood is collected in M arch for 
grafting  u nder glass, an d  in A pril fo r g rafting  in the 
open nursery. Scions fo r im m ediate use m ay be 
collected in A pril; one-year w ood is alm ost always 
su itab le  as scion w ood.

G rafting  m ay be done u nder glass in  M arch, and  
in the open from  the m iddle o f  A pril to  th e  first week

in M ay. T he best m ethod  is p robab ly  the  “ veneer 
side” graft, using roo tstocks o f the sm aller size u nder 
glass, an d  o f bo th  sizes in the open  nursery. T he 
cu tting  back o f the roo ts tock  begins w hen the scion 
has becom e very active; it m ust be done slowly and  
carefully.

N orw ay spruce has been found  difficult to  g raft; 
the success achieved has varied from  25 up  to 40 per 
cent accord ing  to  the quality  o f  the m aterial.

Cuttings. Sum m erw ood cuttings taken  in late June 
and  in July, consisting o f one-year-old  w ood 4 to  6 
inches long, have been found  to  be th e  m ost sa tis­
factory ; cu ttings from  o ld  trees have often  been 
difficult to  root.

d i r e c t  s o w i n g . Som e recent trials have show n th a t 
it is possible to  establish  N orw ay  spruce on  hea th ­
land  by sow ing on p repared  patches w ith the help  o f  
n itrogen and  phosphate  fertilizers, bu t the m ethod  is 
an uncertain  one. O n peat m oorland , the trials 
show ed th a t early weed grow th sm others the young 
seedlings.

p l a n t i n g . Planting  is the only m ethod  em ployed 
in p ractice  fo r establishm ent, and  stock  o f no rm al 
sizes are  used. O n good low land sites w here this 
species is so often  p lan ted , no g round  p repara tion  is 
usually  required , a lthough  som e screefing m ay be 
done. W here there is a very strong  grow th o f  grass, 
som e form  o f cu ltivation  is desirable to  give the 
p lants tem porary  freedom  from  weed com petition  
an d  this is usually  achieved by ploughing  a t  five foo t 
intervals. O n the better m oorland  peats, usually 
characterised  by the grass M olinia coerulea, it is 
sufficient to  plough a t w ider intervals, usually  17 o r 
22 feet, and  to  p lan t the trees on  turfs cu t from  the 
p lough ridges and  sp read  betw een the furrow s a t a  
spacing o f  ab o u t five feet in bo th  directions.

Fertilisers a re  scarcely ever used, as N orw ay 
spruce is n o t norm ally  p lan ted  on the p o o re r heaths 
an d  m oors.

s p a c i n g . T he com m onest spacing used fo r N orw ay 
spruce is 5 feet by 5 feet (1,740 p lants per acre) b u t 
on  p o o rer sites the spacing is som etim es reduced to  
4£ feet (2,150 plan ts per acre).

t e n d i n g  a n d  t h i n n i n g

w e e d i n g . Even on the best sites N orw ay  spruce 
grows slowly fo r the first year o r tw o, an d  som e 
w eeding is usually  necessary.

t h i n n i n g . N orw ay spruce is a m oderately  fast 
grow ing tree an d  on  Q uality  C lass II sites reaches a  
height o f 32 feet in 20 years (H um m el & C hristie,
1953). F ac to rs  w hich influence th inn ing  prac tice  are, 
first, N orw ay spruce is a  m odera te  shade bearer, and  
sub-dom inan t trees, if  freed in tim e, show  great 
pow ers o f  recovery (F orestry  C om m ission 1951); 
secondly, w olf trees a re  very uncom m on ; th ird ly , 
grow th in a p lan ta tio n  fo r the first 20 to  30 years
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tends to  be patchy except on th e  very best and  m ost 
un iform  sites; fourth ly , w hen p lan ted  on  shallow  
soils, as it o ften  is, it is liab le to  w indblow .

T he practice fo r m any years was to  give light low 
th innings a n d  this p roduced  dense crops o f high 
standing  volum es. M ore recently, w ith the general 
tendency fo r earlier and  heavier thinnings, N orw ay 
spruce has been th inned  w hen the top  height is 30 to  
35 feet; m oderately  heavy low thinnings have con­
tinued  a t intervals o f fou r to six years, and  this has 
resulted in  a m ore valuable interm ediate yield. 
C row n th innings w ith N orw ay spruce are easier to 
carry  o u t th an  w ith m ost o ther species, and  light 
crow n th innings have been practised on a sm all scale 
fo r m any years; a  heavier type of thinning, which 
gives special a tten tio n  to  a  lim ited num ber o f crop 
trees per acre, has recently found  favour in som e 
parts o f B ritain .

p r u n i n g . B rashing practices are  the sam e as for 
o ther conifers except th a t w oods in w hich th inning 
has been delayed un til a fter the norm al tim e, usually 
do no t need any brashing, as access is no problem .

Pruning  to  im prove tim ber quality has been 
undertaken  on  on ly  a sm all scale. G reen pruning  is 
rarely practised  ow ing to  the risk o f fungal infection.

O T H E R  S IL V IC U L T U R A L  CH A RA CTERISTICS

N orw ay spruce is a  m oderate  shade bearer. I t can 
be successfully used fo r underp lan ting , but requires 
great care  in hand ling  to  ensure th a t it gets enough 
light. I t is a  useful tree for grow ing in m ixture w ith 
others, especially hardw oods, and  it is used in 
p a rticu la r in E ng land  as a nurse for oak. O ne m ixture 
no t now  used, w hich found  great favour a t the end of 
last cen tury  an d  the beginning of this century, was a 
m ixture w ith Scots pine and  E uropean  la rch ; the 
larch  was rem oved in early thinnings for use as 
fencing posts, etc., the spruce and  pine rem aining as 
an  in tim ate  m ix ture fo r m any years; on dry sites a 
final crop m ainly o f  p ine was left, while on dam p sites 
a m ixed crop , o r one m ainly o f spruce, rem ained.

RA TE O F  G R O W T H  A N D  YIELD

T he m ost recent yield tables w ere published in 
1953 (H um m el an d  C hristie), and  are based on 
m easurem ents m ade in 55 perm anent sam ple p lo ts 
w hich have been th inned  to  five intensities: light, 
m oderate , m oderately  heavy, and  heavy low  th in ­
nings, and  light crow n th inning. Very few plo ts are  in  
crops o lder than  50 years. F o u r Q uality  Classes 
are  recognised, and  these show  top  heights a t 50 years 
o f 80 feet, 70 feet, 60 feet and  50 feet, fo r Q uality 
Classes I to  IV  respectively. M ost o f the plots are  a t 
elevations o f less than  500 feet and  o f  these the 
m ajority  a re  e ither Q uality  Class I  o r I I ;  the  few 
plots betw een 1,000 and  1,500 feet a re  either

Q uality  Class II I  o r IV. M ost o f the plots occur in 
areas w here the annual rainfall is between 41 and  60 
inches, bu t it is in teresting  to  no te  th a t there are  six 
Q uality  C lass I p lo ts in areas w here the rainfall is 
only 26 to  40 inches per year.

T he to ta l volum e p roduc tion  a t 50 years o f age in 
Q uality  C lass I stands averages 10,310 H oppus feet. 
T he differences in p roduc tion  betw een Q uality  
Classes are  greater than  w ith any o ther species for 
w hich B ritish volum e tables have been prepared , 
these differences being as m uch as 2,310 H oppus feet 
betw een C lass I an d  II an d  1,910 H oppus feet 
betw een Classes II I  an d  IV. Differences fo r S itka 
spruce, fo r exam ple, are som e 500 H oppus feet less, 
a lthough  the to ta l volum es a t this age are  greater.

T here are  several p lo ts in Scotland w ith stand ing  
volum es per acre o f  over 6,000 H oppus fee t; the p lo t 
w ith  the largest standing  volum e is a t G rand tu lly  
E state, Perthshire, where a  B grade (lightly thinned) 
p lo t a t 56 years o f  age, w ith 496 stem s per acre an d  a  
top  height o f  80^ feet, has a  volum e o f  8,319 H oppus 
feet. T he fastest g row th  recorded  is a t C oed y 
B renin Forest, M erionethshire , w here the top  height 
was 67 feet a t 29 years o f  age.

Periodic annual increm ent culm inates betw een 30 
and  35 years in Q uality  C lass I and  a t ab o u t 50 to 60 
years in Q uality  C lass III. T he follow ing statem ent 
show s the percentage o f  the to ta l volum e rem oved in 
th innings a t various top  heights, assum ing the 
m oderately heavy th inn ing  grade adop ted  in the 
yield tables, calculated  as a percentage o f  the to tal 
volum e p ro d u c tio n :

Top height in fe e t  Percentage o f  to ta l volume 
rem oved in thinnings

30 3
40 14
50 24
60 311
70 37*
80 42

A  set o f  sam ple p lots laid  o u t in 1930 a t B ow m ont 
F orest, R oxburghsh ire , is un ique fo r any species in 
B rita in , as it was possible a t B ow m ont to  replicate 
fo u r th inn ing  trea tm en ts four tim es on  an  even site. 
T his experim ent has show n th a t a significantly 
greater to ta l volum e p roduc tion  has been ob tained  
in  the m ore heavily th inned  plots. (H um m el 1947).

Individual trees frequently  grow  to  very large 
sizes. A t Invertrossachs, Perthshire, 60 o ld  trees 
m easured in 1953 had  heights o f  106 feet to  121 feet, 
an d  heights over 100 feet a re  no t uncom m on. T he 
tallest tree recorded was a t Studley R oyal, Y orkshire, 
w hich h ad  a  height o f  156 feet an d  a g irth  o f  14 feet 
2 inches in  1952, a lthough  the top  16 feet were then  
dead.
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DISEASES A N D  PESTS

A part from  Fomes b u tt ro t, no fungal diseases 
seriously affect N orw ay spruce. I t is, how ever, 
frequently  affected by crow n dieback. T his is som e­
tim es the result o f  o rd inary  drough t, bu t m ore often  
is associated  w ith increased w ater losses from  the 
crow n, consequent on  heavy th inn ing  o r the rem oval 
o f  shelter.

O T H E R  FORMS OF D AM A G E

w i n d b l o w . N orw ay spruce has n o t a good 
rep u ta tio n  as a  w indfirm  tree. A t least in  pa rt, this 
liability  to  w indblow  is due to  its being p lan ted  on 
soils w here the effective roo ting  dep th  is lim ited, as 
fo r exam ple on  shallow  peats overlying im pervious 
clays, o r  in po rous soils w ith  a high w ater level. In  
severe storm s, the roo ts, a lthough  spreading widely, 
have no  dep th  in  w hich to  ob ta in  a hold , and  are 
easily to rn  loose. T he large plate  o f  surface soil and  
ro o ts  w hich has peeled off the ground , is a  com m on 
sight on  a w indblow n N orw ay  spruce. I t is believed 
th a t the m ain tenance o f  a good  drainage system 
th ro u g h o u t the life o f  the c rop  will reduce the risk o f  
w indblow  on these sites. O n  dry g round , b reaking o f  
th e  stem s occurs qu ite  frequently.

a t m o s p h e r i c  p o l l u t i o n . N orw ay spruce is 
susceptible to  fum es an d  is n o t p lan ted  as a forest 
tree  in industria l areas.

SEED A N D  S EED -B EA RIN G

Flow ering usually  begins betw een the 20th and  
25th year, an d  the first good  cone crop, th a t is one 
w hich w ould  be econom ic to  collect, occurs 
betw een the 30th and  the 35th year. T here is little 
in fo rm ation  ab o u t th e  tim e o f  m axim um  cone 
p roduction , b u t it is th o u g h t th a t it p robab ly  begins 
w hen the tree is 50 to  60 years old. G o o d  cone crops 
generally occur a t in tervals o f  th ree to  five years, 
though  in  m any seasons the seed does n o t ripen  well 
in  G rea t B rita in . F low ering  takes place in  M ay and  
the cones shou ld  be collected betw een O ctober and  
D ecem ber (M atthew s 1955).

D a ta  from  the F o res t R esearch  S ta tio n  a t Alice 
H o lt, H am pshire , show  th a t the average yield o f  seed 
in B rita in  is a b o u t 12 oz. per bushel o f  cones. The 
num ber o f  seed per p o u n d  ranges from  ab o u t
45,000 to  100,000, w ith  an  average o f  65,000. The 
germ ination  capacity  o f  fresh seed is usually  betw een 
70 and  80 p e r cent. T he seed fly M egastigm us 
strobilobius a ttacks seed o f  N orw ay spruce bu t so far 
no  dam age o f  econom ic im portance  has been done.

G EN ETICS A N D  BR EE DIN G

O ne seed stand  o f  ab o u t tw o acres a t  Inveraray , 
Argyll, has been described as “ a lm ost p lu s” , and  ten 
stands to ta lling  ab o u t 111 acres have been classified 
as “ n o rm al” fo r seed collection. F o rty -n ine  “ p lus”

trees have been selected, b u t no seed o rchards have 
yet been established.

N A T U R A L  R E G EN ER A TIO N

Sporad ic  germ ination  o f  seed occurs in m any 
places especially in  the drier p a rts  o f  the country , 
b u t it is m ost unusual fo r the seedlings to  persist 
and  becom e estab lished ; the reasons fo r this are no t 
fully unders tood , b u t frost-lift, lack o f  light, and  
sm othering  by weeds, m ay all p lay a part.

TIMBER

T he tim ber is well know n an d  has been extensively 
used in  B rita in  fo r a  long tim e, so th a t the species is 
now  hard ly  an  exotic in the tim ber trade. I t is one 
o f  the best o f  the “w hitew ood” type o f  coniferous 
tim bers, being used in  m any kinds o f  box an d  pack­
ing case m anufactu re , building, jo inery , fibre and  
ch ipboard  m anufacture . I t is particu larly  favoured  
fo r the pack ing  o f  foodstuffs an d  m anufactu re  o f  
w ood w ool because o f  its clean appearance and  
freedom  from  resinous odou r. E state  w ork consum es 
considerable quan tities o f  tim ber, and  it is often 
im pregnated  by the ho t-and -co ld  tan k  m ethod  for 
these purposes, bu t it is som ew hat resistan t to 
preservatives and  pressure trea tm en t is preferable. 
L arge quantities are  used  fo r p it-p rops. Tests have 
been carried  o u t b o th  on  thinnings and  m atu re 
tim ber, indicating  th a t its streng th  p roperties are 
com parab le  to those o f  w hitew ood tim ber from  the 
Baltic. It w orks well and  gives a be tter finish than  
S itka spruce, though  a  tendency to  tear, in the early 
w ood o f  fast grow n m ateria l, has been noted.

A n im p o rtan t econom ic use w hich has increased 
greatly  in  the last ten  years is for C hristm as trees, 
a n d  large num bers o f  sm all trees an d  tops o f  
th innings are  so ld  fo r this pu rpose each year. T his is 
such a valuab le  fo rm  o f  m in o r p roduce  th a t it is now 
a w idespread practice  to  leave as m uch  th inn ing  as 
possib le un til la te  N ovem ber and  early D ecem ber, 
w hen each to p  m ay be w orth  a t least tw ice the value 
o f  the pole.

P O T EN TIA LITIES O F T H E  SPECIES IN  T H E  N A T IO N A L  

ECO N OM Y

N orw ay spruce has been an  im p o rtan t fo rest tree 
in G rea t B rita in  fo r m any years, an d  w ith  the great 
increase in its p lan ting  during  the last tw o decades, 
particu larly  by the F orestry  C om m ission, it now 
occupies a  m ore  im p o rtan t p lace th an  ever before. 
T he tim ber is well know n an d  has a g o o d rep u ta tio n .

T he  silv icultural lim itations o f  th e  species— its 
susceptibility  to  d rough t, to  h ea rt ro t an d  to  w ind­
blow — have long been realised. D esp ite  these 
lim itations, how ever, there  a re  very m any suitable 
areas w here N orw ay spruce will be th e  m ain  species, 
and  the tendency m ay be fo r it to  displace Sitka
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spruce from  m any sites where the la tte r is being 
p lanted  a t present. I t  has also an  im p o rtan t place as 
an  associate w ith broadleaved  species. T here seems 
good reason to  believe th a t N orw ay spruce will 
rem ain  one o f  the m ost im portan t coniferous species 
in G rea t B ritain.

G .G .S .

Picea asperata  M asters
This spruce was in troduced  in  1910 from  W estern 
C h ina  by E. H . W ilson an d  has been widely d istri­
buted , so th a t it is now  n o t infrequently m et w ith 
e ither as a specim en tree, when it is often a ra ther 
shabby object, o r in sm all tria l p lan tations o f w hich 
several have been m ade in various parts o f the 
country . T he tree grows slowly, especially in its 
early  years, and  it is subject to  dam age by late 
spring frosts w hich are ap t to  h inder its establish­
m ent. I t is unlikely to  find a  place in forestry in 
G rea t B ritain . P robably  the earliest p lan tations are 
those form ed in 1916 in the F orest o f D ean  and  at 
D aw yck, Peebles-shire. In  the Forest o f D ean, where 
P. asperata  suffered from  attacks by the fungus 
Arm iliaria mellea, it reached an average height o f 
38 ft. in 40 years, w ith a  range of from  25 to  48 feet. 
A t D aw yck, in a less genial clim ate and  on a  poo rer 
soil, P. asperata had  a to p  height o f 33 ft. a t the sam e 
age, and  a volum e o f  1,350 H oppus ft. per acre. 
T hese rates o f grow th are  below the m ean of 
Q uality  Class IV, N orw ay spruce. A m ong younger 
p lan ta tions w hich have been recorded are  p lots a t 
B eddgelert, C aernarvonshire , and  Bedgebury, K ent, 
b o th  o f w hich a t 24 years o f age had  an average 
height o f 15 ft.

Several varieties have been recognised, such as var. 
ponderosa and  var. notabilis w hich have been 
plan ted  in the F o res t o f D ean  in sm all plots w ith no 
g reat difference in results. T he status o f these 
varieties is doubtfu l as is th a t o f a  closely related 
species, P. retroflexa, w hich has also been tried  on a 
very sm all scale.

P icea bicolor (M axim ow icz) M ayr 
In troduced  in  1861, th is Japanese species is no t 
com m on, th ough  occasionally found in  a rbore ta . It 
does n o t usually  reach any great height a lthough  a 
tree a t D o lph in ton , L anarksh ire , has reached a 
height o f  82 ft. Picea bicolor has been p lan ted  in a 
sm all p lo t a t C rarae , Argyll, on  peaty  g round  bu t it 
has done poorly  having reached only five feet in 
height in 18 years.

P icea engelm anni (Parry) Engelm ann 
E ngelm ann’s spruce, w hich has a  w ide range in 
western N o rth  A m erica, was in troduced  in to  G reat 
B rita in  in 1864 an d  is n o t infrequently  m et w ith as a

specimen tree. It is slow grow ing, however, and  often 
looks unhealthy, while it is liable to  be dam aged by 
frost. A lthough it has been tried  experim entally in 
various places, it has no t show n great prom ise and  is 
unlikely to  be used m uch in future. Individual trees 
o f up  to  42 ft. in height have been recorded. V arious 
sm all p lan ta tions have been m ade. A t D awyck, 
Peebles-shire, a p lo t o f P. engelmanni had  a top 
height o f 28 ft. a t 32 years o f age and  at Benm ore, 
Argyll, a 20-year-old p lan ta tion  reached a top 
height o f 27 ft. In Lael Forest, R oss-shire, there is a 
sm all p lo t grow ing slowly a t an elevation o f 800 ft. in 
an  exposed situa tion ; there, the trees, originating 
from  seed from  British C olum bia, have a  healthy 
appearance, bu t the best were no m ore than  16 ft. in 
height after tw enty years.

P icea glauca (M oench) Voss

The W hite spruce o f  N o rth  A m erica has long been 
know n in G rea t B ritain  fo r it is believed th a t it was 
in troduced  ab o u t the year 1700. It has aroused a m ild 
in terest am ong foresters from  tim e to tim e in the 
past, particu larly  for use in exposed places (F raser 
1828, A nnand  1901, C hittenden 1932) and  one can 
still find it occasionally round  the edges o f old 
p lan ta tions in exposed isolated places in hill country  
w here it was p lan ted  in  the past to  give shelter. I t is 
little used now , largely because the perform ance o f 
Sitka spruce is so m uch better on sim ilar sites, and  it 
is difficult to  im agine any im portan t use for P. 
glauca in the near future. It m ay be th a t som ew here 
in  the wide natu ral range o f  the W hite spruce, a 
provenance m ay be found  better suited to  ou r con ­
d itions but, even so, it is unlikely to surpass Sitka 
spruce. I t is hardy an d  w ithstands exposure to  w ind 
bu t it is generally slow  grow ing. It rarely reaches any 
g rea t height, fo r the tallest tree recorded in G reat 
B rita in  is one o f  75 ft. in the N ew  Forest.

A n exam ple o f  an  o lder p lan ta tion  in w hich W hite 
spruce has been used, is found  a t B orthw ick Hall, 
M id lo th ian , w here a t the relatively high elevation of 
m ore than  1,600 feet, on a p o o r soil and  in full 
exposure, P. glauca  reached a height o f 40 feet in 85 
years. In this p lan ta tion  the W hite spruce, though  
grow ing slowly, have full, v igorous and  healthy 
crow ns w hereas N orw ay spruce, w hich also occurs 
in the crop, is very badly blasted. A t Lael, R oss-shire, 
again on  an  exposed site, W hite spruce has w ithstood 
exposure well and  has reached 16 ft. in height in 
tw enty years. A t Benm ore, w here exposure is less 
severe, it reached 20 ft. in 25 years, and  a t C rarae, on 
a  Calluna site, it has reached 11 ft. in 17 years. 
Y ounger p lo ts a t Bedgebury and  Beddgelert are 
grow ing m ore rapidly  in their early stages, bu t the 
general im pression given by the species in G rea t 
B ritain  is one o f slow grow th.
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Picea glehnii (F r. Schm idt) M asters 

T his species, in troduced  from  Jap an  in 1877, is no t 
a  com m on tree a lthough  specim ens m ay be found  in 
m ost parts  o f  the coun try . O f these, the tallest is 
p robab ly  a tree a t M urth ly , P erthsh ire , p lan ted  in  
1897, w hich had  reached a  height o f 60 ft. by 1955. 
I t  is doubtfu l w hether this species will ever reach  a 
large size in G rea t B ritain .

A  tria l p lo t, p lan ted  on a m oderately  deep M olinia- 
Calluna peat a t C rarae, is o f in terest because on  this 
type o f g round  P. glehnii is grow ing rem arkably  well 
a n d  is looking better than  several o ther spruces 
nearby. T he trees are  healthy  and  reasonably  vigor­
ous and  have reached 20 ft. in heigh t in the sam e 
num ber o f years. A t B enm ore, in a  p lo t on  better 
land, this tree reached 14 ft. in 17 years.

P icea jezoensis (Siebold and  Z uccarin i) C arriere
In troduced  in 1861, P. jezoensis  m ay be seen in 

a rb o re ta  and  gardens in m any parts  o f the country  
bu t is no t com m on a lthough  it grows slightly better 
th an  m ost o f the spruces from  A sia. A t B enm ore, 
and  o ther places, specim ens o f up  to  90 ft. in height 
are  found . It seems to  be easily dam aged by frost in 
its early years as a p lan ted  tree. A  sm all p lan ta tion  of 
this species has recently been established a t Bedge­
bury  bu t so fa r it has m ade little grow th.

T he variety  hondoensis, som etim es p lanted , 
appears to  be easier to  establish  th an  jezoensis p roper 
because it is m ore resistan t to  frost in its youth . 
G enerally , how ever, it does no t grow  any m ore 
rap id ly  th an  the type once it has been established.

P icea koyam ai Shirasaw a

Little  is know n ab o u t this tree, w hich was in troduced  
from  Jap an  in 1914, b u t a  sm all tria l p lo t a t C rarae  
on  acid  peaty loam  has grow n quite well, having 
reached a height o f  18 ft. in 18 years. A  specim en 
tree a t B edgebury was 8 ft. h igh  in 1931 and  42 ft. in 
1954, an d  one a t W arnham  C ourt, Sussex, grew from  
18 ft. in 1931 to  61 ft. in 1956. These are  im pressive 
g row th  rates.

Picea likiangensis (F ranchet) Pritzel 

T his C hinese spruce was in troduced  in  1910 and  is 
n o t infrequently  m et w ith in a rb o re ta  an d  collections, 
e ither as the type o r  the variety purpurea, w hich does 
n o t differ greatly  from  it. It suffers, like P. asperata, 
from  frost in its early years, bu t grow s m oderately  
well once established an d  o u t o f  danger. B ut there is 
no th ing  rem arkab le  ab o u t its perform ance. A  sm all 
p lo t, repo rted  to  be var. purpurea, was p lan ted  in 
1916 in the F o res t o f  D ean  and  m ade slow grow th 
in its early years, being 7 ft. high a t fourteen  years o f  
age an d  reaching an  average height o f  33 ft. a t 40

years. A  tree  a t  W am h am  C o u rt, Sussex, is 66 ft. 
tall a t 45 years o f  age.

P icea m ariana (M iller) B ritton , S terns and  Poggen- 
berg

T he Black spruce o f  N o rth  A m erica has been know n 
in B rita in  fo r a long tim e, having been in troduced  
early  in the eighteenth  century . I t survives bu t grows 
slowly, its g row th  being less th an  th a t o f  the W hite 
spruce, and  although  it m ay be p lan ted  in fu tu re  fo r 
o rnam en ta l purposes, there is no p rospect o f  its 
being used in  forestry. Specim en trees rarely  reach 
any great height and  the tallest specim en recently 
m easured  is a  tree  o f  75 ft. in the N ew  F orest.

P icea obovata L edebour

T he widely d is tribu ted  Siberian  spruce is n o t really 
suited  to  conditions in G rea t B rita in  an d  it does n o t 
often  succeed. N evertheless in  a  sm all p lo t a t 
C rarae  it h ad  reached a height o f  20 ft. in 20 
years.

J.M .

P icea om orika (Pancic) Purkyne (P late  6)
C O M M O N  N A M E

Serbian  spruce. The tim ber is n o t m arketed  in its 
native country  o r  in  B rita in , an d  there is no accepted  
com m on nam e fo r it.

C O U N T R Y  OF O R I G r N  A N D  P R O V E N A N C E

E urope, Y ugoslavia. I t has a  very lim ited d is tribu ­
tion  in its native coun try  w here it occurs in sm all 
iso lated  areas in  the D inaric  A lps. I t succum bs to 
com petition  w ith o th er species an d  is poorly  
ad ap ted  to  its p resent environm ent, b u t it holds its 
ow n w hen com petition  is absen t on  north-facing 
cliffs, screes o r m oun ta in  sum m its a t elevations o f
3,000 to  5,500 feet, w here the m icroclim ate is m oist 
a n d  cool. I t  is lim ited  to  lim estone soils (W ardle 
1956). N o th ing  is know n o f  provenance differences.

H IST O R IC A L  N O T E S

I t  is believed th a t seed was first d is tribu ted  by 
M essrs. F robel o f  Z urich  ab o u t 1884 and  a second 
in troduction  was m ade via B elgrade in 1889. Som e 
plants from  the second in tro d u c tio n  w ere p lan ted  a t 
Kew, and  in 1956 the tallest o f  these was 64 ft. an d  
h a d  a g irth  o f  2 ft. 4 in.

EX TENT OF P L A N T I N G

Picea om orika  has never been p lan ted  extensively 
an d  the earliest p lan tings were p robab ly  a t  C o rro u r 
an d  Fersit, Inverness-shire, w here a  few  groups w ere 
established in 1908. T here are  now  m any o ther sm all 
p lan ta tions o f  the species in  B rita in  b u t there  is 
no  accura te  estim ate o f  the to ta l a rea  p lan ted , w hich 
is p robab ly  slightly less than  500 acres.
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p i c e a  o m o r i k a : g r o w t h  a n d  p r o d u c t i o n

T a b l e  27

Locality Eleva­
tion
Ft.

Thinning Grade Age
Yrs.

Top
Ht.
Ft.

Mean 
Girth 
Breast 

Ht. ins.

Volume Per 
Acre Hopp. 

ft . over bark

Tot. Prod. 
Per Acre 
Hopp. Ft. 
over bark

Bedgebury, Kent ............... 300 Light Crown 24 45 141 2,037 3,690
Bedgebury, Kent ............... 300 B (Light) 24 43 14 3,653 3,710
Bedgebury, Kent ............... 300 D (Heavy) 24 40i 16 1,876 3,274
Kerry, M ontgom...................... 1,450 C/D (Mod. to Heavy) 26 31 171 1,907 No record
Forest o f Deer, Aberdeenshire 250 C/D (Mod. to Heavy) 30 33 203 2,541 3,362
Newcastleton, Roxburghshire 750 C/D (Mod. to Heavy) 28 331 18 1,876 2,019

Note. B, C, and C/D thinnings are all Low Thinnings. 

C LIM A TIC  REQUIREM ENTS

W ardle (1956) has described the native h ab ita t o f  
the tree in great detail and  from  his account it is 
clear th a t there should  be no clim atic lim itations to 
its g row th in B ritain . Experience has show n this to  
be generally true  and  exam ples o f  vigorous p lan ta ­
tions are  to  be found  in m ost parts  o f  the country, 
both  in the m ild wet w estern districts and  the m uch 
drier no rth -eastern  and  sou th-eastern  regions. 
A ccording to  Splettstosser (1952) Serbian spruce can 
w ithstand  m ore d rough t th an  N orw ay spruce, and  is 
ou tstandingly  hardy , w hile O ksbjerg (1953) in 
D enm ark  com m ents on  its unexacting na tu re  as 
regards m oisture  an d  nutrients, and  its resistance to 
w ind and  frost.

SITE REQUIR EM ENTS

P. om orika  is a  relict species occupying a som e­
w hat specialised environm ent, bu t as an  exotic in 
B rita in , its tastes appear to  be quite catholic. (There 
a re  o th er sim ilar instances.) It has been planted  on  a 
w ide range o f  sites, an d  there is very little difference 
in its perform ance u nder diverse conditions. It has 
perhaps d istinguished itself best on m oist m oorland  
soils an d  on  peat.

M acdonald  (1934) reports tha t Serbian spruce at 
C o rrou r, Inverness-shire, p lan ted  on boulder till 
over granulite  an d  schist, grew a t a ra te  o f  twelve 
inches a  year after canopy closure. O n the L on M or, 
Inchnacardoch  F orest, Inverness-shire, Serbian 
spruce, w ith  the ad d ition  o f  basic slag, h ad  the tallest 
dom inan t heights (nineteen feet a fter twenty-five 
years) an d  highest ra te  o f  survival in a tria l o f  
sixteen species. G o o d  grow th is also repo rted  on 
M olinia-Trichophorum-Calluna  and  Molinia-Juncus 
sites (Z ehetm ayr 1954). I t appears th a t Serbian 
spruce can  w ithstand  com petition  from  Calluna to  a 
slightly greater extent th an  N orw ay o r S itka spruce, 
b u t it is certain ly  liable to  go in to  check on  the m ore 
difficult heaths.

It is unusual (an exception is m entioned  above) to  
find Picea om orika  the fastest species in  trials on  any

site, and  the better the site, the less likely it is th a t 
Picea om orika  will appear im pressive in ra te  o f  
grow th. A n interesting exam ple o f  its ap p aren t 
insensitivity to  site difficulties is provided by its 
behaviour in tw o trials o f  species a t R ockingham  
F orest, N o rtham ptonsh ire . These are on  soils o f  
sim ilar nature , b u t one is an  o ld  w ood land  site and  
the o ther, before p lan ting , was under agriculture. 
O n  the old w ood land  site P. om orika  a tta ined  27 ft. 
in height in 23 yrs., P. abies by com parison  was 30 ft. 
tall. O n the ‘ag ricu ltu ra l’ site P. om orika  was 19 ft. 
tall a t the sam e age, P. abies only 10 ft. tall. So far as 
is know n, the adverse factor in th is case is the p o o rer 
physical struc tu re  o f  the soil (a heavy bou lder clay) 
after an agricultural history.

It w ould appear logical to  p lan t P. om orika  on 
calcareous sites, bu t trial p lan ta tions are  still too  
young to  provide useful evidence.

P. om orika  has frequently  been sta ted  to  be frost 
hardy. It is certain ly  no t com pletely im m une to  
spring frost dam age, bu t it is probably  som ew hat 
hard ier th an  N orw ay spruce and  definitely m ore so 
than Sitka spruce. It has som etim es been plan ted  on 
extrem ely frosty sites as a local substitu te  for S itka 
spruce.

ESTABLISHMENT T E C H N IQ U E

n u r s e r y  p r a c t i c e . As fo r N orw ay spruce. 
p l a n t i n g . T he m ethods o f p lan ting  an d  types of 

p lan t are  sim ilar to  those used  for N orw ay spruce.
s p a c i n g . O w ing to its extrem ely narrow  crow n 

P. om orika  can  be p lan ted  a t very close spacing 
w ithout w asteful losses before trees have reached 
sizeable pole dim ensions. W ith a good  m arket for 
this so rt o f p roduce, a  p lan ting  d istance o f 41 ft. 
w ould no t be too  close.

t e n d i n g  a n d  t h i n n i n g

w e e d i n g . N o specific problem s arise. 
t h i n n i n g . E xperience in th inn ing  Picea om orika  is 

very lim ited. A t Bedgebury, K ent, there a re  com para­
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tive th inning plots o f light (B), heavy (D ) and  light 
crow n grades. It is obvious th a t an extrem ely dense 
s tan d  o f good-looking poles can be obtained  by 
th inn ing  to the lightest low grade. T he dom inants do 
n o t seem to respond very m uch to  thinning.

O T H E R  S IL V IC U L T U R A L  CH ARA CTERISTIC S

Picea om orika  has a  beautifully stra igh t stem  and  
an  extrem ely narrow  crow n. Its b ranching hab it is 
light.

Its litter appears to  break dow n very slowly and 
it has a strong  tendency to  form  m or hum us (Oving- 
ton 1953).

L ike certain  o ther conifers, its low er branches are 
capable o f rooting . This has been observed at 
B eddgelert on M olinia  peat.

RATE OF G R O W T H  A N D  YIELD

T here are only six sam ple p lots o f Picea omorika  
in B ritain , and  sum m arised  da ta  from  these appear 
in T able 27.

Picea om orika  does no t appear to differ m uch from  
N orw ay spruce w ith respect to  form  fac to r and  
basal area increm ent a t equivalent heights.

T here are  num erous specim en trees in B ritain, and  
am ongst the best is the specim en a t W alcot Park, 
Shropshire, w hich was seventy-seven feet tall and  had  
a girth o f five-and-a-half feet in  1955. A no ther fine 
tree is grow ing a t Prested H all in Essex, and  this was 
seventy-six feet tall w ith  a g irth  o f  tw o feet nine 
inches in 1954. In  Scotland one o f the best specimens 
was p lan ted  in 1910 a t D aw yck, Peebles-shire; this 
tree was fifty-nine feet tall an d  h ad  a girth o f three- 
and -a-ha lf feet in 1954. I t is n o t a species w hich 
seems likely to  reach very large dim ensions in B ritain.

DISEASES A N D  PESTS

P. om orika  appears particu larly  susceptible to 
a ttack  by Arm illaria mellea.

A t B edgebury, K ent, a p lan ta tio n  o f P. om orika  
has experienced tro u b le  sim ilar to  the crow n dieback 
o f  N orw ay spruce. T he affected trees are  confined 
to a  fairly narrow  belt a long an  exposed flank.
O T H E R  FORM S O F  D AM A GE

a t m o s p h e r i c  p o l l u t i o n . A ccording to  D allim ore 
(1945) the tree is fairly to leran t to  atm ospheric  
po llu tion  a t K ew , and  it grows reasonably  well in the 
R oyal B otan ic  G arden , E d inburgh , w here o ther 
conifers are  suffering from  pollu tion .

SEED A N D  SEED -BEA RIN G

Trees com m ence flowering betw een the fifteenth 
an d  tw entieth  year, and  the first good crop  is 
p roduced  betw een the tw entie th  an d  tw enty-fifth 
year.

T he species show s prom ise o f  being a good seed 
producer, good cone crops occurring  a t intervals

from  two to  three years. F low ering takes place 
during  late A pril an d  early  M ay and  cone collection 
should  be m ade in Septem ber (M atthew s 1955).

In  1943, 7 0 i lb. o f seed were collected from  the 
p lan ta tion  a t Bedgebury, w hich has an area  o f l i  
acres. H om e collected seed appears to be o f sim ilar 
quality  to  im ported . T hree hom e collections sam pled 
and  tested a t A lice H o lt averaged 124,000 seed per 
lb. w ith a germ ination  percentage o f  73. F o r com ­
parison, a recently im ported  lot gave 141,000 seed 
per lb. w ith a  germ ination  percentage o f  76.

G EN ETIC S  A N D  BR EE D IN G

A few su itab le  seed stands have been registered, 
and  a  num ber o f ‘p lus’ trees selected.

H ybrids o f P. om orika  X P. sitchensis have oc­
cu rred  natu rally  a t B arcaldine, Argyll. A t M urthly 
hybrids o f  P. om orika  X glehnii, o r x  P. sitchensis, 
have also been recorded.

TIM BER

L ittle is know n o f the properties o f the tim ber 
grow n in B ritain.

P O T EN TIA LITIES  OF T H E  SPECIES I N  T H E  N A T IO N A L  
ECO N O M Y

Picea om orika  is an in teresting  an d  a ttractive 
spruce. I t grows well under diverse conditions, but 
there does no t seem to be any im portan t site on 
w hich it is outstand ing . It m ay have som e sm all 
place on peat, and  again (as has been suggested by 
E u ropean  au thors) on calcareous soils, bu t no 
evidence fo r the la tte r has been p roduced  in B ritain. 
In  all p robab ility , it will have a very m inor role to 
play in B ritish  forestry.

R .F . and  R .F .W .

Picea orientalis (L innaeus) L ink

A native o f  the C aucasus and  A sia M inor, this spruce 
was in troduced  in 1839 an d  it has grow n a lm ost as 
well as N orw ay spruce in m any districts. I t  is curious, 
therefore, th a t m ore attem pts have n o t been m ade to  
try  it as a forest crop . A m ong the few recorded 
p lan ta tions, the best know n is th a t a t  D aw yck, 
Peebles-shire, w hich was p lan ted  in 1921 a t an 
e levation  o f  650 feet; a t the present time, this
crop  has a to p  height o f  48 ft. an d  a volum e o f
2,580 H oppus ft. per acre, while the to ta l p roduction  
in 36 years has am oun ted  to  4,235 H oppus ft. per 
acre. T his is an  excellent yield, co rresponding  to  tha t 
o f  N orw ay spruce o f  Q uality  Class II. G enerally, 
how ever, the grow th o f  P. orientalis is not
quite good enough to  m ake it a serious rival 
to N orw ay  spruce, bu t it m ight be tried  experi­
m entally  a  little m ore. T here are num erous
good  specim ens o f  this tree in various parts  o f  the 
country  an d  fine exam ples occur as far n o rth  as
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Blair A tholl in Perthshire. Trees a t S tourhead, 
W iltshire, and  B icton, D evon, are  a hund red  feet and  
m ore in height while m any others in widely separated  
districts are  only slightly shorter.

Picea rubens Sargent

T he R ed spruce o f N o rth  A m erica, which was in tro ­
duced ab o u t two centuries ago, has been p lan ted  as a 
specim en tree in m any p a rts  o f the country  bu t today 
it is by no  m eans com m on. Individual trees o f up to 
90 ft. in height have been recorded, but, as a rule, 
the exam ples which we have are  no t nearly so tall.

I t has been little used in the forest. A  small 
p lan ta tio n  a t  D aw yck, Peebles-shire, 40 years old, 
had a to p  height o f  36 ft. and  a  volum e o f 1,230 
H oppus feet per acre. A t B enm ore, Argyll, it has 
reached 21 ft. in 18 years and  at Lael, R oss-shire, on 
an exposed site, 12 ft. in 20 years. A  sm all num ber of 
trees p lan ted  in  the K in g ’s Forest, Suffolk, in a sandy 
soil overlying chalk  an d  in a low rainfall region, are 
12 ft. high a fter 20 years, having suffered severely 
from  spring  frosts during  the first ten years o f their 
life.

P icea schrenkiana F ischer and  M ayer.

In troduced  from  C entral A sia abou t 1875, this tree is 
rarely seen and  w here it occurs, is generally grow ing 
poorly. Trees in a sm all p lan ta tion , which was 
form ed a t C rarae , Argyll, are only 4 ft. high after 18 
years grow th.

J.M .

Picea sitchensis (B ongard) C arriere

C O M M O N  NAME

Sitka spruce. B oth  the tim ber and  tree are know n by 
this nam e in B ritain .

C O U N T R Y  O F O R I G I N  A N D  PRO V EN A N CE

Sitka spruce is a native o f western N o rth  A m erica. 
It is unique am ong  the spruces in th a t the greater 
part o f its d is tribu tion  lies a t quite low elevations. 
It has a great la titud inal range from K odiak  Island, 
A laska, in the no rth , to  M endocino county, 
C alifornia, in the sou th . It does no t penetra te  deeply 
into the m ainland, bu t is chiefly a tree o f the coastal 
region and  islands. O n the m ainland, it m ay be 
found up  to 100 miles in land in the valleys. Locally, 
it m ay ascend to  3,000 ft. o r m ore, bu t it is no t 
usually an im portan t constituen t o f the forest above
2,000 ft. (Sudw orth  1908).

A lthough  its la titud inal range is great, no  geo­
graphic varieties have been distinguished (W right 
1955).

Im p o rtan t provenance differences in susceptibility 
to  frost have been recorded by w orkers in the north  
o f E urope (H agem  1931), and  in B rita in  it has been 
observed th a t O regon and  W ashington provenances

are m ore susceptible to  early au tum n frost in the 
nursery than  p lan ts raised from  seed collected in the 
Queen C harlo tte  Islands in C anada (M acdonald , 
1927; E dw ards, 1953).

O f greater im portance is spring frost dam age to 
young trees in the forest, and  this also is related  to 
provenance. A t N ew castleton, R oxburghshire, six- 
year-old trees o f  W ashington provenance were 
severely dam aged by spring frost, whereas those 
o rig inating  from  the Q ueen C harlo tte  Islands were 
only slightly affected (Z ehetm ayr, 1954). O n a less 
frosty site a t R ad n o r Forest, R adnorsh ire , neither 
Q ueen C harlo tte  Island nor W ashington provenances 
were seriously dam aged by frost, bu t spruce from  
O regon sustained som e injury, and  C alifornian 
spruce was seriously dam aged. T here is thus a 
strong  suggestion tha t, for this p a rticu la r species, 
spring frost susceptibility in B rita in  is related  to  the 
latitude o f origin o f the seed.

P rovenance experim ents in  B rita in  also suggest 
tha t there is a  cline fo r decreasing vigour from  
O regon to  A laska, bu t the position is often  com pli­
cated because the sou thern  provenances are  m ore 
susceptible to  frost w hich m ay re ta rd  their early 
developm ent. A n unrep licated  series o f p lo ts a t 
R adnor, p lan ted  in 1929, had  when m easured  in 
D ecem ber 1955 the follow ing m ean heigh ts:— 
C alifornia, 59 f t . ; O regon, 66 f t . ; W ashington, 55 f t . ; 
Q ueen C harlo tte  Islands, British C olum bia, 48 ft.

I t is considered th a t the southern  provenances are 
no t safe for general afforestation  in Britain, and 
since even Q ueen C harlo tte  Island  spruce m ay prove 
a failure on the m ost frosty sites, experim ents have 
been s ta rted  to  find w hether certain  A laskan 
provenances m ay be useful under such conditions. 
It is also though t possible th a t A laskan S itka spruce 
m ight be o f value a t higher elevations (W ood, 1955.) 
H ow ever, the Q ueen C harlo tte  Islands have provided 
som e 85 per cent o f the seed im ported  to  B ritain  
during the past thirty-five years, and  no change in 
the seed collecting area for general afforestation 
appears necessary.

H IST O R ICA L NOTES

Sitka spruce was discovered by A rchibald  M enzies 
in M ay 1792 in the Puget Sound area o f W ashington 
and  it was in troduced  into B rita in  in 1831 when the 
first seeds were b rough t back by D avid  D ouglas. A 
few p lan ts were raised  from  this first lot o f seed in 
one o f the H orticu ltu ra l Society’s gardens and  som e 
o f these still survive. T he first m ajo r consignm ent o f 
seed was in troduced  by the O regon A ssociation in 
1852 (Johnstone, 1939). P rio r to 1920-22 m uch o f 
the seed was im ported  in to  E u rope  by R afn  of 
C openhagen, an d  it is m ost likely th a t it cam e from  
W ashington. A fter 1922 the m ain seed im ports cam e 
to  B ritain from  the Q ueen C harlo tte  Islands,
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although  a  sm all p ropo rtion  was still im ported  from  
W ashington.

Specim en trees were p lan ted  on  m any estates in 
G rea t B rita in  in the m id-nineteenth  century  and  
their early grow th in Scotland was am ply described 
by H utch ison  (1878). F ro m  his list it appears th a t 
the earliest Scottish records are for trees a t Ter- 
reagles, K irkcudbrigh tsh ire , and  K eillour Castle, 
Perthshire.

O ne o f the first p lan ta tions was a t W ooplaw , 
R oxburghshire. P lan ted  ab o u t 1866 a t an  elevation 
o f 900 feet, the trees, w hich were spaced tw enty to 
th irty  feet apart, p robab ly  in m ixture w ith ano ther 
species, reached a height o f 110-120 feet and  had  
girths up to  16 ft. a t breast height after 90 years; 
volum es per tree ranged from  400 to 600 hoppus feet. 
A no ther early and  very successful p lan ta tio n  was 
established in  1879 a t D urris , K incardineshire, w ith 
p lan ts spaced six to  n ine feet a p a rt and  m ixed w ith 
Scots p ine (C rozier, 1910). A  fu rth er im portan t 
exam ple was the p lan ta tio n  a t D arn h ea th  on the 
D rum lan rig  estate  in  D um fries-shire, established in 
1900; by 1946, this had  p roduced  a to ta l yield o f 
10,940 H oppus ft. per acre, an d  averaged 88^ ft. in 
height.

T hese an d  o ther successful p lan ta tions o f Sitka 
spruce w hich were m ostly  sited on favourable 
ground , encouraged great in terest in the tree because 
o f  its rap id  ra te  o f grow th, high volum e p roduc tion  
and  ap p aren t ease o f  establishm ent. As a result, a 
num ber o f  p lan ta tions w ere m ade in the early years 
o f the present cen tury  in various parts  o f the country  
and  on a wide range o f sites. A  num ber o f  these 
failed because the trees w ent in to  check, in 
p a rticu la r those p lan ted  w here heather (Calluna 
vulgaris) was prevalent.

T h e  recent h is to ry  o f  S itka spruce in B rita in  is also 
th a t o f  the developm ent o f  m ethods o f  establishm ent 
o f  p lan ta tio n s on  peatlands an d  m oist m oun ta in  
grasslands, since it is the species above all o thers on 
w hich we have com e to  rely fo r these im p o rtan t 
environm ents, and  m ost o f  the experim entation  has

been carried  o u t w ith S itka spruce as the subject. 
Z ehetm ayr (1954) has review ed this field o f  w ork. 
O ne o f  the m ost im p o rtan t advances was the in tro ­
duction  o f  a m odified version o f  the Belgian tu r f  
p lanting  technique by Sir Jo h n  Stirling M axwell 
w hich enabled successful estab lishm ent to  be 
achieved on  peats dom inated  by the grass M olinia  
coerulea. H an d  drain ing  and  turfing m ethods have 
yielded place to  p loughing, and  w ith the use o f  
m achinery the range o f  S itka spruce extended to 
p o o re r sites. T he use o f  phosphatic  fertilisers becam e 
general w here S itka spruce was p lan ted  on sites 
w here heather (Catlima vulgaris) o r the red deer 
grass (Trichophorum) was present. A  fu rther 
developm ent was the p lan ting  o f  pines in m ixture 
w ith  S itka spruce on  these m ore  difficult sites in 
o rd e r to hasten  the suppression o f  the heather.

W hile such im provem ents in technique u n ­
doubted ly  w idened the scope o f  S itka spruce, they 
perhaps encouraged  an  over-optim istic view o f  the 
prospects o f  the tree  on  the p o o re r sites, an d  in 
recent years the tendency has been to  avo id  p lan ti ng 
it on  the least fertile peats and  on  the heath lands. 
S itka spruce has, how ever, w ith o u t d o u b t a tta ined  
the im p o rtan t position  forecast by the late L o rd  
R ob inson  (1931).

EX TE NT OF P L A N T I N G

Sitka spruce is th e  m ost extensively p lan ted  exotic 
in B rita in , an d  th e  1947-49 C ensus o f  W oodlands 
show ed a to ta l o f  167,000 acres, this being seventeen 
per cent o f  the to ta l a rea u nder conifers o r  n ine per 
cent o f  the en tire  p roductive fo rest a rea  in  B ritain 
(F orestry  C om m ission 1952). Tables 28 an d  29 give 
a rea details by ow nership, coun try  and  age classes.

C LIM A TIC  REQUIREM ENTS

T he d is tribu tion  o f  Sitka spruce in the coastal 
forests o f  north -w est A m erica suggests th a t it has a 
h igh m oistu re  requirem ent. W ood  (1955) has d is­
cussed the differences betw een the clim ate o f  this 
region and  th a t o f  B rita in , and  considers th a t no

P I C E A  S I T C H E N S I S  ( S I T K A  S P R U C E ) ;  D I S T R I B U T I O N  B Y  C O U N T R I E S ,

T a b l e  2 8  a n d  p e r c e n t a g e s  o f  h i g h  f o r e s t  a r e a s  o c c u p i e d , 1 9 4 7

Ownership

England Scotland Wales Great Britain

Area
Acres

Percentages
Area
Acres

Percentages
Area
Acres

Percentages
Area
Acres

Percentages

o f  con­
ifers

o f  all 
species

o f  con­
ifers

o f  all 
species

o f  con­
ifers

o f  all 
species

o f  con-1 o f ail 
ifers i species

Private Woodlands 
Forestry Commission ....

8,866
39,322

5
20

1
16

14,126
71,054

6
37

4
36

2,137
31,532

10
38

2
36

25,129
141,908

5 2 
30 27

Total 48,188 13 5 85,180 19 15 33,669 33 18 167,037 17 ; 9
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P I C E A  S I T C H E N S I S  ( S I T K A  S P R U C E ) :  H I G H  F O R E S T  A R E A S ,
T a b l e  29  p u r e  a n d  m i x e d  s t a n d s  c o m b i n e d , b y  a g e - c l a s s e s , 1947  A cres

Ownership
Age-class

1-10
yrs.

11-20
yrs.

21-30
yrs.

31-40
yrs.

41-60
yrs.

61-80
yrs.

81-120
yrs.

Uneven
aged

Total

Private Woodlands 
Forestry Commission

6,141
71,986

8,138
58,323

7,174
9,766

1,530
284

592
85

145 1
1

1,402
1,463

25,129
141,908

Total 78,127 66,461 16,940 1,814 677 145 8 2,865 167,037

sharp  lim ita tion  need be expected in B rita in  on  the 
g rounds o f  inadequa te  ra infall o r low atm ospheric 
hum idity . T he h igh m oisture  requirem ent o f  the tree 
m ay be satisfied in the drier eastern  parts  o f  B ritain  
on  very localised favourab le  sites, bu t as M acdonald  
(1952) says, S itka spruce is rarely seen a t its best in 
d istric ts w here the annua l ra infall is less th an  35 o r 
40 in. T he low er evapo ra tion  rates o f  the no rth  
enable  the tree to  be grow n a t lesser rainfalls than  
w ould  perm it o f  its extensive p lan ta tion  in the south. 
C u rren t practice  is, how ever, to  confine the use o f  
S itka spruce to  regions o f  considerable ra in fa ll; it is 
little  p lan ted  w here the annual rainfall is less than  
40 in.

T here do  n o t appear to  be any definite tem perature 
lim its to  the use o f  S itka spruce in Britain.

SITE R EQUIREM ENTS

Sitka spruce can  be easily established and  will 
grow  satisfactorily  under a  wide range o f  conditions. 
Its p rim ary  requ irem ent, fo r adequate  m oisture, is 
readily  m et in the h igher ra in fall districts o f  the west. 
O ne o f  its p rincipal virtues fo r B ritish forestry is its 
to lerance o f  exposure, in w hich it is no t surpassed by 
any o th er species in  general use. C onsequently  it is 
no rm ally  carried  to  h igher elevations th an  o ther 
com m only  p lan ted  trees, and  it is also a  m ost useful 
subject fo r shelterbelts (C adm an 1953).

A t Inchnacardoch , Inverness-shire, Z ehetm ayr 
(1954) records th a t a fter tw enty-one years, S itka 
spruce grow ing on  an  exposed site a t 1,100 feet had  
d o m inan t heigh ts o f  tw enty-three feet, and  were 
surpassed  in  height g row th only by Pinus contorta 
o u t o f  a  range o f  seven coniferous species including 
Pinus sylvestris, Pinus nwgo, Picea abies and  Picea 
glauca. T he altitud inal lim it is a m atte r o f  local 
exposure; it is likely to  be ab o u t 1,800 to  2,000 feet 
on  sheltered  sites, an d  500 to  1,000 feet low er under 
exposed cond itions in the west.

S itka spruce is p lan ted  th ro u g h o u t the west o f 
B rita in  on  peats an d  acid grasslands. Peat soils 
supporting  M olinia, Narcius-Molinia o r rush-grass 
com m unities are  regarded  as favourable sites and  are 
frequently  p lan ted  w ith pu re  Sitka spruce. C o tton

grass (Eriophorum ), and  m ore especially, deer 
grass (Trichophorum ), indicate less fertile, m ore acid  
peats w hich will be difficult fo r Sitka spruce. 
Pseudo-fibrous peats w ith dom inan t Trichophorum  are 
no t considered p lan tab le  fo r Sitka spruce (Z ehetm ayr 
1954).

The presence o f  Calluna is a  w arning note , since 
on  the cessation o f  grazing it o ften  becom es dom in­
an t and  the spruce m ay go in to  check, a  cond ition  
in w hich the p lan t becomes yellow, an d  grow s 
slowly if  a t all. T here has been m uch effort to  extend 
the p lan ting  o f  S itka spruce on  to  sites where 
Calluna is an  im p o rtan t com ponent o fthevegeta tion , 
b u t this has frequently  resulted  in  the spruce going 
in to  check.

A  great deal o f  research  w ork has been undertaken  
bo th  by the F orestry  C om m ission and  the Im perial 
Forestry  In s titu te  a t O xford  to  determ ine the 
factors concerned  w ith check. I t  is found  tha t 
checking o f  g row th is due to  a com plex o f  factors 
am ongst w hich the presence o f  Calluna appears to  be 
o f  p rim ary  im portance  (Z ehetm ayr, 1952; Leyton,
1954). T he ro le  o f  Calluna has been elucidated  by 
observations in m ixed p lan ta tions, w here the Calluna 
is suppressed by the nurse trees o f  p ine o r  larch  
(M acdonald  1936; M acdonald  an d  M acdonald  
1952; W eathered  1953); and  also by the suppression  
o f  Calluna by artificial shading (Leyton 1955) an d  by 
m ulching (L eyton, 1954). T he use o f  p loughing  fo r 
cultivating  the soil and  fo r the suppression  o f  
Calluna has often  proved  a suitable m ethod  o f  
preventing  check, bu t o n  m any sites the Calluna 
quickly revives and  the spruce checks before it can 
close canopy. O n the poorer heaths, S itka spruce 
responds to  phosphate  applications, b u t nitrogen 
and  calcium  m ay becom e lim iting to  grow th when 
phosphate  levels in the soils are satisfactory  (L eyton
1954).

As a result o f  this research  w ork , it is concluded 
th a t S itka spruce is no t su ited  to  the dry heath land  
sites, and  despite the relative success o f  som e 
p lan ta tions, the low  rainfall an d  the nu trien t 
deficiencies do  n o t allow  the species to  develop its 
full potentialities.
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O n the m oister heaths, where the rainfall is m ore 
than  thirty-five to  forty  inches, S itka spruce is often 
plan ted  quite successfully follow ing ploughing, 
either as a  pure crop, o r  m ore  often  in a  three row : 
three row  m ixture w ith Japanese larch , Scots pine or 
Pinus contorta.

T he ecological cond itions provide a m ost reliable 
guide to  the ease (o r otherw ise) o f  establishm ent o f  
Sitka spruce. They can be m odified to  a  considerable 
extent by drain ing, cu ltivation , m anuring , etc., bu t 
there will rem ain certa in  basic lim itations to  the 
usefulness o f  the tree. These are  n o t yet clearly 
defined, bu t it is though t th a t certa in  soils will fall 
below the necessary fertility levels fo r Sitka spruce. 
T his m ay be the case w ith the poo rest peats and  also 
w ith certa in  acid  sands and  gravels o f  w hich the 
Eocene B agshot beds provide a no tab le  example. 
D ay (1954) has draw n a tten tio n  to the possibility 
th a t certa in  soils, w hich a re  physiologically shallow  
fo r one reason o r ano ther, will su p p o rt rap id  grow th 
o f  S itka spruce in you th , bu t will fail to  supply its 
requirem ents as it approaches m aturity . Very 
shallow  soils over im pervious substrates an d  stony 
rapidly-drain ing profiles are  considered unsuitab le  
for Sitka spruce. F ailu re  o f  m oistu re  supply is the 
m ain danger.

S itka spruce has how ever been plan ted  extensively 
on  soils w hich are  n o t com patib le  w ith very deep 
roo t penetra tion , no tab ly  the boulder tills overlying 
fine-grained rocks such as the S ilurian form ations. 
So fa r the behaviour o f  the tree on  these sites has 
given little cause fo r a larm , and  it m ay be th a t the 
retentiveness an d  com parative fertility o f  the soils 
com pensate fo r their physical disadvantages.

Sitka spruce is susceptible to  spring  frost injury; 
the provenance aspect o f  this has already been 
m entioned. In practice, th is has h a d  an  im portan t 
bearing on  the choice o f  sites, since valley bo ttom s 
are now  avoided  follow ing m any unfavourab le  
experiences, w hich unfo rtuna te ly  deprives the tree o f  
som e sites otherw ise well su ited  to  it. N orw ay spruce 
is p referred  on the low er spruce sites where frost is 
expected to  be an  im portan t factor.

Sitka spruce is (a t any ra te  in B ritain) in to leran t o f  
overhead  shade, and  is rarely  used fo r underplanting .

ESTABLISHMENT TE C H N IQ U E

n u r s e r y  p r a c t i c e . M ost S itka spruce seedlings 
are  raised in hea th land  nurseries using standard  
techniques. T he recom m ended sow ing density  in 
these nurseries is one p o u n d  o f  seed to  sixty-five 
square yards o f  bed, assum ing a  no rm al germ ination  
capacity  o f  85 per cent. A  three-six teenth  inch cover 
o f  coarse sand  o r  grit is essential fo r ob ta in ing  the 
highest yield o f  seedlings (F au lkner, 1953; M ac­
donald , 1935). T he seedlings are  especially in to leran t 
o f  soils w ith pH  values greater th an  6, an d  prefer

m oderately  acid  soils w ith in  the range o f  4.5-5.4. In  
the o lder established nurseries on  ag ricu ltu ral soils 
seedlings often  show  m uch better g row th  after 
partia l sterilization  o f  the soil, p roducing  m uch 
h igher yields o f  better quality  p lan ts su itable fo r 
lining-out. (E dw ards, 1952; F au lkner and  A ldhous, 
1956; Benzian, 1956).

Because S itka spruce exhibits well m arked  
m anuria l responses and  is generally sensitive to  soil 
conditions, it has been m uch  used o f  recent years as 
an  ind ica to r p lan t in nursery  experim ents.

v e g e t a t i v e  p r o p a g a t i o n . This is only p ractised  
in tree breeding.

Grafting. G rafting  is difficult bu t has been 
successfully accom plished on  roo tstocks o f  bo th  
Sitka spruce an d  N orw ay spruce. O ne-year-old scion 
w ood, w hich is no t too  vigorous, is su itable fo r 
g rafting  u nder glass in early M arch, o r  ou tdoo rs  in 
late M arch  o r  early A pril. Scion w ood does n o t keep 
well and  m ust be used soon  a fter collection.

T he grafting  m ethod  com m only em ployed is the 
"V eneer Side” g raft bu t the “ C left” g raft has given 
som e success. C u tting  back the roo tstock  m ust be 
done slowly and  carefully.

Cuttings. T his m ethod  o f  p rop ag a tio n  is usually 
qu ite  successful and  is preferred  to  grafting. C uttings 
are p repared  from  one-year-old  shoots, fou r to  six 
inches long, taken  from  vigorous side branches 
grow ing in full light conditions. They are  inserted in 
a roo ting  m edium  o f  equal p rop o rtio n s o f  silver sand  
and  m ild  peat in  early to  m id-July. C uttings from  
trees up  to  twenty-five years o ld  have been success­
fully roo ted . A pplications o f  indolyl butyric acid  in 
alcohol, used as a  concen tra ted  dip, increase the 
speed o f  roo ting  and  the num ber o f  roo ts developed.

D IR E C T  S O W I N G

Small areas have been raised  experim entally  on the 
peats and  heaths bu t the g rea t care  and  a tten tion  
needed to  ensure th e ir survival in the early  years is 
far too  costly fo r any w ide-scale application .

P L A N T IN G

A t the p resent tim e, very nearly all the p lan ting  o f  
S itka spruce is done on  sites p repared  by p lough  
dra in ing  o r  hand  turfing m ethods, the fo rm er being 
the general p ractice in the F o restry  C om m ission. O n 
sites w here p loughing  is im practicab le  o r  unneces­
sary, an d  w here intensive drain ing  is n o t required , 
S itka spruce m ay be p lan ted  directly in to  unp repared  
g round , usually  by one o r  o th er form s o f  notching. 
H ere ra th e r large transp lan ts (two year-one year o r 
even two year-tw o year) m ay be preferred, p a rtic ­
u larly  if  heavy weed grow th is expected; b u t fo r 
turves o r  p lough  ridges the one year-one year 
tran sp lan t is quite adequa te  and  is becom ing the 
s tan d a rd  type. Seedlings, b o th  one-year an d  two-
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year, have been p lan ted  on  num erous occasions, and  
som etim es w ith  success, b u t the general experience 
has been th a t th e  hazards outw eigh the econom ies. 
T he position  o f  p lan ting  on  p loughed g round  is 
norm ally  o n  top  o f  the  ridge, b u t on  very exposed 
sites it pays to  p repare  a  ‘step’ on the side o f  ridge, 
thus p rov id ing  som e shelter fo r the young  p lan t 
(Z ehetm ayr 1953.) P lan ting  in  the fu rrow  itself, a  
good  position  on  dry  g round , is n o t usually  possible 
w ith S itka spruce, since o n  the m oist sites usually 
favoured  the  furrow s serve as drains. W here turves 
have been spread, i.e. a fter h an d  drain ing o r p lough­
ing a t  m ore  th an  p lan ting  spacem ent, the p lan ts are 
sim ply no tched  in to  the turf. S itka spruce is usually 
p lan ted  ra th e r deeply, particu larly  on  p lough  ridges 
w hich are  liab le to  co n trac t o r  erode.

It is s tan d a rd  prac tice  to  apply phosphate  to  Sitka 
spruce in the first p lan ting  season on  sites w here a 
w orthw hile response is expected, o r  w here it is feared 
th e  p lan ts m ay go in to  check w ithou t phosphate . 
T he presence o f  Trichophorum, Eriophorum  o r 
Calluna is no rm ally  regarded  as an  ind ication  o f  
cond itions u nder w hich S itka spruce will respond  to  
phosphate . G ro u n d  m ineral phosphate  is the form  
m ost com m only  applied, and  the usual dosage is 
2 oz. per p lant.

s p a c i n g . A  spacing betw een plants o f  five to six 
feet is generally used.

T E N D I N G  A N D  T H I N N I N G

w e e d i n g . Sitka spruce gets aw ay fast and  weeding 
is n o t usually  a serious problem . P lantations on 
p loughed sites are  frequently  established w ithout 
any w eeding a t all.

t h i n n i n g . T he th inning problem s o f  Sitka spruce 
arise ou t o f  the large areas o f  fast-grow ing pole 
c rops w hich we now  have, ra th e r than  from  any 
special features o f  the tree itself. T he branching hab it 
o f  the tree is som ew hat coarse if  allow ed too  m uch 
space, o n  the o ther h an d  if  crow ns are  allow ed to 
becom e too  restricted , they do no t recover quickly. 
H ence in  forests w ith considerable areas covered by 
few age classes, it is som ew hat difficult to  p lan  th in ­
nings to  the best g rade an d  frequency. N orw ay spruce 
is an  easier crop  to th in , since crow ns recover readily 
from  underth inn ing , and  overth inning does no t 
p roduce  such coarse branching.

p r u n i n g . N atu ra l p run ing  in S itka spruce is 
slow er th an  in N orw ay spruce, b u t perhaps ra th er 
faster than  in D ouglas fir. Y oung p lan ta tions are 
im penetrable before brashing, and  brashing two- 
th irds o f  the trees up  to a height o f  six feet, is 
essential fo r access. A rtificial p run ing  is little  
practised. H igh  pruning  in to  the green crow n results 
in the p ro d u :tio n  o f  w eak epicorm ic shoots along 
the bole.

O T H E R  S IL V IC U L T U R A L  CH ARA CTERISTIC S

T he b a rk  is th in  and , even in  o ld  trees, is scarcely 
m ore th an  h a lf  an  inch th ick ; it is therefore  very 
easily dam aged during  tim ber extraction .

In  young  po le  stands, the suppression  o f  the 
vegetation  is com plete an d  a fairly th ick  deposit o f  
needle litte r builds up. T his is m uch less ap p aren t in 
o lder stands, w hen one o r  tw o th innings have been 
carried  ou t. P relim inary  studies on  the litte r fall and  
m ineral constituen ts o f  the needles have been carried  
ou t by O w en (1954) in  N o rth  W ales. O vington  (1953) 
included S itka spruce am ongst a  num ber o f  species 
stud ied  w ith respect to  the reaction  o f  their litte r and  
th a t o f  the soils o n  w hich they were grow ing. T he 
question  o f  the  effects o f  pu re  S itka spruce crops on  
the soils is o f  im portance  in view o f  the large areas 
involved, bu t it w ould  be unsafe a t  th is stage to  
com m ent on  the w ork  so far carried  out.

RA TE OF G R O W T H  A N D  YIELD

T he cu rren t yield table  (H um m el an d  C hristie
1953) is based on  da ta  p rov ided  by sixty-five sam ple 
plots, the m ajority  o f  w hich are  less than  th rity  years 
old. T he plots cover a  range o f  sites up  to  elevations 
o f  1,500 feet.

S itka spruce is a  fast-grow ing species an d  on  first 
quality  sites reaches a  to p  height o f  110 feet in  fifty 
years, an d  even Q uality  C lass V sites p roduce top  
heights o f  seventy feet in fifty years (equivalent to 
Q uality  C lass II N orw ay  spruce). R ates o f  grow th 
slow er th an  those recognised fo r Q uality  C lass V are 
n o t represen ted  in the yield tables, a lthough  low er 
classes m ight be distinguished fo r the p o o re r sites on  
w hich S itka spruce is now  grow n. Stands o f  first 
quality  are  ra re  in  areas w hich have an  annua l ra in ­
fall o f  less th an  fo rty  inches.

Early underestim ation  o f  Q uality  C lass m ay be 
m ade on  sites w here S itka spruce has tem porarily  
gone in to  check soon  a fter p lanting .

V olum e p ro duc tion  is high an d  a t fifty years to ta l 
volum e p ro duc tion  fo r Q uality  C lass I crops is in  the 
region o f  13,000 H oppus feet, an d  even on  Q uality  
C lass V sites the to ta l yield is slightly m ore th an  h a lf  
this figure, and  is b e tte r th an  th a t o f  Q uality  Class I 
E u ropean  larch. F ro m  the sam ple p lo t da ta  it appears 
tha t, a lthough  the species grow s best in  the w etter 
w est coastal districts o f  the country , very satisfactory  
yields can be expected elsewhere in B ritain .

A ccording to  the yield tables, the cu rren t annua l 
increm ent in Q uality  C lass I reaches a  m axim um  o f  
ab o u t 400 H oppus feet per acre a t tw enty years (the 
h ighest fo r any species in B rita in  fo r w hich yield 
tables have so fa r been published) b u t it then  falls o ff 
rapidly. In  o th er Q uality  Classes the cu rren t annual 
increm ent culm inates later. T he m ean annua l incre­
m ent culm inates before fifty years in the first th ree 
Q uality  Classes.
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T here are  m any fine specim en trees th ro u g h o u t 
B rita in  an d  tw o o f  the m ost no tew orthy  are  a t 
M urth ly , Perthshire, an d  S tanage P ark , R ad n o r. 
T he fo rm er was 160 feet tall and  h a d  a b reast height 
g irth  o f  fifteen feet tw o inches an d  the la tte r w as 138 
feet ta ll w ith  a b reast heigh t g irth  o f  th irteen  feet 
eight inches; b o th  were 108 years o ld  w hen m easured.

PESTS A N D  DISEASES

i n s e c t s . T he aph id  N eom yzaphis abietina  W lk., 
causes severe defolia tion  on  S itka spruce. A lthough  
th e  dam age, w hich is restric ted  to  tw o-year-old 
needles, looks m ost th reaten ing , recovery from  
a ttack  is good  except on  sites w here the soil m oisture 
co n ten t is low.

Eucosm a diniana G uen ., w hich is usually  regarded 
as a pest o f  larch , has w ith in  recen t years caused 
severe defo lia tion  o f  S itka spruce in  H o p e  F orest, 
D erbyshire. T he bud-feeding sawfly Pristiphora  
ambigua  Fally . is found  m ore  often  on  S itka spruce 
th a n  on  o th er species.

f u n g i . Sitka spruce has been m ore  affected than  
any  o ther conifer by “ G ro u p  D ying” associated  w ith 
the  fungus, Rhizina infiata.

In  the nursery  S itka spruce is som etim es severely 
a ttacked  by G rey  M ou ld  (B otrytis cinerea). T his 
often  follow s in itia l in jury  by au tum n frost.

m a m m a l s . T he field vole, M icrotus agrestis, is 
com m only  found  o n  sites w here S itka spruce is 
p lan ted  b u t dam age by voles is seldom  serious, 
except w hen the p o p u la tio n  assum es plague p ro p o r­
tions. D eer show  n o  p a rticu la r liking fo r S itka spruce 
an d  rare ly  cause dam age.

O T H E R  FORM S OF D A M A G E

w i n d . In  young  p lan ta tions, p rov id ing  th a t th in ­
n ing  has been regu lar an d  adequate  an d  th a t surface 
w ater is rem oved  by drains, little  dam age norm ally  
occurs. W e do n o t have sufficient experience o f  S itka 
spruce o f  the o lder age classes to  say how  it  will 
com pare  w ith  o th er species in gales o f  exceptional 
severity.

T here have been m any  repo rts  o f  S itka spruce 
losing its leading shoots, particu larly  L am m as 
shoots, on  sites w here g row th  has been very fast.

a t m o s p h e r i c  p o l l u t i o n . A lthough  it  has been 
s ta ted  th a t S itka spruce is resistan t to  sm oke dam age, 
experience suggests th a t it  m ay  n o t be very to leran t, 
a lthough  it is certain ly  m ore  to le ran t than  certa in  
o th er conifers, fo r exam ple, th e  Abies.

s n o w . S itka spruce appears resistan t to  snow  
breakage.

s e e d  a n d  s e e d - b e a r i n g

In  B rita in  the average yield o f  seed per bushel o f  
cones is nine ounces; th e  num ber o f  seed p e r po u n d  
varies from  120,000 to  400,000 and  averages 190,000,

w ith  a  percen tage purity  o f  n inety-three and  a 
germ ination  percentage o f  sixty-nine. S itka spruce 
s ta rts  to  flower w hen tw enty to  twenty-five years o f  
age, an d  gives the first econom ic seed crop  when 
th irty  to  thirty-five years o f  age. M axim um  seed 
p ro d u c tio n  occurs w hen trees are  betw een forty  and 
fifty years o f  age. Seed p ro d u c tio n  is period ic  and 
heavy crop  years occur a t  intervals. T he trees flower 
in A pril an d  cones are  collected in  Septem ber 
(M atthew s 1955). T here are  no  problem s in seed 
extraction .

GEN ETIC S A N D  B R E E D IN G

In  B rita in  133 “p lu s” trees h ad  been selected by 
1956. T he figures a re  m ade u p  as follow s: Scotland, 
117; E ngland , 10; W ales, 12. N o seed orchards are 
p roposed  a t present.

N A T U R A L  R E G E N E R A T IO N

N a tu ra l seedlings have frequently  been observed. 
M urray  (1938) repo rts  established seedlings up  to 
th ree feet ta ll a t Largie, A rgyll, an d  D avies (1954) 
describes a dense stocking o f  n a tu ra l seedlings a t an 
elevation  o f  1,200 feet a t  G lasfynydd, B reconshire, 
o n  a  shallow  pea t above a  soil derived from  O ld Red 
Sandstone. T here  is insufficient experience o f o lder 
crops to  judge w hether n a tu ra l regeneration  is 
likely to  be a p ractical p roposition .

T IM BER

T he tim ber a ir seasons rapidly  w ith som e splitting  
a n d  d is to rtion . I t  k iln-dries w ith a tendency to  w arp, 
an d  collapse o f  th e  springw ood has som etim es 
occurred .

I t  is n o t resistan t to  decay an d  the heartw ood  is 
difficult to  im pregnate  w ith w ood preservatives, bu t 
re ten tions o f  up  to  11 lb. per cubic foo t have been 
achieved u nder pressure. H ow ever, collapse o f the 
tim ber is liable to  occur if  to o  high tem pera tu res and  
pressures a re  used.

T ests have been  carried  o u t on  six consignm ents o f 
hom e-grow n th innings. T he tim ber was fo u n d  to  be 
sim ilar to  C anadian-grow n m atu re  tim ber in  som e 
streng th  p roperties b u t m uch  w eaker in  stiffness, 
bending  an d  resistance to  im pact. I t seems to  be 
w eaker th a n  hom e-grow n N orw ay  spruce in m ost 
streng th  properties.

T he streng th  p roperties o f  th e  tw o species are 
com pared  in  T ab le  30. (Sunley 1956.)

S itka spruce tim ber w orks well w ith m achine and 
h an d  too ls b u t does n o t finish particu larly  well ow ing 
to  the crum bling  o f  spring  w ood. O pinions have been 
expressed th a t clusters o f  knots, w hich b lun t the 
saws, can  be troublesom e during  conversion ; and  
th a t in w ood w ool m anufactu re , it gives a low er 
yield, in  pounds p e r cubic foo t, th an  N orw ay 
spruce on  accoun t o f  its low er density.
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S P R U C E  ( p i c e a ) :  s t r e n g t h  o f  t i m b e r

T a b l e  3 0

Modulus
o f

Elasticity 

lb. sq. in.

Bending
Strength

lb. sq. in.

Compres 
sion Paral­
lel to the 

Grain 
lb. sq. in.

Shear

lb. 
sq. in.

Sitka spruce 
(Picea sitchensis) 

Norway spruce .... 
(Picea abies)

950.000

850.000

1,100

1,200

800

1,000

160

180

T he  tim ber is now  widely used fo r p itw ood, box- 
m ak ing  a n d  ch ipboard  an d  there is a  ready m arket 
w here local industries are  available to  ab so rb  the 
m ateria l. In  recen t years tw o new  enterprises have 
been established in Scotland  to  utilise the increasing 
o u tp u t o f  tim ber from  thinnings, m ost o f w hich is 
S itka spruce. These a re  the A irscrew  and  Jicw ood 
C om pany’s ch ipboard  factory  a t A nnan , D um fries­
shire, an d  th e  C ow al-A ri Sawmill a t S trachur in 
Argyll.

A ccording to  B ryan an d  Pearson  (1955), the 
specific gravity  o f  tim ber in  young S itka spruce trees 
is h igh  n ea r the p ith  an d  falls to  a m inim um  fifteen to  
tw enty rings o u t from  i t ; thence it increases tow ards 
th e  cam bial layer. B ryan and  Pearson also no ted  an 
ap p a ren t re la tionsh ip  betw een the density o f  Sitka 
spruce tim ber, an d  th e  la titude  o f the site (in B ritain) 
on w hich it was grow ing.

POTEN TIA LITIES  O F T H E  SPECIES I N  T H E  N A T IO N A L  

ECO N OM Y

Sitka spruce is particu larly  well adap ted  to ou r 
m o ist oceanic clim ate, is able to  s tan d  a  high degree 
o f  exposure, an d  is readily  established in a  wide 
variety  o f  conditions. I t  is well suited to  grow  on  the 
acid  grasslands o f  o u r no rth ern  and  w estern hills. In  
add ition , its rap id  ra te  o f grow th an d  high volum e 
p ro duc tion  m ake it a  valuable acquisition.

E xperience has enjo ined  cau tion  in choice o f  sites. 
I t  is n o t now  p lan ted  on the drier heaths, and  on the 
p o o re r peats an d  m oist heaths it is usually  p lan ted  
in  m ix ture  w ith pines. Inside its p roper range, it is 
p ro b ab ly  less replaceable th an  any o ther species 
available fo r B ritish  forestry, and  while it is p robab le  
th a t certa in  o th e r north -w est A m erican species, 
no tab ly  its n a tu ra l N o rth  A m erican associates Thuja 
plicata  and  Tsuga heterophylla, will appear to a 
g reater ex ten t in  forests now  alm ost pu re  Sitka 
spruce, there  seem s little  likelihood th a t the use o f 
S itka sp ruce will decline.

R .F . and  R .F .W .

Picea sm ithiana Boissier
K now n also as Picea morinda, this tree was first

grow n in G rea t B ritain  in 1818 a t H opetoun , W est 
L o th ian . I t is qu ite  hardy  once it has grow n beyond 
the risk o f frost dam age in spring, to  w hich young 
plan ts a re  susceptible, and  it m akes a m ost handsom e 
tree. T here are  m any good specim ens m ore than  100' 
ft. high. O n the evidence provided by individual 
trees, it appears to  grow  better in the sou thern  parts  
o f  the country , though  trees a t T aym outh  Castle,. 
Perthshire, and  a t Inveraray , Argyll, a re  am ong  the 
largest w hich have been recorded. In spite o f its good 
perform ance as a  specim en tree, P. sm ithiana  has no t 
been tried  in the forest. I t m ight be w orth  trying in  
som e o f  o u r sou thern  districts.

Picea spinulosa G riffith

T his spruce is also a  native o f the H im alaya. 
It was in troduced  in  1878, bu t the only prom ising, 
specim ens appear to  date  from  ab o u t 1911. A t 
B orde H ill, Sussex, there are  several good specimens,, 
the  largest o f  w hich is 68 feet in height, by 6 feet 1' 
inch a t breast height, a t 45 years o f  age. T his species, 
is very rare  in  cultivation.

J .M .
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Pinus L innaeus

T he genus Pinus com prises som e seventy-five 
species o f  w hich fifty-seven have been reco rded  as 
grow ing in  G rea t B rita in ; P. sylvestris is th e  only 
native species. T he  m ost successful in troductions 
have com e from  E urope  an d  N o rth  A m erica; species 
from  sub-trop ica l la titudes a re  n o t hardy , w hile 
m any o f  those from  w arm  tem pera tu re  la titudes 
seldom  thrive, p robab ly  because o f  lack  o f  sum m er 
heat. N o n e  o f the A sian  pines except P. griffith ii 
show s any v igour here.

O f th e  five-needled pines o f N o rth  A m erica 
P. strobus a n d  P. monticola  a re  the  m ost im p o rtan t 
in G re a t B rita in , an d  have reached  large dim ensions, 
b u t the ir use is now  entirely  governed by th e  in ­
cidence o f  th e  w hite p ine  b lister ru s t ( Cronartium  
ribicola). P. lambertiana  is occasionally  fo u n d  in 
a rb o re ta  an d  specim en trees o f  80 to  100 ft. in height 
have been recorded . P. balfoitriana, P . aristata, P. 
fle x ilis  an d  P. albicaulis how ever occu r very rare ly ; 
none o f  these have exceeded 35 ft., except P. fle x ilis  o f  
w hich one specim en 87 ft. ta ll an d  several trees 50 ft. 
ta ll have been recorded.
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T he only im p o rtan t three-needled pines from  
N o rth  A m erica a re  P. radiata an d  P. ponderosa, 
b o th  o f  w hich have been used  to  a  sm all ex ten t in  
th e  fo rest an d  a re  frequently  m et w ith as specim en 
trees. O f th e  o thers, P. coulteri an d  P. je ffrey i a re  
reco rded  as grow ing to  80 and  100 ft. respectively, 
b u t w hile records o f  th e  form er are  lim ited a lm ost 
entirely  to  a rb o re ta  in  E ng land  an d  W ales, P. je ffreyi 
is found  in a  num ber o f  Scottish a rb o re ta  as well as 
in  m ore  southerly  ones. P. attenuate, P . rigida and  
P. sabiniana a re  all h a rdy  b u t do  n o t th rive ; m ost o f 
th e  reco rded  specim ens a re  found  in the sou th  o f 
E ngland , th e  ta lles t being a  specim en o f P. rigida 
64 ft. h igh  a t  B olderw ood, H am pshire. A  group  o f 
P. a ttenuate  a t  B edgebury had  a  m ean height 25 ft. 
w hen sixteen years old, b u t the trees were no t 
healthy .

T he five-needled an d  the three-needled pines o f 
the sou thern  U n ited  States, M exico and  C entral 
A m erica grow  best in  th e  sou th  o f  E ngland, bu t 
can  scarcely be said  to  th rive even there, except on 
particu larly  favourab le  sites. A ll a re  ra re  in  collec­
tions, except P. ayacahuite, w hich is one o f the 
h ard iest an d  m o s t vigorous species o f  this group. 
P. m ontezum ae, though  surviving only in  th e  south  
an d  west, has reached a  heigh t o f 80 ft. in C o rnw all; 
P. patula  survives in  m ild  positions in the south-w est 
an d  has grow n to  90 ft. P. greggii has been found  a t 
B edgebury to be  ha rd ie r th an  P. patula  an d  P. 
palustris has also  to le ra ted  severe frost on the sam e 
site, b u t only sm all specim ens o f  e ither P. greggii o r 
P. palustris  have  been recorded.

P. torreyana, P . cembroides, P . caribaa, P. taeda 
an d  P. teocote a re  extrem ely tender an d  survive only 
in  m ild  p a rts  o f  th e  B ritish Isles. A  sm all p lo t o f 
P . cembroides was p lan ted  an d  has survived a t 
C ra rae  in  A rgyll b u t was only 4.2 ft. ta ll fifteen years 
a fte r  p lan ting .

Pinus contorta  is by fa r the  m ost im p o rtan t o f the 
tw o-needled pines from  N o rth  A m erica; P. resinosa 
an d  P . banksiana  have been p lan ted  experim entally 
b u t no  p lace has been fo u n d  fo r them  in  o u r silvi­
culture. P. muricata  is qu ite  frequently  m et w ith  in  
a rb o re ta  an d  is recorded  as grow ing up  to  95 ft. 
T his species has in  the last tw o years been p lan ted  
on  an  experim ental scale in south-w estern  E ngland. 
O f th e  o thers P. echinata an d  P. pungens occur very 
rarely  in  B rita in  an d  a re  n o t recorded  as exceeding 
40 f t . ; w hile P. virginiana is ra re  bu t exceeds 60 ft. a t 
B orde  H ill in Sussex.

O f th e  A sian  five-needled pines, P. parviflora  is 
hardy , an d  is n o t uncom m on in  a rbore ta . H ow ever 
it  grow s slowly an d  seldom  exceeds forty  feet in 
height. A  sm all p lo t o f  P. parviflora  a t  C rarae, 
A rgyll, was only 5 ft. tall, fifteen years a fte r planting. 
P . arm andi is occasionally  found  in the sou th  an d  
west w here it can  grow  to  50 ft. A t B edgebury, this

tree  has been badly dam aged  by w in ter cold. 
P . koraiensis has seldom  been recorded, its best 
perform ance being ab o u t 50 ft. A  sm all p lo t o f  
P. koraiensis a t  C rarae  was 8ft. ta ll fifteen years a fte r 
p lan ting . P. pum ila, w hich is little  m ore th an  a  sh rub  
in its native hab ita t, is very rarely encountered .

P. bungeana is th e  only three-needled A sian  p ine 
th a t has been in troduced  in to  B rita in , an d  it is 
qu ite  rare . I t  is hardy  b u t grows slowly an d  has n o t 
yet exceeded 40 ft.

P . densiflora, a  tw o-needled p ine from  Jap an , is 
fo u n d  only in  a few sou thern  a rbo re ta  an d  does no t 
do  well. A t B edgebury its health  deterio ra ted  a fter 
m ak ing  good  early  grow th, while trees in a sm all 
p lo t a t  B eddgelert, C aernarvonsh ire , a re  grow ing 
slowly; in  1952 w hen eighteen years o ld  they w ere 
only 8.7 ft. h igh an d  w ere unhealthy.

P. tabulaeformis, a  tw o-needled p ine from  C hina 
is rarely  found , an d  its perform ance is usually poor.

O f th e  E u ropean  five-needled pines, P. cem bra  is 
frequently  seen in  a rb o re ta  in  all p a rts  o f  G rea t 
B rita in  an d  often  a tta in s 60 ft. o r  70 ft. in 
h e igh t; it has scarcely been used in the forest. 
P. peuce  o n  th e  o ther h an d  is less com m on in
a rb o re ta  bu t has been p lan ted  experim entally  in
several districts.

O f the E u ropean  tw o-needled pines, the fou r 
m ain  varieties o f  P. nigra have been p lan ted  b u t 
the  only one o f  m ajo r im portance  is th e  C orsican 
pine. P. pinaster  grows well n ear th e  sou th  coast o f 
E ngland  b u t is rare ly  m et w ith elsewhere. P.
halepensis is too  tender fo r use in  B rita in  an d
specim ens o f  it a re  rarely  seen. P. pinea, though  
hard ier, is also uncom m on. P. heldreichii, found  in 
th e  B alkan pen insu la  an d  S outhern  Ita ly , is re­
presen ted  in the  larger collections in  B rita in  by 
var. leucodermis.

T he insect fau n a  associated  w ith  p ine forest in 
B rita in  con ta ins a num ber o f  im p o rtan t forest pests 
an d  it w ill involve less repetition  to  consider here 
those w hich a re  o f  significance a t different ages o f 
th e  trees o r  crops, th an  to  do so in accounts o f  each 
forest species.

R eference has a lready been m ade in  C h ap te r 1 to  
th e  large p ine weevil, H ylobius abietis L ., and  to  the 
black p ine beetles, H ylastes  species, w hich a lth o u g h  
general coniferous feeders, typically breed m ost 
abundan tly  on  p ine an d  are  im p o rtan t pests a t  the 
tim e o f  establishm ent.

In  the first decade o r  so o f the p ine c ro p ’s life 
tw o sawfly species o u t o f  the eleven know n to occur 
in  B rita in  (F orestry  C om m ission, 1955b) are som e­
tim es prom inent. They are  Diprion p in i L. an d  
Neodiprion sertifer Geoff. B o th  cause defoliation  an d  
th e  la tte r  species is p robab ly  m ore  prevalen t th an  th e  
fo rm er a t the p resen t tim e. A ttacks seldom  resu lt in 
tree  dea th  b u t often  cause a  reduction  in  heigh t
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increm ent. It is in teresting  to  n o te  th a t P. contorta  
suffers m ore dam age from  th e  a ttacks o f  N . sertifer 
than  does the native P . sylvestris. A t th is stage o f  the 
■crop’s developm ent, a ttacks o f Evetria buoliana 
Schiff. and  E. turionana H bn ., b o th  o f  w hich p roduce 
stem  d istortions, often  occur. E. buoliana a ttacks 
P . contorta, P. sylvestris an d  P. nigra in th a t o rder 
o f  preference (B rooks an d  B row n, 1936; C rooke, 
1951) and  P. radiata and  P. pinaster  a re  also a tta c k e d ; 
but P. strobus appears to  be free from  attack .
E. turionana occurs on P. sylvestris and  P. contorta; 
bu t P. nigra, P . pinaster and  P. ponderosa  app ea r to 
be free from  a ttack  (C rooke, 1951).

In pole stage and  o lder crops, bark  beetles, 
weevils and  defoliators becom e o f im portance. O f 
th e  m any pine bark  beetles p resen t in  B rita in  the 
m ost im p o rtan t are  the M yelophilus species; an d  the 
adu lt feeding o f b o th  M . piniperda  L. and  M . minor 
H tg . can p roduce  serious an d  p erm anen t d is to rtions 
o f  stem  form . M . piniperda is w idely d is tribu ted  an d  
o ccu rs  on  m any species o f  p in e ; M . m inor is m ore 
restric ted  in d is tribu tion  an d  the only tw o exotic 
pines on w hich it is know n to  occur are  P. pinaster 
(W addelove an d  W ebb, 1948) and  P. radiata. Ips 
sexdentatus  B orn , has also been responsible fo r 
dam age in  p ine p lan ta tions (F orestry  C om m ission, 
1949) b u t its a ttacks are  sporad ic  in  na tu re . T he 
b an d ed  pine weevils, Pissodes species, a re  fairly 
co m m o n  pests (F orestry  C om m ission, 1952). O f 
th e  defoliators, the p ine looper m oth , Bupalus 
piniarius L ., never before  know n to  have been 
troublesom e, becam e very num erous, e ru p ted  in 
1953 (Bevan, 1955) in tw o forest areas, an d  had  
to  be contro lled  by the aerial spraying o f  insecticides 
(C rooke, 1956). In  this case the m a jo r dam age was 
inflicted upon  Scots p ine bu t P. nigra, P. contorta, 
P. pinaster, P. ponderosa  and  P. strobus are all know n 
to  be hosts o f  the p ine looper in B rita in  (Forestry  
C om m ission, 1954). A no ther defo lia to r o f  p ine o f  
po ten tia l im portance is the p ine beauty  m oth , 
Panolis griseovariegata, G oeze.

A m ong the sap  sucking insects, Adelgespini, K och, 
an d  Lachnus (Cinara) pini L. occur on  m any species 
o f  pine, w hilst Adelges strobi is restric ted  to  P. 
strobus. N one o f  them  are  o f  any g reat forest im ­
portance.

Im p o rtan t fungi affecting pines w ill be m entioned 
u n d e r the species, bu t m ention m ust be m ade here 
o f  the needle-cast fungus Lophoderm ium  pinastri. 
This pest is ab le to  a ttack  m any o f  the exotic pines 
in this coun try  bu t the resulting  defolia tion  is 
seldom  as severe as th a t occurring  on  Scots pine.

Pinus banksiana L am bert

T his tree is the m ost no rtherly  o f  the pines o f  N o rth  
A m erica an d  grow s from  near the A rctic Circle 
in the valley o f  the M ackenzie R iver th rough  the

C anad ian  forest belt an d  as fa r sou th  as M aine. 
I t  w as in troduced  in to  B rita in  early  in  the eigh teen th  
century , the exact da te  being unknow n. P. banksiana  
seldom  grow s well here  an d  its fo rm  is p o o r. T he 
tw o tallest specim ens o n  reco rd  occur respectively 
a t B lackm oor, H am pshire , w here there  is a  tree  
61 ft. an d  a t B edgebury, K ent, w here there  was a 
tree  56 ft. in height. A  fo rest p lo t o f  the species a t 
C rarae, A rgyll, has grow n surprisingly well an d  in  
1955 w hen 23 years o ld  h a d  an  average heigh t o f  
31 ft. A  very young  p lo t a t  B edgebury is grow ing 
w ith  som e vigour. O lder trees there  grew well fo r a 
w hile b u t la te r de te rio ra ted  in  health . I t  is m ost 
unlikely th a t th e  species will find any p lace in 
B ritish  forestry . J. R . A.

Pinus contorta L o u d o n  (P late 7)

N AM E

T he nam e Pinus contorta  is used fo r the w hole 
species in a  w ide sense, a lthough  tw o varieties are  
often  distinguished, o r  even, by som e bo tan ists, tw o 
separate  species. These have been term ed  th e  shore 
o r  beach pine, P. contorta  L oudon , an d  the lodgepole 
o r  M urray  p ine, P. contorta  var. latifolia  S. W atson, 
w hich is synonym ous w ith var. murrayana  Engel- 
m ann , o r  P. murrayana  B alfour.

In  N orth -w est A m erica, w here the sho re  o r  beach 
p ine is o f  little  com m ercial value, the general 
nam e fo r the w hole species is lodgepole p ine, an d  
in  view o f  the difficulties in div id ing the species, 
the nam e “ lodgepole” p ine fo r the w hole species 
P. contorta  is used in  B ritain . Som etim es the term s 
“coastal lodgepole”  a n d  “ in lan d  lodgepole” pine 
are  used to  d ifferentiate the m ain  seed provenance 
areas. T he nam e “ c o n to r ta  p ine” has also  been 
em ployed, b u t is to  be deprecated .

C O U N T R Y  O F O R I G I N  A N D  P R O V E N A N C E

T he range o f  lodgepole pine as a  w hole is very 
wide. T he n o rth e rn  lim it lies in  the Y ukon  R iver 
(K londyke d is tric t— 64°N) an d  it stretches so u th ­
w ards th rough  the R ocky  M ounta ins a n d  also  the 
Cascade, S ierra  N evada and  San Jac in to  M ountains, 
th rough  the Provinces o r  States o f  A laska, Y ukon, 
B ritish  C o lum bia  (including the islands), A lberta, 
W ashington, M on tana , O regon, Idaho , W yom ing, 
S ou th  D ak o ta , C aliforn ia , N evada, U tah  and  
C o lo rado  to  N ew  M exico. It is found  from  sea 
level up to  5,000 o r  6,000 feet a t the low er lim its o f  
the sub-alp ine type in B ritish C olum bia, an d  up  to  
the tim ber line a t 11,500 feet in  C o lo rad o  and  
sou thern  W yom ing.

A s in E urope, the earliest provenance experim ents 
in  B rita in  w ere carried  o u t w ith  seed from  in land  
sources. A  few plots w ere p lan ted  in  1928, a n d  fou r 
p rovenances tested  in  the U .S .A . by H aasis an d  
T h ru p p  (1931) an d  on  th e  C on tinen t o f  E urope,
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were p lan ted  in  several forests in  1930 and  1931. 
M ore com prehensive experim ents have been started  
in  the forests o f  C locaenog, D enb igh ; C lashin- 
darroch , A berdeenshire (1934-41); T eind land , M oray  
(1934-3 8); an d  A chnashellach, W ester Ross(1937-41); 
a  closely com parab le  p a ir  a t M illbuie, E aster Ross, 
a n d  A llerston  (W ykeham ), on  the N o rth  Y orkshire 
m oors, in 1938; a n d  K irroughtree, K irkcudbrigh t­
shire (1939-41). Sm all experim ents including A laskan  
p rovenances w ere p lan ted  in  1954. T he results 
indicate th a t, in  general, there  is a  b road  differentia­
tion  in to  fast-grow ing, ra th e r coarse, bushyprovenan- 
ces a n d  slow er-grow ing, narrow er-crow ned proven­
ances. A  descrip tion  o f  the tw o types th a t m ay be 
seen a t C locaenog, no ting  the advantages o f  the 
coastal fo rm  as a  p ioneer o r  nurse crop, able to  
suppress h ea the r quickly, an d  con trasted  w ith  the 
better fo rm  o f  th e  in land  p ine  from  K am loops, 
B ritish C o lum bia, is given by W ood  (1950). M ore 
details o f  th is experim ent are  furnished by E dw ards 
an d  P inchin  (1953) w ho show  th a t o ther character­
istics o f  th e  coastal provenances are  the greater 
num ber o f  b ranches per w horl, th icker branches, a  
w ider crow n, an d  a  m arkedly  shorter needle. 
F u rth e r evidence, from  a wide collection o f  p ro ­
venances, is given by M acdonald  (1954). H e also 
notes th a t the coastal type retains its needles on  the 
branches fo r a  g reater num ber o f  years, and  th a t 
the needles are  a dark er green th an  those o f  in land  
types. F ro m  th e  p o in t o f  view o f  good fo rm  and  
appearance, th e  m ost extrem e in land  provenance 
so far in troduced , from  A lberta, has done well, 
bo th  in experim ents on  peat (Zehetm ayr, 1954) and  
in Scottish forests, w here it has frequently been 
described w ith app rova l; bu t there  have been 
indications th a t extrem e in land  provenances m ay 
on  certa in  sites suffer from  die-back, frost dam age 
an d  subsequen t a ttacks by fungi (D ay, 1952; 
M acdonald , 1954). O n the o ther hand , there is som e 
reason to  hope  th a t th e  p o o r form  and  appearance 
o f  provenances o f  coasta l type m ay im prove w ith 
age. In  one o f  the o ldest crops o f  coastal lodgepole 
pine (31 years a t C ulb in  fo rest M oray), pho tographs 
show ed a m arked  co n tra st betw een its p o o r youthful 
appearance  an d  its sta te  after several thinnings.

These experim ents indicate th a t there are  wide 
differences in inherited  characteristics, bo th  bo tan ical 
an d  silv icultural, an d  th a t there is no  clear differ­
en tia tion  in to  tw o types. Instead , there are  m any 
in term ediates b o th  from  the standpo in ts o f  vigour, 
hab it, stem  form , resistance to  exposure o r  o ther 
characteristics, an d  these are  best dealt w ith as 
separa te  p rovenances. T he orig inal shore p ine was 
described from  sandy  coastal areas in the sou thern  
p a rt o f  the en tire  range o f  P. contorta. B ut in  
V ancouver Island , fo r exam ple, W ood  (1955) 
repo rted  th a t there w ere stands o f  P. contorta

com parab le  in fo rm  w ith those found  in  the in terio r 
o f  the M ain land . T he typically co n to rted  an d  
scrubby fo rm  o f  coastal p ine appears to  exist 
in  a  num ber o f  refuges w here its low  requirem ents 
give it a  special advantage, such as th e  m uskeg, o r  
on  exposed coastal dunes (W ood, 1955). T hus, it 
m ay be said  th a t Pinus contorta  is a  po lym orphic  
species, d ifferentiated  in to  ecotypes w hich m ay fo rm  
ecoclines rang ing  from  th e  coast to  the con tinen ta l 
zone east o f  the R ocky M ountains, an d  from  36°N 
to  64°N  latitude, b u t it is n o t always possible to  
classify the m orpholog ical an d  physiological differ­
ences in  re la tion  to  the p rovenance o f  th e  seed. 
G roup ing  in to  zones as, in  B ritish  C olum bia, the 
coastal, Skeena river, T hom pson  river an d  “east o f  
the R ocky M o u n ta in ” zones; an d  in  the U .S .A ., the 
coastal, C ascade an d  R ocky M ou n ta in  zones, is 
partia lly  satisfactory.

H IS T O R IC A L  NOTES

D iscovered in  1805, th e  tree w as in troduced  in to  
B rita in  by Jeffrey in  1853 from  th e  Siskiyou M o u n ­
tains, O regon, 43°30' N , a t  7,500 feet. (Johnstone, 
1939.) A lthough  o lder trees exist an d  h ad  reached  
over seventy feet in  height in  1931 (C hittenden , 
1932), the o ldest p lan ta tio n  so fa r traced  is th a t a t 
R u ttle  W ood, B eau fo rt E state, in  eastern  Inverness- 
shire. I t  was p lan ted  ab o u t 1910 o r  1912, an d  is 
clearly o f  a  coasta l provenance. T he first experim ent 
w ith th is species dates from  1921 (A chnashellach, 
R oss, w here it failed w hen no tch-p lan ted), an d  
p lan ting  o f  lodgepole p ine d id  n o t becom e general 
un til ab o u t 1930, th ough  som e w as earlie r used 
experim entally , an d  the chance seedlings th a t w ere 
frequently  fo u n d  in  seedbeds o f  S itka spruce an d  
D ouglas fir w ere utilized.

EX TENT OF P L A N T I N G

L odgepole p ine has n o t been p lan ted  extensively 
un til recently, a n d  the 1947-49 C ensus o f  W oodlands 
only recorded  828 acres in  E ngland, 1,949 acres in 
Scotland  an d  483 acres in  W ales; to ta l 3,260 acres, 
ab o u t h a lf  pu re  an d  h a lf  in  m ixture w ith  o th er 
species. T ab le  31 show s its d is tribu tion  by age 
classes

Im ports o f  seed re-com m enced in  1946 a fter the 
w ar, an d  rose to  over 600 lb. in  1951, w hen the 
species was first classed as “m a jo r” in F orestry  
C om m ission annua l rep o rts ; they have averaged 
nearly  700 lb. per an n u m  in  the last five years to  
1955. These increases a re  reflected in  the rap id  
increase in  the nu m b er o f  p lan ts used  fo r new  
p lan ting  each year, w hich has risen from  137,000 in  
1946 to  an  average o f  ab o u t 7 m illion in 1953 to  1955.

T he  rap id  increase reflects b o th  the rise in to  
favou r o f  this species a n d  also the larger p ro p o rtio n  
o f  p o o r lan d  p lan ted  in recen t years.



96 P I N U S  C O N T O R T A

P I N U S  C O N T O R T A  ( L O D G E P O L E  P I N E )  I H I G H  F O R E S T  A R E A S ,

T a b l e  31 p u r e  a n d  m i x e d  s t a n d s  c o m b i n e d ,  b y  a g e - c l a s s e s , 19 4 7  A cres

Age Class, Yrs.
Uneven-

aged
Total

1-10 11-20 21-30 31-40
41 and

over

Private Woodlands ................
Forestry Commission ................

77
862

92
1,922

6
159

2
2

—
138

177
3,083

Total ............................ 939 2,014 165 4 — 138 3,260

T he to ta l num ber o f  p lan ts used  in  th e  las t ten  
years, som e 35 m illion, suggests th a t th e  p lan ta tions 
cover ab o u t 17 th o u san d  acres, b u t a  g rea t deal has 
been p lan ted  in m ix ture w ith, an d  as a  nurse to , o ther 
species, a n d  if  these succeed, th en  the  p ine will 
p robab ly  be rem oved in  th innings.

I t  is also used  in  shelterbelts, fo r w hich it  has 
been recom m ended  by G uillebaud  (1943) an d  M ac­
dona ld  (1946), especially coastal p rovenances 
(M inist. Agric. L ond ., 1951).

C L IM A T IC  REQ U IREM EN TS

T he im m ense n a tu ra l range o f  lodgepole pine 
dem onstrates its ab ility  to  grow  u n d er diverse 
clim atic conditions. In  its hom e, the  ra in fa ll varies 
from  ab o u t 15 in . p e r an n u m  in  A lberta , east o f  the 
R ockies, o r  18 in. in the w arm er tem pera tu res o f  
C o lo rado , up  to  100 inches o r  m ore  n ear the coasts 
o f  V ancouver Is land  an d  W ashing ton . T he driest 
season o f  the year varies from  spring to  la te  sum m er. 
Snow fall is considerab le  an d  lies till la te  spring  over 
the w hole in lan d  region.

In  B rita in  th e  species has n o t been in  use fo r long 
enough  fo r anyone to  be ab le  to  d raw  very definite 
conclusions. T here is obvious scope fo r a llocating  
different provenances to  different clim ates, b u t 
little  evidence on  w hich to  m ake suitable decisions. 
T he coastal provenances, even th e  m ost vigorous 
southerly  ones from  W ash ing ton  w hich have been 
used in  B rita in , appear to  be com pletely resistan t to  
b o th  w inter co ld  an d  spring  frost, an d  to  stand  
grea t exposure even o n  p o o r soils. F ro m  th e  o th er 
extrem e, as no ted  above, th e  fa rthest in land  A lberta  
p rovenance has suffered dam age an d  die-back, and  
younger crops from  th e  in lan d  regions fu rth er south , 
such as Id ah o  an d  M on tana , though  younger, 
ap p ea r to  be follow ing th e  sam e p a th , possib ly  even 
m ore  rapidly . F o r  use in  B rita in , there  seems 
little  d o u b t th a t the extrem e in lan d  R ocky  m oun ta in  
p rovenances a re  unsu itab le  an d  th a t a  selection 
m ust be m ade  from  th e  coasta l an d  coastal m o un ta in  
regions from  A laska  to  O regon, to  su it different 
p a rts  o f  the B ritish Isles.

SITE R EQ U IREM EN TS

T he earliest use o f  lodgepole p ine w as fo r beating  
up  p lan ta tio n s o f  o th er species, an d  th is led  to  its 
experim ental use o n  th e  p o o re r types o f  peat, w here 
it soon  fo u n d  a  place. E arly  repo rts  o n  its success a t 
G w ydyr F orest, C aernarvonshire , a re  described by 
L ong  (1936), an d  m ore  details o f  the experim ental 
p lan tings are  given by G uillebaud  (1938) and  
M acdona ld  (1945). A  sum m ary  o f  its silvicultural 
qualities an d  uses, w ith  special em phasis on  the 
coastal p rovenances, is given by A nderson  (1950).

In  general, th e  p o o re r th e  site cond itions the 
m ore  ou ts tand ing  is th e  g row th  o f  lodgepole pine 
w hen com pared  w ith o th er species, bu t on  good  
g ro u n d  it is seldom  a n  a ttrac tive  tree  from  any 
p o in t o f  view. O n good  soils its coarse  g row th  is 
accen tuated . In  any case, there  is no object in p lan t­
ing  th is species o n  sites w hich give n o  tro u b le  fo r 
th e  ready  estab lishm ent o f  species th a t a re  m ore 
valuab le  an d  w hich p roduce  a  b e tte r tim ber o r  a  
g rea ter volum e. T hough  p o o r form , branchiness, 
liability  to  snow  breakage a n d  generally u nattrac tive  
appearance  are  m ark ed  in  the  coastal types, so th a t 
in lan d  types a re  frequently  preferred , th e  coastal 
types have definite advantages in  m any places. 
T hey a re  desirable w here the  exposure is m ost 
severe an d  a  p ro b ab le  lim iting fac to r fo r tree  grow th, 
an d  also  w here quick  suppression  o f  heather 
(Calluna vulgaris) is requ ired . E ven o n  th e  deep 
p eats o f  the poorest type, characterised  by Tricho­
phorum  (Scirpus) caespitosum, w here the tree roo ts 
can  never reach  the m ineral soil, young  p lan ta tions 
are  being raised  successfully on  an  experim ental 
scale, using coasta l p rovenances, a fter p repara tion  
o f  th e  g ro u n d  w ith  dra in ing  p loughs an d  the use o f  
fertilisers. O n the h a rd  an d  som etim es podzolized 
bou lder till o f  the up land  heaths, p repared  w ith a  
tine p lough , th e  p oo res t sites are  p lan ted  w ith 
lodgepole pine, though  here in land  provenances can 
be used except perhaps u n d er extrem e conditions.

L odgepole p ine appears therefo re  to  be the o u t­
stand ing  p ioneer species fo r difficult sites, w hether 
th e  factors lim iting g row th  a re  clim atic o r  edaphic . 
In  view o f  th e  discovery by A m erican  w orkers,
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based  on  po llen  analyses, etc., th a t lodgepole p ine 
was a  p ioneer a fter the re trea t o f  the ice in  N orth-w est 
A m erica (W ood, 1955), such a  conclusion w ould 
app ea r to  be reliable an d  n o t unexpected.

In  th e  sou th  o f  E ngland  there  are  som e m arginal 
soils w here, fo r reasons still obscure, lodgepole p ine 
has n o t been successful.

ESTA BLISH M ENT T E C H N IQ U E

n u r s e r y  p r a c t i c e . N o  differences from  norm al 
p rac tice  fo r species o f  pines appear to  have been 
recorded , though  lodgepole is a  sm aller-seeded and  
a  ra th e r slow er grow ing species in  the first year 
th an  m any com m only u sed  pines. I t  is now  generally 
sow n in the m odern  w ood land  o r  hea th land  type 
nurseries, w hich p roduce  one-year seedlings large 
enough  to  line ou t. T he germ ination  capacity  is 
usually  good, an d  seed can be sow n relatively 
sparsely.

S tratification , o r  m oist pre-chilling o f  the seed, 
has been fo u n d  beneficial. L odgepole p ine benefits 
m ore  fro m  p a rtia l soil sterilization  th an  m any o ther 
pines, a n d  as the first year’s grow th is o ften  sm all, 
in  o lder nurseries soil sterilization  m ay be o f  im ­
po rtan ce  in  practice.

M inera l sp irit w eedkillers can  be used, b u t lodge­
po le  p ine is classed am ong  the m ore sensitive species 
an d  post-em ergent applications should  be lim ited  to  
2 \  p in ts per 100 square  yards (15 gallons p e r acre).

v e g e t a t i v e  p r o p a g a t i o n . T here has n o t yet been 
m uch  occasion to  m ake use o f  vegetative p ro ­
pagation , bu t g rafting  techniques suitable fo r Scots 
p in e  have been successfully used.

d i r e c t  s o w i n g . In  experim ents in Scotland and  
the n o rth  o f  E ng land  from  1947 to  1951 lodge­
po le  p ine  sow n in  som e experim ents gave better 
success, b o th  in  the percentage o f  patches th a t 
w ere stocked  a fter three an d  six years, an d  in 
heigh t grow th, th an  d id  Scots pine, S itka spruce 
o r  Japanese larch. B ut the general conclusion 
th a t p lan ting  is preferab le  was n o t upset.

p l a n t i n g . A s lodgepole p ine is generally used on 
p o o r  soils w here the su rround ing  vegetation is n o t 
particu larly  vigorous, frequently  in  severe exposure, 
a n d  w here possib le on ploughed ground, a  sm all 
p lan t is usually  best. A  one-plus-one p lan t is there­
fore no rm al, b u t tw o-year seedlings can be used on 
peat w ith  m ore  success th an  m ost species. O n 
sites w ith h a rd  g round  th e  p lan ts a re  no tched  o r 
m attock-p lan ted , a n d  a  one-plus-one tran sp lan t is 
norm ally  used.

M anuring  w ith phospha te  is often  desirable an d  is 
essential on  the  very poo rest soil types. H owever, 
a fter p loughing  w ith  m odern  ploughs, an d  especially 
if  a  v igorous stra in  o f p ine is being p lan ted , p hos­
ph a te  is liable to  accelerate the grow th o f  the trees

to  such an extent th a t they becom e unstab le ; so it is 
som etim es om itted  from  the pines b u t given to  any 
associated  species fo r w hich th e  p ine is being used 
as a  nurse.

s p a c i n g . N o rm al spacings fo r pines, o f  41 to  54 
feet, a re  in  use. These are  generally satisfactory , as 
th e  w ide-crow ned coastal p rovenances w ith coarse  
branches are  norm ally  p lan ted  on  sites w here quick  
closure o f the  canopy an d  suppression  o f  vegetation  
are  im portan t. W here provenances w ith narrow - 
crow ned trees a re  used, the sam e spacing proves 
adequate  as qu ick  canopy closure is less essential.

t e n d i n g  a n d  t h i n n i n g .

W eeding is n o t norm ally  a  difficulty on  the p o o r 
sites on  w hich lodgepole p ine is p lan ted . I f  a  coastal 
provenance has been plan ted , an  early cleaning to  
rem ove th e  very coarse an d  defective trees is very 
desirable. M any p lan ta tions o f  in land  provenance 
do n o t need such cleaning, b u t som e stands have 
tended to  fo rk , the tw o stem s then  grow ing closely 
paralle l; rem oval o f  such trees a t an  early  stage is 
necessary.

M ost o f th e  o lder crops are  o f  in land  provenance 
w ith narrow  crow ns and  these will con tinue to  
grow  densely w ithout ap p a ren t h arm  fo r a  long time. 
This is a  characteristic o f  the tree in  its native h ab ita t, 
b u t in B rita in  it has usually  been considered desirable 
to  give the crow ns ro o m  to  develop by th inn ing  to  a  
m odera te  grade. O n very p o o r sites (e.g. sand  dunes) 
the  trees have show n signs o f losing vigour even 
w hen the ir crow ns ap p ea r to  have room , an d  no 
d oub t on  such sites it will be found  desirable to  
reduce the num ber o f trees per acre. Few  crops o f 
coastal p rovenance have becom e due fo r th inn ing  
un til recently, and  it has been found  desirable to  
rem ove badly shaped  dom inants, a fter w hich the 
stand  has becom e m ore closely com parab le  to  the 
in land type.

o t h e r  s i l v i c u l t u r a l  c h a r a c t e r i s t i c s '

T he u na ttrac tive  appearance  o f  lodgepole p ine 
has led to  its being used m ainly as a  nurse species, 
an d  o ther better-know n trees have usually  been 
mixed w ith it. O n m any sites, th e  p ine  has p roved  
successful, suppressing com petitive vegetation, an d  
prov id ing  shelter so th a t the  second species can  
gradually  replace the  pine. Som etim es, how ever, the 
discrepancies in  g row th betw een the species a re  
too  g rea t an d  only th e  p ine  is successful. A ttem p ts  
are  m ade in th inn ing  to  favour th e  second species, 
bu t w hen th e  balance has sw ung too  fa r  only the 
p ine survives. T here is scope here fo r selecting a 
su itable p rovenance o f  p ine  to  com bine th e  v igour 
o f  the fastest grow ing coastal, an d  th e  s tra igh t
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T a b l e  32
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p i n u s  c o n t o r t a : ( l o d g e p o l e  p i n e )  g r o w t h  a n d  p r o d u c t i o n

Forest Elev.
A

Age
yrs.

Top Ht.
ft .

Mean
girth

in.

Vol. per 
acre 

Hoppus f t .  
over bark

Total 
production 

per acre 
Hoppus f t .  
over bark

Remarks

Thetford, Norfolk 150 28 47 18* 1,850 2,500 —

Inchnacardoch, Inverness 230 23 41* 16* 1,840 2,600 Destroyed by heart rot and 
windblow

Culbin, M o ra y ............... 40 32 50* 19* 1,300 2,700 C/D Grade. Comparative 
thinnings

Culbin, M o ra y ................ 40 32 49 17* 2,000 2,800 . A. Grade. Comparative 
thinnings

Ratagan, Ross-shire 130 22 32* 12* 800 1,000 —

Loch Ard, Perthshire .... 650 18 32* 15 960 1,530 ---

narrow -crow ned properties o f th e  in land  proven­
ances.

R A T E  OF G R O W T H  A N D  Y IELD

T here are  a  num ber o f  records o f individual trees 
having reached heights o f  60 to  70 ft., an d  one a t 
least has reached the 100-foot m ark . O f plots, only 
th irty  have yet been m easured  fo r g row th an d  yield, 
an d  it will n o t be possib le to  ad d  greatly to  them  
u n til the extensive recent p lan tings reach  the pole 
c rop  stage. T he heigh t/age curves fo r the m easured 
p lo ts  fall a ro u n d  th e  curves fo r Scots p ine o f Q uality 
C lasses I an d  II. As lodgepole p ine is usually  con ­
fined to  p o o r sites, these results m ay  be considered 
very prom ising, an d  they ten d  to  su p p o rt th e  data  
from  the experim ents on  deep pea t (Zehetm ayr,
1954) w hich show  th a t lodgepole p ine  is well ahead  
o f  Scots on  equally  p o o r sites.

T able 32 gives details w hich have been ob tained  
from  m easurem ents in different p a rts  o f  the country.

DISEASES A N D  PESTS

Cases o f d ie-back o f  shoo ts an d  brow ning o f 
needles o f  lodgepole p ine have been reco rded  from  
several forests. In  tw o instances, D ay  (1952) ascribed 
this dam age partly  to frost and  partly  to  p o o r  site 
d rainage. O n the  needles o f  such trees, the leaf cast 
fungus Lophoderm ium  pinastri is usually  ab u n d an t 
bu t possibly secondary. D ay  em phasises the differ­
ence in susceptibility tow ards frost dam age dis­
played by various stra ins o f  lodgepole p ine and  
points o u t the need fo r care  in  choosing the best 
stra in . H ow ever, in general lodgepole p ine is resist­
an t to  exposure an d  frost injury.

N eilson-Jones (1938 and  1945) described ‘fused- 
needle’ disease on  young lodgepole p ine a t  W areham  
in D orse t. C haracteris tic  sym ptom s w ere d is to rtion  
an d  fusion o f the needles accom panied  by stun ting  
o f  grow th. T he troub le  was considered to  be  physio­
logical, deriving from  the m arked  infertility o f  the

site w here the disease occurred . A dd itio n  o f  certa in  
com posts, an d  also  transference to  a  b e tte r quality  
site, im proved  th e  cond ition  o f  affected trees.

In  Scotland, a  sam ple p lo t a t  Inchnacardoch  
F orest, Inverness-shire, was a ttack ed  by Fomes 
annosus an d  la te r destroyed by w indblow .

In  G rea t B ritain , a lthough  no  detailed  studies 
have been m ade, it is know n th a t m any o f  th e  m ore 
im p o rtan t insect species associated  w ith pines occur 
on  lodgepole p ine. These include, fo r exam ple, 
H ylobius abietis L ., M yelophilus piniperda  L., 
Bupalus piniarius L., Evetria buoliana  Schiff., 
E. turionana H bn ., Diprion p in i L. and  Neodiprion  
sertifer G eoff. C rooke (1951) records th a t a ttack  
by E. buoliana has m ore  dam aging results on  lodge­
pole p ine th a n  on  e ither Scots o r  C orsican pine, 
whereas Scots p ine  is m ore  severely a ttack ed  th an  
lodgepole p in e  by th e  closely related  E. turionana. 
In  general it can  be assum ed th a t th e  insect fauna 
associated  w ith  Scots p ine can  also occur on  lodge­
pole, an d  th a t on  th e  la tte r  host the  in tensity  o f 
a ttacks and  th e ir silvicultural im plications, a re  o f 
m uch the sam e o rder as fo r Scots pine.

O T H E R  FORM S OF D A M A G E

w i n d b l o w . C onsidering  the sm all a rea o f  p lan ta tions 
o f  lodgepole p ine  large enough  to  be susceptible to 
w indblow , it can n o t b u t be regarded  as having 
suffered severely. B ut investigations in to  blow n plo ts 
often  show  th a t the p ine was m uch  ta ller th an  the 
su rround ing  p lan ta tions, an d  then  the blow  can 
be regarded  as exceptional. In  o th er cases the 
dam age follow ed heavy an d  often  delayed th inning. 
D am age by w ind in  the very young  stages, a lready 
referred  to , is the resu lt o f  vigorous early grow th 
caused perhaps by too  rich  a soil, o r  use o f  too  m uch 
fertilisers, o r  in general the m ishandling  o f  an  
unexpectedly vigorous provenance due to  inexperi­
ence. I t  is therefore  to o  early  yet to  be able to  define 
the sta tus o f  the species in re la tion  to w ind-dam age.
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a t m o s p h e r i c  p o l l u t i o n . A gain, the evidence 
available is no t adequate  to  fo rm  definite conclusions, 
bu t in  experim ents o n  p o o r soil in a heavily-polluted 
atm osphere  in  the Pennines, lodgepole pine shows 
som e prom ise o f  being resistan t to  the com bined 
effects o f  a tm ospheric  po llu tion , exposure a t a  high 
elevation, com petition  from  heather, and  a  p o o r 
soil.

s n o w . A num ber o f  com parisons betw een lodgepole 
pine an d  o th e r species have been m ade, w ith the 
advan tage  usually  in favour o f  lodgepole pine. B ut 
these exam ples concern  the in land  provenances, 
w hich are  m uch m ore  resistan t to  dam age by snow 
than  heavily b ranched  ones from  coastal areas, and  
it m ay be th a t snow  dam age will becom e o f  greater 
im portance  as the la tte r cam e into greater use. 
m a m m a l s . O ne o f  the disadvantages o f  lodgepole pine 
is its a ttrac tio n  fo r roe-deer, an d  when lodgepole 
pine is used fo r beating  up  in sm all groups, it m ay 
suffer severely. M acdonald  (1954) no tes th a t the 
coastal type suffers less severely than  the in land, 
the heavier b ran ch  system  o f  the fo rm er tending 
to  keep the  anim als aw ay from  the leading shoot. 
Pines also suffer dam age from  blackgam e when 
these birds are  num erous, bu t lodgepole does no t 
suffer as m uch as Scots pine. (Zehetm ayr, 1954.) 
A llm an (1946) reco rds a case w here hares p referred  
C orsican  p ine an d  left lodgepole and  Scots pine 
undam aged, an d  C harles (1956) found  th a t voles 
avo ided  lodgepole p ine in favour o f  o ther species.

SEED A N D  SEED -BEA RIN G

T he first flowers are  p roduced  from  the fifth to  
ten th  year o r  exceptionally  even earlier. G o o d  crops 
o f  cones m ay be available from  the fifteenth to  
tw entieth  year and  there is som e seed available 
in m ost years. M axim um  production  probably  
begins from  the th irtie th  to fortieth  year, bu t there 
is little in fo rm ation  yet available. Cones can  be 
collected from  D ecem ber to  F ebruary  (M atthew s,
1955). A nderson  (1950) states tha t the yield is six 
ounces per bushel o f  cones. Scottish data  from  over
1.000 bushels collected from  1951 to  1953 show 
yields from  two to  fo u r ounces, w ith a  m ean  o f  
ab o u t tw o-and-a-half ounces per bushel. T he num ber 
o f  seeds per lb. unso rted  (i.e. as cleaned com ­
m ercially), has been found  to  vary from  130,000 to
222.000 (m ean 160,000-180,000) in collections from  
trees o f  different provenances, m ostly from  in land- 
type trees. A m erican  seed runs from  102,000 to
135.000 seeds p e r po u n d  on  the average (D ep. A gric., 
U .S .A ., 1948).

G EN ETICS A N D  B R EE D IN G

T he very g rea t range o f  varia tion  w ith in  the 
species, an d  its m arkedly  differing reactions to 
different sites, together w ith the possibility  o f  h yb rid ­

ization  w ith o th er species o f  Pinus, offer great 
possibilities.

It is p roposed  to  establish  a  seed o rchard  from  
one successful provenance, and  fu rther developm ents 
will take  place as the various crops develop, and  
selection o f  plus trees becom es possible. T here is 
already som e evidence th a t the p lan ts grow n from  
hom e-collected seed are  superio r to those o f  the 
sam e provenance im ported  from  A m erica, and  if 
this proves to  be the case, then m ore su itab le  B ritish 
cultivars o f  lodgepole p ine m ay be developed, as 
has happened  in the case o f  Larix  decidua.

N A T U R A L  R EG EN ER A TIO N

N atu ra l seeding o f  Iodgepole p ine takes place 
freely along ride-sides, blow n areas, etc., bu t 
seedlings a re  usually  regarded  as weeds w hich 
im pede the grow th o f  m ore favoured species.

TIMBER

T he tim ber o f  lodgepole p ine was used fo r railw ay 
ties (sleepers) in the R ocky M ounta ins, b u t it was 
n o t a  highly valued tim ber. M ore recently it  has 
com e in to  prom inence again  fo r w ood pu lp , box­
w ood and  fo r transm ission-line poles. T im ber from  
an  o ld  p lan ta tion  a t R u ttle  W ood  in  Inverness-shire, 
referred to  on  p. 95, has been tested  a t the F o res t 
P roducts R esearch L abo ra to ry , Princes R isborough , 
w here it was found  com parab le  to  Scots pine 
in seasoning and  w orking properties an d  to 
C anad ian  lodgepole p ine in  strength . So far 
it has n o t com e o n  the m arke t widely in  B ritain . 
In  E ast S co tland  it is rep o rted  th a t stra igh t p itp rops 
w ith p ronounced  b u t n o t heavy w horls a re  accept­
able by collieries w hen peeled and  dressed. U npeeled  
m aterial quickly becom es d iscoloured. Sm all boards 
from  th innings have a  hard  tim ber, ra th e r like 
im ported  Pinus pinaster.

P O T EN TIA LITIES O F T H E  SPECIES I N  T H E  N A T IO N A L  

ECONOM Y

L odgepole pine is the best p ioneer species fo r the 
affo resta tion  o f  difficult sites on the long-defo rested  
up lands and  p o o r soils o f  B ritain . I t is a  tree th a t is 
no t favoured  w here any o th er will grow  successfully, 
bu t in its grow th on  p o o r m ineral soils, rocky sites or, 
highly acid  peat, com bined w ith resistance to  co ld  
an d  exposure, and  to lerance o f  com petition  from  
o th er p lan ts such as Calluna vulgaris, it is u n ­
surpassed.

O n such sites, it has been used in pu re  crops to  only 
a sm all extent, bu t m ore often  as a  nurse to  o th er 
species; as a ru le, w here these o thers a re  successful, 
the lodgepole p ine has been o r  is in tended  to  be 
rem oved in early  th innings. O n the very poo rest 
acid  peats an d  on  high-lying an d  stony soils, lodge-
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pole  p ine alone  seems to  m ake progress, an d  
experim ents w ith  o th er species are  n o t very p ro m ­
ising. O n such sites, a  p u re  p ioneer c rop  o f  lodge­
po le  p ine is the m ost likely so lu tion  to  th e  problem , 
an d  the question  o f  a  change to  a  m ore  favoured 
species, if  by th a t tim e lodgepole p ine has n o t found  
a place in  the m arket, can  be left to  a la te r stage.

M .V .E .

Pinus griffithii M cC lelland
(P. excelsa  W allich; P . wallichiana A . B. Jackson).

T he B h u tan  p ine, a  native o f  th e  H im alayas, was 
in troduced  by L am bert in  1823 an d  is the  m ost 
successful o f  the A sian  pines in B rita in . Specim en 
trees are  quite often  seen a n d  m ay reach  90-100 ft. in  
height. T he tallest reco rd ed  specim en, 110 ft., w as a  
tree a t R ossdhu , D un b arto n sh ire  (C hittenden, 1932).

T he B hu tan  p ine is n o t uncom m on as an  o rn a ­
m ental tree in city p a rk s an d  seem s to  w ithstand  
sm oke po llu tion  better th an  m any conifer species.

A  sm all fo rest p lo t p lan ted  a t B eddgelert, C aer­
narvonsh ire , on  an  exposed site, h ad  an  average 
height o f  10.5 ft. eighteen years a fter p lanting . 
T hough  grow ing slowly, th e  p lo t is very healthy. A  
p lo t has also been established recently a t the 
N a tio n a l P inetum , B edgebury, K ent.

I t  is unlikely th a t th is tree  w ill find a p lace in  
B ritish  fo restry ; its only p robab le  use is as a p a ren t 
o f  hybrids in  the b reeding o f  w hite pines resistan t 
to  b lister rust.

P inus monticola L am bert

T he W estern  W hite  p ine, in troduced  in to  G rea t 
B rita in  by D oug las soon  a fter 1831, occurs in  
W estern N o rth  A m erica fro m  B ritish  C o lum bia  to  
Idaho  and  M o n tan a  w here it is the w estern coun te r­
p a rt o f  P . strobus.

In  B ritain , the g row th  o f  P . monticola  is quite 
sim ilar to  th a t o f  P . strobus. A  tree  106 ft. ta ll a t 
A ltho rp , N o rth am p to n sh ire  (m easured in  1930), and  
an o th e r 103 ft. ta ll a t R edleaf, K en t (m easured in  
1953 by M aynard  G reville), a re  the tw o tallest on 
record . A n  ou ts tand ing  exam ple o f  th e  rap id  ra te  
o f  g row th  o f  the species is to  be fo u n d  a t D aw yck, 
Peebles, w here tw o 21-year-old trees m easured  61 
an d  57 ft. respectively.

T here is one sam ple p lo t o f  P . monticola  a t 
D aw yck. W hen th e  trees in  the p lo t w ere 32 years 
o ld  the ir m ean  heigh t was 50 ft. a n d  th e ir m ean  
g irth  27^ inches; there  w ere 301 stem s p e r acre  and  
the volum e per acre  was 2,310 H oppus ft. This ra te  
o f  height g row th  com pares favourab ly  w ith  Q uality  
C lass II C orsican pine, bu t the to ta l volum e p roduc­
tion , a t 4,805 H oppus feet per acre is slightly greater.

T he species is badly  a ttacked  by th e  W hite pine 
blister ru s t, an d  there  is n o  fu tu re  a t all fo r it in 
B rita in  unless rust-resis tan t stra ins are  found.

Pinus mugo T u rra  (P . montana  M iller)

c o m m o n  n a m e . M ou n ta in  p ine

M o u n ta in  p ine is a  species o f  variab le  h ab it, grow ing 
in  the m oun ta in s o f  cen tra l an d  w estern  E urope. 
T he variety  rostrata  (syn. var. uncinata) is up righ t 
in  hab it, reach ing  70-80 ft. in  height, a n d  is found  
in  the Pyrenees, F rench  A lps and , rarely , in  Sw itzer­
land. T he tree  is d o m inan t an d  fo rm s h igh  forest 
only  w here spruce is ra re  o r absent. T he ‘d w arf’ 
m ou n ta in  p ine, var. pum ilio, is fo u n d  a t  the u pper 
lim it o f  tree  g row th in  th e  m oun ta ins o f  C entral 
E urope. T here spruce is a  d o m inan t species in  the 
forests a t  low er elevations a n d  appears to  have 
ousted  the up righ t fo rm  (Stirling M axw ell 1929.) 
A  variety  in term ediate  in hab it, var. rotundata, is 
com m on in  th e  A lps.

T he first represen tative o f  the species to  be cu lti­
va ted  in  B rita in  was the variety  pum ilio, w hich was 
in troduced  in  1779.

M o u n ta in  p ine  has seldom  been p lan ted  as a 
fo rest species. S tirling  M axw ell a t  C o rro u r w as one 
o f  th e  first to  p lan t m o un ta in  p ine  o n  any  scale; he 
fo u n d  th a t the d w arf variety  w as extrem ely hardy  
a n d  fo rm ed  a  good  advance crop . T he u p righ t fo rm  
d id  n o t do  very well b u t “ scarcely h ad  a  fa ir tr ia l” .

In  th e  early experim ental p lan tings carried  ou t 
o n  th e  p o o re r peats by th e  F o restry  C om m ission, 
m o un ta in  p ine  was fo u n d  to  grow  even on  severely 
exposed  sites, a n d  in  th e  absence o f  intensive 
g ro u n d  p rep a ra tio n  an d  m anuring . Its response to  
these trea tm en ts was less th an  th a t o f  m ost o th er 
species.

W hen grow n in  m ix ture w ith  Scots p ine o r  S itka 
spruce, d w arf m o u n ta in  p ine  w as fo u n d  to  give 
shelter an d  to  suppress vegetation. I t  w as o u t­
grow n an d  qu ite  suppressed  once th e  spruce o r  
Scots p ine  w as grow ing well, a n d  th e  early  un - 
rem unera tive  th inn ings w ere thus avoided. T he only 
risk  in  p lan ting  such a  self-thinning m ix ture  is th a t 
if  the spruce o r  Scots p ine shou ld  fail, only a  w o rth ­
less c rop  o f  m o u n ta in  p ine is left.

In  m ore  recen t experim ents, m o u n ta in  p ine has 
been  p lan ted  in  m ix ture  w ith  tw o o th e r species, in 
such a  w ay th a t it  gives shelter to  a  spruce an d  acts 
as a  buffer betw een it an d  a  faster g row ing p ine  o r  
la rch  species (Z ehetm ayr, 1954). D w a rf  m o un ta in  
p ine  has been used  very successfully on  th e  outside 
edges o f  shelterbelts in exposed situa tions; the low 
dense foliage prevents th e  w ind sw eeping in  under 
th e  canopy  o f  the m ain  p lan ta tion .

T he g row th  o f  m o u n ta in  p ine is slow, especially 
w ith  the d w arf varieties. T ab le  33 gives da ta  from  
a  num ber o f  experim ental plots.

Few  records o f  specim en trees exist. T he tallest, 
a  tree  75 ft. ta ll, w as reco rded  in 1931 a t  D aw yck, 
Peebles.
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T a b l e  3 3  p i n u s  m u g o ,  m o u n t a i n  e i n e : g r o w t h  r e c o r d s

Location Age at measure­
ment, yrs.

Mean Height
ft .

Elevation o f  site
ft .

Habit

Kilcoy, Ross-shire ............................ 45 33 525 Upright
Beddgelert, Caernarvon ............... 40 10.7 1,200 , (mixed)
Cairn Edward, K irkcudbrigh t............... 18 7.9 30
Clocaenog, Denbighshire ............... 19 14 1,200 yy
Inchnacardoch, Inverness-shire............... 27 13 1,000 yy
Wareham, Dorset ............................ 16 7.5 50 Dwarf
Clashindarroch, Aberdeenshire............... 18 5.5 1,380
Lael, R oss-sh ire ........................................ 16 5 800 ”

T he d w arf m o u n ta in  p ine is likely to  con tinue to 
be used  as a  nu rse  o r  shelterbelt species o n  m arginal 
sites a t h igh  elevations in  B rita in ; the up righ t 
variety is n o t likely to  have a  place in  B ritish 
forestry.

Pinus nigra A rn o ld

T here  is no  E nglish  nam e in  com m on use fo r the 
w hole species, though  the nam e (E uropean) B lack 
pine has occasionally  been used in  B ritain . The 
com m on nam es approx im ating  to  the tw o m ost 
im p o rtan t varieties, P. nigra var. calabrica and  
P. nigra  var. austriaca  a re  C orsican pine and  
A ustrian  p ine respectively.

C O U N T R Y  OF O R IG IN  A N D  PR O V E N A N C E

Pinus nigra is found  in C entral E urope an d  the 
N o rth e rn  M editerranean  region from  Southern  
Spain  to  A sia M in o r and  the C rim ea, the to ta l 
range being from  35 to  49 degrees N o rth  la titude and  
from  3 degrees W est to  34 degrees E ast longitude. 
I t  is p redom inan tly  a  m oun ta in  tree bu t occurs 
a t  sea level a long the  shores o f  the A driatic.

T he d is tribu tion  o f  the species is m arkedly  dis­
con tinuous an d  the ecological conditions o f  the 
n a tu ra l forests differ considerably one from  another. 
As the n a tu ra l stands becam e know n to  botanists, 
various subdivisions o f  Pinus nigra were m ade. U n ­
fo rtunate ly , num erous classifications were used w hich 
differed greatly, so th a t the nom enclature  has becom e 
confused  an d  there  is disagreem ent ab o u t the 
d is tribu tion  o f  the various sub-species an d  ab o u t the 
varieties w hich should  be recognised. (Delevoy, 1949; 
Elwes and  H enry, 1906-13; H outzagers, 1954; 
Schm ucker, 1942 ; Schw arz, 1936.)

F o u r bo tan ical varieties are  now  generally 
recognised :—
(1) Pinus nigra var. austriaca (H oess) A scherson and  

G raebner, found  in Low er A ustria , N o rth e rn  
an d  C entral Italy , Y ugoslavia an d  A lbania. 
T his variety also occurs in  S ou thern  Poland.

(2) Pinus nigra  var. caramanica  (L oudon) R ehder,
occurs in  the eastern  p a rts^ o f  the range in 
H ungary , B ulgaria, R um ania , G reece, Crete, 
C yprus, T urkey an d  the C rim ea.

(3) Pinus nigra  var. calabrica (L oudon) Schneider,
found  in C orsica, Sicily an d  S ou thern  Italy .

(4) Pinus nigra var. cebennensis (G ren ier an d
G odro n ) R ehder, occurs in  th e  Cevennes o f  
F rance, o n  the F rench  and  Spanish  Pyrenees, 
an d  in  C entral an d  | S ou th  E astern  Spain. 
A  sou thern  ou tlier is repo rted  from  Algeria.

O f the fo u r varieties o f  Pinus nigra, tw o— the 
variety calabrica and  the variety austriaca— have been 
widely used in B ritain. T he fo rm er is o f  great im ­
portance  an d  is often  used in  p lace o f  Scots pine in 
the d rier an d  w arm er p a rts  o f  E ngland, a n d  locally 
in  S co tland  an d  W ales. P. nigra var. austriaca  has 
been used principally  as a  shelter tree in  coastal areas 
and  on  lim estone. P. nigra var. cebennensis has 
been tried  on  a  sm all scale in chalk  dow nland  
afforestation , bu t the variety  caramanica  is still con ­
fined to  a rb o re ta  an d  provenance trials.

A  few varietal an d  provenance trials have been 
laid  dow n, in  an  a ttem p t to  ob ta in  p rovenances w hich 
have a g row th  hab it com parab le  to  th a t o f  the 
C orsican  provenance b u t w hich will extend the range 
o f  use in  B rita in  to  co lder an d  w etter sites. H ow ever 
th e  geographical d is tribu tion  o f  Pinus nigra does no t 
really  offer m uch encouragem ent (W ood  a n d  P inchin , 
1951).

Tw o provenance trials o f  P. nigra, p lan ted  betw een 
1932 an d  1934, have bo th  been destroyed by fire, a  
trial a t B edgebury, K ent, being b u rn t in  1943 an d  a 
tria l a t  W areham  F o rest, D o rse t, being likewise 
destroyed in  1949. T he W areham  tria l included  tw o 
C orsican  provenances an d  one each from  C alabria , 
the C evennes, Sicily an d  T urkey. N either o f  these 
experim ents gave any  evidence to  suggest th a t the 
F o restry  C om m ission’s policy in  favouring  C o r­
sican provenances was incorrect (W ood  an d  Pinchin, 
1951). In  1951, tw o m ore sm all p rovenance trials 
were p lan ted , one on  a W elsh up lan d  site a t C locae­
nog  F orest, D enbighshire, an d  one on  a coastal dune
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site a t N ew borough, Anglesey. P lan ts were raised 
from  seed from  C alabria , C orsica, Spain  a n d  E ast 
A nglia. A t C locaenog the survival o f  the C alab rian  
provenance was 92 per cent— notab ly  better than  
th a t o f  the o thers. T he Spanish provenance had  
the low est survival (62 per cent) w hile the figures for 
E ast A nglia and  C orsica w ere 77 an d  75 per cent 
respectively (E dw ards an d  P inchin, 1953). T he m ost 
recent inspection  (N ov. 1956) shows th a t the C ala­
brian  provenance is distinctly m ore  vigorous and  
is a t p resen t clearly the best provenance a t  C lo­
caenog. A t N ew borough , there is little  to  choose 
betw een the E ast A nglian, C orsican  an d  C alabrian  
provenances in  height grow th. All a re  ta ller th an  the 
Spanish trees. T rees o f  the C a lab rian  p rovenance are 
greener and  bushier th an  those  o f  o ther origins.

P inus nigra var. austriaca (Eloess) A scherson and
G ra e b n e r : A ustrian  p ine.

T he A ustrian  pine was first in troduced  by L aw son 
in  1835, and  trees from  th e  first in troduc tion  were 
p lan ted  a t D aw yck in  1836-7 (N asm yth , 1875). A t 
th a t tim e th e  m erits o f th e  tree judged  by its per­
form ance in  its native h ab ita t w ere being advertised 
(Law son, 1837; W iddring ton , 1841); an d  during  the 
second h a lf o f the n ineteen th  century , A ustrian  p ine 
was p lan ted  on  qu ite  a  w ide range o f sites, m ostly 
in a rb o re ta  and  as w indbreaks. H utch ison  (1875) 
considered the tree useful fo r o rnam en t o r shelter, 
b u t th o u g h t C orsican p ine a n d  D ouglas fir to  be 
m ore  profitab le  in  p lan ta tion . By th e  beginning o f 
the  tw entieth  century  it  was ap p a ren t th a t on  all 
except lim estone sites, C orsican  p ine  was to  be 
preferred  m ainly because the  A ustrian  is norm ally  
a  rough  heavily-branched tree, w hereas C orsican 
has a  long stra igh t stem  an d  m uch  lighter branches. 
Since then, A ustrian  p ine has been p lan ted  only on a 
very sm all scale, m ainly  to  p rov ide shelter.

T he ra te  o f height g row th o f  A ustrian  p ine is 
p robab ly  a little  slow er th an  th a t o f  C orsican. A t 
B edgebury a  sm all p lo t o f  A ustrian  p ine was 27 feet 
ta ll w hen 19 years old w hile a  C orsican p ine  p lo t a t 
th e  sam e age was 36 feet tall. A t Q ueen E lizabeth  
F orest, on  th e  chalk  dow ns in  H am pshire , A ustrian  
p ine p lan ted  as a  nurse  crop  fo r beech was 27 ft. tall 
a t  21 years o f  age, w hile Scots p ine  was 30 ft. A t 
V innells W ood, H am pshire , a  30-year-old p lo t 
averaged 44 ft. in  heigh t an d  had  a stand ing  volum e 
o f  3,060 H oppus feet. T his is equivalent to  Q uality  
C lass II  C orsican  p ine  in  height and  is a  little  better 
th an  Q uality  C lass II  in  stand ing  volum e. A t 
B erachw ood, C arm arthen , a  p lo t 37 years o ld  was 
36 ft. tall and  h ad  a  standing  volum e o f  3,285 
H oppus feet. T his standing  volum e is equivalent to  
th a t o f  Q uality  C lass II C orsican pine, bu t the 
height is only equal to  Q uality  Class IV.

T he tallest specim en A ustrian  pines recorded are 
a  tree 112 ft. ta ll a t Brocklesby P ark , L incolnshire, 
one 108 ft. ta ll a t A udley E nd , Essex, and  ano ther 
105 ft. ta ll a t D u pp lin  C astle, Perth . A  tree  118 ft. 
tall is recorded  a t D ropm ore , B uckingham shire, but 
d o u b t has been cast on  its identity  an d  it m ay be a 
C orsican pine.

T he site requirem ents o f  the A ustrian  p ine differ 
little  from  those o f  the C orsican pine, except tha t the 
form er will th rive on  chalk  an d  lim estone soils where 
the  la tte r does n o t do so well.

A ustrian  p ine is no tab ly  resistan t to  exposure and  
is thus often  used fo r p lan ting  a long  the edge of 
shelter belts an d  in clum ps to  give p ro tec tion . I t is 
also able to  w ithstand  sea w inds an d  has been m uch 
used in coastal d istricts fo r shelter; it is also able to 
w ithstand  a  certa in  am o u n t o f  a tm ospheric  pollu­
tion.

Pinus nigra var. calabrica (L oudon) Schneider 
(P. nigra var. poiretiana  (A ntoine) A scherson and  
G raebner) (P late 8.).
C O M M O N  NAME

C orsican pine. I t  is from  C orsica th a t by fa r the 
largest am o u n t o f seed o f  P. nigra var. calabrica has 
been im ported  in to  B rita in . T he few stands grow n 
from  C alab rian  seed have also been called  C orsican 
p ine though  this is perhaps undesirab le  and  m is­
leading. N o  seed has been im ported  from  Sicily. In  
this accoun t “ C orsican  p ine” will be used  in pre­
ference to  “P. nigra var. calabrica” , because it better 
expresses th e  affinities o f  th e  tree used  in  B ritain . 
T he nam e used fo r the tim ber is C orsican pine 
(B .S .N .T ., 1952).

C O U N T R Y  OF O R I G I N

T he C orsican  p ine reaches its finest developm ent 
in  C orsica a t elevations o f  from  3,000 to  4,000 feet, 
w here it form s p u re  stands. A t low er elevations it 
grow s in  m ix tu re  w ith Pinus pinaster, w hile a t  the 
h igher elevations there  is an  understo rey  o f  beech 
(Steven, 1934). T he  soils a re  light, sandy  loam s, 
varying greatly  in  dep th  an d  derived from  granite 
an d  porphyry . A t the ir best the trees reach  heights o f 
well over 120 feet.

In  Sicily, Pinus nigra  var. calabrica is found  o n  the 
slopes o f  M o u n t E tn a  grow ing on siliceous soils 
derived from  volcanic fo rm ations.

W ith  few exceptions, the quality  o f th e  p lan ta tions 
form ed has been good. F ro m  1919 to 1939 (w ith the 
exception  o f  1927 an d  1928 w hen seed o f  dubious 
origin cam e in) the  F o res try  C om m ission was able 
to  im p o rt sufficient seed o f C orsican  provenance to 
m eet its needs. D uring  the w ar years special steps 
were taken  to  collect all available seed from  hom e
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C O R S I C A N  P I N E  ( P I N U S  N I G R A  V A R .  C A L A B R I C A ) :  D I S T R I B U T I O N  B Y  C O U N T R I E S ,

T a b l e  34 a n d  p e r c e n t a g e s  o f  h i g h  f o r e s t  a r e a s  o c c u p i e d , 1947

England Scotland Wales Grt at Britain

Area
Acres

% o f 
Coni­
fers

% o f  
all 

species
Area
Acres

% o f  
Coni­
fers

% o f  
ail 

species
Area
Acres

% o f  
Coni­
fers

% o f  
all

species
Area
Acres

% o f  
Coni­
fers

% o f  
all 

species

Privately owned woods 5,318 3 _ 284 _ _ 897 4 1 6,499 1 _
Forestry Commission 26,225 14 11 3,210 2 2 2,569 3 3 32,004 7 6

TOTAL 31,543 8 3 3,494 1 1 3,466 3 2 38,503 4 2

C O R S I C A N  P I N E  ( P I N U S  N I G R A  V A R .  C A L A B R I C A ) :  H I G H  F O R E S T  A R E A S ,

T a b l e  3 5  p u r e  a n d  m i x e d  s t a n d s  c o m b i n e d , b y  a g e - c l a s s e s , 1 9 4 7

Age-Class, yrs
Uneven
Aged

Total
1-10 11-20 21-30 31-40 41-60 61-80 81-120 Over 120

Privately owned woods 
Forestry Commission

617
8,798

820
15,717

1,372
6,852

1,046
159

1,037
245

588
66

28
3

24 967
164

6,499
32,004

TOTAL 9,415 16,537 8,224 1,205 1,282 654 31 24 1,131 38,503

sources an d  in  1942 an d  1945, particularly  good 
collections w ere m ade. Since the w ar the bulk  of 
seed has again  been im ported , bu t in 1948 and  1950, 
2,053 lb. an d  1,849 lb. o f seed were collected in 
B rita in , a n d  fu rth er large collections m ay be expected 
in  fu tu re  good seed years.

p r o v e n a n c e

T he stem  form  and  branch ing  hab it o f C orsican 
p ine from  C orsica is m arkedly better th an  th a t o f 
the few p lan ta tions o f  C alabrian  provenance in 
B rita in . O n th e  o th er h an d  there  is a possibility th a t 
th e  early  survival o f the C alabrian  provenance is 
superio r to  th a t o f  the  Corsican. Steven (1934) notes 
th a t stands in  C alab ria  show  all interm ediates 
betw een the dense d a rk  green heavily b ranched 
A ustrian  p ine an d  the m ore open light green foliage 
o f  C orsican  provenances.

H IST O R Y

C orsican  p ine is th o u g h t to  have been first in tro ­
duced in  1759 u nder the nam e “Pinus sylvestris 
maritime?’ (W ebster, 1885), b u t the identity  o f  this 
in tro d u c tio n  is uncerta in  (Steven, 1934). U n til ab o u t 
1840 th e  tree  w as p lan ted  prim arily  as an  o rnam en ta l 
o r  fo r w indbreaks, b u t then  it began to  com e in to  
favour an d  w as p lan ted  qu ite  widely, especially after 
1870 w hen nursery  stocks becam e cheaper (Agnew, 
1916). H u tch ison  (1875) hailed the tree as a replace­
m en t fo r la rch  in  th e  diseased p lan ta tions o f  th a t 
tim e. C orsican pine during  this period  was frequently

p lan ted  a t  a  very w ide spacing (e.g. 9 ft by 9 ft.) in a 
m atrix  o f  o th er species, often  Scots pine and  E u ro ­
pean  larch.

By th e  beginning o f the tw entieth  century  the 
tree h ad  given way on som e o f the better g round  to 
spruce an d  D ouglas fir (M cC allum , 1911) bu t Elwes 
and  H enry (1906-13) speak highly o f it saying th a t 
‘o f  all th e  conifers in troduced  in to  E ngland, none 
except the  larch  has show n such good results as the 
C orsican  p ine, w hich has proved  a hardy  and  vigor­
ous grow er on  a lm ost all sites and  in alm ost all parts  
o f  G rea t B rita in  and  Ire land .’

T he F o restry  C om m ission has p lan ted  the tree 
on  a  large scale since 1919 an d  p u t it on  a wide range 
o f  sites especially in  the years betw een 1920 and  1930, 
w hen the good  p rom ise o f p lan ta tions established 
ab o u t the tu rn  o f  the century  becam e know n. 
W ales, n o rth  an d  west Scotland, and  the extrem e 
south-w est o f E ng land  were less affected than  o ther 
parts  o f the country  by th is revived interest in 
C orsican  p ine, w hich was then  being p lan ted  as far 
n o rth  as B anff an d  M oray, as fa r  up  the m oun ta ins 
as 1,200/1,600 feet in  Peebles and  on  m any coastal 
dunes, as well as in  E ast A nglia an d  sou th-east 
E ng land  w here its success appeared  assured. 1926 
appears to  have been a peak  year fo r p lan ting  
C orsican pine.

Shortly  a fter 1926, som e o f th e  o lder p lan ta tions 
on up land  sites (e.g. a t L ake V yrnwy, M ontgom ery) 
began to  show  sym ptom s o f  ill-health, associated  w ith 
the  fungus Brimchorstia destruens, an d  to  dieback.
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T his failure on  u p lan d  sites was a ttrib u ted  to  their 
clim atic unsu itab ility  fo r the tree (D ay, 1945).

EX TE NT OF P L A N T I N G

T he 1947-49 C ensus o f W oodlands recorded a 
to ta l o f 38,503 acres o f  C orsican  p ine in  G rea t 
B ritain . T he d is tribu tion  o f p lan ta tio n s by countries 
an d  by age-classes is given in  Tables 34 and  35, 
p . 103.

T he h igh  p ro p o rtio n  o f the to ta l a rea  o f C orsican 
pine established by the F o res try  C om m ission in 
E ng land  is apparen t. T ak ing  all p lan ta tions up  to 
th irty  years o f  age, the a rea  occupied by C orsican 
p ine in  F orestry  C om m ission p lan ta tions, nam ely 
31,367 acres, m akes it the fou rth  m ost im portan t 
species. I t  is exceeded by S itka spruce, Scots p ine 
and  N orw ay spruce. B ut in p rivate  w oodlands, the 
p ictu re  is very different. C orsican p ine  is tw elfth  in 
o rder o f a rea  o f p lan ta tions u p  to  th irty  years old, 
and  it accounts for less th an  one-half per cent o f ail 
privately-ow ned p lan ta tions.

A d is tribu tion  m ap  o f  P ine H igh  F o res t (F or. 
C om m . 1952) show s th a t C orsican  p ine p lan ta tions 
are  m ainly concen tra ted  in  a  few m idland, sou thern  
and  eastern  counties, nam ely N o ttingham sh ire  and  
Staffordshire, Y orksh ire  (N o rth  R iding), N orfo lk  
and  Suffolk, H am pshire an d  D orse t. T he bu lk  o f  the 
rem ainder is on  coastal dune sites, in  particu lar, a t 
C ulbin  on the M oray  F ir th  an d  a t Pem brey, G lam ­
organshire. T he d is tribu tion  m ap  also show s th a t 
in counties w here pines a re  im portan t, Scots p ine 
has been th e  m ore  widely p lan ted  species. T he only 
exception  to this is N o ttingham sh ire  w here the 
F orestry  C om m ission ow ns 70 per cent o f  the con­
iferous w oodland area  and  has p lan ted  ab o u t three- 
quarters o f  it w ith C orsican pine. This was done 
largely because the p rincipal p lan ting  sites are  
subject to  sm oke po llu tion . Since 1949, in England 
and  W ales, ab o u t the sam e num ber o f p lan ts each 
o f  Scots an d  C orsican pines have been p lan ted  (5 to  
6 m illion per year in E ngland  and  1 to  3 m illion in 
W ales). In Scotland, how ever, m any m ore Scots p ine 
were p lan ted  in  this period. (F orestry  C om m ission, 
1950-1956.)

C L I M A T I C  A N D  SITE R EQ U IR EM EN TS

T he perform ance o f  C orsican  p ine in G rea t B rita in  
appears to  be closely related  to  sum m er w arm th. T he 
higher Q uality  Classes a re  confined to  districts w here 
accum ulated  tem pera tu re  values exceed 2,750 day 
degrees. T he tree declines in health  th e  closer it is 
p lan ted  to  the cooler, m o ister regions. I t  is thus no t 
a  tree fo r th e  n o rth  except in  the m ost favourable 
localities a t low elevations. F u rth e r sou th , a ltitude 
becom es im portan t. F o r  instance, a t G w ydyr in 
N o rth  W ales, a  35-year-old p lan ta tion  declines 
m arkedly  in  v igour from  250 to  650 ft. above sea 
level, an d  there are  num erous exam ples o f  dieback

an d  loss o f  vigour in  elevated situations.
O f the o th er factors w hich m ay affect grow th, 

aspect is p robab ly  u n im p o rtan t a t  low  a ltitude  in  
sou th  an d  sou th-east E ngland, b u t in  less favourab le  
districts the w arm er sou th  and  west facing slopes 
appear b e tte r th an  cool n o rth  slopes. Soil an d  site 
drainage a re  also very influential n ea r the  lim its o f 
the  tree’s clim atic to lerance, an d  in  such areas 
healthy  stands are  m ost likely to  be  found  on well- 
d rained  southerly  slopes w ith  a  coarse tex tured  o r 
stony  soil.

O n coastal sites, C orsican  p ine is in to le ran t o f 
exposure and  salt spray righ t on  the sea fron t, bu t, 
given som e p ro tec tion , has grow n well on  sand  dunes. 
I t  is generally b e tte r on  the east th a n  on  the west 
coast, presum ably  because there  is less onshore w ind. 
A w ay from  salt spray, an d  w here the general 
clim ate suits it, the tree stands exposure well.

Spring frost is seldom  troublesom e, the tree 
com ing in to  leaf ra th e r late, b u t it is n o t so resistan t 
as Scots p ine an d  som e cases o f  serious dam age are  
on  record . W in ter cold does no t appear to  be o f any 
im portance  to  the species in B ritain .

In  su itab le  clim atic conditions, C orsican p ine 
grows well on a w ide range o f  m ineral soils. Sands 
and  gravels give better results th an  retentive fine 
textured and  com pacted  soils subject to  d rainage 
im pedance. T hus the tree is well su ited  to  the Eocene 
sands an d  gravels o f S ou thern  E ngland , to  the 
glacial sands in  E ast A nglia an d  to  th e  B un ter S and 
a n d  Pebble Beds o f the E nglish  m idlands. I t  is less 
a t  hom e on  clays, on  com pacted  bou lder till an d  on 
podzols w ith a relatively im perm eable sub-soil. O n 
the ra th e r fine textured  soils o f  th e  W elsh hills, 
C orsican  p ine grows well because the sloping 
g round  and  occurrence o f  boulders ensure adequate  
aera tion  in the ro o t zone. H ow ever, th e  best grow th 
o f C orsican  p ine is no t fo u n d  on  th e  B un ter and  
E ocene soils, though  these have yielded som e Q uality  
Class I stands, bu t on  fertile, w ell-drained loam s 
such as su p p o rt som e sm all stands o f this species 
scattered  ab o u t the country .

C orsican p ine has been little tried  on  p ea t in 
B rita in ; in an  experim ent a t B eddgelert, N o rth  
W ales, la id  o u t in  1927 on  deep basin  peat, sa tis­
factory  estab lishm ent and  early  g row th  were 
follow ed a fter 20 to  25 years by debility, loss o f  
foliage an d  g radual death . B ut th e  site o f  this 
experim ent a t 1,000 feet is such th a t C orsican  p ine 
could  scarcely be expected to  th rive  beyond  th a t 
age, even on  a  m ineral soil.

O n th e  to lerance by C orsican p ine o f highly ca l­
careous soils, the  evidence is som ew hat conflicting. 
H ow ever, it appears less subject to  chlorosis than  
Scots pine, though  less a t hom e on highly calcareous 
soils th an  som e o th er varieties o f Pinus nigra.

T here is evidence also th a t w here soil conditions
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are  fa r from  the optim um , C orsican p ine is m ore 
sensitive to  clim atic conditions. O n coarse textured, 
w ell-drained soils the tree becom es som ew hat m ore 
to le ran t o f an  unfavourab le  clim ate, w hereas an  ill- 
drained  o r m uch com pacted  soil accentuates the 
unfavourab le  features o f  clim ate.

ESTABLISHMENT TE C H N IQ U E S

n u r s e r y  p r a c t i c e . C orsican pine seed is usually 
sow n in hea th land  in  preference to  agricultural 
nurseries. 350 seedlings per sq. yd. is a  desirable 
stock ing  fo r one-year-old seedlings; to  ob ta in  this, 
sow ing will norm ally  be a t a  ra te  o f 600 viable seed 
per sq. yd. Seedlings are  usually lifted and  lined ou t 
a t the end  o f  th e  first year; if left fo r tw o years they 
do no t survive tran sp lan ting  so well. In  its first year 
in the tran sp lan t lines, C orsican pine m akes very 
little sh o o t g row th ; bu t small one-year, one-year 
tran sp lan ts  a re  often  p referred  to  larger stocks. The 
la te ra l ro o ts  o f  C orsican  p ine seedlings and  tran s­
p lan ts are  sparse an d  the tap ro o t thick, and  partic­
u la r care  has to  be exercised in lifting plants in the 
nursery  so th a t ro o ts  a re  n o t stripped.

U ndercu tting  o f  seedlings a t a  depth  o f 3 to  4 
inches has been carried  ou t satisfactorily , and  two- 
year-o ld  u ndercu t seedlings are  n o t greatly inferior 
to  one-year-one-year transp lan ts. (Faulkner, 1953).

C orsican p ine is particu larly  sensitive to  bad  
handling  in the nursery  an d  great care m ust be taken 
to  prevent drying o u t o f roots. I t  is one of the m ost 
to le ran t species to  m ineral oil sprays, bo th  in seed­
beds an d  tran sp lan t lines.

v e g e t a t i v e  p r o p a g a t i o n  G rafting : Scots p ine has 
been found  to  be the best roo tstock  for C orsican pine 
(cf. L oudon , 1838) because it is easier to  handle in 
the nursery . Scots p ine p lan ts o f tw o sizes have been 
used— transp lan ts up  to  fifteen inches high w hich are 
ab o u t the th ickness o f a pencil a t the stem  base, and  
tran sp lan ts  eighteen o r m ore inches high which have 
a d iam eter o f  a t least ha lf an inch, m easured six 
inches up  the  stem.

F o r scion w ood, one-year-old shoots are  alm ost 
alw ays suitable, b u t very vigorous m aterial should 
be avoided. Scions are collected in January  o r 
F eb ruary  fo r grafting  u nder glass, and  in late M arch 
o r early  A pril fo r o u td o o r grafting. T he “ veneer 
side” graft is used fo r sm all scions and  the “ apical 
veneer” graft for large scions. T he grafting  is done in  
late F eb ru a ry  o r early M arch u nder glass an d  in 
A pril o r  M ay outdoors.

Speedy grafting  an d  a relatively deep cu t on the 
roo tstock  a re  necessary to  reduce resin flow. G ra ft­
ing u n d er glass considerably increases success.

A ll the varieties o f  Pinus nigra  a re  m oderately 
difficult to  g raft bu t 75 per cent success can be 
ob ta ined  u n d er glass w ith  good scion wood.

C uttings: Only a low  percentage o f cuttings from

young trees u nder five years o ld  have been success­
fully roo ted , an d  it has been practically  im possible 
to  ro o t cuttings from  o lder plants.

d i r e c t  s o w i n g . T hough the m ethod  is no t in use a t 
the present tim e, d irect sow ing o f  C orsican p ine was 
practised  on  a sm all scale in the early  1920’s. The 
first tria l sow ings were quite successful (T aylor, 
1925), b u t m ost o f  the  la te r sowings failed partiallv  
o r w holly because o f b ird  and  insect dam age 
(Steven, 1934). Experim ents a t W areham , D orset, 
show ed the im portance  o f tho rough  g round  cu lti­
vation  and  phosphate  fo r the survival and  grow th o f 
direct sow n C orsican p ine on  p o o r Calluna heaths. 
(W ood an d  N im m o, 1952).

p l a n t i n g . T he best results in p lan ting  C orsican 
pine are  ob ta ined  w ith sm all p lants. O ne-year-one- 
year tran sp lan ts are  the s tan d a rd  type, bu t o lder 
transp lan ts are  som etim es used on weedy sites. 
Experim ents on  season o f p lan ting  indicate th a t the 
period  from  D ecem ber to  February  is less hazardous 
th an  e ither the au tum n  o r spring seasons.

s p a c i n g . T he conventional spacing is 4£ ft. x 
41 ft. o r 5 ft. x 5 ft.

T E N D IN G  A N D  T H I N N I N G

G row th  o f C orsican p ine is usually  good in the 
second an d  subsequent years a fter p lanting , and  
w eeding is seldom  necessary for m ore th an  tw o or 
three years. C orsican pine p lan ta tions are  extrem ely 
easy to  th in  ow ing to the regularity  o f  the crop  and  
the  infrequency o f poorly  form ed stem s. Purely 
‘m echanical’ m ethods o f  th inning, e.g. th e  rem oval 
o f one row  in three, were used to som e extent during 
the  1939-45 w ar as a quick m eans o f producing  
p itw ood , w ithou t seriously endangering the prospects 
o f the crop. H um m el (1949) has exam ined th e  in­
fluence o f  various grades o f th inn ing  on the in ­
crem ent o f C orsican pine.

T here  is a strong  case fo r the p run ing  o f C orsican 
pine, since na tu ra l p run ing  is slow  an d  th e  p ro ­
nounced  w horls o f heavy kno ts are  th e  principal 
cause o f  w eakness in the tim ber. E xperim ents have 
show n th a t p run ing  to  half the height o f  the trees in 
pole crops does no t appreciably  reduce vigour.

O T H E R  S IL V IC U L T U R A L  C H A RA C TE RIST ICS

C orsican pine has a  strong  inherent ability  to 
form  a stra igh t an d  persistent m ain  axis an d  does so 
u nder a  w ide variety o f conditions. In  p lan ta tions, 
trees w ith crooked  stem s, very large branches o r 
w ide crow ns are  rare.

T he tree has been used on  a considerable 
scale in recent years as a  nurse fo r beech in  the 
sou th  and  m idlands o f  E ngland, especially on chalk  
soils, w here it is p referred  to  Scots p ine, being less 
liable to  lim e-induced chlorosis.

C orsican pine is a  strong  light dem ander.
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C orsican pine, being frequently  p lan ted  on  coastal 
sand  and  sim ilar soils deficient in both  m oistu re  and  
nu trien ts, has p roved  a useful subject fo r research. 
O vington (1951), w orking on th e  C ulbin sand  dunes, 
studied  the m oisture  relationships, up take  o f  n u tr i­
ents an d  re tu rn  as leaf fall, and  the m icro-bio tic 
breakdow n o f  the litter. W right (1955) continu ing  
these studies, a t a site where the p ine was failing to 
develop vigorously, investigated the m oisture 
con ten t o f  the soils in re la tion  to  ro o t density and  
grade o f  th inning, and  h is results suggest th a t on  
sandy soils w here m oistu re  an d  nu trien ts are  lim iting, 
abnorm ally  heavy th inn ing  trea tm en t will be 
desirable.

P ES TS  A N D  DISEASES

T he only disease specific to  C orsican pine, ra th e r 
th an  to  the pines as a w hole, is dieback in high 
elevations o r  in areas o f high rainfall. T he fungus 
Brunchorstia destruens is nearly  alw ays present on dis­
eased trees bu t is p robab ly  seldom  th e  p rim ary  factor.

O n dry soils in E ast A nglia an d  elsewhere C orsican 
p ine is very subject to  ro o t a ttack  by Fames annosus. 
W here there  is special reason  to  fear Fomes a ttack , 
as in  m any p a rts  o f  the extensive p ine forest o f 
T hetfo rd , it is the practice  to  apply  creosote to 
stum ps im m ediately a fter th inn ing  in  o rder to  p re­
vent th e  germ ination  o f  fungal spores and  hence the 
sp read  o f Fomes to  new  centres. T he m ethod  follows 
th e  recom m endations o f R ishbeth  (1951).

L im e-induced chlorosis has been reported  on 
C orsican  p ine on  chalk  dow nland  by M urray  (1955).

W hile various insects have been reported  a ttack ­
ing C orsican p ine, none are  specific.

O T H E R  FORM S OF D AM A GE

w i n d b l o w . W here su itably  sited, C orsican p ine 
is a reasonably  w indfirm  tree.

a t m o s p h e r i c  p o l l u t i o n . C orsican  p ine is con­
sidered to be m ore to le ran t o f a tm ospheric  pollu tion  
than  m ost conifers, and  is p referred  to  Scots pine, 
fo r exam ple, on sites w here a  p ine is ind icated  and  
the level o f  atm ospheric  im purity  does n o t ru le ou t

conifers altogether. Steven (1934) no tes its value on 
the B un ter sands an d  gravels o f  th e  M idlands, w here 
there  is som e degree o f po llu tion  from  industry.

R A T E  OF G R O W T H  A N D  YIELD

Y ield an d  volum e tables have been published for 
C orsican  p ine (H um m el an d  C hristie, 1953, and  
H um m el, Irv ine and  Jeffers, 1951). T he yield tables 
show  th a t w hen 50 years old, average crops in each 
o f  the four Q uality  Classes have grow n as show n in 
T able 36.

T he Q uality  Classes a re  defined according to  the 
average height g row th o f  the hund red  largest trees 
p e r acre (i.e. top  height) w hen the crop  is 50 years 
o ld ; the top  heigh t o f an  average Q uality  Class 1 
c rop  a t 50 years is 80 feet, a  Q uality  Class II crop  
70 feet, Q uality  C lass III 60 feet and  Q uality  C lass 
IV  50 feet.

M ost o f the m easurem ents cam e from  plots less 
th an  50 years old. D a ta  fo r o lder crops do exist bu t 
a re  insufficient to  be used as a  basis fo r yield tables.

T he o ldest crop  in  w hich there is a  sam ple p lo t 
is in th e  N ew  F orest. T he m ost recent m easurem ents 
in  this p lo t an d  in th ree o f  the o th er o lder plots are 
as show n in T ab le  37.

All fo u r p lo ts are  in  Q uality  Class I and  are 
m ain tain ing  a  high ra te  o f increm ent. T he G ravetye 
p lo t is one o f the fastest grow ing C orsican  p ine 
p lo ts in  B rita in  (in respect o f  height) while the Bere 
p lo t has the biggest standing  volum e.

T he fo rm  fac to r o f  C orsican  p ine stem s is 0.43 
w hen the tree  is 30 ft. high, it rises to  0.50 w hen the 
tree is ab o u t 60 ft. h igh and  thereafter falls slightly 
as the tree  continues to  grow.

A  specim en tree a t S tanage P ark , R ad n o r, h ad  a 
height o f 135 feet an d  a  g irth  o f  124 inches in 1952, 
w hen it was 124 years old. A tree a t CufTnells in  the 
N ew  F o res t was 99 years old in 1955 and  was 130 ft. 
high an d  112 inches in g irth . A n o ther tree o f un ­
know n age a t L eaton  K nolls in S hropsh ire  was 133 
ft. high an d  111 inches in  g irth  in 1954.

H iley (1926) discusses the financial re tu rn  to  be 
ob tained  from  C orsican p ine and  shows th a t as

C O R S I C A N  P I N E  ( P I N U S  N I G R A  V A R .  C A L A B R I C A ) :  Y I E L D  T A B L E  D A T A

T a b l e  36  All volum es over bark

Main Crop
Total Crop Current Annual Mean Annual

Quality Standing Vol­ Yield H. Ft. Increment H. Ft. Increment H. Ft
Class No. o f Stems Mean Height Mean Girth ume H. Ft. Per Acre Per Acre Per Acre

Per Acre Ft. ms. Per Acre (45-50 yrs.)

1 190 H i 41 5,000 9,890 230 198
II 225 67 35 4,420 8,010 196 160

III 350 57 30 3,750 6,220 164 124
IV 500 47 25 3,000 4,510 130 90
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C O R S I C A N  P I N E  ( P I N U S  N I G R A  V A R .  C A L A B R I C A ) :  S A M P L E  P L O T  D A T A
T a b l e  37

Location
Age
yrs.

No. o f  
Stems 

Per Acre
Mean 

Height Ft.

Mean
Girth
Inches

Standing Volume H. 
Ft. Per Acre 

over bark

Current Annual 
Increment H. Ft. Per 

Acre over bark

Gravetye, Sussex 64 96 101 544 6,140 195
Alice Holt, H ants........ 69 112 100 524 6,347 214
Bere, Hants................... 69 200 102 464 8,710 180
New Forest, H ants...... 90 93 1074 58 7,296 182

long as the price o f C orsican pine tim ber is m ore 
than  60 per cent o f  th a t o f  Scots pine, C orsican pine 
m ay be the m ore profitable species to  grow.

SEED A N D  SEED BEARING

C orsican  p ine is a m oderate  seed producer in 
B rita in . F low ers a re  first p roduced between 20 and 
25 years o f age, an d  the first heavy cone crops 
betw een 25 and  30 years. M axim um  production  
occurs betw een 60 and  90 years bu t the trees are 
then  usually  so ta ll th a t the cones are  difficult to  
collect. G ood  cone crops occur a t three to  five year 
intervals.

F low ering takes place in late M ay o r early June 
and  the cones m ay be collected from  D ecem ber until 
February . M ost seed is produced in South-East and  
E astern  England.

T here are  advantages in collecting seed from  
th e  m any fine trees and  p lan tations in B ritain , and  
trea tm en ts to  induce flowering and  increase seed 
p ro duc tion  have been tested. Partial girdling o f the 
stem s o f  20- an d  28-year-old p lan tation  trees has 
significantly increased cone p roduction  two seasons 
a fter app lication . T he best tim e to  apply this trea t­
m ent is M ay (H olm es and  M atthew s, 1951). The 
app lica tion  o f phospha te  and  po tash  together has 
also appreciably  increased the percentage o f trees 
bearing cones in a 28-year-old p lan ta tion  a t Sher­
w ood Forest, N o ttingham shire .

T he behav iour o f  Corsican  pine and  A ustrian  pine 
seed during  sto rage and  germ ination is sim ilar. The 
seed stores well; germ ination  capacity  is m aintained 
a t a high level fo r several years if seed o f about 
8 per cent m oistu re  con ten t is kept in a cold store 
in sealed con tainers. A ustrian  pine seeds are  larger 
than  C orsican  pine, the form er averaging about
22,000 and  the la tte r 32,000 seeds per pound.

P roductiv ity  in the nursery is quite high and  
ab o u t 60 per cent o f  the viable seeds sown can be 
expected to  produce one-year-old seedlings. The 
quality  o f  hom e-collected seed has often been 
inferio r to  th a t o f im ported , but collections o f first 
quality  seed from  English stands have been m ade. 
T he germ ination  capacity  o f first quality  seed is 
ab o u t 80 per cent.

GEN ETIC S A N D  BREEDIN G

T he follow ing seed sources o f C orsican pine have 
been registered:
P lus an d  A lm ost P lus: 19 stands to ta lling  ap p ro x i­
m ately 558 acres. N o rm al: 12 stands to talling  
approxim ately  96 acres. 81 Plus trees have been 
selected and  recorded.

Seed o rchards a re  no t being form ed for C orsican 
pine bu t m ay eventually be required  to  produce seed 
o f hybrids betw een provenances o f Pinus nigra and  
hybrids between P. nigra an d  o ther p ine species. 
C ertain  parts  o f  existing p lan ta tions o f  C orsican 
pine will be converted  into “ Seed S tands” and  
treated  to  increase cone p ro duc tion— the m ethods 
used will p robab ly  include heavy th inning, partia l 
stem  girdling and  fertiliser applications.

N A T U R A L  REG EN ERA TIO N

A lthough seed p roduction  is good, seedlings are 
n o t often  found  on the g round  except, occasionally, 
one-year seedlings w hich do n o t often survive.

TIMBER

C orsican pine tim ber is in general sim ilar to  
Scots p ine bu t has a  larger p ropo rtion  o f sapw ood 
and  is usually  som ew hat coarser in texture. The 
average w eight o f  the seasoned tim ber is ab o u t 32 lb. 
per cubic foo t; in the green cond ition  (1 3 0 p e rcen t 
m oisture content) it is ab o u t 58 lb. per cubic foot.

T he tim ber a ir seasons rapidly, but during  the 
early stages o f seasoning it is particularly  liable to 
becom e discoloured by blue stain fungi. (The 
stain ing o f freshly felled logs, especially a t the ends 
and  in the vicinity o f w horls o f trim m ed branches, 
has been especially severe in E ast A nglia du ring  
spells o f mild w eather in recent w inters.) W hen kiln 
dried, the tim ber often becom es severely d isto rted  
and  som e checking m ay occur. T he heavy degrade 
th a t occurs during the drying is partly  accounted 
fo r by the w horls o f knots resulting from  persistent 
branches.

C orsican pine tim ber is no t resistant to  decay. The 
sapw ood, o f which there is a high p ro p o rtio n , is 
very susceptible to  fungal a ttack  though  the hea rt­
w ood is m oderately resistant. T he heartw ood  is
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C O R S I C A N  P I N E  ( P I N U S  N I G R A  V A R .  C A L A B R I C A ) :  T I M B E R  S T R E N G T H

T a b l e  3 8

Modulus o f  
Elasticity

Bending
Strength

Compression 
Parallel to 
the Grain

Shear

Corsican pine (Pinus nigra var. calabrica) 
Scols pine (Pinus sylvestris) ................

1,000,000 lb. sq. in. 
1,200,0001b. sq. in.

1,300 lb. sq. in. 
1,600 lb. sq. in.

1,100 lb. sq. in. 
1,200 lb. sq. in.

200 lb. sq. in. 
200 lb. sq. in.

m oderately resistant to  penetra tion  by preservatives, 
bu t the sapw ood is very perm eable; it is said th a t 
C orsican pine retains m ore preservative, and  is 
therefore m ore expensive to  trea t, than  is Scots 
pine.

Tests carried  ou t on th innings from  the F o res t o f 
B ere and  also on m atu re tim ber indicate th a t it is 
no t as strong  as native Scots pine. Sunley (1956) 
gives the com parative figures set ou t in T able 38.

Its resistance to  im pact is only ab o u t tw o-th irds 
o f th a t o f  Scots pine. This and  the occurrence o f 
large kno t clusters m ay accoun t for reports o f 
brittleness in the tim ber.

T he tim ber, when seasoned, w orks well with 
m achine and  hand  tools. T he knots are  softer and  
h o ld  better than  those o f  Scots pine. C orsican pine 
has been used m ainly fo r esta te  purposes a n d  fo r 
m ining tim ber. T hinnings are  in regular use fo r 
fibreboard  m anufacture . It has been suggested th a t 
if  p runed  it w ould be m ore suitable fo r plyw ood 
m anufacture  than  m ost o th er hom e-grow n so ft­
w oods.

P O T EN TIA LITIES OF T H E  SPECIES IN  T H E  N A T IO N A L  
EC O N OM Y

In the south  and  east o f England, C orsican pine is 
a species o f  great im portance  fo r use on light sandy 
soils as it p roduces m uch m ore tim ber than  Scots 
pine and  is less liable to  a ttack  by insects. W here 
atm ospheric  po llu tion  is a consideration , it has a 
p lace; while experience has show n th a t it is also 
well su ited  for p lan ting  on coasta l sand  dunes w here 
exposure is n o t too  severe.

O n the o th er hand , there  a re  lim its to  its w ider 
use and  it should  n o t be p lan ted  in situations where 
d ie-back is likely to  occur.

P inus peuce G risebach

This tree, which occurs na tu ra lly  in th ree sm all 
areas in the m oun ta ins in B ulgaria, M acedonia an d  
M ontenegro , was in troduced  in 1863. I t  is hardy  and  
specim ens have been recorded in all p a rts  o f B ritain . 
T he tw o tallest trees reco rded  have b o th  reached 
90 ft. O ne, 89 years o ld  w as m easured  a t D ropm ore , 
B uckingham shire, in 1930, an d  th e  o th er a  tree  o f 
unknow n age a t  S tourhead , W iltshire, in 1956 by 
M aynard  G reville.

W ithin recent years P. peuce has been p lan ted  
experim entally  in different d istric ts an d  som e o f  the 
results so far ob ta ined  are  distinctly encouraging. 
F o r  exam ple, in a tria l o f species a t K id d e r, on  a 
M olinia  flush type o f peat, P. peuce averaged 6 ft. in 
height after 8 years, and  had  grow n better th an  Abies 
grandis, Chamaecyparis lawsoniana, Thuja p lica taand  
Tsuga heterophylla. A t 16 years, the p ine h ad  grow n 
to  143 ft.; it had  a healthy appearance  an d  seem ed 
unaffected by exposure. A t B eddgelert, also on an  
exposed site, th is species prom ises well.

A t Bedgebury, there is a  good p lo t, grow ing in an 
acid  soil, w hich reached 17 ft. in 17 years.

Pinus peuce is high on  the list o f five-needled pines 
show ing resistance to  the b lister-rust. T he tree 
grows slowly in the nursery and , in the forest, 
moves very slowly for a num ber o f years after 
p lanting . I t  is too  soon to  m ake any forecast o f  the 
place it m ay occupy in B ritish fo restry  bu t it is 
w orth  persevering w ith, an d  it m ay prove to  have 
uses in exposed, higher-lying sites, and  also in 
breeding W hite  p ine hybrids resistan t to  b lister rust.

P inus p inaster A iton  (P. m aritim a  Poiret)

M aritim e pine is bo th  the com m on English nam e 
an d  the s tan d ard  tim ber nam e.

C O U N T R Y  O F  O R IG IN  A N D  P R O V E N A N C E

M aritim e pine is native to  the coasta l regions an d  
islands o f  th e  M editerranean , and  reaches the 
A tlan tic  coast o f  F rance  and  Portugal, w here it has 
also been extensively p lan ted . T here is no  in fo rm ­
ation  on  th e  orig in  o f  the early  in troductions to  
B ritain .

T he  large quan tities o f  seed w hich the F orestry  
C om m ission im ported  in  1925-29 a lm ost all o rig in­
a ted  in  the Landes. F ro m  1930-34 all the seed was 
sen t from  P o rtuga l (Leiria) while in 1935 m ost o f  the 
seed cam e from  C orsica. Since then , only sm all 
quan tities o f  seed have been requ ired  and  enough 
has often  been available from  existing stands in 
B rita in  to  m eet o u r needs.

A n experim ent com paring  grow th o f  trees grow n 
from  seed o rig inating  from  the L andes, F rance , from  
Leiria, P o rtuga l an d  from  W areham , D orse t, was 
la id  dow n in 1949 (W ood  and  P inchin, 1951). T he 
m ost recent assessm ent shows th a t in  ra te  o f  grow th
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there  is little to  choose between them . However, 
p lan ts o f  P ortuguese origin grew very rapidly in 
the ir first year and  were less wind firm than  trees 
o f  F rench  and  English origins.

H IST O R Y  A N D  EX TE N T OF P L A N T IN G

T he date  o f the first in troduction  of the m aritim e 
pine is no t certain . Elwes and  H enry (1910) a ttribu te  
its in troduction  to  G erard  som etim e before 1610 
bu t L oudon  (1838) gives 1596 as the year. The species 
w as used to  som e extent during  the 17th and  18th 
centuries and  was established on a  m oderate  scale 
in the sou th  and  east o f B ritain bu t it failed in the 
no rth . A little later, J. B. Petre p lan ted  upw ards o f 
500 acres a t W estwick, N orfo lk , in 1809, using seed 
from  trees p lan ted  in 1702 on his estate (Elwes and 
H enry). H ow ever, in plantings a t W estwick a t  the 
beginning o f the tw entieth  century, P. pinaster had 
given way to  D ouglas fir. A t H olkham , also in 
N orfo lk , P. pinaster had given way to  A ustrian  pine 
a t this tim e (O rde-Pow lett, 1926).

In the sou th  o f England, the species becam e well 
know n largely because o f extensive p lantings in and  
a ro u n d  B ournem outh , in particu lar a t T albo t 
W oods. H ow ever, this area was built over as 
B ournem outh  expanded and  all th a t rem ains o f 
these w oods is a num ber o f sm all blocks, none 
exceeding ten  acres, which are retained prim arily 
fo r am enity.

T he first M aritim e pine crops to be established 
by the Forestry  C om m ission in the early 1920’s 
were direct sown and  were quite successful. H ow ­
ever, subsequent large scale sowings in the south 
an d  east o f the country  were, in som e cases, carried  
on to  unsu itab le  land  w ith poo r results, a lthough  on 
good  soil there  was no difficulty. F rom  1925 until 
1936 betw een 100 and  400 lb. o f seed were im ported 
annually , b u t m ost o f the seed was direct sown and  
thus restocked a far sm aller area than  if it had  been 
sown in the nursery  to  raise stock for p lanting  in the 
forest. Since 1936, the species has seldom  been used.

T he 1947-49 C ensus o f  W oodlands revealed 
ab o u t 100 acres o f  P. pinaster in E ngland (including 
the am enity  w oodland  areas a round  B ournem outh), 
12 acres in W ales and  1 in Scotland. T here are, in 
add ition , in the sou th  and  east o f England som e two 
o r three hund red  acres o f Scots pine o r C orsican 
pine w hich w ere pu t in to replace failed direct 
sowings, and  w hich contain  a scattering o f trees oT 
M aritim e pine.

C L IM A T IC  A N D  SITE REQUIREM ENTS

In  the sou th  a t least o f  England, M aritim e pine 
has generally been confined to  the ligh ter sandy soils 
w here it grow s well. H ow ever on the very poorest 
Eocene sands, special p repara tion  o f  the ground is 
necessary if it is to  be established

ESTABLISHMENT T E C H N IQ U E

D irect sow ing is an  easy way of raising a crop of 
this species in the forest, and  if soil conditions are  
righ t very little need be done beyond p reparing  
patches and  sow ing a few seeds on each. O n p o o rer 
heath land, it has been found  necessary to  cultivate 
to  a depth  o f ab o u t eigh t inches before sow ing and  to  
apply a phosphatic  fertiliser. It is best to  reduce the 
seedlings on  each patch  dow n to  one p lan t, tw o o r 
three years a fter sowing.

P lan ting  o f  one-year-old seedlings has also  been 
practised successfully, seed being sown in the norm al 
way in the nursery. Very little transp lan ting  has been 
done and  the scanty evidence available indicates th a t 
the tran sp lan t is an  unbalanced  p lan t w ith a  large 
top  and  a strong  tap  ro o t w ith few laterals.

Spacing o f  sow ing patches, o r o f  seedlings in 
p lan ta tion , is sim ilar to  th a t for o ther pines.

T E N D IN G

W hen the p roper technique for d irect sow ing has 
been followed M aritim e pine grows quickly and  
little weeding is necessary.

O T H E R  SIL V IC U L T U R A L  C H ARA C TE RIST ICS

In the first years o f grow th o f m aritim e pine the 
crow n develops rapid ly ; thus a t W areham , five years 
after sow ing a lm ost com plete closure o f  canopy a n d  
suppression o f  g round  vegetation has occurred . 
Such vigorous and  large crow ns also p resen t a 
substan tia l barrier to  the w ind an d  pu t a severe 
stra in  on the young roo t system. A t W areham  
leaning trees have been found  in exposed edges o f  
p lo ts as early as three years after sowing. T he 
leading shoo t o f such trees grow  vertically an d  so 
basal bends are  form ed. T he fo rm ation  o f  basal 
bends is a  long-standing defect; M itchell in 1827 
com m ented th a t “ the p inaster”  was “ getting in to  
disgrace th rough  deform ity fo r w ant o f  shelter” , 
and  L oudon  in 1838 said  th a t “ in the case o f  tran s­
plan ted  trees, from  the w eight o f  head  produced  
by the dense m ass o f  long foliage, the stem  is 
generally inclined to  one side; and  when a fter tw o o r  
three years, it begins to  grow  erect, a  cu rvatu re  
appears above the roo t w hich rem ains visible even 
in old trees” .

RATE OF G R O W T H  A N D  YIELD

Very little inform ation  is available ab o u t the 
yield o f P. pinaster. T here a re  no  sam ple p lo ts in 
any c rop—the only records available a re  those o f  
m easurem ents o f  specim en trees and  young forest 
p lots. E arly grow th o f  M aritim e p ine is quite rap id . 
A t W areham , in direct sow ing experim ents, p lan ts in
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the  best treatm ents averaged 3 feet in height 5 years 
after sowing, and  15.4 feet fifteen years a fter sowing. 
On the sam e site after 15 years, Scots pine had 
reached a height o f 11.3 ft., lodgepole p ine 14.4 ft., 
P. radiata 12.6 ft., and  C orsican pine 10.1 ft.

T he fastest grow n and  one o f the tallest recorded 
M aritim e pines was a specim en 100 ft. tall 80 years 
a fter planting, w hich grew a t Scorrier H ouse, 
C ornw all. T he fastest grow th in m iddle age is 
reco rded  for a tree a t W estonbirt A rbore tum  w hich 
grew from  61 ft. in 1931 (C hittenden 1932) to  90 ft. 
in  1955. T he tallest m aritim e pine recorded in 
E ngland  is a tree 109 ft. tall by 11 ft. 10 in. girth 
which grew a t Foxley Park , H ereford , and  was 
m easured  in 1931 (C hittenden 1932). T he tallest tree 
m easured recently is a specim en 100 ft. tall a t 
B olderw ood, H am pshire.

PESTS A N D  DISEASES

M aritim e pine is p robably  restricted by clim ate in 
G rea t B ritain , and  like C orsican pine, shows needle 
cast and  dieback, accom panied by Brunchorstia, 
when p lan ted  in unsu itab le  places. B ut m uch less is 
know n ab o u t its behaviour, because it has n o t been 
so widely p lanted.

N o insect pest specific to  P. pinaster has been 
reported.

O T H E R  FORMS OF D AM A G E

W indblow  has been reported  in a young pole crop 
on an exposed situa tion  a t W areham , bu t here 
kaolin  clay deposits below the soil surface had  
lim ited the depth  o f roo ting . Elwes and  H enry 
m ention th a t m ost o f  the 500 acres o f M aritim e pine 
a t W estwick was blow n dow n when 85 years old. 
H ow ever, the species is usually considered windfirm .

SEED A N D  SEED BEA RIN G

T he tree seeds freely a long  the D orse t coast. Seed 
collected in B ritain  is usually  quite as good as 
im ported  seed and  m ay som etim es be better. T he 
germ ination  capacity  o f good quality  seed averages 
ab o u t 70 per cen t; u p  to  80 per cent o f viable seeds 
m ay yield one-year-old seedlings. G erm ination  is 
reasonably  quick.

N A T U R A L  R E G EN ER A TIO N

N o t practised, though  in D o rse t self-sown plants 
are  frequently  seen.

TIMBER

In  N orfo lk  a t the beginning o f  this century  the 
tim ber o f P. pinaster was repo rted  as being “ inferior 
to  Scots p ine, rarely selling for m ore than  4d. per 
foot while the la tte r is readily  saleable a t 6d .” 
(Elwes and  H enry).

P O T EN TIA LITIES OF T H E  SPECIES IN  T H E  N A T IO N A L  

ECONOM Y

A lthough  the very early  grow th o f  M aritim e pine 
seems to be faster th an  th a t o f o th er pines, the species 
does no t seem capable o f p roducing  high yields o f 
tim ber in B ritain. Its susceptibility to  exposure and  
consequent stem  defo rm ation  w hen very young, 
together w ith the fact th a t P. radiata o r C orsican 
pine will p robab ly  thrive on sites su itab le  fo r 
P. pinaster, m ake it very unlikely th a t this species 
will find any real place in British forestry.

Pinus ponderosa Lawson (P la te  10)

T here is no com m on nam e in G rea t B rita in  for 
this tree, w hich is know n in A m erica as the W estern 
Yellow Pine. T he stan d ard  nam e fo r im ported  
tim ber is ponderosa  pine (B .S .N .T . 1952).

C O U N T R Y  O F  O R IG IN ,  H IST O R IC A L  NOTES A N D  

P R O V E N A N C E

P. ponderosa is a  w idespread species in W estern 
N o rth  A m erica, ranging from  B ritish C olum bia to  
M exico an d  from  the Pacific C oast in lan d  to  
C o lo rado , N ebraska  and  Texas.

I t  was first in troduced  in 1827 w hen D avid  
D ouglas sent seed to  the H orticu ltu ra l Society o f 
L ondon. This seed p robab ly  cam e from  trees near 
the S pokane R iver, W ashington. P. ponderosa 
has been little p lan ted . Specim en trees da ting  from  
the n ineteenth  century  are  n o t uncom m on bu t 
p lan ta tions a re  rare  and  m ost o f them  recent in 
origin.

L ittle  is know n ab o u t the effect o f  provenance 
on grow th in G rea t B rita in , bu t tw o sm all experi­
m ents w ere laid  dow n in 1930 a t T hetfo rd , N orfo lk , 
and  a t  F indon , R oss-shire, to  com pare P. ponderosa  
p lan ts o f  six different origins. U nfo rtunate ly , all the 
trees cam e from  a restric ted  a rea  in B ritish  C olum bia 
and  the result is th a t all have grow n a t  m uch the 
sam e rate. G row th , generally, is be tter a t T he tfo rd  
than  a t F indon .

EX TENT OF P L A N T I N G

T his is qu ite  sm all, being restric ted  to  a  few 
experim ental p lan ta tions.

C L IM A T IC  R EQ U IREM EN TS

Elwes and  H enry (1910) s ta te  th a t P. ponderosa  
grow s better in sou thern  an d  cen tral E ngland  than  
in Scotland, and  th a t the species does n o t do well in 
the west. T he first p a rt o f  this sta tem en t is suppo rted  
by m easurem ents o f  specim en trees, w hich are  
generally ta ller in the sou th  than  they a re  in Scot­
land.
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T a b l e  3 9  p i n u s  p o n d e r o s a : g r o w t h  a n d  p r o d u c t i o n

Location Age
yrs.

No. o f  stems 
per acre

Top Ht. 
f t .

Mean 
Girth in.

Basal Area 
Hoppus sq. ft .

Standing Vol­
ume Hoppus 

f t .  O.B.

Total Volume 
Hoppus ft .  
over bark

Olleys, Thetford .... 28 592 42 21 i 117 2,060 2,742
Bedgebury, Kent ............... 27 651 36 18 92 1,372 1,818
Laughton, Lincolnshire .... 24 476 39 m 78 1,348 2,072

SITE REQ U IREM EN TS

P. ponderosa  seems to  prefer w ell-drained soils 
and  grows satisfactorily  on dry sites, while it has 
been found  to  survive in frosty localities where 
o th er conifers were dam aged. I t m ay no t be a  long- 
lived tree on  shallow  soils, for there are  exam ples of 
d ie-back o f the crow n in tall trees in these situations.

ESTABLISHMENT T E C H N IQ U E

P. ponderosa is given stan d ard  treatm en t in the 
nursery. O ne-plus-one transp lan ts are norm ally 6 to 
9 in. in height and  suitable fo r forest planting  a t this 
age. T here is no  advantage in raising older stock.

v e g e t a t i v e  p r o p a g a t i o n . G rafting  o f this species 
is com m only  practised  in the U nited States, bu t in 
B rita in  th e  tree  has neither been grafted  nor p ro p a­
gated  by cuttings.

p l a n t i n g . B oth p it and  notch  planting have been 
found  satisfactory . Survival in the first year has 
generally been good— over 85 per cent, though 
cases o f  survival less than  40 per cent are  on 
record. Losses in the second and th ird  year after 
p lan ting  have been betw een 6 and  20 per cent.

s p a c i n g . P lants have been p u t in a t four to five 
foo t spacing.

T E N D I N G  A N D  T H I N N I N G

E arly grow th is often irregular, and in the first 
th inning, 13 to  24 years after planting, when the 
m ean height o f the crop  has reached 25 to  30 ft., 
the chief object has been the rem oval o f coarse m is­
shapen  dom inan ts and  suppressed trees.

O T H E R  S IL V IC U L T U R A L  C H A RA CTERIS TICS

T he species is a strong  light dem ander and  
subdom inan t trees quickly becom e suppressed and  
die.

RA TE O F G R O W T H  A N D  YIELD

P erm anent sam ple p lo t da ta  are available from  
three p lots o f P. ponderosa, all three having been 
established in  1948. T he m ost recent m easurem ents 
a re  given in  T able  39.

T he three p lots com pare favourably  in height and  
volum e p ro duc tion  w ith  Q uality  C lass I /II Scots 
pine.

D a ta  from  th ree o th er stands are  given in T able  40.
I t  will be seen th a t the p lo t in the F orest o f D ean  

is grow ing faster th an  any o f the perm anent sam ple 
plots, while the trees a t B arcald ine are  grow ing 
m ore slowly.

D a ta  for the ra te  o f g row th o f o lder trees are  
available only from  records o f specim en trees. 
T hese show  th a t several trees in the sou th  o f E ngland 
have reached 100 ft. in 100 years, the fastest, a  tree 
a t B lackm oor, n ea r Liss in H am pshire, having 
reached 105 feet in  85 years. N o  com parison  can 
be m ade w ith trees grow ing in o ther parts  o f the 
B ritish Isles as the relevant dates o f p lan ting  are  
no t know n.

T he tallest tree recorded is a  specim en 132 feet 
tall a t Scotney Castle, K ent. A  tree, 118 feet tall a t 
R edleaf, K ent, is the next tallest. T he tallest tree 
recorded in W ales is one 110 feet tall a t Powis 
C astle, W elshpool, while the tallest Scottish  tree is 
one 92 feet tall a t R ossdhu, D unbartonsh ire .

DISEASES A N D  PESTS

N o pests an d  diseases specific to  P. ponderosa  have 
been reported  in B ritain.

SEED

N o da ta  are  available for hom e-collected seed. Im ­
po rted  seed som etim es has show n slight dorm ancy 
bu t no p re-trea tm en t is considered necessary to

T a b l e  4 0  p i n u s  p o n d e r o s a : g r o w t h  o f  t h r e e  s t a n d s

Location Soil/ Vegn.
Age
yrs.

No. o f 
stems 

per acre
Ht. Ft.

Mean
Girth

in.
Notes

Forest o f Dean Clay loam 18 720 34 16 —

Barcaldine, Argyll .... Bracken/Grass/Heather 24 — 15-20 — Plants made slow start
West Tofts, Thetford Sand 24 600 31 18 Provenance Expt.
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overcom e this. T he average num ber o f seeds per 
pound  is ab o u t 9,000.

s e e d - b e a r i n g . C ones have been reported  on a 
24-year-old tree a t B edgebury an d  on  several 
21-year-old trees a t W est T ofts, T hetford .

G EN ETIC S  A N D  BR EE DIN G

T hree ‘p lu s’ trees have been selected. N o  o ther 
breeding w ork has been done.

TIM BER

L ittle  hom e grow n Pinus ponderosa  tim ber ' has 
been hand led  by the trade. H ow ever the scanty 
inform ation  available indicates th a t the tim ber a ir 
seasons well, is stable, and  w orks well w ith m achine 
and  hand  tools. I t  has been used  fo r high class 
jo inery .

P OTEN TIA LITIES  OF T H E  SPECIES I N  T H E  N A T IO N A L  
ECONOM Y

F ro m  the evidence available, it seems th a t Finns 
ponderosa m ay have a  range sim ilar to  C orsican pine 
in B ritain . It is difficult to  im agine it d isplacing this 
w ell-tried and  p roductive species.

Pinus rad ia ta  D . D on  (P late 11).
Synonym :— P. insignis D ouglas. T he variety 

binata  H o rt. is d istinguished by the prevalence o f 
sh o rt shoots w ith tw o needles instead o f the usual 
three.

T he English nam e is M onterey  pine.

C O U N T R Y  OF O R I G I N ,  P R O V E N A N C E  A N D  H IST O R IC A L 
NOTES

P. radiata  is native only to  a narrow  coastal belt 
in M onterey , C alifornia, an d  to  a few islands off 
the coast. T he tree was first in troduced  in 1833 from  
M onterey  C oun ty  by D oug las (L oudon , 1838). In 
1850 and  1851 seed was sent to  M essrs. Veitch by 
W illiam  L obb  (Elwes and  H enry, 1910). L oudon  
m entions th a t five years a fter the first in troduction , 
p lan ts h a d  grow n to  betw een 3 an d  5 feet and  it is 
possible, from  such early  prom ise, th a t the earliest 
sm all p lan ta tions were raised  from  L o b b ’s seed. 
Pinus radiata  has been little  p lan ted  during this 
cen tury  and  scarcely any p lan ta tio n s have been m ade 
in the last tw enty years. T he p lan ta tions in B ritain  
bear seed freely and  sm all quantities o f  seed have 
been collected from  them ; sm all quantities o f  seed 
have also been im ported  from  N ew  Z ealand  p lan t­
a tions.

EX TE NT OF P L A N T I N G

Specim ens and  sm all g roups o f P. radiata  have 
been p lan ted  fairly widely, b u t while good  specim ens 
m ay be seen in the m ilder parts  o f  Scotland, it  is in

th e  sou th  an d  south-w est o f E ngland  th a t the 
species is m ost com m only  found.

T he 1947-49 C ensus revealed a m arked  absence 
o f young stands as show n in T able  41. 137 o u t o f  the 
to ta l o f 163 acres o f p lan ta tion  occur in D evon and  
C ornw all, an d  the o ther 26 acres in Sussex an d  
H am pshire.

p i n u s  r a d i a t a : a g e - c l a s s  d i s t r i b u t i o n , 1947 
T a b l e  41 A cres

Age-class, years
Uneven
Aged

Total
1-20 21-40 41-60 61-80 Over 80

2 13 7 41 21 79 163

c l i m a t i c  r e q u i r e m e n t s

T he lim iting fac to r in the d is tribu tion  o f P. radiata 
in  B ritain  appears to  be tem perature . T he tree is n o t 
com pletely frost-hardy , an d  although  it will survive 
sh o rt periods o f  low  tem pera tu re  an d  has n o t been 
k illed  by m inim um  tem peratures betw een 0° an d  
-5 °F , periods o f con tinuous freezing w inds cause 
brow ning an d  dea th  o f foliage, and  m ay kill the  
tree ou trigh t. L ack  o f sum m er w arm th  dim inishes 
the vigour and  grow th o f the tree; if the p resen t 
d is tribu tion  o f p lan ta tions is p lo tted  on a  m ap 
show ing accum ulated  tem peratures, it is found  th a t 
the species is a lm ost entirely restric ted  to  areas w ith 
high m ean accum ulated  tem peratures (2,500— 3,000 
day degrees) an d  is no t found a t all in areas w ith 
less than  2,000 day degrees.

R ainfall does no t ap p ea r to  lim it the d is tribu tion  
o f  P. radiata  except inasm uch as high rainfall 
areas coincide w ith those w ith low accum ulated  
tem peratures. T he tree is quite a t hom e in 25 to  45 
inches m ean annual rainfall an d  specim ens can be 
found  in areas w ith considerably higher rainfall.

SITE REQ U IREM EN TS

D allim ore  an d  Jackson  (1948) sta te  th a t P. radiata  
grow s well on light, m oist, w ell-drained soils. 
F o restry  C om m ission experience is th a t it will also  
grow  extrem ely well by B ritish standards on  dry, 
infertile, sandy  soils such as those a t W areham , 
D orse t. T he species will w ithstand  strong  w inds, 
though  som e dim inution  o f height grow th and  
increase in branchiness occurs on such sites. Salt 
w inds are  also to lera ted  an d  trees can safely be 
p lan ted  near the coast.

T E C H N IQ U E  O F ESTABLISHMENT

Som e difficulty is experienced in establish ing 
P. radiata in E ngland. M ost success is ob ta ined  
if  p lan ts are  p u t o u t as one-year seedlings. 
P rov ided  seed is sow n tow ards the  end  o f  the usual
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sow ing period , a t a  density ab o u t half th a t fo r Scots 
p ine, an d  is o therw ise trea ted  in the stan d ard  way, 
v igorous w ell-form ed seedlings 4 to 6 inches high 
a re  ob ta ined  a t th e  end o f the year. Seedlings are 
best p lan ted  in the forest in late spring. If tran s­
p lan ts are  required , it is preferable to  sow in very 
late spring (la te  M ay o r early June) and  so ob tain  
sm aller first year seedlings and  better balanced 
transp lan ts. A t W areham , P. radiata has been 
established successfully by direct sowing, trees 
grow ing very rapidly  in the year after sowing.

A pplication  o f  phosphate  fertiliser is essential 
fo r d irect sow ings on  soils such as those a t W are­
ham , an d  is also very beneficial to  p lanted  seedlings.

T he spacing in p lan ta tio n  o f P. radiata has been 
sim ilar to  th a t o f o th er pines i.e. 4{ ft. x 4 i  ft. o r 
5 ft. x 5 ft.; bu t now  th a t it is m ore generally 
apprecia ted  how  rapidly the species can grow , a  
w ider spacing, e.g. 6 ft. x 6 ft. w ould be used and  
trees p runed  early.

T E N D I N G  A N D  T H I N N I N G

w e e d i n g . T he sites w here P. radiata has been 
p lan ted  are  seldom  fertile, and  weeding for the first 
tw o o r  possibly th ree years is all th a t has been 
necessary.

t h i n n i n g  a n d  p r u n i n g . T here are  insufficient 
stands o f P. radiata  in B ritain  for any thinning 
recom m endations to  have been w orked ou t, and 
existing stands a re  th inned  in the sam e way as 
C orsican o r  Scots p ine o f sim ilar height. T he 
branch  developm ent in  P. radiata is coarse w ith 
m any branches per w horl, an d  som etim es tw o or 
th ree w horls per year. Interriodes are, however, 
qu ite  long a n d  p run ing  can be expected to  im prove 
b o th  the tim ber quality  o f  final crop trees and  the 
appearance  o f the stand.

O T H E R  S IL V IC U L T U R A L  CH AR A C TER ISTICS

T he coarse b ranch  hab it o f P. radiata is especially 
characteristic  o f open grow n o r exposed trees. A  
high p ro p o rtio n  o f the trees p lan ted  in G reat 
B ritain  has been pu t in small g roups o r  w indbreaks,

and  this has led to  a greater aw areness o f this coarse 
branching hab it than  otherw ise m ight be.

V egetation is rapidly suppressed in young P. 
radiata p lan ta tio n s; the species can therefore  be 
used as a  p ioneer, giving way to a m ore valuable 
species later.

RA TE OF G R O W T H  A N D  YIELD

D ata  from  the few young plots and  from  m easure­
m ents o f individual trees taken  together show  th a t 
early  height grow th is very rap id  an d  th a t in 25 to 30 
years P. radiata reaches 55 to  70 feet. T hereafter, the 
ra te  o f  height grow th decreases m arkedly , trees 
tak ing  an o th e r 25 to  75 years to  reach 100 feet. T he 
m axim um  height to  w hich the tree can grow  in 
B rita in  is no t know n; the biggest recorded specim ens 
include trees 138 ft. and  130 ft. in height a t Cuffnells, 
H am pshire, and  a tree 132 ft. in height a t K illerton , 
D evon.

The only sam ple p lo t m easurem ents available are  
from  a privately ow ned p lo t in South  D evon and  
are  given in T able 42 below. (N o te  th a t volum es 
are  under-bark).

DISEASES A N D  PESTS

In the  p lo ts a t W areham  occasional trees lose 
their co lou r and  needles and  appear to  be dying. 
This m ay be sim ilar to w hat has recently been 
described as “ rapid  decline’’ (Bednall and  S toate, 
1953), abou t the cause o f w hich little is know n. N o t 
all trees eventually die how ever; som e recover 
their health  and  regain their vigour.

N o insect pests are  specific to  P. radiata, bu t the 
Pine Shoo t M o th  (Evetria buoliana) is frequently  
reported  and  is the cause o f m any m alform ed 
crowns.

O T H E R  FORMS O F D AM A GE

A little w indthrow  has been reported  on sites 
w here the ro o t developm ent o f P. radiata had  been 
restricted.

p i n u s  r a d i a t a : s a m p l e  p l o t  a t  d a r t i n g t o n , s o u t h  D E V O N

T a b l e  4 2  P lot A rea 0.190 acres M easurem ents per acre

Age
o f

Crop
yrs.

Main Crop Periodic Mean 
Annual Main Crop 

IncrementAv. Height 
o/lOO 

largest trees
ft .

True Girth 
at 4 f t .  3 in.

in.

Vol. per acre 
Hoppus ft . 
under bark

Bark
Percent­

age

Total Crop Yield to 
date Hoppus f t .  

under bark Vol. Hoppus ft . 
under bark

10 30.0 14.6 1,193 10.3 1,492 —

13.5 43.0 18.6 1,409 10.3 2,230 211
15 47.0 22.9 1,858 10.3 2,901 447
16 49.0 24.9 2,120 10.3 3,273 372



114 P I N U S  R E S I N O S A

SEED A N D  SEED-BEARING

P lan tations o f  P. radiata  usually com m ence to  
bear cones before they are  20 years o ld  an d  there­
after in the sou th  bear quite heavy crops. Sm all 
quan tities o f seed have been ob ta ined  from  B ritish 
stands.

G EN ETIC S  A N D  BREE DIN G

N o w ork has yet been done in B ritain  on this 
species. H ow ever, the w ork th a t is in progress in 
South  A frica, A ustra lia  and  N ew  Z ealand  on the 
breeding o f M onterey  p ine suggests th a t it will be 
possible to  im prove the grow th hab it o f  this species; 
an d  careful choice o f  seed origin and  the use of, say, 
selected N ew  Z ealand  seed m ight do m uch to 
minim ise coarseness o f  branching.

N A T U R A L  R E G EN ER A TIO N

N atu ra l seedlings have been reported , bu t n o ­
w here has P. radiata been deliberately regenerated.

TIM BER

T he tim ber o f hom e-grow n P. radiata is usually 
coarse and  is considered in ferior in quality  to  th a t 
o f o ther conifers. H ow ever, this opin ion is based 
largely on tim ber ob ta ined  from  specim en trees. 
T here has been no experience o f  tim ber from  pruned  
trees.

POTEN TIA LITIES OF T H E  SPECIES IN T H E  N A T IO N A L  

ECONOM Y

P. radiata, because o f its rap id  rate  o f grow th, 
m ight have a sm all place in the extrem e sou th  and  
south-w est o f  England. A ny crops will require 
careful tend ing  an d  early pruning.

Pinus resinosa A iton
T he R ed  pine, a  native o f eastern  N o rth  A m erica 
from  N ova Scotia to  Pennsylvania, was in troduced  
into G rea t B ritain  in 1756. Elwes an d  H enry (1910) 
say the tree does no t grow  very well in B rita in  and  
while the tallest specim en was a  tree 86 ft. tall 
recorded from  D ork ing , Surrey, in 1931, few o ther 
trees have reached even 50 ft. A t Bedgebury, K ent, 
a  p lo t o f  th is species is vigorous and  healthy. W hen 
last m easured  this p lo t was 19 years o ld  and  had  a 
m ean height o f  18 ft. and  a m ean g irth  o f  15 inches.

I t  is m ost unlikely th a t this species will have any 
place in B ritish forestry , the m ain  reason being 
th a t on sites in this coun try  best suited to  it, it is 
unlikely to  app roach  C orsican p ine in vigour of 
grow th.

Pinus strobus L innaeus
CO MM O N  N AM E
W eym outh  p ine (nam ed a fter L o rd  W eym outh  on

w hose estate  a t L ongleat in W iltshire m any trees 
o f  one o f the earliest in troductions were grow n. 
(L oudon , 1838).)

T he tim ber is know n in th e  trade  as Yellow Pine 
(B .S .N .T ., 1952).

C O U N T R Y  OF O R I G I N  A N D  P R O V E N A N C E

This species has a wide range from  M an itoba  and  
N ew foundland  in lat. 50°N to Iow a an d  C onnecticut, 
la t.42°N , penetra ting  along the A lleghany m ountains 
into A labam a an d  G eorg ia  lat. 34°N. T here is no 
record  o f the origin o f the first in troduction  o f the 
species to  B rita in , though  the seed is alm ost certa in  
to  have been collected by early  settlers in N ew  
E ngland. T here is no reco rd  o f  any com parison  
o f  W eym outh  pine provenances in Britain.

H IST O R Y  A N D  EX TE N T OF P L A N T I N G

T he precise date  o f  in troduction  o f  W eym outh  
p ine is n o t know n. L oudon  (1838) says th a t the tree 
was first cu ltivated  a t B adm inton  in 1705 by the 
D uchess o f B eaufort, and  th a t soon afterw ards a 
large num ber o f trees were p lanted  a t Longleat, 
W ilts., a t M ersham  H atch , near A shford  in K en t 
a n d  a t W hitton , M iddlesex. Seed collected from  the 
M ersham  H atch  trees was being sold by 1726, an d  
no t long afterw ards the trees a t W hitton  were 
p roducing  plenty  o f seed w hich was d is tribu ted  “ to 
all the cu rious” . T he tree con tinued  to  be used for 
p lan ting  on a  sm all scale up to  the end  o f the 18th 
century , an d  thereafter began to  be p ropaga ted  in 
plenty, chiefly from  seed o f the M ersham  H atch  
trees. A m erican  seed was regularly  im ported  bu t on 
a  sm all scale com pared  w ith the am o u n t o f  seed 
produced  by the trees a t M ersham  H atch  (H unter, 
1801). In 1765 and  subsequent years, gold an d  silver 
m edals were offered by the Society fo r the E ncour­
agem ent o f A rts for p lan ta tions o f W eym outh  p ine 
(Elwes and  H enry, 1910). Sm all p lan ta tions continued  
to  be established a t intervals th rough  the late 18th 
and  19th century . F o r  exam ple in the C row n W oods 
a t  W indsor ab o u t six acres were p lan ted  w ith 
W eym outh  pine in the 1850’s (A dkin  1916). In  1892 
the w hite p ine blister rust (Cronartium ribicola) was 
first no ted  in B rita in  on  W eym outh  p ine a t K ings 
Lynn, N orfo lk . I t quickly sp read  and  by 1909 was 
repo rted  by Som erville to  be causing  devastation  in 
a num ber o f p lan ta tions, an d  he strongly recom ­
m ended th a t the species be p lan ted  no m ore. 
Since 1909 the rust has sp read  and  there a re  now  few 
W eym outh  p ine stands w ithout infected trees.

T he Census o f  W oodlands, 1947-1949 show ed 22 
acres o f P. strobus p lan ta tions in E ngland  an d  19 in 
Scotland.
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T a b l e  4 3  p i n u s  s t r o b u s :  g r o w t h  a n d  p r o d u c t i o n

Standing Total Volume
Location Age No. o f  Stems Top Ht. ft. Mean Girth Volume H. ft. Hoppus Feet

per acre in. Over Bark over bark

D u n a c h ................ 28 934 43 21 3,431 4,367
Alice Holt 48 164 60* 36 2,520 6,096

C L IM A T IC  A N D  SITE R EQUIR EM ENTS

Elwes and  H enry  recom m end deep sandy o r sandy 
loam  soils for this species, and  m any o f the best 
trees are  found  on such soils. T he tree grows well in 
parts  o f  Scotland, bu t Elwes and  H enry say th a t it 
thrives better in the sou th  of B ritain . The scanty 
evidence available suggests th a t the tree does no t 
seed so freely in the no rth .

T E C H N IQ U E  OF ESTABLIS HMENT

R ecent experience o f  establishing W eym outh 
p ine is solely derived from  raising plants for one or 
two sm all forest plots. In the nursery, seed was sown 
an d  covered in the norm al way and seedlings were 
lifted after tw o years’ grow th for lining-out. P lants 
w ere p it p lan ted  o r notched, as tw o-plus-one tran s­
p lan ts and  survived satisfactorily . F isher (1907) 
m entions a  p lan ta tio n  in which three-year-old 
seedlings w ere m atto ck  p lan ted  satisfactorily.

Spacing o f p lan ts in the nineteenth and  early 
tw entieth  cen tury  was 4 ft. x 4 ft. o r 3 ft. x 5 ft. 
(Schlich, 1919, F isher, 1907). There is no reason 
to  th ink  th a t the tendency in recent years for p lants 
to  be pu t in a t w ider spacings, e.g. 5 ft. x 5 ft. w ould 
n o t also be app lied  to  P. strobus.

T E N D I N G  A N D  T H I N N I N G

In all the  existing plots, th inning has had  to  be 
“ san ita ry” , rem oving dead and  dying trees.

RATE OF G R O W T H  A N D  YIELD

D ata  a re  available from  two sam ple p lots o f 
P. strobus, one a t Alice H o lt, H ants., and  one a t 
D unach in Argyll. Trees in the la tter p lo t were 
blown over in 1937, while the p lo t a t Alice H o lt 
suffered severely from  blister rust. H owever, 
m easurem ents have con tinued  to be taken a t Alice 
H o lt, an d  th e  p lo t has been underp lan ted  w ith 
Tsuga heterophylla. B oth  plots were sim ilar in ra te  
o f  height g row th to  Scots pine o f  Q uality  Class I and  
II respectively, bu t their to ta l volum e production  was 
m uch higher. T he last recorded m easurem ents are 
given in T ab le  43.

O ther young  forest plots exist a t Lynford, N orfo lk , 
and  B edgebury, K ent, bo th  on sandy soils. T here is 
a  very young  plo t a t B eddgelert, C aernarvonshire, on 
a  shale soil on a m oderately elevated exposed site, 
w hile a t L ochgoilhead in Argyll there is a very

vigorous stand  on sandy boulder till in a sheltered 
site. T he m ost recent m easurem ents from  these 
p lo ts are  show n in T able  44.

A t D elam ere, C heshire, there are  several acres o f 
W eym outh  p ine in m ixture w ith C orsican and  Scots 
pine. W here C orsican pine is p resent it dom inates 
b o th  Scots and  W eym outh  pines, bu t W eym outh 
p ine easily holds its ow n w ith Scots pine. In 1951 
w hen the crop  was 50 years old, the W eym outh  p ine 
was ab o u t 54 feet tall. T he ou ts tand ing  feature o f 
these trees is the ir freedom  from  blister rust. The 
site is on glacial sands and  gravels w ith a southerly  
aspect.

A t W easenham , N orfo lk , a  48-year-old tree is 
80 ft. h igh; L oudon  m entions two trees, one 80 ft. 
a t 60 years and  an o th e r 53 ft. a t 41 years. A t D rop- 
m ore, B uckingham shire, an d  A lthorp , N o rth am p ­
tonshire, there are  tw o trees bo th  ab o u t 80 years old 
and  m easuring 85 an d  89 ft. respectively. Elwes 
and  H enry rep o rt a  tree 122 feet high a t 105 years 
(when it was blown dow n) and  several trees ab o u t 
150 years o ld  an d  100 ft. high.

T he only final yield figures available a re  given by 
A dkin  (1916) w ho describes a  felling a t W indsor o f 
ab o u t 6 acres o f 70-year-old W eym outh p ine w hich 
yielded 4,000 H oppus ft. per acre. (V olum e to 6 in. 
top , under bark .) T he height o f the crop  was 73 ft.

F ro m  these m easurem ents it will be seen th a t on 
good sites vigorous stands o r specim ens can be 
expected to  pu t on nearly two feet in height per 
year in their early grow th, an d  tha t, given freedom  
from  Cronartium, trees could  be expected to  reach 
dim ensions sim ilar to  those o f m atu re  trees in their 
native country . O n sites where o ther species have

p i n u s  s t r o b u s : p l o t  d e t a i l s

T a b l e  4 4

Location Age
Average 
Height 

.ft.
Remarks

Beddgelert .... 10 6.3 Some rust, otherwise 
vigorous and healthy.

Bedgebury .... 19 37.5 Some rust.
Lochgoilhead 25 44 Some rust, much natural 

regeneration.
Lynford 25 24.7 25%  affected by rust, 22% 

damaged by vermin.
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been p lan ted , and  com parisons o f  ra te  have been 
m ade, W eym outh  p ine is n o t am ong the leaders. 
A t Bagley W ood, B erkshire, Schlich (1919) shows 
th a t its height g row th was n o t so rap id  as th a t o f 
D ouglas fir, Tsuga heterophylla, Thuja plicata, Sitka 
spruce, E u ropean  larch, Japanese larch, o r C orsican 
pine, bu t th a t in p ro p o rtio n  to  its height its g irth  was 
greatest. A t B edgebury a P. strobus p lo t is second in 
height grow th only to  P. radiata, an d  com parab le  to  
C orsican  pine, Scots p ine and  P. ponderosa. H ow ­
ever, all the  pines here are  considerably  slow er in 
g row th than  E uropean  larch, Japanese larch, 
D ouglas fir o r N orw ay spruce.

DISEASES A N D  PESTS

W eym outh  pine, like m ost o th er five-needled pines, 
is subject to  a ttack  by W hite P ine B lister R ust, 
Cronartium ribicola, o f w hich Boyce (1948) gives a 
full account. T he chief a lte rna te  host in G rea t B ritain  
is b lackcu rran t (Ribes nigrum). It is seldom  possible 
to  site p lan ta tions m ore than  a m ile from  the nearest 
b lackcurran ts, an d  the p robab ility  o f  a ttack  has 
p reven ted  the extensive use o f  th is pine. In  m ost 
stands a  few trees survive una ttacked , bu t it is 
suspected th a t this is due to  chance, ra th e r th an  to  
natu ra l resistance.

In add ition  to b lister ru s t, dam age by voles has 
occurred  in the p lo t a t L ynford , N o rfo lk ; the anim als 
ap p ea r particu larly  to  like the th ickened bark  
resulting from  a ttack  by b lister rust.

SEED A N D  SEED -B EA RIN G

F ro m  its earliest in troduc tion , the W eym outh  pine 
has p roduced  seed freely.

T here is no record  o f  any recent hom e collection 
o f W eym outh  p ine seed. G o o d  quality  im ported  seed 
has ab o u t 70 per cent germ ination  capacity , w ith 
ab o u t 27,000 seeds per lb. T he seed requires s tra ti­
fication for a t least 90 days a t 36°F. in o rder to  
overcom e em bryo dorm ancy  and  com plete the 
process o f after-ripening. V iability is m ain tained  for 
up to  five years if seed is sto red  properly.

G EN ETIC S  A N D  B R EE D IN G

A sm all p rogram m e o f breeding fo r resistance to  
Cronartium ribicola is in progress. A pparen tly  
resistan t trees o f  the five-needled p ine species are  
being selected in areas o f severe Cronartium  a ttack , 
and  so far nineteen trees have been selected for 
observation  an d  testing. H ybrid ization  between 
P. strobus and  P. griffith ii o r  P. peuce was begun in 
1955 and  con tinued  in 1956. B oth B ritish and  
A m erican origins o f  P. strobus were used.

N A T U R A L  R E G E N E R A T I O N

N atu ra l seeding o f  W eym outh  p ine has occurred

on  several sites, b u t little  is know n ab o u t its possi­
bilities.

T I M B E R

Fisher (1907) m entions fellings a t W indsor F o res t 
in w hich W eym outh  p ine tim ber fetched 8d. per cu. 
ft. com pared  w ith 4d. per cu. ft. fo r Scots p ine; 
L oudon  m entions hom e-grow n tim ber being used 
fo r flooring and  cabinet work.

POTEN TIA LITIES  O F T H E  SPECIES IN  T H E  N A T IO N A L  

EC ONOM Y

T he dom inating  fac to r in the fu tu re  use o f 
W eym outh  p ine is the b lister rust. I f  trees w hich are  
both  vigorous and  resistan t to  the rust can be 
produced  in quan tity , then  P. strobus w ould  be a  
useful species fo r B ritish foresters. U ntil such 
resistance is found, it is a  w aste o f  tim e to  p lan t the 
tree.

Pinus thunbergii Parla to re

T his Japanese species was first in troduced  to  
B rita in  by Veitch in 1861. T he tree grow s qu ite  
slow ly; the tallest recorded specim en, only 55 ft. tall, 
is a t Sevenoaks, K ent. A  sm all p lan ta tion  ju s t over 
tw o acres in extent was m ade a t St. L eonards, K ent, 
in 1925; an d  in 1952 when 27 years old had  an 
average height o f  36 ft., a m ean g irth  o f 19 inches 
and  a volum e per acre o f  2,100 H oppus ft.

A t Bedgebury, specim en trees a fter grow ing well 
fo r a num ber o f  years, de terio ra ted  in health.

This species is m ost unlikely to  play any p a rt in 
B ritish forestry.

J .R .A .
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Podocarpus Persoon 

Very few o f the |Podocarps can be grow n in the 
open a ir in G rea t B rita in  and  those w hich can 
to lera te  the clim ate survive in sheltered places as 
bushes. T he hard iest is P. andinus w hich used  to  be 
no t uncom m on in shubberies and  gardens bu t is now  
less frequently  p lan ted . P. totara  has survived ou t 
o f  doors in the south-w est and  west o f the country  in 
one o r two sheltered  gardens.

J.M .

Pseudolarix G o rd o n  

Pseudolarix amabilis (N elson) R ehder 
This genus is represented  by this species only, the 
G olden  L arch  o f  C hina, w hich was in troduced  in 
1853 by F o rtune . I t  is a  ra re  tree w ith us, being 
found  occasionally in collections in the south  of 
E ngland. I t  is fairly hardy  b u t grow s slowly. L ittle  
is know n ab o u t its soil requirem ents I t  has no 
forest im portance.

J.M .

Pseudotsuga C arriere  
T his genus consists o f th ree  species w hich occur in 
A sia and , according to  som e au thorities, th ree in 
W estern N o rth  A m erica. In  th is account, how ever, 
the A m erican form s have been p u t together in to  
P. laxifolia. O f the A sian  species, P. wilsoniana from  
F orm osa  an d  Y unnan , is too  tender fo r use in G rea t 
B ritain , P. japonica, from  Jap an , in troduced  in 1910, 
is rarely  seen, while P. sinensis from  W estern  C hina 
is a lm ost unknow n in cultivation .

Pseudotsuga taxifolia (Poiret) B ritton  (P. dougiasii
C arriere). P late 9.

C O M M O N  NAME

D ouglas fir. In  B rita in  this nam e covers bo th  the 
tree  and  the tim ber, im ported  tim ber being also 
know n by the A m erican  expo rte rs’ nam e “ O regon 
p ine” .

C O U N T R Y  O F O R IG IN  A N D  P R O V E N A N C E

W estern N o rth  A m erica, from  B ritish C olum bia 
to  C alifo rn ia , M on tana , C o lo rado , W estern Texas 
and  N o rth e rn  M exico. T his a rea  includes the dis­
tr ibu tion  o f the species in a w ide sense. P. taxifolia  
var. glauca  o r  P. glauca  o f  various au tho rs, and  
P. macrocarpa M ayr o r var. macrocarpa  occur a t the 
sou thern  end  o f  the range, in C o lo rado , etc., and  have 
seldom  grow n satisfactorily  in B ritain . A lthough  
earlier recom m ended as being h ard ie r in the w inter, 
they were found to  grow  m ore slowly and  suffered 
various form s o f dam age (Schlich, 1904 an d  1919; 
R ichardson , 1905). T he C o lo rado  D oug las has an 
a ttrac tive  blue co lou r and  is a decorative tree.

D ouglas fir from  the northern  and  m iddle parts  o f 
the range has also been divided into various varieties

o r form s, bu t these are  here considered as different 
p rovenances o f the species P. laxifolia, though  they 
can  be classified into several b ro ad  groups whose 
exact native boundaries are  undefined. T hus coastal 
p rovenances from  B ritish C olum bia, W ashington 
a n d  O regon include the green D ouglas o r var. viridis 
a n d  in land  provenances include the in term ediate, 
grey o r caesia variety.

Few  critical experim ents on the provenance o f 
D ouglas fir have been p lan ted  in B ritain . O ne in 
R ad n o r F o res t p lan ted  in 1933 (by the U niversity 
College o f  N o rth  W ales) an d  the experim ent in the 
F o res t o f D ean  described by Peace (1948) have 
suffered in various ways w hich m ake the in te rp re t­
a tio n  o f  results difficult. So fa r it has no t been 
possib le to  g rade the different p rovenances either by 
v igour o r any  o th er characteristic . In  general the 
coastal provenances grow  fastest, though  exceptions 
in early years have been no ted  (Lines, 1956) and  
som etim es the in land  ones suffer from  late  frosts 
(D ay, 1930), bu t they have also been no ted  for 
g rea ter resistance to  w inter cold. A  com prehensive 
study o f the coastal form  from  U .S .A . was com ­
m enced in 1951 and  stocks were p lan ted  a t a  num ber 
o f  sites in B rita in  in 1953 an d  1954. T here  is as yet 
no  good com parison  w ith C anad ian  seed sources.

T he m ajority  o f p lan ta tions in B ritain  have been 
raised from  seed from  W ashing ton  and  the coastal 
p a rts  o f B ritish C olum bia a ro u n d  the low er F raser 
R iver. K ay  an d  A nderson (1928) had  no d o u b t tha t 
V ancouver Is land  was the co rrec t provenance for 
B ritain . M ore recently it has been considered th a t the 
oceanic zone in W ashington and  the no rthern  
C ascade foothills seem  to be the best sites fo r fu ture  
seed collection, until fu rther evidence is available 
(W ood, 1955).

H I S T O R I C A L  N O T E S

D iscovered ab o u t 1792 by A rch ibald  M enzies at 
N o o tk a  Sound, V ancouver Island, B ritish  C olum bia. 
In troduced  in 1826-7 by D av id  D ouglas, w ho 
sent seed to  the (R oyal) H orticu ltu ra l Society, 
L ondon, p robab ly  from  the W ashington-O regon  
border, a  few miles in land  from  F o rt V ancouver, in 
the low lands betw een the C ascade M ounta ins and  
the C oast R ange (H arvey, 1947). In 1846-7 H artw eg 
sent seed from  S anta  C ruz, C alifo rn ia , an d  in 
1852-3 there w ere in troductions by W illiam  Lobb 
an d  by Jo h n  Jeffrey for the O regon A ssociation . 
T rees from  the orig inal in troduction  were d istribu ted  
widely an d  m any still exist. O ne a t D ropm ore , 
B uckingham shire, was the first to  fruit. In P erth ­
shire there is one a t Scone Palace an d  tw o a t Lyne- 
doch, on the sam e estate, o f w hich one was exten­
sively used as a  seed source, giving rise bo th  to  the 
T aym ount p lan ta tion  o f 1860 (M cC orquodale , 1880; 
Schlich, 1888) and  to  m any specim en trees, e.g. at
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P S E U D O T S U G A  T A X I F O L I A  ( D O U G L A S  F I R )  : D I S T R I B U T I O N  B Y  C O U N T R I E S ,

T a b l e  45  a n d p e r c e n t a g e s o f h i g h  f o r e s t a r e a s o c c u p i e d , 1947

England Scotland Wales Great Britain

Percentages Percentages Percentages Percentages
Area o f  Con­ o f all Area o f  Con­ o f  all Area o f  Con­ o f  all Area o f  Con­ o f  all
Acres ifers species Acres ifers species Acres ifers species Acres ifers species

Private Woodlands ■ .... 7,207 4 1 5,440 2 2 1,849 9 2 14496 3 1
Forestry Commission 10,505 6 4 5,734 3 3 7,069 9 8 23,308 5 5

Total 17,712 5 2 11,174 2 2 8,918 9 5 37,804 4 2

P S E U D O T S U G A  T A X I F O L I A  ( D O U G L A S  F I R )  : H I G H  F O R E S T  A R E A S ,

T a b l e  4 6  p u r e  a n d  m i x e d  s t a n d s  c o m b i n e d , b y  a g e - c l a s s e s , 1 9 4 7  A cres

' Age-class, yrs.
Uneven-

aged
Total

1-10 11-20 21-30 31-40 41-60 61-80 81-120 Over 120

Private Woodlands 
Forestry Commission

1,374
2,156

2,060
10,407

5,279
9,668

2,447
210

1,208
202

515
201

223
141 —

1,390
323

14,496
23,308

Total ................ 3,530 12,467 14,947 2,657 1,410 716 364 — 1,713 37,804

S tra tha llan  and  p robab ly  M urth ly  (despite a story o f 
fresh im p o rt fo r these). O ther trees from  the original 
source are  a t D rum lanrig  and  Jard ine H all in 
D um friessh ire; C orehouse, L anarksh ire ; D aw yck in 
Peeblesshire, an d  o th er places. T he excellent result 
a t T aym oun t was an  im portan t factor in the 
extension o f  th e  p lan ting  o f this species injBritain.

E X T E N T  O F  P L A N T I N G

D ouglas fir is one o f the m ost im portan t exotics 
grow n in B rita in . F igures are  given in Tables 45 and  
46. P rivately-ow ned w oodlands contained, in 1947, 
approxim ately  14,500 acres (thirty-eight per cent); 
ab o u t 23,500 acres (sixty-two per cent) a re  in 
F o res try  C om m ission p lan tations, m aking 38,000 
acres in  all. O ver n inety  per cent o f the area o f 
D oug las fir in  C om m ission F orests is less than  
th irty  years old. In  privately-ow ned w oodlands, 
how ever, only ab o u t sixty per cent o f the area is 
less th an  th irty  years old, while tw enty-four per cent 
is betw een th irty -one  and  sixty years. The m ajority  
o f the o ld  w oods are  found in Scotland. The 
d is tribu tion  o f  age-classes confirm s that D ouglas fir 
has been used as a forest tree longer than  has Sitka 
spruce, a n d  in spite o f w artim e fellings, there are 
still m ore than  2,000 acres o f forest over forty years 
o f  age, and  a lm ost 2,000 acres o f uneven-aged 
forest.

A lthough  no exact figures are  available for 
the area o f  D ouglas fir p lanted  since the Census o f 
W oodlands in 1947-49, A nnual R eports o f the

Forestry  C om m ission (1951-1955) show  th a t four­
teen m illion trees have been plan ted , excluding 
those used fo r beating  up. Expressed in  term s of 
area, a t least ten  thousand  acres have been added, 
in  add ition  to  th a t p lan ted  by private  estates.

C L I M A T I C  R E Q U I R E M E N T S

T he lim its o f tem perature and  rainfall for D ouglas 
fir in  G rea t B ritain are  n o t clearly defined, a lthough 
it is considered th a t it m ight reasonably  be expected 
to exhibit increasing sensitivity tow ards the colder 
end o f its range (W ood, 1955). D ay (1955) also 
concluded th a t D ouglas fir will be favoured in the 
w arm er parts  o f B ritain , and  associating  this with 
its need fo r w ater (see p. 120), he concludes th a t it is 
best adap ted  to the “ w estern and  m ore hum id  parts 
o f the country , o r locally on specially favourable 
soils.’’ H ow ever, M acdonald  (1952) states tha t 
a lthough  “ fo r rap id  grow th, the m ild, m oist condi­
tions o f the west appear to  be essential, D ouglas 
fir is capable o f m aking a satisfactory  bu t slower- 
grow ing crop in the low rainfall and  the m ore 
con tinen tal clim ate o f eastern and  south-eastern  
England. In this it is m ore accom m odating  than 
som e o ther trees from  W estern A m erica’’. T here are 
also m any good crops o f D ouglas fir in the east o f 
Scotland.

D ouglas fir is a w ind-sensitive species, and 
although the leaders o f tall trees som etim es th ru st 
themselves ou t above the level o f the canopy, they 
suffer from  the w ind. T he loss o f the leading shoot
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in exposed places, rem arked  by W ebster (1886), is a  
com m on occurrence, and  it is well illustrated  in  tw o 
sam ple p lo ts a t T o rtw orth , G loucestershire, whose 
height grow th was sim ilar for the first forty  years, 
bu t fell aw ay suddenly in  the p lo t w hich out-grew  
th e  shelter afforded by the hill behind (C hristie,
1955). T hus D ouglas fir is a  tree for valley bo ttom s 
and  sheltered sites, though  n o t necessarily confined 
to  low elevations, as there have been successful 
exam ples of its grow th a t a  thousand  feet o r m ore, 
e.g. B alm oral (M acdonald , 1952) and  in W ales 
(B ennett and  Long, 1919).

T hough D ouglas fir is less tender to  frost than  
N orw ay and  even S itka spruce, the establishm ent 
o f  p lan ta tions is often h indered  by late spring frosts 
and  these are  som etim es serious in sites suitable 
for D ouglas fir. T hus m any p lan ta tions suffered m ost 
severely in their early years in the B reckland 
d istrict o f N orfo lk , w hich is notoriously  frosty in 
spring.

SITE REQUIREMENTS

Experience show s th a t a good ro o t ho ld  is 
essential for this large and  long-lived species, and  
th a t a w ell-drained po rous soil is o f  especial im ­
po rtance  for D ouglas fir. T his was no ted  by H u tch ­
ison as early as 1873 an d  em phasised  by K ay and  
A nderson  (1928) in their detailed com parison  of 
C anad ian  an d  B ritish stands o f  D ouglas fir, b o th  
from  considerations o f good  grow th an d  good form  
and  also for resistance to  w indblow  (see p. 123). In  
m any cases D ouglas fir has done well on rocky land 
w here the roots cou ld  penetra te  the interstices. “ On 
fertile loam s it grow s rapid ly  and  is som etim es con ­
dem ned for its rank  grow th an d  heavy b ranching ; 
these, how ever, a re  conditions w hich appear to  be 
corrected  by tim e, fo r m any fine crops have been 
raised on such soils. O n lighter sandy soils, the 
g row th is naturally  slower, bu t the stem s are  alm ost 
invariably straigh t and  the branches light. A t the 
sam e tim e, it appears to  be able to persist on light 
soils w ithou t exhibiting  signs o f b u tt ro t which 
affects spruces and  o th e r conifers on this k ind o f 
lan d .”  (M acdonald , 1952).

D ay  (1955) quoting  A m erican w orkers, considered 
th a t an  adequate  w ater supply is an im p o rtan t 
necessity and  concluded th a t a lthough  D ouglas fir 
appears to  grow  on p o o r dry sites, these have in 
reality  a  good  supply o f m oistu re  in the soil a t the 
beginning o f  the grow ing season. C halk  (1951) 
suggested th a t in B rita in  th e  am o u n t o f  late w ood 
form ed is re lated  to  th e  presence o f an adequate  
w ater supply.

A  controversy  on the possibility o f grow ing 
D ouglas fir on  calcareous soils ended  in the con­
clusion th a t the superficial soil had  been leached 
a n d  was n o t particu larly  alkaline (Law son, 1916;

1917; Som erville, 1917). In  the B reckland, N orfo lk , 
very good grow th has been ob ta ined  on a m oderate  
dep th  o f sand  over chalk , u nder a rainfall o f ab o u t 
twenty-five inches per annum  (W ood an d  N im m o,
1955). O n deep peat variable early  results have been 
ob tained  experim entally  after intensive p rep ara tio n  
o f  the g round  an d  m anuring  (Z ehetm ayr, 1954). 
O n the up land  heaths, results have been som ew hat 
sim ilar, an d  while D ouglas fir is obviously in to leran t 
o f hea th land  conditions a t the s ta rt, w ith  adequate  
g round  p repara tion , and  a fter the suppression o f the 
vegetation, it m ay have a  future. T hus it has done 
well on “ tough  pea t kno lls”  (peat over glacial drift 
soils) (M acdonald , 1953); and  raised  on  single­
furrow  ploughing, w ith a nurse crop  o f  b room  
(Sarolham mts scoparius) and  phosphate  fertiliser, 
it has reached 10 to 14 ft. in ten years and  form s a 
prom ising  crop  in experim ents a t W ykeham , in 
A llerston F orest, and  a t B roxa, in L angdale Forest, 
bo th  on the N o rth  Y orksh ire  m oors near Scar­
borough.

E S T A B L I S H M E N T  T E C H N I Q U E

n u r s e r y  p r a c t i c e . In  general, th e  trea tm en t is 
sim ilar to  th a t fo r o th er conifers, w ith the follow ing 
special recom m endations:— T he seed should  be 
stratified, tw o parts  o f  seed being m ixed w ith three 
p a rts  o f  coarse  sand  fo r sixty to  seventy days p rio r 
to  sow ing (M acdonald , 1935). M oist pre-chilling 
is advantageous (H olm es and  Buszewicz, 1955).

In grow ing one-year seedlings, ab o u t 800 viable 
seed per square  yard  are  usually  sow n, aim ing a t 
ab o u t 500 plants. W ith  seed o f average size and  
germ inative capacity  (say 45,000 seeds per pound  
and  eighty-five per cent germ ination) one po u n d  o f 
seed is sow n per forty-five square yards o f seed bed.

D ouglas fir responds to  p artia l soil sterilisation  
(H olm es an d  F au lkner, 1953) b u t this is no t usually  
necessary as seedlings grow  fast. In the w ell-m anured 
heath land  an d  w ood land  nurseries, D ouglas fir 
one-year seedlings often becom e too  large, an d  the 
species is usually  confined to agricu ltu ral nurseries 
w ith no rm al fertilisation.

M ineral sp irit w eedkillers m ay be used, b u t the 
species is ra th e r sensitive an d  n o t m ore th an  ab o u t 
tw o-and-a-half p in ts per 100 square  yards (fifteen 
gallons per acre) o f W hite Spirit should  be used.

D ouglas fir seedlings are  susceptible to  early 
frost and  som etim es benefit from  the use o f covering 
screens in early  au tum n.

v e g e t a t i v e  p r o p a g a t i o n . F o r tree-breeding w ork, 
g rafting  m ay be done in the open, the scions being 
collected in M arch  an d  early A pril, an d  s to red  in a 
cool m oist atm osphere . F o r  sm all stocks o f  pencil 
thickness an d  9 to  15 in. tall, sm all scions m ay be 
grafted  by the “ veneer side” m ethod, in  m id-A pril to  
early M ay. F o r  stocks J  to  £ in. d iam eter an d  over
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18 in. tall, the  “ apical veneer” m ethod  is su itable in  
th e  early  season an d  the “ rin d  g raft” m ethod  la ter 
on. S tocks w hich a re  over J  in. d iam eter and  6 in. 
above th e  g round  can be “ top-w orked” . T he ro o t 
s tock  is cu t back  w hen the scion is fully active and  
th e  orig inal tie  needs replacem ent by July. A  
su p p o rt is necessary fo r the top-w orked plants. 
D epending  on  th e  quality  o f  the scion, from  60 to  90 
per cen t success is usual.

C uttings from  trees up  to  five years old can be 
roo ted , using either sum m er w ood cuttings taken  
in  July, o r  do rm an t cuttings taken  in April.

p l a n t i n g . T he size, age and  type o f p lan t used 
varies w ith  th e  site, and  as great use is m ade o f 
D ouglas fir on  good soils w ith heavy weed grow th, 
a  fairly large tran sp lan t is com m only grow n. On 
fertile sites they are  no tched  in to  the ground. O n 
p o o r sites, m ethods o f g round  p repara tion  suitable 
to  the site m ust be em ployed, such as ploughing, 
an d  sm aller p lan ts are  desirable. D ouglas fir is 
norm ally  a quick-grow ing species in  early years. 
M anuring  is n o t necessary on the no rm al p lan ting  
sites, bu t m ay be required , for example, on up land  
heaths. As D oug las fir is considered to be a m ore 
tender species th an  the com m only p lan ted  pines, 
larches a n d  spruces, it is usually p lan ted  la te  in  the 
season, to avoid  the d roughts and  cold winds o f 
spring. I t  is especially sensitive on  wet, cold soils.

s p a c i n g . T he question  o f spacing in the p lan ta ­
tions has been m ore  controversial with D ouglas fir 
th a n  m ost species. T he possibility o f  restricting  
the coarse  branch ing  o f  som e p lantations, by 
closer spacing o f  the p lants, has been argued w ith 
those w ho consider the coarseness due to  unsuitab le  
seed provenance, too  rich  a soil, and  those w ho 
w ould  elim inate  it by pruning The problem  o f  stab il­
ity, an d  the desirability  o f  wide spacing to  perm it 
adequate  roo t-g row th , influence the answ er. A nd 
questions o f  the u ltim ate  quality  o f  the tim ber, and  
o f  the difficulties o f  d isposing o f  the sm all thinnings 
resulting  from  closely-spaced crops, have all been 
considered. L ittle  evidence is available from  spacing 
experim ents, o f w hich few have been established. As 
a  result, th e  usual spacing has been five to  six feet, 
w ith  a  recen t tendency, in  com m on w ith all species, 
to  econom ise by w idening the spacing to  seven o r 
even eigh t feet.

In  underp lan ting  o r p lan ting  in scrub, irregular 
o r  group  p lan ting  is usual.

TENDING AND THINNING

w e e d i n g .  V igorous weeds m ust be cu t back, bu t 
D ouglas fir grows quickly and  is able to  stand  con­
siderable side shade, so th a t it is m ore able to  over­
com e weed com petition  than  m ost species.

t h i n n i n g .  T hinnings com m only com m ence when 
the top  height o f  the crop is ab o u t th irty  feet, and

this m ay be  a t  an  age o f ten  to  tw enty years o r  m ore, 
depending upon  th e  ra te  o f grow th. T here m ay be a 
tendency fo r a  num ber o f  very coarsely branched, 
vigorous dom inants to  develop, to  the detrim ent o f 
su rround ing  trees. E arly thinnings aim  a t  the 
rem oval o f these w olf trees an d  are  usually  m ade on 
a th ree-year cycle, this period  being extended in m ore 
m atu re  crops. T he crow ns o f  D ouglas fir respond  
rapidly  to  th inn ing  and  on m ost sites height grow th 
is very fast. D elay  in th inn ing  in the early life o f  a 
p lan ta tio n  m ay have serious consequences, an d  p a rt 
o f the rep u ta tio n  o f  D ouglas fir fo r w indblow  m ust 
be a ttrib u ted  to  the opening up  o f u n th inned  w oods 
(F orestry  C om m ission, 1951).

p r u n i n g . M any o f the w riters o n  spacing, w ho con­
clude in  recent years th a t w ider spacings (six feet o r 
m ore) are  on the w hole advantageous, also re­
com m end h igh p runing . S co tt (1931) states th a t 
p run ing  is “ necessary” b u t in  fact it is usually  n o t 
done. Som e p run ing  experim ents have been carried  
ou t, b u t a re  as yet incom plete. So far, they have 
show n th a t p run ing  has usually  been sta rted  too  late 
to  ensure th a t the u n p runed  core is kep t narrow , 
w hich m eans th a t p run ing  shou ld  be s ta rted  very 
early, th a t it m ust reach  up  to  a lm ost h a lf  the height 
o f the  tree  to  keep th e  core sm all, an d  th a t p run ing  
to  this height p robab ly  does n o t affect the v igour o f 
the tree. O n the basis o f  these experim ents, Z ehet­
m ayr (1954a), w riting o f  conifers in  general, p ro ­
posed  p run ing  to  a height o f 10 to  12 feet w hen th e  
dom inan t trees a re  22 to  24 ft. high, an d  a  second 
p run ing  to  18 ft. w hen the trees reach  34 to  36 feet. 
In  the case o f fast-grow ing D ouglas fir it m ay be 
ap p ro p ria te  to  p rune  w hen the trees a re  ra th e r taller.

O ne o f th e  difficulties is to  determ ine the m inim um  
necessary num ber o f  stem s to  be p runed , w hich 
m ust be sufficient to  ensure th a t the crop eventually 
consists o f  p runed  trees; a  fu rth er difficulty is to 
select the co rrect ones. C row n th inn ing  is necessary 
to  ensure th a t p runed  stem s a re  favoured. P run ing  
a  h igher p ro p o rtio n  o f stem s w ould obviate  p a rt 
o f  the difficulties, b u t is objectionab le  on  econom ic 
grounds, as p run ing  is costly. I f  th e  prun ing  o f  trees 
rem oved subsequently  as th innings m ade peeling 
easier, th e  econom ic objections w ould  be reduced, 
b u t Z ehetm ayr (1952) found  th a t this was n o t the 
case.

P runing  by disbudding  has been tried  experi­
m entally, and  though  it has show n som e signs o f  
being successful fo r som e species, it is n o t so fo r 
D ouglas fir, w hich is m uch to o  sensitive to  the loss 
o f  branches (Z ehetm ayr an d  F a rq u h ar , 1956).

O TH ER  S IL V IC U L T U R A L  C H A R A C TE R IST IC S

“ T he shade-bearing  qualities o f  D ouglas fir m ake 
it  an excellent choice fo r underp lan ting , and  it has 
been m uch used fo r re-stocking p o o r scrub areas
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o f oak  an d  b irch ; its value fo r this w ork  is enhanced 
by its relatively high resistance to honey fungus” 
(M acdonald , 1952). A s a result, the d is tribu tion  o f 
the species is to  som e extent governed by the 
situa tion  o f oak  scrub w hich has been converted  to 
h igh  forest, e.g. in Inverness-shire, Perthshire, 
Argyll, K irkcudbrigh tsh ire , C aernarvonshire , M eri­
oneth , R ad n o r, Som erset an d  D evon (Forestry  
Com m ission, 1952). R estock ing  has been carried  
ou t by various m eans, ranging from  heavy fellings 
in over-w ood o r coppice, o r even com plete clearance 
in  som e cases, to  the rem oval o f  only a  sm all 
num ber o f trees an d  the p lan ting  o f  D ouglas fir 
w ide ap a rt o r in sm all scattered  groups.

In  an  experim ent in  Q uan tock  F orest, Som erset, 
D oug las fir was p lan ted  in  lines 6 feet ap a rt a t ab o u t 
800 to th e  acre on three different k inds o f site: (a) 
u nder oak  coppice 30 to  35 feet h igh ; (b) under 
sim ilar coppice in w hich 400 o f  the largest stem s 
p e r acre h ad  been girdled, an d  (c) on a  clear-felled 
area in tended  as a  con tro l. O nly th e  p lan ting  under 
the th inned  coppice gave a satisfactory  result 
(MiUer, 1951).

D ouglas fir is also a  good  species fo r p lan ting  
in  derelict w oodlands a fter p artia l cu tting  back  o f  
rhododend rons, because its dense shade an d  its 
quick  early grow th can  suppress rh o d odend ron  
regrow th  (M urray , 1950)

S cott (1931) described m ethods o f p lan ting  in 
b irch  o r  o ak  scrub w hich have advantages over 
p lan ting  on  bare g round . In  p lan ting  u n d er birch 
scrub it was found  sufficient to  girdle the b irch  stem s 
in  th e  year o f p lan ting ; losses a fter p lan ting  w ere 
less th an  on  b are  sites. M any successful D ouglas 
p lan ta tio n s have been ra ised  by th is m ethod.

Its  success w hen u n d erp lan ted  am id  scrub is due 
partly  to  its shade-bearing  capacity , an d  partly  to 
its need  fo r p ro tec tion  against exposure an d  frost; 
D oug las fir does well w hen it can  get aw ay th rough  
th e  com peting  vegetation . I t  is n o t successful as a 
low er storey to  an o th e r econom ic crop , an d  fo r such 
cases som e m ore  to le ran t shade-bearer such as 
A bies grandis o r Tsuga heterophylla  is to  be p referred .

A  peculiarity  o f  D oug las fir is its tendency to 
suffer from  a  la te  form  o f “ check” w hen the  p lants 
app ea r to  be well established an d  before they close 
canopy.

D ouglas fir is som ew hat difficult to  m anage in 
m ixture, b u t D oug las fir an d  Thuja p lica ta  a t  G air- 
letter, A rgyll, grew satisfactorily , an d  a ttrac ted  
favourab le  com m ent (M ’B eath , 1914).

R A TE O F G R O W T H  A N D  Y IELD

T he cu rren t D ouglas fir yield tables (H um m el and  
C hristie, 1953) a re  based  on reco rds from  73 
perm anen t sam ple p lo ts. Q uality  C lass I D ouglas 
fir reaches a  top  height o f 110 feet in  fifty years,

w hile th e  p oo res t Q uality  C lass (V), reaches a top 
height o f  seventy feet in th e  sam e period. T here  are, 
how ever, one o r  tw o exam ples o f it having been 
grow n in  m ix ture  on  still p o o re r sites. A t C ulbin 
F orest, M oray, fo r instance, D ouglas fir in m ixture 
w ith  C orsican p ine  has only reached a top  height 
o f  sixty-one feet in forty-eight years, th e  p ine having 
a  top  height o f  fifty-five feet.

T he to ta l volum e p roduc tion  per acre fo r Q uality 
C lass I a t fifty years is 12,300 H oppus feet, over bark, 
an d  th a t o f  Q uality  Class V is 5,700 H oppus feet, a 
difference o f  6,600 H oppus feet In  Q uality  C lass I 
th e  period ic  an n u a l increm ent culm inates a t  abou t 
eighteen years, from  w hich p o in t it falls off rap id ly ; 
it  culm inates a t successively la ter years in the lower 
Q uality  Classes. T he p o in t o f  m axim um  volum e 
p ro d u c tio n  is reached  a t forty  years in Q uality 
C lass I, a t  ab o u t fifty-three years in  Q uality  C lass III 
a n d  a t ab o u t sixty-tw o years fo r Q uality  Class V. 
T he A m erican  yield tables (M cA rdle, 1949) show  
D ouglas fir to  have a  slow er ra te  o f height grow th 
fo r  th e  first tw enty years th an  in B rita in , there­
after, it  is as fast o r faster. T he p o in t o f m axim um  
volum e p ro d u c tio n  fo r M cA rdle’s Site C lass II, the 
site class nearest to  o u r Q uality  C lass I, occurs 
betw een sixty an d  seventy years. T he rap id  early 
heigh t g row th o f  p lan ta tion -g row n D oug las fir in 
B rita in , com pared  w ith  the slow er early  g row th of 
th e  m ainly  natu rally -regenerated  D ouglas fir in 
A m erica, together w ith the effects o f  exposure 
discussed above, m ay to  som e exten t explain why 
th e  p o in t o f  m axim um  volum e p ro duc tion  is 
reached  a t an  earlie r age in th is coun try  than  in 
A m erica.

T he B ritish  yield tables show  th a t betw een 
fo rty -one  p e r cen t an d  th irty-six  per cen t o f  the 
to ta l volum e p ro duc tion  will, by fifty years, have 
been rem oved in  th innings, depending  on  the Q uality  
C lass o f  th e  crop . T he  fastest-grow ing sam ple p lo ts 
o f  D ouglas fir have averaged 2.3 feet a  year in height 
since they w ere p lan ted . T hese p lo ts a re  a t D unster, 
in  Som erset a n d  a t  B eaufo rt, Inverness-shire. 
U nfo rtunate ly , th e  la tte r  p lo ts  w ere b low n in the 
severe w in ter gales o f  1952 an d  1953, b u t their 
developm ent to  1949 has been described by M ac­
kenzie (1950). C hristie  (1955) discussed th e  two 
plots a t T o rtw o rth  w hich a t  eighty-tw o an d  sixty- 
eight years h ad  stand ing  volum es per acre  o f  11,000 
an d  6,000 H oppus feet over bark , a n d  a  to ta l volum e 
p ro d u c tio n  o f  12,800 an d  7,200 H oppus feet, 
respectively.

A s there  a re  only eigh t p erm anen t sam ple plots 
o lder th a n  fifty years, th e  d a ta  p rov ided  by these 
p lo ts were n o t considered ad eq u a te  to  ju stify  the 
ex tension o f  th e  yield tables beyond fifty years. 
T here  are, how ever, records o f  g row th fo r several 
sm all stands o f  o ld  D oug las fir, w hich give an  in ­
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d ica tion  o f  the possibilities o f  th is species in B ritain , 
an d  trees w ith  heights o f  over 120 feet a re  now  
becom ing com m on, heights o f over 160 feet having 
been a tta ined  in certa in  areas. A  tree a t D uncraig , 
W ester R oss, m easured  180 feet high, w ith a  breast- 
height g irth  o f seven feet eight inches, in 1956, and  
one a t  Pow is C astle, M ontgom eryshire, h ad  a 
heigh t o f  176 feet an d  a  g irth  o f th irteen  feet four 
inches in 1954. O ne o f  the fastest-grow ing single 
trees, m easured  a t D unkeld , Perthshire, in 1955, 
h a d  reached  a  heigh t o f  164 feet and  a  g irth  o f 
n in e  feet one inch in  sixty-seven years. T here is a  
concen tra tion  o f ta ll D ouglas a t Inveraray , Argyll, 
w ith  m any groups o f  trees m ostly over 150 feet, 
w hile in  Puck P its Inclosure in  the N ew  Forest, 
H am psh ire , th e  largest tree  had  a b reast height 
g irth  o f  fourteen  feet th ree inches, w hen m easured 
in  1953.

In  1914, th e  stand  a t T aym ount, Perthshire 
(Scott, 1913; R ob inson , 1914) a t  fifty-two years o f 
age h a d  a  to p  heigh t o f  eighty-eight feet, 149 stems 
p e r acre, an d  a  stand ing  volum e per acre o f  6,640 
H oppus feet over bark . T hom son (1913) gave details 
o f  a fifty-eight-year-old p lan ta tion  a t  Cochw illan, 
C aernarvonsh ire , w hich had  a  to p  height o f 101 feet, 
an d  119 stem s per acre w ith a standing volum e o f  
11,080 H oppus feet over bark.

DISEASES A N D  PESTS

D ouglas fir in  G rea t B rita in  can generally be 
regarded  as a healthy  tree, for a lthough  it is subject 
to  a considerab le  nu m b er o f  diseases, none o f them  
has proved  to  be a  lim iting fac to r on  its cultivation. 
T he  best-know n fungal diseases o f  D ouglas fir 
a re  the tw o needle casts, Rhabdocline pseudotsugae 
Syd. an d  Phaeocryptopus gaum annii (R hode) Pet. 
T he  fo rm er w as long th o u g h t to  be confined to  th e  
C o lo rado  an d  in term ediate  form s o f D ouglas fir in 
G rea t B rita in , b u t has recently been reported  on the 
green form  as well. C o lo rado  D ouglas fir trees are  
a ttack ed  severely by Rhabdocline, and  the p ropo rtion  
rem ain ing  free from  a ttack  is alm ost negligible. 
W ith  coastal o r  green D ouglas fir the p ro p o rtio n  o f 
trees severely a ttacked  is very low, and  the num ber 
th a t escape entirely  is substantial.

T he  position  w ith  regard  to  Phaeocryptopus is 
very different. T his fungus is generally present in  the 
w est o f E ngland , in  W ales an d  in W estern Scotland, 
an d  in those  areas is fa r com m oner th an  Rhabdo­
cline. Phaeocryptopus occurs on all provenances, 
th ough  on  C o lo rado , an d  to  som e exten t on in ter­
m ediate  form s, its presence is often  m asked by the 
m ore  efficient defolia tion  caused by Rhabdocline. 
B u t th e  effect o f Phaeocryptopus is only occasionally 
severe, an d  in  m any cases no  appreciable defoliation 
results , th e  only indication  o f the presence o f  the 
fungus being th a t the trees are  faintly  yellow-green

instead o f deep green in colour. T hus, a t presen t, 
neither o f these needle diseases seriously affects the 
cultivation  o f D ouglas fir in G rea t B rita in  (F orestry  
C om m ission, 1956).

O n young D ouglas fir, the stem  fungus Phomopsis 
pseudotsugae  W ilson, is occasionally troublesom e, 
both  in nurseries an d  in p lan ta tions w hich have no t 
yet closed canopy. I t  causes shallow  cankers and  
die-back. I t is often  associated w ith frost, extending 
the dam age caused by th a t agency. (Forestry  
C om m ission, 1948).

Pole stage p lan ta tions in several parts  o f the 
coun try  have suffered from  resin bleeding, associated 
w ith  cracks a t the base o f the low er live branches o f 
the crow n, and  w ith dead  patches o f b a rk  tissue. 
T he cause o f this trouble  has n o t yet been found , bu t 
d rough t has been suggested as a  possible explanation . 
D ouglas fir is n o t seriously subject to  d rough t crack, 
despite its frequently  rap id  grow th. T his is o f in terest, 
since w ith trees such as S itka spruce o r species o f 
Abies, w here d rough t crack often  occurs, there is a 
d istinct association  between crack and  grow th 
rapidity .

In  nurseries fast-grow n seedlings are  som etim es 
a ttacked  by G rey m ould  (B otrytis cinerea). This 
causes d ie-back o f th e  tips, and  resu ltan t bushy 
p lants. I t  often follow s au tum n frost injury.

D ouglas fir can  be regarded as above average in 
resistance to  o u r tw o principal ro o t fungi, Armillaria  
rnellea and  Fomes annosus, the fo rm er killing young 
p lan ts in th e  forest, the  la tte r occasionally doing the 
sam e, b u t m ore often  causing b u tt ro t. L ittle  is 
know n yet ab o u t decay in o lder trees, bu t Polyporus 
schw einitzii has been recorded, causing red cuboidal 
ro t.

O nly tw o insect species are  o f  com m on occurrence 
on  D ouglas firs in B rita in . O ne o f these, the C halcid 
seedfly M egastigm us spermotrophus W achtl., can  be 
responsib le for very serious seed losses, infestation  
figures o f up to  100 per cent having been recorded. 
C o n tro l by spraying the forest floor w ith an  insecticide 
such as D .D .T . has been suggested fo r seed orchards 
w hen th e  insects a re  em erging (H ussey, 1954). The 
aph id , Adelges cooleyi G ill., is very num erous an d  
w idespread. A lthough  its sap-sucking activities p ro ­
duce lea f d isco loration  and  d is to rtion , general 
experience shows th a t the  a ttacks have no serious 
repercussions on the crops. I t is in teresting  to  note 
th a t the C o lo rado  D ouglas fir is m uch m ore  resistant 
to  infestation  than  are  the coastal provenances. 
(F orestry  C om m ission, 1947).

O T H E R  FORM S O F D AM A GE

w i n d b l o w . D ouglas fir has long had  a bad 
rep u ta tio n  fo r blow ing dow n in storm s, an d  after 
the hu rricane  o f 1953, A ndersen (1954) found  it to  be 
the m ost unstab le  o f  five species o f  conifers w hich he
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w as able to  com pare. Its susceptibility to  w indblow  
m ay be due less to  any inheren t instability  th an  to  the 
fac t th a t it is one o f  the fastest grow ing conifers 
p lan ted  in  B ritain , and  consequently  it often  o u t­
grow s su rround ing  p lan ta tions o f  o ther species, thus 
losing the benefit prov ided  by their shelter. T he  ex­
p o su re  to  w ind is aggravated  by the fact th a t the 
a reas  o f  D ouglas fir a re  usually com paratively  small, 
because conditions su itab le  fo r it do n o t often  occur 
in  large blocks (Lines, 1953). I t  is also often  due to  
th e  fact th a t D oug las fir has been p lan ted  on  
soils too  soft o r too  shallow  to  su p p o rt it. Form erly , 
to o , it was p lan ted  too  closely, an d  som etim es the 
resu lting  stem s w ould  even bend  over as a  result o f 
w ind, an d  rem ain  capable o f being pushed  uprigh t 
again .

O f the  ninety-five perm anen t sam ple p lo ts o f 
D oug las fir established since 1920, tw enty-six have 
been w indblow n. Several o thers have been severely 
dam aged , b u t a re  being re ta ined  fo r studies on  the 
increm ent and  subsequent developm ent o f  crops 
dam aged , b u t n o t com pletely destroyed, by wind. 
T h e  m ajority  o f  th e  p lo ts th a t w ere blow n were 
estab lished  p rio r to  1926.

a t m o s p h e r i c  p o l l u t i o n . S co tt(1931 )rem arked“ I t  
is dam aged  by sm oke an d  fum es to  a  g rea ter extent 
th a n  any conifer a t  p resen t in  general use fo r p lanting , 
a n d  is consequently  qu ite  unsu itab le  fo r industria l 
a rea s .” L a te r experience confirm s this conclusion.

SEED  A N D  SEED -B EA R IN G

A m erican  seed ranges from  ab o u t 20,000 to  68,000 
p e r  p o u n d , w ith a  m ean  o f  42,000, an d  the  num ber 
p er p o u n d  increases from  so u th  to  n o rth  according 
to  th e  p rovenance o f the seed. (D ep. A gric., U .S .A ., 
1948.) In  B rita in , seed is sm aller still, 46,000 to
120,000 p e r pound , w ith a m ean  o f 69,000. D a ta  are  
variab le  an d  a re  p robab ly  insufficient to  give a 
re liab le  p ic tu re  as yet. T he yield o f  seed per bushel 
varies from  4 to  30 oz. (m ean 14£ oz.); the pu rity  o f 
th e  seed, from  65 to  99 p e r cen t (m ean 87 per cent) 
an d  the germ ination  percen tage from  5 to  70, w ith a 
m ean  o f 22 per cent. G enerally  the m ain  source of 
loss is dam age by M egastigm us flies, as no ted  above.

D ouglas fir flowers in A pril, an d  seed should  be 
co llected  in Septem ber. T he first flowers ap p ea r a t 
fifteen to  tw enty years o f  age a n d  the first good 
seed-crop  a t th irty  to  thirty-five. T he m axim um  seed

p ro duc tion  begins betw een the ages o f  fifty an d  sixty 
years, w hile good  cone crops occur a t  intervals o f 
five to  seven years (M atthew s, 1955).

G E N E T IC S A N D  B R E E D IN G

R egistered  seed sources com prise 26 “ p lu s” and  
“ a lm ost p lu s” stands o f  ab o u t 122 acres, an d  7 
“ no rm al” stands o f ab o u t 40 acres. A  to ta l o f 299 
plus trees have been selected, 211 in  Scotland, 72 
in  E ng land  a n d  16 in  W ales.

Seed o rchards a re  being established, a n d  it is 
p roposed  to  p lan t fifty acres betw een 1954 an d  1963. 
These, it is estim ated , m ay give 500 lb. o f  seed per 
an n u m  afte r an  age o f  fifteen years, w hich is ab o u t 
one-quarte r o f  the to ta l an n u a l seed requ irem ent in 
B ritain .

N A T U R A L  R EG EN ER A TIO N

N a tu ra l regeneration  occurs sporadically  from  
tim e to  tim e, an d  was stud ied  in  detail by Jones 
(1945) in  th e  N ew  F orest. Exam ples a re  given by 
G uillebaud  (1936) in N orfo lk , w here, in  com pany 
w ith  Scots p ine a n d  o th er species, good  n a tu ra l 
crops have been ob tained , an d  there  a re  m any o ther 
sim ilar cases. N a tu ra l regeneration  is n o t, how ever, 
em ployed in  the  system atic m anagem ent o f  w oods in 
B ritain .

TIM BER

T he w eight o f  the seasoned m ateria l is usually  
betw een 31 an d  34 lb. per cubic foo t. T he heartw ood  
is m oderately  resistan t to  decay, an d  there is evidence 
to  suggest th a t fast-grow n w ood  is less du rab le  th an  
slow  grow n. I t  is resistan t to  im pregnation  w ith w ood 
preservatives and , as fa r as p resen t experience goes, 
satisfactory  pene tra tion  (even u n d er pressure) can  
only be ob ta ined  by m aking  incisions in to  the h e a rt­
w ood.

S treng th  tests have so fa r  been carried  o u t on  
m a tu re  tim ber an d  on  th ree consignm ents o f  th in ­
nings. I t  appears th a t hom e-grow n D ouglas fir is 
less s trong  th a n  C anad ian  grow n, b u t is still o u r 
strongest species in  rigidity— an  im p o rtan t p roperty  
fo r s tru c tu ra l tim bers. I t  is com pared  in  T ab le  47 
below  w ith  Scots p ine, w hich has roughly  the sam e 
w eight per cubic  foot.

S T R E N G T H  P R O P E R T I E S  O F  D O U G L A S  F I R  ( P S E U D O T S U G A  T A X I F O L I A )

T a b l e  4 7  a n d  s c o t s  p i n e  ( p i n u s  s y l v e s t r i s )  lb. p e r square inch

Modulus o f  
Elasticity

Bending
Strength

Compression paral­
lel to the grain

Shear

Douglas fir (Pseudotsuga taxifolia) 1,300,000 2,100 1,500 200
Scots pine (Pinus sylvestris) 1,200,000 1,600 1,200 200
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F orm erly  the  tim ber d id  n o t find favour in  B ritain  

b u t “ th e  second W orld  W ar effectively rem oved the 
prejudice against th is tim ber, w hich was difficult to  
sell du ring  th e  in ter-w ar years” (M acdonald , 1952). 
O pin ions expressed by the hom e-tim ber trade  and  
users ind icate  th a t it  seasons an d  w orks well b u t 
dulls saws m ore  rapid ly  th an  m ost softw oods and  
“picks u p ”  w hen p laned  o n  a  flat-sawn surface. I t  
cleaves well. I t  k iln  dries well, w ith  som e tendency 
to  d is to rt an d  fo r th e  appearance to  be spoiled by 
resin  exudation .

I t  has been used  m ainly fo r pitw ood, es ta te  w ork, 
b u t also fo r fib reboard  m anufacture, box m aking 
a n d  in p lace o f  sweet chestnu t fo r cleft fencing. I t  has 
also been used  fo r jo ists in  house building.

A t presen t its sta tus is only th a t o f a  general 
pu rpose  softw ood, b u t w hen m ore tim ber is available 
in  saw m ill sizes it  m ay  achieve a  special place in 
stru c tu ra l w ork  on  accoun t o f  its high strength- 
w eight ra tio .

PO T E N T IA L IT IE S  O F T H E  SPECIES IN  T H E  N A T IO N A L 
ECO N OM Y

D ouglas fir w as one o f the first w estern A m erican 
exotics to  be u sed  as a  fo rest tree in  B ritain , and  its 
cu ltiva tion  becam e very po p u lar tow ards the end  o f 
th e  las t century . Its u se  subsequently  becam e less 
fash ionable  as its deficiencies becam e know n; b u t 
in  the  g reat expansion  o f  p lan ting  after the 1914-18 
W ar it  was again  extensively p lan ted . In  recent years 
its  popu la rity  has dim inished, though  there is again 
a  tendency to  use it  to  an  increasing degree on 
su itab le  sites.

F o r  th e  fu ture, “ th e  tendency will be to  use it w ith 
m ore  d iscretion  on  the richer soils, and , by paying 
close a tten tio n  to  its silviculture, to  reduce the risk 
o f  dam age by w ind. I t  will con tinue to  be used in 
scrub  areas, and , to  som e degree, in  enriching 
p oorly  stocked  hardw ood  crops. I t  m ay also find 
increasing em ploym ent in the afforestation o f the 
d rie r Calluna heaths in  th e  eastern  p a r t o f  the 
coun try  w here, in  m ixture w ith pine, it holds ou t 
som e hope  o f  p rom ise” (M acdonald , (1952).

T he tim ber has considerable possibilities and  
p robab ly  w ould  be even m ore useful if  the trees 
w ere p runed .

M .V .E.
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Saxegothaea Lindley

Saxegothaea conspicua L indley. Prince A lbert’s Yew.
T his species has been included in this list because it 
form s a tree, though  a sm all one, in its native country  
— Chile and  P atagonia . U n d er B ritish  conditions it is 
rarely  m ore than  a shrub  occurring  in gardens and  
shrubberies in various parts  o f the coun try  and  it is 
p robab ly  less com m on than  it once was. Its yew-like 
foliage is no t particu larly  a ttrac tive  and , lacking 
decorative qualities, it is n o t likely to  be used m uch 
in future. Indiv idual sm all trees o f  over th irty  feet 
have been recorded bu t, generally th e  p lan t is rarely 
m ore  than  five o r six feet high. I t thrives better in the 
m ilder parts  o f the country.

J .M .

Sciadopitys Siebold and  Z uccarin i

Sciadopitys verticillata (T hunberg) Siebold and  
Z uccarini

T he Japanese U m brella  Pine, in troduced  in  1861, is a  
fam iliar object in a rb o re ta  and  gardens, w here it  is 
always o f interest. I t  is extrem ely slow grow ing and  
has n o  place in forestry. T he  tallest trees reco rded  in 
G rea t B rita in  a re  only 44 ft. in  height, one a t  the 
R oyal H o rticu ltu ra l Society’s G arden  a t  W isley, 
Surrey, an d  one a t E astn o r Castle, H erefordshire.

J .M .

Sequoia E ndlicher

T his genus con ta ined  tw o species S. sempervirens and  
S . gigantea  bu t, follow ing R ehder, we have placed 
th e  la tte r in th e  genus Sequoiadendron, leaving only 
one species in  Sequoia.

Sequoia sempervirens (L am bert) E ndlicher (P la te  17)

CO M M O N  N AM E

R edw ood.

C O U N T R Y  O F O R IG IN  A N D  PR O V E N A N C E

Sequoia sempervirens occurs na tu ra lly  in  a  lim ited 
region n ear th e  Pacific C oast o f  the U n ited  States, 
m ainly in  C alifornia, b u t w ith a sm all extension in to  
O regon. I t  is found  in  a  te rrito ry  w hich is som e 
450 m iles long an d  20 miles broad.

N oth ing  is know n ab o u t p rovenance differences in 
G rea t B ritain .

H IST O R IC A L  NOTES

This tree  w as discovered in 1795 by A rchibald  
M enzies and  rediscovered by D av id  D ouglas in 1831. 
T he general op in ion  is th a t the redw ood  was in tro ­
duced in to  G rea t B rita in  by H artw eg  in  1846 
a lthough  it is m ain ta ined  by Elwes an d  H enry  th a t 
the in troduc tion  actually  to o k  place in 1843 w hen 
seed w as sen t to  M essrs. K n igh t an d  Perry  by D r. 
F ischer o f  St. Petersburg , w ho had  received supplies 
from  A m erica. T he first p lan ta tio n  o f w hich we have 
know ledge is th a t a t L eighton P ark , M ontgom ery, 
w hich was form ed in 1856, it is believed w ith p lan ts 
w hich had  been b rough t from  A m erica in po ts .

EX TEN T O F P L A N T IN G

A lthough  th e  redw ood has been m uch p lan ted  as a 
specim en tree  in parks, gardens, avenues, etc., it has 
been little  used in forestry an d  there  is only a  very 
sm all a rea  u nder th is tree, m ostly  in sm all p lo ts an d  
clum ps. In  som e places, Sequoias have been p lan ted  
in broadleaved  w oodland  b u t this use has n o t been 
extensive.



S E Q U O I A  S E M P E R V I R E N S 127

C L IM A T IC  REQ U IREM EN TS

O ne w ould  say th a t this tree  does best in  the  
m oister w estern districts o f  B rita in  b u t the 
existence o f num erous ta ll and  fine specimens in  the 
sou th-east m ake one hesitate before m aking  too  
firm a p ronouncem ent. O n the o ther hand , good 
specim en trees are  usually  found  to  be grow ing in 
particu larly  favourab le  sites an d  the quality  o f the 
site m ay m ake up, in  m any instances, for deficiencies 
in clim ate. F ro m  the evidence o f  specim en trees, it is 
ap p aren t th a t this species generally grows better in 
the  sou th  although , again, there are  several large and  
tall trees in  Scotland. W hat little evidence we possess 
from  p lan ta tio n s indicates th a t the ra te  o f grow th in 
the east is m uch slow er than  in th e  west, and  experi­
ence has show n th a t the susceptibility to  frost dam age 
exhibited by this tree  m akes it difficult to  establish in 
a p lan ta tion , except in  relatively frost-free districts. 
I t failed com pletely, fo r exam ple, when p lan ted  in the 
open a t T h e tfo rd  in N orfo lk .

SITE REQ U IREM EN TS

A sheltered  site is necessary for the best grow th 
because Sequoia sempervirens dislikes exposed 
conditions an d  flourishes only where it has adequate  
p ro tec tion  from  th e  prevailing winds. In  an  extrem e 
case, it suffered very badly from  exposure when 
p lan ted  a t  an  elevation  o f 1,200 ft. a t Beddgelert, 
C aernarvonsh ire , an d  began to  grow only when 
ad join ing  hard ier crops developed sufficiently to give 
it shelter.

It does n o t like very acid soils and  has failed 
altogether on  M olinia  peat. I t seems to  requ ire  a 
m oist, though  w ell-drained soil, and  is at its best on 
fertile soils o f  the brow n earth  type.

ESTA BLISH M ENT T E C H N IQ U E

n u r s e r y  p r a c t i c e . S tandard  nursery practice is 
adequate  fo r sowing, bu t the seed is often o f low 
quality  an d  this m ust be allow ed for. The percentage 
o f em pty seed is often  as high as 80, and  the num ber 
o f seedlings is usually  no  m ore th an  10 per cent o f 
the viable seed. T here is often difficulty in  the 
au tum n, because the seedlings are  liable to be

severely in jured  by frost, and  m ost foresters find it 
necessary to  cover their seedbeds to  p ro tec t the 
seedlings a t th a t time.

v e g e t a t i v e  p r o p a g a t i o n . This is o f  som e im port­
ance because o f the difficulty of ob tain ing  seed and  
its po o r quality . R edw ood can  be propagated  by 
cu ttings bu t this m ethod  is n o t easy and  occasionally 
leads to  d isappointm ent. T he best practice is to  take 
large cuttings, from  5 to  7 inches long, from  first and  
second order shoots, an d  consisting o f  cu rren t years 
w ood o r w ood one year old. C uttings o f this type, 
w hich are  h a rd  to  find on  m atu re  trees, m ay be 
ob tained  by prun ing  ‘stock’ p lan ts o r using m aterial 
from  ‘coppice’ shoots. Insertion  o f cuttings in  July 
gives th e  best results, b u t this can  also be done in 
M arch  a n d  A pril. T he speed o f roo ting  has been 
increased by the use o f  electrical soil w arm ing an d  by 
indolyl bu tyric  acid  (1 mg. per c.c. o f 50 per cent 
alcohol).

p l a n t i n g . Standard  m ethods are  adequate  on  the 
sites w hich a re  su itable fo r Sequoia.

s p a c i n g . T here is little  in form ation . O n a  good  
site w here g row th is likely to  be rap id , wide spacings 
can be em ployed.

T E N D IN G

w e e d i n g . T horough  weeding is advisable un til the 
young trees s ta rt to  grow  rapidly . In  o ld  coppice, 
w here Sequoia  is som etim es used, the p lan ts like the 
side shelter b u t the ir tops an d  leading shoots m ust 
be k ep t well clear o f com peting vegetation. N o  
in fo rm ation  is available on  th inn ing  o r pruning.

O TH ER  S IL V IC U L T U R A L  C H A R A C TE R IST IC S

Sequoia sempervirens is a  good shade-bearer, and  
in  suitable localities m ay be  used  for enriching old 
broad leaved  w ood land  o r coppice.

RA TE O F  G R O W T H  A N D  YIELD

O n really favourab le  sites, the redw ood m akes 
rem arkab le  g row th  an d  produces a  greater volum e 
in  a  sho rte r tim e th an  any o th er conifer. T able  48 
gives details o f the few p lo ts w hich have been 
m easured recently.

T a b l e  48  s e q u o i a  s e m p e r v i r e n s : g r o w t h  a n d  p r o d u c t i o n

Location
Age

yrs.

Top Height 

f t .

Girth at breast 
height 

in.

Volume per Acre 
Hoppus f t .  
over bark

Total Production 
per Acre Hoppus 

f t . ,  over bark

Leighton, Montgomery .... 19 55 25 3,700 5,110
Dartington, Devon 20 61 33 4,195 7,145
Forest o f Dean, Glos........ 21 52} 26 3,665 4,527
Bedgebury, Kent 24 37 18} 1,610 1,995
Novar, Ross-shire 45 58 36 — —

Leighton, Montgomery .... 94 111} 132 24,155 —
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C ertain  features stand  o u t in this table. In  the first 
place, there  is th e  rem arkab le  g row th o f  young  crops 
on  good  sites a t  L eigh ton  an d  D artin g to n , th e  la tte r 
in  p articu la r being one o f  th e  m ost strik ing  p lan ta ­
tions in  the country . A  good  accoun t o f  it has been 
given by H iley an d  L ehtpere  (1954). T he p lo t 
a t B edgebury an d  the m easurem ents from  the 
clum p o f  trees a t N o v ar give an  ind ication  o f  the 
m odera te  perform ance o f Sequoia  on  unsu itab le  sites. 
Lastly, the reco rd  o f th e  o ld  p lan ta tio n  a t L eighton 
show s w hat this species can  do o n  a  good  site as it 
grow s older. H ere  the volum e standing  on  the  ground  
is g reater th an  th a t o f  any o th er fo rest g row th in 
G rea t B ritain .

O f the  num erous specim en trees in  the country  
m ention  m ay be m ade  o f  som e o f the ta lles t fo r 
w hich recent m easurem ents a re  available. They 
include a  tree  o f 141 ft. by 18 ft. 2 in. a t S tourhead , 
W iltshire, an d  an o th e r a t  th e  sam e place o f  129 ft. 
by 16 ft. 7 in. A t L eigh ton  K nolls, Shropshire, there  
is a  tree 138 ft. by 14 ft. 10 in. an d  elsewhere in  the 
sou th  o f  the coun try  there  are  o th er specim ens 
betw een 120 and  130 ft. in  height. H eights are  
generally low er in the no rth .

O T H E R  FORM S O F D A M A G E

w i n d b l o w . T his t r e e  is g e n e r a l l y  w i n d f i r m .

a t m o s p h e r i c  p o l l u t i o n . Sequoia sempervirens i s  

s e n s i t i v e  t o  p o l l u t i o n  a n d  c a n n o t  b e  u s e d  w h e r e  t h i s  

i s  a t  a l l  p r o n o u n c e d .

SEED A N D  SEED -B EA R IN G

F ertile  seed is rarely  p roduced  in  G rea t B rita in  
and  th is m ay be  due to  lack  o f  po llina tion  as the 
m ale flowers a re  susceptible to  fro st dam age. They 
are  clearly visible in D ecem ber an d  pollen  is 
no rm ally  shed in February .

N A T U R A L  R E G E N E R A T IO N

R egeneration  by seed is highly unlikely, b u t this 
tree  sp rou ts readily  from  the  base after the stem  has 
been cu t, an d  it  m ight be possible to  renew  th e  crop 
in  favourab le  situations by these coppice shoots.

t i m b e r

T here  is very little  experience o f the tim ber 
qualities o f  this tree. H iley an d  L eh tpere  say th a t 
th innings o f Sequoia have been used fo r saw n 
la ttice  hurd les fo r w hich they find are  b e tte r th an  any 
o th er th innings tried  by th e  au tho rs. They say th a t 
the tim ber is light in  w eight an d  saws easily w ithout 
subsequent w arping o r  splitting.

PO T E N T IA L IT IE S  O F T H E  SPECIES IN  T H E  N A T IO N A L  

ECO N OM Y

These are  lim ited  b u t there  is scope fo r the use o f 
Sequoia  on carefully chosen sites in view o f  its rap id  
grow th an d  high yields.

J.M .

Sequoiadendron B uchholz

Sequoiadendron giganteum  (Lindley) B uchholz 
(P late  17)

CO M M O N  NAM E

T his tree  is generally know n by the nam e o f  welling- 
ton ia .

C O U N T R Y  O F O R IG IN

I t  occurs locally in  groves in C en tra l C alifo rn ia  on 
th e  W estern  slopes o f th e  S ierra N evada, from  
P lacer C oun ty  to  T u lare  C ounty .

H IST O R IC A L  N OTES

T he w ellingtonia was in troduced  in 1853 by 
W illiam  L obb  w ho collected seed in th e  C alaveras 
G rove in C aliforn ia  (K ent, 1900). A  sm all q u an tity  o f 
seed was also sen t hom e by M r. J. D . M atthew  in 
1853 (Elwes an d  H enry  1906-13) In  1859, s ix to e ig h t 
pounds o f seed w ere collected in the M ariposa G rove 
by W illiam  M urray  w ho sent it to  E d inburgh  
(M urray  1860). B row n (1882) sta ted  th a t “ seeds are  
now  ob ta inab le  in  considerab le  quantities from  tim e 
to  tim e. C uttings o f th is tree  ro o t freely and  m ake 
very good  p lan ts” .

W elling ton ia  rap id ly  becam e p o p u la r as an  o rn a ­
m en ta l tree an d  was p lan ted  all over the coun try , 
singly o r in  clum ps o r  in avenues. O f th e  avenues, 
perhaps the m ost fam ous is th a t a t Stratfieldsaye, 
H am pshire , the residence o f the D u k e  o f  W ellington, 
p lan ted  in  1867-8, w ith p lan ts raised  from  cuttings 
from  a p a ren t tree  on  the  sam e estate, w hich m ust 
then  have been qu ite  young (Profit 1931).

EX TE N T O F P L A N T IN G

T his tree  has scarcely been used in the  forest, only 
a  few acres o f  p lan ta tio n  having been recorded.

C L IM A T IC  REQ U IREM EN TS

B ased solely on  th e  g row th o f  avenue an d  speci­
m en  trees, th e  im pression is th a t Sequoiadendron  
giganteum  is m uch  less restric ted  th an  Sequoia sem ­
pervirens by clim ate an d  seems to  grow  well in  m ost 
d istricts o f  G rea t B rita in . N o tab ly , it grow s m uch 
b e tte r in  Scotland  th an  th e  redw ood.

SITE REQ U IREM EN TS

F ro m  the sam e evidence, w ellingtonia is m uch less 
affected by exposure th an  the redw ood  a n d  it stands 
o u t in  th e  open  in  m any situa tions w here redw ood 
w ould be dam aged.
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T a b l e  4 9  s e q u o i a d e n d r o n  g i g a n t e u m : g r o w t h  a n d  p r o d u c t i o n

Locality Age
yrs.

Top Height 
ft .

Mean Girth, 
Breast 

Height, in.

Volume per acre 
Hoppus f t .  
over bark

Total Crop 
Hoppus ft .  
over bark

Bedgebury, Kent 20 28) 16 1,613 1,894
Novar, Ross ............... 45 56 63) — —

Faversham, Kent 70 110 --- 18,600

I t  seems to  be fairly  to le ran t o f soil conditions and  
will grow  on  m ost soils w ith  th e  exception o f wet 
acid  peats. I t  is b e tte r su ited  to  dry soils th an  is the 
redw ood, an d  will grow  to  a  good size on th e  sandy 
soils o f  the B un ter, th e  E ocene sands o f  the L ondon  
basin  an d  H am psh ire , an d  the  d ry  sands over the 
cha lk  in  th e  B reck land  d is tric t o f N orfo lk .

ESTA BLISH M EN T T E C H N IQ U E

n u r s e r y  p r a c t i c e . Its  behaviour is sim ilar to  th a t 
o f redw ood save th a t it  is less likely to  be dam aged 
by au tu m n  frosts.

v e g e t a t i v e  p r o p a g a t i o n . I t  can be grow n from  
cu ttings by s tan d a rd  m ethods.

p l a n t i n g . W ellingtonia is n o t an easy tree to 
establish  in  p lan ta tio n s and  losses a re  frequently 
h igh  a fte r p lan ting . I t  suffers badly if p lan ting  is 
follow ed by a  spell o f  dry w eather while it is fre­
quently  in jured  by th e  fungus B otrytis  in the first 
year o r  tw o in  th e  forest. N o  special techniques are 
requ ired  in p lan ting .

s p a c i n g . T here  is little  experience to  serve as a 
guide. I t  can  be trea ted  like the redw ood.

t e n d i n g

■w e e d i n g . T his m ust be thoroughly  done because 
th e  tree  suffers if  close com petition  from  weeds 
arises. I t  grow s very slowly to  begin w ith, often only 
a  few inches a  year, and  weeding m ay have to  con­
tin u e  over a lengthy period . N o  inform ation  is 
availab le  on  th inn ing  o r pruning.

O T H E R  S IL V IC U L T U R A L  C H A RA CTERISTICS

T he w ellingtonia is less to le ran t o f  shade th an  the 
redw ood, an d  this lim its its usefulness in u nder­
g row th  o r  in  th e  enrichm ent o f  existing crops, fo r 
w hich o therw ise it is suited.

R A TE O F G R O W T H  A N D  Y IELD

T here  is less in fo rm ation  ab o u t th is species than  
there  is fo r the  redw ood  and  T able 49 gives w hat 
fragm en tary  d a ta  a re  available.

A t B edgebury an d  a t  N o v ar the grow th o f  
w ellingtonia does n o t differ greatly from  th a t o f  
redw ood  w hile the crop  a t Faversham  (Le Sueur
1945) show s th a t w ellingtonia can  p roduce  extrem ely

high volum es. A t L eigh ton  P ark , M ontgom ery, there 
is a  sm all s tan d  in  w hich 94-year-old w ellingtonias 
a re  m ixed w ith A bies grandis 30 years younger. H ere 
the fo rm er have a  m ean  height o f  122 ft. an d  a m ean 
b reast heigh t g irth  o f  1391 inches, w hereas the 
grandis a t  64 years o f  age are  146 ) ft. ta ll w ith  a  m ean 
breast-height g irth  o f  104) inches. T he volum e per 
acre, b o th  species com bined, is 17,340 H oppus feet.

A m ong the best specim ens o f  w ellingtonia are 
trees a t F o n th ill A bbey, W iltshire, 165 feet in  height 
by 24 feet in  g irth  a t  b reast heigh t; 145 feet by 20 
feet 11 inches in  the N ew  F o res t; 138 feet by 20 feet 
11 inches a t W estonbirt, G loucestershire. In  S co tland  
there is a tree 151 feet by 22 feet 8 inches a t G lenlee, 
K irkcudbrigh tsh ire ; one o f  143 feet by 15 feet 10 
inches a t M urth ly , Perthshire, an d  one o f  138 feet by 
20 feet 9 inches a t D unkeld . Specim en trees o f  
w ellingtonia seem  to  ru n  to  a  greater heigh t than  
those o f  redw ood, an d  there  is a lm ost no  difference 
in  general heigh t g row th in  w ellingtonia betw een 
trees grow ing in  Scotland an d  those in  the sou th  o f  
England.

DISEASES A N D  PESTS 

O T H E R  FORM S O F D A M A G E

w in d b l o w . W ellingtonia has a  good reco rd  fo r 
w ind firmness.

a t m o s p h e r i c  p o l l u t i o n . T hough  it does n o t like a  

pollu ted  atm osphere , w ellingtonia is m ore to le ran t 
th an  redw ood  an d  is n o t so easily in jured  by 
po llu tion .

SEED A N D  SEED -B EA R IN G

Little seed is know n to  have been produced , bu t 
there is no obvious reason  why trees in  g roups and  
avenues should  n o t p roduce  seed occasionally. 
T he m ale flowers appear in  D ecem ber a n d  the 
po llen  is usually  shed in  April.

G EN ETICS A N D  B R EE D IN G

Tw o possible seed sources have been registered 
and  five “ p lus” trees have been selected an d  recorded.

N A T U R A L  R EG EN ER A TIO N

T here is no  likelihood o f  n a tu ra l regeneration  in 
B ritain .
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TiMBER

T here is no published in fo rm ation  ab o u t the 
tim ber o f  w ellingtonia in  G rea t B ritain .

PO T EN TIA LITIES O F TH E  SPECIES IN  TH E  N A T IO N A L 

ECO N OM Y

T hese are  lim ited bu t there m ay be a  p lace fo r this 
tree  in  o ld  w oodland  areas w here the grow ing stock 
requires to  be bu ilt up. O n really  good  sheltered sites 
it w ould  p robab ly  be b e tte r to  use the redw ood, if 
trees o f  this type are  w anted , b u t in  less generous 
sites the w ellingtonia w ould  serve. Its custom  o f  
grow ing slowly fo r six o r  seven years after p lan ting  is 
a  d isadvantage in  weedy places.

J.M .
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Taiw ania H aya ta  

Taiw ania cryptom erioides H aya ta  
A  native o f  F o rm osa , in troduced  in  1920, th is tree 
is too  tender fo r general use. I t has survived, w ith 
som e pro tec tion , fo r th irty  years in  the N atio n a l 
P inetum  a t B edgebury in  K ent, bu t has m ade little 
grow th.

J.M .

Taxodium  R ichard  
O f the three species o f  Taxodium  w hich are  generally 
recognised, T. ascendens, T. distichum  and  T. 
m ucronatum , only  T. distichum  will be m entioned 
here. N one has been used  in  forestry, b u t T. distichum  
can  reach  a considerable size w hereas T. ascendens is 
a  slow er grow ing tree  m uch  dam aged by frost, and  
T. m ucronatum  is a  ra re  and  tender species.

Taxodium  distichum (L innaeus) R ichard  
T he deciduous cypress from  the S outhern  U nited  
S tates has a  long h is to ry  in  G rea t B rita in , having 
been in troduced  by T radescan t ab o u t the year 1640. 
It has been p lan ted  fo r o rn am en t over a long period  
a n d  has thriven well in  the sou thern  p a r t o f  the 
coun try  especially on  the edges o f  lakes in  park s and  
on  the banks o f  stream s. M any o f  the best specim ens 
a re  fo u n d  in  the neighbou rhood  o f  L ondon . G o o d  
exam ples are  fo u n d  a t  Syon H ouse, B ren tfo rd ; 
B urw ood  P ark , Surrey; W im bledon an d  elsewhere. 
F u rth e r afield there  a re  large trees a t B roadlands,

H am psh ire ; Fairlaw n, T onbridge, K en t; C obham , 
K ent, an d  B rocket P ark , H ertfordsh ire . Several o f  
these trees are  m ore th an  100 ft. in  heigh t an d  are  o f  
substan tia l dim ensions; one o f  the trees a t B urw ood 
P ark  is a lm ost 100 ft. h igh and  has a g irth  a t breast 
height o f  16 ft. 8 in.

J.M .

T axus L innaeus

Yew, Taxus baccata  L innaeus, is one o f  o u r three 
native conifers o f  G rea t B rita in  an d  is fam iliar 
in  m ost p a rts  o f  the country , particu larly  in  its 
num erous fo rm s an d  varieties w hich a re  frequently  
used in  churchyards, gardens an d  parks. O ne o f  the 
com m onest o f  these is th e  variety  fa stig ia ta , the  
Irish  o r  F lorence C o u rt Yew. T he yew grow s w ild in 
w oodlands on  the chalk  an d  lim estone, particu larly  
in  S ou thern  E ngland.

O f the exotic species, T. cuspidata  from  Ja p a n  is 
no t uncom m on, bu t neither th is tree  n o r  any o th er 
species is as good as the native yew.

J.M .

Thuja L innaeus

T he genus Thuja is com posed  o f  six species, natives 
o f  the n o rth e rn  hem isphere an d  occurring  in 
C hina, F o rm osa , K orea , Jap an  an d  N o rth  A m erica. 
They include one tree  o f  fo rest im portance 
— T. plicata, an d  tw o species T. occidentalis an d  T. 
orientalis, m ainly o f  a rbo ricu ltu ra l and  h o rticu ltu ra l 
interest, w hich are  widely used fo r such purposes, 
bu t the o thers are  o f  little account. T. koraiensis, a 
native o f  K orea , is rarely  m et w ith, a lthough  it is in  
cu ltivation ; T. sutchuenensis, from  C hina, has n o t 
been grow n so fa r as we k n o w ; while T. standishii, a  
Japanese species, though  o f  som e in terest, is n o t a 
com m on tree.

Thuja occidentalis, T. orientalis, an d  to  a  less 
exten t T. plicata, vary in  cultivation , and  the first tw o 
species in  particu la r have yielded a large num ber o f  
ho rticu ltu ra l varieties.

Thuja occidentalis L innaeus

This tree is o f  som e in terest because it was possibly 
the first conifer to  be b ro u g h t in  from  N o rth  
A m erica. I t  was in troduced  in  1596. T. occidentalis 
has a  w ide range in eastern  N o rth  A m erica from  
N ova Scotia an d  N ew  B runsw ick, in the no rth , to  
V irginia an d  Tennessee, in  the south , an d  extending 
w estw ard in to  M ichigan, Illinois, M inneso ta  an d  
M anitoba . A lthough  it has been in G rea t B rita in  fo r 
so long, it  does n o t seem  to  have been used  in  the 
forest, an d  any p rospect w hich it m ay  have h ad  in 
silviculture vanished w hen Thuja p licata  appeared  on  
the scene.
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It is, nevertheless, a  com m on o rnam en ta l and 
garden  tree, e ither as the type o r  as one o r  o ther o f  
its num erous varieties, an d  though  none o f  these 
reach  any  g reat size they are m ostly a ttractive speci­
m ens in cultivation . T he tallest tree o f  w hich there is 
a  recent reco rd  is one o f  64 ft. in  height in  the N ew  
F o res t an d  there  is an o th e r specim en o f  55 ft. a t 
B urghclere, N ew bury, Berkshire. In  recent years one 
o r tw o experim ental p lan ta tions o f  Thuja occidentalis 
have been m ade in  different parts  o f  the country. A t 
Bedgebury, K ent, a  p lo t o f  this species 18 years old 
had  reached 18 ft. in height, a  satisfactory ra te  o f  
g row th b u t one w hich is greatly exceeded a t the 
sam e place by T. plicata. w hich has grow n nearly 
twice as fast. O n a  strongly podzolized sandy soil, a t 
W areham  F o res t in  D orset, in an  area o f  m oderate  
rainfall and  relatively high sum m er tem peratures, 
T. occidentalis was p lan ted  in m istake fo r T. plicata  
and  w ith th e  help o f  a nurse o f  broom  (Sarothamnus 
scoparius) grew  quite well to  reach  a  height o f  
14 ft. in  15 years. N ow , how ever, grow th seems to  be 
falling off. O n  a th in  rendzina soil over the chalk  a t 
F riston , Sussex, it grew  slowly, abou t 7 ft. in  15 
years, a heigh t only  h a lf  o f  tha t m ade by an  adjoin ing 
p lo t o f  T. plicata. O n  an o th e r chalk site a t Q ueen 
E lizabeth  F o res t, B uriton , H am pshire, g row th was 
better on  a  slightly deeper soil over chalk, an d  a  
height o f  12 ft. was a tta ined  in  15 years. In  view o f  
its frequent occurrence on  swampy g round  in  its 
native coun try , it w as tried  on  a w ettish site a t 
Beddgelert, C aernarvonshire , w ith a  th in  acid peat. 
H ere it has grow n irregularly  bu t slowly. O n an 
up land  site, in  som e exposure, a t C locaenog, D en­
bighshire, T. occidentalis is only 7 ft. high a fter 14 
years ' g row th  and  its foliage is th in  and  weak.

Thuja orientalis L innaeus

This species is often  d istinguished by the nam e 
Biota, one o f  the divisions o f  the genus Thuja, 
characterised  by cone scales w hich are  fleshy when 
young an d  w oody and  hooked  w hen m ature, by the 
wingless seeds and  by erect branching. A  native o f 
C hina, it was in troduced  in to  England early in  the 
e ighteenth  century . A long w ith  its varieties, it is 
grow n solely fo r o rnam en t and  though, in  m any 
cases, decorative, it now here reaches any size. I t has

been tried in  the forest bo th  a t Bedgebury and  at 
B eddgelert and  has been unsatisfactory  a t both  
places.

Thuja plicata  L am bert (P late  12)
COM M ON NAM E

W estern red  cedar is a  nam e w hich is now  gaining 
currency, having displaced the o lder soubriquet o f  
arbor-vitae. A m ong foresters the tree is generally 
referred  to  as “ th u ja” . T he accepted nam e fo r the 
tim ber is w estern red  cedar.

C O U N T R Y  OF O R IG IN  A N D  PR O V EN A N C E

T his tree has a  w ide d is tribu tion  in  W estern N o rth  
A m erica, extending from  A laska southw ards 
th rough  B ritish  C olum bia, O regon  an d  W ashington  
in to  C alifornia. I t  occurs dow n to  the sea on  the 
Pacific C oast an d  extends in land  as fa r as Idaho  and  
M ontana. T he  provenance o f  Thuja p licata  has n o t 
been studied  in  G rea t B ritain . Im ported  seed has 
com e m ainly from  B ritish  C olum bia, b u t m uch  o f  
o u r requirem ents a re  collected a t hom e as there are 
usually  good supplies o f  seed.

H IST O R IC A L NOTES

N ee, w ho accom panied  M alespina on  his voyage 
ro u n d  the w orld  in  1789-94, b rough t back a specim en 
w hich was described by D on . A rch ibald  M enzies 
also gathered  specim ens a t  N o o tk a  Sound in  1795.

T he first in troduction  was n o t m ade un til 1853 
w hen W illiam  L obb  sent a  consignm ent o f  seed to  
M essrs. V eitch o f  Exeter. This seed h a d  been 
collected in 1852 during  a  jou rney  to  O regon an d  the 
C olum bia R iver (V eitch 1906). Thuja plicata  seems 
to have been used fo r o rnam en ta l p lan ting  soon  after 
its in troduc tion  an d  it has never lost favour fo r this 
purpose. P robably  the first occasion o n  w hich it was 
used in  fo restry  was in  the p lan ting  o f  a  w ood at 
B enm ore, Argyll, in 1876-77 (M cB eath 1914). 
Betw een then  an d  1919 it w as used as a  fo rest tree 
to  a  lim ited  extent, generally in  sm all p lo ts, bu t it 
was n o t infrequently  em ployed as an  edge tree to 
p lan ta tions o f  o th er species. I t was used in form al 
avenues and  becam e quite p o p u lar as a  hedging 
plant.

T a b l e  5 0  t h u j a  p l i c a t a : a r e a s  b y  a g e - c l a s s e s  a n d  o w n e r s h i p , 1 9 4 7  A cres

Age Class, Yrs.
Uneven-aged Total

1-10 11-20 21-30 31-40 41-60 61-80 81-120

Private Woodlands .... 
Forestry Commission

65
72

27
97

63
72

99
30

31
3

21 9 88
19

403
293

Total ................ 137 124 135 129 34 21 9 107 696
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EX TE N T O F P L A N T IN G

Thuja p licata  has n o t been widely p lan ted  in  
G rea t B ritain , fo r the C ensus o f  W oodlands 1947-9 
revealed only ab o u t 700 acres, analysed by age-class 
in  T able 50.

R ecent years have show n an  increasing use o f  
Thuja plicata  by the F o res try  C om m ission, the 
annual reports o f  w hich show  th a t in  the years 
1951-55 approxim ately  h a lf  a  m illion  p lan ts per 
annum  were used fo r new  p lan ting  and  beating  up.

C LIM A TIC  REQ U IREM EN TS

N o th ing  clearly emerges from  a study o f  the 
g row th o f  Thuja p licata  in G rea t B rita in  to  suggest 
any lim ita tion  im posed by o u r clim ate, a t least 
w ith in  the range o f  sites w here tree  grow th is possible. 
T he general im pression is th a t in  the m ilder, m oister 
districts o f  th e  w est an d  south-w est this tree shows 
greater v igour th an  in  the d rier sou th-eastern  
counties, a lthough  there the effect o f  clim ate m ay be 
offset locally by peculiarly  favourab le  site conditions. 
Thuja plicata  grow s well qu ite  far n o rth  in  Scotland.

This species has n o t been used  in  exposed situa­
tions an d  we have little  evidence as to  its capacity  
to  resist exposure.

In  its you th , Thuja p licata  is ap t to  suffer from  
fro st bu t it is n o t one o f  the m ost susceptible o f  the 
conifers in com m on use in  th is respect.

SITE REQ U IREM EN TS

Thuja p licata  has been p lan ted  on a  w ide range o f 
soils in B ritain , includ ing  th e  extrem es o f  acid  peat 
an d  the highly calcareous soils o f  the chalk , an d  it  is 
c lear th a t it is a to le ran t species a lthough  its perfo rm ­
ance natu ra lly  varies accord ing  to  the ch aracter o f 
the soil. O n peat, it has been tried  experim entally  
(Z ehetm ayr 1954), largely because it is know n to 
to le ra te  m uskeg cond itions in its native country , and  
though  the results have n o t been spectacular, there  
is prom ise enough  to  ju stify  fu rth er trials. O n  chalk, 
a t  F ris to n  in  Sussex, Thuja plica ta  has grow n a t  the 
ra te  o f a  foo t a  year fo r the first fifteen years and  
seem s to  be m ain ta in ing  its grow th on  a  th in  
rendzina soil; a t B uriton , also on  chalk , it has 
grow n ra th e r less well, b u t it is on  a m ore exposed 
site. O ne can n o t expect trees o f  any  g rea t dim ensions 
on  these dry sites b u t it is in teresting , nevertheless, to  
know  th a t a t  least a  po le  crop  is possib le on  chalk. 
O n heavy clays, such as those  in  the m id lands o f 
E ngland, it  grow s slowly b u t appears healthy . In  
R ock ingham  F orest, N o rtham p tonsh ire , on  an  old 
w oodland  site, it reached 20 ft. in 23 years; p lan ted  
on ab an d o n ed  a rab le  land  nearby, it d id  n o t grow  
so well and  it is 3 ft. sho rter. A t T he tfo rd , in N orfo lk , 
in a low  rainfall an d  on a dry sand  over th e  chalk , it

failed  com pletely w hen p lan ted  in  th e  open, bu t is 
now  establish ing  itself w here it has been rep lan ted  
u n d er the shade o f  b irch  an d  a lder (W ood  and  
N im m o 1955). In  th e  sam e d istrict, a t W easenham , 
Thuja p licata  has been successful (G u illebaud  1936). 
H eavy losses a fter p lan ting  have been rep o rted  on 
very dry  sites an d  also w here the  g ro u n d  has been 
w aterlogged, an d  it  is p robab le  th a t o n  th e  m ore 
extrem e sites estab lishm ent m ay be difficult, 
although , once established, the  trees m ay grow  
reasonably  well. I t  appears th a t Thuja p licata  requires 
fo r its best developm ent sheltered  sites w ith  a  deep, 
freely-drained yet m oist soil, an d  th a t these sites are 
m ore  likely to  be found  in  the west o f the coun try .

ESTA BLISH M EN T TE C H N IQ U E S

n u r s e r y  p r a c t i c e . Thuja plicata  responds well to  
s tan d ard  trea tm en t in th e  nursery  an d  no  special 
p recau tions are  necessary. I t  is usually  sow n b ro ad ­
cast, 1 lb. seed covering 45 sq. yd. o f  seedbed, an d  the 
seedlings a re  usually  fit fo r lifting a t th e  end  o f the 
first grow ing season. O ne-plus-one tran sp lan ts, o r 
one-plus-tw o w hen larger p lan ts a re  w anted, are 
usually  satisfactory . T he fungus K eithia thujina 
causes severe dam age in  the  seedbeds an d  tran sp lan t 
lines an d  has m ade it nearly  im possible to  raise 
Thuja p licata  in  m any  nurseries.

v e g e t a t i v e  p r o p a g a t i o n . G rafting  is n o t norm ally  
used  as Thuja p licata  is easily p ro p ag a ted  by cuttings. 
A lthough  this m ethod  o f  rep roduc tion  is n o t 
norm ally  used  in  nursery  practice, a  lim ited  am o u n t 
o f  vegetative p rop ag a tio n  is being undertaken  
because sum m er w ood cuttings, tak en  in  July, afford 
a  m eans o f  rep roducing  individuals w ith  resistance 
to  Keithia thujina. F o r  th is pu rpose, cu ttings should  
be free from  disease an d  shou ld  consist o f  cu rren t 
y ear’s w ood  from  fo u r to  six inches long, taken  w ith 
a  heel o f  o lder w ood. G o o d  results, u p  to  70 o r 80 
p e r cen t o f success, can  be o b ta ined  in  unheated  
fram es an d  w ithou t using  g row th-p rom oting  sub ­
stances, b u t the  use o f  low  voltage electrical soil 
w arm ing, an d  o f  applications o f indolyl bu ty ric  acid  
in  a lcohol a t  th e  ra te  o f  one m illigram  p e r cubic 
centim etre o f  50 p e r cen t sp irit, has increased  the 
speed o f  ro o tin g  an d  raised  the p ro p o rtio n  o f 
cuttings actually  tak ing  ro o t. M any o f  th e  cuttings, 
inserted  in  July, should  be ro o ted  by m id-Septem ber, 
an d  these shou ld  be lined o u t in to  well p repared  
nursery  soil in th e  au tum n . T he rem ain ing  cu ttings 
will ro o t du ring  th e  follow ing spring  an d  can be 
lined o u t in  la te  A pril an d  M ay.

p l a n t i n g . S tan d ard  m ethods a re  adequate  and  
no special techniques a re  required .

s p a c i n g . I f  spacing is to o  wide, it is a p t to  delay 
the fo rm ation  o f  canopy fo r an  inord inately  long 
tim e because the tree has a  narrow  pyram idal shape 
an d  does n o t sp read  ou tw ards very rapidly . W ide
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spacing should  therefore be avoided. N orm ally  it is 
p lan ted  a t spacings o f 44 o r 5 feet.

TENDING AND THINNING

w e e d i n g . T here a re  no  special features. Thuja 
plicaia  w ithstands shade b u t it m ust be kep t clear 
o f  weeds in its early  stages.

t h i n n i n g . N o t enough  experience is yet available 
to  enable foresters in G rea t B rita in  to  have w orked 
ou t any special th inn ing  regim e fo r Thuja plicata, if, 
indeed, th a t is necessary. M odera te  low thinnings are 
usually  carried  o u t because a  really heavy thinning 
w ould delay th e  re-form ing  o f canopy fo r a long tim e, 
a lthough  this species is n o t slow  as, say, Law son 
cypress, to  respond.

p r u n i n g . P run ing  is n o t usually  practised  although 
it m ight be used w ith advantage if  it could  be done 
cheaply. Thuja p licata  re ta ins its branches fo r a long 
tim e an d  kno ts have been found  to  be troublesom e 
w hen the tim ber com es to  be w orked.

O T H E R  S IL V IC U L T U R A L  C H A R A C TE R IST IC S

Thuja plicata  is to le ran t o f  shade and  is therefore 
suitable for use in underp lan ting  o ld  oak  and  
birch  coppice an d  scrub. I t has also been used 
successfully for underp lan ting  E u ropean  larch  and  
there a re  good exam ples o f  th is a t  D ym ock, 
G loucestersh ire  (P late 12) and  H aldon , D evon.

I t  is also a good ‘m ixer’ because its h ab it o f 
grow th does n o t lead  it to  in terfere w ith its neigh­
bours, an d  also because its ra te  o f  g row th perm its it 
to  keep pace w ith several o th er species w ithout 
outgrow ing o r  suppressing  them , w hile its shade- 
bearing  capacity  allow s it to  live w ith  faster-grow ing 
trees. In  th e  o ld  p lan ta tio n  a t B enm ore, already 
referred  to , it grew  in m ixture w ith D ouglas fir, the  
D oug las being 70 ft. h igh an d  the  Thuja plicata  60 ft., 
w hile m ore  recently  E vans (1950) has draw n 
a tten tio n  to  a m ixture o f Thuja p lica ta  an d  E uropean  
larch. I t  m ay be suitable fo r ‘enrich ing’ u n d er­
stocked broad leaved  w oodlands.

T a b l e  51 t h u j a  p l i c a t a : g r o w t h  a n d  p r o d u c t i o n

Location Age 
o f  Crop

yrs.

Main Crop
Total Crop Vol. 

per acre Hoppus 
f t . ,  O.B.Top height 

ft-

Mean Girth 

in.

Vol. per acre 
Hoppus ft . 

O.B.

Dunster, Somerset ................ 20 55 244 2,381 3,436
Corris, M ontgom ery ............... 23 474 184 3,080 4,325
Gwydyr, Caernarvonshire 25 414 20 2,170 3,001
Bedgebury, Kent ................ 26 45 184 1,539 1,993
Monaughty, Moray ............... 27 50 21 3,543 —

Barcaldine, Argyll 28 51 20 2,572 —
Dunster, Somerset ............... 34 59* 29 2,629 —
Caerphilly, Glamorgan 34 524 22 2,873 —
Haggerston, Northumberland 34 554 25 3,753 5,478
Dunster, Somerset ................ 35 78 354 7,708 —

Dunach, Argyll ............... 35 47 264 3,761 —
Caerphilly, Glamorgan 36 514 20 3,561 —
Stanage Park, Radnor 37 66 354 7,378 —
Ffrwdgrech, Brecknockshire.... 37 62 264 4,331 —
Forest o f Dean, Gloucestershire 38 594 29 3,400 —

Forest of Dean, Gloucestershire 38 70 32 3,376 _
39 694 31 3,874 5,602

Caerphilly, Glamorgan 40 584 224 2,740 —
Darnaway, Morayshire 41 614 28 4,348 —
Wintringham, Yorkshire 42 47 244 4,876 —

Essendene, Lincolnshire 43 514 19 4,862 —
Novar, Ross-shire ............... 43 794 384 4,830 12,388
Dalbeattie, Kirkcudbright .... 44 634 22 4,006 6,714
Dunterton, C ornw all................ 46 72 33 5,248 —
Alice Holt, Hampshire 48 654 35 4,180 7,161

Novar, Ross-shire 51 79 304 6,521 11,130
Inveraray, Argyll 66 1034 46 9,810
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As a ‘nurse ', and  as a tree fo r m ixing w ith oak  in 
young p lan ta tions, Thuja plicata  has certa in  m erits, 
n o t the least o f w hich is the shape o f its crow n which 
does n o t spread  ou t an d  dam age young oak  trees in 
its im m ediate ne ighbourhood . In view o f  its grow th 
on som e o f the calcareous soils, it m ay have a  use as a 
species for m ixing w ith beech in the early  years o f the 
ro tation .

O ne o ther po in t, though  scarcely silvicultural, 
w hich m ay be m entioned  is the hab it w hich this tree 
has, w hen grow n as a  single specim en in the open, o f  
layering w hen the low er branches touch  the ground. 
This m ay be repeated  once an d  even twice.

R A TE O F G R O W T H  A N D  Y IELD

N o yield tables have yet been p repared  fo r Thuja 
plicata  an d  the ra tes o f  g row th  have n o t yet been 
grouped  in to  Q uality  Classes. F ro m  the evidence in 
ou r possession, it is clear th a t though  it grows 
rapidly  in  m any places Thuja p licata  is n o t one o f  the 
fastest grow ing exotics in  G rea t B ritain , and  is easily 
surpassed by D ouglas fir, S itka spruce and  Abies 
grandis. A lthough  its heigh t-grow th  is n o t exception­
ally fast, it seems to  be able to  m ake rap id  d iam eter 
g row th o n  favourab le  sites an d  this, together w ith 
its capacity  to  stand  in dense c rop  w ithout serious 
detrim ent, p roduces occasionally  som e exceptionally 
high-yielding stands. F o r  exam ple, a  p lo t a t S tanage, 
R ad n o r, 37 years old, grow ing in a  sheltered site on  a 
shallow  rich  loam  over the D evonian , h a d  a  top  
heigh t o f  66 ft., w hich in  itse lf is n o t exceptional; 
b u t w ith  620 trees to  the acre  an d  a  m ean  breast- 
heigh t g irth  o f  35£ in ., i t  h ad  a standing  volum e o f  
7,380 H oppus ft. p er acre. T he basal a rea  per acre 
reached  the extrem ely h igh figure o f  335 sq. ft. 
(H oppus). T ab le  51 gives details o f  a  num ber o f  
sam ple p lo ts o f  Thuja p licata  w hich have been 
m easured recently.

C O M P A R IS O N  O F  F O U R  N O R T H - W E S T  A M E R IC A N  

S P E C I E S  I N  T H E  F O R E S T  O F  D E A N

T a b l e  52

Mean Mean
Species Height Height

1953 1956
f t . ft.

Thuja plicata ............................ 14.9 20.5
Tsuga heterophylla............................ 15.5 20.5
Douglas fir (Pseudotsuga taxifolia) 11.9 17.5
Sitka spruce (Picea sitchensis) 9.7 15.0

As an exam ple o f  the  early  g row th  o f  Thuja 
plicata  com pared  w ith  th a t o f  o th e r Pacific coast 
species, Tsuga heterophylla, D ouglas fir an d  Sitka 
spruce, th e  figures in T ab le  52 m ay be o f  interest.

They relate  to  an  experim ental p lan ta tio n  set ou t in 
the F o res t o f  D ean  in 1942 in  w hich a  ‘north-w est 
A m erican m ix tu re’ was used ; it was m ade up o f 
these fou r species p lan ted  in staggered groups o f  16 
trees each, the object being to  secure eventually  an  
in tim ate  m ix ture  o f  all fou r:

T here are  num erous fine specim ens o f  Thuja 
plicata  in m any p a rts  o f  the co u n try ; am ong  these 
the follow ing m ay be m en tioned— Bicton, Devon, 
129 ft. by 17 ft. 6 in. g irth  a t b reast heigh t; W est 
D ean , Sussex, 117 ft. by 10 ft. 6 in .; B enm ore, 
A rgyll, 118 ft. by 10 ft. 8 in .; N ew  F orest, 115 ft. by 
13 ft. 3 in.

DISEASES A N D  PESTS

Thuja plicata  is very severely affected by the fungus 
Keithia thujina  in  the nursery , an d  the heavy dam age 
caused by this fungus has seriously restric ted  the 
p ro d u c tio n  o f  stocks fo r p lanting . Y oung crops in 
the fo rest a re  also dam aged from  tim e to time. 
R esearch is p roceeding a t p resen t on  the life h istory  
o f  K eithia  an d  it is hoped  th a t this w ill enable  us to 
m ake an  a ttack  on  the fungus w hich has, so far, 
p roved  difficult to  co n tro l by spraying. A ttem pts 
w hich have been m ade to  keep iso lated  nurseries free 
from  th e  disease have been only partia lly  successful.

T here  is no  specific insect pest o n  Thuja plicata  in 
G rea t B rita in  and , generally, the tree is rem arkab ly  
free from  in jury  from  this source.

O T H E R  FORM S O F D A M A G E

w i n d b l o w . Thuja p licata  does n o t have a bad  
rep u ta tio n  fo r w indblow  an d  in  m ost situa tions it 
stands u p  well. I t  is n o t o ften  b roken  by strong  
w inds. P lan ta tions have been overthrow n by 
severe gales b u t th is species has suffered n o  worse 
th an  m any  o thers o n  those  occasions.

a t m o s p h e r i c  p o l l u t i o n . T his tree is sensitive to  
a tm ospheric  p o llu tion  an d  is unsu itab le  fo r use in  a 
po llu ted  atm osphere.

f r o s t . T he glazed fro st o f  1940 (Sanzen B aker and  
N im m o 1941) d id  n o t dam age Thuja plicata  
seriously, except w here the  tree  was grow ing a t high 
elevation.

d e e r . Thuja p licata  is occasionally  dam aged  by 
deer w hich select it fo r rubbing.

SEED A N D  SEED -B EA R IN G

Thuja p licata  is a  free seed bearer in  G rea t B ritain , 
giving som e seed alm ost every year, w ith good  seed 
crops occurring  approxim ately  a t  three-year intervals. 
F irs t flow ering takes p lace betw een ten  an d  fifteen 
years o f  age, an d  seed crops w o rth  collecting are 
ob ta inab le  after tw enty years. M axim um  seed 
p ro duc tion  p robab ly  takes p lace betw een the ages o f  
40 and  60 years (M atthew s 1955).
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Flow ering takes place in late M arch  o r  early 
A pril. Seed can  be collected in an  early year in 
A ugust, an d  in  O ctober in a  late year. N orm ally  it is 
ga thered  in  Septem ber.

H om e-grow n seed o f  Thuja plicata  averages abou t
350.000 per lb ., w ith  a range fo r 53 sam ples o f
170.000 to  580,000. T he average germ ination  
capacity  is 40 per cent.

GENETICS AND BREEDING

T he follow ing seed sources have been recorded up 
to  the presen t tim e in  G rea t B rita in : ‘P lus’ and 
‘A lm ost P lus’ : seven stands extending to  twelve 
acres; ‘N o rm a l’ : six stands, to talling  fourteen  acres.

Twelve ‘p lu s’ trees have been selected and  
reco rded , tw o o f  w hich are being tested for resistance 
to  Keithia.

NATURAL REGENERATION

N atu ra l regenera tion  is n o t practised. Seedlings o f 
Thuja p licata  a re  n o t in frequent in  ou r p lan tations 
an d  eventually  it m ay be possible to  regenerate som e 
o f  o u r Thuja crops naturally .

TIMBER

T he tim ber o f  Thuja p licata  has been used in 
G rea t B rita in  m ainly  fo r esta te  purposes and  some 
users have referred  to  its su itability  fo r gate-m aking 
o n  accoun t o f  its lightness and  durability  in the 
open. Som e tim ber m erchants have repo rted  th a t 
they have used it to  a  lim ited  extent fo r the fram e­
w ork  o f  p o rtab le  buildings an d  fo r ro o f  boarding. 
I t  is also used, like o th er conifers, fo r fencing and 
m ining tim ber.

W ith in  recen t years, a  sm all num ber o f  tests has 
been carried  o u t a t Princes R isborough  on  the 
tim ber o f  Thuja p licata  grow n in this country  in 
w hich one o r  tw o consignm ents o f  thinnings, as well 
as som e m atu re  tim ber, w ere exam ined (A non. 1955). 
I t  w as found  th a t a ir seasoning takes place slowly 
w ithou t any serious defect and  th a t the tim ber 
k iln  seasons well w ith  a slight tendency to  collapse. 
T he tim ber o f  Thuja plicata  is the lightest o f  all the 
hom e-grow n softw oods so fa r tested, as it  weighs 
only  24 lb. per cubic foot. T he ou ter heartw ood  is 
highly resistan t to  decay, b u t the tim ber, as a whole, 
is difficult to  tre a t w ith preservatives, even under 
pressure. C artw righ t (1941) has rep o rted  th a t the 
resistance to  decay o f  hom e-grow n w estern red  cedar 
w ood  is o f  the sam e o rd e r as th a t o f  the im ported  
tim ber.

S treng th  tests, carried  o u t so far, indicate th a t 
hom e-grow n Thuja plicata  tim ber is probably  
stronger th an  tim ber grow n in C anada. I t w orks well 
w ith  th in-edged  h an d  and  m achine tools, prov ided  
they are  k ep t sharp , bu t dead kno ts m ay be troub le ­

som e and  spring  w ood is ap t to  crum ble. T he tim ber 
cleaves well, bu t bruises easily.

It is a good softw ood fo r use ou tdoo rs  w here 
durability  an d  low w eight are  p rim ary considera­
tions.

POTENTIALITIES OF THE SPECIES IN THE NATIONAL 
ECONOMY

Thuja plicata  is undoubted ly  a  tree w hich deserves 
w ider use than  it is now  possible to  give it, fo r it has 
m any qualities w hich m ake it su itable fo r o u r 
conditions and  requirem ents. I f  it becam e possible 
once m ore to  raise it in quan tity  w ithou t the ravages 
o f  Keithia, it w ould be p lan ted  m ore freely.

Thuja standishii (G ordon) C arriere.

This tree, in troduced  from  Jap an  ab o u t the year 
1860, does n o t grow  w ith  any rap id ity  in  G rea t 
B rita in  and  is n o t com m on. It has n o t been tried  in 
the forest.

A  hybrid  betw een this species an d  T. plicata  
p roduced  in D enm ark  is repo rted  to  be resistan t to 
attacks o f  the fungus Keithia thujina.

J.M .

t h u j a :  r e f e r e n c e s  

Anon. 1955. Properties o f  thinnings o f  home-grown 
Western red cedar. Forest Products Research 
Laboratory, Princes Risborough.

Cartwright, K. St. G. 1941. The variability in resistance 
to decay of the heartwood of home-grown western red 
cedar (Thuja plicata D. Don) and its relation to position 
in the log. Forestry, 15, 65-75.

Evans, J. D. D. 1950. Red Cedar and European larch in 
mixture. Quart. J. For., 44, 137-142.

Guillebaud, W. H. 1936. Annual excursion of the Society 
o f Foresters to Weasenham, Norfolk. May 1936. 
Forestry, 10, 152-155.

McBeath, D. K. 1914. Thuja gigantea and Douglas fir in 
mixture. Trans. R. Scot. Arb. Soc., 28, 107-110. 

Matthews, J. D. 1955. Reproduction o f seed by forest 
trees in Britain, For. Comm. Rept. For. Res., 1953-4, 
64-78, H.M.S.O.

Sanzen-Baker, R. G., and Nimmo, M. 1941. Glazed 
frost, 1940. Damage to forest trees in England and 
Wales. Forestry, 15, 37-54.

Wood, R. F., and Nimmo M. 1955. Trials of species in 
Thetford Chase Forest. For. Comm. Rept. For. Res., 
1953-4, 106-114.

Veitch, J. H. 1906. Hortus Veitchii. James Veitch and 
Son, London.

Thujopsis S iebold and  Zuccarini

Thujopsis dolabrata  (L innaeus filius) Siebold and  
Z uccarini

O ne o f  the m ost im p o rtan t coniferous trees o f  Japan , 
T. dolabrata, o r  H iba, was n o t in troduced  in to  
G rea t B rita in  un til 1853, a lthough  it h ad  been first 
collected by K aem pfer as long ago as 1712. I t  
quickly becam e po p u lar as an  o rnam enta l evergreen
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an d  th a t popu larity  it has n o t lost, fo r it is still being 
p lan ted ; it m akes a  handsom e an d  decorative shrub  
o r  sm all tree, w hich grow s well on  a  w ide variety  o f  
soils, except those rich  in  lime. A ccording to  D alli­
m ore an d  Jackson  (1948) it is best ra ised  from  
cuttings w hich give m ore un ifo rm  a n d  faster grow ing 
stock  th an  can be ob ta ined  by sowing. I t has no 
fu tu re  as a  fo rest tree in  G rea t B ritain . Indiv idual 
trees o f  Thujopsis have reached  a  heigh t o f  50 feet o r 
m ore and , am ong  the ta llest specim ens recently  
m easured , the follow ing m ay be m en tio n ed : W eston­
b irt, G loucestershire, 56 feet ta ll by 3 ft. 2 in. in 
g ir th  a t breast heigh t; S tratfieldsaye, H am pshire, 52 
feet by 2 ft. 10 in .; B enm ore, A rgyll, 50 ft. by 3 ft. 
4  in .; W est D ean, Sussex, 50 ft.; E a s tn o r Castle, 
H erefo rd , 48 ft. and  Inveraray , A rgyll, 47 ft.

J.M .

T orreya A rn o tt 

V arious in troduced  species o f  Torreya a re  fo u n d  in  
park s an d  gardens in  G rea t B rita in , the com m onest 
being T. californica, an d  T. nucifera. These tw o 
species occasionally  fo rm  sm all trees, bu t generally 
Torreya  occurs w ith us as a  bush  and  th a t only in the 
m ilder districts.

J.M .

T suga C arriere

T he genus Tsuga, the  hem locks, includes ten know n 
species and  one n a tu ra l h yb rid  w hich are  found  in 
tem pera te  N o rth  A m erica, Jap an , F orm osa , C hina 
an d  the H im alaya (D allim ore an d  Jackson, 1948). 
Only T. heterophylla, the  w estern hem lock from  
north-w est A m erica, is o f  econom ic im portance in  
G rea t B ritain . N o  o th er species is o f  forest im p o rt­
ance w ith  us, an d  few are  found  com m only as 
individual trees in  gardens. W ith  the possible 
exception  o f  T. m ertensiana  there  seems no likelihood 
o f  any extension o f  the ir use.

T . canadensis (L innaeus) C arriere

T his, the E astern  hem lock, w hich has a  wide 
d is tribu tion  in C an ad a  east o f  the R ocky M ountains 
a n d  in the eastern  U n ited  States, was in troduced  to 
B rita in  by C ollinson  in 1736. I t  was the first species o f  
the genus to  arrive in  this coun try  and  it h as  been 
widely p lan ted  as an  o rnam en ta l tree. A lthough  it  is 
an  im p o rtan t fo rest tree in its native country , eastern  
hem lock  has n o t been successful as such in  B ritain , 
m ainly o n  accoun t o f  its fo rk ing  h ab it an d  because it 
is always round -headed  w hen grow n here (Jackson,
1946). O ne o f  the largest specim ens is a t  L eaton  
K nolls, Salop, w hich m easured  105 feet and  h ad  a 
g irth  o f  n ine feet; an o th e r specim en a t H ardw ick, 
B ury St. E dm unds, Suffolk, w as 114 feet ta ll w ith  a 
g irth  o f  eigh t feet tw o inches. B o th  trees were 
m easured  in  1954.

T . caroliniana E ngelm ann

T his is a  tree  o f  lim ited  n a tu ra l d is tribu tion  in the 
m oun ta ins o f  south-w est V irgin ia a n d  G eo rg ia  in  the 
U n ited  S tates o f  A m erica. I t  w as in troduced  in  
1886, bu t only grow s slowly in  this coun try  an d  there 
a re  no  large trees. P robab ly  the tallest tree  is a t 
G raysw ood  H ill, Surrey, w hich w as fifty-three feet 
tall in  1955. In  a  sm all p lo t a t C rarae , A rgyll, the  
trees have a  m ean  height o f  ju s t u nder th ree feet a t 
twelve years o f  age.

T . chinensis (F ranchet) P ritzel

In troduced  by W ilson in  1900, this hem lock  from  
cen tral an d  w est C h ina  has m ade slow  g row th  as a  
specim en tree, an d  only occasionally  are  sm all 
exam ples found . I t  suffers from  spring  frosts.

T . diversifolia (M axim ow icz) M asters

T his n o rth e rn  Japanese hem lock  was in troduced  in  
1861 and  has rare ly  fo rm ed  m ore  th an  a  sh rub  in  
B ritain . T here is a  sm all p lo t a t C rarae  w ith a  m ean  
height o f  six feet a t eighteen years o f  age. Tw o o f  the 
largest specim en trees are  a t  St. C lere, K en t, and  
G lam is, A ngus. In  1955 the St. C lere tree  was 33 feet 
in  heigh t an d  h ad  a g irth  o f  th ree feet eigh t inches, 
while the G lam is tree was fo rty -four feet tall.

T . dumosa (D . D on) E ichler

T his hem lock was in troduced  in  1838 from  the 
H im alaya bu t it does well only in  the m ilder p a rts  o f  
the coun try . A  specim en sixty-eight feet ta ll was 
recorded  a t B oconnoc, C ornw all, in  1931. T here  is a 
sm all p lo t a t C rarae  w hich m easured  less th a n  three 
feet a t  e ighteen years o f  age.

Tsuga heterophylla (R afinesque) Sargent (P late  13)

CO M M O N  NAM E

W estern  hem lock. B o th  the tim ber an d  the tree are  
know n by this nam e in  B ritain .

C O U N T R Y  O F O R IG IN  A N D  PR O V E N A N C E

T he W estern  hem lock  com es from  w estern N o rth  
A m erica and  h as a  n a tu ra l range from  ap p ro x i­
m ately la titude  63 °N in A laska  to  40°N  in C alifornia. 
I t  occurs o n  the islands an d  seaw ard  slopes o f  the 
coastal m o u n ta in  ranges in  A laska an d  n o rth e rn  
a n d  cen tra l B ritish  C olum bia, penetra ting  in land  
along  river valleys to  the lim it o f  a b u n d an t rainfall, 
from  sea level to  an  elevation  o f  2,000 to  3,000 feet. 
I t  is found  extensively th ro u g h o u t so u thern  B ritish  
C o lum bia an d  also appears in south-w est A lberta , 
n o rth  Idaho  an d  w estern M on tana . In  W ashing ton  
an d  O regon  it occurs over the w hole o f  the w estern 
a reas up  to  elevations o f  5,000 feet, an d  extends to 
the east o f  the C ascade m ountains. In  C alifo rn ia  it 
occurs in  the fog belt west o f  the C oast R ange 
(Sudw orth , 1908; G aloux , 1951).
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The provenance o f W estern  hem lock has n o t been 
stud ied  in  detail in  B rita in  and  no  experim ents to  
com pare  different p rovenances have yet been estab ­
lished. W ood  (1955) suggests th a t th e  clim ax species 
o f  no rth -w est A m erica (including T. heterophylla) 
will p robab ly  n o t vary so m uch as the early succession 
species, an d  th a t seed from  the Q ueen C harlo tte  
Islands should  prove a su itable source fo r m ost 
p lan ting  sites, w ith A laskan m aterial fo r colder and  
m ore  exposed places. A lthough  W ood reports th a t 
he found  no  evidence o f stem  fluting based on 
regional d is tribu tion , H eintzlem an (1949), w riting 
a b o u t th e  A laskan  forests, points o u t th a t “ on  the 
w hole the quality  o f the hem lock an d  spruce tim ber 
on  the sou th  (A laskan) coast is p o o rer than  th a t o f 
W ashing ton  an d  O regon  . . . m ore o f the hem locks 
have a  ‘flu ted’ base th a t extends upw ards. . . . 
H ow ever, there  a re  m any  stands o f excellent trees 
a n d  good  individuals in  the poo rer stands” . This 
em phasises th e  need fo r careful selection o f parents 
a n d  o f  su itab le  localities in  collecting seed o f this 
species. H iley (1950) suggests th a t seed procured  
from  n ea r the m ou th  o f  the F raser R iver in B ritish 
C o lum bia  w ould  be  fairly suitable fo r B ritain  as a 
whole.

H IST O R IC A L  NOTES

T he W estern  hem lock was discovered in 1826 by 
D avid  D ouglas. I t  was n o t in troduced  to  B ritain  
un til 1851, w hen seed was sent by Jeffrey and  
d is tribu ted  to  m em bers o f  th e  O regon A ssociation. 
T en  years la ter, a  collection o f  seed was sent by 
B row n from  the  B ritish  C olum bian expedition 
(H utch ison , 1880). T he p lan ts raised from  these 
seeds w ere p lan ted  as individual trees a n d  m any 
grew  fas t an d  rem ained healthy . H utch ison  records 
m any o f  these trees, an d  singles o u t fo r special 
m en tion  a  tree  ra ised  from  th e  1851 seed in troduction  
a n d  p lan ted  by M r. P a tto n  a t T he C aim ies, P erth ­
shire, as being tw enty feet ta ll in  1861 and  forty-six 
feet in 1879. T he  tree  was n o t affected by the severe 
w in ter o f  th e  “ m em orab le year” o f 1860 although 
o th er young  stock  w as killed.

A fte r its in troduc tion , the dem and fo r w estern 
hem lock becam e great, an d  p lan ts were scarce, bu t

in  1882 B row n sta ted  th a t the  “ p lan ts a re  now  
com paratively  p lentifu l in  the co u n try ” . I t  h a d  to  
w ait ra th e r longer before it was used  as a  forest tree 
than  m ost o ther new  trees in troduced  in the n ine­
teenth  century , an d  A nderson (1950) suggests th a t 
its “ deceptive a ir o f  delicacy” m ay have kep t it from  
being used earlier in  the forest. T he first p lan ta tion  
was p robab ly  a t B lantyre W ood, Inveraray , Argyll, 
w here th irty  trees w ere p lan ted  in  1888.

EX TEN T O F P L A N T IN G

T he to ta l a rea  o f  W estern hem lock in B rita in  is 
relatively sm all an d  th e  1947-49 C ensus o f  W ood­
lands revealed 1,076 acres o f  w oodlands over five 
acres in  extent. O f th is to ta l 198 acres w ere in 
E ngland, 548 acres in  Scotland, an d  330 acres in 
W ales; approxim ately  fifteen per cent o f the area  
was privately ow ned. T able  53 below gives details o f 
the age-classes:

N o  accura te  d a ta  a re  available fo r areas p lan ted  
w ith W estern  hem lock since 1949, b u t it is estim ated  
th a t from  1950 to  1955, ab o u t 1,800 acres have been 
p lan ted  by th e  F orestry  C om m ission. T here  a re  no 
figures available fo r the area  p lan ted  by p riva te  
estates du ring  this period , b u t the acreage is p robab ly  
n o t large.

C L IM A T IC  REQ U IREM EN TS

W ood (1955) reports o n  W estern  hem lock th a t 
“ fo r this species as a  w hole it is n o t possible to  
suggest any b ro ad  clim atic lim ita tion  w hich is likely 
to  opera te  in  B rita in . P lainly its “ abundance  d is tribu ­
tio n ” shows th a t m oistu re  is a  big fac to r w ith it  bu t 
th e  clim atic m oistu re  lim it is p robab ly  n o t found  in 
ou r conditions. N o  d o u b t its sensitivity to  m oisture  
in  the  site m ight be m ore noticeab le  in  o u r drier 
e ast” . T his agrees w ith M acdonald  (1952) w ho 
states th a t it prefers th e  oceanic clim ates o f  n o rth e rn  
a n d  w estern districts o f  B rita in  an d  th a t it differs 
from  D ouglas fir in being less su ited  to  the  clim ate 
o f  th e  dry eastern  an d  south-eastern  regions.

W estern  hem lock w ithstands low  tem peratures 
b u t is susceptible to  spring  frosts. D am age is usually 
confined to  the tips o f  side shoots and  th e  leaders, 
b u t the species show s excellent pow ers o f recovery.

T S U G A  H E T E R O P H Y L L A :  H I G H  F O R E S T  A R E A S ,
T a b l e  5 3  p u r e  a n d  m i x e d  s t a n d s  c o m b i n e d , b y  a g e - c l a s s e s , 1 9 4 7  A cres

Age-class
Ownership Uneven aged Total

1-10 11-20 21-30 31-40 41-80 80+

Privately owned woodlands 18 32 60 14 22 _ 24 170
Forestry Commission ............... 464 178 19 — 2 — 243 906

Total ............................ 482 210 79 14 24 — 267 1,076
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In  its early  stages it does n o t w ithstand  exposure and  
can  suffer defoliation, b u t there a re  exam ples o f 
p lan ta tio n s in W ales an d  Scotland affected in  this 
way, w hich have recovered in recent years; thus the 
tree  m ay be m ore  resistan t to  exposure than  
originally  though t (M acdonald , 1952; Z ehetm ayr,
1954). I t appears to  w ithstand  the effects o f sa lt sea 
winds, as occasional p lan ta tio n s a re  to  be found  
a long  the w est coast o f Sco tland  w ithin a  few 
hund red  yards o f  the sea there  being a  good exam ple 
on C um lodden  E state , A rgyll. T he species is 
resistan t to  snow  dam age.

SITE REQ U IREM EN TS

W estern hem lock  appears to  grow  well on  a  wide 
variety  o f sites b u t it  thrives best on  th e  lower, 
m oist b u t w ell-drained sites, as fo r exam ple, the 
sides o f  sheltered valleys, an d  in  this respect it 
resem bles its native associate D ouglas fir. A nderson 
says th a t “ it prefers deep fresh soils b u t seems to  be 
ab le  to  grow  well on w et sites an d  even on  very dry 
ones if they a re  n o t to o  loose, as well as on som e­
w hat infertile soils p rov ided  it has the benefit o f 
shade an d  o f  m oistu re  in  th e  atm osphere” . T rials 
m ade on  deep pea t show  prom ise, an d  where 
canopy has closed, g row th has increased rapid ly  
(Z ehetm ayr). O n th e  p o o re r dry heaths, w estern 
hem lock has n o t done well w hen p lan ted  pure, bu t 
w ith  a  b room  (Sarotham nus scoparius) nurse  an d  the 
use o f  phosphate , early  g row th has been satisfactory  
(N im m o, 1953). I t  also responds to  nursing  by p ine, 
and  on  a  dry  hea th  on  th e  infertile  B agshot Sands a t 
R ingw ood, H an ts., it is now  grow ing th rough  a  Scots 
p ine nu rse  a fter th e  usual slow  sta rt. T his is on  a  site 
w here Pinus contorta  is grow ing very slowly and  
looking  unhealthy . L ike m any o th er conifers it  does 
n o t to le ra te  lim estone soils, b u t it grows well on 
slightly acid  sites w here th e  danger o f  hea rt ro t 
(Fomes annosus) m ay also  be less. A t Bedgebury, 
K en t, a  p lo t o f  Q uality  C lass I  w estern hem lock  is 
grow ing on  an  acid  silty soil w here the m ean annual 
ra in fa ll is th irty -one  inches.

ESTA BLISH M EN T T E C H N IQ U E

n u r s e r y  p r a c t i c e . T rea tm en t is sim ilar to  th a t fo r 
o ther conifers. Seed sow ing is carried  o u t in  spring  
an d  as th e  seedlings p roduce  th e ir best developm ent 
in  w ell-m anured hum ose sandy  soils, m ost o f  the 
sow ing now  takes p lace in  hea th lan d  o r  w oodland  
nurseries. A s grow th is slow, sow ing should  be 
com pleted  before the end  o f  M arch  to  ensure the 
p ro duc tion  o f usab le  one-year seedlings. A  broadcast 
sow ing density  o f sixty square  yards o f  seedbed per 
p o u n d  o f  seed, o f  sixty p e r cen t germ ination , is 
recom m ended. I t  is essential to  cover the seed w ith 
a very light i  to inch covering o f  coarse  angu lar 
sand  to  ensure m axim um  seedling p roduction .

O verhead covers o f  laths a re  used in the  so u th  of 
E ng land  to  preven t sun scorch an d  au tu m n  covers 
a re  also needed in  m ost nurseries to p reven t early 
fro st dam age.

T he usual spacing w hen lin ing-ou t is n ine  inches 
by tw o inches, a n d  the custom ary  ages fo r p lan ting  
stock  are  one-year-one-year an d  tw o-year-one-year.

d i r e c t  s o w i n g . T his m ethod  is n o t u sed  in 
p ractice. E xperim ental w ork  on  a  hea th lan d  a rea  a t 
A llerston , Y orksh ire , was unsuccessful.

p l a n t i n g . T he use o f  large p lan ts is generally 
restric ted  to  the fertile weedy sites, o r  fo r under- 
p lan ting , an d  sm aller p lan ts are  p referred  fo r 
p loughed  ground . P lan ting  u nder a  ligh t shade of, 
fo r exam ple, b irch , appears to  be beneficial b u t no t 
essential. M anuring  is used only o n  the p o o rer 
heaths an d  w et peats w here th e  species show s a 
slight response to  phospha te  (Zehetm ayr).

s p a c i n g . T he usual spacing fo r w estern hem lock is 
five feet a lthough  o n  p o o r quality  sites th e  spacing is 
o ften  reduced  to  fou r-and -one-ha lf feet. O n very 
fertile  sites the spacing can  be increased  to  six feet 
b u t shou ld  n o t be extended beyond th is limit.

t e n d i n g  a n d  t h i n n i n g  

w e e d i n g . N o rm al p recau tions against weeds need 
to be taken .

t h i n n i n g . H em lock  is a  fast g row ing tree  in 
B rita in  a n d  o n  Q uality  C lass I I  sites reaches thirty- 
e igh t feet in  tw enty years. M ost o f  th e  th inn ing  done 
has been low  th inn ing  carried  o u t to  a  m oderately  
heavy g rade an d  th is has p roved  satisfactory . In  view 
o f  the shade-bearing  abilities o f  the tree, it is su rp ris­
ing, how ever, th a t m ore crow n th inn ing  has n o t been 
practised . T hinn ing  has usually  begun w hen th e  c rop  
is ab o u t th irty  to  thirty-five feet ta ll an d  has 
con tinued  a t  in tervals o f  th ree to  five years.

p r u n i n g . B rashing practice  is no rm al, bu t the 
opera tio n  is m ade difficult by the num erous fine 
springy branches w hich are  n o t easy to  saw . P runing  
fo r the im provem ent o f  tim ber quality  has n o t so  far 
been undertaken , b u t a  recen t re p o r t from  the 
F o res t P roducts R esearch  L ab o ra to ry  (1955) in­
dicates th a t it m ay  well be w orthw hile.

O TH ER  S IL V IC U L T U R A L  C H A R A C TE R IST IC S

O ne o f  the m ost im p o rtan t features o f  western 
hem lock  is its to lerance  o f  heavy shade. T his m akes 
it very su itab le  fo r underp lan ting  an d  fo r the group  
regenera tion  o f  w oods w here th e  gaps a re  sm all. It 
has been used  successfully fo r filling up  areas o f  
cankered  E u ropean  larch  w hich have been drastically  
opened  o u t; the hem lock has grow n well u nder the 
p a rtia l shade o f  the rem ain ing  larch . I t  is also a 
valuable en richm en t species fo r use in  bringing 
scrub  an d  coppice areas back  in to  p roductive  forest. 
Its p lian t, pendulous leading shoo t is n o t easily
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w hipped o r  dam aged, and  the young trees possess 
strong  pow ers o f  recovery after being suppressed. 
W estern  hem lock has grow n well in  m ixture w ith 
bo th  conifers an d  hardw oods, and  m ay prove m ost 
useful fo r an  in term ediate yield w hen grow n w ith the 
la tter. S tem  fluting is fairly com m on in m any 
p lan ta tions and  trees som etim es fork  a t an  early age 
and  m ain ta in  double leaders until m ature. W hen 
plan ted  o n  infertile  sites, w estern hem lock often 
grow s slowly fo r a  num ber o f  years and  in doing so 
develops a  characteristic  bushy h ab it; once the 
canopy closes the height grow th is then  rapid.

RATE OF G ROW TH  AND YIELD

Y ield tables have n o t yet been published in 
B rita in  bu t a  p rovisional yield table has been 
prepared  (Evans 1957), based on  m easurem ents 
w hich have been m ade in thirty-tw o sam ple p lo ts; 
only tw o o f  these a re  over fifty years o f  age and  m ost 
a re  u nder th irty . F o u r Q uality  Classes have been 
d is tinguished an d  these show  top  heights, a t fifty 
years o f  age, o f  one h u nd red  feet, ninety feet, eighty 
feet an d  seventy feet respectively fo r Q uality Classes 
I to  IV . Practically  all the plots are a t elevations o f  
less th an  1,000 feet. Ju s t over h a lf  the plots are in 
a reas w here the annua l rainfall is less than  forty  
inches, b u t only one p lo t in this rainfall range is o f  
Q uality  C lass I. T o ta l volum e p roduc tion  is heavy, 
an d  a t  fifty years o f  age on  Q uality  Class I sites it is 
12,450 hoppus feet o verbark ; on  sites II, III and  IV 
it is respectively 10,730, 8,690 and  6,800 hoppus feet. 
Evans concludes th a t hem lock in  B ritain  “ will 
p roduce  yields only slightly less than  the know n 
big volum e p ro d u cers— D ouglas fir and  Sitka 
spruce. . . . ”

Som e very ta ll ind iv idual trees have been recorded, 
th e  tallest being a t B enm ore, Argyll, w hich was 154 
feet in  heigh t in  1956 a t  the age o f  ninety years; its 
g ir th  a t breast heigh t was ten  feet six inches. A n 
ad jacen t tree, ten years younger, was 133 feet tall 
w ith  a g irth  o f  n ine feet four inches.

DISEASES AND PESTS

In  the nursery , W estern  hem lock is liable to a ttack  
by B otrytis cinerea (G rey m ould), bu t w ith p ro p er 
m anagem ent o f  the seedbeds no severe dam age is 
caused. I t  is suspected o f  being m ore than  usually 
susceptible to  the b u tt ro t fungus Fomes annosus, 
bu t it is possible th a t this belief has arisen from  its 
being p lan ted  frequently  in the past on  o ld  w oodland 
sites. Annillaria  mellea, the honey fungus, can  also 
cause som e dam age.

T here are  no  serious insect pests on  western 
hem lock.

OTHER FORMS OF DAMAGE

w i n d b l o w .  T he scanty evidence suggests tha t 
hem lock m ay be fairly  windfirm.

a t m o s p h e r i c  p o l l u t i o n .  L ittle  is know n ab o u t 
W estern hem lock 's to lerance to  po llu tion  bu t it is 
no t though t to  be high.

s e e d  a n d  s e e d - b e a r i n g

Flow ering usually begins ab o u t the tw entieth  
year, and  the first crop  which is econom ic to  collect 
is p roduced  between thirty  and  thirty-five years 
o f  age. G o o d  seed crops occur a t intervals o f  
ab o u t three years and  m axim um  cone p roduction  
is reached betw een forty and  sixty years. F low ering 
takes place in A pril and  the cones should  be 
collected in Septem ber o r early O ctober (M atthew s,
1955). As the cones are near the tips o f  the branches, 
collection is difficult bu t recently a m ethod 
has been evolved using a triangu lar net, the apex 
o f  w hich is hung  from  near the top  o f  the tree 
an d  stretched  over the outside o f  the crow n; the 
collector then clam bers over the net collecting the 
cones from  the branch  tips. T his m ethod  is p rac tic­
able only on trees w ith deep crow ns (Forestry  C om ­
m ission 1956).

T he average num ber o f  seeds per pound  is
250,000 bu t ranges from  100,000 to  700,000. Seed 
stores well a t 34°F and  a t a m oisture con ten t o f  eight 
per cent. The average germ ination  is fifty per cent.

GENETICS AND BREEDING

Five stands o f  plus o r a lm ost plus trees, and  seven 
stands o f  ‘n o rm al’ trees, to talling  eleven acres, had  
been registered by th e  end  o f  1956. In  add ition , 
twenty-five plus trees had  been selected an d  recorded  
bu t no  seed orchards have yet been established.

NATURAL REGENERATION

N atu ra l seeding o f w estern hem lock has occurred  
abundan tly  in m any p a rts  o f the country . T he 
seedlings have appeared  in the open an d  also under 
dense shade, b o th  o f  o th er species and  o f hem lock 
itself. T he young p lan ts are  able to  persist, an d  it 
m ay be practicab le  to  ob ta in  the regeneration  o f 
w oods in this way.

TIMBER

W estern hem lock did no t have a good repu ta tion  
in its native country  un til it began to be used m ore 
widely during the period  o f  the 1939-45 w ar and  
since then  its value has been appreciated . Hiley has 
suggested th a t this p o o r op in ion , form erly held o f 
the tim ber in A m erica, m ilitated  against the p lan ting  
o f  the tree in B ritain.

T here is little evidence regarding the properties o f 
large size saw tim ber in this country , bu t tests have 
been carried  o u t on  tw o consignm ents o f thinnings. 
These tests show ed th a t the tim ber k iln  seasons well 
bu t w ith som e d is to rtion  an d  loosening o f knots. 
Seasoned m aterial weighs ab o u t 30 lb. per cubic
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foo t. I t w orks easily w ith m achine and  h an d  tools 
an d  takes nails well. Tested  m ateria l was slightly less 
strong  than  C anadian-grow n tim ber, b u t th e  hom e­
grow n m aterial was only fifty-four o r fifty-five years 
old.

N o  inform ation  is available on resistance to  decay, 
o r  resistance to  im pregnation  by w ood preservatives. 
H em lock  has so fa r been used m ainly fo r p itw ooa  
and  estate  purposes. It m ay be regarded as a general 
pu rpose softw ood.

POTENTIALITIES OF THE SPECIES IN  THE NATIONAL 
ECONOMY

W estern  hem lock is sim ilar in m any o f its 
characters to  som e o f the o th er N o rth  A m erican 
in troductions and  it has h ad  to  com pete fo r favour 
w ith these fo r available g round . T his factor, a long 
w ith d o u b t in the past as to  the value o f the  tim ber, 
p robab ly  accounts fo r the sm all a rea  o f hem lock in 
B ritain. T he species has som e valuable silvicultural 
features, how ever, principally  the ability  to  stand  
dense shade and  its pow ers o f regenerating  naturally . 
I t  seems likely th a t w estern hem lock is likely to 
m ain tain  its p resen t position  in afforestation  in 
B rita in  and  even to  expand  it; while its use in the 
regenera tion  o f existing w oods is likely to  increase, 
especially if the presen t trend  tow ards using m ore 
m ixtures o f  species persists.

X Tsuga jeffreyi (H enry) H enry  

T his tree is said  to  have been first raised a t  E d inburgh  
in  1851 from  seed collected in B ritish  C olum bia by 
Jeffrey. I t  was know n only as a cultivated  tree until 
recently, w hen seedlings found  in V ancouver were 
identified as X T. je ffrey i (D allim ore an d  Jackson  
1948). It is considered to  be a  hybrid  betw een 
T. m ertensiana  and  T. heterophylla. T he few trees 
w hich are  found  in this coun try  are  all sm all, b u t 
som e are  th o u g h t to  be  o f  considerable age. The 
young specim en a t B edgebury, K en t, was tw enty- 
th ree feet in  height w hen m easured  in  1954.

Tsuga m ertensiana (B ongard) C arriere

M oun ta in  hem lock from  north -w est A m erica was 
in troduced  by W . M urray  in  1854. A  h igh elevation 
species in its native land , it has grow n slowly in  this 
coun try , an d  is found  occasionally  in park s and  
gardens. A  specim en a t M urth ly , P erthsh ire , was 
eighty-eight feet in heigh t an d  h a d  a  g irth  o f  six feet 
eleven inches in 1955; it is p robab ly  th e  tallest in 
B ritain . A  second large specim en is a t  M ethven 
C astle, P e rth sh ire ; this was seventy-one feet ta ll an d  
h ad  a g irth  o f  n ine feet th ree inches in  1955. W ith  a 
su itab le  provenance it is possible th a t th is tree  m ight 
find a lim ited  use a t high elevations.

Tsuga sieboldii C arriere

This tree from  sou thern  Jap an  was in troduced  to 
E urope in 1850 and  is found  occasionally  in  B ritain  
as a  sm all tree. T here  is a  p lo t a t C rarae , Argyll, 
eighteen years o f  age an d  nine feet tall, and  one o f  the 
largest specim ens, w hich is a t  M urth ly  C astle, 
m easured fo rty -four feet in  1954.

T . yunnanensis (F ranchet) M asters 
T his is a  tree from  west C hina, uncom m on in 
B rita in , w hich is closely re la ted  to  T. chinensis. I t  
suffers severely from  spring frosts. A  specim en a t 
W estonb irt, G loucestershire, was twelve feet in 
height an d  h ad  a g irth  o f  seven inches in  1956.

R .F . an d  G .G .S .
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W iddringtonia E ndlicher

T he w iddring ton ias a re  to o  tender generally  fo r use 
in th e  U n ited  K ingdom , a lthough  individuals can  be 
grow n o u t o f  doors in the  w arm er p a rts  o f  the 
coun try . Specim en trees o f  W. w hytei a re  found  in 
C ornw all a n d  o th er m ild  d istricts, b u t they  a re  n o t 
com m on a n d  do  n o t reach  any  size.

J .M .



P A R T  I I I

Exotic Broadleaved Trees 
in Great Britain

I t has no t been possible to  trea t the broadleaved trees in the sam e way as the conifers 
and  m ention m ost o f the genera, species o f w hich have grow n in the open a ir in this 
country , fo r two reasons. T he first, and  weightiest, is the enorm ous num ber o f genera 
which, to  a greater o r  less extent, have found their way in to  cultivation  an d  the trea t­
m en t o f  w hich, individually, w ould expand this repo rt to  an  ino rd inate  length. The 
second is the fact, already com m ented on, th a t no exotic broadleaved  tree is o f m uch 
im portance  in B ritish silviculture and, as far as can be seen, none is likely to achieve 
any degree o f  prom inence in the near future. W e have, therefore, picked ou t for 
trea tm en t in the follow ing pages, those genera on w hich there is som e inform ation , 
derived chiefly from  their use in experim ental w ork, and  have tried  to  assess their value 
as we see it a t the present time. T he result is na turally  uneven, b u t unless w idespread 
surveys cou ld  be carried  ou t to  collect all the  in fo rm ation  available from  our forests 
and  w oodlands, no account o f the broadleaved exotics could be o ther than  incom ­
plete, and  even if  it were com plete, it w ould still be uneven.

A cer L innaeus

T he  m aples are  widely d istribu ted  th roughout 
deciduous forests in the no rth ern  hem isphere, over 
one h u nd red  species being know n. Acer is repre­
sented  in  B rita in  by Acer campestre, the field 
m aple, a sm all tree com m on in hedgerow s and  
coppices in the sou th , and  by the long naturalised  
A cer pseudoplatamis, the sycam ore, which is an 
im p o rtan t forest tree. A  fellow E uropean , Acer 
platanoides, the N orw ay m aple, an  in troduction  of 
less an tiqu ity , has been plan ted  on a  m inor scale and  
will receive separa te  m ention. T he only o ther m aple 
w hich has received a tten tion  as a  forest tree is the 
north -w estern  A m erican species A . macrophyllum , 
and  a  b rief no te  on this is given below.

T he m aples are  chiefly o f arboricu ltu ra l interest, 
m any o f  them  being o f great value for their au tum n 
colour. In  B rita in  it is chiefly the Japanese species 
(no tab ly  the m any form s o f  A. palm atum ) which are 
p lan ted  fo r decorative effect.

T he eastern  N o rth  A m erican species, which 
include a num ber o f  im p o rtan t forest trees, a re  on 
the w hole d isappoin ting  in B ritain . T he sugar maple, 
A . saccharum, was in troduced  as early as 1735, bu t is 
rarely  seen. A  tree  a t K ew  was 78 ft. tall w ith a 
b reast heigh t g irth  o f 9 ft. 9 ins. in 1955. T here are  
few larger.

A cer saccharinum  is ra th e r m ore successful, 
though  few specim ens over seventy feet in height 
have been recorded. A . rubrum  is ra re  in cultivation  
and  reaches no great size. A. pennsyhanicw n  grows 
very vigorously as a young tree b u t none o f  the 
eastern  N o rth  A m erican species has any apparen t 
fu ture as a forest tree in B ritain .

N um erous A sian  m aples a re  in cultivation . T he 
finest collection o f m aples in B rita in  is a t W eston­
birt, G loucestershire.

A cer macrophyllum Pursh

O ne o f  the few large broadleaved  trees o f  the n o rth ­
w est A m erican coast, A . macrophyllum  was in tro ­
duced by D ouglas in 1825. I t  has been little p lanted , 
though  it seems to  have been greatly  adm ired  in the 
early years after its in troduction  (L oudon  1842). 
H ow ever, it has m ade no m ark , p resum ably  because 
it com pares unfavourab ly  in perform ance w ith th e  
com m on sycam ore, n o r has it any particu la r beauty  
o f form  o r co lour to  com m end it. I t has plainly no 
chance o f displacing native broadleaved trees.

A few tria l plots have been plan ted . A t B edgebury, 
K ent, the tree was slow to  establish ; p lan ted  in 1929 
it only averaged 15 ft. in height by 1951, and  the 
p lo t is irregular and  even now  has scarcely closed 
canopy. M uch o f  the irregularity  here is due to  trees
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dying back to  the g round  (from  no recognised 
cause); they subsequently  send up  vigorous coppice 
shoots. A t Bedgebury the tree fruits and  sets fertile 
seed.

A t Benmore, Argyll, A cer macrophyllum  does 
ra th er better, and  in one large group  has a top 
height o f  35 ft. a t 22 years o f age, the tallest tree being 
37 ft. high.

Few  large specim ens are  know n. A t Kew, there is a 
tree 83 feet tall w ith g irth  a t breast height o f 7 ft. 6 
in. A t W estonbirt, a tree 78 feet tall has a g irth  o f 9 
ft. 9 in.

A cer platanoides L innaeus

T he N orw ay m aple was in troduced  in 1683. Its 
range covers m uch o f E urope, Jones (1944) giving 
its no rthern  boundary  a s :— C entra l F rance, Southern  
N orw ay and  Sweden, L ake L adoga, and  the U rals ; 
and  its sou thern  as— N o rth e rn  Spain, N orthern  
Italy , the B alkans, A sia M ino r an d  N orthern  Persia.

It has been m uch less p lan ted  th an  A cer  
pseudoplatanus, bu t accord ing  to  Jones it “ w ould 
only need m ore extensive p lan ting  to  becom e as fully 
natu ra lised” .

Acer platanoides, according to  th a t au th o r, has 
very sim ilar requirem ents to  those o f  sycam ore, 
nam ely, m oist free roo tin g  soils o f  high base status 
w ith free nitrification. B ut there is som e evidence 
th a t it is ra th e r less dem anding  than  sycam ore, as it 
can  grow  fairly well on  sites w hich are  by no  m eans 
ideal. A t B edgebury, on an  acid infertile silt, a  trial 
p lo t reached a  height o f 23 i  feet in tw enty-tw o years, 
w hile an  ad jacent p lo t o f sycam ore o f  sim ilar age had 
failed to  close canopy and  rem ained in a  s ta te  o f 
check, averaging only 6 i  ft. in height.

O n better sites, there is less difference in early 
perform ance between the tw o species, bu t Acer

platanoides usually  m akes the faster grow th in  the 
first th irty  years o r  so. A t C oopers H ill near W indsor, 
the trial p lo ts established by Schlich in  1891-2, a  
m ixed hardw ood  p lo t con ta ined  sycam ore and  N o r­
way m aple, in add ition  to  o ther species, on  a  deep 
sandy loam  o f  fair fertility overlying L ondon  Clay. 
A t 18 years o f  age, N orw ay m aple h ad  a tta ined  
38 ft. in height as com pared  w ith 28 ft. fo r sycam ore 
(F isher 1909).

T here a re  few p lo t m easurem ents fo r N orw ay 
m aple. Jam es (1951) gives figures fo r a p lo t a t 
C irencester and  four tem porary  sam ple p lo ts have 
been m easured by the F orestry  C om m ission. 
T able  54 sum m arises the available da ta .

T he C irencester p lo t is in teresting  as it was 
originally  p lan ted  w ith m ore beech th an  N orw ay 
m aple. In  in tim ate m ixture, N orw ay m aple is likely 
to  suppress beech, unless considerable care  is taken  
in  th inning. N orw ay m aple is a  distinctly  fast grow ­
ing hardw ood  a t least fo r fo rty  years. It is extrem ely 
unlikely th a t it w ill p rove as p roductive as beech 
a fte r fifty years o f  age.

N orw ay m aple does n o t seem  to  reach  such large 
d im ensions as sycam ore, n o r is it p robab ly  so long 
lived. T rees over 80 ft. in height are  rare . M itchell 
records a  specim en 81 ft. in  height w ith a breast 
height g irth  o f  9 ft. 2 in. (1952 m easurem ent) a t 
P am pisford  H all, C am bridge.

It fruits a t an early  age; W ylie (1936), m entions a  
p lan ta tion  a t T in tern , M onm ou th , w hich p roduced  
m uch fertile seed a t the age o f  25. N a tu ra l seeding 
frequently  occurs an d  there a re  a few m anaged  
stands w hich have been established by th is m eans. 
T here is a  good exam ple a t W estbury , W iltshire.

T he seed runs ab o u t 5,000 to  the pound , and  
norm ally  has a  germ ination  capacity  o f  70 p e r cent. 
I t  is best kep t stratified  in m oist sand  a fter collection

T a b l e  54  a c e r  p l a t a n o i d e s : g r o w t h  a n d  p r o d u c t i o n

Site Age

yrs.

Mean Height 

f t .

Mean
Girth

in.

Vol. per 
acre 

Hoppus f t .  
over bark

Total 
Production 

per acre 
Hoppus ft .  
over bark

No. o f  
stems per 

acre

Gravetye Forest, Sussex ................ 42 62\ 27 2,247 2,920 260

Manby Woods, Lincoln ................ 38 58 30 1,081 — 176

Dunkirk Wood, K e n t ............................ 40 46 28 954 142

Cirencester, Gloucestershire ................ 46 Beech 53 18 350 — 211

Norway Maple 59 23 1,269 — 354

Betteshanger, Kent 40 Norway Maple 49 25£ 1,431 — 270

Beech 39 16£ 24i — 102
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until it is sow n in the follow ing spring. T he ra te  o f 
sow ing is approxim ately  one pound  to  10 square 
yards, N orw ay m aple presents no nursery difficulties. 
T he tim ber resem bles sycam ore in  m ost respects and  
has been used fo r the sam e purposes; m ost o f the 
sm all quan tities p roduced  have been used for 
turnery .

N orw ay m aple is a  useful m inor hardw ood  w hich 
is being p lan ted  to  an  increasing extent in the south , 
bu t now here on  any scale. I t has a  good au tum n 
co lou r an d  is valued fo r this w here am enity con­
siderations a re  im portan t. I t  is n o t likely to  be o f any 
g reat econom ic im portance, b u t m ay be a desirable 
enough  constituen t o f  b roadleaved w oodland, 
particu larly  w here there  are  good m arkets for 
turnery .

R .F .W .
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Aesculus L innaeus

Several species o f  Aesculus a re  in cultivation  in 
B rita in ; A . hippocastanum  is how ever by far the m ost 
com m only  p lan ted  o f th e  genus, and  the only one 
w hich has received any  consideration  as a forest tree.

T he A m erican  A . octandra is occasionally seen in 
th e  so u th  o f  E ngland , and  though  it makes a 
handsom e specim en, rarely  exceeds sixty feet in 
height. O ther species in  cultivation  are  A . indica and 
A . turbinata. T he  red flowered hybrid X A. carnea is 
com m only  p lan ted  as an  o rnam ental tree.

Aesculus hippocastanum  L innaeus
T he  horse chestnu t (from  N orthern  G reece) has been
in cu ltiva tion  in  B rita in  since the seventeenth

century  and  is p lan ted  th ro u g h o u t the coun try  as a 
p a rk  o r shade tree. I t  reaches its best developm ent in 
th e  w arm er parts  o f the country , and  does n o t bear 
fru it w ith any regularity  in the no rth .

I t  has n o t been considered a su itable tree for 
forestry m ainly because o f its soft w eak tim ber, bu t 
its rap id  d iam eter increm ent on  suitable sites has 
suggested th a t it m ight have possibilities fo r pulp  or 
o th er purposes fo r w hich inheren t streng th  is no t 
essential.

Few  p lan ta tions o f th e  tree exist, though  one or 
two trial p lo ts have been established in  recent years. 
A  few sm all p lan ta tions o r large groups have 
how ever been m easured  an d  offer som e idea o f the 
poten tia lities o f the tree. T able  55 sum m arises the 
available data .

I t  seems th a t the  yield o f horse chestnu t m ight be 
expected to  be o f the sam e o rder as th a t o f  beech; 
ab o u t 50 to  60 hoppus feet per acre per annum . The 
p lo t a t Speen is o f in terest, as it is a  well stocked 
coppice, w ith som e 930 stools an d  ab o u t 4,500 stool 
shoots per acre exceeding fou r in. in  g irth  a t  breast 
height.

H orse  chestnu t appears to  be a  ra th e r dem anding 
species w ith  a preference fo r base-rich soils and  it 
does very well on  the deeper soils overlying the chalk. 
I t  is n o t norm ally  a  long-lived tree, and  is often  in 
decline a fter a  hund red  years.

I t  rarely  exceeds 100 ft. in height, b u t often  grows 
to  very considerable girth. Specim en trees 80 ft. in 
height w ith breast-height g irths o f  15 ft. o r  m ore are 
on  record  fo r m ost p a rts  o f the country .

Seed is p roduced  freely every tw o o r th ree seasons. 
I t runs ab o u t 40 to  the pound , an d  should  e ither be 
sow n im m ediately after collection o r k ep t stratified 
in  m oist sand  o r peat over the w inter.

N ursery  trea tm en t presents no difficulties, and  
one-year-one-year transp lan ts are  usually  o f  suitable 
size fo r planting .

H orse  chestnu t seems unlikely to  p lay any 
considerable p a r t in  B ritish  forestry, though  it is 
conceivable th a t it  m ight be grow n on  a  coppice 
ro ta tio n  fo r pulping.

R .F .W .

T a b l e  55 a e s c u l u s  h i p p o c a s t a n u m : g r o w t h  a n d  p r o d u c t i o n

Site Age
Yrs.

Mean Height
ft-

Mean breast 
height girth 
in. over bark

Volume 
Hoppus ft .  
over bark

G atton Park, Redhill, Surrey ............... 120 (approx.) 84 90 9,585

Lee Estate, Buckinghamshire ............... 40 56 20 2,684

Hambleden, Oxford ............................ 27 47 A 42 1,111

Speen, Berkshire ............... 20 (approx.) 36 111 722
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Ailanthus D esfontaines

Ailanthus altissima (M iller) Swingle 

T he “ T ree o f  H eaven” from  C hina, w hich was 
in troduced  in 1751 by P eter C ollinson, has been fairly 
com m only  p lan ted  in tow ns, particu larly  in the 
south . E fforts have been m ade to  establish  tria l 
p lo ts o f it, b u t w ithou t success. I t  has failed twice in 
the F o res t P lo ts a t B edgebury, K ent, th e  young 
p lan ts dying back  to  the g round  each w inter. 
A ilanthus altissim a  is a lm ost certain ly  a  clim atic 
misfit due to  lack  o f  adequate  sum m er w arm th , and  
can  only th rive w hen conditions a re  m ade specially 
favourab le  fo r it. I t  has n o  prospects in  B ritish 
forestry. A  num ber o f  specim ens over 70 ft. ta ll are 
on  record , all in the sou thern  counties.

R .F .W .

Alnus B. E h rh a rt 

T he alders are  widely d is tribu ted  in  the no rthern  
hem isphere, som e th irty  species being recognised 
Only one species is indigenous to  B rita in , A inas  
glutinosa, a  tree w hich frequents river banks, basic 
fen peats, an d  o th er m oist sites o f high fertility. I t  is 
too  dem anding a species to  be o th er th an  o f local 
im portance.

T he chief in terest in alders has been as nurse trees 
o r soil im provers ra th e r th an  as tim ber p roducers in 
their ow n right, th e  nitrogen-fixing capability  o f 
m any A lnus  species having encouraged  foresters to 
consider them  especially fo r these roles. T hree 
exotic alders have been tried  u nder forest conditions, 
nam ely A . cordata, A . incana an d  A . rubra. A  num ber 
o f  o thers a re  in cultivation , b u t few if any com pare 
in  sta tu re  w ith th e  native A . glutinosa  o r  the  three 
exotics m entioned  above. T he  A sian  A . hirsuta  and  
the related  species A . m atsum urae  from  Jap an  m ay 
have possibilities. A  specim en o f the  la tte r, p lan ted  
in O ctober 1952 reached a heigh t o f  20 ft. by 
Septem ber 1956 a t  A lice H o lt. A lnus rugosa has been 
tried  on chalk  a t B uriton , H am pshire , b u t it is a  p o o r 
thing. A . viridis an d  A . sinuata  have been tried  on  
pea t w ithou t success (Z ehetm ayr, 1954).

H ybrid ization  betw een A . rubra and  A . cordata 
has been recorded  in B rita in , an d  there a re  som e 
particu larly  vigorous young  trees o f  th is paren tage 
u nder observation  a t  A lice H olt.

A. cordata D esfontaines
T his species is said  to  have been in troduced  in 1820. 
I t  is a  native o f sou thern  Ita ly  an d  C orsica, and  
appears to  be less confined to  riparian  sites th an  m ost 
species o f  Alnus.

I t  has received m uch  less a tten tio n  th an  A . incana 
and  A . rubra, in sp ite o f  the good  grow th o f 
arb o re tu m  specim ens on various soils (Elwes and

H enry  1909). I t  has been used in F rance  fo r som e 
tim e as a p ioneer species in  reafforestation , an d  its 
m ost valuable characteristic , a  to lerance o f com para­
tively dry  soils, is no ticed  by R o l (1951).

T here  a re  a  few tria l p lan ta tions. A t Q ueen 
E lizabeth  F o res t n ea r B uriton , H am pshire , a  p lo t o f  
A . cordata  was established in  1935, being one o f  a 
num ber o f species tried  a t  th a t tim e as nurses o r 
p ioneer crops fo r th e  la te r estab lishm ent o f  beech. 
T he site is an  exposed dow n, a ltitude  650 ft., w ith 
ab o u t 18 in. o f  loam y soil overlying the U pper C halk. 
T he annua l ra infall is ab o u t 35 in. G row th  o f  the 
a lder has been very rap id , by 1956 (i.e. in 22 yrs.) the 
crop  averaged 45 ft. in  height, w ith a  m ean  breast 
height g irth  o f 17 in., and  a  to ta l yield o f  1,921 
H oppus ft. p er acre. I t  is very noticeable th a t a 
num ber o f  n itroph ilous p lan ts have com e in to  the 
p lan ta tion .

A lnus cordata  has also been tried  on  a heavy 
calcareous boulder clay in R ock ingham  F o rest, 
N ortham p tonsh ire . H ere  it has reached 24 ft. in 
height a t 21 yrs. o f  age, an d  is vigorous an d  healthy , 
b u t m any o f the stem s are  ben t an d  leaning. A t 
R ockingham , b o th  A . incana and  A . rubra have so 
far grow n ra th e r faster th an  A . cordata.

A  sm all p lo t o f A . cordata a t B enm ore in  Argyll 
has grow n extrem ely fast, th e  tallest trees averaging 
53 ft. in heigh t a t 31 yrs. o f  age. H ere it is m arkedly  
faster than  A . incana and  A . rubra w hich a re  31 and  
29 ft. ta ll respectively a t 25 yrs. A t B edgebury in 
K ent, A . cordata gave ra th e r d isappo in ting  results 
on an  acid  silty soil. I t  has been p lan ted  experi­
m entally  on  peat b u t w ith little  success (Z ehetm ayr, 
1954). I t does n o t ap p ea r to be a  species fo r the 
m ore  acid  sites.

A . cordata  fru its a t an  early  age an d  produces 
fertile  seed. H om e collections have averaged
220,000 seed to  the pound , w ith a germ ination  
capacity  o f  25 per cent. T he seed stores poorly , and  
should  be sow n in the  first season a fter collection. 
N orm al nursery  m ethods are  suitable, an d  one-year- 
one-year tran sp lan ts are  fit fo r planting .

M ore  experience o f  Alnus cordata  will be required  
before estim ating its p lace in B rita in . A t least it has 
show n th a t it can  grow  rapidly  on calcareous soils, 
an d  som e ro le  m ight be found  fo r it on  chalk.

Alnus incana (L innaeus) M oench

T he E u ropean  G rey a lder was in troduced  to  
B rita in  in 1780. I t  has been m ore  widely p lan ted  than  
the previous species, b u t has no regu lar place in 
B ritish  silviculture today.

O ne o f  its first uses was as a  nurse fo r oak  and  
o th e r broad leaved  species; C a rr (1866) m akes an 
early  reference to  the p lan ting  o f  A. incana for this 
purpose. Elwes (1909) used G rey alder on  frosty  sites 
as a nurse fo r Thuja, an d  p lan ted  the tw o species
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T a b l e  56  a l n u s  i n c a n a : g r o w t h  a n d  p r o d u c t i o n

Mean Girth Volume Total Yield
Site Age Mean Height Breast Height Per Acre Per Acre

Yrs. ft . m. Hoppus f t .  O.B. Hoppus f t .  O.B.

Drumm ond Hill, Perth .... 24 57 29 1,139 3,183
Thetford, Suffolk 23 421 20 1,138 1,481

sim ultaneously, th e  faster early grow th of the alder 
p rov id ing  cover fo r the conifer.

A lnus incana was p lan ted  experim entally  as a 
nurse fo r oak  on  a  num ber o f sites in the late 1920’s. 
U nfo rtunate ly , how ever, it was usually p lan ted  
m uch too  close to  the o ak  groups w hich it was 
designed to  benefit, an d  h ad  to  be rem oved too  soon 
to  be o f  m uch  service. T he prolific crop o f suckers 
which it threw  u p  was also found  to  be a  nuisance.

G rey  a lder has also been considered as a nurse for 
beech on open dow nland  sites. Experim ental 
p lan ta tions a t B uriton , H am pshire, on  a  dow nland 
site w ith  a  fair dep th  o f clay-with-flints overlying the 
chalk , achieved a  fa ir m easure o f success. G rey alder 
p lan ted  in  1930 reached ab o u t 15 ft. in 7 growing 
seasons, an d  30 ft. in  20 yrs. C ertain  experim ental 
p lo ts o f  G rey a lder a t B uriton  have been in terplanted  
w ith beech w ith  considerable success. A . incana was 
subsequently  p lan ted  on  som e scale a t B uriton  on 
m uch  shallow er soils w ith a view to  the provision of 
advance shelter, b u t un fo rtunate ly  it failed on these 
less favourab le  sites.

T here  are  a  few cases w here there is a suggestion 
th a t a  nu rsed  species has benefited from  extra 
n itrogen  in the presence o f  G rey alder. A t F riston  
F orest, Sussex, an  ash  p lan ta tion  exhibited the 
typical checked cond ition  due to  the dense chalk 
dow nland  sw ard. Invasion  o f  G rey alder suckers 
from  an  ad jacen t p lo t was accom panied by the 
onset o f  qu ite  vigorous grow th by the ash.

G rey a lder has been tried  on  peat soils, on heaths 
ind  m o un ta in  grasslands, b u t on the w hole has 
Droved a failu re  on  these sites, w here we should  like 
to have som e broadleaved species to  diversify ou r 
coniferous p lan ta tions. O n the best M olinia  peats 
an d  on  Juncus flushes, G rey a lder has occasionally 
done qu ite  well, a n d  it has m ade the best show ing o f 
the various alders tried  (Zehetm ayr). I t  has no t 
succeeded on  heaths.

T here  a re  few crop  m easurem ents available for 
G rey alder. T able  56 sum m arises the da ta  from  two 
sam ple plots.

T he D ru m m o n d  H ill p lo t is on a  deep, fresh, 
loam y soil, a  particu larly  favourable site. The 
T he tfo rd  p lo t is on sand  overlying chalk , a  m uch 
poo rer an d  d rier soil. T he  grow th is good in the 
circum stances; the m uch low er yield is due to  the 
open stocking o f  the p lo t a t establishm ent.

A  sm all p lan ta tio n  a t N ith  Bridge, D um fries­
shire, con tains som e o f  the tallest recorded specim ens 
o f  A . incana. P lan ted  in  1916, a  num ber o f these trees 
exceeded 74 ft. in height when m easured in 1954, and  
the tallest was 81 ft., w ith a breast height g irth  o f  
3 ft. 1 in.

A lnus incana seeds freely in B ritain . H om e col­
lected seed has averaged 650,000 to  the pound  w ith a 
germ ination  capacity  o f 30 per cent. I t  presents no  
special nursery  problem s.

T he G rey alder will p robab ly  n o t be used in B rita in  
to  any great extent, since the sites on  w hich it will 
thrive are  n o t those fo r w hich we m ost requ ire  a 
nurse o r p ioneer for m ore valuable species. O n the 
drier sites, A . cordata is probably  the better alder.

Alnus rubra B ongard

T he O regon alder was in troduced  in to  B ritain  in the 
la tte r p a rt o f the n ineteenth  century. I t  has an  
extensive latitud inal range on the north-w est 
A m erican  coast. In B ritain , A . rubra has proved  a  
m ost d isappoin ting  species. I t has been tried  on a 
wide variety  o f sites, and  has frequently  grow n 
extrem ely well fo r som e ten to  fifteen years. In  the 
great m ajority  o f  cases, it then declines rapid ly  and  
dies back. T he cause is unknow n, an d  hard ly  seems 
explicable in term s o f site. N o  provenance experi­
m ents have been undertaken , bu t dieback has been 
observed in A . rubra from  seed sources as far ap a rt 
as the Q ueen C harlo tte  Islands and  the low er 
F raser valley, bo th  in B ritish C olum bia.

A sm all p lan ta tion  a t B uriton , H am pshire, 
situa ted  on  clay-w ith-flints on an  exposed chalk  
dow n, has so far escaped trouble. A t 26 years o f age, 
the trees averaged 47 ft. in height w ith a breast 
height g irth  o f 28 in., the  perform ance o f  O regon 
a lder on  this site being m arkedly  superio r to  tha t o f 
grey alder. O regon a lder has also done qu ite  well on 
the calcareous bou lder clay a t R ockingham , N o rth ­
am ptonsh ire , the tallest trees averaging 31 ft. in 21 
yrs. H ere also it shows no signs o f  dieback, an d  
grows faster than  A . incana and  A . cordata. B ut these 
a re  exceptional perform ances.

A lnus rubra was one o f the alders tried  on peat 
(Z ehetm ayr, 1954), and  early  grow th was very fast in 
a num ber o f cases, bu t nearly all the  p lan ta tions 
subsequently  failed. T here are  a num ber o f  reports 
o f the susceptibility o f  O regon a lder (as a  young
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plan t) to  spring  frost. (Brow n, P .; T hom son , G . J., 
1936), and  it appears to  be m ore frequently  injured 
than  A. cordata  o r  A . incana. G u illebaud  (1932) 
discusses the nursery trea tm en t o f O regon alder, and  
m entions the (deceptively) good grow th o f  som e of 
the first tria l p lan ta tions. O regon a lder p roduces 
fertile seed in B rita in ; hom e collected seed averages
700,000 to  the po u n d  w ith a  germ inative capacity  of 
40 per cent. N ursery  trea tm en t presents no  special 
difficulty.

Alnus rubra is unlikely to  receive m uch fu rther 
a tten tio n  in B rita in , except possibly as a  p aren t o f 
hybrids.

R .F .W .
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Betula L innaeus

T he  birches occur th ro u g h o u t th e  higher la titudes o f 
the no rth ern  hem isphere, som e forty  species being 
recognised. Tw o E uropean  species are  indigenous 
also to  B rita in , Betula pubescens E h rhart, and  B. 
pendula  R o th . They are  trees o f the lighter acid  soils 
an d , like m ost birches, p ioneer cu t-over o r devastated  
forest sites. B irch is n o t an im p o rtan t tree in B ritain, 
though  n a tu ra l stands are  often  o f silvicultural value 
in  prov id ing  su itab le  cond itions fo r the in troduction  
o f  m ore  valuable species. B irch tim ber is used for 
tum ery , b u t in B rita in  few trees com e up  to  the 
s ta n d a rd  required  fo r ro ta ry  veneering, w hich is an 
im p o rtan t m arket fo r the m uch superio r b irch  (o f 
th e  sam e species) in  F in land  an d  Sweden. T he 
im provem ent o f  the native species by selection o r by 
th e  in troduction  o f b e tte r provenances is now  
receiving som e a tte n tio n ; an d  a few trials o f the m ore 
im p o rtan t exotics species have been undertaken .

T he birches offer excellent opportun ities fo r 
hybrid ization  and  this m ay well be a  profitable  line 
o f  study to  follow  in B ritain . A  considerable num ber 
o f  species are  already  in cu ltiva tion  in  a rbo re ta , etc., 
an d  som e o f  them  are especially valued fo r their 
graceful hab its and  distinctive b a rk  colouring. 
T here are  young  tria l p lo ts o f  a  few species, and  a 
num ber o f  o thers are  represen ted  by sm all g roups a t 
A lice H o lt, B enm ore and  o th er fo rest gardens. 
M ention  can  only be m ade o f  the species w hich 
have been p lan ted  in  forest plots, o r  w hich ap p ea r to  
be w orth  fu rth er a tten tio n  on  o th er evidence.

B etula erm ani C ham isso

F ro m  north -east A sia and  Japan . A  p lo t a t B edgebury 
was p lan ted  in 1951 and  has sta rted  quite well. I t is 
also on  tr ia l a t K ielder, N orthum berland . T here are 
few really  good specim ens o f  this species, as it is by 
no  m eans ou ts tand ing  in  a rbore ta .

Betula jacquem ontiana Spach

A  H im alayan  birch allied to  B. utilis and , according 
to  Bean, a  h a rd ie r species th an  the la tter. A  sm all 
group , p lan ted  a t A lice H o lt in  1952, show s excellent 
early  g row th an d  stem  fo rm ; in  1956 the best trees 
w ere 17 feet tall. I t has also sta rted  well a t B enm ore. 
I t  is ra re  in cultivation , b u t appears to  w arran t 
fu rth er trial.

Betula lenta L innaeus

T he no rth -east A m erican  C herry  birch has been in 
cultivation  since 1759, accord ing  to  L oudon . H ow ­
ever, it has been little  p lan ted  and  does n o t seem  to 
reach very large dim ensions. Elwes an d  H enry  (1909) 
m ention  a  tree sixty feet ta ll w ith  a  b reast height 
g irth  o f  fo u r fo o t nine inches, but this seems to  be 
exceptional. A  p lo t a t Bedgebury, K ent, p lan ted  in 
1935, h ad  a height o f  30 feet in  1955. R ecen t trials a t 
K ielder, have how ever proved  a  failure.

T he tree has a  pleasing appearance and  good  stem  
form , though  there is a  tendency to  fork . I t  sets 
fertile seed in  quan tity , w hich average som e 600,000 
to  the pound . G erm ina tion  capacity  o f  hom e- 
collected seed rarely  exceeds th irty  per cent.

T he im pression  is th a t Betula lenta  w ill p rove 
ra th e r too  slow -grow ing to  be w orth  p lanting .

Betula lu tea M ichaux

T he yellow  birch , also from  the east o f  N o rth  
A m erica, was in troduced , accord ing  to  L oudon , in  
1767. Since it has one o f  the m ost valuab le  tim bers 
am ongst the birches, it is a  tree w hich we should  like 
to  grow , b u t its perform ance has n o t been encourag­
ing. I t  is possible th a t its requirem ents have been 
underestim ated , as it is one o f  the m ost dem anding 
o f  b irch  species. A  p lo t p lan ted  a t B edgebury in  1950 
is grow ing very slowly, and  a  sm all g roup  a t Alice 
H o lt is doing ra th e r better, b u t th e  trees a re  very 
bushy in appearance. T ria l p lo ts  a t K ielder a re  even 
less satisfactory.

Betula lutea  failed com pletely w hen p lan ted  a t 
C irencester in 1Q05 in m ixture w ith Castanea sativa  
and  Primus serotm a  (M acdonald  1931). T here  appear 
to  be very few good  specim en trees, the largest 
know n to  Elwes (1909) was a  tree fifty feet ta ll w ith  a 
b reast height g irth  o f  fo u r feet, grow ing a t T o rt- 
w orth , G loucestershire.

It is very unlikely the Betula lutea  w ill p rove  o f  
any value in  B ritain .
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B etula m andshurica (Regel) N akai

T his nam e covers a  com plex o f  geographic varieties, 
in Japan . C hina and  N orth -east Asia. A num ber o f  
birches in cu ltivation  can  probab ly  be ascribed to  
Betula mandshurica, though  in troduced  under 
different nam es. N one appears to  have done partic­
ularly  well.

A  sm all g roup  o f  B. mandshurica var szechuanica 
in the Speech H ouse arbo re tum , F orest o f  D ean, 
reached th irty -tw o feet in height a t the age o f  thirty- 
six years. A  p lo t (assum ed to  be also var. szechuanica) 
p lan ted  a t B edgebury in 1950 has started  quite well.

Betula m axim ow icziana Regel

This is said  to  be the largest o f  the birches native to  
Japan . It is still ra re  in  cultivation , and  plots were 
p lan ted  fo r the first tim e in the spring o f  1957. It was 
observed th a t a large num ber o f  one-year-one-year 
tran sp lan ts died  back to  the co llar during the w inter 
in the nursery . T he cause is no t know n. B. m axi- 
m owicziana  is reputed ly  hardy , an d  a  few good 
specim en trees are  recorded. A t G raysw ood, Surrey, 
there is a  tree sixty feet in height.

Betula papyrifera  M arshall
T he  pap er b irch  was in troduced  in 1750. I t  is the 
m ost widely d is tribu ted  N o rth  A m erican birch, and  
several geographic varieties have been described. 
T he type (the tree o f  the east) and  the im portan t 
variety  B. papyrifera  var. occidentalis (H ooker) 
Sargent, from  w estern N o rth  A m erica are bo th  in 
cu ltiva tion , th ough  no  com parisons seem to have 
been m ade.

A p lo t a t Bedgebury, p lan ted  in 1948, is grow ing 
w ith considerable vigour, an d  a t B enm ore a  sm all 
g roup  is 30 ft. tall a t 22 years o f  age. T he largest 
specim en know n to  Elwes (1909) was a tree 82 feet in 
height near R eading, Berkshire.

Betula papyrifera  appears to  w arran t fu rther trial.

B etula populifolia M arshall
T he G rey birch o f  eastern  N o rth  A m erica is an 
ephem eral species o f  no  great stature, unlikely to  be 
o f  any value in B ritain . A  p lo t a t Bedgebury is very 
unprepossessing in  appearance, and  is only 19 feet 
ta ll a t 16 years o f  age. I t p lainly com pares very 
unfavourab ly  w ith  ou r native birches.

R .F .W .
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C arya N u tta ll

Several o f  the A m erican hickories are  in cu ltivation  
in B ritain , but none is likely to  be o f  any im portance 
as a  fo rest exotic. They are  com paratively  slow 
grow ing under o u r conditions, very p a rticu la r as to  
soils, and  difficult to  establish. So far as is know n, 
there are  no successful p lan tations.

T here are, how ever, good specimens o f  several 
species in  a rbo re ta , m ainly in  the sou th  o f  E ngland, 
and  Carya ovalis, C. tomentosa, C. laciniosa, C. 
cordiformis and C. ovata  a re  all recorded  as a tta in ing  
heights o f  seventy feet o r m ore. D allim ore discusses 
the cultivation  o f  Carya a t som e length, in his article 
on “ A m erican B roadleaved T rees” in the Kew  
Bulletin  fo r 1911.

R .F .W .

C astanea M iller

The genus is represented  in  B rita in  by the long- 
natu ra lised  C. sativa  o f  E urope, in troduced  (accord­
ing to  trad ition ) by the R om ans.

O ur only in terest in  exotic chestnuts is to have a  
second string  in  case the fungus Endothia parasitica  
should  arrive in B ritain .

T he A sian  chestnuts C. mollissima  and  C. crenata, 
w hich are  resistan t to  Endothia, have recently been 
tried  a t Bedgebury, K ent, bu t bo th  unfortunate ly  
suffered severely from  w in ter cold. N either appears 
likely to  be a  su itab le  subject fo r cultivation  in 
B ritain .

R .F .W .

Eucalyptus L ’H eritier 
(P lates 14 an d  17)

T he im portance o f  the eucalypts in B ritish forestry 
is sm all, and  they m ight be dismissed quite cursorily 
b u t fo r the fact th a t the genus provides m any 
valuable exotics th ro u g h o u t the w orld. B rita in  is a 
useful testing g round , and  the behaviour o f  the 
E ucalypts here m ay provide evidence o f  clim atic 
adap tab ility  o f  value to  p lan ters in  o ther countries.

I t  is no t p racticable how ever to  deal w ith the 
eucalypts in  B rita in  species by species; they will 
ra th er be trea ted  as a  group.

E ucalypts in B rita in  have h ad  a  considerable 
am o u n t o f  a tten tion  in  the lite ra tu re ; they have 
o n  the w hole been objects o f  arbo ricu ltu ra l ra th e r 
than  silvicultural interest. A  m ost useful general 
accoun t o f  the behav iour o f  the genus in B ritain  
has been given by M artin  (1948); the p resent s ta te­
m ent draw s heavily on this. Since M artin ’s article 
was w ritten , there have been o ther in troductions 
o f  eucalypts; a  few m ore sm all collections have 
been p lan ted  an d  fu rth er evidence on  hardiness 
ob tained . D uring  the early p a rt o f  1956, an 
A ustralian  F o res t Officer, R . G . G reen, visited a
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num ber o f sites in B rita in  w here eucalypts have been 
plan ted , an d  he also stud ied  the m eteorological 
records relating  to  such sites. H is observations 
p rovide the  m ain  add itions to  M artin  s account.

A  list (n o t claim ed to  be exhaustive) o f the 
eucalypts in  cu ltiva tion  in  B rita in , o r  w hich have 
been tried  in  B ritain , appears opposite. I t  is m ore 
th an  likely th a t som e o f the nom encla tu re  is faulty ; 
th e  list is n o t critical, and  in m any cases o f purely 
ephem eral in troductions all th a t is im plied  is th a t 
the grow ing o f  E ucalypts so nam ed  has been 
a ttem pted . A u thorities fo r specific nam es have been 
in ten tionally  om itted  to  avoid  the  appearance o f 
g reater bo tan ica l exactitude th an  in fact exists.

C O U N T R Y  O F O R IG IN  A N D  SEED SOURCES

T he eucalypts w hich have succeeded in B ritain  are 
natives o f  the cooler m o un ta in  regions o f sou thern  
A ustra lia  an d  T asm ania. In troduc tions in the past 
have been very m uch  on  a  “ hit-and-m iss ’ basis. 
I t has how ever becom e abundan tly  clear th a t the 
num ber o f  species likely to  p rosper in B rita in  fo r 
any length  o f  tim e is quite sm all, and  the m ore 
recent in troductions have been restricted  to  species 
w hich, on  the grounds o f  clim ate o f  origin, appear 
to  have som e chance u n d er B ritish conditions. 
Such in troductions a re  m ainly  due to  the in terest o f 
certain  A ustralians w ho happen  to  be conversant 
w ith B ritish conditions.

I t is n o t possible to  list reliable o r proven sources 
for any species. L ittle  provenance w ork  has been 
a ttem pted . Sir G eorge C am pbell recently arranged  a 
p rovenance experim ent in  Eucalyptus obliqua; and  a 
few com parisons o f seed origins are  available for 
o ther species. A t St. C lem ent F orest, C ornw all, 
E. jolm stoni, E. urnigera and  E. coccifera are 
represented  by young p lan ts o f tw o different 
p rovenances; an d  a t  B enm ore, Argyll, there  are  
p rovenance com parisons o f  E. coccifera and  E. 
subcrenulata.

I t  is becom ing possib le to  com pare hom e and  
native seed o f a num ber o f species.

h i s t o r y

T he first successful in troduc tion  seems to  have 
been E .gunnii “whittingehamensis” by Jam es B alfour 
o f W hittingeham e in 1846. O ne o f his original 
seedlings still exists, and  is now  a large tree  w ith a 
well d is tribu ted  progeny in B ritain . Eucalypts 
becam e fashionable objects in th e  70’s and  80’s o f 
the last century , and  m any o f  the fam ous collections 
date  from  then. I t  is p robab le  th a t over th irty  species 
had  been in troduced  before 1900.

It was appreciated  a t an  early  stage th a t m ost o f the 
eucalypts h a d  a very lim ited range in B ritain , and  all 
the  no tab le  collections grew up  in coastal regions or

in  Ire land . M artin  (1948) m entions the follow ing 19th 
century  collections: C astlew ellan, C o. D o w n ; Loch 
H o u rn , Inverness-shire; M enabilly, C ornw all; 
R ostrevor, C o. D ow n; C orrie, Isle o f  A rran . T he 
best collection observed by M artin , th a t a t M t. 
U sher, C o. W icklow , dates from  ab o u t th e  tu rn  o f  
the century , as do the collections a t T resco, Scilly 
Isles; Poole, D orse t, an d  B orde H ill, Sussex.

M artin  m entions a  num ber o f  o th e r gardens w here 
eucalypts have been grow n. A considerable collec­
tion  w hich has been m ade qu ite  recently is th a t a t 
C rarae, Argyll, w here Sir G eorge C am pbell has 
raised  over tw enty species in the last few years.

T he F o restry  C om m ission has n o t regarded  the 
eucalypts as a p robab le  source o f  exotics fo r tim ber 
p ro d u c tio n ; it has how ever been realised th a t there 
is a  rem ote possibility  th a t one o r  tw o species 
w orth  grow ing fo r th e ir tim ber m ight succeed in a 
quite lim ited range in th e  m ilder parts  o f  th e  country . 
H ence the views o f  visiting A ustra lian  foresters have 
been sought and  opportun ities taken  to  in troduce a 
few species from  tim e to  tim e. M artin ’s survey 
prov ided  a stim ulus, an d  seed sent by him  after his 
to u r in B rita in  was raised  a t the R oyal B otanic 
G arden , E d inburgh , and  the stocks p lan ted  ou t a t 
th e  B enm ore F o res t G arden , Argyll. A  few o f these 
p lan ts were also established a t the F o restry  C om ­
m ission’s R esearch S tation , Alice H o lt, H am pshire, 
w here they have experienced a m uch m ore rigorous 
w inter clim ate. M artin ’s view was th a t there  m ight 
be possibilities in  na tu ra l o r artificial hybrids 
betw een E. gigantea  (according to  him  the best 
tim ber tree  o f  the near-hardy  species) and  certain  
h ard ie r eucalypts from  higher elevations. H is 
in troductions included the hybrids E. sa lic ifa lia]x  
coccifera, E. salicifolia  x  gigantea and E. pauciflora  
X salicifolia. F ielding, follow ing his visit to  Britain 
in  1949, sent seed o f  a  num ber o f  T asm anian  species 
a lready show ing prom ise in  this coun try , selecting 
provenances w hich he considered shou ld  have the 
best chance o f  success.

These included rein troduc tions o f E. johnstoni,
E. urnigera, E. gigantea, E . subcrenulata, E. coccifera  
and  E. pauciflora; these eucalypts were p lan ted  a t St. 
C lem ent, C ornw all, and  B enm ore, A rgyll in 1953.

A few o ther sm all lo ts have been raised from  
A ustra lian  o r hom e seed from  tim e to  tim e.

T he John  Innes H o rticu ltu ra l In s titu te  (B ayford- 
bury, H ertfo rdsh ire) received a  considerable col­
lection o f som e th irty  species in 1954— this was, 
how ever, reduced to  eigh t species a fter th e  first 
w inter in the open.

P R ESEN T EX TEN T O F P L A N T IN G

This rem ains purely experim ental, on  the a rb o re ­
tum  or sm all fo rest p lo t scale.
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CLIMATE

T he eucalypts afford  one o f  the best exam ples in 
B rita in  o f exotic species lim ited  by low tem peratures. 
Indeed  w in ter m inim um  tem perature , if  n o t the only 
im p o rtan t factor, is by so m uch the m ost im portan t 
th a t th e  consideration  o f others is som ew hat 
academ ic. T he p ic tu re  is fairly clear, though  it 
m ight be slightly m odified by better provenance 
w ork. T he abso lu te  m inim um  tem peratures recorded 
in  the period  1901-1940 are show n in Fig. 1, page 7.

I t  will be seen th a t over practically  the w hole o f  the 
B ritish  m ain land  tem peratures fall a t least once in 40 
years to  20°F., and  over by far the greater p a rt o f  the 
co u n try  to  10°F. Q uite a high p ro p o rtio n  o f  the 
B ritish  m ain land  m ay experience zero F . tem pera­
tures a t least once in  40 years. T he m uch m ilder Irish 
w in ter is w ell illu stra ted  by this m ap. T he behaviour 
o f  the eucalypts in B rita in  is in  close accord  with 
this tem pera tu re  d is tribu tion , the num bers o f  species 
w hich will survive falling off rapidly  from  the m ost

favoured districts in land ; and  equally, the length  o f  
tim e a p articu lar species is likely to  live is re la ted  to  
the ac tuaria l risk  o f  experiencing fro st o f  the degree to 
w hich it is susceptible. As M artin  rem arks, the history  
o f  eucalypts in  B rita in  is punc tua ted  by the occur­
rence o f  exceptionally severe w inters, during which 
trees w hich have grow n norm ally  fo r years are  killed 
o r cu t back  severely. A  considerable num ber o f  
records o f  ‘k illing’ frosts have been collected from  a 
variety  o f  sources. These are  n o t all o f  equal value, 
som etim es ow ing to  the distance betw een the 
p lan ting  site and  the recording sta tion , b u t perhaps 
also to  confusion betw een screen and  grass m inim um  
tem peratures. A  fu rth er source o f  difficulty is the age 
o f  the tree ; this is n o t always sta ted  w hen record ing  a 
fatality . H ow ever an  a ttem p t has been m ade, in 
T able  57, to  sum m arise the available da ta , an d  w here 
there is special reason  to  d o u b t the reco rd  it has been 
show n w ith a  query. E qually  im p o rtan t are  records 
o f  low  tem peratures survived, and  a  ra th er lesser 
num ber o f  these are  also given.

E U C A L Y P T S  W H IC H  H A V E  B E E N  T R IE D  IN  B R IT A IN  W IT H  SO M E
T a b l e  5 7  r e c o r d s  o f  f a i l u r e  a n d  s u r v i v a l  a t  l o w  t e m p e r a t u r e s

Species o f  Eucalyptus

Temperatures 
(,screen 

minimum °F) Location and Remarks

Killed Survived

amygdalina ................ I T ____ Mt. Usher, Co. Wicklow, Ireland.
angustifolia ................ — 17° ? Loch Hourn, Inverness-shire.
acervula (scabra ?) — — Recorded at Menabilly, Cornwall prior to 1911.
alpina ............................ — — Arran, 1894/5 (Glasgow 7° Feb. 1895).
barrenleni ..... — — Kennington 1939, killed in first winter as seedlings.
biangularis ................ — 19° Rostrevor, Co. Down, Ireland.
(globulus x urnigera ?) 

bicostata ................ Knapdale, Argyll, 1939, failed early.
b la k e ly i............................ — — Knapdale, Argyll, 1939, failed early.
botryoides ................ 16° — Abbotsbury, Dorset, 1908.
calophylla ................ 28° — Scilly Isles, 1946/7.

20° — Bayfordbury, Herts., 1955/6, killed in first winter after planting.
cambageana ................ 17° — Londonderry, Ireland.
capitellata ................ 20° — Bayfordbury, Herts., 1955/6, killed in first winter after planting.
cinerea ............................ — — . Kennington, Oxford, 1939, killed first winter as seedlings.

17° — Londonderry, Ireland.

citriodora ................
17° — . Winchester, 1940/41.
— — Menabilly, Cornwall. Killed at early stage.

coccifera ................ 17° — Londonderry, Ireland.
15° — Arran, 1894/5.
0° ? — Kilmarnock, 1894/5 (Glasgow 7°).

15° — Royal Bot. Garden, Edinburgh, 1946/7 (seedlings).
. . . .  . . . .

(var. parvifolia)
10°-13° — Wisley, Surrey, 1946/7.

17° — Winchester, Hants., 1940/1.
— 0° ? Loch Hourn, Inverness-shire, 1894/5.
____ 9° Colesborne, Glos.. 1879.
____ 15° Alice Holt, Hants., 1952.

coccifera x  salicifolia .... 15° — Alice Holt, Hants., 1953/4.
— 9° Benmore, Argyll, 1954/5.

cordata ................ 12° — Exeter, Devon.
— 16° Abbotsbury, Dorset, 1908/9 (thrives at Loch H oum , Inverness).
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Killed Survived
coriacea — — Kenninglon, 1939, killed first winter as seedlings.
crucis 17° — Winchester, 1940/41.

,, — .... 
dalrymplenna

— — Kennington, 1939, killed first winter as seedlings.
14° Willaston, Cheshire, 1954.

_ — 22° Willaston, Cheshire, 1940/41.
}> _ — 18° Willaston, Cheshire, 1946/47.

deanei — — Reported as hardy in Cornwall.
delegatensis — 6C Mt. Usher, Co. Wicklow, Ireland.
dives — — Kennington, 1939, killed first winter as seedlings.

,, -- 20° — Bayfordbury, Herts., 1955/6, killed first winter planted.
,, 17° — Winchester, 1940/41.

eximia 20° _ Bayfordbury, Herts., 1955/6, killed first winter planted.
fastigata .... — — Crarae, Argyll, 1953, seedlings killed first winter (Benmorc 15°).
ficifolia .... — — Bayfordbury, Herts., failed early.
gigantea .... 16° — Royal Bot. Garden, Edinburgh, 1946/7, killed as seedlings.

_ 15° — St. Clement, Cornwall, 1954, younger plants severely cut back.
>» -- 14° — Willaston, Cheshire, 1954.
J» -- -- -- — 22° Willaston, Cheshire, 1940/1.
it -- — 18° Willaston, Cheshire, 1946/7.

gomphocephala — — Menabilly, Cornwall. Survived to 1899 but has died since.
globulus .... 17° — Loch Hourn, Inverness-shire, 1895.

,, .... 24° — Arran, 1880/1.
it -- -- 24° — Bournemouth, 1890/1.
»» --  -- — 15° ? Stranraer, 1898.

gunnii 0° — Bedgebury, Kent, 1946/7.
a •••• — — 0° Kettering, N orthants., 1946/7.
a •••• — 0° ? Loch Hourn, Inverness-shire 1894/5.
a ■••• — •••• — 5° Brightlingsea, Essex.
a •••• — 0° Colesborne, Glos., 1908/9.
„ whittingehamensis — __2° ? Whittingehame, East Lothian, 1895 (doubtful record).

haemastoma ................ 17° — Loch Hourn, Inverness-shire, and A rran, 1894/5.

johnstoni ................
20° — Bayfordbury, Herts., 1955/6, killed first winter after planting.
18° — Lizard, Cornwall, 1954. Killed first winter after planting.

»» -- — 6° ? Mt. Usher, Co. Wicklow, Ireland. 1939/40 (slightly damaged).
,, .... -- — 0° ? Loch Hourn, Inverness-shire, 1894/5.

— 9° Benmore, Argyll, 1955.
leucoxylon ................ 16° — Abbotsbury, Dorset, 1908.
ligustrina ................ — — Kennington, 1939, killed first winter as seedlings.
macarthuri ................ — 6° ? Mt. Usher, Co. Wicklow, 1939/40, but recorded killed at Winchester and

it •••• 15° — Willaston at 15°.
macrorrhyncha 20° — Bayfordbury, Herts., 1955/6. Killed first winter after planting.
maculata ................ 20° — Bayfordbury, Herts., 1955/6. Killed first winter after planting.
melliodora ................ — 20° Bayfordbury, Herts. Survived this temperature in first winter after plant-

micrantha 20° _ ing.
Bayfordbury, Herts., 1955/6. Killed first winter after planting.

mitchelliana 17° — Winchester, 1940/41.
multiflora 20° — Bayfordbury, Herts.. 1955/6, killed first winter after planting.
nicholi .... — — Knapdale, Argyll. Failed early.
niphophila — — Crarae, Argyll. Survived several winters.

it •••• — 15° Royal Bot. Gardens, Edinburgh, 1946/7.
nitens — — Crarae, Argyll, 1956. Survived first winter. (Benmore temperature 13").

»> •••• — 20° Bayfordbury, Herts., 1955/6. Survived this temperature in first winter
after planting.

numercosa 20° — Bayfordbury, Herts., 1955/56, killed first winter after planting.
obliqua 15° — Alice Holt, Hants. Killed as one-year seedlings.

»» ••• • 22° —. Mt. Usher, Co. Wicklow, Ireland.
ovata 17° — Winchester, 1940/41.

.» — — 
paniculata

— — Kennington, 1939. Killed first winter as seedlings.
20° — Bayfordbury, Herts., 1955/6, killed first winter after planting.

parvifolia 0C — Kettering, N orthants, 1946/7.
>» -- — 6° ? Borde Hill, Sussex.
,, — U o Winchester, 1946/7.

pauciflora 16° — Abbotsbury, Dorset, 1908.
,, 17° — Londonderry, Ireland.
it 2° — Kettering, Northants, 1946/7.
ti •••• — 9° Benmore, Argyll, 1955.
n — 9° Alice Holt, Hampshire, 1953/4.
■ i -- — 11° Arran, 1894/5.
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Killed Survived
pauciflora x salicifolia.... — 9° Alice Holt, Hants., 1953/4.
perriniana ................ 17° — Londonderry, Ireland.

>» •••• 19° — Benmore, Argyll, 1949/50 (seedlings).
»» •••• ■••• — 9° Benmore, Argyll, 1954/55.

p ilu la r is ............................ 20° — Bayfordbury, Herts, 1955/6, killed first winter after planting.
p ip e r i ta ............................ 20° — Bayfordbury, Herts., 1955/6, killed first winter after planting.
poly ant hemos ................ 22° — Mt. Usher Co. Wicklow, Ireland.
pulverulenta ................ — 6° Mt. Usher, Co. Wicklow, Ireland, but damaged.

„ 17° — Londonderry, Ireland, and Loch Hourn, Inverness-shire,
>» •••• •••• — 16° Abbotsbury, Dorset.

punctata ................ 20° — Bayfordbury, Herts., 1955/6, killed first winter after planting.
radiata ............................ 20° Bayfordbury, Herts., 1955/6. Survived this temperature in first winter 

after planting.
regnans ............................ 6° — Mt. Usher, Co. Wicklow, Ireland.

»J •••• -- 15° — Crarae, Argyll, 1954.
resinifera............................ 17° — Loch Hourn, Inverness-shire.

»» •••• •••• •••• 20° — Bayfordbury, Herts., 1955/6, killed first winter after planting.
risdoni ............................ 19° — Benmore, Argyll, 1949/50.
rudis ............................ 16° — Abbotsbury, Dorset.

f t *••• •••• •••• 17° — Loch H oum , Invemess-shire, and Arran.
rostrata ............................ 18° — Mt. Usher, Co. Wicklow, Ireland.
salicifolia x gigantea .... 18° 9° Benmore, Argyll, 1950/51, and Alice H olt, 1952/53. But one tree a t A lke 

Holt has survived 9°, 1953.
salicifolia x pauciflora.... — 9° Alice Holt, Hants., 1953/4. Benmore, Argyll, 1954/5.
saligna ............................ 20° — Bayfordbury, Herts., 1955/6, killed first winter after planting. Ml. 

Usher, Co. Wicklow, 1899, said to be “ fairly hardy” .
sieberiana 20° — Bayfordbury, Herts., 1955/6, killed first winter after planting.
stuartiana — 6° ? Mt. Usher, Co. Wicklow, Ireland, 1939/40.

*t •••• — 8° Wisley, Surrey, 1908/9.
subcrenulata — 16° Abbotsbury, Dorset, 1908/9.

It •••■ — 9° Benmore, Argyll, 1955.
subviridis — 20° Bayfordbury, Herts., 1955/6, survived this temperature in first winter 

after planting.
tasmanica 18° — Benmore, Argyll, 1950/1.
triantha .... 20° — Bayfordbury, Herts., 1955/6, killed first winter after planting.
urceolaris 17° — Winchester, 1940/41.
umigera — 6° ? Mt. Usher, Co. Wicklow, 1939 40.

9t — 0° ? Loch H oum , Inverness-shire, 1894/5.
»> •••• 17° — Londonderry, Ireland.
,, .... — 16° Abbotsbury, Dorset, 1908.
»» •••• 18° — Benmore, Argyll, 1950/51, killed as seedlings.

17° — Royal Bot. Garden, Edinburgh, 1940 1.
veraicosa — __2° ? Whittingehame, East Lothian, 1894/5.

>> .... — 0° ? Loch Houm , Invemess-shire, 1894 5. S iherton, Devon, iBosratafl ats 
hardy.

viminalis 17° — Londonderry, Ireland.
»» •••• 22° — Arran.
33 •••• — 20° Bayfordbury, Herts., 1955/6; survived this temnpevatane urn fa s t wiinatar 

after planting.
virgata ............................ 6° -  1Mt. Usher, Co. Wicklow, Ireland, 1939/40.

Martin (1948) attempted to classify the eucalypts 
in Britain according to the minimum temperatures 
they might be expected to withstand. His order for 
the less tender species is:—

0°F. E. vernicosa, parvifolia, niphophila and the 
hardier polymorphs o f  E. gunnii. (The 
inclusion o f  E. niphophila is not entirely 
on British evidence.)

5"F. E. coccifera, subcrenulata, johnstoni,
urnigera.

I0'-15' F. E. pauciflora, gigantea, ruhida, aggregata, 
cordata, dalrympleana, ovata, viminalis, 
macarthurl, pulverulenta, resinifera.

15'-20'F. E. globulus, obtiqua, regmxm* peinrimmm  ̂
camhozeana, limemts* mmifyibllimm.. 
rostrata, saligna, rm lsm ., ihmtmimiikm. 
sieberiam i.

Martin emphasises that ttannpeirataiine atomic its rasut 
the whole story, and that a gjraem (siocallyptt may wrtiHn- 
stand lower tetrmpeirainiinnei; on a  utwdlUSraiiiinEd wife tlHramn 
on a poorly drained one. It mmsy he a d tU  fear® that 
prolonged easterly winds on wimtlier will dddlliatle 
eucalypts severely even ahhsswugh flenqpsotiuinies do  
not fall to a level fatal to theram. There its no domtttt 
that the length o f  saoOd spriffls is o f  tnmgwnnianacei. 
Eucalypts in western coastal dMmitts ate fwiosiuncd
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by the relative shortness o f  co ld  spells and  often  by 
th e  shelter from  easterly w inds, as well as by the 
infrequency o f  severe w inter frosts. Spring frosts do 
no t appear to  be a  fac to r o f  im portance— they do n o t 
fu rther lim it the d is tribu tion  o f  E ucalypts in  B ritain .

M artin ’s o rder o f  hard iness m ight be am ended by 
p rom oting  E. paticiflora in to  a  first group  w ith his 
hard iest subjects:— eucalypts w hich m ay be expected 
to  m ake som e show ing in  m ost districts a t  low 
elevations. T he second and  th ird  groups require  
progressively m ilder districts. I t  is ra th e r doubtfu l 
w hether we have enough evidence to  su p p o rt any 
very definite tem pera tu re  lim its, though  it is fairly 
c lear th a t the 10°F. abso lu te  m inim um  isotherm  
bounds the regions in w hich there is any reasonable 
prospect o f  grow ing eucalypts. F o r  the less hardy  
species the a rea  is m uch m ore circum scribed. I t is a  
h o rticu ltu ra l com m onplace th a t the severity o f  
w inter frost increases extrem ely rapid ly  in land  from  
the coast, and  th a t w hile it is possible to  grow  a 
tender species such as E. globulus w ith in  a s tone’s 
th row  o f  the sea in C ornw all, it m ay fail five miles 
inland. L ittle is know n ab o u t the hea t o r  m oistu re  
requirem ents o f  E ucalyp t species in B ritain .

SOILS AND SITES PREFERRED

T here is little evidence concerning the soil p refer­
ences o f  eucalypts in B ritain , th ough  the im pression 
m ay be ob ta ined  th a t the ir n u trien t requirem ents are 
m ore easily m et th an  those o f  o u r native hardw oods. 
F ree  drainage appears to  be o f  im portance; M artin  
th inks th a t E. gunnii is less p a rticu la r in  this respect 
th an  m ost species.

O ne h ardy  species, E. parvifolia, has done quite 
well on  shallow  soils over the chalk.

L ocal shelter from  easterly  w inds in  w in ter is very 
desirable; som e o f  the best .sites are  found  in 
sheltered w estern inlets close to  tida l w ater.

TECHNIQUES OF ESTABLISHMENT

N o  developm ents o f  any im portance  have occurred  
in  B ritain . E ucalypts have norm ally  been raised on 
h o rticu ltu ra l lines, i.e. sow n in boxes, pans o r 
specially p repared  beds an d  p ricked  o u t in to  po ts o r 
tubes. I t  is n o t usually  possible to  ra ise  one-year

stock  fit fo r p lan ting  in  B rita in— bu t E ucalypts have 
often  been p lan ted  successfully from  pots during  the 
second sum m er a fter sowing.

Y oung eucalypts are  often  found  to  be m ost 
unstab le  a fter p lanting , and  stak ing  has often  been 
necessary fo r the first few years.

GROW TH, ETC.

Several species have com m only  exhibited  very 
rap id  ra tes o f  g row th  in the  early stages (th a t is by 
B ritish  standards). H eights o f  20 ft. in fo u r years 
from  p lan ting  are  n o t unusual w ith  the faster species 
in  su itable environm ents. H eight g row th  has been 
well sustained  under the m ost favourab le  circum ­
stances. In  Ire land  a t least h a lf  a  dozen species (E . 
johnstoni, urnigera, globulus, stuartiana, angustifolia, 
dalrympleana) have been recorded  as a tta in ing  100 ft. 
in  height, in  som e cases (O ’B eirne 1945) inside 40 
years from  date  o f  planting . R ecords from  the 
B ritish m ain land  are  less im pressive, b u t the re  are  
m any instances o f  trees exceeding 80 ft. in  height, 
m ainly in th e  south-w estern  counties, and  in  the west 
o f  Scotland. Special m en tion  m ust be m ade o f  the 
fam ous specim en o f  Eucalyptus gunnii a t W hit- 
tingeham e. (P late 14).

A  few o ther m easurem ents o f  individual trees are 
given in  T able  58, it being em phasised how ever th a t 
they are  n o t com parative figures, n o r  necessarily 
typical o f th e  behav iour o f  a p a rticu la r species.

U n d er favourab le  conditions eucalypts can  equal 
th e  rates o f  height g row th expected o f the b e tte r 
pop lars in  B rita in , an d  they can, by B ritish standards, 
reach  very large dim ensions.

N o volum e figures fo r regular stands are  available.

DISEASES, PESTS AND OTHER FORMS OF DAMAGE

T he E ucalypts have needed little  patho log ical 
study in  B ritain .

SEED-BEARING IN  BRITAIN

A  num ber o f  species have produced  viable seed in  
B rita in , one a t least E. gunnii “whittingehamensis”, a  
varian t o f  gunnii w ith  urnigera affiliations, is rep re­
sented  by th ird  generation  offspring. T here  is som e 
evidence (M artin ) th a t th e  progeny vary in  hardiness.

T a b l e  5 8  e u c a l y p t u s : g r o w t h  r e c o r d s

Species o f  
Eucalyptus Age (where known) 

yrs.
Height
{feet)

Girth at 
breast height 

{inches)
Site

umigera 50 approx. 73 84 Crarae, Argyll
johnstoni 46 82 63 Loch Hourn, Invemess-shire
coccifera 40 approx. 92 61 Loch Houm , Invemess-shire
globulus 31 105 — Avondale, Ireland
gunnn .... --- 65 105 Brightlingsea, Essex
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T he follow ing eucalypts are  know n to  have 
p roduced  viable seed in  B r ita in : E. coccifera, 
gunnii, gunnii “ whittingehamensis" , urnigera, verni- 
cosa, cordata, globulus, johnstoni, parvifolia.

t i m b e r  q u a l i t y .  T im ber has n o t been produced  in 
sufficient q u an tity  to  w arran t testing.

T he prospects a re  n o t good  since few o f the best 
repu ted  species a re  hardy  in  B ritain .

POTENTIALITIES IN THE NATIONAL ECONOMY

A s previously m entioned, these are  extremely 
slight. P lainly the  m ain  draw back  to  their usefulness 
in  B rita in  is the extrem ely restric ted  area in  w hich 
they can  be expected to  succeed.

R .F .W .

e u c a l y p t u s : r e f e r e n c e s

Martin, D. 1948. Eucalyptus in the British Isles.
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Fagus L innaeus 
T he E u ropean  beech, Fagus sylvatica, a  m ost im ­
p o rta n t fo rest tree, is indigenous to B ritain . Since it 
is the finest species in the genus, it is understandable  
th a t little  a tten tio n  has been p a id  to  exotic beeches. 
T he A m erican Fagus grandifolia, E h rhart, though  
in troduced  as early  as 1766, is very ra re  in  B ritain. 
A  tree  a t W akehurst Place, Sussex, is seventy feet 
ta ll w ith  a b reast-height g irth  o f  8 ft., bu t this is 
exceptional, an d  Fagus grandifolia  m ay be considered 
a failure in  cu ltiva tion  here.

Fagus orientalis L ipsky seems to  have been ignored 
till qu ite  recently, w hen it was in troduced  for 
com parison  w ith a num ber o f E uropean  provenances 
o f F. sylvatica. T here  is apparen tly  som e doub t 
w hether it shou ld  be considered a separate  species as 
it appears to  g rade in to  F. sylvatica  in the B alkan 
peninsula.

Small p lo ts p lan ted  a t  A lice H o lt and  B uriton, 
H am pshire , in 1954, app ea r to  be healthy, and  are 
grow ing a t  ab o u t the sam e ra te  as E uropean  beech. 
Fagus sieboldii E ndlicher w as p lan ted  a t W endover 
F orest, B uckingham shire, a t the sam e tim e, b u t failed 
to  survive.

R .F .W .

Fraxinus L innaeus

A large no rth -tem pera te  genus con tain ing  several 
im p o rtan t tim ber trees. T he E uropean  ash, F. 
excelsior L innaeus, is native to  B ritain. I t  is an  
extrem ely dem anding  species, yielding valuable 
tim ber only w hen grow n on first-class sites. A  som e­
w hat less fastidious ash  m ight have som e sm all place 
in British forestry.

A  num ber o f Fraxinus species are  in cu ltivation  in 
B rita in  an d  thriving. P erhaps th e  m ost po p u la r 
o rnam en ta l ash  is Fraxinus ornus, th e  M anna, o r 
F low ering  ash, from  sou th-east E urope. A no ther 
sou th  E u ropean  ash , Fraxinus angustifolia, does well 
in  th e  sou th  o f E ngland , an d  som e large specim ens 
a re  recorded. H enry  (1909) notes a  tree 72 ft. ta ll a t 
H ardw ick , B ury St. E dm unds, Suffolk; the H on. 
M aynard  G reville has recently (1956) m easured a 
tree  a t  H ardw ick  99 ft. tall, w hich is presum ably  the 
sam e specim en.

Som e little  a tten tio n  has been paid  to  the A m erican 
ashes as p o ten tia l fo rest trees, and  o f these only
F. americana L innaeus can  be said to  have any 
p rospects. O nly tw o p lan ta tions are  know n. F. 
americana, F. oregona, and  F. viridis were p lan ted  a t 
C irencester, G los., in  m ixture w ith beech in  1905. 
T he tw o la tte r  species failed early, b u t F. americana 
w as ab le  to  ho ld  a p lace in the canopy (M acdonald , 
1931). T he soil a t C irencester is a  shallow  loam  over 
O olitic  lim estone, an d  the site w ould be regarded  as 
too  dry  fo r the com m on ash.

A t B edgebury, K ent, a  p lo t p lan ted  in  1931 has 
grow n very slowly, an d  few trees exceed 20 ft. in 
height after 25 years. H ow ever, this show ing is quite 
respectable, as th e  soil is acid  an d  silty and  the site 
very p rone  to  spring  frost, conditions w hich w ould 
render th e  estab lishm ent o f  com m on ash m ost 
difficult.

T here  a re  som e good  specim en trees a t Kew, and  
D allim ore  (1911) rem arks th a t F. americana grows 
faster th an  th e  com m on ash  u n d er the adverse soil 
conditions there. H e m entions trees 80 ft. ta ll w ith 
g irths o f  8 ft. a t  b reast height. W hat little evidence 
there  is suggests th a t Fraxinus americana  is w orth  
fu rther a tten tion .

R .F .W .
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G leditsia L innaeus

T he A m erican  H oney L ocust Gleditsia triacanthos 
L innaeus, is com paratively  ra re  in cultivation , 
th ough  in troduced  as long ago as 1700. A n u n ­
successful effort was m ade to  establish  a p lo t o f it a t 
Bedgebury in 1951, the young trees dying in the tw o 
subsequent seasons. O ur sum m er tem pera tu res are 
too  low  fo r it. T here  are, how ever, som e qu ite  good 
specim ens in the sou th  o f  E ngland. T rees seventy feet 
ta ll have been recorded  from  Kew, an d  Pam pisford  
H all, C am bridgeshire.

R .F .W .
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Juglans L innaeus

A  num ber o f  w alnuts a re  in  cu ltivation  in B ritain , 
b u t only tw o ran k  as tim ber trees. Juglans regia has 
been cultivated  since an tiqu ity , and  J. nigra has been 
in B rita in  since the seventeenth century . N either has 
been p lan ted  to  any exten t as a  forest tree, though 
m any unsuccessful a ttem pts an d  a  lesser num ber o f 
successful ones have been m ade.

Juglans nigra L innaeus
T he B lack w alnut o f  th e  eastern  U nited  States has 
been widely p lan ted  as an  o rnam en ta l o r p a rk  tree, 
though  it is m uch less p lan ted  a t the p resent tim e. 
M any very large specim ens a re  recorded, som e 
exceeding 80 ft. in height w ith breast-heigh t g irth  o f 
over 12 ft. P articu larly  fine trees exist a t Kew, 
Surrey; Syon H ouse, M iddlesex; Takeley, Essex; 
M arb le  H ill, T w ickenham ; and  H artnell H ouse, 
A ylesbury, Bucks. I t  has n o t done nearly so well in 
the no rth , and  it m ay be assum ed th a t its require­
m ents for sum m er w arm th  a re  high.

B lack w alnut was one o f W illiam  C o b b e tt’s 
en thusiasm s, b u t he does n o t appear to  have ‘so ld’ 
the tree  as successfully as Robinia pseudoacacia, 
p robab ly  because the w alnut is m uch m ore difficult 
to  cultivate.

O ne o f  the few recorded  p lan tations o f  B lack 
w alnut, a t Q uidenham , N orfo lk , was described by 
B eevor (1913). T his was a  m ixture o f w alnut (14 per 
acre), oak  (20 per acre) w ith sm aller num bers o f 
larch and  Robinia. A t 80 years o f age the w alnut 
accounted  for the sam e volum e per acre as the oak, 
viz. 500 to  570 hoppus ft. T he  w alnuts appear to  have 
averaged over sixty inches in g irth  a t b reast height, 
and  a t this age w ere still m ainly sound and  healthy. 
T he soil was a sand  a  foo t o r  m ore  deep overlying 
chalky bou lder till.

T he only recent investigations o f  B lack w alnut 
have been concerned  w ith th e  raising o f the tree in the 
nursery, type o f stock  and  m ethods o f p lanting , etc. 
As com m on w alnu t ( / .  regia) was the p rincipal 
experim ental subject, the  results will be m entioned 
under th a t species. T he behaviour o f / ,  nigra did no t 
differ significantly.

J. nigra has been p lan ted  alongside / .  regia in 
several establishm ent experim ents a t  F fosydd  Orles, 
T in te rn  Forest, M onm outhsh ire , in the years 1937 
to  1940. It has n o t proved  any easier to  establish, and  
is neither faster in g row th n o r be tter in form  than  the 
com m on w alnut on  this site. As the elevation a t 
F fosydd Orles is ab o u t 400 ft. and  the aspect n o rth ­
westerly, it may be the site is ra th e r too  cool fo r 
/ .  nigra.

Very sm all quantities o f hom e-grow n tim ber have 
been handled  by the trade, m ainly  fo r fu rn itu re  
m aking.

Juglans regia Linnaeus
T he com m on w alnu t is indigenous to  sou th-east 
E u rope  and  A sia M inor. T he date  o f  its in troduction  
is unknow n, bu t it  is certain ly  ancient. T he tim ber of 
the com m on w alnut, though  very valuable, is really a 
by-product, since th e  tree  has been p lan ted  prim arily  
fo r its nu ts. W alnu t is m uch less p lan ted  now adays 
th an  it used to  be.

Since it is a  tree  w hich dem ands the m ost fertile 
soils and  has a  w ide spread ing  crow n in to le ran t o f 
com petition , it is likely to  do best if cultivated  on 
‘o rch a rd ’ lines ra th e r th an  in  a m ore conventional 
type o f p lan ta tion .

I t is n o t an  easy tree to  raise o r  establish. It has 
been found  (G ray  1939) th a t the m ost su itable stock 
fo r p lan ting  is p roduced  by lifting and  cu tting  back 
bo th  the sh o o t and  the tap  ro o t o f s to u t tw o-year-old 
seedlings; the ‘stum ped ’ p lan ts a re  then  lined ou t for 
a fu rther two years. A  num ber o f  efforts to  establish  
p lan ta tions o f / ,  regia were m ade in th e  1930’s, and  
m ost proved  to tally  unsuccessful. T he chief erro rs 
seem to have been the siting o f  the tree on soils 
w hich were too  heavy, an d  failure to realise th a t a  
tree  o f such dem anding na tu re  required  extrem ely 
careful tend ing ; in fact a rbo ricu ltu ra l ra th e r than  
silvicultural a tten tion .

O ne p lan ta tio n  has succeeded. A t F fosydd  Orles, 
M onm outhsh ire , a  few acres o f w alnut w ere p lan ted  
betw een 1937 and  1940 in groups am ongst coppice, 
the soil being a deep rich  loam  over O ld  R ed  
Sandstone. V arious experim ental trea tm en ts— plan t­
ing m ethods, m ulching, m anuring , etc. were tried  
here, w ith  indifferent results, the early  g row th o f the 
trees being d isappointing . H ow ever, it  was found  
th a t the coppice shelter, w hich h ad  been re tained  as 
frost p ro tection , d id  m ore harm  than  good, an d  a 
vigorous an d  con tinuous weeding p rogram m e has 
resulted  in a high p ro p o rtio n  o f  the w alnu t getting 
aw ay. T he best trees are  now  som e 28 ft. tall.

Season o f  prun ing  experim ents carried  o u t a t 
F fosydd  Orles, show ed th a t only in the m onths o f 
July and  A ugust could  green branches be rem oved 
w ithou t p rofuse sap flow.

W alnu t reaches very large dim ensions on suitable 
sites, particu larly  in g irth . Specim ens g irth ing  15 ft. 
a t b reast height are  n o t rare, and  m uch larger girths 
have been recorded (Elwes 1909). It does no t often 
exceed 70 ft. in height. I t is p robab le  th a t w alnut is 
best grow n as an o rchard  tree, an d  it is possible to  
select cultivars w hich are suited  to  both  fru it and  
tim ber p roduc tion  (W itt, 1939). R .F .W .
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Liriodendron Linnaeus 

O f the tw o species in this genus, L . chinense is 
rarely  seen an d  we a re  thus only concerned w ith the 
A m erican L . tulipifera.

Liriodendron tulipifera L innaeus 

T his tree, w hich has a wide d is tribu tion  in N o rth  
A m erica, from  C anada  to  F lo rida , A labam a and  
M ississippi, is said  to  have been in troduced  by 
T radescan t in  the seventeenth century. I t  was 
certain ly  in cu ltivation  in L ondon  before 1700.

F o r  a  considerable tim e it was a  favourite tree for 
p lan ting  in park s on account o f its handsom e 
appearance  and , though  fo r a  tim e it was little used, 
it appears to  have com e back  in to  favour to  som e 
extent. W hen p lan ted  on  a  suitable site, w ith a 
m oist, deep soil, it can  reach  an  im pressive size, but 
it seems definitely to  be a  tree fo r southern  England 
because all the large specim ens occur south  o f the 
M idlands although  the tree can  be grow n in the 
extrem e n o rth  o f Scotland. T he tallest is a tree 110 
ft. in height w ith a  g irth  o f 22 ft. 2 in. a t K illerton, 
D evon, an d  there  is a  tree  105 ft. high and  14 ft. 10 in. 
a t b reast height a t A lbury  P a rk  in  Surrey. In  this 
county , too , a t E sher Place, there  is probably  the 
largest o f the Liriodendrons in  England, a specim en 
90 to  100 ft. h igh and  25 ft. 9 in. in girth (G ardner, 
1948).

Liriodendron  does no t seem  to have been used as a  
fo rest tree in G rea t B rita in  and  the only available 
reco rd  is from  the p lo t a t Bedgebury in K ent, w hich 
w as p lan ted  in  1931. T he trees started  slowly and  
a fter 20 years g row th  h a d  reached only 12 ft. in 
height, bu t the tree is obviously unsuited  to  the site. 
I f  carefully chosen sites, such as those w hich grow 
the best ash, were given to  this tree, it m ight m ake 
an  excellent crop  either by itself o r in m ixture w ith 
o th er species.

J.M .

LIRIODENDRON I REFERENCE

Gardner, P. H. B. 1948. Two noteworthy trees in Surrey
Quart. J. For. 42, 101-2.

Nothofagus B lum e

T he “ S ou thern  beeches” are  am ongst the m ost 
recen t in troductions to  B rita in . T he perform ance o f 
th e  genus here  is very uneven, and  the only really 
successful representatives are  certain  C hilean species. 
T w o o f  these, N . obliqua an d  N . procera, have a ttra c t­
ed  a tten tio n  as forest species, an d  are  considered in 
som e detail below.

T he N ew  Z ealand  an d  A ustra lian  m em bers are 
all p lain ly  unsu ited  to  o u r clim ate and  have no 
prospects in B ritish forestry. Specimens o f N . fusca

and  N . cliffortioides a re  occasionally seen in a rb o re ta ; 
there  are  som e qu ite  good  trees, betw een 50 and  60 
ft. tall, o f  N . fu sca  a t  E xbury H ouse, H am pshire. 
T he rem ain ing  A n tipodean  species are  rare  in 
cultivation .

Nothofagus obliqua (M irbel) Blum e

N othofagus obliqua grow s in C hile between latitudes 
35° an d  43° sou th . I t is a  species o f the drier regions, 
in land  from  th e  coastal evergreen ra in  forest. Its 
range is considerable, b u t so far its provenance 
a ttrib u tes  have n o t been studied, though  plans are  
in h an d  to  do this.

N . obliqua was in troduced  in 1902 by H . J. Elwes 
(Bean, 1906). A  num ber o f  trees raised from  Elwes’s 
seed still exist. O ne specim en a t K ew  had  a tta ined  
68 ft. in height by 1927 (A non, 1927), a  ra te  o f 
g row th  w hich was considered m ost unusual for a 
broadleaved species in these gardens. In  1951, the 
tree was 79 ft. in  height, w ith a g irth  o f 5 ft. 4 in.

A  fu rth er im p o rtan t in troduc tion  dates from  H . F. 
C om ber’s A ndean  expeditions o f 1925-6 an d  1926-7, 
the seed collected being d is tribu ted  to a considerable 
list o f  subscribers th ro u g h o u t the country . Perhaps 
the m ost no tab le  specim ens from  this in troduction  
are  a t M uncaster C astle, C um berland , where Sir 
Jo h n  R am sden has a m ost interesting collection o f 
Nothofagus species. A  quarter-acre  plot a t M un­
caster, p lan ted  ab o u t 1932 a t wide spacing, is one o f 
th e  first p lan ta tions o f  the species. In  1953 (i.e. a t 21 
years o f  age) the trees were ab o u t 60 ft. in height, 
w ith a m ean breast-heigh t g irth  o f 48 in., and  a 
standing  volum e o f  approxim ately  2,800 H oppus ft. 
p e r acre. A  p lo t was p lan ted  a t Bedgebury, K ent, 
betw een 1930 an d  1934. In  1953 this had  a  top  
height o f  454 feet., a m ean  girth  o f  13 in., and  a  
standing  volum e o f  1,215 H oppus ft.; in add ition  
720 H oppus ft. h ad  been rem oved in thinning.

A  sm all p lo t a t  Lael, R oss-shire, averaged 31.6 ft. 
in height a t  17 years o f  age, an d  appears healthy 
an d  vigorous. A n in teresting  p lan ta tio n  in W indsor 
F orest, B erkshire, has grow n nearly 20 ft. in 10 years 
since p lanting . T he N othofagus  is m ixed w ith larch, 
an d  is considerably  ta ller th an  th a t species. T he 
p lan ts used w ere na tu ra l seedlings found  ro u n d  an 
o ld  tree grow ing in an  ab andoned  nursery.

T he difficulty o f  ob tain ing  seed has alw ays h am per­
ed trials, though  sm all quan tities o f stock  have been 
raised from  hom e-collected seed fo r som e years. 
A  considerable im porta tion  o f  seed from  C hile in 
1954, how ever, allow ed an  extensive series o f trial 
p lan ta tions to  be established in 1956. But in general 
the p lan ting  o f N . obliqua rem ains on  a  purely 
experim ental scale.

T he clim atic an d  site requirem ents o f N. obliqua 
can  only be estim ated on  som ew hat inadequa te  
evidence. T he tree does n o t (so far) app ea r to  be
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lim iled in B rita in  by w inter cold. D allim ore  (1909) 
no ted  th a t young trees a t K ew  w ere unh arm ed  by the 
particu larly  difficult w inter o f 1908-9.

T he B edgebury p lo t w ithstood  ab o u t 41 degrees F . 
o f frost (grass m in.) in January  1940, w ithou t injury. 
H ow ever, occasional trees in this p lo t show  slight 
cam bial injuries on th e  low er stem , w hich appear 
a ttr ib u tab le  to  fro st dam age.

N . obliqua does n o t seem to requ ire  heavy rainfall. 
T he  rainfall a t B edgebury is approxim ately  31 in. 
per annum . T his species has also done well a t  K ing’s 
F o res t in Suffolk on a  dry sandy soil overlying the 
chalk , w ith an  annua l ra in fa ll o f  n o t m ore  than  25 
in. H ow ever, its grow th is noticeably  faster in  the 
m oister west.

I t  appears to  have qu ite  low  site  requirem ents fo r 
a broad leaved  tree. A t B edgebury, th e  soil is an  acid  
silt o f  low base sta tus n o t su ited  to  th e  m ore dem and­
ing broadleaved subjects; b u t N . obliqua has so fa r 
grow n faster than  w ould  be expected o f beech on  a  
good site. I t  to lerates calcareous soils (A non, 1925) 
an d  appears healthy , th ough  slow grow ing, on  a 
heavy bou lder clay in  R ock ingham  F orest, N o rth ­
am ptonsh ire .

N . obliqua is an  easy species in  the nursery. T he 
s tan d a rd  treatm ents fo r coniferous seedbeds appear 
to  su it it well enough. Sow ing rates o f 30 sq. yd. 
per lb. o f  seed, a t 30 p e r cen t germ ination  capacity , 
equivalent to  500 viable seed per square yard , are 
suitable. O ne-year seedlings a re  usually  big enough 
fo r lifting an d  transp lan ting , a fter w hich one year 
in tran sp lan t lines is usually  sufficient to  p roduce 
p lan tab le  stock. Seedlings frequently  die back 
several inches after tran sp lan ting , b u t usually 
recover satisfactorily.

N o  special p lan ting  techniques have been de­
veloped. Survival has usually  been fa ir to  good, 
th ough  large num bers o f p lan ts have in certa in  
seasons d ied back  a lm ost to  g round  level; m ost 
how ever recover well. T he cause o f this trouble  is n o t 
clear.

N . obliqua grows quickly a fter establishm ent, and  
no special tend ing  problem s have arisen. W hat 
little  experience o f th inn ing  is available suggests th a t 
N . obliqua should  be th inned  a  good  deal m ore 
heavily th an  beech (Fagus sylvatica), since the crow ns 
d im inish  quickly in com petition  an d  do n o t appear 
to  recover readily. S tem  fo rm  is m oderate , and  self 
p run ing  ra th e r slow. N . obliqua is u n d ers tood  to  be a 
light dem anding  dom inan t in its native h ab ita t 
(K alela , 1941) and  appears to behave as such in B ritain.

N . obliqua p roduces viable seed qu ite  freely in 
B rita in ; the B edgebury p lo t began to  fru it in 1953 a t 
23 years o f age. H om e-grow n seed is o f fair quality , 
an d  has averaged 50,000 to  the pound  w ith a  m ean 
germ ination  percentage o f  30. I t  has p roved  easy 
to  sto re  dry a t a tem pera tu re  o f  3 5 °F .; and  p rio r to

sow ing, stratification  fo r two m onths in  m oist sand  
has proved  beneficial.

Q uite p ro fuse  n a tu ra l seeding has been n o ted  a t 
B edgebury in the 27-year-old p lo t ; an d  large n u m ­
bers o f  seedlings have survived one o r  m ore  seasons 
w ithou t any m easures being taken  to  hu sb an d  
th is (unw anted) regeneration . N a tu ra l seedlings 
have also been observed in som e quan tity  a t T o rt- 
w orth , G loucestershire, below  one o f  th e  orig inal 
“ E lw es” trees.

I t  is to o  early  to  assign any p lace to  N othofagus 
obliqua in  B ritish  forestry. I t  show s som e prom ise o f  
filling a  gap in  o u r range o f  broadleaved  species, as 
it  appears to  grow  rapidly  on  soils o f ra th e r low  
n u tr ien t sta tus o n  w hich m ost o f o u r b roadleaved 
species a re  unproductive . L ittle  is know n o f  its 
tim ber quality  in  B rita in , though  exam ination  o f 
young m ateria l has been  m ildly encouraging. Should  
it  ap p roach  the s tan d a rd  o f  the im ported  m aterial, 
a n d  shou ld  th e  tree  confirm  its early  silvicultural 
p rom ise, there  seems little  d o u b t th a t N . obliqua 
w ould  prove a  useful acquisition.

N othofagus procera (Poeppig  and  E ndlicher) O ersted 
(P late 15).
T he range o f  N . procera  in  C hile is con ta ined  by 
the ra th e r la rger one o f  N . obliqua. N . procera  was 
also in troduced  by Elwes in 1902, an d  its h is to ry  
closely parallels th a t o f  N . obliqua. I t  has been tried  
on  a  very sim ilar scale, b u t on  th e  w hole appears to  
be a  m uch  less prom ising  species fo r general cu lti­
va tion  in  B rita in  since it has n o t show n the sam e 
degree o f  w in ter hardiness as N . obliqua.

A s w ith N . obliqua, extrem ely fast g row th  has been 
reco rded  in  a nu m b er o f  localities. A t M uncaster 
C astle, C um berland , a  tree  p lan ted  in 1923 was 74 ft. 
in heigh t w ith b reast height g irth  5 ft. 11 in. in  1955, 
a t an  age o f  33 yrs. Indiv iduals o f sim ilar dim ensions 
a re  also reco rded  a t W estonbirt, G loucestershire, 
a n d  a t  C astle K ennedy, W igtow n. Plainly th e  best 
trees a re  in  th e  west.

T here  a re  a  few sm all tria l p lan ta tions dating  from  
th e  1930’s. A t B edgebury, K en t, a  tria l p lo t p lan ted  
in  1930 m ade good  early  grow th, b u t was a lm ost 
com pletely destroyed by th e  severe co ld  o f January , 
1940, w hen 41 degrees o f fro st (grass m inim um ) were 
recorded  nearby. O nly a  few trees survived.

A n in teresting  exam ple o f cold injury to  N . procera  
has been no ticed  a t A lice H o lt, H am pshire , w here 
rapidly  grow ing four-year-o ld  trees developed 
curious swellings a t  th e  base o f  the stem  follow ing 
severe cond itions in th e  w inter o f 1953-1954; a 
num ber subsequently  died back  to  this point.

F u rth e r west, experience has been m ore favou r­
able. A  p lo t a t H a ldon , D evon, established in  1937 by 
underp lan ting  a  stand  o f  E u ropean  larch, has 
exhibited extrem ely fast grow th. In  1956 (i.e. a t 19
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yrs. o f  age) th e  Nothofagus averaged 39 ft. in  height 
w ith a  m ean  b reas t heigh t g irth  o f 15 in. Several 
trees how ever suffered dam age during  th e  w in ter o f  
1955-6, die back  (apparen tly  due to  co ld  injury) 
being observed in  th e  crow ns. P rom ising early 
g row th  has also  been experienced in  tr ia l p lan ta ­
tions a t  H erodsfoo t, C ornw all, an d  D ovey, 
M erioneth . T he la tte r  p lo t has been o f  p a rticu la r 
in terest, since it  w as established a t  approxim ately
1,000 ft. e levation  tow ards th e  h ighest level con­
sidered advisable fo r Japanese larch  in  view o f  the 
exposure. A t 19 years o f  age, the N othofagus h a d  a  
to p  heigh t o f  45 ft., being slightly in  advance o f  the 
ad jacen t Japanese  larch . T he to ta l yield so fa r has 
been 1,700 H oppus ft. p er acre.

A n extensive series o f  tr ia l p lo ts was p lan ted  in  
1956 follow ing th e  im porta tion  o f substan tial 
quan tities o f  seed from  C hile in  1954. P lanting  
rem ains on  a purely  experim ental scale.

T he  stem  fo rm  o f N . procera  appears m uch super­
io r  to  th a t o f  N . obliqua u nder B ritish  conditions; 
indeed in  young  p lan ta tio n s the trees appear as 
regu lar as pop lars. N . procera  p roduces viable seed 
qu ite  free ly ; th e  rem ain ing  trees in  the p lo t a t Bedge­
bury  began  to  fru it in  1953, an d  several p lan ta tions 
have been raised  from  their progeny. H om e-pro ­
duced  seed appears as good  as im ported , averaging 
som e 45,000 to  the p o u n d  w ith m ean germ ination 
capacity  o f 30 per cent. I t  is sto red  and  trea tedm uch  
as N . obliqua, b u t a  sh o rte r period  o f stratification  (4 
weeks) p rio r to  sow ing appears sufficient. O ne-year 
seedlings a re  often  a  fo o t o r  m ore  in  height.

N . procera  is un d e rs to o d  to  be a  m ore  shade- 
to le ran t species th an  N . obliqua in the C hilean 
forests (K alela). L ittle  com parative experience is 
availab le  in  B rita in , b u t th e  success o f  the under- 
p lan ting  a t  H a ld o n  has been noted .

N o  clear separa tion  o f  the  site requirem ents o f  the 
tw o species is yet possib le in  th is country , save fo r the 
overrid ing clim atic fac to r o f  w inter cold. T here is 
som e suggestion  th a t N . procera  responds to  a 
g rea ter degree to  increasing m oisture th an  does 
N . obliqua.

T he im ported  tim ber o f  N othofagus procera  has a 
considerab le  rep u ta tion , an d  th e  tree plainly has 
very desirable silv icultural characters. U nless a  
p rovenance rem edy can  be found  fo r its lack  o f 
w in ter hardiness, p lan ting  outside the m ilder 
localities appears to  be hazardous.

R .F .W .
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P latanus L innaeus 

T he p lanes requ ire  b rief m ention  fo r the sake o f 
P. acerifolia, the L ondon  plane. T he o rien tal plane, 
P . orientalis L innaeus, appears to  have been in 
cu ltiva tion  from  a b o u t the  m iddle o f  the sixteenth 
cen tury  (L oudon , 1854). T he in troduction  o f  the 
occidental p lane, P. occidentalis L innaeus, is credited  
to  Jo h n  T radescan t ab o u t the year 1630. O riental 
p lane  is hardy  in B rita in , and  grows to  large dim en­
sions in  th e  sou th , fo rm ing  a  m assive crow n with 
spread ing  branches w hich often reach  the ground. 
O ccidental p lane, on  the  o th er hand , is a  failure in 
cultivation , though  curiously enough it seems to 
have grow n successfully fo r m any years a fter its 
in troduc tion , till (according to  L oudon) severe 
spring  frosts in  1809 an d  the h a rd  w inter o f 1813-14 
com bined  to  destroy a large p ro p o rtio n  o f the trees 
in  E ngland. Subsequent in troductions have often 
failed to  survive the first w inters in  the nursery , and  
there  do  n o t ap p ea r to  be any  good specim ens in the 
coun try  a t  th e  presen t tim e.

P la tanus acerifolia (A iton) W illdenow

T his, th e  L o n d o n  p lane , is considered to  be a 
hybrid  betw een the o rien ta l an d  occidental planes. 
H enry  an d  F lo o d  (1919) suggest th a t it orig inated  in 
the O xford  B o tan ic  G ardens ab o u t the year 1670. 
I t  has been p ro p ag a ted  vegetatively and  widely 
d is tribu ted ; it is th e  com m onest and  best street tree 
o f  L o n d o n  an d  is extensively p lan ted  on  the C o n ­
tinent.

In  B rita in , its best perfo rm ance is in the south. 
I t  com bines th e  hard iness o f P. orientalis w ith the 
fine sta tu re  an d  stem  fo rm  o f  P. occidentalis, and  is 
a  tree  o f  considerab le  longevity. T here are  m any 
specim ens o f  L o n d o n  p lane  exceeding 100 ft. in 
heigh t w ith  g irths o f  15 ft. an d  m ore. O ne o f  the 
largest trees is a t  the  B ishop’s Palace, Ely, C am ­
bridgeshire; in 1950 th is tree was 114 ft. tall w ith a 
g irth  a t b reas t heigh t o f  26 ft. 4 in.

M ost o f th e  best trees app ea r to  be grow ing on 
light soils o f  good  fertility. Few  efforts appear to 
have been m ade to  m ake p lan tations. A  p lo t o f 
L o n d o n  p lane  failed a t  B edgebury, K ent, on a po o r 
silty soil, b u t there  seems little reason why the tree 
should  n o t succeed on  really good broadleaved sites 
in  th e  sou th . T he tim ber is som etim es used for 
fu rn itu re  o r in te rio r panelling  and  has a very 
p leasan t figure.

R .F .W .
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Populus L innaeus 

V arieties Cultivated

T here are  th ree species o f p o p la r native to  B ritain , 
nam ely Popitlus alba L innaeus, the W hite p o p la r; 
P. nigra L innaeus, the B lack p o p la r ; an d  P. tremula  
L innaeus, the A spen. In  add ition , P. canescens Sm ith, 
the G rey pop lar, w hich is p robab ly  P. alba x  trenmla, 
also occurs wild. N o n e  o f these are  o f m uch com ­
m ercial im portance, though  P. canescens grow s to  a  
large size and  selected clones m ay p rove valuable fo r 
w oodland  sites.

T hus we are  largely dependent on exotic species, 
o r on hybrids w ith a t least one exotic paren t, fo r o u r 
m ain p o p la r p lantings. A  very large num ber o f 
species, varieties and  hybrids occur in  gardens and  
a rb o re ta , and  an  even larger num ber a re  being 
tested  fo r tim ber p roduc tion  under varying con ­
d itions in different p a rts  o f  B ritain . T he list o f exotic 
o r sem i-exotic pop lars below com prises only those 
varieties w hich have been long enough u nder test 
fo r som e useful in fo rm ation  on  their behav iour to  
have com e to  light.

s e c t i o n  l e u c e : w h i t e  p o p l a r s

P. grandidentata  M ichaux, N o rth  A m erica 
P. tremuloides M ichaux, N o rth  A m erica 

X  P. trenmla  X trenmloides. M ainly im ported  as 
seedlings from  D enm ark , b u t also raised  in 
B rita in , using im portedP . trenmloides pollen.

s e c t i o n  a i g e i r o s : b l a c k  p o p l a r s

P. deltoides M arshall, N o rth  A m erica 
P . freem ontii W atson , N o rth  A m erica 
P . sargentii D ode, N o rth  A m erica 
P . wislizenii Sargent, N o rth  A m erica 

X  P . euramericana (D ode) G u in ier so-called, 
H ybrid  B lack pop lars, all basically P . del­
toides X nigra 

X  P . ‘serotina’
X  P . 'robusta'
X  P . ‘eugenei’

and  m any others.

s e c t i o n  t a c a m a h a c a :  b a l s a m  p o p l a r s  

P . koreana  R ehder, E astern  A sia 
P . laurifolia  L edebour, E astern  A sia 
P . m axim ow iczii H enry , E astern  A sia 
P . sim onii C arriere , E astern  A sia 
P . tacamahaca  M iller, N o rth  A m erica 
P . trichocarpa  H ooker, N o rth  A m erica

P . yunnanensis D ode, E astern  Asia,
X  P . koreana  x  trichocarpa 
X  P. m axim ow iczii X trichocarpa  (including P.

‘A ndroscoggin’)
X  P . tacamahaca  X trichocarpa

t a c a m a h a c a  X a i g e i r o s  h y b r i d s

X  P . berolinensis D ippel group . (P . nigra X 
laurifolia ?)

X  P . ‘generosa’ H enry  (including P . ‘M cK ee’) 
(P . deltoides angulata  x  trichocarpa)

X  P . candicans A iton  (P . gileadensis R ou l.)
X  P . m axim ow iczii X nigra (including P.

‘R ochester’)
X  P . deltoides angulata  x  simonii 
X  P . nigra X trichocarpa

SECTION LEUCOIDES

P . lasiocarpa O liver 
P . wilsonii Schneider

SECTION TURANGA

P. euphratica O liver

G eneral Discussion
B efore considering th e  separa te  groups, a  few 
general no tes m ay be  o f value. P op lars are  still a  
m in o r species in B rita in ’s forest econom y, and  
despite considerable opportun ities fo r fu rther 
p lan ting , they will never ran k  in im portance  w ith  
th e  m ajo r genera. H ow ever, the ir su itab ility  fo r 
hedgerow s, roadsides, an d  sm all spinneys on  
sufficiently m oist fertile soils, an d  th e ir co m p ara ­
tively rap id  re tu rn , a re  leading to  a  steadily  in ­
creasing in terest, and  considerable extensions to  the 
very sm all acreage a t  p resen t u n d e r poplar.

T hough  all pop la rs  tend  to  be ra th e r dem anding, 
if  satisfactory  g row th  is to  be achieved, th e  clim atic 
and  soil requirem ents o f  the  different g roups vary 
considerably  a n d  will be considered separately.

F o r  all groups except Leuce  an d  Leucoides p ro ­
p aga tion  from  nine-inch h a rdw ood  cuttings, in ­
serted  in  th e  nursery  in  early  spring, is s tandard . 
Som etim es these can  be p lan ted  o u t a fte r one year 
in  th e  nursery , b u t norm ally  thay  are  tran sp lan ted  
an d  stum ped , being used  fo r p lan ting  w ith a  one-year 
sh o o t an d  a  tw o-year roo t. P lan ts w ith s to u t shoo ts 
fo u r to  n ine  feet in  length  are  considered  desirable. 
O n  good  sites the use o f  u n ro o ted  sets, consisting  
o f  eigh t to  tw elve fo o t shoots, usually  tw o years o ld  
an d  cu t from  special stools, is feasible. B u t o n  all b u t 
th e  best sites ro o ted  p lan ts give b e tte r estab lish­
m ent.

P lan ting  is no rm ally  by th e  p it  m ethod , using 
large p its ; m ulching fo r several years, u n til e s tab ­
lishm ent is com plete an d  rap id  g row th  has com ­
m enced, is highly desirable, though  n o t alw ays 
practised.
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N o  w eeding o f  herbaceous p lan ts is required , due 
to  the suppression o f  weed grow th by the m ulches, 
bu t coppice com petition  has to  be restrained. W ith  
the com paratively  low  light values found  in B ritain , 
pop lars w ill n o t to lerate  com petition  fo r light. F o r  
the sam e reason  poplars prefer free crow n grow th, 
a n d  therefore grow  particu larly  well as individuals 
o r  in lines. In  p lan ta tio n  som e crow n com petition  is 
unavoidable , bu t it m ust be kep t to  the m inim um  o r 
g row th  will fall off. In  the absence o f  a good m arket 
fo r sm all sizes o f  pop lar, wide spacings, from  24 X 
24 ft. to  28 X 28 ft., are often  advocated. A  good 
general m arket fo r p o p la r pulpw ood w ould m ake 
closer p lan ting  m uch  m ore econom ical. L ittle 
in fo rm ation  is yet available o n  pruning, bu t it is 
now  considered  th a t it shou ld  be kep t a t a  m inim um  
un til the trees are  fully established an d  grow ing 
rapidly . T hereafter ab o u t h a lf  the stem  should  be 
kep t clear o f  branches un til an  econom ic height, 
p robab ly  20 to  25 feet o f  clear stem, is reached.

By fa r th e  m ost serious disease o f  poplars in  G reat 
B rita in  is bacteria l canker caused by Pseudomonas 
syringae fo rm a populea. T here are  very big differ­
ences in  varie ta l resistance to  this bacterium , an d  in  
practice  no  g reat difficulty has been experienced in  
finding sufficient resistan t clones fo r com m ercial use. 
N evertheless it has a  m ajo r effect on  the selection o f  
varieties fo r p lan ting , an d  will be considered again 
below. T he fungal canker caused by Dothichiza 
populea, w hich is so serious on  the continen t o f  
E urope, is seldom  m ore th an  a nuisance in  B ritain , 
being strictly  confined to  p lan ts w eakened by close 
spacing in  the nursery  and  by o th er adverse factors, 
such as d rough t, a fter transference to  the field. The 
very p revalen t lea f ru s t, caused by M elampsora  
species, has th e  sam e status. I t  does n o t p revent the 
successful cu ltivation  o f  even the m ost susceptible 
clones.

P op lars have a  very large insect popu la tion , as 
they are  a ttrac tive  to  lea f feeders, sucking insects and  
w ood borers, b u t none  o f  these are sufficiently 
destructive to  have any serious effect on  pop la r 
cultivation .

N o  o rganised  p o p la r breeding is in progress in 
B rita in , though  p rep a ra tio n  is being m ade fo r a  very 
lim ited  p rog ram m e o f  w ork  on  the cross P. m axi­
m owiczii x  trichocarpa, w hich appears to  have 
especially good  possibilities in  this country.

T here is a  steady dem and  fo r po p la r tim ber fo r 
m atches, fo r chip baskets fo r fruit, and  fo r a  few 
o th er specialised purposes. M uch o f  the p o p la r 
g row n h ith e rto  was n o t p roperly  p runed  an d  hence 
was n o t acceptable fo r th e  veneering w hich these 
products involve. A p art from  this, pop la r is accept­
ab le  in  the general tim ber m arket, being com parab le  
to  so ftw ood  fo r uses such as box m aking. N o  general 
o u tle t yet exists fo r p o p la r as pulpw ood.

M ost o f  the in fo rm ation  ab o u t pop lars in  B rita in  
is available in  tw o Forestry  C om m ission publica­
tions: B ulletin  N o. 19 Poplars and  Leaflet N o. 27 
Poplar Planting. In  add ition , a  m im eographed 
L is t o f  Poplars in the Possession o f  the Forestry 
Commission Research Branch, is p repared  annually  
fo r lim ited circulation.

Section Leuce

Populus tremuloides and  P. grandidentata, the two 
A m erican aspens, have n o t been fully tested in G rea t 
B rita in , b u t so fa r they show  no particu lar prom ise. 
T he in fo rm ation  below  applies m ainly therefore to 
P. tremula  x  tremuloides, w hich is now  raised  on  a 
com m ercial scale in  several Scandinavian countries.

T his h yb rid  has only been p lan ted  in  B rita in  on  a 
tr ia l scale, b u t o n  a  fairly wide range o f  sites. I t 
appears, like native P. tremula, to  be m ore to le ran t o f  
acid  soils and  w ood land  conditions than  m ost o ther 
poplars.

I t  is a lm ost im possible to  raise this hybrid  from  
h a rdw ood  cuttings, an d  laborious and  expensive 
to  raise it from  so ftw ood  cu ttings in the sum m er, so 
th a t seed is the best m ethod  o f  p ropagation . F o r 
th is reason , it can n o t be dealt w ith on  a  clonal basis 
like m ost o th er poplars. T he necessity o f  producing 
hybrid  seed has lim ited  even its trial use in B ritain , 
an d  m ost o f  th e  p lan ts used  have been im ported  
as seedlings from  D enm ark . T he very sm all seeds 
requ ire  a  very fine, shaded  and  m oist seedbed. 
Evidence so fa r suggests th a t ra th e r sm aller plants, 
tw o to  th ree feet high, a re  m ore easily established 
th an  p lan ts o f  the size favoured  fo r m ost o ther 
poplars. S tum ping an d  grow ing on  in the nursery 
fo r a  year before p lan ting  ou t, is probably  bene­
ficial a n d  certain ly  produces a straigh ter shoot.

I t is assum ed th a t being natu rally  trees o f  close 
w oodland , aspens w ould  stand  closer spacing than  
o th e r pop lars, b u t no  evidence is yet available o n  the 
la te r stages o f  th e ir grow th.

E arly  g row th  rates o f  the hybrid  aspen, o n  som e 
sites, are m arkedly  superio r to  the best achieved by 
th e  native P. tremula; bu t estab lishm ent has always 
p roved  m ore  difficult th an  w ith  m ost o ther poplars. 
O n the best sites height, bu t n o t d iam eter grow th, 
is com parab le  w ith th a t o f  the Black and  Balsam  
poplars.

U nfo rtunate ly  all the  p lan ts o f  P. tremula  x  trem u­
loides so fa r tested  have proved  extrem ely sus­
ceptib le to  the bacte ria l canker Pseudomonas 
syringae fo rm a populea. F o r  th is reason, despite its 
early  prom ise, th is hybrid  aspen canno t be used on  a 
com m ercial scale in  B rita in , unless resistan t strains 
can  be discovered.
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Section Aigeiros
Populus deltoides, w hich has a  vast range in  N o rth  
A m erica, and  is in  consequence extrem ely variable, 
was never p lan ted  in  th e  past ou tside bo tan ical 
collections. R ecen t trials o f  a  num ber o f  p rom ising 
clones bear no  suggestion th a t pu re  P. deltoides is 
likely to  rival the P. euramericana hybrids under 
B ritish conditions. P. sargentii, P. wislizenii an d  P. 
freem ontii generally com e from  fu rth er sou th  and  
west in  the U n ited  S tates than  P. deltoides, an d  as 
m ight be expected, they are  less su ited  clim atically  
to  the B ritish  Isles. Som e clones a re  very subject to  
w inter injury. I t  is m ost unlikely th a t any o f  them  
will be used fo r tim ber p roduction . T he rem arks 
below  therefore  can  be taken  as applying in  the m ain  
to  the  B lack hybrids, P. euramericana.

A ll the B lack p o p la r hybrids are  now  properly  
classified as h o rticu ltu ra l varieties o f  P. eurameri­
cana. P. ‘serotina’, the  first to  appear, has been in 
cultivation  in  B rita in  fo r ab o u t 100 years, and  
individual trees have reached  very large sizes. Trees 
con tain ing  over 1,000 H oppus F eet o f  tim ber in the 
tru n k  an d  m ain  lim bs have been recorded. M ost o f  
the o th er B lack hybrids have only been in  cu ltivation  
fo r 40 to  50 years o r  less, an d  have n o t yet h ad  an  
o p p o rtun ity  to  reach  the ir fu ll size. A  nu m b er o f  
varieties, in  particu la r P. 'pseudo-eugenei', a re  very 
susceptible to  bacte ria l canker, b u t m ost o f  them  are 
reasonably  resistan t. F ive varieties have been re ­
com m ended fo r general p lan ting , an d  officially 
certified clonal stocks are  m ain ta ined  fo r d is tribu tion  
to  p rivate  landow ners an d  to  the nursery  trade. 
T he trees orig inally  selected w ere:—P. 'robusta', 
P. 'serotina', P. 'gelrica', P . 'eugenei', P. ‘serotina  
erecta' so-called. T he last o f  these has been d iscarded 
recently  an d  P. 'laevigiala' substitu ted . These varie­
ties, and  particu larly  P. 'serotina’ an d  P. 'robusta', 
have p rov ided  the b u lk  o f  the pop lars p lan ted  in  
B rita in  du ring  th e  las t ten  years. Tw o o th er o f  the 
o lder hybrids have done qu ite  well, they a re  P. 
'm arilandica', w hich has n o t been generally recom ­
m ended  because it  is slow er an d  less s tra igh t th an  
the o thers, an d  P. ‘regenerata', som e clones o f  w hich 
a re  canker-susceptible. A  num ber o f  m ore  recen t 
B lack hybrids are  on  tria l, som e o f  w hich m ay 
eventually  replace o r  be added  to  th e  p resen t 
recom m ended varieties. Even w ith in  a  supposedly  
un ifo rm  hybrid  such as P. 'robusta', there  are  
appreciable  c lonal differences in ra te  o f  grow th, 
crow n form , etc., so th a t fu rth er selection is n o t only 
possible, b u t desirable.

O ne in teresting  group  consists o f  the selections 
m ade in  Ita ly  from  a sem i-natural po p u la tio n  of 
B lack hybrids grow ing in the Po  valley. Som e o f 
these are  o f  very rap id  grow th, b u t they appear 
better ad ap ted  to  a  longer grow ing season th an  we 
experience, and  in B rita in  la te  cessation o f  grow th in

the au tu m n  has led to  fro st injury.
I t  is clearly evident as one m oves sou th  in  E urope 

th a t th e  B lack pop lars are  essentially trees requiring  
long, h o t sum m ers an d  h igh light intensities. T he 
h o tte r  th e  tem pera tu re  an d  the b righ ter th e  light the 
faster they grow  a n d  the  closer they  can be  p lan ted . 
T he  B ritish  Isles appears to  be on  the edge o f  the ir 
com m ercial range. T he fu rth er n o rth  one goes in 
B rita in  th e  better the  site m ust be if  pop lars are  to  be 
grow n satisfactorily . M ost o f  the com m ercial 
p lan ting  o f  H ybrid  B lack pop lars is likely to  rem ain  
in  th e  sou thern  h a lf  o f  E ngland, th ough  very good 
sites fu rth er n o rth  will yield satisfactory  re tu rn s on  a  
slightly longer ro ta tio n . T he very best sites in the 
so u th  m ay p roduce  tim ber fo r m atch  veneering in 
20 to  23 years, though  25 to  30 years is likely to  
be m ore  general, an d  in  th e  n o rth  30 to  35 years is to  
be expected. T he B alsam  pop lars o f  th e  section 
Tacamahaca, in  p a rticu la r P. trichocarpa  an d  its 
hybrids, ap p ea r m ore su ited  fo r th e  regions of 
B rita in  w ith  low sum m er tem peratures.

V olum es on  these ro ta tio n s a re  likely to  range 
from  2,500 to  3,000 H oppus feet per acre. T his is n o t 
a  high volum e, b u t it m ust be rem em bered  th a t the 
ro ta tio n  is very sh o rt com pared  w ith th a t accepted  
fo r o th er tim ber trees in  B ritain .

Section Tacamahaca
M ost o f  th e  A sian  B alsam  pop lars can  be ru led  
o u t on accoun t o f their h igh  susceptibility  to  bacterial 
canker. Several, fo r instance P. koreana  an d  P. 
yunnanensis, a re  n o t w inter-hardy  in B rita in . Only 
P . m axim ow iczii appears to  have any possibilities, 
an d  th en  ra th e r as a  pa ren t th an  in its ow n right. 
M ost o f th e  P. tacamahaca  p lan ted  in B rita in  in  the 
p as t app ea r to  be o f a  single, very free-suckering 
clone. I t  is p robab ly  a  b ad  clone, an d  has grow n very 
poorly , seldom  reaching tim ber size. H ow ever, m ore 
recen t im porta tions o f th e  sam e species from  a wide 
range o f  sites in N o rth  A m erica have done little 
better.

In  th e  sam e w ay nearly  all the  P. trichocarpa in 
B rita in  appears to  have o rig inated  from  a single 
clonal in troduction . A s fa r as rap id ity  o f  g row th is 
concerned  it is a  very good clone; w here it  has no t 
been a ttack ed  by bacteria l canker som e very fine 
trees have  been grow n, bu t un fo rtuna te ly  it rapid ly  
falls victim  to  canker w henever it becom es infected.

R ecently  a  num ber o f  fresh im porta tions have 
been m ade bo th  o f  P. trichocarpa  an d  o f  P. tacam a­
haca x  trichocarpa hybrids. Som e o f  these app ea r to  
be highly resistan t to  canker, a n d  th e ir early  grow th 
is equal o r superio r to  th a t o f  the established clone. 
D esp ite  the  fac t th a t they have n o t been fully tested, 
tw o o f  them  have now  been issued as approved  
varieties.
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A  clone o f  th e  h yb rid  P. koreana  x  trichocarpa has 
p roved  th e  fastest p o p la r in the nursery  u nder 
E nglish conditions, shoo ts eleven feet ta ll having 
been p roduced  in  a  single season; b u t in  the field, 
th is variety , w hich in  any  case is n o t fully hardy, 
yields p ride  o f  p lace to  P. ‘Androscoggin’ a  P. 
m axim ow iczii X trichocarpa hybrid  raised  originally 
in  the  U n ited  S tates by S tou t and  Schreiner. O n a 
very favourab le  site th is tree  has reached 50 ft. in 
six years, w hich is extrem ely rap id  grow th fo r 
E nglish  conditions. U nfortunate ly  it is too  sus­
ceptib le to  bacte rial canker to  be p u t in to  general 
use. Several o th er clones o f  th e  sam e cross appear 
prom ising , an d  it  is h oped  later, by using canker- 
resistan t paren ts, to  rep ea t th e  cross w ith m ore hope 
o f  getting  a  fully res is tan t H ybrid .

T he im portance  o f  the  B alsam  poplars, particularly  
o f  P. trichocarpa a n d  its hybrids, rests on  their 
su itability  fo r those  p a rts  o f the B ritish Isles, 
especially the  w est an d  n o rth , w here the sum m er 
tem pera tu res a re  low er, th e  rain fall higher, and  the 
soils ra th e r m ore  acid  th a n  in  th e  south . U nder these 
conditions, b u t still only on th e  better sites, the 
B alsam  pop lars  grow  m uch  better than  the Black 
hybrids. C anker-resis tan t B alsam  poplars o f  good 
g row th  w ould  therefo re  substantially  increase the 
availab le  site range fo r the genus.

B alsam  pop lars also app ea r to  be m ore adap ted  to  
w ood land  conditions th an  the B lack H ybrids, 
stand ing  com petition  w ith o th er trees o r am ong 
them selves ra th e r  better. Poplars, because o f their 
rap id  grow th, an d  because they can  be p lan ted  a t 
w ide spacings, have suggested them selves for 
derelict w ood land  sites, w here th e  cost o f clearance 
is o ften  the  m ain  b a r  to  re-afforestation. E xcept on 
the best sites th e  B lack hybrids have proved  unable  
to  cope w ith  coppice com petition , bu t the B alsam  
pop lars  m ay p rove ra th e r m ore suitable fo r the 
rec lam ation  o f  derelict w oodland  sites on reasonably 
good  soils.

T acam ahaca X A igeiros H ybrids

T he large and  confused P. berolinensis group 
provides som e clones o f  very good form  and  u n ­
usually  dense foliage, w hich m ay, despite their 
relatively slow  grow th, be valuable as roadside trees 
in  B rita in , com bin ing  good  appearance  w ith even­
tu a l u tilisa tion  value.

P. ‘generosa \ w hich w as th e  first deliberately- 
p roduced  h y b rid  pop la r, m ade by P rofessor H enry 
a t K ew  in 1914, is to o  canker-susceptible to  be o f 
any  p ractical value. In  any  case, though  initial 
g row th  is very rap id , it norm ally  falls behind P. 
trichocarpa before it  has reached veneering size. 
T he ‘M cK ee’ pop lar, pa ten ted  in  A m erica, is the 
sam e cross an d  is equally canker-susceptible.

P. candicans, w hich is probably  P. deltoides X 
tacamahaca, was p lan ted  widely in  B rita in  as an  
o rnam en ta l u n d e r the nam e o f  O ntario  poplar, 
m ainly because o f the B alsam  o d o u r o f  the  breaking 
buds in  the spring. I t  is extrem ely susceptible to  
bacte ria l canker an d  is tend ing  gradually to die out.

A  num ber o f  o th e r B alsam  x  B lack hybrids are  
u n d er test, b u t it  is too  early yet to  say m uch of their 
behaviour. Som e are  certainly canker-susceptible, 
b u t o thers m ay play a  p a rt in B ritish  po p la r culti­
va tion  in th e  future.

In  general th e  clim atic an d  soil requirem ents o f 
this g roup  seem  to  be nearer th a t o f the pu re  Balsam s 
th an  th a t o f the B lack paren t. M ost o f them  do 
reasonably  well in  the n o rth  in  conditions o f low 
sunshine, an d  on  slightly acid  soils. L ike the B alsam  
pop lars they  will to le ra te  sem i-w oodland conditions.

Section Leucoides

P. lasiocarpa an d  P. wilsonii have been plan ted  
fairly widely in  a rb o re ta  m ainly on  account o f their 
very large leaves. I t  is evident from  these trees th a t 
they have no  fu tu re  fo r tim ber production . Some 
o th er m em bers o f this g roup  are  being grow n a t the 
Forest R esearch  S ta tion , b u t p ropaga tion  difficulties 
have lim ited  th e ir use, an d  in any case none o f them  
ap p ea r p o ten tia l tim ber trees under B ritish con­
ditions.

Section T uranga

P. euphratica, w hich is really a  sub-tropical 
pop lar, is certain ly  n o t hardy  in  B ritain . I t  has been 
grow n as g rafts fo r a  single season, b u t perished 
during  th e  w inter.

T .R .P .

P runus L innaeus

T he genus is represen ted  in B rita in  by the native 
Prunus avium, th e  gean, an d  several o th er shrubby  
species o f  no  im portance. Prunus avium  is an  
occasional constituen t o f  beech w oods and  can reach 
large dim ensions. T here  is little  need to look  else­
w here fo r a  Prunus o f  good  sta tu re  an d  tim ber 
quality , b u t tw o exotic species have been tried.

Prunus serotina E h rh a rt

This tree  from  eastern  N o rth  A m erica was p lan ted  
a t  C irencester in  1905. Jam es (1951) considers the 
c rop  “ o f  no  value” . M ore  recently, (1953) a  p lo t 
has been estab lished  a t Bedgebury. I t is healthy  bu t 
the young  trees a re  very bushy. P. serotina has been 
used in H o llan d  as a  shelterbelt tree ; it has how ever 
been found  th a t it  is an  a lte rna te  h o st o f  M yzus  
persicae, an  ap h id  carrie r o f  a virus disease o f  sugar 
beet. H ence its p lan ting  in  B rita in  is to  be d iscour­
aged.
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Prunus sargentii R ehder
This species, w hich com es from  Japan , was 
p lan ted  a t B edgebury in  1949. I t  is alm ost certainly 
o f  m ore value as a decorative species th an  as a  forest 
tree.

R .F .W .

Quercus Linnaeus

T his im p o rlan t n o rth  tem perate genus o f  som e 200 
species is represented in  B ritain  by Quercus robur 
L innaeus and  Quercus petraea  (M attuschka) L ieb- 
lein, the peduncula te  an d  sessile oaks.

O ak  forest is the m ost im portan t broadleaved 
type in  B ritain , though  all existing oak  w ood land  has 
been greatly m odified by centuries o f  m anagem ent. 
E xotic oaks have so fa r  been o f  no significance in 
B ritish  forestry, and  are  n o t likely to  becom e o f  any 
g rea t im portance. A large num ber o f  species are  in 
cultivation , and  m any are o f  value in arboricu ltu re .

A few have been tried  u nder forest conditions, but 
only  two seem  likely to  find any place in  o u r silvi­
culture, these are the A m erican Red oak, Q. borealis 
a n d  the T urkey  oak , Q. cerris.

Quercus borealis M ichaux filius P late 16

T he R ed  oak  o f  eastern  N o rth  A m erica was 
in troduced  by M iller in  1739, and  is the m ost 
successful o f  the A m erican  oaks. A lthough  so long 
in  this country , there  seems to  have been little 
in terest in the R ed oak  as a forest tree  till the 
tw entieth  century. T he h is to ry  o f  the tree as a forest 
exotic in  w estern E u rope  is a  good deal longer, and  
in  parts  o f  Belgium , H o llan d  and  F rance it is m ore 
o r  less naturalised . A lthough  Elwes (1909) m entions 
th a t R ed  oak  ripens seed in  the sou th  o f  E ngland, it 
frequently  fails to  carry  its acorns to  the second 
year an d  it is p robab le  th a t the m ore p lentiful 
p ro duc tion  o f  seed on  the C on tinen t has been a big 
fac to r in the developm ent o f  the tree there.

R ed  oak  m ay have a  p lace in B rita in  o n  sandy 
soils w hich are  insufficiently fertile fo r the native 
oaks. I t  is unlikely to  be as p roductive as o u r native 
oaks on  the better sites over ro ta tio n s aim ing a t 
large d im ensions; bu t will p robab ly  grow  faster on 
any  site fo r th irty  years  o r  so.

R ed  oak  has been tried  o n  low land Calluna heath , 
o ften  in m ixture w ith  pines, in  the hope  th a t its 
litte r w ill effect an  im provem ent in  th e  soil. Few  
p lan ta tions on  hea th lan d  sites have how ever 
reached  any age. A  g reat deal o f  R ed  oak  is p lan ted  
simply to  p rovide au tum n  colour.

T here a re  few c rop  m easurem ents yet available; 
da ta  from  th ree perm anen t p lo ts a re  sum m arised  
in  T able  59.

R ed  o ak  is n o t a  long-lived tree  an d  need n o t be 
expected to  com pare in  u ltim ate  dim ensions w ith 
o u r native species. I t  does n o t com m only exceed 12 
ft. in g irth  a t breast heigh t; it  reaches good  heights 
how ever, an d  m any trees betw een 80 and  100 feet 
ta ll a re  recorded.

T here is little in fo rm ation  on  the tim ber properties 
o f  R ed  oak  grow n in B ritain . I t  has how ever proved  
very easy to  cleave, and  as it absorbs preservatives 
freely it can  be rendered  durab le  an d  so shou ld  be 
useful fo r fencing and  estate w ork. I t  has been used 
successfully in the m anufactu re  o f  pallets fo r fork- 
lift trucks. I t m ay be regarded  as a general pu rpose 
hardw ood , bu t n o t as a  substitu te  fo r E nglish  oak  in 
its m ore  specialised uses.

It is unlikely  th a t R ed  o ak  will ever be extensively 
p lan ted , bu t it m ay well find a  sm all place on  m a r­
ginal b roadleaved sites in the south.

R .F .W .

Quercus cerris L innaeus

T he T urkey  oak , o f  w hich the da te  o f  in troduc tion  
is unknow n, was in cu ltivation  and  being p lan ted  
in  E ngland  in  the eighteenth  century . I t  is a  native 
o f  south-eastern  E urope, A sia M in o r an d  Syria.

T he T urkey  oak , a t  least in  the so u thern  parts  
o f  G rea t B ritain , is the m ost vigorous oak  we have, 
and  one o f  the best-form ed, grow ing b e tte r th an  
either Q. petraea  o r  Q. robur particu larly  o n  light 
soils. I t  is a  pity , therefore , th a t its tim ber is in  such 
i 11-repute. I t  bears seed regularly  a n d  n a tu ra l 
seedlings are  frequently  seen, often  occurring  in 
ad jo in ing  p lan ta tions o f  o th er species, an d  there is no 
d o u b t th a t if  the tree  w ere m ore a b u n d an t in  the 
coun try  it w ould  speedily natu ra lise  itself an d  sp read  
by n a tu ra l seeding as the sycam ore is doing.

T a b l e  5 9  q u e r c u s  b o r e a l i s : g r o w t h  a n d  p r o d u c t i o n

Mean Girth Standing Volume Total Yield,
Age Top Height Breast Height Per Acre, Hoppus
yrs. f t . in. Hoppus f t .  O.B. f t .  O.B.

Sutton Bottom, Forest o f Dean 22 421 11 478 689

Bedgebury, Kent ................ 26 36 12 439 610

Herriard Park, Hampshire 51 73* 30* 1,969 —
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Indiv idual trees reach a  considerable size and 
several have been recorded  over a hundred  feet in 
height. T here are som e excellent specim ens in the 
suburbs o f  L ondon  w hich indicate tha t the T urkey 
oak  is a t least m oderately  to leran t o f  a tm ospheric 
pollu tion .

T his oak  has been little used in  the forest and, 
indeed, if  it appears, it is usually p rom ptly  cu t o u t; 
bu t there is one record  o f  a  p lo t o f  p lan tation-grow n 
T urkey  oak  a t K nu tsfo rd  in  C heshire which, a t 110 
years o f  age, had  a top  height o f  954 ft., a  m ean 
girth  o f  87 in. and  a volum e per acre o f  3,055 H oppus 
feet.

T he tim ber suffers from  lack o f  durability  w hich 
m akes it unsu itab le  fo r o u td o o r use, while the 
heartw ood  is resistan t to  im pregnation  w ith p re­
servatives. Its streng th  properties are said to  be 
in ferio r to  those o f  the native oaks bu t it is a good 
bending tim ber an d  w orks well w ith h an d  and 
m achine tools.

It seasons slowly w ith considerable degrade. W hen 
seasoned it weighs betw een 50 and  55 lb. per cubic 
foot.

If som e con tinu ing  use could  be found  fo r the 
tim ber o f  this tree, it w ould  have a fu ture in B ritish 
forestry.

Quercus coccinea M iinchhausen

T he Scarlet oak  is a native o f  N o rth  A m erica 
w here it occurs in sou thern  C anada, in the n o rth ­
eastern  U n ited  States and  w estw ards as fa r as 
N ebraska . I t has long been know n in G rea t B ritain  
fo r it was in troduced  in  the seventeenth century, and 
a  tree is said  to have been grow ing in  B ishop C om p­
to n 's  garden  a t F u lh am  in 1691. Elwes and  H enry 
give it as the ir op in ion  th a t this tree does n o t grow 
so large in E ng land  o r  reach  so great an  age as Q. 
borealis.

A lthough  a  num ber o f  m oderately  tall trees have 
been recorded, none o f  them  has any great g irth , and  
it is possible th a t Q. coccinea m ay be a relatively 
short-lived tree  in  B ritain . O ne o f  the best trees 
recently m easured is a specim en a t W estonbirt, 
G loucestershire, 81 ft. ta ll by 4 ft. 10 in. g irth  at 
breast height. A  tree a t T erling  Place, Essex, w hich 
m easured 50 ft. in  height in  1953, was 25 ft. h igh in 
1909. As it was p lan ted  in  1885, the ra te  o f  g row th 
has been poor. In  its native country , the Scarlet oak  
grow s on  dry, sandy and  gravelly soils. A t Bedgebury, 
on  a ra th e r acid, silty soil, Q. coccinea p lan ted  in 
1933 h a d  reached  a  height o f  224 ft- a t 19 years o f  
age. T his g row th  was a  little  be tter than  th a t o f  the 
native species, b u t n o t so good  as th a t o f  Q. borealis.

J.M .

Quercus frainetto T enore ( Q. conferta  K itaibel)

A  native o f sou th-eastern  E urope, Q. fra inetto  was 
in troduced  shortly  before 1838. I t has no t been 
com m only  p lan ted , though  it makes a very handsom e 
tree. O ne o f the largest specimens know n is in the 
grounds o f  W estonbirt School, in G loucestershire, 
an d  is 90 ft. tall by 10 ft. in girth a t breast height.

A p lo t was p lan ted  a t Bedgebury, K ent, in 1943, 
b u t has no t yet closed canopy. I t is m uch han d i­
capped  by spring  frost susceptibility.

Quercus hispanica lucombeana (Sweet) R ehder

T he L ucom be oak  is a hybrid  between Q. cerris 
and  Q. suber, d iscovered am ongst seedlings o f the 
form er by W illiam  Lucom be a t Exeter in 1765 
(H adfield 1955). I t has been extensively p ropagated  
by grafting  an d  is qu ite  a com m on o rnam en ta l tree in 
the so u th  o f  England. T here are  also num erous 
second an d  la ter generation  seedlings, exhibiting 
varying degrees o f  segregation.

Except in the m ore severe w inters, it rem ains 
evergreen. I t  m ay reach quite considerable dim en­
sions; trees 80 ft. ta ll a re  know n. N o p lan tations o f 
this in teresting  hybrid appear to  have been m ade.

Quercus ilex Linnaeus

T he holm  oak , w hich is native to the M editerranean 
region, has been in cultivation  since the sixteenth 
century , and  is by fa r  the com m onest o f the evergreen 
oaks p lan ted  in  B rita in . It has n o t been p lan ted  in 
th e  forest, bu t is a  particu larly  useful tree for exposed 
coastal d istricts as it w ithstands sea winds very well. 
C onsiderab le  use has been m ade o f it a t H olkham  on 
the N o rfo lk  coast fo r o rnam en ta l effect and  shelter, 
Quercus ilex  having been p lan ted  on  the estate since 
1740 (M unroe, 1911). T he p lan ta tions o f Q. ilex  a t 
O sborne on th e  Isle o f W ight, laid o u t by the Prince 
C onsort, a re  also notew orthy.

Quercus ilex  is a  slow -grow ing tree, w hich rarely 
exceeds 70 ft. in height, though  breast-height girths 
o f  12 ft. o r  m ore are no t uncom m on. It ripens seed in 
the sou th  o f  E ngland.

Quercus mirbeckii D urieu

T his in teresting  tree  is native to  southern  Portugal' 
M orocco, A lgeria an d  T unisia. I t  was in troduced  in 
1844 o r 1845, w hen K ing L ouis Philippe sent som e 
acorns as a  p resen t to  Q ueen V ictoria. U nder 
B ritish  cond itions it is sem i-evergreen.

A  p lo t p lan ted  betw een 1930 and  1934 a t Bedge­
bury  has grow n qu ite  well, reaching 19 ft. in height 
in 22 years. I t is m uch  less susceptible to  spring frost 
th an  Q. fra inetto . So far, its ra te  o f grow th at 
B edgebury is very sim ilar to  th a t o f  Q. palustris; it is 
a  little slow er th an  the native oaks, and  distinctly 
slow er th an  Q. borealis and  Q. coccinea.

R .F .W .
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Q uercus palustris M iinchhausen

T he P in  oak  o f  eastern  N o rth  A m erica is n o t a 
com m on tree in  G rea t B rita in , though  it has been in  
cultivation  since ab o u t 1800, when it was first in tro ­
duced. I t has been p lan ted  as a  specim en tree bu t, 
a p a rt from  the p lo t a t  Bedgebury, no  p lan ta tions 
have been recorded.

L ike all the A m erican oaks, it does n o t rival the 
native oaks fo r size o r vigour, bu t there  a re  several 
good specim ens know n, nearly  all in  the sou thern  
p a r t o f  E ng land ; it does n o t grow  well in th e  n o rth  
n o r in  Scotland. A m ong those w hich have recently 
been m easured  by M aynard  G reville, the follow ­
ing m ay be m en tioned— a tree a t Pow is Castle, 
M ontgom ery, 8 1 ft . by 8 ft. a t b reast he igh t; in  
Kew G ardens, 75 ft. by 7 ft. 11 in . ; a t  O sterley 
P ark , M iddlesex, 74 ft. by 6 ft. 3 in . ; a t Syon H ouse, 
M iddlesex, 70 ft. by 7 ft. 11 in.

In  the p lo t a t  B edgebury, w hich was p lan ted  
betw een 1933 and  1935, th is species h ad  reached 17£ 
feet in  heigh t in  18 years, its grow th being slightly 
inferio r to th a t o f  Q. coccinea and  considerably less 
th an  th a t o f  the R ed  oak , Q. borealis. T he  site a t 
Bedgebury is n o t the best fo r an  oak like Q. palustris 
which is said  to  prefer deep m oist sandy soils, b u t its 
early  grow th, nevertheless, is n o t discouraging.

J.M .

q u e r c u s : r e f e r e n c e s

Hadfield, M. 1955. The Lucombe Oak. Gardener’s
Chronicle, 138, 46.

Munroe, D. 1911. Quercus ilex at Holkham. Quart. J. For.
5, 119.

Robinia L innaeus 
O f this sm all genus o f legum inous trees an d  shrubs, 
only one species need be considered.

Robinia pseudoacacia L innaeus

T he locust o r  false acacia was in troduced  from  
A m erica som e tim e p rio r to  1640 (H enry, 1909). T o 
quo te  H enry , “ it only cam e p rom inently  in to  vogue 
by the vigorous advocacy o f  C o b b e tt” . W illiam  
C o b b e tt re tu rn ed  from  his po litical exile in A m erica 
in 1819, an d  began to  raise th e  tree in quan tity  in  
1823. H e  is said  to  have d is tribu ted  over a  m illion 
p lants. H enry  m ay be q u o ted  ag a in : “ C obbett 
devoted m any pages . . .  (in Woodlands) . . .  to  an 
accoun t o f  this species, w hich he  considered  was 
going to  supp lan t all o th er trees in  E ng land ; bu t 
C o b b e tt’s enthusiasm  in  arbo ricu ltu re , as in  politics, 
often  o u tran  his d iscretion , and  though  m any o f his 
trees rem ain , m ostly  long past the ir prim e, an d  in  a 
m ore o r less decayed condition , the Robinia  has 
never realised his p red ic tions” . T his is the h isto ry  o f 
Robinia  in B rita in  in a nutshell.

C ertain  o f  C o b b e tt’s claim s w ere undoubted ly  
justified, and  the tree  has been found  p rofitab le  and  
cu ltivated  on a  few estates till fairly recent tim es. 
S ir H ugh  B eevor (1908) th o u g h t its to lerance o f po o r 
sandy soils an d  th e  extrem e durab ility  o f  its tim ber 
sufficient argum ents to  ju stify  its con tinued  cu ltiva­
tion  a t  H argham , N orfo lk .

O ne fac to r w hich seem s to  have p layed  a  large 
p a r t in  th e  decline o f the locust is the rab b it, w hich 
seems to  have a p articu la r lik ing  fo r th e  young  
sucker shoots. A no ther, w ith o u t doub t, is th e  strong  
dislike o f  th e  w oodm an  fo r its fearsom e thorns.

T oday  the  tree is scarcely p lan ted  a t all. A  p lo t at 
B edgebury, K ent, p lan ted  in  1931, is qu ite  a  good 
exam ple o f  Robinia  in p lan ta tion . E arly  g row th  has 
been qu ite  good, the trees averaging 31 ft. tall in  20 
years, b u t th e  fo rm  is ugly, an d  plain ly  th e  yield m ust 
be very sm all.

A n experim ent w ith  R obinia  in W areham  forest, 
D orse t, has dem onstra ted  th e  nu rsing  value o f  the 
tree. S itka spruce in terp lan ted  w ith Robinia  rem ained 
green an d  grew  satisfactorily , while con tro l trees soon 
lapsed in to  th e  typical checked cond ition  o f  spruce 
on  Calluna heath .

Robinia  m igh t still have som e place on  light sandy 
soils as a  nurse fo r m ore yielding species, though  the 
benefits m ight well be cancelled by th e  nuisance 
value o f  the suckers. T he extrem e durab ility  o f  
fencing tim ber (w hich appears to  be well p roven) is a 
less cogent argum en t fo r grow ing the tree  in  view o f 
the  advances m ade  in preservative treatm ent.

R .F .W .

r o b i n i a : r e f e r e n c e s

Cobbett, W. The Woodlands. 1825.
Beevor, Sir Hugh. 1908. Notes. Quart. Journ. For., Vol. 2.

301.

Sorbus L innaeus 
T here  are  several native species: Sorbus aria, the 
w hitebeam , a  com m on sm all tree  o f  th e  chalk ; 
Sorbus aucuparia, the  row an  o r  m o un ta in  ash, an d  
Sorbus torminalis, the  w ild service, w hich som etim es 
reaches considerable dim ensions in  the sou th  o f  
E ngland.

O ne exotic has been tried , Sorbus intermedia  
(E hrhart) Persoon , from  n o rth e rn  E urope. I t has 
been p lan ted  experim entally  as a  b roadleaved  p ioneer 
species u n d er very diverse conditions, on  chalk  
dow nland  in  the sou th  o f  E ngland , on  Calluna 
hea th land  in N o rth  W ales, an d  on  pea t in  N o rth ­
um berland  (Z ehetm ayr 1954), an d  has given qu ite  a 
good  accoun t o f  itself on  all these sites. I t  has taken  
9 years to  reach  10 ft. a t  C locaenog, N o rth  W ales, on 
Calluna heath , b u t is healthy  and  has suppressed 
the  heather. A t B uriton , H am pshire , on  an  exposed 
chalk  dow n, it has reached 12J feet in  17 years.

R .F .W .
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T ilia L innaeus

Tw o species o f  lim e are  considered indigenous to  
B rita in , T. cordata M iller, the sm all-leaved lime, an d  
T. p la typhyllos  Scopoli, the large-leaved lime. 
Tilia europea L innaeus, w hich is considered to  be the 
hybrid  betw een them , is o ften  p lan ted  as an  avenue 
tree.

A  num ber o f  exotic limes are  o f  arbo ricu ltu ra l 
value, bu t few, if  any, appear to  have been tried  under 
fo rest conditions. T he m ost successful in troductions 
ap p ea r to  be from  eastern  E u ro p e  an d  w estern A sia, 
an d  o f  these m en tion  m ight be m ade o f  T. petiolaris 
a n d  T. tomentosa  since very fine specim ens o f  bo th  
a re  frequently  seen. A  sm all group  o f  T. japonica  
(M iquel) S im onkai, w as p lan ted  a t  B uriton  in H am p­
shire, o n  chalk  dow nland, an d  in  20 yrs. reached  a  
height o f  25 f t . ; this ra te  o f  g row th  is sim ilar to  th a t 
o f  T. cordata.

R .F .W .

IJlm us L innaeus

T hree  m ajo r species are  found  in  B ritain , U. glabra, 
U. carpinifolia and  U. procera; there are, besides, a

num ber o f  in term ediates. T he elms are  o f  im portance 
as they provide a  considerable p ro p o rtio n  o f  o u r 
hedgerow  tim ber. E xotic elm s are very unlikely to  be 
o f  any  value in  B rita in ; none appears likely to  equal 
o u r ow n trees in  sta ture . T here are  few records o f  
exotic elm s in  p lan ta tion .

U lm us am ericana L innaeus

T he A m erican  elm  was p lan ted  a t  C irencester in  
1905, an d  has done very well. Jam es (1951) notes 
th a t this p lo t, a t  46 years o f  age, h a d  a to p  height o f  
51 ft., a  m ean  g irth  o f  23 in. and  a  stand ing  volum e 
o f  3,172 H oppus ft. p e r acre. I t is m ore susceptible 
th an  m o s t native elm s to  E lm  D isease (Cerato- 
stom ella ulm i), though  this particu lar p lo t has so fa r 
escaped.

IJlm us parvifolia Jacqu in

T his elm  from  E ast A sia  was p lan ted  a t Bedgebury, 
K en t, in  1934, b u t has failed. L ike o ther A sian  elms, 
it is res is tan t to  E lm  D isease.

R .F .W .
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S T A N D IN G  C O M M IT T E E  O N  B R IT IS H  C O M M O N W E A L T H  F O R E S T R Y

D e a r .............................. .

A t the Sixth B ritish  C om m onw ealth  C onference, 
the R ep o rt o f  the C om m ittee on  F o res t M anagem ent, 
Silviculture an d  F o res t P ro tec tion  was adop ted . In  
th is rep o rt the follow ing recom m endation  was 
m a d e ;—

“ A detailed accoun t o f  the use o f  exotic species 
in the C om m onw ealth  based partly  on  in fo rm ation  
supplied  to  the T h ird  B ritish  E m pire C onference, 
was given by the la te  P rofessor R. S. T ro u p  in  his 
book  “E xotic F o res t T rees in  the B ritish E m pire” 
(1932). M uch  experience has been gained since 
th a t date  and  it is recom m ended th a t the S tanding  
C om m ittee shou ld  arrange for its co llection  in a 
s tandard ised  fo rm  fo r  p resen ta tion  to  the next 
C om m onw ealth  F o res try  C onference.”
T he S tanding C om m ittee  has appo in ted  a sm all 

Sub-C om m ittee, u n d e r the chairm ansh ip  o f  M r. 
M. V. L aurie , to give effect to  this resolu tion , and  as 
a  resu lt o f  the ir deliberations, the a ttached  p ro ­
fo rm a has been d ra fted  in  w hich in fo rm ation  on  
exotic species in troduced  in to  y o u r coun try  can  be 
assem bled u nder standard ised  heads.

I t  is appreciated  th a t the am oun t o f  in fo rm ation  
available fo r different species w ill be very variable 
indeed. Som e species m ay only  have been tried  on 
the scale o f  sm all experim ental p lo ts, in  w hich case 
m any o f  the heads w ill rem ain  b lank, w hile o thers 
m ay be extensively p lan ted  an d  m ay m ake an  
appreciable co n trib u tio n  to  the coun try ’s tim ber 
resources. In  the la tte r case, it is hoped  th a t as full 
and  com plete in fo rm ation  as possible w ill be 
furnished.

Lim itations o f  the work— I t  w ill obviously be 
im possible to  th ink  o f  dealing w ith every exotic tree 
th a t has been tried  in  the  country , an d  the re tu rn  
shou ld  be restric ted  to  exotic trees w hich are  e ither 
grow n as econom ic crops o r  w hich are  being tried  as 
po ten tia l econom ic crops. T rees w hich have only 
been p lan ted  as single-tree a rb o re tu m  specim ens 
should  n o t be included.

Definition o f  an exo tic—T he definition in  the 
British Commonwealth Forest Terminology  is :—  
“ E xotic: N o t native to  the area  in question” . T here 
m ay som etim es be som e difficulty in  deciding

Office o f  the F o res try  C om m ission,

25, Savile R ow ,

L ondon , W .l.

w hether a  tree is native to  the coun try  an d  in 
determ ining the lim its o f  the a rea  u n d er considera­
tion . F o r  instance sycam ore an d  sweet chestnu t in 
B rita in , w hich w ere believed to  have been in troduced  
in R o m an  tim es, w ould  be classed as indigenous; 
while E u ropean  larch  w ould  be considered exotic. 
N orw ay  spruce, in troduced  over fo u r centuries ago, 
w ould  be a  border-line case. I t  is suggested th a t if 
the species has grow n in  th e  country  fo r several 
centuries, an d  has becom e p a r t o f  the n a tu ra l forest 
associations o f  the coun try  it can, fo r the pu rpose o f  
this review, be regarded  as indigenous.

R egard ing  geographical elem ents, it is suggested 
th a t if, w ith in  a large coun try  like A ustra lia  o r 
C anada  o r  w ith in  a  sub-continen t like Ind ia  a  species 
is p lan ted  well outside its na tu ra l range, it m ight in 
such circum stances be regarded  as an  exotic (e.g. 
teak  p lan ted  in  the U n ited  Provinces in India).

T he decision as to  w hether a species should  be 
considered an  exotic o r  n o t in respect o f  the above 
tw o crite ria  m ust be left to  the judgm ent o f  the 
coun try  concerned.

E xotic species w hich have been tried  an d  failed 
should  also be briefly rep o rted  upon , the reasons fo r 
failure, w hen know n, being given u nder the a p p ro ­
p ria te  sections o f  the questionnaire. Such in fo rm a­
tion  can  be very valuable in  preventing repetition  o f  
trials o f  species th a t have p roved  unsu itab le  fo r any 
particu la r locality.

T he reso lu tion  passed a t the Sixth B ritish  C om ­
m onw ealth  C onference recom m ends th a t this 
in fo rm ation  be collected fo r p resen ta tion  a t  th e  next 
C om m onw ealth  C onference to  be held in A ustra lia  
an d  N ew  Z ealand  in  1957, and  it is hoped  th a t all th e  
countries in th e  B ritish C om m onw ealth  will assist by 
com pleting  a  rep o rt on  P a rt I  G eneral, and  reports 
on  P a rt II  fo r each  species in d ra f t form  ready for 
presen ta tion  in  1957. I t  will be decided a t the 1957 
C onference how  the in fo rm ation  so collected will be 
collated and  published  an d  th rough  w hat agency this 
will be done.

Y ours faithfully,

C . D . B E G L E Y  
Secretary , 

Standing C om m ittee.
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QUESTIONNAIRE ON EXOTIC PLANTING

I .  GENERAL— FOR THE PARTICULAR REGION OR
COUNTRY.

(a) G enera l sta tem ent regard ing  the extent to 
w hich indigenous species fulfil requirem ents 
and  the p lace an d  usefulness o f exotic species 
in the coun try ’s econom y. T he general policy 
th a t is being follow ed in  the use o f exotics 
should  be stated .

(b) G enera l accoun t o f the clim ate o f the country  
w ith references to  published clim atic data . If  
country  is large o r has a  varied clim ate, 
division in to  clim atic zones (as was done for 
A ustra lia  in T ro u p ’s book) w ould be useful. 
A ny particu la r features o f the clim ate (e.g. 
prevalence o f late spring frosts for B ritain), 
th a t affect the selection o f exotics should  be 
m entioned.

(c) G eneral no te  on soils in the areas available 
fo r fo restry— again  w ith special reference to 
particu la r lim iting features (e.g. la terisation  
in certain  conditions in the tropics). R efer­
ences to  published in fo rm ation  on soils to  be 
given w here available.

(d) T echniques o f  establishm ent— W hen, in any 
locality, techniques o f  establishm ent are 
standard ised , it will save repetition  under 
each species if  they can be described in detail 
here  a n d  only divergences from  standard  
practice, o r special po in ts to  be discussed, are 
described u nder Section I I  para . 8 for 
individual species.

II. STATEMENT BY SPECIES

(1) Scientific nam e (w ith bo tan ical au thority ).
(2) L ocal nam es an d  trad e  nam es.
(3) C oun try  o f origin, w ith general notes on seed 

supply position  an d  on  provenance (e.g. 
“Pinus p inaster  in  South  A frica— strains o f 
P ortuguese  orig in  a re  th e  m ost suitable. 
T hose from  the L andes in F rance  and  the 
M ed iterranean  regions are  o f p o o rer form  
and  slow  grow ing” ). G ive references to  any 
published  results on provenance.

(4) H isto rica l— date  o f first in troduction , by 
w hom  in troduced— if know n. O utline history 
o f extension o f  p lanting .

(5) P resent ex ten t o f  p lan ting , i.e. w hether merely 
experim ental on a  sm all scale, o r w hether in 
crops o f som e size. In  the la tte r case s ta te :—

(a) approx im ate  to ta l a rea  already planted  
and  ra te  o f extension p lanned.

(b) approx im ate  age d istribu tion .
(6) C lim atic zones in w hich p lan ted , w ith notes 

on those in w hich it does best an d  those 
w here clim atic factors ap p ea r to  be limiting. 
N otes on any special requirem ents in the

m atte r o f  rainfall, hum idity, shelter from  
wind, freedom  from  frosts (bo th  w inter and  
late) etc. T olerance of, o r susceptibility to, the 
various clim atic factors should  be m entioned.

(7) Soils an d  sites preferred  (including vegetation 
types). Sites to  be avoided. (G eological 
fo rm ations, soils, altitud inal limits, latitudinal 
lim its, etc.)

(8) T echniques o f establishm ent (see also I (d) 
above)— (a) D irect Sowing o r (b) P lanting.

If  (a)— give brief notes on— ground pre­
p ara tio n , m ethod o f sowing (patches, bands 
etc.), seed p re-treatm ent, quan tity  o f  seed used 
p e r acre, m ethod  o f  seed covering, protection  
against verm in— any special m easures re­
quired  for th is particu lar species.

If  (b)— give notes on nursery procedure, 
age and  type o f p lan t used, spacing and  any 
o th er special po in ts o f technique adopted. 
F o r  bo th  the above, m ention any particu lar 
m easures pecu liar to  the species th a t may be 
necessary to  secure establishm ent (e.g. 
special tending, m anuring , use o f nurses, 
irrigation , etc.). N o te— W here suitable for the 
region concerned a general note on  techniques 
o f  estab lishm ent m ay be given in Section I (d) 
an d  only divergences from  it reported  for 
each  species here.

(9) N o tes on early  crop  developm ent (height 
only), tend ing  and  thinning.

(10) N o tes on  any p articu lar silvicultural 
characteristics o f  im portance.

(11) R a te  o f  grow th and  yield. G ive references to 
any  published  yield tables. I f  none, give any 
in fo rm ation  available from  sam ple p lo t 
m easurem ents to  indicate the sizes a tta ined  
an d  the volum e p roduced  in a  given time. I f  
no sam ple p lots o r  crop  m easurem ents are 
available, indications o f the size (height and  
girth) a tta in ed  a t a  specified age should be 
given. A n indication  o f density o f stocking 
shou ld  be given.

(12) D iseases and  pests— B rief m ention o f diseases 
an d  pests th a t do sufficient dam age to  be o f  
econom ic im portance.

(13) O ther dam age to  w hich the species is 
particu larly  susceptible in the country  o f 
in troduction .

(14) N o te  on seed-bearing in in troduced country .
(15) N o tes on n a tu ra l regeneration  and  the 

techniques for ob tain ing  it.
(16) T im ber o r poles, quality  and  uses. O ther uses 

(e.g. fuel, m inor forest produce, etc.).
(17) Potentia lities o f the species in the national 

econom y.
(18) References to  published inform ation.
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