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Summary

The range of lodgepole p ine extends over 26 m illion  hectares of north-w est A m erica, 
w here clim ates vary from  the bitter cold Y u kon to the very m ild C alifornian  coast. It 
occurs from  sea level to 3900 m  in elevation. O ver m illions o f years it evolved into a 
species w hich  show s m ore variability  than any other conifer.

Practical forest research  aim s to d iscover the m ost su itable origins for use on the w ide 
variety o f sites w hich  occur in Britain. Seed origin  experim ents began in 1928, and 
o v er th e n e x t 45  y ea rs  90 e x p e rim e n ts  w ere  p la n te d  on s ite s  fro m  C a ith n e ss  to 
Cornw all. A ltogether, 244 seed origins w ere tested som e being the sam e in different 
years. N ursery tests gave inform ation  on m any characters, som e of w hich could be 
used to p red ict future perform ance. Three m ain groups o f experim ents w ere planted 
in 1937-42 ,1969-71  and in 1972. R esults from  these are d iscussed at length, com paring 
perform ance both w ithin  and betw een  grou p s o f seed origins, and using regression 
analysis to show  interactions across sites. The characteristics o f trees from  each of the 
m ain seed origin regions are discussed  in detail.

N o single orig in  possesses all the desired  characters of fast grow th rate, good stem  
form , stability  against w ind and snow , resistance to b lasting  w inds, ability to suppress 
ground vegetation quickly, etc. O ne im portant use for lodgepole pine is in nursing 
m ixtu res w ith  Sitka spru ce, for w hich  slow -grow in g  A laskan  orig ins are best. For 
pure plantations the choice o f seed origin is w ider and depends on local factors.

Statistical note

T h e fo llo w in g  c o n v e n tio n  h as b ee n  fo llo w e d  w h en  d isc u ss in g  th e re su lts  o f
analysis o f variance:

Significant * = P  0.05-0.01

H ighly significant ** = P  0 .01-0.001

V ery highly significant *** = PcO.001



Chapter 1

Introduction

L o d g e p o le  p in e  (P in u s  c o n to r ta  D o u g la s  ex 
Loud.) is the m ost w idely  distributed  conifer in 
w e s te r n  N o r th  A m e r ic a .  I t  is  fo u n d  o n  a 
r e m a r k a b le  r a n g e  o f  s i te  ty p e s  a n d  u n d e r  
clim atic conditions varying from  sem i-desert to 
boreal peat bogs. T h is eco logical tolerance and 
th e  fa s t  g r o w th  o f  s o m e  s e e d  o r ig in s  h a s  
encouraged its w ider use in European forestry. 
H ow ever, because ad aptation  of local ecotypes 
to  e a c h  s e t  o f  s i te  c o n d it io n s  h a s  b e c o m e  
genetically  fixed, w hen seed is used in  another 
c o n t in e n t  th e r e  is  a c o n s id e r a b le  r is k  o f 
ch o o s in g  seed  o rig in s  th a t are  ill-a d a p te d  to 
th e ir new  en v iro n m en t. M an y  m ista k es  h av e 
b ee n  m ad e in  E u ro p ean  fo restry  (n ot least in 
Britain) due to lack of know ledge of the inherent 
p rop erties o f the very  varied  seed  orig ins that 
w e re  c o m m e r c ia l ly  a v a i la b le .  In  a d d it io n , 
d iffe re n t o rig in s o f lo d g ep o le  p in e h av e su ch  
d if f e r e n t  s i lv ic u l tu r a l  p r o p e r t ie s  th a t  th e y  
can  a lm o st b e  co n sid ered  as sep arate  sp ecies. 
E a c h  m u s t  b e  u se d  in  its  c o r r e c t  r o le  in  
silviculture, w hether as a fast-grow ing pioneer, 
o r as a b u s h y  tre e  in  m ix tu r e  w ith  s p ru c e . 
Incorrect choice of orig in  by  the forest m anager 
for its role, site type and clim atic province can 
lead  to h eav y  fin an cia l loss. H e also  n eed s to 
know  w hich  orig ins can be used as substitu tes 
should the m ost desirable ones not be available.

In  so m e E u ro p e a n  c o u n tr ie s  lo d g e p o le  p in e  
has becom e a con trov ersia l sp ecies, w ith  huge 
a r e a s  (m o r e  th a n  3 0 0  0 0 0  h a ) p la n te d  in  
n o r th e rn  S w e d e n  s in c e  th e en d  o f th e 1960s 
(Elfving, 1985), w hile its use in  southern  Sw eden 
and in  F in lan d  is co n tro lled  by  law , and  so is 
used very sparingly. The tw o Forest Services in 
Ire lan d  h av e ad o p ted  d ifferen t p o lic ies  abou t 
th e  u se  o f th e sp e c ie s  an d  its  o r ig in s  and  in 
Scotland  there are several v iew s on its correct 
p lace in forestry  (e.g. D avies, 1980; Lines, 1980a; 
1985). In N ew  Z ealan d , it w as u sed  on co ld er 
sites  b eca u se  its  fro st to leran ce  is su p erio r to 
that of Pinus radiata, and it w as also m uch used 
to c o n ta in  so il e ro s io n  on  th e  u p p e r  s lo p e s . 
Prolific natural regeneration later led to fears by 
c o n s e r v a t io n is ts  an d  fa rm e rs  th a t it  w o u ld

becom e a p ern ic io u s w eed and it is no longer 
w idely used for this purpose.

A lthough introduced to British arboriculture in 
1853, w idespread use of lodgepole pine in forest 
practice began only about 40 years ago. Because 
d ifferent seed origins perform  alm ost as though 
they are d ifferent species, m uch disappointm ent 
w as caused am ong forest m anagers, because of 
la c k  o f  r e l ia b le  in f o r m a t io n  a b o u t th e  
characteristics of the seed origins available from  
forest nurseries at the tim e the p lantations w ere 
established.

For m ost of the last 60 years, by far the largest 
proportion  of all N orth  A m erican con ifer seed 
u se d  in  B r ita in  w as b o u g h t b y  th e F o re s try  
C om m ission . T h is seed  w as used not on ly  by 
F o restry  C om m issio n  n u rseries , b u t w as also  
so ld  to  th e  n u r s e r ie s  su p p ly in g  th e  p r iv a te  
sector w ith  p lants. Thus choice of seed origins 
b y  th e  F o r e s tr y  C o m m is s io n , b a s e d  on  th e  
a d v ic e  o f  R e s e a r c h  D iv is io n ,  e f f e c t iv e ly  
controlled  the orig ins used throughout Britain. 
O n ly  in the las t 15 to 20 y ears has seed  been  
a v a i la b le  fro m  B r it is h  s ta n d s  in  s u f f ic ie n t  
q u a n tity  to su p p ly  the m a jo r re q u ire m e n ts  -  
m ainly o f Sitka spruce. For lodgepole pine, m ost 
o ld er stand s w ere n ot o f the seed  o rig in s that 
are now  co n sid ered  m o st d esirab le , n or w ere 
r e c o r d s  o f  id e n t i ty  a lw a y s  a v a i la b le .  T h e  
reliance on im ported seed m eant that in general 
only com m ercially  available seedlots w ere used. 
Thus no seed cam e from  A laska until 1952 and 
the low -yield ing  m u skeg  stand s on  the Q ueen 
C h arlo tte  Islan d s w ere also  n o t tested  w id ely  
until the 1970s. U se of com m ercial seed supplies 
carried w ith it the dangers o f relying too heavily  
on the authenticity  of origin provided by distant 
seed  m erchants. T h is could  arise in tw o w ays, 
either from  sim ple m istakes in the identity of a 
seedlot, or from  seed  offered w ith an im precise 
descrip tion of its origin, e.g. 'B ritish  C olum bia' 
or 'Fraser R iver'.

B ritain 's lack  o f native conifers m eant that exotic 
species w ere used on a far w ider scale here than
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in  any o th e r E u rop ean  co u n try . T h is  ap p lied  
p articu larly  to lod gep ole p ine becau se it grew  
w ell on the poorest sites that could be released 
from  agriculture on a large scale w ith little loss 
in food  o r w o o l p ro d u c tio n . A s in  n o r th e rn  
Scandinavia, it outperform ed native Scots pine 
on these sites and opened  up a p o ten tia l for a 
productive forest resource on an extensive area. 
O n ly  the Ir ish  R e p u b lic  had  an  e q u a lly  lo n g  
h is to r y  o f  c o m m e r c ia l  a f f o r e s t a t io n  w ith  
lodgepole p ine (M ooney, 1957).

T h e  m a in  d r iv in g  fo rce  b e h in d  th e  re se a rc h  
program m e w as the dem and from  the Forestry 
C o m m is s io n 's  S e ed  B ra n c h  an d  fro m  fo re s t 
m anagers for advice on suitable origins for use 
m a in ly  as p u re  s tan d s on ex p o se d  m o o rlan d  
an d  p e a tla n d  s ite s , la te r  fo r im p ro v e d  stem  
q u a li ty ,  a n d  s u b s e q u e n t ly  fo r  th e ir  u se  in  
m ix tu re  w ith  S itk a  s p ru ce  d u rin g  th e m a jo r 
ex p a n sio n  of a ffo re sta tio n  on p o o r m o o rlan d  
sites that started in the late 1940s.

The local ecotypes, w hich have evolved to fit its 
w ide range of site conditions in N orth A m erica, 
sh o w  d if fe re n c e s  in  m an y  c h a ra c te rs . T h e se  
include not only such obviously im portant ones 
as g ro w th  ra te , form  and  fro st and  ex p o su re  
tolerance but also large differences in phenology 
(f lu sh in g  in  s p r in g  an d  g ro w th  c e s s a tio n  in  
autum n), precocity  and abundance of flow ering, 
n e e d le  r e te n t io n , b ra n c h in g  c h a r a c te r is t ic s ,  
n u t r ie n t  d e m a n d , f o r k in g ,  b a r k  ty p e  an d  
th ick n ess, e ffic ien cy  of su p p ression  o f ground  
v e g e ta tio n , etc. N o o th er sp e cies  sh o w s su ch  
a w id e  ra n g e  o f  b e h a v io u r  in  B r ita in . S e e d  
o rig in  ex p e rim e n ts  in  o v erseas co u n tries  (see 
C h ap ter 5), h av e fu rth er em p h asised  b o th  its 
grow th potential, in relation to the native Scots 
p in e , p a r t ic u la r ly  in  n o r th e r n  S c a n d in a v ia  
(H agner, 1985a) and very  stron g  seed  orig in  x 
site interactions.

C hang es in forest p ractice , to g eth er w ith  crop 
d a m a g e  fro m  e x p o su re  an d  c lim a tic  e v e n ts , 
m eant a p rogressive reassessm en t o f the value 
o f d ifferent seed orig ins. For exam p le, su scep ­
tibility  to dam age by w ind and snow  is one of 
the m ain  d em erits  o f th e fa ste r-g ro w in g  seed  
origins o f lodgepole pine. The problem  assum ed 
m a jo r  s ig n if i c a n c e  in  th e  1 9 5 0 s  w ith  th e 
d evelopm ent o f m ore in tensive cu ltivation  and 
h eavier fertiliser ap p lication s, fu rth er accen tu ­
ated by planting in the furrow bottom  on mineral 
soils or on the top o f h igh ridges on p eatlan d s. 
South C oastal orig ins proved liable to develop a 
h igh p rop ortion  o f trees w ith  basal sw eep  and 
o th e r fa st-g ro w in g  o rig in s  w ere  a ffe c ted  to  a

lesser degree. N o reliable silv icultural technique 
co u ld  b e  fou n d  to re d u ce  th is  d a m a g e  to an  
acceptable level and although m ost stands later 
b e c a m e  te m p o ra r ily  s ta b ilise d  in  th e  th ic k e t 
stage, this w as m erely  a prelu de to catastrophic 
d am age from  a co m b in atio n  of w in d  and w et 
sn ow  in  the la te r  th ick e t or ea rly  p o le -s ta g e . 
A ssessm en ts sh ow ed  that d am age w as h ig h ly  
s e le c tiv e  an d  th a t m o st in te r io r  so u rc e s  and  
north ern  coastal ones su ffered  little  d am age at 
this later stage (see C hapter 15 for m ore detailed 
discussion of susceptible and resistant origins).

L a te r , ch a n g e s  in  s ilv ic u ltu ra l p ra c tic e  aw ay  
from  p lan ting  pu re lo d g ep o le  p ine dem and ed  
o rig in s th a t w ou ld  be co m p atib le  in m ixtu res 
w ith Sitka spruce on poor sites. For this purpose 
lo d g e p o le  p in e  o r ig in s  h ad  to  b e  e ff ic ie n t in  
su ppression  of ground vegetation  and not grow  
so vigorously that they topped the Sitka spruce 
or too coarsely  branched  so that they interfered 
w ith  the spruce crow ns.

This Paper attem p ts to su m m arise and review  
the results from  over 90 experim ents covering a 
p eriod  of over 50 y ears o f in v estig a tio n s into 
the place of lodgepole p ine in British  forestry. It 
is im portant to stress that this pro ject w as not an 
acad em ic stu d y , b u t a lon g  series  o f p ractica l 
fie ld  tria ls . O v er the y ea rs , k n o w led g e  ab o u t 
variation  w ith in  the species and the exploitation 
o f th is  d iv e r s ity  fo r  p r a c t ic a l u se  in  B r it is h  
fo re s try  h a s  g ro w n  s lo w ly  an d  in  re tro sp e c t 
w ith  m an y  errors. T h e ea r lies t cru d e d iv isio n  
adopted by  European foresters into 'In lan d ' and 
'C o a s ta l ' s tra in s  (F o rb es, 1928) p a id  too little  
a tten tio n  to the co m p lex  p a ttern s o f v a ria tion  
that h ave evolved . T hese have b een  show n by 
C ritch fie ld  (1957) to  e x h ib it  b o th  c o n tin u o u s  
v a ria tio n , e .g . w ith  la titu d in a l o r e le v a tio n a l 
clines and d iscontinuous variation , e.g. on tw o 
ad jacent bu t very d istinct soil types.

A s research  progressed  into the gen etic v ariat­
ion in  lodgepole p ine, variou s lines o f enquiry  
w ere  fo llo w ed . T h e e a r lie s t seed  o rig in  tr ia ls  
revealed  som e of the varietal d ifferences on  the 
broad est scale. In retrospect, too m u ch attention  
w as p a id  to  in v e s t ig a t in g  u n r e p r e s e n ta t iv e  
sam p les from  the n a tu ra l ran g e and  try in g  to 
extrap olate from  insu fficien t data. By the early  
1 9 5 0 s  it  w a s  c le a r  th a t  a m o r e  d e ta ile d  
e x a m in a tio n  sh o u ld  b e  m a d e  o f  th e  n a tu ra l 
p o p u la t io n s  a n d  th is  w a s  o n e  o f  th e  m in o r  
objectives of the v isit to N orth  W est A m erica by 
R . F. W o o d  (1 9 5 5 ). H is  a c u te  o b s e r v a t io n s  
show ed som e of the com p lexities in the pattern, 
o f  n a tu r a l  v a r ia t io n  w h ic h  h a d  n o t  b e e n
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a p p recia te d  b efo re . By the early  1960s it had 
b eco m e e v id e n t th a t litt le  p ro g re ss  co u ld  be 
m ade w ithou t im porting a new  com prehensive 
se t o f seed  o r ig in s , each  o f w h ich  w as to be 
located accurately, together w ith  the elevation at 
w hich it w as collected. In 1965, H. A. M axw ell 
an d  J. R . A ld h o u s  (1 9 6 7 )  m a d e  a d e ta ile d  
investigation of a large part of the natural range 
and  had  d isc u ss io n s  on  fu tu re  seed  su p p lies  
w ith  all the m ain seed m erchants. As a result of 
th e ir v isit, a co llectio n  of 80 seed  o rig in s w as 
obtain ed . T h is form ed  the b asis  for the m ajor 
s e r ie s  o f  se e d  o r ig in  t r ia ls .  L a te r  v is i t s  b y  
R. L ines in  1968 and  on variou s o ccasio n s by 
A. M . F le tc h e r  serv ed  to  in v e s tig a te  c r it ic a l 
areas in  m o re d eta il an d  to m a in ta in  co n ta ct 
w ith N orth  A m erican  seed m erchants.

The last m ajor advance in our know ledge of the 
v a r ia tio n  b e tw e e n  o r ig in s  o f lo d g e p o le  p in e  
cam e w h en  the In tern a tio n a l U n ion  o f F orest 
R e se a rch  O rg a n iz a tio n s  (IU F R O ) d e c id e d  to 
inclu d e lod g ep ole p ine in the range o f species 
selected for testing on a w orld -w ide scale. In a 
co lla b o ra tiv e  e ffo rt by  m an y  in d iv id u a ls  and  
the Forest Services o f C anada and the U SA , 146 
se e d  o r ig in s  w e re  o b ta in e d  in  1 9 6 6 - 6 8 .  A n  
IU FR O  W ork in g  P arty  w as set up to org anise 
th e  in t e r n a t io n a l  t r ia ls  (L in e s ,  1 9 7 1 )  in

15 cou n tries and m u ch u sefu l in form ation  on 
the results has been exchanged.

After over 50 years of investigation in seed origin 
experim ents, it is now clear that no single seed 
origin possesses that com bination of characters 
that w ould enable it to be used u niversally  on 
a ll s ite s  and  fo r a ll s ilv icu ltu ra l p u rp o se s  in 
Britain. Progress in com bining the m ost desired 
ch a ra c te r is tic s  for B ritish  fo restry  m ay com e 
fro m  th e c u r r e n t  tre e  b re e d in g  p ro g ra m m e  
(Faulkner, 1985). L ittle w ork has been done on 
th e  q u a lity  o f  t im b e r  p ro d u c e d  b y  v a r io u s  
origins on different sites, although this is now  a 
factor tested in progeny experim ents. A project 
to exam ine tim ber p roperties in sam ples taken 
from  a 50-y ear-o ld  p ro v en an ce ex p erim en t in 
W ykeham  has recently  been  undertaken  at the 
U n iv ersity  o f W ales, B an gor (M arsh all, 1989). 
Earlier studies w ere reported by Brazier (1980).

In the m eantim e the m anagerial solution is one 
of 'horses for cou rses', i.e. selecting origins w ith 
p a rtic u la r  ch a ra cte rs  fo r p a rticu la r site  ty p es 
and for different silv icultural roles and possible 
differential resistance to insects. The purpose of 
this Paper is to allow  these choices to be m ade 
w ith  in c re a s e d  u n d e rs ta n d in g  o f a co m p lex  
species.



Chapter 2

Distribution and variation within the natural range

The d istribu tion  of lodgepole p ine is show n in 
Figure 1, and is described by  C ritchfield  (1957) 
a n d  W h e e le r  a n d  C r i t c h f ie ld  ( 1 9 8 5 ) .  It  is  
ind icative of the lack o f forestry in terest in the 
scrubby coastal form  that the earlier C ritchfield  
p u b lic a t io n  sh o w s th e ra n g e  te rm in a tin g  at 
G lacier Bay, A laska. The outlying popu lation  at

Y a k u ta t, 140 m ile s  fu rth e r  up th e co a s t w as 
d isco v ered  on ly  d u rin g  a seed  co llectin g  tour 
arranged in 1967 by the International U nion of 
Forest R esearch  O rganizations. A ld hou s (1976) 
r e v ie w s  v e r y  fu l ly  th e  b o ta n ic a l  a n d  s i te  
variation in N orth W est A m erica w ith reference 
to British  forestry.
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L o d g e p o le  p in e  c o v e r s  an  a re a  o f  a b o u t  
6 m illio n  h ectares in the U SA  and 20 m illion  
h ectares in  w estern  C anad a, m ainly  in B ritish  
C olum bia and A lberta, w ith  extensive forests in 
the southern Y ukon and a sm all eastern outlier 
in the C y p ress H ills  on  the so u th ern  A lberta- 
S a sk a tch e w a n  b o rd e r. It re a ch es its n o rth e rn  
l im it  a t a b o u t 6 4 °  N in  th e  Y u k o n  n e a r  th e  
p e rm a fro s t z o n e , w h e re  th e re  a re  so m e fin e  
stands w ith  ind ividu al trees up to 13 m  tall at 
32  y e a rs , ev en  a t an  e le v a tio n  o f 650 m  and  
w ith less than 300 m m  of annual p recip itation  
(Bartram , 1979).

O n the coast it grow s on sites that are too poor 
fo r its  m o re d em a n d in g  co m p e tito rs  (m ain ly  
Sitka spruce, D ouglas fir and w estern  hem lock) 
su ch  as p e a t fla ts  th a t are  se a s o n a lly  w a te r ­
lo g g e d , ro ck y  c liffs , d u n es and  d ry , in fe r tile  
g r a v e ls  a n d  sa n d s  in  th e  P u g e t S o u n d . O n  
so u th e rn  V a n co u v e r  Is la n d  it ca n  g ro w  to  a 
larg e tree on  ap p aren tly  b are , lich en  cov ered , 
rock sheets by  rooting deeply into crevices. O n 
su ch  s ite s  it can  w ith sta n d  su m m er d ro u g h t 
m u ch  m ore su cce ssfu lly  than its co m p etito rs. 
A t the sou thern  end of its range in C aliforn ia , 
w h e r e  it  g ro w s  o fte n  in  m ix tu r e  w ith  
P. m u ricata , the stan d s on  the co ast ex ten d  to 
P o in t A ren a  n e a r  th e to w n  o f M a n ch e ste r  at 
39° N. Thirty  m iles to the north  are the heavily  
c o m p a c te d  an d  e x tr e m e ly  a c id  s o ils  o f  th e  
M e n d o c in o  W h ite  P la in s ,  w h e re  so  c a l le d  
'P y g m y  F o r e s ts ' o f  P . c o n to r ta  s u b -s p e c ie s  
bolanderi occur (C ritchfield, 1957). There is som e 
debate about the taxonom ic status of these popul­
ations, w hich  are alm ost contiguous w ith  stands 
o f th e su b -sp e c ie s  co n torta  g ro w in g  n e a r  the 
sh ore at an  e lev a tio n  on ly  100 m  or so low er 
dow n. W heeler and C ritchfield  (1985) state that 
't h is  r a c e  is  p r o b a b ly  an  e d a p h ic  e c o ty p e  
derived from  the contiguous coastal race'. O ver 
m u c h  o f  its  p r e s e n t  r a n g e  th e  c o a s ta l  
p op u lations are effectiv ely  sep arated  from  the 
inland populations, either by  h igh m ountains in 
the n o rth , o r in  th e so u th  b y  w id e  tra c ts  n o t 
covered by  coniferous forests. The m ain paths of 
gene exch an g e h av e b een  the th rou gh  v a lley s 
such as the Skeena and F raser R iver valleys in 
British  C olum bia, and the area to the east of the 
P u g e t S o u n d  in  W a s h in g to n . T h e re  is  l i t t le  
opportunity  for gene exchange betw een m ost of 
the A lask an  p o p u latio n s on the co ast and the 
Y u k o n  ones o f the in terio r at h ig h  elevation s. 
H ow ever, on the basis o f cone serotiny, A ldhous 
(1976) and Illingw orth (1970) have suggested  a 
coastal transition zone in south-east A laska and 
ad jacent British  C olum bia. Seed origins from  the 
ra in  sh a d o w  area  n e a r  S k a g w a y  h a v e  m u ch

lighter seed than the nearby coastal populations 
on  h ig h  ra in fa ll s ite s  and  b e h a v e  so m e w h a t 
d ifferently  from  other A laskan sou rces, w hich  
m ay  in d ic a te  so m e in flu e n c e  o f th e  in te r io r  
p o p u latio n s from  the Y u kon . T h ro u g h o u t the 
co a sta l ra n g e  it o ccu rs  n early  a lw a y s  at low  
e lev atio n s, thou gh in the sou th  o f V an co u v er 
Island it reaches 1500 m.

E co lo g ic a l c o n d itio n s  in  s ta n d s o f lo d g ep o le  
p in e  in  th e Y u k o n  h a v e  b e e n  d e s c r ib e d  by 
N y la n d  (1 9 8 0 ), w h ile  th e s ta n d s  th e m se lv e s  
have been  investigated in detail by H agner and 
Fahlroth  (1974) and Bartram  (1979) becau se of 
their great potential for use in the far north  of 
S w ed e n . T h e se  o r ig in s  are  o n ly  o f a ca d e m ic  
interest to British foresters.

In the interior of British  C olum bia and A lberta 
lodgepole pine occurs at elevations from  300 m 
to o v er 20 0 0  m an d  as th is sp e c ie s  is h ig h ly  
adaptable to site variation, the vertical contrast 
is  g r e a te r  th a n  th e  h o r iz o n ta l  o n e , w ith  
im p o rtan t resu lts  on ch o ice  o f seed  o rig in . In 
northern  British C olum bia and w estern A lberta 
there are extensive areas of lodgepole pine o f a 
r a th e r  u n ifo r m  c h a r a c te r  r e s u l t in g  fro m  
lightning-induced fires (Pojar, 1985). In southern 
British  C olom bia and the R ocky M ountains, fire 
is ag a in  re sp o n sib le  for the su b clim ax  stan d s 
that m ay extend as alm ost even-aged and nearly 
p u re  lo d g ep o le  p in e fo re s t o v er h u n d re d s  o f 
square m iles. The serotinous (i.e. closed) nature 
of the cones on a h igh proportion of the trees in 
th is  a re a  e n s u re s  a la r g e  se e d  re s e r v e  a n d , 
after a fire has m elted  the resin bond of the cone 
scales, there m ay be up to 6 m illion germ inable 
seeds per hectare (A ckerm an, 1966) released on 
a site w ith  no other com petitors. In som e cases, 
grow th  stagn ation  results in the 'd o g 's  b ristle ' 
stands at extrem e overstocking (see Plate 11 in 
A ld h o u s , 1976 ). In  a re a s  s u b je c t to  re p ea ted  
fires, e.g. w here forest borders the dry interior 
grassland , there is strong  selection  p ressure to 
f ir e -r e s is ta n t  e c o ty p e s . T h e se  d e v e lo p  th ick , 
corky bark  at an early age (see C hap ter 17).

Stands of lodgepole pine are less com m on in the 
C ascade M ountains o f north  W ashington, w hile 
in  the so u th ern  C ascad es, p a rticu la rly  on the 
d r ie r  e a s t  s lo p e s  a n d  on  th e  p la te a u x  o f 
D esch u te s  and  K la m a th  C o u n ties  in O reg o n , 
e x t e n s iv e  p u re  s ta n d s  a g a in  o c c u r  a t an  
e le v a t io n  o f 15 0 0  m . L o d g e p o le  p in e  fo rm s 
e x te n s iv e  fo r e s ts  in  th e In te r m o u n ta in  an d  
R ocky  M o u n tain  reg ion s o f w estern  M ontana, 
W y om in g  and C olorad o, u sually  at elev atio n s 
over 1000 m  and up to 3000 m. Lodgepole pine
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r e a c h e s  its  u p p e r  l im it  o f  3 9 0 0  m  in  th e  
s o u th e r n  S ie r r a  N e v a d a . V o lla n d  (1 9 8 5 )  
su m m arised  the in form ation  on the eco log ica l 
status of lodgepole p ine in the U nited States. It 
has three ecological niches: 1. as a serai species 
to m ore shade to lerant trees; 2. as a relatively  
s ta b le  c o d o m in a n t w ith  o n e  or m o re  o th e r  
species; and 3. as the only tree-layer dom inant.

F ire p lays a m ajor role in its su ccess, together 
w ith the serotinou s (closed cone) cone hab it in 
th e  R o c k y  M o u n ta in s , b u t it  c a n  a ls o  fo rm  
extensive pure stands, e.g. on dry pum ice soils 
in central O regon in populations that are m ainly 
non-serotinous.

L odgep ole p ine is m ost closely  related  to Jack  
p in e  (P in u s  b a n k s ia n a  L a m b .) w h o se  n a tu ra l 
ra n g e  e x te n d s  from  65° N  on  th e M a ck e n z ie  
R iv er  in  th e N o rth  W est T e rr ito r ie s  to  N ova 
Sco tia . T h e ran g es o v erla p  in  ce n tra l A lb erta  
and above 60° N  in the N orth  W est Territories. 
In these areas hybrid isation  has occurred , since 
the species cross easily  (R ighter and Stockw ell, 
1949). There is little evidence for hybrid  vigour 
in the progeny.

T h e  e a r ly  h is to r y  o f th e  s p e c ie s  h a s  b e e n  
discussed by W heeler and C ritchfield  (1985) and 
C ritchfield (1985). Lodgepole pine has probably 
been  p re sen t in  the w e ste rn  N o rth  A m e rican  
forests for m illions o f years, bu t no trees could 
have survived  on the vast area covered  by  the 
W is c o n s in  ic e - s h e e t  d u r in g  th e  la s t  g la c ia l  
p e r io d , e n d in g  a b o u t 12 0 0 0  y e a r s  ag o  
(C ritch field , 1985). P op u lation s in areas to the 
south o f this line, i.e. ap p roxim ately  46-48° N, 
w ere influenced to a rather sm all extent by  the 
g lacial in flu ences to the north , and have had 
a m p le  t im e  to  b e c o m e  s t a b i l is e d  in  th e ir  
a d ap ta tio n  to lo ca l c lim ates . T h e p o p u la tio n s 
n o w  fo u n d  n o rth  o f th e  g la c ia l b o rd e r  h a v e  
presum ably  arisen  from  m igration  northw ard s 
a n d / o r  fro m  n o r th e r n  s ta n d s  o f  tr e e s  th a t  
survived in glacial refugia. These are know n to 
have existed in the Yukon and east o f the Rocky 
M ountains, w here the annual precipitation  w as 
too low to allow  snow  accum ulation, as w ell as 
on the Pacific coast. For exam ple, W arner et al. 
(1982) show ed  that som e p ock ets o f lod gepole 
pine persisted throughout the last glacial period 
on the Q ueen C harlotte Islands.

These northern  populations have had far few er 
generations to becom e adapted  to their present 
site characteristics, yet all the evidence points to 
th e ir  b e in g  w e ll  a d a p te d  to  p a r t ic u la r  s ite  
factors and  su ch  g en etic  ch aracters  as tim e of

flu sh in g , fro st h a rd in e ss , e tc ., e x h ib it a fixed  
pattern  w hen seed is transferred to countries as 
far aw ay as N ew  Z ealand or N orth  Sw eden. In 
g e n e r a l ,  se e d  o r ig in s  fro m  h ig h  e le v a t io n s  
(above 1500 m ) or h igh latitudes (above 56° N) 
g ro w  s lo w ly  in  B r ita in , w h ile  o r ig in s  fro m  
latitudes as low  as 43° N  on the U SA  coast can 
su rvive on coastal sites in  Britain  at 55° N  and 
even as far as 62° N  in the Faroes. O n the other 
hand, edaphic ecotypes, such  as the dw arf trees 
o f  ssp . b o la n d er i  g ro w in g  on  th e  M e n d o c in o  
W hite Plains give progeny very sim ilar to those 
fro m  ta ll trees  o f ssp . co n torta  on  th e n ea rb y  
coast w hen both are grow n in Britain.

A g en eral p rin cip le  in seed  tran sfers from  the 
native range to a new  environm ent is to m atch 
th e  c l im a t ic  r e g io n s  a s  c lo s e ly  as  p o s s ib le  
(Larsen, S., 1956). W ood (1955) pointed  out that 
in p ractice  there is co n sid erab le  freed om , 'w e 
can  o ften  tak e o u r seed  fro m  re g io n s  fu rth er  
south  and  a good deal w arm er th an  our ow n, 
th e r e b y  g e t t in g  fa s te r  g r o w th  th a n  if  w e 
confined  our atten tion  to eq u ivalen t la titu d es'. 
S trict clim atic m atch in g  is seld om  p ossib le , as 
e v e n  i f  a n n u a l m e a n s  fo r  te m p e r a tu r e  a n d  
rainfall can be m atched, seasonal variation  m ay 
b e  v e ry  d if fe r e n t .  A s an  e x a m p le  o f th e  
ap p roxim ate n atu re o f clim atic m atch ing , seed  
origins from  Prince G eorge, BC can grow  w ell in 
the British  m aritim e clim ate, althou gh  the best 
c l im a t ic  m a tc h  fo r  P r in c e  G e o rg e  is  th a t  o f  
M oscow . Aldhous (1976) gives other exam ples of 
sharp local adaptation occurring alongside m ore 
g r a d u a l c l in a l  tr e n d s  w ith  la t itu d e  or 
con tin entality . T h e qu ality  o f ad ap tab ility  (the 
ability to grow  w ell on a w ide range of sites) is of 
greatest im portance to the forest m anager. This 
s u b je c t  is  d is c u s s e d  fu r th e r  in  C h a p te r  9. 
A ld h ou s (1976) has noted  th at seed  in b u lk  is 
often collected from  an area rather than a point 
source and that w ith in  a 20 m ile rad iu s o f the 
to w n  o f S a lm o n  A rm , B C , s e v e r a l  fo r e s t  
a sso c ia tio n s  o ccu r, g iv in g  eco ty p es  th a t h av e 
developed on sites varying from  the dry valley 
bottom , frequ ently  affected  by  fire, to m ontane 
fo r e s ts  w ith  h e a v y  sn o w  fa ll  a n d  a d e q u a te  
grow ing season m oisture. D ifferences in aspect 
can also have a large influence on local site types.

Studies on variation in the 
natural range

D av id  D o u g la s  c o lle c te d  th e scru b b y  co a s ta l 
form  (later often  called 'sh ore p in e') sub-species
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contorta  D oug, at C ape Lookout near T illam ook, 
O r e g o n  in  1 8 2 5  a n d  in  1 8 2 6  a t C a p e  
D isap p oin tm en t, W ash in g to n  (D ouglas, 1914). 
H e con sid ered  th at it had  no fu tu re in  B ritish  
fo r e s tr y  in  c o m p a r is o n  w ith  the a lte r n a t iv e  
m a g n if ic e n t  fo r e s ts  o f  D o u g la s  f ir , w e s te rn  
hem lock and w estern red cedar, w ith w hich he 
w as now  fam iliar. 'L ittle  can be said in favour of 
th is  tre e , e ith e r  fo r  o rn a m e n t o r as a u se fu l 
w ood .' O n his return jou rney  to H u dson 's Bay 
h e  w a lk e d  th r o u g h  e x te n s iv e  fo r e s ts  o f  the 
interior form  in north  east W ashington , British 
C olum bia and A lberta w ithou t recognising  it as 
th e  sa m e  s p e c ie s .  In  h is  Jo u r n a l  u n d e r  th e  
h ead in g  P in u s ban ksian a , h e n o tes  'a  com m on  
tr e e  in  th e  m o u n ta in o u s  d is t r ic t s  o f  th e 
C olum bia R iver in 48° Lat., 118° W  Long., and 
in the valleys o f the R ocky M ountains ...'. This 
s p e c ie s  w a s  w e ll k n o w n  b y  th e n  fro m  its  
extensive distribution in eastern C anada, bu t it 
does not occur along this part o f his route and 
he m u st have confu sed  P. contorta  su b-sp ecies 
latifolia w ith  Jack  pine.

T h e  tw o  in te r io r  fo rm s, s u b -s p e c ie s  la t i fo l ia  
E n g e lm . and  s u b -s p e c ie s  m u rra y an a  B a lfo u r  
w ere first collected in the 1850s. A nother coastal 
form  (su b -sp ecies  b o lan d eri, P a rla to re ), w h ich  
grows on the M endocino W hite Plains in northern 
California, w as collected by Bolander in 1866.

T h e re  w as c o n s id e ra b le  d is a g re e m e n t a b o u t 
the taxonom y of lodgepole pine during the next 
50 years. From  the view point of the taxonom ist, 
the s im ila rity  o f th e flo ra l o rg an s th ro u g h o u t 
the range led to its being classified by  Sudw orth 
(1908) in  the o ffic ia l m an u al o f th e U S F orest 
Service as a single polym orphous species. Practical 
fo re s te rs  in  N o rth  A m e rica  and  E u ro p e  w ere  
influenced m ore by  the huge differences in growth 
rate and tree form of progeny from  different parts 
of its range and preferred a division into two or 
m ore taxa. The situation was not eased by the fact 
that for m any years all seed from the inland part 
of the range was sold in Europe as 'var. murrayana', 
d e sp ite  th e la rg e  d iffe re n c e s  in  p e rfo rm a n c e  
b etw een  trees from  the O reg o n  C ascad es and 
the In terio r W et B elt o f B ritish  C o lu m b ia , for 
e x a m p le . B io c h e m ic a l te s ts  n o w  a llo w  c le a r  
distinction betw een trees from  these regions.

A lth o u g h  th e re  a re  g o o d  o ld e r  a c c o u n ts  o f 
lodgepole pine forests in som e parts of its range 
(C lem e n ts , 1910 ; M aso n , 1915 ; W h itfo rd  and  
C ra ig , 1918; M o ss, E. H ., 1953 and  H allid ay  
and  B ro w n , 1943 ), th e f irs t d eta iled  stu d y  of 
natural variation throughout a m ajor part of its 
r a n g e  w a s  m a d e  b y  C r it c h f ie ld  (1 9 5 7 ) .  H e

studied m ainly the m orphology and anatom y of 
th e n ee d le s  and  co n e s o f trees  fro m  40 seed  
o r ig in s , th o u g h  h e a lso  in v e s tig a te d  se v e ra l 
c h a r a c te r is t ic s  o f th e se e d lin g s . T h is  can  be 
c o n s id e re d  as th e  f ir s t  c o m p re h e n s iv e  seed  
origin trial o f this species in N orth A m erica. He 
conclu ded  that the species should be split into 
four sub-species, as noted above.

W o o d  (1 9 5 5 )  s p e n t 9 m o n th s  s tu d y in g  th e  
c o a s ta l fo r e s ts  o f  B r it is h  C o lu m b ia  an d  th e 
P a c i f ic  c o a s t  o f  th e  U S A , m a k in g  m a n y  
im p o rta n t o b se rv a tio n s  ab o u t th e e c o lo g ic a l 
'fit ' of several species, including lodgepole pine, 
in  r e la t io n  to  th e ir  se e d  tr a n s fe r  to  B r it is h  
conditions. A  later stud y by R oche (1962) w as 
c o n c e r n e d  p r im a r i ly  w ith  th e  c o a s ta l  
p o p u la tio n s  o f B r it ish  C o lu m b ia , th o u g h  he 
u sed  the C ritch fie ld  co lle c tio n  o f 22 p ro v e n ­
ances grow ing at P lacerville, C alifornia to study 
n eed le  w id th  and  len g th . O n the b asis  o f the 
ratios of len gth  to w id th  R oche d istin g u ish ed  
th re e  m a jo r  r e g io n s  ( c o n to r t a ,  la t i fo l i a  an d  
m u rrayan a). T h e m ean  o f th e bo lan d er i reg ion  
w as n o t s ig n if ic a n tly  d if fe r e n t  fro m  th a t o f 
the contorta  region.

C ritch fie ld  (1980b ) su m m a rise d  m an y  n ew er 
studies o f variation in natural stands. The m ost 
r e le v a n t  to  B r it is h  c o n d it io n s  a re  th o se  by 
S m ith e r s  (1 9 6 1 ) , R o c h e  (1 9 6 6 ) , I l l in g w o r th  
(1971, 1975) and A ldhous (1976). These authors 
drew  attention  to the com plexity  o f behaviour, 
m orphology, cone and seed characteristics and 
so on, w ithin  the area o f each sub-species. Thus, 
a lth o u g h  s c r u b b y  tr e e s  o f  th e  s u b -s p e c ie s  
contorta are com m on on rocky cliffs and muskegs, 
trees on V ancouver Island m ay exceed  30 m  in 
h eig h t and  61 cm  in d iam eter and  C ritch fie ld  
quotes reports of even larger trees on the Q ueen 
C h arlo tte  Islands. In British  C olu m bia and the 
W ashington Cascades, trees 40 m  tall and 76 cm 
in diam eter have been recorded. H agner (1985b) 
c la im e d  th a t a tree  4 0 .5  m  ta ll and  4 2 .7  cm  
diam eter growing in M anning Park, BC, was the 
ta lle s t lo d g ep o le  p in e in  the w orld . D iam eter 
growth in old trees appears to continue for m uch 
longer on trees of the sub-species m urrayana  in 
the sou th ern  Sierras, than on trees o f the su b ­
species latifolia  (C ritchfield , 1980a). The largest 
trees record ed  by P ard o  (1978) w ere 33.5  m  x 
183 cm  in  d ia m e te r and  27 .7  m x 206  cm  in 
d iam eter, b o th  in the C aliforn ian  S ierras. This 
p a t te r n  o f  v e ry  la r g e  d ia m e te r  g ro w th  in 
re la tio n  to m od erate g row th  in  h eig h t for the 
m urrayana  su b-species appears to be inherited , 
ju d g in g  fro m  re su lts  in  B rit ish  e x p e rim e n ts . 
W h ee ler and C ritch fie ld  (1985) g iv e the m ost
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com prehensive recent sum m ary of the botanical 
characteristics o f the four sub-species, w hich  is 
not repeated  here, as it is not d irectly  relevant. 
D etailed m orphological m easurem ents noted in 
C hapter 16 show  that large variations are found 
am o n g  d iffe re n t seed  o rig in s w ith in  the su b ­
s p e c ie s  in  B r it is h  e x p e r im e n ts , th o u g h  th ey  
follow  broadly  the sam e pattern as in the native 
stands.

D if fe re n c e s  in  th e  b io c h e m is tr y  o f  te rp e n e s  
in  w o o d  re s in  (S m ith , 1 9 6 4 ), le a f  re s in  (v o n  
R u d lo ff  an d  N y la n d , 197 9 ; v o n  R u d lo ff  an d

L a p p , 1987) an d  s tem  c o rtic a l re s in  (F o rre s t, 
1 9 8 0 , 1 9 8 1  a n d  1 9 8 7 )  h a v e  b e e n  u s e d  to 
c h a ra c te r ise  d iffe re n t p o p u la tio n s  o r re g io n s  
o f th e n a tu ra l ran g e  and  a lso  to estim a te  the 
d e g re e  o f in tro g re ss io n  w ith  P in u s b an ks ian a  
(Pollack and D ancik, 1985). W heeler and G uries 
(1 9 8 2 ) a lso  u sed  is o z y m e s  to  in v e s tig a te  th e 
g e n e t ic  s im ila r i t y  o f  34  p o p u la t io n s .  T h is  
tech n iqu e p rovid es in form ation  on the genetic 
h isto ry  o f a sp e cies , s in ce  iso zy m es are  v a lu ­
a b le  g e n e t ic  m a rk e rs  th a t  se e m  to  c a r ry  no 
se lec tiv e  ad v a n ta g e  and  th u s act in  a n eu tra l 
m anner.
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Chapter 3

Seed zones

For practical purposes, it is necessary to divide 
the natu ral range into seed zones as lodgepole 
p in e  s h o w s  s u c h  w id e  v a r ia t io n  in  its  
m o r p h o lo g y , r a te  o f  g r o w th , r e s is t a n c e  to 
e x p o s u re , e tc . Id e a lly , see d  fro m  e a c h  z o n e  
s h o u ld  p e r fo r m  p r e d ic ta b ly  w ith in  c e r ta in  
l im it s ,  w h e n  p la n te d  o n  s p e c i f ie d  s i te s  in  
Britain. Even w ith  the inform ation from  a large 
n u m b er o f seed  o rig in  ex p e rim e n ts  sca tte red  
throughout upland Britain  this is an am bitious 
a im . I t  r e l ie s  o n  th e  a s s u m p tio n  th a t  th e 
p e rfo rm a n ce  o f the p ro g en y  from  a stan d  at, 
say, Fort Fraser, BC, is typical o f all stands in the 
Fort Fraser area. Even if this w ere true, how  far

a ro u n d  F o r t  F r a s e r  w o u ld  o n e  f in d  s im ila r  
perform ance by  different seed origins?

O n e  a p p r o a c h  is  to  e x a m in e  th e  c l im a t ic  
variation w ithin the native range and fix zones 
based on this, often using topographic features, 
such as m ountain  chains, to act as zonal borders 
th o u g h  p o litic a l b o u n d a ries  are  n o t ig n o red . 
This has long been  the m ethod used in the U SA  
for D ou glas fir zonation  follow ing the p ioneer 
w o rk  b y  Is a a c  (1 9 4 9 ) . H is  s c h e m e  w a s 
superseded by the N orth W est Forest Tree Seed 
C ertification  Schem e (N W FTSC , see Figure 2a) 
in  W a sh in g to n  and  O reg o n , w h ile  in  B ritish

Fig u re 2a. T ree  seed  zones fo r W ash in g ton  and O regon , U SA .
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C o lu m b ia , D o b b s  et a l.  (1 9 7 6 )  p u b lis h e d  a 
sim ilar schem e, the British  C olum bia Forest Tree 
Seed  Z o n es (B C F T S , see  F ig u re  2b). A ld h o u s 
(1 9 7 6 )  d e s c r ib e s  th e  b a c k g r o u n d  o f  th e s e  
z o n a tio n s  in m o re  d e ta il. B o th  are  b ase d  on 
D ouglas fir, though they are used for all species. 
In Europe sim ilar zonations have been used by 
EEC countries for their native species, though in 
G erm any for exam ple, d ifferent zone m aps are 
used for d ifferent species.

In B ritain , from  1921 to 1956 all seed lots w ere 
given a serial num ber that gave no indication of 
its g eog rap h ica l o rig in , excep t by  re feren ce to 
an n u al lists that w ere circu la ted  in tern ally . In 
1957 a new  seed identification code w as devised 
(M a tth e w s, 1958) in w h ich  id e n tity  n u m b ers  
w ere allocated w ith the crop year, follow ed by 
th e  S e e d  R e g io n  in  b r a c k e ts .  S e e d  R e g io n  
num bers w ere taken  from  the O xford  D ecim al 
C la ss ifica tio n . If  th e seed  w as from  a k n ow n  
lo ca lity  in  th at re g io n  a fu rth e r  n u m b e r w as 
added, e.g. 62(7114)1 m eant seed w as collected 
in  c r o p  y e a r  1 9 6 2  fr o m  T e r r a c e  (1 ) in  th e  
S k e e n a / B u lk le y  R iv e r  re g io n  (7 1 1 4 ). I f  seed

w ere bu lked  from  say T errace and  H azelton  it 
w ould  b e  g iven  the nu m ber 62(7114). T w enty- 
fou r m a jo r seed  co lle c tin g  R eg io n s fo r N o rth  
W est A m erica  w ere  d ev ised  (see  F ig u re  2c), 
b a se d  p a rtly  on c l im a tic  r e g io n s , on  Is a a c 's  
m aps and on exp erien ce gained  in 1 9 5 2 -5 3  by  
R. F. W ood  (1955) in  th e co a s ta l p a rt o f th e 
range. This zonation lasted from  1957 until 1983, 
w h en  it w as rep laced  by  a rev ised  one based  
m o re  c lo se ly  on  th e N W F T S  an d  the B C F T S  
regions.

A n alternative w ay of creating  seed zones is to 
ex a m in e  b io lo g ica l or b io c h e m ica l c h a ra c te r ­
istics of the trees them selves and use com puters 
to show  w h ere  s ta tis t ic a lly  s ig n ifica n t d iffe r ­
en ces arise  b etw een  the p o p u latio n s sam pled . 
C learly  this m ethod can only be effective w hen 
fairly large num bers o f sam ple popu lations are 
used. A n early study by  Jeffers and Black (1963) 
u sed  on ly  n in e  seed  o rig in s, b u t n ev e rth e le ss  
produced distinct groupings into N orth  C oastal, 
S o u th  C o a s ta l, In te r io r  B C , w ith  a C a sca d e s  
o r ig in , ssp . m u rra y a n a  s ta n d in g  o u t as v e ry  
d ifferent from  these. A  later study w ith  30 seed

» 3 8

Figure 2b. Tree seed zones for British Columbia, Canada.
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o rig in s , u sin g  c lu s te r  a n a ly sis , and  b ased  on 
h e ig h t  a t  15 y e a r s  on  tw o  s i te s  in  B r it is h  
C olum bia (Ying et al., 1989), show ed that only 
th ree  seed  re g io n s co u ld  be d istin g u ish ed  in 
B r it is h  C o lu m b ia : C o a s ta l ,  C o a s t - I n t e r io r  
T r a n s i t io n  a n d  C e n tr a l - S o u t h e r n  In te r io r .  
W h ee le r and  G u ries  (1982) u sed  b io ch em ica l 
m a r k e r s  ( is o z y m e s )  o f  32  se e d  o r ig in s  o f 
lo d g e p o le  p in e  to  sh o w  g e n e t ic  s im ila r ity .  
C lu s te r  a n a ly s is  s h o w e d  c lo s e  g r o u p in g  
betw een Y ukon and northern  British  C olum bia 
populations, w hich w ere distinct from  those of 
C e n tra l and  S o u th e rn  BC . V o n  R u d lo ff  and  
L app (1987) u sed  a s im ilar c lu ster an aly sis  to 
give eig h t groups from  the 681 trees sam pled 
for terpene types from  111 sites. Forrest (1980, 
1 9 8 1 , 1 9 8 7 )  u se d  s h o o t  m o n o te r p e n e s  to 
ch a ra cte rise  150 seed  orig in s. W ith  th is large 
n u m b e r  h e  w a s  a b le  to  d e l im it  14  te rp e n e  
regions (see Figure 2d). A lthough the analyses 
for F o rrest's  1980 p ap er w ere m ade on shoots

taken from  trees grow ing in Britain, subsequent 
w o rk  by  F o rre s t (1981 ) u sin g  sh o o t m ateria l 
from  the native range has confirm ed the strict 
in h e r ita n c e  o f  te rp e n e  ty p e s , w h ic h  sh o w  
v irtu a lly  no e ffec t o f v ary in g  s ite  co n d itio n s, 
in c lu d in g  tr a n s fe r  fro m  N o rth  A m e ric a  to 
Europe.

Table 1 com pares the nine main seed collecting 
reg io n s, co m p risin g  a total o f 21 su b reg io n s, 
w hich  have been  used in this Paper. It w ill be 
seen that taxonom ically  the C oastal regions are 
all ssp. contorta, excep t for the C alifornian ssp. 
bolanderi. R egions 3 to 8 are all ssp. latifolia. The 
W a s h in g to n  C a s c a d e s  s e e d lo ts  a re  o f  th e  
C ascad es terp en e type ssp. m urrayana  though 
fro m  th e ir  s i lv ic u l tu r a l  b e h a v io u r  an d  
m o r p h o lo g y , th e y  m ay  r e p r e s e n t  an  
in tro g re ss io n  w ith  ssp . la t i fo lia .  T h e  O reg o n  
C ascad es see d lo ts  are c learly  ssp . m u rrayan a. 
T he terp ene ty p in g  m ethod  is in v alu ab le as a

North West America

®0 o

Figure 2c. Forestry Commission seed collecting regions in NW America.
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Figure 2d. Terpene regions of Forrest (1980) also showing overlap with Jack pine range.

technique for natu ral grouping of seed origins, 
fo r d e c id in g  w h ere  th e b o u n d a ry  sh o u ld  lie  
b e tw e e n  a d ja c e n t  g ro u p s , fo r  c h e c k in g  th e  
identity of stands w hose records of seed identity 
h a v e  b e e n  lo s t ,  fo r  in v e s t ig a t in g  p o s s ib le  
a s s o c ia t io n  b e tw e e n  in d iv id u a ls  s h o w in g  
m o rp h o lo g ic a l d iffe re n c e s  an d  th e ir  g e n e tic  
m ake-up (e.g. as hybrid s w ith  Pinus banksiana) 
a n d  fo r  in d ic a t in g  p r o b a b le  p o s t - g la c ia l  
b iog eog rap h ical m ovem ents. O ver a large part 
o f its rang e, these terp ene reg ion s corresp on d  
rather w ell w ith the regions used by  the N W FTS 
and the BC FTS and also w ith  the 1957 Forestry 
C om m ission  Schem e. H ow ever it is clear from  
s e e d  o r ig in  e x p e r im e n ts  th a t  w ith in  s o m e  
terpene reg ion s w id e d ifferen ces are fou nd in 
inherent vigour. For exam ple, the N orth  C oastal 
te rp e n e  re g io n  e x te n d s  fo r  10 0 0  m ile s  from  
Yakutat, A laska to Q ueets, W ashington. W ithin  
th is area there is a clin e for in creasin g  v igou r 
from  north  to south. Sim ilarly  w ith in  the m ain 
Skeena/Bu lk ley  R iver region there is a cline for 
in c re a s in g  c o n t in e n ta lity  and  lo w e r  ra in fa ll 
m o v in g  from  the co a st in to  the in terio r. T h is 
variation  is ev id en t in the forest type and w as 
com m ented on  by W ood (1955), w hile A ldhous 
(1 9 7 6 ) s u g g e s te d  th a t th is  re g io n  sh o u ld  b e  
d iv id ed  in to  three su b -reg io n s. W ith o u t m ore 
d e ta ile d  in v e s t ig a t io n ,  F o r r e s t  (1 9 8 0 )  w a s

content w ith  one rather variable terpene region, 
b u t on  th e b a s is  o f s e v e ra l s i lv ic u ltu r a l an d  
m o rp h o lo g ica l ch a ra cte ris tics  it seem s a p p ro ­
p r ia te  to u se  tw o  su b -re g io n s  in  th is  P a p e r. 
W ith in  th e  S o u th e r n  In t e r io r  o f  B r it is h  
C olu m b ia , F orrest again  sh ow ed  a fa irly  w ide 
ra n g e  in  v a r ia t io n  b e tw e e n  in d iv id u a l see d  
origins. H is C entral Interior terpene type com es 
m u ch further south into the (7118) region  than 
had been  thought previously. As w ith  the N orth  
C oastal region, here again there is an increasing 
clin e  for v ig o u r o f seed  o rig in s from  n o rth  to 
sou th  w h ich  m akes a la titu d in al sp lit co n v en ­
ien t. A  la rg e  area in  the so u th ern  p a rt o f the 
range is not w ell represented  in the experim ents 
that are the su bject o f this Paper. So few  seedlots 
cam e from  the large R ocky M ountain  and Sierra 
N ev ad a  terp e n e  re g io n s  th at th ey  h av e  b ee n  
exclu ded  from  T able 1. T h ese seed  o rig in s do 
not appear to have m uch practical use in British 
forestry.

The object of this Paper is not to investigate the 
taxonom ic position of lodgepole pine, so that in 
broad discussion the four sub-species defined by 
C r itc h f ie ld  (1 9 5 7 , 1 9 8 0 b ) a re  u se d . A ll see d  
origins are treated as separate identities, grouped 
by  seed  reg ion s for co n v en ien ce  and  to allow  
m ore detailed  exam ination  in statistical tests.
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Chapter 4

Introduction and use in Great Britain

L o d g e p o le  p in e  w a s  p r o b a b ly  f i r s t  s e e n  
b y  E u r o p e a n s  in  1 7 7 8 , w h e n  C a p ta in  C o o k  
stop p ed  for a sh ort tim e to rep air h is sh ip s at 
Friendly C ove in N ootka Sound on the w est side 
of V ancou v er Island. A contem porary  p ainting  
show s scru b b y -lo o k in g  trees (a lm o st certa in ly  
lodgepole pine) on the rocky island in this cove. 
Seed w as obtain ed  from  th is is lan d  190 years 
la te r  by K. Il lin g w o rth , an d  in c lu d e d  in  the 
IU FR O  co llectio n . T h e in terio r form  w as seen  
first by the Lew is and C larke Expedition  in the 
Rocky M ountains in 1805. The species w as not 
d escrib ed  b o ta n ica lly  u ntil 1825, w h en  it w as 
co llected  by D avid  D ou glas. H is seed  did  not 
s u r v iv e  a n d  th e  tr e e  w a s  in t r o d u c e d  to  
arboricu lture in Britain  by Jeffrey  in  1853 from  
seed  c o lle c te d  in  th e S isk iy o u  M o u n ta in s  o f 
C a lifo rn ia  a t 2285  m  (Jo h n sto n e , 1939). W ith  
h indsight it is clear that this w as an  inherently  
slow -grow in g  seed  orig in , w hich  m ay exp lain  
the lack o f in terest in the species for specim en  
tree planting. Later in troductions o f unrecorded 
see d  o r ig in  m u st h a v e  co m e  fro m  th e  co a s t 
re g io n , as th e la rg e  in d iv id u a ls  a t B o d n a n t, 
N orth W ales, planted 1888 (34 m  tall by  96 cm  
in d iam eter in  1984), B icton , D evon  (31 m  tall 
by 109 cm  in d iam eter in 1964) and W estonbirt, 
p lanted  1876 (20 m  tall by 91 cm  in d iam eter in 
1982) are all clearly  the sub-species contorta. The 
B ic to n  tr e e  b le w  d o w n  in  1 9 6 8 . T h e  ta l le s t  
lo d g e p o le  p in e  in  B r ita in  o f th e  su b -s p e c ie s  
latifolia  is at C ulcreuch  C astle, S tirling  -  29.5 m 
tall by  69 cm  in diam eter, m easured  in 1984.

The first p lan tation  w as estab lish ed  in 1912 at 
the R uttle W ood, Beau fort Estate near Inverness 
using  seed from  J. R afn. From  the ap p earance 
of the trees th ey  are c learly  from  th e co ast of 
W ashington  or O regon. T erpene testing on their 
p ro g e n y  h a s c o n firm e d  th a t th e y  o r ig in a te d  
either from  South C oastal or V ancouver groups. 
The p attern  of terpenes is rather sim ilar to trees 
fro m  N o rth  B e n d , O re g o n . T h is  s ta n d  g rew  
m u ch  fa s te r  th an  su rro u n d in g  crop s o f o th er 
sp e c ie s , w ith  a m ean  h e ig h t o f 13 .4  m  and  a 
d iam eter o f 27.5 cm  at 40 years b efore it blew  
d ow n  in  a g a le . T h e  n ex t o ld e s t s ta n d s w ere

p la n te d  in  1 9 2 2  a t C u lb in  ( E x p e r im e n t  2 ), 
N a irn , an d  In c h n a c a rd o c h  (E x p e r im e n t 67 ), 
In v ern ess-sh ire . T h ese are also  o f W ash in g to n  
C oast appearance and terpene tests show  them  
to be very  sim ilar to co llection s m ad e at Long 
B each , W ash in g ton . T h e C u lb in  exp erim en t is 
still standing (despite som e w indthrow ) and has 
been  used as a sam ple p lot since 1946. The Yield 
C lass is 10 and the crow n s are still sp ire-lik e , 
w hereas on ad jacent Scots pines of the sam e age 
th e  c r o w n s  a re  b e c o m in g  r o u n d e d . T h e  
Inchnacardoch  plot suffered  from  H eterobasidion  
(Fom es) rot and w as w indthrow n in 1952.

In  1 9 2 8 / 2 9  fiv e  e x p e r im e n ts  (n o t c o n c e rn e d  
w ith  seed origin) w ere planted  at Inchnacardoch  
and  a t th ree  o th e r s ites , u sin g  seed  co lle c te d  
in  1925 from  w ell-d ocu m en ted  seed  o rig in s in 
the Sou thern  In terior of British  C olum bia. O ne 
o f th e se  ( In c h n a c a rd o c h  52  P 29) is  a 0 .4  ha 
b lo c k  o n  p o o r , d e e p , a c id  p e a t w h o se  la te r  
p e rfo rm a n c e  w as n o ted  b y  Z e h e tm a y r (1954 , 
p.39 and Photo 23) and Lines (1976a, p .120 and 
P late  22). The su ccessfu l g row th  of lo d g ep ole 
p ine in this experim ent had a m ajor influence on 
future forest policy, as it established  that it w as 
tech n ically  p o ssib le  to grow  lod g ep ole p ine to 
tim ber size on a ro ta tion  of 55 y ears, even  on 
the w orst deep p eat soils. The seed  orig in  w as 
M o u n t Id a , ju s t  s o u th  o f  S a lm o n  A rm  o n  
Shusw ap Lake at an elevation  betw een 800 and 
1100 m.

T h e  f ir s t  la rg e  c o n s ig n m e n t o f see d  (94  kg) 
cam e from  A lberta . It w as sen t by  the D istrict 
F o re st In sp e cto r  at C a lg a ry  and  d escrib e d  as 
'c o l le c t e d  in  th e  F o o t h il l s  o f  th e  R o c k y  
M o u n ta in s '.  H o r to n  (1 9 5 6 )  d e s c r ib e s  fo u r  
phytogeograp hic d ivisions o f the lodgepole pine 
forests in A lberta. The Low  and H igh Foothills 
nearest to C algary  range from  900 to 1800 m  in 
elevation, so that it is likely  that this seed lot w as 
c o lle c te d  a t o v e r  1000 m . B e tw e e n  1928  and  
1 9 3 3  th is  se e d  w a s  u s e d  to  m a k e  s m a ll 
p la n ta tio n s  in  m a n y  fo re s ts  in  S c o tla n d  and  
n o rth e rn  E n g la n d , an d  g a v e  m a n y  fo r e s te rs  
th e ir  f ir s t  e x p e r ie n c e  o f  w h a t w a s  th e n  an
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unusual species. It grew  at a rate sim ilar to that 
of Scots p ine and its clean form , straight stem s 
and  a b ility  to g row  w ell on  p oor h ea th la n d s 
a ttra c te d  fa v o u ra b le  co m m e n t. H o w ev e r, on 
several sites, d ieback  and death o f ind ividu als 
w as apparent w hen the trees w ere 22 years old 
(D ay , 195 2 ). E d w a rd s  (1 9 6 0 ) co n c lu d e d  th a t 
'ce r ta in  p ro v e n an ces o f lo d g ep o le  p in e, from  
high  elevations at places far rem oved from  the 
coast of w estern N orth A m erica, are susceptible 
to dieback in this country, and this tendency is 
related to frost, w hich has been  found to cause 
the death o f branches, so that m ore dieback m ay 
be expected in frost hollow s and dam p sites than 
on exposed knolls'. Som e later introductions in 
the 1930s d isp lay ed  resin  b leed in g  asso cia ted  
w ith the fungus Crumenulci (H ayes, 1973).

A lthough the R esearch D ivision of the Forestry 
C o m m iss io n  u sed  lo d g e p o le  p in e  w id e ly  in

experim ents, only 1300 ha w ere planted before 
1947 in both Forestry  C om m ission  and private 
w o od lan d s (L in es, 1976a). By co n trast, it w as 
w id e ly  u se d  in  E ire  fro m  an  e a r ly  d a te  
(A n d erso n  an d  T a y lo r , 1967) w ith  40  000  ha 
e s ta b lis h e d  b y  196 3 , w h ile  th e  to ta l a re a  in 
B ritish  w o o d la n d s w as on ly  28 000  ha up to 
1960. It is possibly  significant that from  1919 to 
1952 the F orestry  C om m ission  w as u nd er the 
le a d e r s h ip  o f R . L. R o b in s o n  ( la te r  L o rd  
R o b in s o n )  w h o  h a d  a p o o r  o p in io n  o f th is  
sp e c ie s  (M a c d o n a ld , 1954 ). H o w ev er, it w as 
u se d  in  N o r th  (S c o t la n d )  C o n s e r v a n c y  b y  
J. F ra ser in th e 1940s in  the re h a b ilita tio n  o f 
checked Sitka spruce. The num ber of lodgepole 
pine plants used each year rose from  137 000 in 
1946 to m ore than 20 m illion in 1964. Figure 3 
sh o w s  th a t  th e  b ig  e x p a n s io n  in  u se  o f 
lodgepole p ine cam e in the late 1950s and early 
1960s. T h is in crease  in u se cam e abou t p artly
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Figure 3. Total area, and area in private woodland (shaded), of lodgepole pine planted in each 
decade in Great Britain.
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b e c a u se  o f  g re a te r  co n fid e n c e  in  th e  sp e c ie s  
from  its su ccess in exp erim en ts, p artly  from  a 
d e te r io r a t io n  in  th e  a v e r a g e  q u a li ty  o f  th e  
g ro u n d  a c q u ir e d  in  la te r  y e a r s  a n d  p a r t ly  
b e c a u s e  m u c h  lo d g e p o le  p in e  w a s  u se d  in  
m ix tu re  w ith  S itk a  s p ru c e . F o r  e x a m p le , in  
So u th  (Sco tlan d ) C o n se rv a n cy  th ese  m ixtu res 
rep resented  ov er on e-th ird  of the total area of 
about 20 000 ha p lanted  in  1 9 6 1 -6 5  (G arforth ,
1979). In the late 1960s and 1970s w ide-scale use 
o f a eria l fe rtilisa tio n  b eca m e co m m o n , w hich  
en co u ra g ed  g rea ter  u se  o f p u re  S itk a  sp ru ce , 
e v e n  w h en  c o n s id e ra b le  fe r t il is e r  in p u t and  
Calluna  control w ith  herbicides w as required for 
s u c c e s s f u l  g r o w th . U se  o f  lo d g e p o le  p in e  
b ecam e co n fin ed  m ore and m ore to the w orst 
b la n k e t  p e a t s ite s , p a r t ic u la r ly  in  S c o t la n d , 
w here it accounted  for 93%  of all lodgepole pine 
planted  in Britain  in 1971-72 , nearly  all being in 
N orth  and East C onservancies.

In  1980 there w ere 101 391 ha of lodgepole pine 
in Forestry  C om m ission  w oodlands and 25 677 
h a  in  p r iv a te  w o o d la n d s . In  E ire  th e re  w ere  
80  0 0 0  h a  o f lo d g e p o le  p in e  in  p u re  p la n t ­
a tio n s  an d  24 0 0 0  ha in  m ix tu re  w ith  S itk a  
spruce (C arey and H endrick, 1986). H ow ever, in 
N orthern  Ireland only about 5000 ha have been 
planted  w ith this species.

M an y  o f th e m ix tu re s  o f lo d g e p o le  p in e  and  
Sitka spru ce used lod gep ole p ine seed  orig ins, 
w h ich  are  n ow  co n sid ere d  u n su ita b le , as the 
pine either had poor resistance to exposure and 
thus no nursing effect (e.g. Lulu Island origins), 
or else grew  so fast (South C oastal origins) that 
it suppressed m any of the spruce (Lines, 1968). 
H ow ever, experim ents p lanted  in the 1960s w ith 
A la sk a n  o rig in s  o f lo d g e p o le  p in e  an d  S itk a  
s p r u c e  fro m  th e  Q u e e n  C h a r lo t t e  I s la n d s  
show ed a clear nursing effect around the tim e of 
c a n o p y  c lo s u r e ,  a n d  g r o w th  o f  s p r u c e  in  
m ixture equalled that o f heavily  fertilised  pure 
sp ru ce  p lo ts  (M cIn tosh , 1983). W ith  th is new  
e v id e n c e ,  b a c k e d  u p  b y  m o re  e x t e n s iv e  
C onservancy  stands of these m ixtures in north 
Scotland , m ixtures o f lodgepole p ine and Sitka 
s p r u c e  h a d  b e c o m e  s ta n d a r d  s i lv ic u l t u r a l  
p r a c t ic e  in  th e 1 9 8 0 s , on  in f e r t i le  s ite s  th a t

w ou ld  re q u ire  rep ea ted  n itro g e n  fertilis in g  if 
p la n te d  w ith  p u re  S itk a  sp ru c e , o r in  fro s ty  
h o llo w s  w h e re  e a r ly  g r o w th  o f  s p r u c e  is  
repeatedly  checked by  late spring frosts. It m ust 
b e  stresse d  th a t o n ly  s lo w -g ro w in g  n o rth e rn  
orig in s o f lod g ep ole p in e h av e b een  show n to 
ach iev e this b en eficia l e ffect on the g row th  of 
spruce (Taylor, 1985).

T h e  lo c a lly  se v e re  o u tb re a k s  o f p in e  b e a u ty  
m o th  (P a n o l i s f l a m m e a ) on  y o u n g  s ta n d s  o f 
lo d g e p o le  p in e  in  n o rth  S c o tla n d  fro m  1976  
o n w a r d s  ( S to a k le y , 1 9 7 7 )  c a u s e d  a d r a s t ic  
re a p p ra isa l o f  th e  p o s itio n  o f th is  sp e c ie s  in 
British  forestry. The ecological and silv icultural 
im p lic a t io n s  o f th is  p e s t a re  n o w  b e c o m in g  
better understood. Fortunately, it show s a low er 
p re fe ren ce  for, and  d ev elo p s less activ e ly  on, 
A laskan seed origins com pared w ith  those from  
so u th ern  co asta l areas (L eath er, 1985). Sev ere  
o u tb r e a k s  o f  p in e  b e a u ty  m o th  s e e m  to  b e  
restricted  to poor, deep peat sites and m ost w ere 
in itia ted  in  stand s o f so u th ern  co asta l orig in s, 
w hich  are no longer used in Britain. The current 
p o sitio n  is d escrib ed  in  F o restry  C om m issio n  
Bulletin  67 (Leather et al., 1987).

D e fo lia t io n  b y  th e sa w fly  N eo d ip r io n  s e r t i f e r  
f r e q u e n t ly  c a u s e d  c o n c e r n . T e c h n iq u e s  o f 
application of the natural polyhedral virus w ere 
evolved  and these proved  an effectiv e control. 
D efoliation  by  Z eiraphera din iana, w hich  attacks 
th e  c u r r e n t  s h o o ts ,  e s p e c ia l ly  w h e n  in  
c o m b in a tio n  w ith  N eo d ip r io n ,  w h ic h  a tta c k s  
m a in ly  o ld e r  n e e d le s , a lso  se v e re ly  re ta rd ed  
grow th on occasions in thicket stands. There are 
c le a r  d if fe r e n c e s  in  th e d e g re e  o f  a tta c k  b y  
Z eiraphera  on d ifferent seed orig ins (D ay et al., 
1991).

Table 2 show s the w eight o f seed purchased  by 
th e F o re s try  C o m m iss io n  o v e r  fo u r p e r io d s . 
This show s how  seed  o rig in  ch oice has varied  
as  m o re  in f o r m a t io n  on  p e r fo r m a n c e  h a s  
a ccu m u la ted  and  as lo d g ep o le  p in e  h as b ee n  
used  in  d iffere n t s ilv icu ltu ra l ro les. It sh ou ld  
also  be rem em bered  that a h igh  p rop ortion  of 
the seed used by the Private W oodlands sector 
w a s  b o u g h t fro m  th e  F o re s try  C o m m iss io n .
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Table 2. W eight of seed in  kilos purchased  over four periods w ith percentage for each seed origin 
group

Seed origin group 1920-1945 % 1946-1955 % 1956-1964 % 1965-1980 % Total Overall %

A laskan - - <1 <1 9 <1 99 3 108 1

N orth C oast o f BC 2 <1 - - 32 <1 16 1 50 <1

Low er Fraser R iver & 
SE V ancouver Island

14* 2 1309* 66 832* 22 - - 2155 23

South C oastal (USA) 163 28 174 9 1946 52 620 21 2903 31

Skeena R iver BC 37 6 - - 3 <1 892 30 932 10

C entral Interior BC 74 13 12 <1 711 19 210 7 1007 11

South Interior BC 155 26 332 17 225 6 1076 36 1788 19

W ashington & O regon 
C ascade M ountains

49 8 160 8 5 <1 96 3 310 3

A lberta & R ocky 
M ountains

93 16 - - - - - - 93 1

Total 587 1987 3763 3009 9269

* M ainly from  Lulu Island
* M ainly from  Sooke, V ancouver Island

From  this table it w ill be seen that large qu an­
tities of seed cam e from  the Low er Fraser R iver 
(m ainly Lulu Island) and South East V ancouver 
Island (m ainly Sooke), w hile A laskan seed w as 
first obtained in 1952 and w as only im ported in 
any quantity after 1965.

S o u th  c o a s ta l o r ig in s , a t f ir s t  o ften  fro m  the 
Long Beach area o f W ashington, bu t w ith  large 
im p o rts  fro m  the O reg o n  co a s t in  th e 1950s, 
accounted  for only about one-tenth o f the total 
up to 1954, then rose to over h a lf in  the third 
period  (a resp onse to its v igorous grow th and 
exposure resistance), falling to 21%  in the recent 
period  up to 1980. N o seed has been purchased 
from  this area for m any years.

Bulk supplies from  the Skeena River w ere hard 
to obtain  before the m id 1960s, bu t as their good 
p roperties becam e apparent from  experim ental 
r e s u lts ,  im p o r ts  ro s e  in  th e  fo u r th  p e r io d . 
S e e d lo ts  fro m  th e C e n tra l In te r io r  o f B r it ish  
C olum bia com prised  about one-third of the seed 
fro m  B r it is h  C o lu m b ia  a n d  w e re  in te n d e d  
la r g e ly  fo r  d r ie r  e a s te r n  h e a th la n d s . E a r ly  
im p orts w ere m ainly  from  P rin ce G eorg e and

Q u e s n e l, w ith  la te r  im p o rts  fro m  th e  m o re  
w esterly Fort Fraser area.

The Southern Interior of British  C olum bia w as 
the m ost im portant seed source for general use 
until 1939, w ith large quantities from  Shusw ap 
Lake and V avenby. The im portance of obtaining 
se e d  fro m  h ig h e r  e le v a t io n  s ta n d s  in  th e 
'In terior W et Belt' sector of this large region w as 
n o t re a lis e d  in  th e  e a r ly  y e a rs . In  the la te s t  
p e r io d  th is  g ro u p  a c c o u n ts  fo r  th e  la r g e s t  
am ount of seed purchased.

O nly  sm all qu an tities o f seed  w ere p u rchased  
fro m  e a s t  o f  th e  R o c k y  M o u n ta in s ,  th e  
W a s h in g to n  a n d  O re g o n  C a s c a d e s  o r th e 
C a lifo rn ia n  S ie rra s . N o co m m e rc ia l se e d lo ts  
w ere purchased from  the Y ukon or the coast of 
C alifornia, though these areas are represented in 
experim ents to com plete the cover of the range.

Throu ghout the period up to the early 1960s, the 
F o r e s tr y  C o m m is s io n  b o u g h t  s e e d  fro m  
m erchants in British  C olum bia and the U SA , bu t 
until 1965 had never sent an inspector to check 
collection sites and there w as no assurance that
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b u lk  c o lle c t io n s  ca m e  fro m  s ta n d s  w ith  th e  
desired characteristics.

W h en  d ifficu ltie s  a ro se  w ith  seed  su p p lies  in 
som e regions of N orth A m erica, strenuous efforts 
w ere m ade to obtain seed from  stands in Britain. 
This applied particularly to A laskan seed origins 
and  to th o se  fro m  th e  N o rth  C o a s ta l area  o f 
British Colum bia. In the native stands, w hich are 
often  on m u skegs or other very poor sites, few  
c o n e s  a re  b o r n e  p e r  tr e e , w h ic h  m a k e s  
c o m m e rc ia l c o lle c t io n  e x tre m e ly  e x p e n s iv e , 
w hereas under British conditions individual trees

of these origins m ay have 20 to 50 tim es as m any 
cones. Seventy-six hectares o f 'seed  plantations', 
w h o se  p rim a ry  p u rp o se  is  to su p p ly  seed  of 
o rig in s th at are d ifficu lt or co stly  to ob ta in  in 
b u lk , h a v e  b e e n  e s ta b lis h e d . T h e  tre e s  w ere  
planted on sites w here early and prolific coning 
can  be p red icted , and w here cross-fertilisa tion  
w ith undesirable seed origins is unlikely. H om e 
s e e d  s o u r c e s  h a v e  b e c o m e  in c r e a s in g ly  
im p o rta n t, w ith  750  kg  c o lle c te d  d u r in g  th e 
period 1973-83. A bout half of this seed w as of the 
scarce N orth  C oastal and A laskan provenances, 
the rest m ainly of Skeena River provenance.
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Chapter 5

Seed origin experiments with lodgepole pine in Britain and abroad

British experiments
The C anadian G overnm ent, w hich w as a m ajor 
supplier o f N orth  A m erican seed to the Forestry 
C om m ission  in the 1920s, sent seven seedlots of 
lo d g e p o le  p in e  in  1 9 2 5  a n d  1 9 2 8  fro m  th e  
S ic a m o u s-K a m lo o p s-A sh c ro ft area o f B ritish  
C olum bia. These w ere accom panied by detailed 
s ite  d e s c r ip tio n s  m a d e  b y  A .C . T h ru p p , th e 
R e g io n a l F o re ste r . A ll w ere  in  the v a lley s  o f 
th e T h o m p so n  R iv er and  ran g ed  in  e lev a tio n  
from  488  m  to 1524 m . T h ese  sites  co v er the 
tr a n s i t io n  fro m  th e  v e r y  d ry  a re a  a ro u n d  
K am loops to the 'In terior W et Belt' on the upper 
s lo p e s  o f  M o u n t Id a . T h e  sa m e  a re a  w as 
described  after a v isit by Ilvessalo  (1929), w ho 
had  been  im pressed  by  the grow th of som e of 
the oldest plots o f lodgepole pine in Europe at 
the M u stila  F orest G ard en  in F in lan d . Tw o of 
the seedlots sent in 1928 duplicated those in the 
1925 co llectio n , so  th at five d ifferen t sites are 
represented . Seed from  the 1928 collection w as 
a lso  sen t to F in lan d  (W eissen b erg , 1972) and 
other cou ntries in Europe. The plants from  the 
1925 seed w ere planted at seven sites and those 
fro m  th e 19 2 8  se e d  a t fo u r  s i te s  in  B r ita in . 
R esu lts  from  th ese exp erim en ts d id  n ot show  
v ery  larg e d iffere n ces, th ou gh  they in d icated  
that seed  from  low  elevation s in the Sou thern  
In te r io r  o f  B r it ish  C o lu m b ia  p ro d u c e s  ta lle r  
trees at low  elevation  sites, but shorter trees on 
h igh and exposed sites in Britain.

In  193 0 , th ree  se e d lo ts  fro m  the ea st s id e  o f 
V an cou v er Island  w ere p lanted  at Bed d gelert, 
N orth  W ales, in u nrep licated  plots on a fairly  
exposed site at 300 m. D ifferences betw een these 
lo ts  in  h e ig h t  a n d  a p p e a r a n c e  w e re  s m a ll,  
th o u g h  th e y  w e re  d is t in c t  fro m  th e in te r io r  
British C olum bia lots planted  here earlier. Stem  
form  w as good and basal sw eep absent. Further 
m in o r e x p e rim e n ts  on  th ree  s ites  in  1 9 3 4 -3 6  
tested seven seedlots (see Edw ards and Pinchin, 
1 9 5 3 , fo r  th e  r e s u lts  a t C lo c a e n o g , C lw y d ). 
These experim ents included the first seed from  
the C entral Interior of British C olum bia (Prince 
G eorge) and the first hom e collected seed.

In 1933 W. H. G uillebaud, then C hief Research 
O fficer of the Forestry C om m ission, visited Eire 
to  s tu d y  p la n ta t io n s  o f lo d g e p o le  p in e . H is 
u np u b lish ed  rep o rt sh ow s how  im p ressed  he 
w a s b y  th e ra p id  g ro w th  an d  r e s is ta n c e  to 
exposure of the southern coastal origins that he 
saw there. A s a result of this visit, arrangem ents 
w ere m ade to obtain seed for new  experim ents 
testing origins from  m any parts of the range. The 
30 see d lo ts  o b ta in ed  w ere  sow n  in 1935 and 
subsequent years, but not in replicated nursery 
e x p e rim e n ts , w ith  the re su lt th at d iffere n ces  
betw een seed origins due to local variations in 
soil fertility, nursery treatm ent, etc., could not be 
ascertained. E xperim ents w ere then planted  in 
1937 to 1939 at eight forests, covering  a range 
o f s ites  from  the Y o rk sh ire  M o o rs to W ester 
Ross. D etails o f the four m ain sites are show n in 
T a b le  3. M o st o f  th e  e x p e r im e n ts  c o n ta in  a 
rep licated  section  of sm all (3 0 -3 6  p lant) plots, 
to g e th e r  w ith  u n r e p lic a te d  s in g le  p lo ts  o f 
150 -1000  p lants. T he experim ent at W ykeham , 
N orth  Y ork s is u niqu e for exp erim en ts e s ta b ­
lish ed  at th is tim e an y w h ere in the w o rld , in 
h av in g  th ree re p lica tes  o f p lo ts la rg e  en o u g h  
(240 p lants) to give re liab le  long -term  volu m e 
d a ta . In  a d d it io n , u n r e p lic a te d  p lo ts  (e a ch  
o f 1150 p lan ts) w ere  in clu d ed  for n in e  o f the 
16 seed origins. Som e of these large plots have 
s in c e  b e e n  u sed  as P e rm a n e n t S a m p le  P lo ts  
and the replicated  plots have provided  sam ple 
trees for tim ber testing. N ot all 30 seedlots w ere 
available for planting at the sam e tim e, so that, 
ap a rt from  W y k eh am , the o th er ex p e rim e n ts  
in  th is  s e r ie s  h a v e  s u b -e x p e r im e n ts  te s tin g  
sm aller num bers of origins in successive years. 
The m ain dem erit of this series of experim ents 
is th a t d e ta ils  o f  o r ig in s  a re  sp a rs e  an d  th e 
e ffe c tiv e  life  o f the re p lica ted  sec tio n s  o f the 
experim ents is restricted by interaction betw een 
p lots, excep t at W ykeham . Fu rth er d eta ils  are 
g iv e n  b y  L in e s  (1 9 7 6 b )  an d  th e  o v e r a l l  
conclu sions from  this series have been  su m m ­
arised (Lines, 1966).

D uring the p ostw ar period  from  1952 to 1968, 
the m ain em phasis at first w as on assessm ents
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in  th e  1 9 3 7 - 3 9  s e r ie s ,  w h ic h  w e re  n o w  
b eg in n in g  to y ield  in form ation  on seed orig in  
v aria tion  over a ran g e-w id e basis for the first 
tim e (M a c d o n a ld , 1954). T h e se  in c lu d e d  n o t 
on ly  data on  h e ig h t b u t also  on m orp h o lo g y , 
n e e d le  c o lo u r  a n d  r e te n t io n ,  v e g e ta t io n  
suppression and stem  straightness. M any of the 
30 new  experim ents planted in this period w ere 
intended m ainly to evaluate seedlots that w ere 
im ported for w idespread com m ercial use (a few 
of these clearly show ed that the origin  stated by 
th e su p p lier  w as in c o rre c t), or to in v e stig a te  
parts o f the range that w ere not sam pled by the 
1937-39  series. For exam ple, the recom m ended 
see d  so u rce  in  th e  e a r ly  19 5 0 s  w as 'c o a s ta l ' 
origins, based  on 12-year results in  the 1937-39  
experim ents w ith  W ashington coast sources and 
on  ex ce llen t resu lts  w ith  th ese in  E ire  (L in es, 
1957a) and in  you ng afforestation  experim ents 
on  d iff icu lt  s ite s  in  n o rth  S co tla n d . 'C o a s ta l ' 
se e d  w a s  a v a i la b le  c h e a p ly  a n d  in  la r g e  
am ou n ts from  the L ow er F raser R iver, w here 
the firm  of R oche had a seed extractory on Lulu 
Island. A t the time it w as not know n that seed 
from  this area w ould  p erform  very  d ifferently  
from  the W ashington  coast sources.

S e v e r a l  e x p e r im e n ts  s o o n  c o n f ir m e d  e a r ly  
forest exp erience that in both  grow th rate and 
r e s is t a n c e  to w in te r  b la s t in g  d a m a g e , th e  
L u lu  Is la n d  see d lo ts  w ere  g rea tly  in fe r io r  to 
th o se  fro m  th e W a sh in g to n  co a st (L in es and 
A ldhous, 1957). O n sheltered  sites o f m oderate 
fertility  this 'Lulu  Island ' type from  the m outh 
o f the Fraser R iver w as capable of grow ing w ith 
s t r a ig h t  s te m s  a n d  its  h e ig h t  g r o w th  w as 
about the sam e as Scots pine. H ow ever, even on 
sheltered  sites, basal area production w as poor, 
p robably  because so m u ch of the b iom ass w as 
d iv e r te d  to e x c e s s iv e  p r e c o c io u s  f lo w e r  
p ro d u c tio n . B e tw e e n  1949  an d  1 9 5 3 , n e a r ly  
1000 kg of 'L u lu  Is la n d ' seed  w as p u rch ased . 
U n fo rtu n a te ly , ev en  a fte r  R esea rch  s ta ff  had 
b eg u n  to a p p re c ia te  th e sh o rtc o m in g s  o f the 
'L u lu  I s la n d ' o r ig in , a fu r th e r  2 7 2  k g  w as 
purchased in 1954/55.

A nother series of experim ents in 1954 included 
tw o seed lo ts  from  A laska, the first tim e these 
o r ig in s  h a d  b e e n  im p o r te d . T h e y  p ro v e d  
excep tion ally  hardy on exposed  northern  sites 
an d  w e re  o u ts ta n d in g  in  O rk n e y  an d  o th e r  
n o r th e r n  t r ia l  p la n ta t io n s ,  w h ic h  a lw a y s  
in clu d ed  a range o f seed  orig in s o f lo d g ep ole 
p in e  a n d  th u s  c o n tr ib u te d  in fo r m a t io n  in  
ad d ition  to that from  seed orig in  exp erim en ts 
proper.

F u rth er seed  orig in  exp erim en ts w ere p lanted  
every year from  1957 to 1968, m ostly testing the 
large range of com m ercial seedlots that becam e 
available every year on a m uch w ider range of 
sites (from  C orn w all to Su th erlan d ), than had 
b e e n  c o v e r e d  b y  e a r l ie r  e x p e r im e n ts . A lso  
included w ere sm all plots o f 11 origins from  the 
extensive range sam pled  by  C ritchfield  (1957), 
including seedlots from  an elevation of 2680 m 
in C olorado, and for the first tim e seedlots from  
C alifornia and the Yukon.

In  a d d it io n , N o rth  (S c o t la n d )  C o n s e rv a n c y  
form ed  la rg e -sca le  tr ia l p lan ta tio n s at N aver, 
R um ster and Shin Forests. W hole com partm ents 
w e re  p la n te d  w ith  p u re  lo d g e p o le  p in e  o f 
d ifferen t o rig in s each  year over sev eral years. 
These form ed a very useful set of reference plots 
and som e w ere later used for seed collection.

D u rin g  th is p erio d , ch an g es in p lan tin g  stock  
p ro d u ctio n , grou n d  p rep ara tio n  and  fertiliser 
a p p lic a tio n  a lte re d  m a n a g e m e n t p ra c tic e  so 
g re a tly  th a t it w a s n e c e ssa ry  to  re -te s t  seed  
orig in s w hose p erform an ce w as by  now  qu ite 
w ell know n from  older experim ents established 
using prim itive techniques. Particularly  affected 
w ere seed origins from  the coast o f W ashington 
an d  O r e g o n , w h o s e  in h e r e n t  te n d e n c y  to 
develop early  basal sw eep w as greatly increased 
b y  d e e p  p lo u g h in g  a n d  h ig h e r  r a te s  o f 
p h o sp h ate  ap p lica tio n , com p ared  w ith  p la n t­
in g  on  in d iv id u a l tu rv e s  o r d ire c t n o tc h in g , 
w ith  m in im a l o r no fe r t il is e r  in  the p re -w a r  
exp erim ents. T h e use of very  you ng seed lings 
o f th e s e  S o u th  C o a s ta l  o r ig in s ,  p la n te d  in  
p olystyrene tubes, w as one of several attem pts 
to  r e d u c e  th e  in c id e n c e  o f  b a s a l sw e e p  b y  
cultural m eans (Low , 1975). Several seed origin 
exp erim ents inclu ded  m any provenances from  
selected  stands in Eire and from  British  stands 
o f  o r ig in s  th a t  w e re  d i f f ic u l t  to o b ta in  
com m ercially, e.g. the Q ueen C harlotte Islands. 
It w as notew orthy that the progeny from  these 
collections proved overw helm ingly true to type, 
s u g g e s t in g  th a t  in t e r -p r o v e n a n c e  h y b r id s  
occu rred  rarely , p erhap s due to d ifferences in 
f lo w e r  p h e n o lo g y  u n d e r  o p e n  p o ll in a t io n  
c o n d itio n s , as co n tro lled  p ro v e n a n ce  cro sses  
proved easy to m ake.

By 1964 it w as apparent that the existing experi­
m ents w ere unsatisfactory in m any respects. No 
com p rehensive set o f seed orig ins covering the 
w hole range existed. L odgep ole p ine stands in 
N orth A m erica had not been studied by British 
foresters, except in one or two localities by W ood
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(1 9 5 5 ). O p p o rtu n it ie s  fo r fu tu re  c o m m e rc ia l 
c o l le c t io n s  fro m  th o s e  a r e a s  th a t  lo o k e d  
p ro m is in g  in  e x p e r im e n ts  r e q u ir e d  fu r th e r  
investigation  on site. A ccord ingly  an extensive 
tou r w as m ad e in 1965 b y  H .A . M axw ell and 
J.R . A ld h o u s (1967 ). A m u ch  lo n g er in tern a l 
re p o rt (A ld h o u s and  M a x w e ll, 1966) g iv e s  a 
m ost co m p reh en siv e  d escrip tion  of the n ativ e 
s ta n d s  a n d  o f s ta n d s  p la n te d  b y  th e  S o i l  
C onservation Service on the O regon dunes. Part 
of this in form ation  w as sum m arised by  A ldhous 
(1976).

O ne o f the ob jects  o f th is tou r w as to arran g e 
collections for a new  series o f seed origin  exper­
im ents. O ver 80 seed  orig ins w ere obtained  in 
1965, the m ajority  throu gh com m ercia l co llect­
ions, b u t w ith  great atten tion  g iven  to locality  
and  e lev a tio n . T h o u g h  a sm a ll p ro p o rtio n  o f 
ab erran t in d iv id u als  has em erg ed , th ere is no 
reason to doubt the authenticity  o f any seedlot. 
T h e 13 e x p e rim e n ts  p la n te d  in  S co tla n d  and  
northern England contain  28 to 81 seed origins, 
while those in W ales, south-w est and east England 
each have 72 seed  orig ins (see Table 4 for site  
data). L od g ep ole p ine w as the second  species 
se lec te d  b y  th e In te rn a tio n a l U n io n  o f F o rest

R e se a rch  O rg a n iz a tio n s  (IU F R O ) to form  the 
b a s is  o f  a w o r ld -w id e  s e r ie s  o f  se e d  o r ig in  
experim ents. O ne hundred and fortv six seedlots 
w ere  o b ta in ed  in  1966-68  by a sp ecia l IU FR O  
c o l le c t in g  te a m  le d  b y  L . F e i lb e r g ,  w ith  
ad ditional seed lots provided  by  K. Illingw orth  
in B ritish  C olu m bia  (L ines, 1971). B ecau se the 
1965  c o lle c t io n  o f M a x w e ll/ A ld h o u s  w as so 
com p reh en sive, only  24  o f the IU FR O  seed lots 
w ere selected for testing in Britain, m ainly  to fill 
gaps in the northern part of the coastal range. Six 
experim ents cover the m ain range of site types, 
principally  in Scotland (see Table 5).

O v e r th e y e a rs , o v e r  3 0 0  se e d lo ts  h a v e  b e e n  
in c lu d e d  in  B r i t is h  e x p e r im e n ts  (n o t  a ll  
representing d ifferent seed  origins, as som e are 
from  the sam e p lace in d ifferen t years). These 
h a v e  b e e n  p la n te d  in  o v e r  80  e x p e r im e n ts , 
w h ic h  c o v e r  m o st o f  th e  m a in  s ite  ty p e s  on  
w h ich  th is sp ecies has been  p lanted  in  Britain  
(T able 6). A recen t d ev elo p m en t has been  the 
ex ten t to w hich  these trials have been  used by 
o th e r  r e s e a r c h e r s ,  p a r t ic u la r ly  fro m  th e  
U n iv e r s it ie s  an d  th e  In s t itu te  o f  T e r r e s tr ia l  
E co log y  o f the N atu ra l E n v iro n m en t R esearch  
C ouncil (e.g. C annell, 1974; Thom pson, 1974).
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Table 6. L ist o f experim ents w ith  site details

Experim ent
N ational grid 

reference
Elevation

(m)
R ain fall

(mm)
A spect

(degrees)
So il
type

D om inant
vegetation

A chnashellach 24 P37-41 N H 020480 40 2032 360 4 ,6 Calluim
Achnashellach 28 P52-53 N H 020480 84 2032 315 6 Calluim
A chnashellach 29 P57 N H 021482 80 2032 360 6 Calhm a
Achnashellach 31 P65 NHO18482 84 2032 315 4 ,6 Calluna
Aeron 1 P59 SN 366490 282 1350 225 7 Ulex
Arecleoch 5 P72 NX219795 167 1270 flat 10B Calluna
Beddgelert 2 P28 SN 559504 300 2800 135 4B Calluna
Beddgelert 18 P30 SH 560502 300 2800 135 9 Callima
Beddgelert 24 P70 SH 550590 333 1905 270 6 Callima
Borgie 9 P59 N C665548 137 890 270 6 Trichophorum
Brendon 11 P65 SS973401 360 1500 250 4 Calluna
Brendon 21 P70 SS972402 350 1500 flat 3 Calluna
Broxa 115 P70 SE951942 210 864 180 4 Calluna
Broxa 126 P72 SE949943 210 864 180 4 Calluna
Ceiriog 1 P57 SJ146383 442 1350 67 6 Calluna
Ceiriog 2 P57 SJ146383 442 1350 67 6 Calluna
Clashindarroch 15 P34-41 N J473325 358 1100 202 4 , 6Z Calluna
Clocaenog 16 P34-38 SJ009536 430 1016 flat 6 Calluna
Clocaenog 54 P65 SH 954560 415 1270 flat 11C Calluna
Clwyd 6 P64 SJ214584 375 900 135 4 Calluna
Clwyd 7  P66 SJ164627 420 900 180 4B Calluna
Croft Pascoe 22 P58 SW 725195 91 1100 180 3 Calluna
Culbin 13 P31 N H 994608 10 584 flat 151 Juncus
Deer 2 P59-60 NJ891572 91 825 flat 11B Calluna
Deer 4 P63 N J983583 137 825 315 4Z Erica
Devilla 17 P61 N S959872 61 700 360 3 Calluna
Dyfi 5 P69 SH 830182 610 2160 270 11D Eriophorum
Eddleston 4 P66 N T233548 274 765 90 10B Calluna
Eddleston 7 P67-77 N T234540 282 975 flat 10 Calluna
Elchies 1 P57-58 NJ204455 268 890 90 11B Calluna
Elibank 6 P63 NT346354 454 1125 315 4Z Calluna
Farigaig 21 P72 N H478106 350 1140 315 11C Trichophorum
Farigaig 47 P77 NH460117 300 1250 90 11 Calluna
Fiunary 5 P72 N M 532498 360 1778 225 11C Trichophorum
G lencoe 3 P61 N N 311512 305 2032 135 9E Calluna
G lengarry 14 P69 N H194013 91 1905 90 10B Trichophorum
Glengarry 16 P70 NH196009 91 1905 90 10B Trichophorum
Glentrool 17 P59 NX306828 168 1524 flat l i e Trichophorum
Glentrool 25 P70 N X324787 137 1270 157 10B Trichophorum
H arwood Dale 22 P38-39 SE968980 195 950 90 4 Calluna
Inchnacardoch 141 P52-53 NH330064 145 1525 135 9B Calluna
Inchnacardoch 149 P58-59 NH333067 170 1270 135 9B Calluna
Inchnacardoch 161 P63-82 NH364087 30 1270 flat 1 Calluna
Kielder 71 P54 NY761903 198 1207 flat 9D Calluna
Kirroughtree 1 P39-41 NX446665 120 1270 315 6 M olinia
Langdale 100 P65 SE894967 283 890 135 4 Calluna
M abie 10 P70-72 NY042715 12 1016 flat 10A Calluna
M illbuie 1 P38-42 N H661620 160 830 315 7Z Calluna
M illbuie 14 P58 N H665625 145 762 360 7 Calluna
New Forest 25 P64 SU365078 15 850 225 6 Calluna
N ew borough 7 P64 SH391641 10 900 225 15D Ammophila
Rosarie 3 P70 NJ322487 318 890 135 4Z Calluna
Roseisle 2 P30 NJ128668 10 610 flat 1Z Am m ophila
Rum ster 4 P69 N D 167500 91 1080 flat 10B Calluna
Rum ster 8 P71 ND083467 122 952 180 l i e Trichophorum
Rum ster 10 P72 ND083467 122 952 180 l i e Trichophorum
South Kintyre 1 P67 N R723324 236 1778 158 l i e Trichophorum
South Laggan 7 P28 NN 304957 387 2200 23 4B Grasses
Seim  M uir 1 P61 NS973581 348 1125 270 11D Eriophorum
Shin 12 P67 N C555005 244 1080 360 9E Trichophorum
Shin 17 P68-71 N C595138 180 1016 flat 9E Eriophorum
Shin 25 P70 N C536224 205 1185 270 9D M olinia
Shin 36 P72 N C327043 205 1395 135 9E Trichophorum
Shin 72 P77 N C528216 190 1387 flat l i e Trichophorum
Strathardle 4 P69 N 0143565 244 1120 270 1U Calluna
Taliesin 12 P58 SN 737906 457 1900 135 1U Vaccinium
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Table 6 (contd)

Experim ent
N ational grid 

reference
Elevation

(m)
R ain fall

(mm)
A spect

(degrees)
So il
type

D om inant
vegetation

Taliesin 13 P58 SN 725887 335 1900 180 1U Ulex
Tarenig 3 P58 SN 839789 434 2000 180 9D M olinia
Tarenig 10 P65 SN 857794 533 2050 315 11C Trichophorum
Teindland 44 P31 NJ286545 220 890 360 7Z Calluna
Teindland 51 P34-37 NJ288544 230 800 45 4 Calluna
Thetford 142 P70 TL818833 38 600 flat 1Z Pteridium
Tywi 16 P70 SN 734544 396 1800 flat 6, 9D M olinia
W areham  125 P58 SY919901 32 950 90 1A Erica
W ark 6 P61 NY654803 427 1206 135 11B Calluna
W ark 37 P77 N Y800797 183 1116 160 6 Calluna
W atten 5 P52-53 N D220505 91 990 360 11C Calluna
W atten 9 P54 ND220505 91 1016 360 l i e Calluna
W ilsey D ow n 13 P58 SX186881 270 1400 225 3 Calluna
W ykeham  55 P38 SE950875 183 950 202 4 Calluna
W ykeham  2A P28 SE945888 185 950 202 4 Calluna

N a tio n a l so il ty p es are  d e sc r ib e d  fu lly  in  F o re s try  C o m m issio n  F o re s t R eco rd  N u m b er 69 , by  
D. G. Pyatt.

In brief, 1 = Brow n earth, 3 = Podzol, 4 = Ironpan, 6 = Peaty gley, 7 = Su rface-w ater gley, 9 = M olin ia  
bog, 10 = U nflushed bog, 11 = U nflu shed  hill peat, 15 = L ittoral sand.

26



Experiments in other countries
E arly  seed  orig in  exp erim en ts w ith lod gep ole 
pine overseas w ere described by Edw ards (1954, 
1955). The oldest w ere in Finland, w here interest 
in  th is  sp ecies  co n tin u es (W eissen b erg , 1972, 
1980) though for reasons of forest policy its use 
is restricted there. In Sw eden it is also policy to 
restrict la rg e-sca le  p lan tin g  of lod g ep ole pine 
to the northern half o f the country, w here there 
are now  m ore than 200 000 ha o f p lantations. 
H ow ever, experim ents w ere planted throughout 
the cou n try , e .g. H ag n er and F ah lro th  (1974), 
and  P ersso n  (1978) for the so u th ern  series of 
IU FR O  experim ents and Lindgren (1983) for the 
northern IU FR O  experim ents. In the far south of 
Sw eden som e coastal origins can be grow n, but 
in  n o rth  Sw ed en  on ly  the su b -sp ecies  la tifo lia  
succeeds, especially  origins from  the Y ukon and 
n o rth ern  B ritish  C olu m b ia  (P ersson , 1980). In 
E s to n ia , 19 o f th e  IU F R O  se e d lo ts  are  b e in g  
tested (Etverk, 1980).

Seed orig in  trials in N orw ay lie m ainly in east 
N orw ay, w here only in terior sources had high 
s u r v iv a l  (S k r o p p a  a n d  D ie t r ic h s o n , 1 9 7 8 ; 
D ietrich so n , 1982). H ow ever, in w est N orw ay 
som e orig ins o f su b-sp ecies contorta  grow  fast, 
retain their needles w ell and are m ore healthy, 
though they have poorer stem  form  than those 
fro m  in te r io r  B r it is h  C o lu m b ia  (M a g n e se n ,
1980).

L o ftin g  (1966) d escribed  o ld er exp erim en ts in 
D enm ark  and results from  these w ere brou ght 
up to date by  L arsen  (1980). Forty-eight o f the 
IU F R O  s e e d lo ts  p la n te d  in  1972  sh o w  la rg e  
d ifferences in survival and grow th (Larsen and 
N e ils o n , 1 9 8 2 ). In  Ic e la n d , B ja rn a so n  (1978) 
reported that A laskan and Skeena R iver origins 
survived best and grow  well.

Seed o rig in  trials date from  1890 in  G erm any, 
and results from  unreplicated older experim ents 
a re  g iv e n  b y  S te p h a n  (1 9 8 2 ) . F a s t  g ro w in g  
origins w ere from  the coasts of W ashington and 
British C olum bia and from  the Southern Interior 
o f B ritish  C olu m b ia . T h e IU FR O  co llectio n  of 
140 seedlots w as planted on six sites. Rhyacionia 
is a serious pest on som e sites (Stephan, 1980). 
T h is in se c t a lso  m ak es it im p o ssib le  to grow  
lo d g e p o le  p in e  w ith  g o o d  stem  fo rm  in  th e 
N etherlands (K ranenborg and Kriek, 1980). The 
1973 IU FR O  trials w ith  75 seed  orig in s in the 
N eth erlan d s are exp ected  to h av e a sh o rt life 
because of R hyacionia (Kriek, 1980).

In  F r a n c e , th e  IU F R O  c o l le c t io n  h a s  b ee n  
planted both by the Forest Service (Birot, 1978; 
G iovanini and R om an-A m at, 1986) and by the 
private ow ners' A ssociation Foret-C ellulose (Le 
C am , 1984). Rhyacionia again restricts w ide-scale 
p la n t in g . E a r ly  r e s u lts  in C z e c h o s lo v a k ia  
(Kantor, 1980) w ith a sm all range of the IU FRO  
se e d lo ts , sh ow ed  so u th ern  co asta l o rig in s  as 
m ost prom ising, w hereas northern su b-species 
latifolia origins proved unsuitable. In north and 
central Poland, only the sub-species latifolia  w as 
included in the trials described by Bellon (1980). 
In Turkey, trials w ith  the IU FR O  collection  on 
fiv e  fo re s t s ite s  sh o w  th a t S o u th ern  C o a sta l 
sources w ere outstandingly vigorous (Sim sek et 
al., 1978).

In N orthern Ireland, Savill (1976) described four 
trial series, in v o lv in g  25 exp erim en ts planted  
from 1964 to 1971. Southern Coastal sources were 
m ost vigorous, though stem  form of these w as 
p oor. T h o se from  the O reg o n  C ascad es grew  
very poorly. Results w ere sim ilar in Eire, where 
three series of trials w ere planted in the 1960s. 
T h e IU FR O  c o lle c tio n  o f 3 0 -6 0  se e d lo ts  w as 
planted in 1972 on five sites (O 'Driscoll, 1980).

L odgep ole p ine w as also an im p ortant species 
for seed origin testing in British C olum bia (e.g. 
I llin g w o rth , 1971 , 1975 , 1976a , 1980 ; Y in g  et  
al., 1985). Because o f the large variations in site 
conditions, genoty p e-environm ent in teractions 
are of special im portance. In the USA, seed origin 
experim ents covering a w ide part of the range are 
less co m m o n  th an  ex p e rim e n ts  in v e stig a tin g  
variation w ith in  a region, e.g. Perry and Lotan 
(1 9 7 8 ) an d  R e h fe ld t (1 9 8 5 ). T h e re  is a b a s ic  
a s s u m p tio n  th a t lo c a l p o p u la t io n s  a re  b e s t  
adapted to local site conditions so that it is safest 
to use these over the long period of a rotation.

In A ustralia, 17 of the IU FR O  lots w ere planted 
at tw o sites in V ictoria (about 37° S) in 1972/73 
(P e d e rick , 1980). A fte r 5 y ea rs  in  th e fo rest, 
Southern C oastal origins w ere m uch taller than 
in la n d  s o u r c e s ,  e s p e c ia l ly  th o s e  fro m  th e 
N orthern  In terior and those o f the su b-species 
nm rrayana. Lodgepole pine grow s even faster in 
the N ew  Zealand clim ate, though not as fast as 
P. rad iata , so that its  use b ecam e co n fin ed  to 
poorer soils, h igh elevation or frosty sites. As in 
V ic to ria  th ere w ere  s ig n ifica n t d iffe re n c e s  in 
grow th vigour, w ith  Sou thern  C oastal sources 
th e b e s t (in c lu d in g  h o m e c o lle c te d  se e d lo ts , 
w hich  w ere outstanding) (M iller, 1969; H ignett, 
1971; Shelboum e and M iller, 1976).
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From  these exp erim en ts it can  be seen  th at in 
countries w hose latitudes are below  about 58° N, 
particu larly  those w ith  a m aritim e clim ate, the 
m o s t v ig o r o u s  g r o w th  w a s  s h o w n  b y  se e d  
o r ig in s  fro m  th e  c o a s ts  o f  W a s h in g to n  and  
O reg on , w h ile  in  co u n tries  ev en  c lo ser to the 
E q u a to r , su ch  as N ew  Z e a la n d , C a lifo r n ia n  
coastal seed origins grew  best. Even in the Faroe 
Islands at 62° N, W ashington  coastal origins can 
g row  w ell in  the e x tre m e  o ce a n ic  co n d itio n s  
(L ines, 1987a). In Scan d in av ia , as la titu d e and 
con tin entality  in crease, the coasta l sou rces are

e lim in ated  and  in terio r seed  o rig in s  from  the 
m o s t  n o r th e r ly  p a r t  o f  its  r a n g e  in  n o r t h ­
ern British C olum bia and the Y ukon show ed the 
h ig h est rates o f su rv iv al and exce llen t grow th  
ra te s . R h y a c io n ia  a t ta c k s  w e re  so  s e v e re  on  
lo w la n d  s i te s  b e lo w  55° N  in  c o n t in e n t a l  
clim ates that they w ould prevent com m ercial use 
o f  lo d g e p o le  p in e , b u t in  th e w e tte r , c o o le r  
su m m ers o f Ire lan d , and  ev en  to som e ex ten t 
B rittan y , a ttack s w ere  o f lesser im p ortan ce. In  
Ireland, seed origins from  dry continental climates 
suffered from  needle diseases and grew poorly.
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Chapter 6

Seed characteristics

D ifferences in seed  characteristics such  as seed 
d im e n sio n s , seed  w eig h t, co ty led o n  n u m b er, 
etc., vary w ith  seed origin. These early  sources 
o f variation can be correlated  w ith later grow th 
in  the n u rsery  (see C hap ter 7) and any carry ­
over effect into the early forest stages. They give 
an  early  in s ig h t in to  g eo g ra p h ica l g ro u p in g s 
o f re lev a n ce  to an y  co rre la tio n  b e tw ee n  seed  
zones in the cou ntry  o f orig in  and provenance 
re g io n s  in  G re a t B r ita in . T h e y  a lso  g iv e  the 
first in d ication  of w hether a com m ercial seed- 
lot is from  the correct region. For exam ple, any 
S k e e n a  R iv e r  s e e d lo t  w ith  a se e d  w e ig h t  
above 3.00 g per 1000 pure seed w ould arouse 
suspicion.

Seed  d im e n sio n s  and  c o ty le d o n  n u m b e r are 
both associated rather closely  w ith  seed w eight,
i.e . la rg e r seed s tend  to b e  h ea v ier an d  h av e 
m ore co ty led o n s; seed  w eigh t is the ch aracter 
that has been given m ost attention in studies of 
seed origin variation. M ost lodgepole p ine seed 
is very sm all, about h a lf the size o f Scots p ine 
s e e d , th o u g h  th e re  is  a w id e  ra n g e  a m o n g  
d ifferent seed origins. The data on seed w eight 
g iv en  for 140 o rig in s  in  the IU F R O  c ircu la rs  
num ber 2 and 3 by  Barner (1968) does not allow  
fo r the p e rce n ta g e  o f em p ty  see d s , b u t B iro t 
(1978) estim ated  seed  w eig h t u sin g  a m ethod  
th a t se p a ra te s  o u t th e em p ty  seed , and  th u s 
generally  gives a slightly  higher figure. The two 
d a ta  se ts  h ad  a h ig h  c o rr e la t io n : r = 0 .9 8 8 . 
M a sc h n in g  (1 9 7 1 ) u se d  th e  seed  w e ig h ts  in  
B arn er 's  list for h is stud y  of 35 seed lots. Both 
M a sch n in g  and  B iro t sh ow  th a t seed  w eig h t 
usually  increases from  north  to south. B irot also 
n o te s  a d e c re a se  in  w e ig h t w ith  in c re a s e  in 
elevation w ithin  tw o of the three sub-species. By 
fa r  th e  h e a v ie s t  s e e d  w a s  fo u n d  in  th e  
C alifornian  Sierras, w here seed w eight w as not 
co rre la ted  w ith  e lev a tio n . C ritch fie ld  (1980b)

su ggested  that the steep  n o rth -so u th  grad ien t 
w ith in  th e  C a s c a d e s / S ie r ra  g ro u p  re fle c te d  
a d a p ta t io n  to  th e  s u m m e r -d r y  c l im a te  o f 
C a lifo rn ia . A n  e x c e p tio n  to th e n o r th -s o u th  
g ra d ie n t w as th e v ery  lig h t seed  (2 .79  g p er 
1000 seeds) of the bolanderi sub-species from  the 
M end ocino  W hite P lains in C aliforn ia  (IU FR O  
N um ber 2107). This anom aly m ay be partly due 
to the very stunted grow th of the W hite Plains 
trees, as the soils on this site are extrem ely acid 
an d  co m p a ct. P ro g e n y  fro m  th is a re a , w h en  
g row n  on  norm al forest so ils  in B rita in , have 
seeds (at 3.53 g per 1000 seeds) that are closer 
to the average of the Sou th  C oastal group. As 
noted in C hapter 4, A laskan seed sources often 
g row  on m u sk e g s or o th er p o o r s ite s , w h ich  
m ay  a c c o u n t in  p a rt fo r  th e  low  m ean  seed  
w eight (3.3 g per 1000 pure seeds, see Table 7), 
w h ereas seed  p la n ta tio n s o f A lask an  p ro v e n ­
ance in Britain, on m uch better sites, produced 
s e e d  a v e r a g in g  3 .8  g p e r  1 0 0 0  p u re  s e e d s  
(Sam uel, personal com m unication).

T a b le  7 sh o w s th e  w e ig h ts  o f  the sa m e 140 
seedlots (using B arner's data) grouped into seed 
orig in  regions for com p arison  w ith  71 orig ins 
from  the 1965 M axw ell/ A ld h o u s co llectio n  in 
Britain . It w ill be seen  that they follow  a very 
s im ila r  p a tte rn . W ith in  a re g io n  in d iv id u a l 
seedlots w ith low seed w eight w ere often found 
to be from  very poor sites or at h igher elevations 
than the rest, for exam ple IU FR O  N u m ber 2107 
a s  n o te d  a b o v e , o r 2 0 0 4 , A u k e  M o u n ta in , 
Juneau, w ith a seed w eight of 2.18 g, w hich  w as 
collected at 400 m , w hereas nearly all the other 
A la sk a n  lo ts  w e re  fro m  b e lo w  70 m . In  th e 
South C oastal group, the seedlots from  the m ore 
d ro u g h t-p ro n e  P u g e t S o u n d  w ere  m a rk e d ly  
lighter than those from  the m uch w etter Pacific 
coast. The effects o f these seed  d ifferences are 
considered in C hap ter 7.
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Table 7. W eight of 1000 pure seed (g) o f 71 origins in the 1965 collection and 140 origins in the IU FR O  
collection

1965 C ollectio n IU F R O  C ollectio n

R eg ion M ean R an ge M ean R an ge

N orth C oastal (A lask a-V an cou v er Island) 3.09 2 .44 -3 .74 2.98 2 .01-3 .92

South C oastal (W ashington-C aliforn ia) 3.38 2.91^4.34 4.03 2 .79-5 .50

Y ukon - - 2.49 2 .46-2 .63

Skeena/Bu lk ley  River 2.50 2 .27-2 .73 2.43 2 .23-2 .71

N orth  and C entral Interior BC and A lberta 
(above 52° N)

2.60 2 .38 -2 .92 2.84 2 .33-3 .98

Southern Interior BC and A lberta (below  5 2 °N) 3.15 2 .95 -3 .76 3.18 2 .46-4 .39

N orthern C ascades and R ocky M ountains - - 4.04 3 .58 -5 .02

Southern C ascades and Sierra 5.18 4 .96 -5 .55 5.90 3 .64-9 .91
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Chapter 7

Nursery performance

A lth o u g h  so m e  in f o r m a t io n  c a m e  fro m  
e a r lie r  n u rse ry  e x p e r im e n ts  w ith  lo d g e p o le  
pine, e.g. Lines (1957b), W ood and Lines (1959), 
th e  m o st c o m p re h e n s iv e  se t o f e x p e r im e n ts  
s h o w in g  c le a r  tr e n d s  in  p e r fo r m a n c e  w e re  
those sow n at N ew ton, M orayshire in 1967 w ith 
26 seed lots from  the 1965 (M axw ell/A ldhous) 
collection, four experim ents sow n in 1968 w ith 
up to 86 seedlots o f this collection, and another 
at Bush, M idlothian, w ith  20 of the sam e origins 
in 1970. T h ese  fou r 1968 ex p erim en ts w ere  at 
Inchnacardoch, Inverness-shire; Fleet, G allow ay; 
K ennington, O xford and W areham , D orset. The 
K e n n in g to n  p la n ts  w ere  lin ed  ou t in  1969 at 
A lice H olt, H am pshire. A lso in 1970 24 seedlots 
fro m  th e  IU F R O  c o l le c t io n  w e re  so w n  at 
N ew ton. In all these experim ents, standard  seed 
origin trial procedures (Lines, 1967) w ere used. 
T h e s e  in c lu d e d  c o ld  w e t s t r a t i f i c a t io n  an d  
sow ing the sam e num ber (1300) of v iable seeds 
per square m etre for each seedlot.

P erfo rm an ce  in the n u rsery  can  g iv e an early  
in d ication  of fu ture p erform an ce in the forest, 
a lth ou g h  care m u st be taken  to in terp ret early 
results. For exam ple, if a seed origin  has a very 
h igh m ean seed w eight, this very likely  results 
in large seedlings and this effect m ay then carry 
on in to  the tran sp lan t and early  forest stages. 
T h e len g th  of th e g ro w in g  season  in th e first 
year v aries greatly  betw een  seed  orig ins. This 
has an im portant effect on later grow th, w hich is 
d iscu ssed  m ore fully  in C hap ter 9. Som e seed 
orig in s have an in h eren t ten d en cy  to p rod u ce 
m u ch  la m m a s  g ro w th  d u r in g  th e ir  se c o n d  
grow ing season, w hile others m ore or less cease 
sh o o t g row th  by  m id su m m er. T h e am ou n t of 
la m m a s  g ro w th  p ro d u c e d  m ay  b e the m o st 
im p ortant factor in flu encing  transplant height. 
N eed le co lou r o f d ifferen t seed  o rig in s show s 
m arked  variation , p articu larly  d uring  the first 
w inter and this m ay give the first indication that

a s e e d lo t  h a s  b e e n  su p p lie d  w ith  in c o r r e c t  
details o f origin.

Speed of germination
D iffe r e n c e s  in  sp e e d  o f g e r m in a tio n  w e re  
assessed only in the Inchnacardoch experim ent. 
T h e cold  sp rin g  o f 1968 d elay ed  g erm in a tio n  
and there w ere highly significant differences in 
the speed of germ ination betw een seed origins. 
T h o se  fro m  th e  S o u th e r n  In te r io r  o f  B r it is h  
C o lu m b ia  w ere  m a rk e d ly  e a r lie r  th an  th o se  
from  the Central Interior of British Colum bia and 
the S k ee n a / B u lk le y  R iv er reg ion . A ll co asta l 
origins w ere slow to germ inate, w ith those from 
P e te r s b u r g , A la sk a  an d  T o f in o , V a n c o u v e r  
Island, particularly tardy. Speed of germ ination 
w as c a lcu la te d  by co m p a rin g  the n u m b er o f 
seedlings that had germ inated on 30 M ay 1968 
with the num ber on 19 Septem ber 1968, all lots 
b ein g  given  the sam e pretreatm ent. D ata from  
the replicated plots are show n in Table 8. It will 
b e  seen  that there w ere  la rg e  an d  s ig n ifica n t 
differences, both betw een and am ong the groups 
of seed origins, w ith South Interior of BC earliest 
and coastal sources late to germ inate.

It is unlikely  that pretreatm ent requirem ents of 
the la tte r  w ere  n ot sa tis fie d  by  s tra tifica tio n . 
T h e s e  r e s u lts  c o n f ir m  e a r l ie r  s tu d ie s  by  
C ritchfield  (1957) and R oche (1962), and throw 
m ore light on variation across the range of seed 
origins. If data from  the u nreplicated  plots are 
also considered, it is interesting to note that seed 
o f th e  m u rra y an a  s u b -sp e c ie s  fro m  K la m a th , 
O reg o n  and  the C a lifo rn ia n  S ierra s  w as very  
s lo w  to g e r m in a te ,  w h e re a s  th e S k a g w a y , 
A laskan  orig in  g erm in ated  qu icker than other 
A laskan  seed lots . L ater stu d ies by  Illin gw orth  
(1 9 7 6 b )  h a v e  sh o w n  h ig h ly  s ig n if ic a n t  
correlations betw een germ ination speed and both 
latitude and elevation.
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T able 8. N ursery results at Inchnacarnoch  5/68 at seed ling  and transplant stages

Identity
num ber

O rigin
G erm ination

speed
transform ed

(%)

H eight 
as 1+0 

seed lin g  
(cm)

N eedle
colour

transform ed
score

H eight 
as 1+1 

transplant 
(cm)

% of 
trees 
w ith 

lam m as

Alaska
(7987) 100 G lacier Bay 47.7 5.31 2.24 11.3 13
(7986) 1 Sitka 35.5 5.05 2.24 10.1 15
(7987) 3 Petersburg 0.04 6.73 2.24 12.4 8
(4113)500 W atten ex Hollis 33.5 5.08 2.18 10.5 5
(7987)5 Annette Island 30.7 5.16 2.12 9.2 13

North Coast
(7111) 1 M asset, QCI 36.0 5.87 2.06 11.9 17
(7116)7 Coom bs, V ancouver Is 27.8 6.91 1.41 11.8 62
(7116)6 Tofino, V ancouver Is 4.9 4.52 1.86 10.1 50

W ashington Coast 
(7972) 1 Long Beach 28.9 6.48 1.41 12.5 47
(7975) 2A Rainier 14.1 7.70 1.31 14.9 74

O regon Coast 
(7951) 5H Tillam ook 35.1 6.63 1.41 11.7 26
(7951) 1 W aldport 27.5 5.92 1.49 12.5 65
(7952) 5 Bandon 27.6 5.72 1.10 11.2 44
(9317) 100 ex N ew  Zealand 27.7 7.11 1.28 12.8 56

Skeena River
(7114) 1 Terrace 19.5 5.11 2.18 10.5 26
(7114)2 Telkw a 32.7 5.46 2.24 10.6 26
(7114)4 M oricetow n 29.9 5.16 2.06 10.9 33
(7114)7 Kitwanga 33.6 5.46 2.06 11.7 27
(7114)8 Kispiox, 305 m 26.8 5.00 2.18 9.6 30
(7114) 8A Kispiox, 460 m 43.2 5.38 2.12 10.5 27
(7114)10 Carnaby 41.2 5.59 2.12 11.0 27
(7114)13 Sm ithers 36.7 5.69 1.91 10.0 21
(7114)15 Bulkley Canyon 30.0 5.00 2.18 10.9 14

Central Interior BC
(7113)11 G erm ansen Lake 33.2 4.98 2.24 9.5 17
(7113)9 W istaria 47.7 5.23 2.18 10.0 14
(7113)10 Bum s Lake, 762 m 40.6 4.67 2.24 9.7 21
(7113) 10A Burns Lake, 914 m 36.1 5.08 2.24 11.0 20
(7113)15 Tschesinkut 39.3 5.44 2.12 9.8 37
(7113)18 Rose Lake 48.5 5.44 2.24 10.5 32

South Interior BC
(7118) 1A Chase Creek 55.7 7.39 1.93 12.1 16
(7118)4 M ount Ida 63.6 7.62 2.00 13.0 33
(7118) 4A Salm on Arm 56.9 6.60 1.92 11.7 26
(7118) 5A Falkland 52.3 6.81 1.72 12.3 16
(7118) 5B Charcoal Creek 914 m 64.0 6.20 2.06 13.4 22
(7118) 5C Charcoal Creek 1067 m 63.7 7.32 1.86 13.4 28
(7118)6 Clearw ater 45.2 7.98 1.93 13.5 22
(7118) 9A Steavens M eadow 65.8 6.02 1.93 10.9 15
(7118) 102 Terrace Creek 33.3 5.69 1.80 11.3 14

W ashington Cascades
(7976)6 Bird Creek 54.4 6.50 1.72 11.0 15

East of Rockv 
M ountains 

(7123)100 Crow snest, Alberta 31.8 4.42 2.24 8.2 8

Standard error ± 3.64 0.23 0.06 0.7 7.96
Difference significant at *** *** *** *** **+
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Needle colour

S ig n i f ic a n t  d if fe r e n c e s  in  n e e d le  c o lo u r  o f 
seedlings w ere noted in a nursery experim ent at 
Tulliallan, Fife in O ctober 1955 (Lines, 1957b). In 
the N ew ton 1967 experim ent needle colour w as 
assessed  on  three occasion s: m id O ctober and 
N ovem ber 1967 and m id January  1968. A nalyses 
in d ic a te d  th a t th e  O c to b e r  d a ta  sh o w ed  the

h ig h e s t d is c r im in a tio n  b e tw e e n  o r ig in s  (see  
T ab le 9). C olou r varied  from  d ark  blu e-g reen  
w ith  p u rp lin g  in  th e n o rth e rn  lo ts  to b r ig h t 
green on the m ost southerly coastal sources. The 
V a n c o u v e r  Is la n d  o r ig in  fro m  C o o m b s w as 
sim ilar in colour to the W ashington seed origins.

A t In ch n a ca rd o ch  n ee d le  co lo u r o f see d lin g s 
sh o w e d  v e ry  h ig h ly  s ig n if ic a n t  d if fe r e n c e s

Table 9. Results in  the nursery experim ent N ew ton 6/67

Identity
num ber

Seed  origin
M ean 
height 
as 1+0 
(cm)

N um ber
of

seed lings 
per plot t

M ean 
needle 
colour 
score $

M ean 
height 
as 1+1 
(cm)

% o f
plants
w ith

lam m as

Alaska
(7986) 1 Sitka, Alaska 4.70 132 4.00 9.68 2.3
(7987) 1 Juneau, Alaska 5.13 210 5.00 10.13 0.0
(7987) 2 Skagw ay, Alaska 3.38 202 5.00 7.87 6.7
(7987) 3 Petersburg, Alaska 5.16 188 5.00 10.34 1.3
(7987) 4 Ketchikan, Alaska 4.72 179 3.50 9.19 2.0
(4113)500 W atten ex Hollis, Alaska 4.62 165 3.75 9.12 0.0
Region mean 4.62 4.38 9.40 2.05

V ancouver Island
(7116)7 Coom bs, Vancouver Island 6.07 186 1.75 14.35 53.3
Region mean 6.07 1.75 14.35 53.3

South Coastal
(7972) 1 Long Beach, W ash 5.79 183 1.75 12.55 43.3
(7973)2 Shelton, W ash 6.17 178 1.50 15.06 57.3
(7951)5 Tillam ook, Oregon 6.43 217 1.25 12.78 50.0
(7951) 1 W aldport, Oregon 5.99 217 1.50 14.15 56.3
(7955)5 Bandon, Oregon 5.74 225 1.50 12.73 55.3
Region mean 6.02 1.50 13.50 52.4

Skeena/Bulklev River
(7114)1 Terrace, Skeena 4.11 154 3.50 10.70 41.0
(7114)3 Hazel ton, Skeena 4.19 143 3.75 11.10 36.7
(7114)10 C am aby, Skeena 4.55 168 3.25 11.40 35.7
(7114) 7 K itw anga, Skeena 4.24 182 3.50 9.80 33.0
(7114) 8 Kispiox, Skeena 4.27 127 3.50 10.40 35.7
(7114)9 Cedarvale, Skeena 4.34 146 3.50 10.60 41.7
(7114)15 Bulkley Canyon, Bulkley 4.67 142 4.00 10.30 34.3
(7114) 4 M oricetown, Bulkley 4.01 122 3.75 10.30 34.3
(7114)13 Sm ithers, Bulkley 4.34 140 3.75 8.90 31.0
(7114) 2A Telkw a, Bulkley 4.27 139 4.00 8.60 28.3
Region mean 4.30 3.65 10.20 35.2

Central Interior BC
(7113) 10 Burns Lake 3.68 138 4.00 9.20 15.7
(7113) 2B Quesnel 4.04 146 4.00 10.10 33.3
Region mean 3.86 4.00 9.60 24.5

South Interior BC
(7118)4 M ount Ida 5.92 156 2.75 12.20 33.3
(7118) 5A Falkland 5.61 172 2.50 11.70 29.0
Region mean 5.76 2.62 11.90 31.2

Standard error± 0.18 8.81 0.20 0.58 6.1

Difference significant at 444 *4* 444 444 444

t  M ultiply by 4.3 to give num bers per m\
$ Score 1 bright green to 5 dark blue green w ith purpling.
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between origins, w hen assessed on 13 N ovem ber 
1968 (Table 8). The results w ere sim ilar to those 
from  N ew ton, w ith  A laskan seed  origins having 
the darkest foliage and Sou th  C oastal ones the 
lightest. The A lbertan  high elevation source w as 
as dark as the A laskan  ones, w hereas those at 
s im ila r  la titu d e s  b u t lo w er e le v a tio n s  on  the 
w e s t  s id e  o f  th e  R o c k y  M o u n ta in s  in  th e  
Sou th ern  In terio r o f BC  w ere m u ch ligh ter, as 
w a s  th e  W a s h in g to n  C a s c a d e s  o r ig in . S e e d  
shortages m eant that som e origins w ere sow n in

u nrep licated  p lots. Seed lin gs from  the O regon 
C ascad es in one o f these w ere even  ligh ter, as 
w e re  o th e r s  fro m  h ig h  e le v a t io n s  in  th e  
C aliforn ian  Sierras and from  n ear sea level on 
the C alifornian  coast at M endocino.

In  th e  IU F R O  e x p e r im e n t  a t N e w to n  (s e e  
T able 10), seed ling  colour differed  very  highly 
sign ifican tly  betw een  orig ins, w ith  the ligh test 
origins from  the coasts o f southern  O regon and 
C alifornia and the darkest b lu e-g ree n  ones from

T able 10. R esults in the IU FR O  nursery  experim ent N ew ton 2/70

IU FRO
No

Seed  origin

1+0 seed lin gs 1+1 transplants

M ean height 
(cm)

N eedle colour 
m ean score ^

M ean height 
(cm)

M ean length  of 
lam m as shoots 

(cm)

% o f p lants 
w ith  lam m as 

shoots t

Alaska
2001 Yakutat 3.30 2.12 8.33 1.73 56.3
2007 Sitka 3.60 2.12 9.40 2.10 65.7
2010 Klaw ack River 3.02 2.12 9.87 2.80 76.2
2011 Gravina Island 2.70 1.95 9.00 2.43 66.6
Region mean 3.16 2.08 9.15 2.26 66.2

N orth Coast of BC
2044 Porcher Island 2.33 2.12 8.33 2.30 66.7
2048 M asset Road 3.34 1.87 9.80 2.67 72.0
2050 M ayer Lake 3.00 2.03 9.47 3.03 72.0
2056 Cam pbell Island 2.87 1.95 9.27 2.67 71.0
2145 Port Hardy 3.87 1.67 10.13 3.13 68.5
2149 Friendly Cove 3.28 1.77 8.70 2.97 72.9
2152 Tofino 3.21 1.87 9.93 3.23 72.0
2083 Queets 4.64 1.77 13.20 3.90 82.3
Region mean 3.32 1.88 9.85 2.99 72.2

Vancouver
2146 Lund 3.97 1.57 10.83 3.60 74.6
2147 Sayw ard 3.85 1.85 10.13 3.90 72.6
2148 G aribaldi 2.37 1.77 9.57 2.80 68.3
2067 Gold River 3.61 1.57 9.87 3.47 68.0
2071 M esachie Lake 4.27 1.95 13.10 4.80 76.7
2072 Sooke 3.36 1.77 10.13 3.43 69.2
Region mean 3.57 1.75 10.60 3.67 71.6

Puget Sound
2084 John's Prairie 4.43 1.67 12.83 5.17 78.5
2086 Vail 5.54 1.77 15.87 6.73 86.2
Region mean 4.99 1.72 14.35 5.95 82.4

South Coastal
2092 Pacific City 3.67 2.19 11.30 4.20 73.9
2100 Pistol River 5.08 1.33 12.80 5.67 75.1
Region mean 4.38 1.76 12.05 4.94 74.5

North California Coast
2105 Samoa 5.14 1.33 14.93 6.00 87.3
Region mean 5.14 1.33 14.93 6.00 87.3

Yukon
2014 Ethel Lake 1.57 2.02 4.53 0.83 38.4
2016 Frances Lake 1.09 2.34 5.20 1.57 52.8
Region mean 1.33 2.18 4.86 1.20 45.6

Experim ent mean 3.48 1.86 10.26 3.40 70.5
Standard error ± 0.197 0.087 0.65 0.99 3.71
Significance level »*» X-** »»* *** »**

t  Score transform ed by square roots. 
J  Percentage transform ed by angles.
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A la sk a  an d  F ra n ce s  L ak e , Y u k o n . T h e  o th e r  
Y ukon origin, Ethel Lake, w as significantly less 
dark. A D uncan's range test (Figure 4) show s the 
sign ifican ce o f the d ifferences betw een  origins 
and  th e  s tro n g  re la tio n sh ip  w ith  la titu d e . A 
regression  of co lour on latitude proved highly  
significant, with a correlation of 0.854, accounting 
for 71.6%  of the variation. For this analysis, one 
seed  orig in , IU FR O  num ber 2092, Pacific C ity,

O regon w as omitted. The seedling colour of this 
origin w as so aberrant for its latitude that further 
en q u iries w ere m ade ab ou t its au th en ticity . It 
transpired  that the stand at Pacific C ity  w as of 
plantation origin and no record existed of its true 
seed  orig in . L ater terpene tests (Forrest, 1980) 
established that it could not have com e from the 
coast of O regon and that it w as alm ost certainly 
from  the 'N orth C oastal' terpene region.

Seed  origin IU FR O  nu m ber M ean score

Pistol River 2100 1.329

Samoa 2105 1.329

Lund 2146 1.573

Gold River 2067 1.573

Port Hardy 2145 1.671

John 's Prairie 2084 1.671

Garibaldi 2148 1.768

Friendly Cove 2149 1.768

Sooke 2072 1.768

Queets 2083 1.768

Vail 2086 1.768

Sayward 2147 1.852

M asset 2048 1.866

Tofino 2152 1.866

Gravina Island 2011 1.950

Cam pbell Island 2056 1.950

M esachie Lake 2071 1.950.

Ethel Lake 2014 2.025

M ayer Lake 2050 2.034

Yakutat 2001 2.118

Sitka 2007 2.118

K law ack 2010 2.118

Porcher Island 2044 2.118

Pacific City 2092 2.193

Frances Lake 2016 2.343

R anked m eans and range tests 

5% 1% Latitude °N

42.25

40.78

50.02 

49.77

50.67

47.23

49.90

49.58

48.47

47.52

46.87

49.98

53.82 

49.17

55.36 

52.13

48.82

63.30

53.65

59.50

57.07

55.57

54.03

(45.23)

61.36

Note: M eans not joined by the sam e vertical line are significantly different at the stated level.

Figure 4. Duncan's range test for needle colour of one-year seedlings. Mean scores transformed 
by square roots, showing strong relationship with latitude.
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Seedling height
S e e d lin g  h e ig h t  s h o w e d  a r a t h e r  c o n s t a n t  
pattern  of v ariation  betw een  seed  orig in s in all 
the exp erim en ts (for fu ll resu lts, see T ab les 8,

9 , 10 , 11 an d  12). A su m m a ry  by  e ig h t seed  
re g io n s  (T a b le  13) sh o w s th a t ra n k  o rd e r  o f 
h e ig h t  a c r o s s  s i te s  w a s  s im ila r ,  e v e n  w ith  
d iffe re n tia l re p re se n ta tio n  o f in d iv id u a l seed  
orig ins.

T able 11. N ursery results at F leet 3/68 at seed ling  and transplant stages

Identity
number

Seed origin
Height 
as 1+0 
seedling 
(cm)

Height as 
1+1 

transplant 
(cm)

% of trees with lammas

O//o transformed

Alaska 
(7987) 3 
(7987) 4 
(7987) 5

N orth Coast 
(7111) 1

W ashington Coast 
(7973)2  
(7972) 1

Petersburg 
Ketchikan 
A nnette Island

M asset

Shelton 
Long Beach

O regon and California Coast
(7951)4
(7951) 1H
(7952)5  
(7948) 100

Skeena River 
(7114) 1 
(7114)5  
(7114)9  
(7114)12  
(7114)13  
(7114) 13A 
(7114) 13B 
(7114) 13C

Central Interior BC 
(7113)11 
(7113)6  
(7113)12  
(7113)17  
(7113) 1 
(7113) 1A 
(7113) 4B 
(7113)5  
(7113)3

South Interior BC 
(7118) ID  
(7118)4  
(7118)3  
(7118)6  
(7118)8  
(7118)100  
(7118)101 
(7118)102

W ashington Cascades

W arren ton 
N ew port 
Bandon 
M endocino

Terrace
Skeena Crossing
Cedarvale
Babine
Sm ithers, 610 m 
Sm ithers, 762 m 
Sm ithers, 914 m 
Sm ithers, 1067 m

G erm ansen Lake 
Pendleton Bay 
Topley 
Takysie 
Fort Fraser 
Fraser Lake 
Prince G eorge 
V anderhoof 
A nahim  Lake

H arper Lake 
M ount Ida 
Tunkw a Lake 
Clearw ater 
100 Mile House 
Esperon Lake 
Bald Range Creek 
Terrace Creek

(7976) Peterson Prairie

East of Rocky M ountains
(7124)100 

Standard error ± 

Differences significant at

Cypress Hills, Saskatchew an

4.67
3.94
3.07

4.52

5.13
6.43

6.22
6.81
5.23
6.22

3.23 
3.58 
3.73 
3.83
3.23 
3.96 
4.11 
3.86

3.23
3.28 
3.43 
3.91 
2.97
3.28 
4.06 
4.19 
2.69

5.23
5.00
4.78
4.98
5.59
2.72
4.57
3.81

5.44

4.42

0.51

12.9
9.8

10.6

12.7

17.1
16.8

15.8
15.3
16.3 
19.5

11.3
12.7
10.9
11.9
11.5
11.6 
11.2 
11.2

9.7
11.3
11.1
10.9 

9.5
10.9 
12.8 
12.1

9.2

12.8
13.8 
11.2 
15.4 
13.6

9.7
14.8
12.9

12.1

11.4

0.71

2.00
2.00
4.00

5.00

15.00
34.00

42.00
24.00
28.00 
64.00

3.00
4.00
4.00
2.00
3.00
2.00 
2.00 
2.00

1.00
0.25
3.00
1.00

3.00 
0.25
8.00
3.00
4.00

1.00

4.00
1.00

4.00
1.00 

0.25
3.00
2.00

0.25

0.25

6.10
4.99

11.88

6.46

21.27
35.18

40.36
28.19
31.72
53.41

6.28
7.91
8.15
6.41
7.55
6.11
5.72
5.77

4.32
1.43 
5.80 
2.87 
9.31
1.43 

15.94
6.99

10.53

2.88
9.49 
2.88

11.41
2.49 
1.43 
6.60 
6.04

1.43

1.43 

3.21
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Table 12. N ursery results at A lice H olt 174 and W areham  120 com bined. A lso w eight in gram s of 
1000 pure seeds

Id entity
n u m ber

O rig in
H eig h t as 1+0 

seed lin g s 
(cm)

H eig h t as 1+1 
transplants 

(cm)

W eig h t o f 
1000 pure 
seed  (g)

A laska
(7987) 4 K etchikan 4.22 12.42 3.39
(7987) 5 A nnette Island 4.24 11.63 2.96
(7986) 1 Sitka 4.70 12.50 3.47
(7987) 1 Juneau 4.93 12.09 3.54
(7987) 3 Petersburg 4.83 14.70 3.89
(7987) 2 Skagw ay 3.68 9.02 2.60
(7987)100 G lacier Bay 4.32 11.43 -
(7986) 103 H ollis 4.60 13.72 -

(7986) 102 T h om e River 5.03 14.02 -

N orth  C oast
(7111) 1 M asset 4.72 14.53 3.45
(7116) 7 C oom bs 5.66 19.58 3.05
(7116) 6 Tofino 3.61 12.60 2.44

W ashington  C oast
(7972) 1 Long Beach 5.49 17.91 3.44
(7973) 2 Shelton 6.30 18.26 3.01
(7975) 2A Rainier 6.17 24.49 -

O regon C oast
(7951) 1 W aldport 5.49 16.56 3.19
(7 9 5 1 )4 W arrenton 5.33 15.75 3.35
(7951) 5 Tillam ook 5.51 18.75 4.08
(7952) 5 Bandon 5.51 19.08 3.91

Skeena River
(7114) 3 H azelton 4.34 14.53 -
(7114) 7 Kitw anga 4.67 12.95 2.27
(7114) 8 K ispiox, 305 m 4.67 14.07 2.47
(7114) 8A K ispiox, 460 m 4.75 14.00 2.51
(7114) 9 C edarvale 4.09 13.36 2.54
(7114) 10 Carnaby 4.57 15.11 2.39
(7114) 2 Telkw a 4.47 12.85 2.38
(7114) 13 Sm ithers, 610 m 4.22 13.21 2.73
(7114) 13A Sm ithers, 762 m 4.90 12.95 2.70
(7114) 13B Sm ithers, 914 m 4.42 13.08 2.63
(7114) 13C Sm ithers, 1067 m 4.75 12.88 2.55
(7114) 14 D oughty 4.09 12.83 2.56
(7114) 15 Bulkley Canyon 4.95 14.43 2.50

C entral Interior BC
(7114) 12 Babine 4.22 13.54 2.58
(7113) 11 G erm ansen Lake 4.37 11.20 2.73
(7113) 6 Pendleton Bay 4.78 12.16 2.50
(7113) 9 W istaria 4.22 11.40 2.40
(7113) 10 B u m s Lake, 762 m 4.34 11.76 2.43
(7113) 10A B u m s Lake, 914 m 4.17 12.06 2.42
(7113) 12 Topley 4.67 12.52 2.65
(7113) 15 Tchesinkut Lake 3.94 11.38 2.52
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Table 12 (contd)

Id entity
n u m b er

O rig in
H eig h t as 1+0 

seed lin g s 
(cm)

H eig h t as 1+1 
tran sp lan ts 

(cm)

W eig h t o f 
1000 pure 

seed  (g)

(7113) 17 Takysie 4.06 11.66 2.58
(7113) 18 R ose Lake 4.22 12.14 2.50
(7113) 1 Fort Fraser 4.52 12.65 2.70
(7113) 1A Fraser Lake 4.01 12.52 2.60
(7 1 1 3 )5 V anderhoof 4.62 13.94 2.96
(7113) 2A Q uesnel 5.26 13.77 2.92
(7113) 3 A nahim  Lake 3.63 10.11 2.43
(7115) 101 W onow on 3.63 10.16 -

South Interior BC
(7 1 1 8 )4 M ount Ida 5.44 15.21 3.05
(7118) 4A Salm on A rm 5.13 15.32 2.96
(7118) 1A C hase C reek 5.53 14.94 3.07
(7 1 1 8 )IB SE of C hase 6.25 16.10 3.04
(7118)1D H arper Lake 5.21 13.21 3.02
(7118) 5A Falkland, 823 m 4.65 14.17 3.06
(7118) 5 Falkland, 975 m 6.12 14.12 2.99
(7118) 5B C harcoal C reek, 914 m 5.74 14.86 3.00
(7118) 5C C harcoal C reek, 1067 m 5.05 14.20 3.03
(7 1 1 8 )3 Tu nkw a Lake 5.41 12.95 3.83
(7118) 9A Steavens M eadow 4.93 12.95 2.88
(7 1 1 8 )6 C learw ater 6.15 16.36 3.55
(7118) 8 100-M ile H ouse 5.46 13.77 3.34
(7118) 100 Esperon Lake 3.45 11.40 -

(71 1 8 )1 0 2 Terrace C reek 5.18 13.16
(7118) 103 C ape H orne C reek 5.11 15.06

C ascades
(7976) 5 Petersen  Prairie 5.92 12.60 4.90
(7976) 6 Bird C reek 5.46 12.42 5.04
(7957) K lam ath  C ounty 4.83 11.89 5.55

C alifornia
(79 4 7 )1 0 0 D el N orte 4.93 19.25 -

(79 4 8 )1 0 0 M endocino 5.74 19.20 -

(7943) 100 Eldorado 4.01 9.47 -

E ast of R ockv M ountains
(71 2 3 )1 0 0 C row snest 3.38 8.97 3.63
(7124) 100 C ypress H ills 4.34 1 1 .0 0 -

Standard error± 0.29 0.64

D ifferences significant at *** ***
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Table 13. Seedling height (cm) and rank (in brackets) at four* sites

Seed  region N ew ton Inchnacard och Fleet A lice Holt/W areham

A laska 4.6 (4) 5.5 (5) 3.9 (6) 4.5 (5=)

C oast BC 6.1 (1) 5.8 (4) 4.5 (4) 4 .7  (4)

South Coastal 6.0 (2) 6.6 (2) 6.0 (1) 5 .6 (1 )

Skeena/Bulkley River 4.3 (5) 5.3 (6) 3.7 (7) 4.5 (5=)

C entral Interior BC 3.9 (6) 5.1 (7) 3.4 (8) 4.3 (7)

Southern Interior BC 5.8 (3) 6.9 (1) 4.6 (3) 5.3 (3)

A lberta / Saskatchew an - 4.4 (8) 4.4 (5) 3.9 (8)

C ascades - 6.5 (3) 5.4 (2) 5.4 (2)

*D ata w ere com bined for the two southern sites, A lice H olt and W areham .

A t N ew ton, w here the C oast BC region ranked 
first, it w as represented by only one seed origin 
(C oom b s, so u th ern  V an co u v er Islan d ), w h ich  
grew  as fast as the South C oastal origins in the 
exp erim en ts at In ch n acard och  and A lice H olt. 
In the latter, how ever, the regional m ean for the 
coast o f BC w as depressed by the poorer growth 
of seed origins from the Queen Charlotte Islands 
and the north of Vancouver Island, which were no 
ta lle r  th an  A la sk a n  o rig in s . C oo m b s w as n ot 
p re sen t a t F leet. A t In ch n acard o ch , the Sou th  
Coastal origins w ere out-grown by those from the 
S o u th e r n  In te r io r  o f  B C . T h is  s o m e w h a t

u n e x p e c te d  r e s u lt  is  p ro b a b ly  d u e  to  th e  
sig n ifican tly  qu icker g erm in ation  of the la tter 
g ro u p  th a t e f fe c t iv e ly  g a v e  th e m  a lo n g e r  
growing season.

In all experim ents there w ere highly significant 
regressions of seed ling height on seed w eight. 
F o r  e x a m p le , a t N e w to n  th e  c o r r e la t io n  
co e ffic ie n t b e tw ee n  see d lin g  h e ig h t and  seed  
w e ig h t w as 0 .6 3 , an d  w h en  th e se  d ata  w ere  
p lo t te d  g r a p h ic a lly ,  d is t in c t  se e d  o r ig in  
groupings w ere evident (Figure 5). Seed w eights

F igure 5. R eg ression  o f m ean  h eig h t as on e-year seed lin g s and seed  w eigh t at N ew ton nursery , 6/67.
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are sh o w n  in  T ab le  12. S k ag w ay , A laska had 
very low seed w eight com pared w ith  the other 
A laskan lots and it also had the poorest height 
grow th of any origin. The Skeena/Bu lkley  River 
see d  o r ig in s  fo rm  a h o m o g e n e o u s  g ro u p  in  
F ig u re 5 w ith  both  low  seed  w eig h t and p oor 
seedling height.

T a b le  12 sh o w s th a t th e  se e d  w e ig h t  o f  th e  
C ascades seed  origins w as by  far the largest of 
any reg ion . T h is p ro b ab ly  ex p la in s  the ra th er 
h igh ranking of this region for seedling height, 
though fast germ ination  (see Table 8) m ay have 
ad d ed  to th is effect. C on v erse ly , o rig in s from  
the Skeena/Bulkley R iver region and those from  
th e  C e n tr a l In te r io r  o f  BC  a ll h a d  lo w  see d  
w eight and th is appears to have redu ced  their 
seedling height.

T h e  IU F R O  e x p e r im e n t so w n  a t N e w to n  in  
1970 has such a d ifferent set o f seed  origins that 
it co u ld  n o t re a d ily  be in c lu d e d  in  T a b le  12. 
H ig h ly  s ig n if ic a n t d iffe re n c e s  w ere  fo u n d  in 
s e e d lin g  h e ig h t ,  th e  t a l le s t  b e in g  fro m  th e  
O regon and C aliforn ia  coast, w hile those from  
the Y ukon w ere the shortest (Table 10). M u ltip le 
regression s o f seed lin g  h eig h t on seed  w eight, 
latitu d e and elevation  show ed that each  factor 
w hen  consid ered  sing ly  had  a sig n ifican t linear 
r e la t io n  w ith  h e ig h t  a n d  t o g e t h e r  th e s e  
a cco u n ted  fo r 70%  o f the v a r ia tio n . L a titu d e  
alone accou nted  for 63% .

Transplant height and lammas 
growth
A sim ilar regular pattern  w as found across sites 
w ith  transp lant h eigh t (see T ables 8, 9, 10, 11, 
an d  12). A  su m m a ry  ta b le  b e lo w  (T a b le  14) 
s h o w s  m u c h  s im ila r i t y  w ith  th e  s e e d lin g  
heights, but also som e changes in rank that are 
w orth  closer exam ination.

Lam m as grow th has such an im portant effect on 
the height reached by a transplant at the end of 
the season that it is best to consider both  these 
c h a r a c te r s  to g e th e r .  In c id e n c e  o f  la m m a s  
grow th w as recorded in the 1967 experim ent at 
N ew to n  as the p e rce n ta g e  o f p la n ts  sh o w in g  
lam m as w h en  th e h e ig h t w as a sse ssed  a t the 
end of the second grow ing season. This varied 
from  0 to 57%  (Table 9). A t Inchnacard och  the 
p e rce n ta g e  o f trees w ith  lam m as v aried  from  
5 to 74%  (T a b le  8 ), w h ile  a t F le e t th e re  w as 
m uch less lam m as grow th, w ith  only five seed 
origins having m ore than 15%  of the plants w ith 
la m m a s (T a b le  11). T h e se  w e re  a ll fro m  the 
S o u th  C o a s ta l r e g io n , w ith  th e  C a lifo r n ia n  
orig in  from  M endocino outstanding at 64%.

B y  co n trast, in the 1970 IU FR O  exp erim en t at 
N e w to n  (T a b le  10), the p e rce n ta g e  o f p la n ts  
w ith  lam m as grow th w as very high. O nly three 
of the 25 origins had less than 84%  of the trees 
w ith  som e lam m as g ro w th . T h e se  ex cep tio n s  
w e re  tw o  Y u k o n  see d  o r ig in s  an d  th e  m o st

Table 14. Transp lant h eight (cm ) and rank (in brackets) at four sites

Seed region Newton Inchnacardoch Fleet Alice Holt/W areham

A laska 9.4 (6) 10.7 (5) 11.1 (7) 12.4 (5)

C oast BC 14.4 (1) 11.3 (3) 12.7 (3) 15.7 (2)

Sou th  C oastal 13.5 (2) 12.6 (1) 16.8 (1) 18.8 (1)

Skeena/Bu lk ley  River 10.2 (4) 10.6 (6) 11.5 (5) 13.6 (4)

C entral Interior BC 9.6 (5) 10.1 (7) 10.8 (8) 12.0 (7)

Sou thern  Interior BC 11.9 (3) 12.4 (2) 13.0 (2) 14.2 (3)

A lberta / Saska tchew an - 8.2 (8) 11.4 (6) 10.0 (8)

C ascades 11.0 (4) 12.1 (4) 12.3 (6)
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Figure 6. Relationship between mean length of lammas shoots and latitude of origin at Newton 
nursery, 2/70

n orth erly  A laskan  seed lot from  Y aku tat. As it 
w as clear that m ere incidence of lam m as would 
give no clear d istinction  betw een  seed origins, 
the length  of lam m as shoots w as m easured  to 
show  th e ir  re la tiv e  co n trib u tio n  to fin a l tree 
height. T he m ean length  varied  from  0.83 cm  
(E th el L ake, Y u kon  n u m b er 2014) to 6.73 cm  
for V ail, W ashington (num ber 2086). The latter 
rep resen ts 42%  of the tran sp lan t h eight at the 
en d  o f th e  s e a s o n . A re g r e s s io n  o f la m m a s  
g ro w th  o n  la t itu d e  (F ig u re  6) p ro v e d  v e ry  
highly significant (correlation coefficient 0.878). 
It is o b v io u s from  th is fig u re  that tra n sp la n t 
h eig h t is heavily  in flu en ced  by  the am ou nt of 
la m m a s g ro w th , p a r tic u la r ly  in n u rse r ie s  or 
seasons w hen the inherent potential for lam m as 
grow th is given full expression. For exam ple, at 
In ch n acard o ch  the C ascad es orig in  from  Bird 
C reek  ranked  12th for seed lin g  height. It had 
only  15% of the trees w ith  lam m as and fell to 
2 1 s t p la ce  fo r  tr a n s p la n t h e ig h t. T h e  S o u th  
C oastal origin  from  W aldport, O regon w as 16th 
fo r  s e e d lin g  h e ig h t  b u t w ith  65 %  la m m a s  
grow th  it rose to sev enth  place for tran sp lan t 
height.

A utum n frost dam age on southern seed origins 
o f  S itk a  s p r u c e , w h ic h  h a v e  m u ch  la m m a s  
g ro w th , is a w ell re co g n ised  ser io u s  h azard . 
W ith lodgepole pine, som e frost dam age at the 
seedling stage to the m ost southerly origins has 
been noted occasionally and in Fleet N ursery a 
few  se e d lin g s  o f th e  M e n d o c in o , C a lifo rn ia  
orig in  w ere dam aged. H ow ever, desp ite frosts

th e re  in  N o v e m b e r  an d  D e c e m b e r  196 9 , no 
d a m a g e  o c c u r r e d  to th e  la m m a s  s h o o ts  o f 
tr a n s p la n ts , e v e n  on  th e M e n d o c in o  o r ig in , 
w hich had the greatest height as a transplant of 
any origin.

Transplant height is thus influenced by:

1. seed ling  h eight (w hich itself is affected 
b y  se e d  w e ig h t , g e rm in a tio n  sp e e d  and  
length of the grow ing season); and

2. g ro w th  p h y sio lo g y  d u rin g  the secon d  
g ro w in g  seaso n , w h ich  m ay lead  to early  
grow th  cessation , as on som e far n orth ern  
origins, or a second flush of growth (lammas).

C o m p a rin g  the se e d lin g  and  tra n sp la n t data 
(Tables 13 and 14) show s dow nw ard changes in 
rank ord er for the A laskan and C ascad es seed 
regions, w hile upw ard changes occurred in the 
C o ast BC and  S k ee n a / B u lk le y  R iv er reg ion s. 
T h e  f irs t  w o u ld  a p p e a r to b e  fa llin g  in  ran k  
becau se o f a com bination  of factors. T hey  had 
either relatively high or very high seed w eights 
and low  p oten tia l for lam m as grow th. W ithin  
the coast BC region, C oom bs had a h igh value 
fo r  la m m a s, w h ic h  a c c o u n ts  for its  u p w ard  
m ovem ent in rank, bu t M asset, Q ueen C harlotte 
I s la n d s , a ls o  g re w  w e ll th o u g h  w ith  l i t t le  
lam m as. O rigins from  the Skeena/Bulkley River 
re g io n  s ta rte d  as sm all se e d lin g s  (a sso c ia te d  
w ith  lo w  seed  w e ig h t) b u t d e v e lo p e d  m u ch  
la m m a s  g ro w th . E v e n  a t F le e t ,  w h e re  th e
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p e r c e n ta g e  o f  la m m a s  w a s  s l ig h t ,  th e ir  
tra n sp la n t h e ig h ts  sh o w ed  a m ark ed  re la tiv e  
im p ro v e m e n t on  th e ir  s e e d lin g  h e ig h t . T h e  
South C oastal region origins extended their lead 
a b o v e  o th e r  re g io n s  a t th e  tr a n s p la n t  s ta g e  
largely due to high incidence of lam m as grow th, 
such as that already noted above for W aldport at 
Inchnacardoch.

T ra n sp la n t h e ig h t o f in d iv id u a l seed  o rig in s  
w il l  g iv e  a m o re  r e l ia b le  g u id e  to  fu tu r e  
perform ance if it is based on results from  m any 
n u r s e r ie s . T h e  n o r th e rn  In c h n a c a rd o c h  an d  
F le e t e x p e r im e n ts  w e re  d e s ig n e d  as a c o m ­
bined  ex p erim en t, as w ere the so u th ern  A lice 
H o lt/ W a re h a m  e x p e r im e n ts . S ix ty -s ix  see d  
o r ig in s  a re  c o m m o n  to  th e s e  e x p e r im e n ts  
and  a d ju ste d  m ean  h e ig h ts  for N o rth , So u th  
and the overall m ean are g iven  in Table 15.

The data w ere adjusted as follow s:

1. A n a n a ly s is  o f  the tra n s p la n t h e ig h ts  
o f  th e  12 s e e d  o r ig in s  c o m m o n  to  
In c h n a c a rd o c h  an d  F le e t sh o w e d  a n o n ­
sig n ifican t site x seed  orig in  in teraction . It 
w as therefore conclu ded  that heights o f all 
o r ig in s  at F le e t co u ld  b e  a d ju ste d  by  th e 
proportion  by  w hich the m ean heights of the 
12 seed orig ins there exceeded  their height 
at Inchnacardoch , i.e.:

x 22.69 
26.07

2. O n a s im ila r  b a s is , th e  d a ta  fro m  th e 
southern  series w as adjusted by  the ratio of 
its overall m ean height (13.72 cm ) w ith  the 
ov era ll m ean  h eig h t in the n o rth ern  series 
(11.05 cm ), i.e.:

x 11.05 
13.72

3. S im ilarly , the data  from  N ew to n  6/67 
w ere ad justed to allow  com p arison  w ith  the 
o v e ra ll m e a n  u s in g  th e  m e a n  h e ig h ts  o f 
those origins in both  series, i.e.:

x 11.52 
11.04

Discussion and conclusions
Som e clear trends em erge from  these results.

1. W ith in  th e  c o n to r ta  s u b -s p e c ie s  th e r e  is 
a b r o a d  la t i t u d in a l  c l in e ,  w ith  v ig o u r

increasing  as latitude decreases. A s there is 
litt le  v a r ia tio n  in  e le v a tio n  b e tw e e n  seed  
origins of this sub-species, this factor cannot 
explain differences in this group of origins. 
T he clin e has m arked  d isco n tin u ities, w ith  
sharp changes in vigour around the latitude 
o f  a b o u t 4 9 - 5 0 °  N . T h e s e  s e e m  to  b e  
associated  w ith  a genetic d ifference show n 
b y  th e  b o u n d a r ie s  b e tw e e n  th e te rp e n e  
r e g io n s  o f  F o r r e s t  (1 9 8 0 ) . T h u s  M a s s e t , 
Q ueen C harlo tte Islands and T ofino  on the 
w est coast of V ancouver Island fall into the 
'N orth  C oastal' terpene region and w ere not 
m uch faster-grow ing than the better A laskan 
origins. C oom bs, on the sou th-east coast of 
V a n c o u v e r  Is la n d  is  in  th e  'V a n c o u v e r ' 
terpene region and w as as v igorous as seed 
o rig in s 5° o f la titu d e fu rth er south. W ith in  
th e  S o u th  C o a s ta l  r e g io n  th e r e  is  l i t t le  
e v id e n c e  fo r  a la t i t u d in a l  c l in e ,  as th e  
W ashington origins w ere ju st as v igorous as 
those from  O regon. In the N orthern series of 
e x p e rim e n ts , th e  C a lifo rn ia n  o r ig in  from  
M endocino (to be strictly  accurate, the su b­
species bolanderi) w as outstanding for height, 
w h ile  in  th e  S o u th e r n  s e r ie s ,  th e  P u g e t  
S o u n d  o r ig in , R a in ie r , w as e q u a lly  o u t­
stand ing. D ifferen ces in v ig o u r w ith in  this 
region  are less strongly  associated  w ith  the 
terpene regions than those to the north  o f the 
49° parallel.

2. W ith in  th e  l a t i f o l i a  s u b -s p e c ie s ,  a n y  
latitudinal cline for v igour is confounded by 
w id e  e le v a t io n a l d if fe r e n c e s  w ith in  an d  
b etw een  regions. T hu s the Sk een a/ Bu lk ley  
R iv e r  o r ig in s  co m e  m a in ly  fro m  h ig h e r  
la titu d es than those in the C en tral In terior 
o f BC , w h ile  the la tte r  are  g en era lly  from  
h ig h e r  e le v a t io n s . T h e  S k e e n a / B u lk le y  
R iver origins w ere nearly  alw ays taller than 
th o s e  fro m  th e  C e n tr a l  I n t e r io r  o f  B C . 
O rigins from  the Sou thern  Interior BC  cover 
a ra n g e  in e le v a tio n  fro m  4 6 0  m  to o v e r  
1500  m . T h e re  w as a s ig n ifica n t d ecrea se  
in  t r a n s p la n t  v ig o u r  w ith  in c r e a s e  in  
elevation  w ithin this seed region, irrespective 
o f la t itu d in a l  d if fe r e n c e s .  T h e  A lb e r ta /  
S a sk a tc h e w a n  seed  o r ig in s  w e re  s ig n if ic ­
antly poorest in vigour, although both cam e 
fro m  h ig h  e le v a t io n  s i te s ,  w h ic h  w o u ld  
account for som e of their poor perform ance. 
The Yukon origins belong to this sub-species, 
b u t ca n n o t b e  co m p ared  s ta tis t ic a lly  w ith  
other origins becau se they occurred  only in 
N ew ton  2/70 experim ent. T hey  grow  even 
m ore slow ly than those from  Alberta.
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Table 15. C om parison of adjusted transplant height as 1+1 across 5 nursery sites (cm)

Seed region and 
identity  nu m ber

O rigin Inchnacardoch 
and Fleet

A lice Holt 
and W areham

Overall
mean

New ton

Alaska
65(7987)2 Skagway 9.0 7.2 8.1 8.2
65(7987) 100 Gustavus 11.3 9.1 10.2 -
65(7986) 1 Sitka 10.1 10.0 10.0 10.1
66(7987) 3 Petersburg 11.8 11.8 11.8 10.8
65(7986) 102 Thorne River 11.6 11.2 11.4 -
65(7986) 103 Cat Island 11.4 11.0 11.2 -
65(7987)4 Ketchikan 8.5 10.0 9.2 9.6
65(7987)5 Annette Island 9.2 9.3 9.2 -
Region mean 10.1

Coast of British Colum )ia
66(7111) 1 M asset 11.5 11.6 11.6 -
65(7116) 7 Coom bs 11.8 15.7 13.8 15.0
65(7116)6 Tofino 10.1 10.1 10.1 -
Region mean 11.8

South Coastal
65(7973)2 Shelton 14.8 14.7 14.8 15.7
65(7975) 2A Rainier 14.9 19.7 17.3 -
65(7972) 1 Long Beach 13.6 14.4 14.0 13.1
65(7951)4 W arrenton 13.7 12.7 13.2 -
65(7951)5 Tillam ook 11.7 15.1 13.4 13.3
65(7951) 1 W aldport 12.5 13.3 12.9 14.8
65(7952)5 Bandon 12.7 15.3 14.0 13.3
65(7947) 100 Del Norte Co 14.7 15.4 15.0 -
65(7948) 100 M endocino 17.0 15.4 16.2 -
Region mean 14.5

Southern Interior BC
65(7118)8 100 M ile House 11.8 11.1 11.4 -
65(7118)6 Clearw ater 13.5 13.2 13.4 -
65(7118) 1A Chase Creek 12.1 12.0 12.0 -
65(7118) 4A Salm on Arm 11.7 12.3 12.0 -
65(7118)4 M ount Ida 12.5 12.2 12.4 12.7
65(7118) ID Harper Lake 11.2 10.6 10.9 -
65(7118) 5B Charcoal Creek, 900 m 13.4 12.0 12.7 -
65(7118) 5C Charcoal Creek, 1050 m 13.4 11.4 12.4 -
65(7118) 9A Steavens Meadow 10.9 10.4 10.6 -
65(7118)3 Tunkwa Lake 9.8 10.4 10.1 -
65(7118) 5A Falkland 12.3 11.4 11.8 12.2
65(7118) 100 Esperon Lake 8.5 9.1 8.8 -
65(7118) 102 Terrace Creek 11.3 10.6 11.0 -
65(7118) 103 Cape Horne Creek 12.6 12.1 12.4 -
Region mean 11.6

Skeena/Bulklev River
65(7114)8 Kispiox, 300 m 9.6 11.3 10.4 10.8
65(7114) 8A Kispiox, 450 m 10.5 11.2 10.8 -
65(7114)10 Carnaby 11.0 12.1 11.6 11.9
65(7114)7 Kitwanga 11.7 10.4 11.0 10.3
65(7114)9 Cedarvale 9.5 10.8 10.2 11.1
65(7114) 12 Babine 10.4 10.8 10.6 -
65(7114)15 Bulkley Cangon 10.9 11.6 11.2 10.7
65(7114)14 Doughty 14.0 10.3 12.2 -
65(7114)13 Sm ithers, 600 m 10.0 10.6 10.3 9.3
65(7114) 13A Sm ithers, 750 m 10.1 10.4 10.2 -
65(7114) 13B Sm ithers, 900 m 9.7 10.5 10.1 -
65(7114) 13C Sm ithers, 1050 m 9.8 10.4 10.1 -
65(7114)2 Telkwa 10.6 10.3 10.4 9.0
Region mean 10.7
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Table 15 (contd)

Seed region and 
identity  nu m ber

O rigin
Inchnacardoch 

and Fleet
A lice H olt 

and W areham
O verall

m ean
N ew ton

Central Interior of BC
65(7115) 101 W onowon 10.3 8.2 9.2 -
65(7113) 11 Germ ansen Lake 9.0 9.0 9.0 -
65(7113) 6 Pendleton Bay 9.8 9.8 9.8 -
65(7113) 12 Topley 9.6 10.0 9.8 -
65(7113) 1 Fort St Jam es 8.3 10.1 9.2 -
65(7113)10 Burns Lake, 750 m 9.7 9.5 9.6 9.6
65(7113) 10A Burns Lake, 900 m 9.4 10.0 9.7 -
65(7113)15 Tschesinkut 9.8 9.1 9.4 -
65(7113) 1A Fraser Lake 9.4 10.0 9.7 -
65(7113)5 Vanderhoof 10.5 11.2 10.8 -
65(7113)9 W isteria 10.0 9.1 9.6 -
65(7113) 17 Takysie 9.5 9.4 9.4 -
65(7113)3 Anahim  Lake 8.0 8.1 8.0 -
65(7113) 2A Barkerville Road 10.9 11.1 11.0 10.5
Region mean 9.6

A lberta/Saskatchew an
65(7123) 100 Crow snest, Alberta 8.2 7.2 7.7 -
65(7124) 100 Cypress Hills, Saskatchew an 9.9 8.8 9.4 -
Region mean 8.6

Cascades
65(7976)6 Bird Creek, W ashington 11.0 10.1 10.6 -
65(7976)5 Peterson prairie, W ashington 10.6 10.0 10.3 -
63(7957) Klam ath Co, Oregon 11.6 9.5 10.6 -
Region mean 10.5

3. W ith in  the m urrayana  su b-sp ecies the sam e 
elevational effect should have caused growth 
depression, as all w ere from  high elevations. 
H ow ever, as already noted above, the effect 
of high seed weight continued to exert a large 
influence on tran sp lan t h eight, so that they 
w e re  o n ly  m a r g in a l ly  le s s  ta ll  th a n  th e  
Skeena/Bu lkley  R iver seed origins.

4. It is w ell know n that height of a tree at the 
tr a n s p la n t  s ta g e  w ill in f lu e n c e  its  e a r ly  
grow th in the forest. This 'carry -ov er' effect 
m u s t b e  ta k e n  in to  c o n s id e r a t io n  w h en  
ex a m in in g  ea r ly  re su lts  fro m  fo re st s tag e 
experim ents.
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Chapter 8

Studies on root:shoot ratios in relation to early instability

P ro b lem s of ea rly  in sta b ility  lead in g  to b asa l 
sw eep have long  been  a factor in fluencing  the 
use o f d ifferent seed origins of lodgepole pine. 
T h e h isto ry  o f B ritish  a ttem p ts to co n tro l the 
p rob lem  has b ee n  d escribed  by  L ines (1980c). 
Instability  w as believed  to be caused partly  by  a 
p oor ro o t:sh o o t ra tio , resu ltin g  in  'to p  h eav y ' 
p lan ts , p articu la rly  the h eav y -cro w n ed  south  
c o a s ta l  o r ig in s .  M a r t in s s o n  (1 9 8 6 )  sh o w e d  
s ig n if ic a n t  d if f e r e n c e s  in  r o o t :s h o o t  r a t io s  
am ong seed origins o f the northern sub-species 
la tifo lia  in  S w ed en , w h ere  tree  to p p lin g  from  
w ind and snow  can be a serious problem  w ith 
lodgepole pine.

T h is ch a p te r  d ea ls  o n ly  w ith  the v a ria tio n  in 
ro o t:sh o o t ra tio s  and  th eir in flu en ce  on  early  
instability . The w id er problem  of instability  in 
the forest is covered  in C hapter 11. Prelim inary 
a s s e s s m e n ts  o f  th e  d ry  w e ig h t  r o o t :s h o o t  
r a t io s  fo r  s e e d lin g s  o f  f iv e  se e d  o r ig in s  in  
Inch n acard och  5/68 show ed  sign ifican t d iffer­
ences, w ith the highest ratio (0.48) on an A laskan 
source and m uch low er ratios on those from  the 
O regon coast (0.22) and South Interior BC (0.20) 
(see F ig u re  9). T h e  a sse ssm e n t w as b ase d  on 
30 s e e d lin g s  in  e a c h  o f tw o  r e p lic a te s . T h e  
follow ing year, 18 seed origins w ere sam pled as 
1 + 1 tr a n s p la n ts .  T h e  r e s u lts  a re  s h o w n  in  
T able 16. T h ere w ere h ig h ly  sign ifican t d iffer­
e n c e s  b e tw e e n  o r ig in s , w ith  A la sk a , Q u e e n  
C h a r lo tte  Is la n d s  and  W a sh in g to n  C a sca d es  
having h igh ratios, w hile those w ith the low est 
ra tio s  w ere  L on g  B each , W a sh in g to n , M o u n t 
Id a , S o u th  In t e r io r  B r it is h  C o lu m b ia  an d  
C oom bs, V ancouver Island.

To p ro v id e m ore m ateria l for these stu d ies of 
ro o t:sh o o t ra tio s , an  ex p e rim e n t w as sow n at 
Bush , M id loth ian  (2/70) w ith  tw o rep lications 
o f 20 seed lots o f the 1965 collection , inclu ding 
16 o f  th e  s a m e  lo ts  a lr e a d y  s a m p le d  in  
In c h n a c a rd o c h  5 / 6 8 . It w as h o p ed  th a t th is  
w o u ld  p ro v id e  m o re in fo rm a tio n  a b o u t seed  
o r ig in  d if fe r e n c e s  in  ro o trsh o o t ra tio  a t th e 
s e e d lin g  s ta g e , as o n ly  f iv e  s e e d lo ts  h ad

been used in the earlier experim ent as seedlings. 
T he resu lts are also  show n in T able  16. T h ere 
w as a h ighly  sign ificant correlation  (r = 0.678) 
betw een  the seed ling root:shoot ratios at Bush 
and the transplant ratios at Inchnacardoch (see 
F ig u re  7). D ue to a h ig h  in tera c tio n  b etw een  
se e d  o r ig in s  an d  r e p lic a te s  th e  d if fe r e n c e s  
w ere  n o t s ig n ifica n t. T h e fo llo w in g  y ear, the 
transplants at Bush w ere also assessed for root- 
shoot ratio and a very sim ilar pattern  of ratios 
e m e rg e d  (T a b le  1 6 ). T h e  f a c to r s  th a t m o st 
influence the ratios are latitude and elevation of 
the seed origin, as show n in Figure 8 (based on 
the d ata  g iv en  a b o v e  and  firs t p u b lish ed  by 
C annell and W illett, 1976).

The d istribution of dry m atter betw een root and 
shoot for several seed origins of lodgepole pine 
w as a lso  in v e stig a ted  on a sea so n a l b a s is  by 
C a n n e ll  a n d  W il le t t  (1 9 7 6 )  an d  T h o m p s o n  
(1974). Both found considerable changes in the 
ratio of root to shoot during the grow ing season 
and the first authors concluded that there w ere 
no lasting d ifferences in allom etry betw een seed 
o r ig in s  o f lo d g e p o le  p in e . T h u s  the end  o f 
season differences m ay m erely reflect the extent 
to w hich the origins are phenologically  adapted 
to the len g th  of the g ro w in g  season  in  w hich  
th ey  are grow n . F rom  the p ra c tica l fo re s te r 's  
p o in t o f v iew , how ever, they do acknow led ge 
th a t  th e s e  e n d  o f s e a s o n  d if f e r e n c e s  a re  
im portant for w ind stability  during the w inter 
p e r io d  (w h e n  g a le s  a re  m o s t f r e q u e n t ) ,  
p a r t ic u la r ly  i f  a c c o m p a n ie d  b y  d if fe r e n c e s  
in crow n  or 's a il ' area. T h e d iffere n ces in the 
n u r s e ry  b e tw e e n  see d  o r ig in s  in  ro o t :s h o o t  
ra t io s  p e r s is t  a t le a s t  up to  th e  fo u r th  y e a r  
(Roberts and W areing, 1975) and up to 8 years 
in the forest (Danby, 1973), based on excavation 
of over 500 trees in five exp erim ents. As w ith 
other species, the proportion of root to shoot in 
lodgepole p ine reduces w ith age, at least up to 
12 years (Eis, 1970). U nsuccessful attem pts w ere 
m ade to control shoot grow th by om itting initial 
fertilis in g  and  m od ify in g  size o f p lan tin g  tu rf 
and planting position (see C hapter 11).
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Table 16. Dry weight root:shoot ratios at Inchnacardoch 5/68 and Bush 2/70

Id entity
n u m b er

Seed  o rig in

Inch n acard och B u sh

1+0 1+1 1+0 1+1

A laska
(79 8 7 )1 0 0 G lacier Bay 0.483 0.490 0.66 0.532
(7987) 3 Petersburg 0.439 0.55 0.491

N orth  C oast
(7111) 1 M asset, Q CI 0.425 0.58 0.513
(7116) 6 Tofino, V ancouver Island 0.328 0.50 0.400
(7116) 7 C oom bs, V ancouver Island 0.390 0.47 0.381

W ashington  C oast
(7972) 1 Long Beach 0.287 - -
(7973) 2 Shelton - 0.53 0.381
(7975) 2A R ainier 0.334 0.49 0.292

O regon C oast
(7951) 5H Tillam ook 0.215 0.340 0.38 0.332
(79 4 8 )1 0 0 M endocino - 0.41 0.214

Skeena R iver
(7 1 1 4 )8 K ispiox 0.413 0.43 0.518
(7114) 7 K itw anga 0.365 0.347 0.51 0.534
(7 1 1 4 )2 Telkw a 0.435 0.54 0.430

C entral Interior BC
(7 1 1 3 )1 0 Burns Lake 0.350 0.408 0.63 0.393
(7113) 2A Q uesnel 0 .402 - -
(7113) 5 V anderhoof - 0.64 0.427

South Interior BC
(7 1 1 8 )6 C learw ater 0.357 0.55 0.360
(7 1 1 8 )4 M ount Ida 0.199 0.301 0.49 0.394
(7118) 5B C harcoal C reek 0.357 0.55 0.435

W ashington  C ascades
(7976) 6 Bird C reek 0.459 0.62 0.474

East o f R ockv M ountains
(71 2 3 )1 0 0 C row snest, A lberta 0.472 0.66 0.445

Standard  error ± 0.032 0.032 - -

D ifferences significant at * ** n.s. n.s.
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Chapter 9

Phenology and length of growing season

D ifferences in the length of the grow ing season 
for first-year seedlings w ere show n to be highly 
sign ifican t by  C ritch fie ld  (1957), varying from  
81 days for a Y u kon origin  to 214 days for one 
from the M endocino W hite Plains, w hen grow n 
in C alifornia. These d ifferences w ere also noted 
in F orestry  C om m ission  n u rsery  exp erim en ts, 
th ou gh  u n fo rtu n a te ly  n ot assessed , ex cep t in 
term s o f the asso cia ted  co lo u r ch an g es in  the 
n eed les. T h e le n g th  o f the g ro w in g  seaso n  is 
greatly influenced by the location of the nursery 
and there is a very  strong  in teraction  betw een 
seed origin  and nursery  clim ate, especially  day 
le n g th  (w h ich  is  re la te d  to la titu d e ) an d  the 
o n set o f co o l te m p e ra tu re s  a t the en d  o f the 
grow ing season. Illingw orth  (1976b) noted that 
in a nursery w ith  a m ild clim ate on V ancouver 
Island (49° N ), C aliforn ian  and O regon  coastal 
origins did not set buds in  their first year at all. 
T h ey  ju s t  s to p p e d  g ro w in g  and  in  F eb ru a ry  
resum ed grow th  for abou t a m onth, then they 
se t b u d s fo r  a sh o rt tim e, b e fo re  th ese  b u d s 
e x te n d e d  su b se q u e n tly . In  a n u rse ry  w ith  a 
harsh in terior clim ate at Prince G eorge (54° N) 
som e of the sam e seed  o rig in s w ere k illed  by 
frost, though seedlings from  the coast of British 
C o lu m b ia  su rv iv e d . In  S w e d e n , a t la titu d e s  
n o rth  o f 63° the su m m er d ay len g th  is lo n g er 
th an  in  the Y u k o n , th ese seed  o rig in s  h av e a 
longer grow ing season than in their native land, 
and are co n sid ered  the b est choice . T h is is in 
contrast to their very  sh ort grow ing  season  in 
B r ita in , w h e re  th e  o p tim u m  d a y le n g th  fo r 
Y ukon orig in s is never reached  and grow th is 
poorer than w ith  any other origin. Later exper­
im e n ts  w ith  15 o f  th e  sa m e  o r v e ry  s im ila r  
orig ins to th ose in  the 1968 and 1970 Forestry  
C om m ission  exp erim en ts w ere  carried  out by 
T hom pson in n orth -east Scotland . H e assessed 
the p resence or absence o f d eveloping buds at 
approxim ately  w eekly  intervals on the first-year 
seedlings and thus obtained the dates on w hich 
85% of the trees had set their buds. Seed origins 
v aried  b y  55 d ay s and  th is ch a ra cte ris tic  w as 
la ter sh ow n  to be very  h ig h ly  correlated  w ith  
m ean height after 6 y ears' grow th in the forest. 
The correlation w as stronger for bud set than for

the am o u n t o f lam m as g ro w th  on 1+1 tra n s­
p lants and 6 -year h eig h t for 25 o f the IU FR O  
seed origins (Cannell et at., 1981).

Flushing
B ecau se even  the earliest flu sh in g  o rig in s are 
very  rare ly  d am aged  by  la te  sp rin g  fro sts  in 
B rita in  (u n lik e  S itk a  sp ru ce ), litt le  a tte n tio n  
w as given to phenological differences betw een 
orig ins until the 1970s. Studies by  D ietrichson 
(1964) and H agner (1970), suggested that grow th 
rhythm s should be investigated in m ore detail. 
W in te r  co ld  is a m a jo r  fa c to r  a f fe c t in g  tree  
su rvival in Scandinavia (Lindgren et al., 1976) 
an d  th e  in t e r io r  o f  n o r th -w e s t  A m e r ic a  
(Rehfeldt, 1980) w ith large variation due to seed 
o r ig in . F o r tu n a te ly  in  B r ita in  o n ly  th e  fa r  
southern origins are affected.

The first assessm ent of flushing w as carried out 
during 1971 in an experim ent at D eer (4 P63), 
A berdeenshire, w hich show ed highly significant 
d iffe re n ce s  am o n g  o rig in s . O rig in s  from  the 
C en tra l In terio r and  So u th  In terio r o f B ritish  
Colum bia w ere earliest and coastal sources w ere 
late flushers, w ith  the W ashington coast origin 
last o f all (see Table 17). In 1973, flushing w as 
assessed by scoring (on a scale of 1 = unflushed 
to 5 = fu lly  flushed) on six occasions betw een  
7 M ay and  11 Ju n e  on 78 seed  o r ig in s  in an 
u nreplicated  d em onstration  at Inch n acard och , 
Inverness-sh ire. This assessm ent w as repeated  
in  1 9 7 4  w ith  v e ry  s im ila r  r e s u lts .  In  1 9 7 5 , 
35 orig ins w ere assessed for flu shing in Broxa 
115 P 70  an d  the a d ja c e n t e x p e r im e n t B ro x a  
126  P 7 2 , Y o rk s h ir e  on  th re e  o c c a s io n s . T h e 
r e s u lts  w e re  h ig h ly  s ig n if ic a n t  a t a ll th re e  
dates and the data show n in Table 17 refer to the 
m id p o in t o f flu sh in g  on  21 A p ril. By far the 
earliest to flush w as a Y ukon seed origin from  
Ethel Lake and this origin  has been noticed as 
o u ts ta n d in g ly  e a r ly  in  s e v e ra l o th e r  e x p e r ­
im en ts. Seed  o rig in s from  C en tra l and  Sou th  
Interior of British C olum bia flushed at about the 
sam e time as those from  a high elevation stand 
in  A lb e r ta  an d  o n e  fro m  th e  W a s h in g to n
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Table 17. Flushing scores as a percentage of the experiment mean at four sites

D eer 4 P63 In chnacard och  161 P70 Broxa 115/126 M a b ie  10

S ite  and assessm en t date: 1971 1973 1974 1975 1975

Seed  o rig in  reg ion

A laska 99 97 88 96 70
N orth C oast BC 92 93 85 79 79
V ancouver Island 82 93 95 88 60
W ashington  C oast 53 91 97 75 71
O regon/C alifornian  C oast - 91 90 107 77
Yukon - - - 132 -

Skeena River 106 107 109 108 118
C entral In terior BC 116 112 112 115 118
South Interior BC 119 109 110 113 124
East o f R ockies 112 113 113 124
C ascades 95 101 113 109

C ascades, w hile those from  V ail and Q ueets, on 
the W a sh in g to n  C o a st, w ere  v ery  la te . T h ere  
w ere h ig h ly  s ig n ifica n t d iffere n ces w ith in  the 
V an co u v er Islan d  reg ion , w ith  C oom bs m u ch  
earlier than Port H ardy.

A t M abie (10 P70), D um friesshire, flushing w as 
also assessed  three tim es on 23 seed  orig in s in 
197 5 . T h e  m id p o in t o f  f lu s h in g  is  sh o w n  in  
Table 17, and seed origin  d ifferences w ere very 
highly significant. The earliest groups w ere from  
th e S o u th  In te r io r  o f  B r it is h  C o lu m b ia  an d  
Skeena R iver regions w ere n ot m uch later. The 
c o a s ta l  s o u r c e s  w e re  s ig n if ic a n t ly  la t e r  in  
flushing, w ith  V ancouver Island the last to flush.

A lth o u g h  th e se  c o m p a r is o n s  h a v e  d if fe r e n t  
n u m bers o f in d iv id u al seed  orig in s w ith in  the 
groups at different sites, all show  a rather sim ilar 
rank order, even thou gh the assessm ents cover 
3 y ea rs  and  w id e ly  d iffe re n t s ite s , w h ile  the 
B roxa d ata  in c lu d e  n o t o n ly  o rig in s  from  the 
1965 collection bu t also 14 o f the IU FR O  collect­
io n . R e la t iv e  f lu s h in g  tim e s  a re  a p p a r e n tly  
stron g ly  in h erited , w h ereas th ere  seem s to be 
little in teraction  w ith  site or age o f tree.

Shoot extension during the 
growing season
F lu sh in g  d en o tes the sta rt o f sh o o t ex ten sion , 
b u t d ifferences in this factor are p ro b ab ly  less 
im portant for practical forestry  than the pattern  
o f shoot extension through the grow ing season, 
s in c e  th e r e  is  e v id e n c e  th a t lo w  d e n s ity  
'sp ring w ood ' is laid dow n during the period  of 
rapid  shoot ex ten sion , w h ereas h ig h er d en sity  
'su m m er-w ood ' is laid dow n after the period of

rap id  sh o o t ex ten sion  ceases. S h o o t ex ten sion  
w a s asse ssed  on  the 1965 c o lle c tio n  a t B roxa  
115 P70 and R osarie 3 P70, M orayshire in 1973, 
m ainly  at w eekly intervals, m easuring 16 plants 
(fo u r p la n ts  fro m  each  o f fo u r re p lica te s )  on  
each of 14 seed origins at Broxa and 20 origins at 
R osarie.

A t Broxa, m easurem ents w ere m ade of leading 
shoot length at w eekly  intervals from  5 A pril to 
12 July  and then fortnightly  until 6 Septem ber. 
T h e  d a ta  on  sh o o t le n g th  w e re  e x p re sse d  as 
a p e rce n ta g e  o f th e  to ta l g ro w th  a tta in e d  on 
6 Septem ber, by w hich tim e grow th had  ceased. 
The w eekly  or fortn ightly  m eans for each seed 
o rig in  w ere  fou n d  and g ro w th  cu rv es p lotted  
using a graph plotter. The resu lting  curves w ere 
co m p a re d  v is u a lly  b y  o v e r la y in g  th em  on  a 
lig h t tab le  and it w as clear th at th ey  could  be 
g r o u p e d  in to  s e ts  w ith  s im ila r  p r o p e r t ie s ,  
w ithou t reference to their seed  orig ins bu t that 
n e v e r th e le s s  g r o u p e d  to g e th e r  o r ig in s  b y  
recognisable seed regions.

The sets w ere found to be as follow s:

I. A laskan
(7987)3 Petersburg 
(7987)5 A nnette Island

II. N orth  C oastal
(7111)1 M asset, Q ueen C harlotte Islands 
(7116)7 C oom bs, V ancouver Island

III. Sou th  C oastal
(7972)1 Long Beach, W ashington  
(7951)1H  N ew port, O regon 
(7948)100 M endocino, C alifornia
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IV. Interior BC
(7113)4B Prince G eorge
(7114)1 Terrace 
(7118)4 M ount Ida 
(7118)8 100 M ile H ouse

V. M iscellaneous 
(7113)1A  Fraser Lake 
(7123)100 C row snest, A lberta 
(7976)5 Peterson Prairie, W ashington

F ig u re  10 s h o w s  c u r v e s  ty p ic a l o f  e a c h  o f 
these sets, w hich m ay be com pared in relation 
to th e ir  s ta r t in g  s iz e s  (w h ic h  m a y  r e f le c t  
d if fe re n c e s  in  bu d  le n g th  or p o s s ib ly  e a r ly  
g ro w th  b e fo re  a s s e ssm e n t b e g a n ) and  th e ir  
p a tte rn s  o f g ro w th  in  th e th ree  p a rts  o f the 
season, early , m id and late (Table 18). Sim ilar 
p attern s w ere found by H agner and F ahlro th  
(1 9 7 4 ), T h o m p s o n  (1 9 7 6 ) and  R e h fe ld t  and  
W ykoff (1981).

Tim e - growing se a so n  in w eeks

Figure 10. G row th  cu rves o f fiv e  typ ical sets o f seed  orig in s at Broxa 115 P70.

Table 18. Pattern  o f shoot grow th in early, mid and late season

Set
nu m ber

O rig in
Startin g  size 

as % o f annual 
grow th

Early
grow th

M id  season 
grow th

Late grow th

I A laskan 10 m oderate very fast early cessation, 
lam m as grow th

II N orth  C oastal 9 -1 0 slow fast fairly early cessation

III Sou th  C oastal 7 -8 very slow m oderate m uch late grow th

IV Interior BC 10-15 fairly fast steady continuing steady

V M iscellaneous 12-15 very fast steady very early cessation 
follow ed by lam m as 
grow th
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In  o rd e r  to ex a m in e  th e v a r ia tio n  in  g ro w th  
w ith in  se e d  o r ig in s ,  th r e e  w e re  s e le c te d  -  
P e te r s b u r g  fro m  th e  A la s k a n  r e g io n , 
M endocino, South C oastal and M ount Ida from  
In terio r  BC . T h e cu rv e s for th e 16 in d iv id u a l 
trees w ere draw n, w ith  one rep licate  (i.e. four 
trees) per graph (not reproduced).

T h e Petersburg trees started  at betw een 8%  and 
13%  of final shoot length. A fter som e variation 
in  the early  w eeks they all in creased  at abou t 
the sam e rate d u rin g  m id season. A ll show ed  
lam m as g ro w th , th o u g h  th e re  w as c o n s id e r ­
able variation  in the date of the first cessation of 
g ro w th  an d  th e  le n g th  o f th e p a u s e , b e fo re  
grow th restarted.

The M endocino trees w ere extrem ely  uniform  in 
perform ance. Starting sm all at betw een  4%  and 
1 0 % , th e y  w e re  v e ry  s lo w  to  s ta r t  g ro w th , 
v irtually  nothing appearing  before 4 M ay. M id 
season grow th w as slow , bu t continu ed  steadily 
right up to 28 A ugust. A lthough M endocino fits 
b est in Set III it is qu ite d istin ct from  the two 
o th e r  S o u th  C o a s ta l  o r ig in s  b e c a u s e  o f its  
extrem ely late start. M ount Ida w as m uch m ore 
variable. A t the start the trees ranged from  5% 
to 16%  o f the fin a l sh o o t len g th . T h e g en era l 
p attern  w as rather sim ilar to Petersburg, though 
lam m as grow th w as less m arked.

T h ese  d ata  w ere also  su b je cted  to a n a ly sis  of 
variance for a num ber o f factors, e.g. m axim um  
w eekly grow th, total shoot length, the w eek in 
w hich m axim um  grow th took place, the period 
over w hich  80%  of sh oot grow th took p lace in 
w eeks, the total num ber o f needles on the shoot, 
the m ean  in te rn o d e  le n g th  b e tw e e n  n e e d le s  
(also know n as stem  unit length), and these are 
show n in Table 19. A correlation  m atrix analysis 
sh o w s the re la tio n sh ip  b etw een  these g row th  
factors and site characters at the place o f origin 
(Table 20).

T h e  r e s u lts  fro m  th e  p a r a l le l  e x p e r im e n t  
a t  R o s a r ie ,  u s in g  th e  s a m e  g r a p h -p lo t t in g

tech n iq u e , w ere  v ery  s im ilar for the A lask an , 
N orth  and Sou th  C oasta l groups. H ow ever, in 
the grou p  from  the In terio r o f BC th ere  w ere 
som e m inor d ifferen ces and  fou r seed  orig in s 
from  d iffe re n t e le v a tio n s  a t S m ith e rs  on  the 
B u lk ley  R iv er form ed  a co m p a ct g ro u p  w ith  
v e ry  s im ila r  c u rv e s , w h ic h  w e re  ra th e r  d if ­
fe re n t fro m  th a t o f  T e rra c e , w h ic h  m ig h t fit 
b e tte r  in the N o rth  C o asta l g ro u p  at R osarie . 
S a lm o n  A rm  on S h u sw a p  L a k e  (w h ic h  w as 
n o t p re s e n t a t B ro x a ) h ad  a u n iq u e  p a tte rn , 
q u ite  u n lik e  th a t  o f  th e  n e a r b y  M o u n t Id a  
o r ig in , w ith  a lo n g  g ro w in g  se a s o n  an d  the 
m o st ra p id  g ro w th  b e tw e e n  w e e k s  3 an d  9. 
T h e  S a lm o n  A rm  s e e d lo t  w a s  c o l le c t e d  a t 
ab ou t 670 m , w h ile  the M o u n t Id a one cam e 
from  ab ou t 840 m . W h eth er th is d iffere n ce  in 
e levation  and the associated  clim atic factors in 
th is tra n sitio n  zo n e to th e 'In te r io r  W et B e lt' 
cou ld  accou n t for the d ifferent grow th pattern  
m ust be speculative.

It can  b e  c o n c lu d e d  th a t th e re  a re  in h e re n t 
d ifferences in shoot ex ten sion  g row th  patterns 
betw een seed origins and if these can be show n 
to be related to w ood properties, they m ay be of 
eco n o m ic  s ig n ifica n ce . T h e  in flu e n c e  o f seed  
orig in  on shoot g row th  p attern s has also  been  
studied in Britain by  T hom pson (1976), C annell 
an d  W ille tt  (1 9 7 6 ) an d  C a n n e ll et a l. (1 9 7 6 ). 
C a n n e ll  e t  a l . (1 9 8 1 )  h a v e  sh o w n  th a t  se e d  
orig ins that had a long  g row ing  season  before 
s e tt in g  b u d s  as n u r s e ry  s e e d lin g s , w e re  th e 
ta lle st a fter  6 y ears  g ro w th  in  the forest. T he 
underly ing reason for their superior grow th w as 
co n sid ered  to b e  the p ro lon g ed  p erio d  o f late 
su m m er and early  au tum n apical m eristem atic 
a c tiv ity , le ad in g  to la rg e  a p ica l d o m es in  the 
overw intering  bud. A lthough these patterns are 
inh erited , it is p o ssib le  th at selective h y b rid is­
atio n  o f g en o -ty p es th at h ave a rap id  start to 
grow th  w ith  o thers having  a la ter start b u t an 
e x te n d e d  g r o w th  p e r io d , m ig h t  p r o d u c e  a 
com bin ation  o f b o th  characteristics that w ould 
be w ell ad ap ted  to the long poten tia l grow ing  
season in m any parts o f Britain.
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Tables 20. M ultip le regression of shoot grow th factors at Broxa 115 P70 and characteristics of the 
place of origin

M axim um  weekly shoot growth 1 Differences for significance
Total shoot length 2 0.903 2

* 0.273
Period over which 80% of grow th occurred 3 -0 .282 -0 .029 3 «  0.354

Number of needles 4 0.798 0.850 -0 .255 4 *** 0.443

Internode length 5 0.263 0.348 0.351 -0 .069 5

Latitude 6 -0 .770 -0 .849 0.116 -0 .754 -0 .287 6

Longitude 7 -0.451 -0 .570 -0 .392 -0 .342 -0 .572 0.579 7

Elevation 8 -0 .237 -0 .163 0.539 -0 .359 0.460 0.070 -0 .669

Patterns of diameter increment 
within the growing season
L it t le  in fo rm a tio n  is  c u r r e n tly  a v a i la b le  on  
p attern s o f d iam eter in crem en t on  o ld er trees 
of d ifferent seed origin . O ne stud y  in the 1938 
W y k e h a m  55  e x p e r im e n t ,  s h o w e d  a r a th e r  
s im ila r  p a t te r n  fo r  d ia m e te r  to  th e  s h o o t  
grow th studies at Broxa and R osarie (Figure 11). 
The early start of the Prince G eorge and Sm ithers

origins is sim ilar to that in the Set IV or V at Broxa, 
w hile Sonora Island resem bles the North Coastal 
Set II. Sh u sw ap  L ake at W y k eh am  fo llo w ed  a 
cou rse in term ed iate b etw een  Set IV  and Set II, 
w h ile  th e  S h e lto n , W a s h in g to n  an d  s o u th ­
w est L incoln  C ou nty , O regon  cu rve resem bled  
th a t o f  N e w p o rt in  S e t I I I  a t B ro x a . T h e se  
p a tte rn s  m ay b e re la ted  to  seed  o rig in  d iffe r ­
ences in specific gravity  o f the tim ber (Brazier, 
1980).

Periodic diameter increment (% ) in c re a s e  of 6 origins at Wykeham 5 5  in 19 7 5
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Figure 11. Periodic diam eter increment of six origins at W ykeham 55 in 1975.
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Chapter 10

Growth rate in the forest: 1937-1942 experiments

Introduction
The grow th characteristic that is m ost im portant 
in the long term  is volum e  grow th per hectare in 
so far as it  d o es  n o t a d v e rs e ly  a ffe c t tim b er 
quality. In form ation  on  this com es m ainly from  
the 1 9 3 7 -4 2  series o f exp erim en ts that are the 
subject o f the fo llow in g  chap ter. The post-w ar 
experim ents have all been  assessed  for height, 
and in som e cases d iam eter or basal area; these 
will give a provisional indication of the General 
Yield C lass to be expected , based  on top height 
e x t r a p o la te d  fr o m  m e a n  h e ig h t  u s in g  th e  
inform ation in Forestry  C om m ission Booklet 41 
(Everard, 1974). E ven  if these extrapolated Yield 
C lasses are  n o t e x a c t, th ey  show  the re la tiv e  
yield to be expected  from  d ifferent seed origins. 
The 1965 seed co llection  w as planted on m any 
sites and these experim ents provide inform ation 
on m ean  h e ig h t and  d iam eter. T he data  have 
been  an aly sed  to  show  the v aria tion  betw een  
seed origins and also across sites to show  origin 
x site in tera ctio n , u sin g  th e m eth od  of F in lay  
and W ilkinson (1963). The sam e technique w as 
applied to the IU FR O  series.

1937-42 experiments
As noted in  C hap ter 5, about 30 seedlots w ere 
sow n  in  th e  p e r io d  1 9 3 5 -3 9  and  p la n te d  on 
e ig h t s ite s , in  so m e  c a s e s  o n ly  as u n r e p lic ­
ated d em o n stra tion  p lots. T h e fou r m ain  sites 
are: A c h n a sh e lla c h  (24  P 3 7 -4 1 ) W e ste r  R oss, 
M illbuie (1 P38-42) Easter R oss, C lashindarroch 
(15  P 3 8 -4 1 )  A b e r d e e n s h ir e  a n d  W y k e h a m  
(55  P 3 8 )  N o r th  Y o r k s h ir e  (s e e  T a b le  3 ). 
A c h n a sh e lla ch  h as a m ild  w est co a st c lim ate  
w ith  h e a v y  r a in f a l l  a n d  r a th e r  u n e v e n  
to p o g ra p h y , w ith  k n o lls  co v e red  by  sh allo w  
T richophoru m  p e a t g ra d in g  in to  h o llo w s w ith  
d e e p e r  b u t  m o re  f e r t i le  p e a t w ith  M o lin ia .  
M illb u ie  an d  C la sh in d a rro c h  are on C allu n a-  
cov ered  d rier  h ea th la n d s w ith  co o ler w in ters 
and at th e  tim e  o f p la n tin g  they  w ere  m u ch 
m ore exposed. The C lashindarroch  site is at an 
elevation of 360 m  and w as considered  then to 
be above the norm al p lan ting  lim it. W ykeham

lies on the b leak  eastern  plateau  of the N orth  
Yorks M oors at 183 m in a low rainfall (900 m m ) 
a re a . It h a s  a so m e w h a t in d u ra te d  iro n p a n  
so il on  L o w er C a lca re o u s  G rit. T h e M illb u ie  
soil is a strong ironpan developed over strong­
ly  in d u r a te d  O ld  R ed  S a n d s to n e  t i l l .  A t 
Clashindarroch the soil is a podzol with 10 cm 
of raw  hum us on a silty  loam  over slate b ed ­
rock . G rou n d  p re p a ra tio n  at C la sh in d a rro ch  
w as sc re e fe d  p a tc h e s  an d  a t A c h n a sh e lla c h  
hand turfing w ith  drains at 6.4 m  spacing. At 
W y k e h a m  th e s ite  h ad  b e e n  d o u b le -fu rro w  
shallow  ploughed 5 years before planting, and 
th e  C allu n a , w h ich  h ad  re in v a d e d , re q u ired  
s c r e e f in g  b e fo r e  p la n t in g . A t M il lb u ie  th e  
s h a llo w  s in g le - fu r r o w  p lo u g h in g  b a r e ly  
touched the ironpan and did not penetrate the 
deep indurated layer.

The p lants w ere grow n at three nu rseries and 
w ere  p la n te d  m a in ly  as 2+1 tra n sp la n ts . A t 
W ykeham , they varied in size from  a m inim um  
of 15 cm  to a m axim um  of 50 cm , the sm allest 
b ein g  35/ 59 from  K lam ath , O regon  C ascad es 
and the la rg est 35/21 Salm on  A rm , Sou th ern  
In terior BC. It is p ossib le  that the use o f such  
la rg e  p la n ts  m ay  h a v e  c o n tr ib u te d  to  e a r ly  
instability, w hich w as m inim al on seed origins 
w ith sm aller initial sizes. A t M illbuie, the tallest 
p lan ts w ere  from  Shu sw ap  L ake (30 cm  tall), 
w hich  later developed m ore basal sw eep than 
any other interior origin, though South Coastal 
o rig in s, w hich  w ere sm aller at p lan tin g , la ter 
had higher num bers of trees w ith  basal sweep.

Results up to 18 years
E a r ly  g ro w th  in  th e s e  e x p e r im e n ts  w a s  
m easured only at W ykeham  (see Table 21), due 
to w artim e staff shortages.

As this is the only com p rehensive exp erim en t 
w here height grow th can be follow ed through 
to near rotation age, it is interesting to com pare 
changes in rank w ith  age (see T ab le  22). This 
s u b je c t  w ill b e  d is c u s s e d  m o re  fu lly  la te r . 
M eanw hile it is w orth  noting  that seed orig in
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Table 21. Mean height at 2, 5 and 9 years in Wykeham 55 P38

R eg io n
Id en tity

Seed  o rig in
H eig h t in  cm

n u m b er 2 years 5 years 9 years

C oast BC 34/25 Sonora Island and 
N ew  W estm inster

42.7 91 189

Sou th  Coastal 34/40 O lym pic Peninsula 45.2 104 238
34/10 SW  Lincoln  C ounty 50.3 119 287

Skeena/Bu lkley  R iver 35/18 Sm ithers 33.3 88 204
35/22 H azel ton 39.1 104 229

C entral Interior BC 34/24 Prince G eorge 38.6 98 207
35/17 Prince G eorge 31.0 81 186
35/19 W illiam s Lake 34.5 94 210

Sou thern  Interior BC 35/20 V avenby 36.1 98 204
34/23 Shusw ap Lake 45.7 110 247
35/21 Salm on A rm 49.3 112 259

N orthern  Interior U SA 34/69 P riest R iver 35.6 85 189
35/53 E ast W ashington 45.7 110 241
34/68 W est Y ellow stone 25.9 73 162

C ascades 35/59 K lam ath 29.5 76 162
35/54 O regon 17.0 46 116

Table 22. R ank for height at ages from  2 years to 44  years in W ykeham  55 P38

R eg ion
Id entity

Seed  orig in
R an k  on  h e ig h t at age (years)

n u m ber 2 5 9 13 17 44

C oast BC 34/25 Sonora Island and 
N ew  W estm inster

6 10 11 11 13 11

South C oastal 34/40 O lym pic Peninsula 5 5 5 3 2 1
34/10 SW  Lincoln  C ounty 1 2 1 1 1 3

Skeena/Bulkley  River 35/18 Sm ithers 12 11 9= 8 7= 8
35/22 H azelton 7 6 6 6 7= 10

C entral Interior BC 34/24 Prince G eorge 8 7 8 9 9= 5=
35/17 Prince G eorge 13 13 13 13 12 13
35/19 W illiam s Lake 11 9 7 7 6 12

Sou thern  Interior BC 35/20 V avenby 9 8 9= 9 11 4
34/23 Shusw ap Lake 3= 4 3 5 4= 5=
35/21 Salm on A rm 2 1 2 2 3 2

N orthern Interior U SA 34/69 P riest R iver 10 12 11= 11 9= 7
35/53 East W ashington 3= 3 4 4 4= 9
34/68 W est Y ellow stone 15 15 14= 15 15 16

Cascades 35/59 K lam ath 14 14 14= 14 14 14
35/54 O regon 16 16 16 16 16 16
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d ifferences quickly  becam e apparent, and after 
5 years changes in rank w ere rather slight. Shoot 
length w as also assessed  at 5 and 9 years. M ean 
s h o o t le n g th  v a r ie d  fro m  1 1 cm  to  25 cm  at 
5 years and from  20 cm  to 55 cm  at 9 years. The 
m axim u m  sh oot length  on any ind iv id u al tree 
w as ju st u nder 1 m for the South C oastal source 
from  south w est L incoln  C ounty, O regon.

Table 23 show s the m ean heights at 16 -1 8  years 
in  th e  r e p l ic a t e d  s m a l le r  p lo ts  ( m a in ly  o f 
30 plants) at M illbuie, W ykeham , A chnashellach  
and C lashindarroch. H eights are also expressed  
as a p e r c e n ta g e  o f th e  e x p e r im e n t  m e a n  a t 
th a t s ite . T h is  fa c ilita te s  co m p a riso n s  a cro ss  
s ites  th at d iffer  in fertility  and  ag e o f a sse ss ­
m ent. T h e data h ave been  ab stracted  from  an 
u npublished internal report (Shelbourne, 1974). 
R e s u lts  fro m  th e se  e x p e r im e n ts  h a v e  b e e n  
re p o rte d  b y  M a cd o n a ld  (1 9 5 4 ), L in e s  (1 9 6 6 , 
1968, 1976b), M oss (1971) and Lines and Booth 
(1972).

Discussion
S e e d  o r ig in  d if fe re n c e s  in  h e ig h t w e re  v e ry  
h ig h ly  s ig n if ic a n t a t M illb u ie  and  W y k e h a m  
(T a b le  2 3 ) . D u e  to  g r o u n d  v a r ia b i l i t y  a t 
A c h n a sh e lla ch  o n ly  the tw o  m o st u n ifo rm  of 
the five replicates w ere assessed  and even then 
the re su lts  w ere  n o t s ig n ific a n t ex c e p t in  the 
you nger section. A t C lashindarroch  the range of 
seed  o rig in s  re p re se n te d  is p o o r and  g ro w th  
w as d ep ressed  by the d ifficu lt site  con d ition s, 
so that the lack of statistical significance w as not 
u nexpected.

T h e o v e ra ll p a tte rn  o f re su lts  is n e v e rth e le ss  
quite clear. Seed  orig in  perform ance on each  site 
tended to fo llow  a s im ilar p attern , w ith  large 
d if fe r e n c e s  b e tw e e n  th e  r e g io n a l m e a n s  fo r 
height over all experim ents. The Sou th  C oastal 
region seed origins w ere outstanding for vigour. 
N ext cam e those from  the Sou th ern  In terior of 
B C . S k e e n a  R iv e r  o r ig in s  g rew  b e tte r  in  th e  
you nger experim ents than in the older ones. The 
C ascad es origins w ere by  far the poorest. Each 
region is now  considered  in m ore detail.

T he tw o N orth  C oastal orig in s are 36/ 42 from  
the Q ueen C harlo tte  Island s and 34/ 25, w hich 
w as a m ixture of seed from  Sonora Island, lying 
betw een V ancouver Island and the m ainland  at 
50° 25 ' N, and N ew  W estm inster, w hich is now 
a su burb of V an cou v er C ity  at 49° 12 ' N. This 
m ixed orig in  grew  at an average rate (and above 
a v e ra g e  a t A c h n a s h e lla c h )  w h ile  the Q u e e n  
C h a rlo tte  Is la n d  lo t w as s ig n if ic a n tly  s lo w e r

g ro w in g . So m e o f th e N ew  W estm in ster seed  
w ill h ave been  very  sim ilar to th at from  Lulu 
Island , w hich  grew  poorly  on exp osed  sites in 
the 1950s (see C hap ter 4). In d iv id u als bearin g  
ab u n d an t flo w ers , w h ich  are ch a ra cte ris tic  o f 
th is eco ty p e, cou ld  be recogn ised  easily  w hen  
th e  e x p e r im e n ts  w e re  y o u n g , th o u g h  th e ir  
p o o rer v ig o u r and sp in d ly  g row th  h a b it have 
cau sed  them  to be la rg e ly  e lim in ated  by  la ter 
se le c tiv e  th in n in g , or b y  n a tu ra l su p p re ssio n  
from  the m ore heav ily  crow ned  Sonora Island 
trees.

T h e  O re g o n  c o a s ta l s o u rc e  fro m  so u th  w est 
L in c o ln  C o u n ty  (c o lle c te d  n e a r  th e  to w n  o f 
W ald p ort) w as ou tstan d in g  for v igou r at b o th  
W ykeham  and A chnashellach . A nother seedlot 
d irect from  the P acific  coast, 34/ 39 (w hich  on 
ap p earan ce and terpene type is id en tica l w ith  
la te r  im p o rts  fro m  L on g  B each , W ash in g to n ) 
w as only slightly  less v igorous. The tw o hom e 
c o l le c t e d  p r o v e n a n c e s  3 6 / 5 0 5  a n d  3 6 / 5 0 6  
(know n to be o f Sou th  C oasta l orig in) grew  at 
about the sam e rate as 34/39 at M illbu ie, bu t at 
A ch n ash ellach  36/506 w as u nexp ected ly  poor, 
p e r h a p s  d u e  to  s ite  ir r e g u la r i ty  th e r e . T h e  
rem aining origin  from  this South C oastal group, 
34/40, w hich  cam e from  the O lym pic Peninsula 
(and w as m ost likely  from  n ear Sh elton  in the 
rain  shadow  of the O lym p ic M ou ntains), grew  
w e ll  o n  th e  d r ie r  s i te s  a t W y k e h a m  an d  
M illb u ie , th o u g h  le ss  w ell a t A c h n a sh e lla ch , 
w here the annual rainfall is m ore than tw ice as 
h igh -  2030 m m  (see Table 3).

In the 16-year-old  experim ents in this series the 
Skeena R iver origins from  Terrace and H azelton 
grew  quite fast and u sually  w ere taller than the 
seed lo t from  fu rther in land  at Sm ith ers on the 
Bulkley  R iver (see Table 23). In the 17-18-y ear- 
old experim ents, the Skeena origins w ere below  
average in grow th rate.

The orig ins from  the C entral In terior o f BC all 
grew  at an av erag e rate , the ta llest one at the 
w ell-rep lica te d  ex p e rim e n ts  at W y k eh am  and 
M illbu ie b ein g  the m ost sou th erly  orig in  from  
W illiam s Lake, 35/19.

T h e m o st v ig o ro u s in lan d  o rig in , 35/ 21 from  
Salm on A rm , Shu sw ap  Lake, Sou th  In terior of 
BC, w as not significantly  shorter than the South 
C o a s ta l o r ig in s , th o u g h  its  a p p e a ra n c e  w a s 
e n tire ly  d iffe re n t. T h e  n e a rb y  s e e d lo t 34 / 2 3  
fro m  a h ig h e r  e le v a t io n  in  th e  h i l ls  a b o v e  
Shusw ap Lake also grew  w ell, su rpassing  35/21 
at M illbu ie, w hereas the V avenby (C learw ater) 
orig in  35/ 20, w hich  com es from  a m u ch  drier
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clim ate (500 m m  an n u a l ra in fa ll)  o u tsid e  the 
'Interior W et Belt', w as m uch less vigorous.

T h e  N o r th e r n  In t e r io r  U S A  re g io n  b r in g s  
together a num ber o f som ew hat disparate seed 
origins, and it could be argued that the M ontana 
orig in  sh ou ld  n o t b e  in clu d ed  in th is region . 
There w as not a significant difference in height 
betw een the orig in  vagu ely  described  as 'E ast 
W ash in g to n ' 35/ 53  and  see d lo t 34/ 69, w hich  
cam e from  the P riest R iver R esearch  Station in 
n o r th e r n  Id a h o . T h is  p a r t  o f  Id a h o  is  in  
eco lo g ica l te rm s a so u th e rn  e x te n s io n  of the 
'In terior W et B elt' o f BC. From  terpene testing 
(Forrest, 1980) it is clear that both  these origins 
have a ffin it ie s  w ith  th is  S o u th ern  In terio r  o f 
B ritish  C o lu m b ia  g ro u p  and  th e re fo re  35/ 53 
m ost lik e ly  cam e fro m  th e C o lv ille  N a tio n a l 
Forest. B oth  gave an  av erage p erform an ce for 
height grow th, w ith  the Idaho orig in  tallest at 
M illb u ie  and  the E a st W a sh in g to n  one b ein g  
ta lle s t a t W y k e h a m  an d  A ch n a sh e lla ch . T h e 
W est Y ellow stone, M ontana orig in , 34/68 w as 
from  a very h igh  elevation  (2050 m) on the east 
side of the R ocky  M ountains. This is the m ain 
exp lan ation  for its p oor grow th  at W ykeham , 
the rest being  attributable to its transfer from  an 
e x tre m e ly  c o n t in e n ta l c lim a te  to th e  B r it ish  
m a ritim e  c lim a te . D e sp ite  th e la rg e  c lim a tic  
m ism atch betw een Britain and M ontana, a later 
im p o rt o f seed  fro m  w e ste rn  M o n ta n a  g rew  
quite w ell, e .g . in  a cu ltiv a tio n  exp erim en t at 
Teindland, M orayshire (W ilson and Pyatt, 1984).

The C ascad es O reg o n  seed lo ts are both  o f the 
sub-species niurraycina, w ith  35/59 W illiam son 
River, K lam ath know n to be from  a fairly high 
elevation (1300 m) and 35/54 m erely described 
as 'O re g o n ', b u t v ery  lik e ly  a lso  from  a h igh  
elevation stand. Its seed w eight w as recorded as 
'ex cep tio n a lly  h ig h '; from  T ab le  7 th is w ould  
su ggest it cam e from  the C ascad e M ountains. 
Terpenes also show  it to be from  the C ascades 
region. H eight grow th of these w as significantly 
poorer than the m ean.

Volume estimates
H eight serves as one m easure for d istinguishing 
g ro w th  ra te  o f d if fe r e n t  see d  o r ig in s . T h e se  
experim ents w ere also assessed  at the sam e time 
for breast height girth. If these data are used to 
com pute the m ean tree volum e, assum ing each 
tree is a cone and using the form ula: volum e = 
1/3 Ttrh, then  seed  o rig in  d ifferen ces becom e 
even g rea ter than  w ith  h e ig h t (T able 24). The 
m ain changes are that the Sou th  C oastal origins 
b eco m e ev e n  m o re  o u ts ta n d in g , th o u g h  less

d r a m a t ic a l ly  w ith  th e  O ly m p ic  P e n in s u la  
o r ig in  3 4 / 4 0 , b e c a u se  o f a b e rra n t re su lts  at 
A c h n a s h e lla c h . T h e re  w a s  a s im ila r  la r g e  
re la tiv e  in crease  in the N o rth  C o asta l o rig in , 
w hile those from  the Skeena River and C entral 
In terior groups show  relatively  lesser volu m e 
p rod u ction . T h e p attern  of volu m e g row th  of 
the Sou thern  In terior sou rces (including  those 
from  Idaho and East W ashington) w as sim ilar to 
that for h eigh t alone. It is in terestin g  that the 
southern C ascades origins appear to be poorer 
for v o lu m e th an  for h e ig h t, ev en  th o u g h  the 
g ir th :h e ig h t ra tio s  fo r  th ese  w ere  by  fa r  th e 
h ig h e s t .  T h e  a v e r a g e  r a t io  fo r  th e  w h o le  
e x p e r im e n t w a s  0 .5 7 2  an d  th o se  fo r  3 5 / 5 9  
K lam ath  and 35/ 54  'O re g o n ' w ere 0 .628  and
0.750 resp ectively . T h e only  o ther seed  orig in  
w ith  a co m p arab ly  h ig h  ratio  (0.635) w as the 
Q ueen C harlo tte  Islands seed lot 36/42, w hich 
w as not included in these volum e calcu lations 
as it w as p la n te d  a y e a r  la te r . S a lm o n  A rm  
35/21 had the low est ratio  o f 0 .505, reflecting  
the tall sp indly appearance o f these trees. The 
E ast W ash in g ton  orig in  35/ 53 also  had a low  
ratio of 0.522.

Later measurements of height 
and volume

G ro w th  in  th e  W y k e h a m  e x p e r im e n t  w as 
m easu red  at reg u lar in terv a ls  (see T ab le  II in 
L ines and Booth, 1972), the m ost recent height 
a ssessm en t b ein g  at 44  y ears (T ab le  25). T h is 
w as for top height, i.e. the m ean height o f the 
100 trees of largest diam eter per hectare. By this 
age, w in d th row  had  v irtu a lly  e lim in ate d  the 
plots from  south w est Lincoln C ounty, O regon 
(w h ich  s to o d  c le a r  a b o v e  the s lo w -g ro w in g  
o r ig in s  and  th u s fa ced  g re a te r  d a n g e r  from  
w ind). W ind probably also rem oved som e of the 
ta lle s t trees  in  th e S h e lto n , W a sh in g to n  and  
Salm on A rm , BC plots. A  gale in January  1976 
c a u s e d  th e  d e s t r u c t io n  o f  s e v e r a l  o f  th e  
u n re p lic a te d  la rg e  p lo ts  in  th is  e x p e rim e n t. 
T h e se  p lo ts  w e re  b e in g  u sed  as P e rm a n e n t 
S a m p le  P lo ts  and  h ad  b e e n  th in n e d  sh o rtly  
b efore the gale stru ck , w h ereas the rep licated  
section w ith sm aller plots had not been thinned 
for several years and w as relatively undam aged, 
ap art from  the p lots from  so u th -w est L in co ln  
C ounty, O regon.

If ranking is com pared betw een the 44-year top- 
height data and that for m ean height at 17 years 
(show n in Table 22), it w ill be seen that the later 
heights are in general w ell correlated  w ith  the 
e a r lie r  o n e s . T h e  m a in  d if fe r e n c e s  a re  th a t
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Table 25. A nalysis o f variance o f top height (m) at 44  years and D uncan's m ultiple range test, 
W ykeham  55 P38

Sou rce
Su m s of 
squ ares

D egrees o f 
freedom

M ean square F  ratio

Blocks 1.878952 2 0.939476 4.22*
O rigins 22.824664 13 1.755743 7.88***
Breakdow n of sum  of squares w ithin

Skeena R iver 0.024067 1 0.024067 0.11 n.s.
C entral In terior BC 0.289089 2 0.144544 0.65 n.s
South Interior BC 0.394467 2 0.197233 0.89 n.s.
N orth  Interior U SA 0.018150 1 0.018150 0.08 n.s.
C ascades 0.244482 1 0.244482 1.10 n.s.

Betw een groups 21.400719 5 4.280144 19.21***
Error 5.570147 25 0.222806
Total 30.273762 41

G roup
N u m ber

of
orig in s

R an k
M ean
height

(m)

W ith in -grou p standard 
error in  analy sis of 

variance

N orth C oastal 1 5 17.977 0.273
South C oastal 1 1 19.280 0.273
Skeena River 2 4 18.050 0.193
C entral Interior BC 3 6 17.938 0.157
South Interior BC 3 2 18.467 0.157
N orth Interior U SA 2 3 18.112 0.193
C ascades 2 7 16.425 0.193

D uncan's m u ltip le range test 

Standard error o f an origin m ean = 0.2725

M ean N am e 5%  1%

19.280 34/40 Shelton
18.690 35/21 Salm on Arm
18.523 35/20 Vavenby
18.190 34/24 Prince George
18.187 34/23 Shusw ap Lake
18.167 34/69 Priest River, Idaho
18.113 35/18 Sm ithers
18.057 35/53 East W ashington
17.987 35/22 H azelton
17.977 34/25 Sonora Island
17.833 35 /17 Prince G eorge
17.790 35/19 W illiam s Lake
16.627 35/59 K lam ath County
16.223 35/54 O regon

O rigin m eans w hich have no line in com m on are significantly different at the given probability level. 
O rigin m eans w hich have a com m on line are not significantly different at the given probability level.
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T o p  h e i g h t  ( m )  2 0  y e a r s

Figure 12. Total volume production, corrected to 47 years, against top height at 20 years in large 
plots at Millbuie 1 P38-40.

V a v e n b y  ro se  fro m  1 1 th  to  4 th  p la c e , w h ile  
W illiam s Lake slipped from  6th to 12th place.

In  th e  M il lb u ie  e x p e r im e n t  a s e r ie s  o f  
u n rep lica te d  la rg e r  p lo ts  (0 .0 2 -0 .1 3  h a) w ere  
p lanted  ad jacen t to the rep licated  section  w ith 
30 plant plots. It is possible to com pare the top 
height in these larger plots at age 20 years w ith 
the m ean  h e ig h t at 20 y ears in  the re p lica ted  
sm aller plots. The sections planted  in 1939 and 
1 9 4 0  w e re  m e a s u r e d  1 a n d  2 y e a r s  la te r  
re sp ectiv e ly  to g iv e the h e ig h ts  a t a com m on  
age. T ab le  26 sh ow s the h eig h ts  and the rank  
ord er to facilita te  com p arison . R eg u lar assess­
m ents w ere carried  out in the larger p lots and 
a ll p ro d u ctio n , e ith e r from  th in n in g  or w ind - 
th ro w  w a s r e c o rd e d  up to  4 7  y e a rs  o f  a g e . 
Table 27 show s the actual production , w ith the 
final colum n giving total volum e either actual or 
ad ju sted  to the p red icted  total at 47  y ears for 
d iffe re n t ag es o f p lan tin g . F ig u re  12 sh o w s a 
fa ir ly  c lo se  re la t io n sh ip  b e tw e e n  top  h e ig h t 
a t  20  y e a rs  an d  to ta l v o lu m e  p r o d u c tio n  at 
47  years. A s expected, the South C oastal origins 
w ere ou tstanding for height at 20 years and for 
total p ro d u ctio n , w ith  the excep tion  of 37/ 55, 
O ly m p ic  P e n in su la , W ash in g to n . T h e re  is no 
o b v io u s  re a s o n  w h y  th is  p a r t ic u la r  s e e d lo t  
sh o u ld  b e  so  m u ch  p o o re r  th an  th e  s e e d lo t 
3 4 / 4 0  fro m  th e  sa m e g e n e ra l a re a . T h e  tw o 
N o rth  C o a s ta l  s e e d  o r ig in s  b o th  h ad  g o o d

p r o d u c t iv it y  in  r e la t io n  to  th e ir  h e ig h t  a t 
20  y ea rs , e sp e c ia lly  the b u sh y  'm u sk e g ' type 
fro m  th e  Q u e e n  C h a r lo t t e  I s la n d s  3 6 / 4 2 . 
A lth o u g h  co n sid erab ly  h eav ier-b ran ch ed  than  
the in la n d  o rig in s  w h en  in  the th ick e t s ta g e , 
th is orig in  d oes n ot now  ap p ear u naccep tab ly  
coarse-branched. By contrast, the South Interior 
o f  B C  o r ig in s  w e re  a l l  p o o r  fo r  v o lu m e  
p r o d u c t io n ,  w ith  3 5 / 2 1  S a lm o n  A rm  p a r ­
ticularly d isap pointing  in ranking only 17th for 
total p rod u ction , w h en  it had been  fifth  equal 
for top height at 20 years. V avenby, 35/20, from  
th is  r e g io n  w a s  p o o r e s t  o f  a l l  fo r  v o lu m e  
p rod u ction , even  the in h eren tly  slow  g row ing  
su b -sp e c ie s  m u rrayan a  see d lo t fro m  K lam ath , 
O regon being m ore productive. O n the ground 
it  is  o b v io u s  th a t  th o s e  o r ig in s  w ith  p o o r  
vo lu m e p ro d u ctio n  h av e m u ch lig h ter crow ns 
th a n  th e  p ro d u c tiv e  o n e s , th o u g h  th e  P r ie s t  
R iv e r ,  Id a h o  p lo t  is  k n o w n  fro m  th e  p r e ­
planting survey to be on a m ore fertile site than 
the rest o f the exp erim en t. U n fo rtu n ate ly , the 
w h o le  e x p e r im e n t  w a s  d e s t r o y e d  in  th e  
catastrop hic gale o f Febru ary  1989, w hen  gusts 
of 120 knots w ere recorded  not far aw ay.

Sm all d ifferences in e ith er h eigh t, d iam eter or 
v o lu m e  g ro w th  a re  r e la t iv e ly  u n im p o r ta n t  
co m p ared  w ith  lo n g -te rm  w in d  s ta b ility  and 
stem  form . These aspects w ill be discussed in  a 
later chapter.
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Chapter 11

Growth rate in the forest: 1952-1967 experiments

In the exp erim en ts p lan ted  b etw een  1952 and 
1967 there w as at first a tac it assu m p tion  that 
the m a in  p a t te r n s  o f  v a r ia t io n  a m o n g  see d  
o r ig in s  fro m  th e  n a tu r a l  r a n g e  h a d  b e e n  
discovered and it w as m erely  n ecessary  to fill 
in the gaps in  our know led ge and to test new  
c o m m e r c ia l se e d  s u p p lie s  a s  th e y  b e c a m e  
availab le . T h u s the f irs t ex p e rim e n ts  p lan ted  
in 1952-53  at A chnashellach  and Inchnacardoch 
te s te d  s e e d  fro m  L u lu  Is la n d  s u p p lie d  by  
three d iffe re n t seed  m e rch a n ts  a g a in st seed - 
lots from  Salm on A rm , Shu sw ap Lake (by this 
tim e a w e ll-e s ta b lis h e d  o r ig in ) an d  w e ste rn  
M o n tan a . O n  b o th  s ite s  the e a r ly  g ro w th  o f 
the Lulu Island  lots w as su p erior to that from  
w estern M ontana (W ood and Lines, 1959), bu t 
by 15 y e a r s  tr e e s  fro m  w e s te r n  M o n ta n a  
equalled them  in height. The Salm on A rm  origin 
was the tallest at all stages. All o f these origins 
produced very  sp in d ly  trees w ith  poor foliage 
retention on both sites.

In 1954 the first seed  from  A laska w as obtained. 
This cam e from  H ollis, P rince o f W ales Island 
and H ain es n ea r Sk ag w ay , at the head  of the 
Lynn C anal. A t H ollis the annual precipitation  
is over 2000 m m , w hereas at H aines it is only

ab o u t h a lf  as m u ch  and  th e c lim a te  is m ore 
continental (see A ldhous, 1976, p l4 ). These two 
origins w ere planted at W atten, C aithness and 
K ie ld e r ,  N o r th u m b e r la n d , to g e th e r  w ith  
s e e d lo ts  fro m  L u lu  Is la n d  an d  a S c o t t is h  
p ro v en an ce , o rig in a lly  from  the W ash in g to n  
coast. A t W atten  the exp erim en t w as p lanted  
on 4-year-old  p loughing. A t this date, the risk 
of basal sw eep dam age due to over-rapid early 
g ro w th  w as a lr e a d y  a p p a r e n t ,  an d  in  an  
attem pt to control this, no fertiliser w as applied 
a t p la n t in g . T h is  m e r e ly  h ad  th e  e f f e c t  o f 
re d u cin g  g ro w th  to su ch  an  e x te n t th a t a t 6 
years the m ean heights at W atten w ere all less 
than  0 .5  m , ev en  th o u g h  43 g o f ro ck  p h o s­
p h a te  p e r  tree  w a s  a p p lie d  a f te r  th e th ird  
grow ing season (Lines and M itchell, 1966). The 
K ielder site is less infertile, but here the tallest 
o rig in  (Lu lu  Islan d ) at 6 y ears w as o n ly  1 m 
tall, p artly  as a result o f rep eated  g rou se and 
b lack g am e dam age. R esu lts a fter 2 1 -2 5  y ears 
are  sh o w n  in  T a b le  28. N o te  th a t the H o llis  
o r ig in  w a s  r e la t iv e ly  p o o r  fo r  h e ig h t ,  b u t 
seco n d  to the S o u th  C o a sta l p ro v e n a n ce  for 
b a s a l a re a  a n d  v o lu m e , c a lc u la te d  fro m  
d ia m e te r  and  h e ig h t a ssu m in g  th e tree  as a 
cone.

Table 28. H eight, basal area and calculated volum e at W atten 9 P54 and Kielder 71 P54

Region and
identity
number

Watten at 25 years Kielder at 21 years
Seed origin Top height Basal area Height

(m) (m3 h a _1) (m)
Diameter Volume 

(cm) (dm3)

Alaska
51/212
52/211

Coast BC 
51/347

H aines, A laska 
H ollis, A laska

Lulu Island, BC

South C oastal
52/207 Sou th  C oastal ex

Inchnacardoch

6.73
6.70

35.4
45.7

6.99 33.0

7.85 53.7

6.11
6.69

7.31

7.91

8.92
9.76

8.56

10.68

128
168

144

243

Standard error ± 
D ifferences significant at

0.09
***

2.2
***

0.17
**

14
**
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T h e se  re su lts  il lu s tra te  th e  d iffe re n c e s  to be 
e x p e c te d  w ith in  th e  A la s k a n  g ro u p  o f seed  
orig in s and the in ferio r b asa l area p ro d u ctio n  
o f th e  lig h t - fo lia g e d  L u lu  Is la n d  s t r a in . A t 
K ielder w indthrow  of som e trees in the heavy- 
bran ch ed  Sou th  C oasta l orig in  accen tu ated  by 
h eavy  snow  d am age in the w inter o f 1 9 78 -79 , 
w as b eco m in g  ap p aren t by 27  y ears, w h ereas 
th e  H o l lis  t r e e s  w e re  c o n t in u in g  to  g ro w  
steadily, w ith  healthy dense foliage.

1957 experiments
Three experim ents w ere planted  in  1957, m ainly 
w ith  p rovenances collected  in Scotland  or E ire 
(see T able 29). The Irish stands w ere described  
b y  L in e s  (1 9 5 7 a ). T h e  p la n ts  w e re  ra is e d  at 
Tu lliallan  heathland nursery in 1955, w here they 
a lre a d y  sh o w e d  la rg e  d if fe r e n c e s  in  h e ig h t , 
seedling colour and grow th cessation  as 1 year 
seed lings (Lines, 1957b). T hey  w ere p lanted  at 
A chnashellach, W ester R oss; E lchies, M oray and 
C eirio g , D en big h . R esu lts  a fter  3 y ears (L ines 
and  A ld h o u s, 1962) sh o w ed  th e co n sid e ra b le  
s u p e r io r i t y  in  h e ig h t  o f  th e  S o u th  C o a s ta l  
p ro v en an ces ov er b o th  the N orth  C oasta l one 
from  th e  Q u e en  C h a r lo tte  Is la n d s  an d  th o se  
from  the C entral Interior of British  C olum bia. A t 
this stage, the one d irect from  Fort F raser w as 
p o o re s t on a ll th ree  sites . T h e  C e ir io g  e x p e r­
im e n t w as n o t a s s e s s e d  a f te r  th e  1 5 th  y e a r , 
w hen  the resu lts w ere ro u g h ly  the sam e as at 
E lc h ie s  fo r  ran k  o rd e r  o f h e ig h t a t 15 y e a rs , 
thou gh the overall exp erim ent m ean  h eigh t on 
this site w as only tw o-thirds that at Elchies. The 
latest assessm ents o f top height and basal area 
fo r  A c h n a sh e lla c h  an d  E lc h ie s  a re  sh o w n  in 
Table 29. The Elchies experim ent suffered  severe 
d am age from  h eav y  w et snow  and  g a le-fo rce  
w in d s in  the w in ter  o f 1976/ 77. D am ag e w as 
h ig h ly  s e le c t iv e  an d  r e s tr ic te d  to  th e  S o u th  
C oastal provenances, except w here edge trees of 
these plots b lew  into ad jacent plots o f inland or 
Q u e e n  C h a r lo tte  Is la n d s  o r ig in . D e sp ite  th e 
h eav y  crow n s o f the Q u een  C h a rlo tte  Islan d s 
trees, they proved highly  resistant to snow  and 
w in d  d a m a g e . E v e n  w ith  th is  d a m a g e , th e  
ran k in g  for top  h eig h t at 20 y ears w as a lm ost 
identical w ith that for m ean h eight at 15 years. 
A t b o th  s ite s  th e s ig n if ic a n c e  o f d if fe re n c e s  
b e tw ee n  seed  o rig in s for b asa l area  w as co n ­
siderably  greater than for top height, although 
there is little  in d ication  of a p rov en an ce x site 
interaction.

The Q ueen C harlotte  Islands proven an ce grew  
poorly  in h eigh t, bu t its basal area p rod u ction  
w as appreciably  better and this, com bined w ith

s u p e r io r  s t a b i l i t y  a n d  r e s is t a n c e  to  sn o w  
dam age w ould  su ggest it as a safe choice. Poor 
r e s is ta n c e  to  d a m a g e  fro m  w in d  an d  sn o w  
u n fortu n ate ly  ru les out all the v igorou s Sou th  
C oastal group, of w hich  the poorest w as 55/228. 
This seed w as collected  from  the sm all num ber 
o f  s u r v iv in g  tr e e s  in  th e  R u t t le  W o o d  (se e  
C h ap ter 4), a fter m o st had  b een  w in d th row n . 
T h e se  in d iv id u a ls  m ay  h a v e  b e e n  in h e re n tly  
less vigorous or there could have been  a degree 
o f  in b r e e d in g .  O f  th e  tw o  S k e e n a  R iv e r  
p roven an ces, Sm ithers p roved  m ore consistent 
in basal area production. They both  had above 
a v e r a g e  s te m  fo r m  a n d  c o n t in u e d  to  lo o k  
healthy. Both C entral In terior BC  seedlots w ere 
p o o r in  h e ig h t and  b a sa l a rea  on  th e se  s ites , 
w ith  a very  m aritim e clim ate at A chnashellach  
and  E lch ie s  on  a d eep  p ea t b og . Seed  o rig in s 
fro m  th is  re g io n  o ften  g ro w  re la tiv e ly  b e tte r  
on  d ry  eastern  h ea th lan d s w ith  m in era l so ils, 
s u c h  a s  M il lb u ie  a n d  C la s h in d a r r o c h .  T h e  
p ro v e n a n ce  th a t o rig in a te d  a t S h u sw ap  L ake 
w as the tallest in land  seed lot, thou gh  its basal 
area  w as lo w er th an  the sh o rter Sk een a  R iv er 
p roven an ces. The A lb ertan  p roven an ce, w hich  
derived from  the early bu lk  im port (very likely 
fro m  q u ite  a h ig h  e le v a t io n  in  th e  e a s te r n  
R o ck ies) w as p a rtic u la r ly  p o o r on  th ese  sites  
and ju st as bad  at Elchies at 15 years.

1958 and 1959 experiments
In  1958 , tw o d e m o n stra tio n s  w ere  p la n ted  at 
Inchnacard och  and M illbu ie u sing  seed origins 
from  the co llection  m ade by D r W .B. C ritchfield  
(1957). T h ese  co v ered  a m u ch  w id e r ran g e of 
seed orig ins than ever before, including seedlots 
fro m  th e Y u k o n , C a lifo rn ia  and  fro m  a v ery  
h igh elevation  site at 2680 m  in C olorado.

A ls o  in  1 9 5 8 , e x p e r im e n ts  w e re  p la n te d  a t 
W areh am , D orset; W ilsey  D ow n  in  C orn w all; 
A eron  and  T a liesin  in C ard ig an ; and  T aren ig , 
M o n tg o m e ry  (W oo d  an d  L in e s , 195 9 ). T h ese  
te s te d  a ran g e  o f S o u th  C o a s ta l seed  o rig in s  
(thought at this stage to be the first ch oice for 
m an y  p o o r ex p o se d  sites) a g a in st th ree from  
the V ancou v er area and tw o from  the C ascade 
M o u n ta in s  o f  O r e g o n . T h e  f o l lo w in g  y e a r  
(1959) a p p ro x im a te ly  th e sam e set o f o rig in s  
w as p lanted  at three sites in Scotlan d  (Borgie, 
S u th e r la n d ;  D e e r , A b e r d e e n s h ir e ;  a n d  
G len tro o l, K irk cu d b rig h tsh ire). B rie f n o tes on 
the n u rsery  s ta g e  o f th ese  e x p e rim e n ts  w ere 
g iven  by  W ood, L ines and A ld hou s (1960). By 
6 years the South C oastal lots had established  a 
c le a r  s u p e r io r i t y  o v e r  th e  m o re  n o r th e r ly  
coastal ones. There w as not often  a sign ifican t
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d if fe r e n c e  a m o n g  th e  S o u th  C o a s ta l g ro u p  
(Lines et al., 1967). R esu lts at the la test assess­
m ent are sh ow n  in T ab le  30 for the com bined  
1 9 5 8 / 5 9  e x p e r im e n ts .  It  w il l  b e  s e e n  th a t  
d ecreasin g  in terest in this sp ecies in so u th ern  
B rita in , p a rtly  cau sed  b y  the re a lisa tio n  that 
the p ine shoot m oth, R hyacionia, m ight seriously  
d a m a g e  th e le a d in g  s h o o ts , led  to th e  e a r ly  
c lo s u r e  o f  th e  e x p e r im e n ts  in  s o u th -w e s t  
E n g la n d  and  W ales . T h e  G le n tro o l 17 e x p e r­
im en t d iffered  fro m  th e o th er S co ttish  e x p e r­
im en ts in  h a v in g  tw o re p lica tes  o f la rg e  (400 
p lant) p lo ts  as w ell as five rep lica tes o f sm all 
(36 plant) plots. By 27 years there w as so m uch 
in t e r a c t io n  b e tw e e n  th e  s m a ll  p lo ts  th a t 
m easurem ents w ere restricted  to the large plots, 
w hich  can  p rov id e rea listic  data on b asa l area 
per hectare for m any m ore years.

A t B orgie, a ll o f the Sou th  C oastal orig ins had 
v e r y  h e a v y  b r a n c h e s  a n d  p o o r  s te m  fo r m , 
though stem  lean w as m ore apparent than basal 
sw e e p , p ro b a b ly  b e c a u se  ra p id  e a r ly  h e ig h t 
grow th w as restricted by  b lackgam e dam age. A t 
22 years som e w indthrow  had started, affecting 
up to 15% of the trees in the w orst orig in  (N orth 
Bend), bu t even the shorter and lightly  crow ned 
see d lo t from  H at C ree k  h ad  5%  w in d th ro w n  
stem s. The Ladysm ith , V ancouver Island origin 
w as only slightly  shorter than the South C oastal 
lo ts  an d  h ad  m u ch  m o re  s le n d e r  s te m s an d  
correspondingly  low er basal area. The C ascades 
origins w ere both  poor in h eight and basal area. 
It w as discovered  after these experim ents w ere 
established that due to a m isunderstanding over 
th e  see d  re g io n  n u m b e r in g  s y s te m , 5 6 / 6 5 7 , 
orig in ally  th ou gh t to be from  C ascad ia  on the 
w est side of the C ascades, w as in fact collected 
in the Sisters/La P ine area (zone 681) on the east 
side of the C ascades. The basal area data show  a 
m u ch  g rea ter  v a r ia tio n  b e tw e e n  seed  o rig in s 
than for height. The Inchnacard och  provenance 
w as the m ost productive for basal area as w ell 
as the tallest, w hile T idew ater w as surprisingly 
poor in view  of its good overall perform ance in 
other experim ents. The low  basal area w as not 
due to w indthrow  in this case.

A t G le n tro o l, early  g row th  w as faste r th an  at 
Borgie and incidence of basal sw eep w as ju st as 
bad. The trees exhausted  their sm all in itial dose 
o f rock phosp hate (28 g per plant) by  the sixth 
year. A fter serio u s in festation s by  p ine saw fly  
(N eodiprion  sertifer) in 1966 and 1967 they w ere 
in poor condition , and required top dressing in 
su m m er 1 9 6 7  w ith  60  kg  o f P an d  100 kg  o f 
K per ha and spraying w ith D idim ac (D D T). A

sam ple o f trees w as felled in each seed orig in  in 
D ecem ber 1968 and shoot length  m easu red  for 
each of the years 1965-1968. Shoot length gener­
a lly  fe l l  in  1 9 6 6  a n d  1 9 6 7 , th e n  m a d e  a 
s p e c ta c u la r  in c r e a s e  in  1 9 6 8  in  re s p o n s e  to  
topdressing. This response w as m uch greater on 
the S o u th  C o a sta l o rig in s  th an  on  th e in lan d  
o n es. T h e p o sitio n  a t 27  y ears  w as th a t L on g  
B ea ch  w as ta lle s t an d  h ad  th e g re a te s t b a sa l 
area, w hile d ifferences am ong the o ther Sou th  
C oastal origins w ere not significant, thou gh all 
w ere sign ifican tly  su p erio r to the three in land  
origins.

T h e 'd o m in an t' h eigh ts at D eer w ere assessed  
by sp litting  each 36 tree p lo t into six su bp lots 
and m easuring the tallest tree in each  of these. 
A s a t B o rg ie , th e In c h n a ca rd o ch  p ro v e n a n ce  
w as tallest, w ith  the o th er Sou th  C oasta l ones 
n o t s ig n if ic a n tly  p o o re r , e x c e p t fo r  K e y p o rt, 
w hich  w as not sign ificantly  taller than the one 
fro m  L a d y s m ith . S is te r s / L a  P in e , fro m  th e 
O regon C ascades, w as b y  far the poorest. Tw o 
unreplicated  plots from  Shusw ap Lake and Lulu 
Is la n d  w e re  b e lo w  the e x p e r im e n t m e a n  fo r 
height and both looked poor in needle retention 
and general health. As at G lentrool, there w ere 
h e a v y  N e o d ip r io n  a t ta c k s  in  1 9 6 6  an d  1 9 6 7 . 
In festa tion  in  1968 started  at a h ig h  lev el, bu t 
w as quickly controlled  by a natu ral virus. It w as 
n o ted  that L a d y sm ith  w as p a rtic u la r ly  b a d ly  
affected by  saw fly, p artly  because it already had 
poor needle retention , due to continued w inter 
b lasting  of its foliage.

A lth o u g h  th e  s o u t h e r n  e x p e r im e n ts  w e re  
a s s e s s e d  o v e r  a m u c h  s h o r te r  p e r io d ,  th e  
p attern  o f h eigh t grow th  w as sim ilar to that in 
th e  S c o t t is h  e x p e r im e n ts ,  e v e n  a t th e  m o st 
sou therly  exp erim en ts at W areham  and W ilsey  
D o w n . T h e  g e n e r a l  c o n c lu s io n  fr o m  th e s e  
exp erim ents is that the in cid en ce o f early  basal 
sw eep  an d  la te r  in s ta b ility  m a k es  th e  S o u th  
C oasta l grou p  o f o rig in s  too risk y  for n orm al 
use, w hile those from  the N orth  C oastal group 
w ere u nsatisfactory  b ecau se o f p oor resistance 
to w in t e r  b l a s t in g  b e f o r e  c a n o p y  c lo s u r e  
(L a d y s m ith ), o r p o o r  g ro w th  an d  e x c e s s iv e  
flow er p ro d u ctio n  (L an g ley  and  L u lu  Islan d ). 
O n these sites, none o f the in land  orig in s w as 
satisfactory  eith er, thus in d icatin g  the need  for 
o rig in s that co m b in e lo n g -term  w in d  stab ility  
w ith  good  health  and vigour. It is u nfortu nate 
th a t these ex p e rim e n ts  h av e  n o  Sk een a  R iv er 
orig in s or the b etter N orth  C oasta l ones, such 
as Q u een  C harlo tte  Islan d s and  Son ora  Island , 
w hich  grew  w ell in  the 1938/39 exp erim ents.
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1961 Experiments
In 1961 three further experim ents, u sing m ainly 
the sam e o rig in s as in  1958/ 59, w ere  p lan ted  
w ith  the o b jectiv es o f im p ro v in g  the ran g e of 
site types covered (and thus g iving local forest 
m a n a g ers  m o re  re lia b le  in fo rm a tio n  on seed  
o r ig in  c h o ic e )  a n d  e v a lu a t in g  s o m e  n e w ly  
acquired seedlots. The latter included one from  
Skagw ay, A laska (to see w h ether it perform ed 
lik e  th o s e  fro m  n e a r b y  H a in e s  in  th e  1 9 5 4  
e x p e r im e n ts ) ,  o n e  fro m  F o r t  F r a s e r ,  a b o u t  
80 m iles w est o f P rin ce  G eorg e, one from  the 
C ypress H ills, Saskatchew an, the m ost easterly  
part o f the range in C anada and one said to be 
from  Bella C oola at the end of a long fjord (the 
Burke C hannel). It w as believed  that trees from  
th is  a re a  m ig h t  h a v e  s o m e  in t e r m e d ia t e  
c h a r a c te r is t ic s  b e tw e e n  c o a s ta l  a n d  in la n d  
p o p u la tio n s . Seed  w as o b ta in e d  in  1958  and  
1960 s ta ted  by  th e seed  m e rch a n t to b e  from  
B ella  C o o la  and  a lth o u g h  e a r ly  p e rfo rm a n c e  
w as that o f an inland type, it w as several years 
b efo re  it w as d iscovered  that b o th  lo ts h ad  in 
fact been  co llected  from  n ear A n ah im  L ake, a 
p lace that is w ell beyond the crest o f the C oast 
R a n g e  in  th e  C e n tr a l In te r io r  P la te a u  a t an  
e le v a tio n  o f 1220  m . T h e  c lim a te  at A n a h im  
Lake is m u ch  m ore continental, w ith  less than 
1000 m m  a n n u a l p re c ip ita tio n , m u ch  o f it as 
sn o w . T e rp e n e  a n a ly s is  la te r  co n firm e d  th a t 
these seed lots w ere o f the C entral In terior o f BC 
type.

T h e  e x p e r im e n ts  w e re  p la n te d  a t W a rk , 
N orthum berland , on a C alluna/E riophorum  p eat 
a t  4 2 7  m  a b o v e  s e a  le v e l ;  a t  S e im  M u ir , 
M id lo t h ia n ,  o n  a d e e p  E r io p h o r u m  p e a t  a t 
350 m ; and on R annoch M oor (G lencoe Forest) 
on  d eep  C a llu n a /T rich op h o ru m  p e a t a t 305  m . 
R esu lts  up to 6 y ears w ere  rep o rted  b y  L in es 
and  M itch e ll (1968). T h ey  sh ow ed  th at h eig h t 
grow th w as fastest on the Sou th  C oastal group 
of seed  o rig in s, and  w h ile  the h o m e-co llected  
provenance orig inally  from  the Q ueen C harlotte 
Is la n d s  w as s ig n if ic a n tly  ta lle r  th a n  th e  one 
from  Skagw ay, it w as significantly  shorter than 
the other N orth  C oastal origin  from  Ladysm ith . 
The A nahim  Lake origin  grew  at about the sam e 
rate as the other C entral Interior BC  source from  
Fort Fraser.

H eight grow th at 10 years is show n in Table 31, 
w ith  results sim ilar to those at 6 years. There is 
l i t t le  e v id e n c e  o f a la r g e  se e d  o r ig in  x s ite  
in teraction . G row th in the G lencoe exp erim en t 
w as m u ch  fa ste r  th an  at the o th er sites , even  
allow ing for the fact that the trees w ere one year

o ld er w h en  assessed . B asa l area p er p lo t w as 
also assessed  at 11 years (data not show n). Seed 
o r ig in  d if fe r e n c e s  w e re  v e ry  h ig h ly  s ig n if ­
ic a n t  a n d  fo l lo w e d  th e  s a m e  o r d e r  a s  fo r  
h e ig h t, e x c e p t th a t S k a g w a y  w as p o o re st for 
basal area, w hile the O regon C ascades seedlot 
fro m  S is te rs/ L a  P in e  w as p o o re st fo r h e ig h t. 
A sim ilar result w as found in the W ark experi­
m e n t at 23  y e a rs , w h e re  th e  S is te rs/ L a  P in e  
orig in  w as poorest for height, bu t had a larger 
d ia m e te r  th an  fiv e  o th e r  se e d lo ts . A s n o te d  
earlier, it is a ch aracteristic  o f the su b -sp ecies 
m u rm yana  that it has a relatively  large d iam eter 
for its height. A t Seim  M uir the rank order for 
top height at 21 years w as fairly  close to that at 
W ark at 23 years. A part from  Skagw ay, all the 
c o a s ta l se e d  o r ig in s  w e re  ta lle r  th an  a ll the 
inland ones. K eyport, from  the Puget Sound of 
W a sh in g to n , w as se c o n d  ta lle s t  a t 21 y e a rs , 
after being only fifth  at 6 years. This origin  had 
poor needle retention before canopy closure and 
p robably  benefited  from  m utual shelter after the 
te n th  y e a r . T h is  e x p e r im e n t  s u f f e r e d  c o n ­
siderable snow  dam age in Janu ary  1977. A s this 
w as w orst on the m ost heavily  crow ned  South 
C o a s ta l o r ig in s , w ith  up to 75%  o f th e  tre e s  
a ffe cted  b y  e ith e r  b a sa l sw ee p , o r h ea v y  w et 
s n o w  d a m a g e  in  so m e  p lo ts ,  it  m a y  h a v e  
d istorted  the resu lts  from  the su rv iv in g  trees. 
T h e  G le n c o e  e x p e r im e n t  w a s  a ls o  h e a v ily  
dam aged by  w et snow  in the w inter o f 1973/74. 
L o n g  B ea ch , N e w p o rt an d  N o rth  B en d  w ere  
the w o rst a ffe cted  and  th is  cau sed  the e x p e r­
im ent to b e  closed . F ort F raser and  Sisters/ L a 
P in e had  n e g lig ib le  snow  d am ag e . T h e W ark  
experim ent w as severely  dam aged by  snow  and 
w in d  d u rin g  th e w in ter  o f 1 9 78/ 79 , th is  w as 
ag ain  w o rst on the So u th  C oasta l o rig in s (see 
C h a p te r  1 5 ) , w ith  th e  O r e g o n  o n e s  h a v in g  
g rea ter d am ag e than  th ose from  W ash in g to n . 
The N orth  C oastal origins from  L adysm ith  and 
th e  Q u e e n  C h a r lo t t e  I s la n d s  w e re  n o t  
sign ificantly  dam aged, w hile the in land origins 
(an d  S k a g w a y ) e sc a p e d  d a m a g e , a p a r t fro m  
occasional trees.

T h e  g e n e r a l c o n c lu s io n s  fro m  th is  s e r ie s  o f 
experim ents are that although the Sou th  C oastal 
o r ig in s  a re  o u ts ta n d in g ly  fa s t-g r o w in g  an d  
appear the m ost healthy and exposu re resistant, 
th e ir  p o o r  s te m  fo rm  a n d  s u s c e p t ib i l i t y  to  
w in d th ro w  an d  d a m a g e  b y  w e t sn o w  m a k e  
th em  u n a c ce p ta b le  fo r fo re s t u se. L a d y sm ith  
grew  rather better in this series o f experim ents 
than in the 1 9 5 8 -5 9  series, thou gh  it is clearly  
not a good choice for exposed sites. The hom e- 
c o lle c te d  s e e d lo t  fro m  th e  Q u e e n  C h a r lo tte  
Islands grew  rather slow ly, bu t its straight stem
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form  and excellent health  on rather testing sites 
suggest that it w ould be a safe choice. N one of 
the inland origins w as particularly  prom ising in 
te rm s o f g ro w th  v ig o u r or a b ility  to re ta in  a 
h ea lth y  cro w n ; in fact by  23 y ears  o f ag e the 
C y p r e s s  H ills  o r ig in  a t W a rk  h a d  b e c o m e  
m o rib u n d , w ith  sev ere  n e e d le  b ro w n in g  and  
cro w n  d ie b a c k , s im ila r  to  th a t n o te d  on  th e 
A lbertan  seed lot 26/58 at K ielder.

1963/1967 experiments
F u rth er ex p e rim e n ts  in  1 9 6 3 -6 6  ex ten d ed  the 
ra n g e  o f s ite s  on  w h ic h  th e  m a in  g ro u p s  of 
lodgepole p ine w ere tested. They also tested the 
p ro g en y  fro m  B ritish  s tan d s th a t h ad  g ro w n  
w ell and in clu d ed  new  orig in s n o t p rev iou sly  
tested. The sites w ere m ainly selected  for their 
r ig o ro u s c lim a tic  or so il co n d itio n s , a lth o u g h  
th e  A c h n a s h e lla c h  s i te  w a s  c h o s e n  so  th a t 
p erfo rm an ce o f the new  seed  o rig in s cou ld  be 
linked w ith  three older experim ents on ad jacent 
ground. L angdale represented  one of the m ost 
exposed  areas on the p lateau  top of the N orth  
York M oors, at an elevation  of 283 m . Lodgepole 
p in e  n e a r  to th is  e x p e r im e n t sh o w ed  sev ere  
w inter d esiccation  at the tim e of site selection. 
N o p h o s p h a te  w a s a p p lie d  a t p la n tin g , f o l ­
low ing  local p ractice , b u t as early  grow th rate 
w as v ery  s lo w  (th e  e x p e r im e n t m ean  h e ig h t 
w as on ly  0 .36  m  at 3 years) it w as g iven  rock  
phosphate at 42 g p er p lant after tw o seasons. 
Since there w as little response to phosp hate, it 
seem s lik e ly  that the m ain  cau se o f the in itia l 
slow  grow th w as that the trees w ere p lanted  by 
notching into the u ncultivated  m oorland  surface 
and  n ot into the p lou g h  furrow  or ridge. T h is 
lo ca l p ra c tice  had  d ev e lo p ed  w ith  the a im  of 
re d u c in g  b a sa l sw ee p . T h is  e x p e r im e n t a lso  
suffered  heavily  from  N eodiprion  a ttack  d uring  
th e  f i f th  y e a r . B e c a u s e  o f c o n t in u e d  s lo w  
grow th, it w as top dressed  w ith  N PK  fertiliser 
(Shellstar N u m ber 2 at 800 kg h a '1) in  1971. In 
that year a heavy attack of Z eiraphera  budm oth  
fu rther restricted  leader grow th on  m any trees 
and  ra p id  h e ig h t g ro w th  d id  n o t s ta r t  u n til 
canopy closed  at about 10 years of age.

T h e E d d leston  site is a deep basin  p eat (depth 
2 m +) at 282 m , chosen m ainly  as a d em on str­
a t io n  a r e a  c lo s e  to  th e  N o r th e r n  R e s e a r c h  
S tation  and  rep licated  only tw ice. It is m o d er­
a te ly  e x p o se d . E arly  g ro w th  on  th is  s ite  w as 
q u ite  r a p id ,  w ith  c o n s e q u e n t  b a s a l  sw e e p  
d evelop ing  on su scep tib le  seed orig ins on  this 
type of soft peat.

A t E libank in the Tw eed V alley , the site chosen 
w as at the u p p er p lan tin g  lim it a t 454  m  and  
thu s sev ere ly  ex p o sed . T h e so il is v ery  ston y  
and som e p lants w ere in jured  at the root collar 
b y  r o c k in g  in  s t r o n g  w in d s . T h e  e x p o s u r e  
r e s is t a n c e  o f  d i f f e r e n t  s e e d  o r ig in s  w a s  
thoroughly tested on this site.

T h e A ch n ash ellach  site  has b een  d escrib ed  in 
the section  on  the 1937^12 series. For the new  
e x p e rim e n t a s in g le  m o u ld b o a rd  tin e p lou g h  
w as u sed , w ith  h an d  tu rfin g  in  w et p a tch es . 
P hosp hate w as ap p lied  at 42  g p er p lant. This 
s ite  e n jo y s  a m ild  w et c l im a te  (2 0 3 2  m m  o f 
rainfall) and is sheltered  by  su rrou n d in g  hills. 
Early grow th w as quite rapid.

T h e  s ite  a t D e e r , A b e r d e e n s h ir e , w a s  a g a in  
c h o s e n  fo r  its  te s t in g  n a tu r e ,  h a v in g  b e e n  
c la sse d  as 'u n p la n ta b le ' fo r n o rm a l a f fo r e s t­
a tio n . It lie s  a t an  e le v a tio n  o f 137  m  on  the 
n o r th e rn  s id e  o f  M o rm o n d  H ill , an  is o la te d  
q u a rtz ite  m a ss p ro je c tin g  a b o v e  th e  B u ch a n  
p la in , w ith  a th in  im p o v e r is h e d  s o il fu ll  o f 
q u a rtz  b o u ld e rs , w h ich  m ad e tin e  p lo u g h in g  
to a depth of 30 cm  difficult. E xposure to the sea 
6 m ile s  a w a y  to  th e  n o r th  is  s e v e r e .  E a r ly  
g ro w th  w a s v e r y  s lo w  d u e  to  th e  s o il  an d  
clim atic exposu re, not helped  by d am age from  
grouse, hares and sheep.

S e v e r a l  o f  th e  s e e d  o r ig in s  in c lu d e d  w e re  
already being  tested in o ther experim ents. The 
new  origins w ere from  Sooke at the southern  tip 
o f V ancouver Island; N ass R iver, w h ich  lies to 
the north  of the Skeena R iver; P enticton, a very 
dry area at the south end of O kanagan Lake, BC; 
and G lacier, w hich  lies a t 300  m  on  the n orth  
side of M ount Baker, W ashington.

R esults show n in Table 32 include heights at 10 
to 20 years, w ith  actual heights used to calcu late 
the p e rce n ta g e  h e ig h ts  fro m  each  ex p e rim e n t 
m ean. It w ill be seen  that, as in earlier  ex p er­
im e n ts , th e  S o u th  C o a s ta l g ro u p  w e re  o u t­
s ta n d in g  in  h e ig h t g ro w th , w h ile  th e  N o rth  
C oastal group w ere very erratic in  perform ance. 
The hom e-collected  provenance orig inally  from  
th e Q u e en  C h a r lo tte  Is la n d s  w as w e ll ab o v e 
a v e ra g e  in  a ll fo u r e x p e r im e n ts , c o n tra s tin g  
w ith the poor grow th of the Langley and Sooke 
orig in s. G row th  of trees from  Sooke has b een  
restricted  on the exposed  sites in this series of 
experim ents due to w inter-b last injury, w hereas 
on m ore sheltered sites, grow th rates have been 
fa ir. It is  u n fo rtu n a te  th a t b e tw e e n  1956  and
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1959, 829 kg of seed w as bought from  the Sooke 
area. T h e Sk agw ay  o rig in  sh ow ed  the rev erse  
trend, w ith its best relative grow th on the very 
exp osed  sites at D eer and  E lib an k  and  p oorer 
p e r c e n ta g e  g ro w th  o n  th e  m o re  s h e lte r e d  
Eddleston and A chnashellach  sites. The Skeena 
origins show ed average grow th rates, w ith  the 
Nass River seedlot having sim ilar perform ance to 
those from  the m ain Skeena R iver basin. In the 
C e n tr a l In te r io r  o f  BC  g ro u p , th e  s e e d lo t  
im ported as 'N orth BC ' w as at first suspected as 
b e in g  fro m  th e  S k e e n a  R iv e r , u n t il  te rp e n e  
analysis clearly  show ed its sim ilarity  to others 
from  th e C en tra l In te rio r . Its  p e rfo rm a n c e  in 
these experim ents w as above average, w hereas 
A n ah im  L ak e (m en tio n ed  a b o v e  as a se e d lo t 
orig inally  bou ght in the b elie f that it w as from  
the coast) w as slightly  below  the overall m ean. 
This is another origin bought in bulk (372 kg in 
1958 and 1960). T h e S o u th ern  In terio r seed lo t 
from Penticton is not from  the Interior W et Belt, 
re c o m m e n d e d  b y  A ld h o u s  (1 9 7 6 ), b u t fro m  
a hot, a lm o st sem i-d e sert c lim ate  and  its p e r­
form ance in these exp erim ents show s that it is 
ill-adapted to the harsh clim ate of upland Britain. 
The G lacier origin is from  an area of W ashington 
w here lodgepole pine occurs only adventitiously 
as a c o lo n is e r  o f  la n d s lip s , f ire -s ite s , e tc . Its  
te rp e n e  p a tte r n  is o f  th e  P u g e t S o u n d  ty p e  
(Forrest, 1980) and its poor perform ance, except 
at th e re la tiv e ly  sh elte red  A ch n a sh e lla ch  site , 
does not encourage w ider use.

By the m id 1960s the success u nd er very  testing 
c o n d it io n s  o f  su c h  A la s k a n  se e d  o r ig in s  as

H ollis and Skagw ay led to further experim ents 
w ith seed origins from  this region on  tw o sites 
se le c te d  fo r  th e ir  e x p o su re  an d  p o o r q u a lity  
p eat soils. These w ere at Shin , Su th erlan d  and 
South K intyre, A rgyll. T able 33 show s the seed 
o rig in s  in c lu d ed  and  th e ir  p e rfo rm a n c e . T he 
rep licated  exp erim ents in clu d ed  sev en  orig ins, 
w hile three others w ere present in unreplicated  
dem onstration plots. The A laskan seedlots com ­
prise two from  the outer islands (Sitka and the 
h o m e - c o l le c te d  H o l l is )  a n d  tw o  fr o m  th e  
m a in la n d  a n d  in n e r  is la n d s  ( Ju n e a u  an d  
Petersburg). The sam e Q ueen C harlotte Islands 
s e e d lo t  u s e d  in  th e  1 9 6 3 -6 6  e x p e r im e n ts  
w a s  a ls o  in c lu d e d . T w o  s e e d lo ts  fro m  P o rt 
A lb e rn i, V a n co u v e r Is la n d , an d  H o p e , ab o u t 
80 m iles up the Fraser R iver, w ere intended to 
test the perform ance o f trees from  these areas, 
a b o u t w h ic h  l i t t le  w as k n o w n . L o n g  B e a c h , 
W ashington  w as at this tim e the 'stan d ard ' for 
th is  ty p e o f p o o r exp o sed  site  and  acted  as a 
control. The Irish seed lot from  a good stand at 
B a lly n o e  w a s  o r ig in a l ly  fr o m  th e  c o a s t  o f  
W a sh in g to n  or O re g o n . T h e  T e rra c e  se e d lo t 
w as in clu d ed  in  the h op e th a t it w o u ld  show  
b e t te r  s te m  fo rm  th a n  th e  m o re  h e a v i ly  
b ran ch ed  co asta l so u rces, a lth o u g h  th ere w as 
evidence that inland seed orig ins did n ot grow  
w ell on these kind of sites.

A s w ill b e  seen  from  T a b le  33, g ro w th  in  the 
f ir s t  6 y e a rs  w a s  r a th e r  p o o r  o n  b o th  s i te s ,  
e x c e p t fo r  th e  S o u th  C o a s ta l o r ig in s . A t th e  
Sou th  K intyre site, an im al dam age from  sheep 
and  b la ck g a m e w as an  ad d itio n a l d e le teriou s

Table 33. H eight at 6 -1 5  years at Shin 12 P67 and South K intyre 1 P67

Seed origin
Identity
nu m ber

6 year h eig h t (m)
15 year 
heigh t 

(m)

10 year 
height 

(m)

H eight % at 
10 and 15 years

Sh in
South

K intyre
Sh in South  K intyre Sh in South  K in tyre

Sitka, Alaska 63(7986)1 1.01 0.76 3.47 1.58 77 87

Juneau, Alaska 63(7987)1 (1.11) (0.66)* (4.02) (1.58) (89) (87)

Petersburg, Alaska 63(7987)3 1.12 0.60 3.74 1.45 83 80

Hollis, Alaska ex W atten 63(4113)500 0.92 0.70 3.73 1.53 83 84

QCI ex Kirroughtree 60(4138)500 1.06 0.79 4.90 1.87 109 103

Port A lberni, V ancouver Island 62(7116)1 (1.13) (1.00) (3.78) (2.14) (84) (118)

Hope, BC 63(7117)2 1.23 0.73 4.55 1.82 101 100

Long Beach, W ashington 63(7972)1 1.69 1.26 6.27 2.50 139 138

Ballynoe, Eire 63(417)500 (1.89) (1.08) (6.02) (2.50) (134) (138)

Terrace, Skeena River 62(7114)1 1.35 0.80 4.85 1.95 108 107

Standard error ± 0.06 0.04 0.21 0.09

Differences significant at 444 4*4 444 444

* Figures in parentheses from  unreplicated large plots
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fa c to r  to  w in te r -b ro w n in g  o f fo lia g e , w h ich  
affected  a ll seed  o rig in s m ore or less equally . 
Adjacent Sitka spruce w ere m ore resistant to both 
form s of d am age. A fter can op y  closu re , shoot 
grow th im p ro v ed  m ark ed ly  at bo th  sites and, 
although a full 15-year assessm ent w as not made 
at South Kintyre, the average heights there ranged 
from  3 m for Ju n eau  to 4.5 m  for Long Beach. 
There w as little seed origin x site interaction.

The m ain results w ere that all the A laskan seed 
origins grew  at approxim ately  the sam e rate and 
w ere also  s im ilar in  ap p earan ce . B asal sw eep 
was neglig ib le and stem  form  w as good, apart 
from  ra th e r  h ea v y  b ra n c h  n o d es. T h e Q u een  
Charlotte Islands seedlot w as significantly  faster 
grow ing, bu t otherw ise m orphologically  sim ilar 
to the A laskan  lots. The T o r t  A lbern i' seed lot 
turned out to be u ntru e to nam e (as show n by 
terpene analysis) and consisted  of a m ixture of 
South C oastal and Interior BC seed w ith only a 
m inority o f trees o f V ancouver Island type. The 
seed lot from  H o p e grew  at abou t the average 
rate in each  ex p e rim e n t and  m o rp h o lo g ica lly  
it w as very sim ilar to Lulu  Island and Langley 
in o ld e r  e x p e r im e n ts .  I t  h a d  p ro fu s e  m a le  
flow ers and  its terp en e p attern  (Forrest, 1980) 
w as ty p ic a l  o f  th e  V a n c o u v e r  g ro u p . T h e  
p e r fo rm a n c e  o f th e  L o n g  B e a c h  o r ig in  w as

m uch as expected. It w as by far the m ost vigor­
ous, and the trees had dense crow ns and dark 
green foliage. Because o f relatively  slow  early 
grow th , the am ount o f b asa l sw eep  w as very  
low  at Sou th  K intyre. A t Sh in  stem  lean  w as 
m ore com m on than basal sw eep, but by the 18th 
year wind and snow dam age w ere beginning in 
one of the Long Beach plots and are likely to get 
w orse. To date, the unreplicated Ballynoe plot 
has no w indthrow  or snow dam age. The Terrace 
o r ig in  g rew  ra th e r  w ell on b o th  s ite s , a f te r  
looking rather thin in the crow n before canopy 
closure, and its foliage w as lighter green  than 
the coastal origins. It had a little w indsw ay, but 
in general its perform ance on height w as very 
s a t is fa c to r y  an d  its  s te m  fo rm  g o o d . B a rk  
f r a y in g  b y  d e e r  w a s  w o r s t  on  th is  o r ig in , 
p robably  due to the co m bin ation  of th in  bark  
and light branching (see C hapter 17).

These experim ents both suffered severe winter- 
b ro w n in g  in ju ry  b e fo re  ca n o p y  c lo su re , b u t 
s u b s e q u e n t ly  th e  d e g r e e  o f w in te r  in ju r y  
becam e m inim al. This suggests that conditions 
can be so m uch im proved after canopy closure 
that this kind of early dam age (associated w ith 
w ater stress) is not critical in seed origin choice, 
except for those that are particularly  susceptible, 
e.g. Lulu Island.



Chapter 12

Experiments with the Aldhous/Maxwell collection in 1969 and 1970/71

1969 experiments
The seed co llection  that resulted from  the visit 
to n o r th -w e s t A m e ric a  by  J .R . A ld h o u s  and
H .A. M axw ell in  1965 w as not all available for 
sow ing in  1967 (see N ew ton 6/67 in C hapter 7). 
T w e n ty -fo u r  se e d lo ts  w e re  s e le c te d  fo r  th is  
n ursery  trial to form  the first p hase o f a m uch 
m o re  c o m p re h e n s iv e  se r ie s  o f fo r e s t  e x p e r i­
m ents. The m ain  objectives w ere:

1. to  e x te n d  th e  ra n g e  o f  A la s k a n  se e d  
origins;

2. to in v e s t ig a te  d if fe r e n c e s  w ith in  th e  
Skeena/Bulkley  R iver area; and

3. to test a new  co llection  from  the M ount 
Ida source, w hich  had  grow n w ell in  older 
trials.

O ther origins from  V ancouver Island, the South 
C o a s ta l  r e g io n  a n d  th e  C e n tr a l  a n d  S o u th  
Interior of British  C olum bia w ere also included.

Three contrasting sites w ere chosen; Rum ster is a 
d ee p  (6 m ) p o o r  q u a lity  p e a t w ith  C a lh in a /  
E r io p h o r u m /T r ic h o p h o r u m  v e g e ta t io n  on  th e 
exposed Caithness flats. U ntil the 1970s this site 
w o u ld  h a v e  b e e n  c o n s id e r e d  u n p la n ta b le . 
G lengarry is also a non-flushed oligotrophic deep 
(2 m ) p e a t s ite  w ith  T r ich o p h o r iu n / S phagn u m  
vegetation. It is at 91 m  and fairly w ell sheltered 
b y  su rro u n d in g  h ills . S tra th a rd le , at 244 m , is 
m uch m ore exposed, particularly to the north. The 
so il is an  u p land  B row n  E arth  w ith  d o m in an t 
Calluna and a long history of m oor-bum ing. The 
site is fertile enough for Sitka spruce, but in this 
area , sp ru ce  is p ron e to sev ere  h ea th er ch eck . 
A d e q u a te  co n tro l by  h erb ic id es  is d iff icu lt  to 
achieve, as is show n in the adjacent stand of Sitka 
sp ru ce, w h ich  at 15 y ears even  after h erb ic id e 
treatm ent w as still appreciably  shorter than the 
slow est-grow ing seed origins of lodgepole pine in 
this experim ent.

Results
S u rv iv a l av erag ed  ov er 95%  at a ll s ites in the 
first year, bu t early grow th rate w as reduced by 
a n im a l b ro w s in g  d u r in g  th e  f ir s t  2 y e a rs  a t 
G le n g a rry , by  b la ck g a m e c lip p in g  o f b u d s  at 
Strathard le (55%  of the plants dam aged) and by 
blasting  w inds at Rum ster. The plants that grew  
aw ay  m o st rap id ly  (the So u th  C o asta l g roup) 
s u f fe r e d  le s s  b r o w s in g  a n d  c o n s e q u e n t  
d e v e lo p m e n t  o f  d o u b le  s te m s , th a n  th e  
in h e re n tly  s lo w e r-g ro w in g  A la sk a n  so u rce s , 
w h ich  re m a in e d  su sce p tib le  to  d am ag e fo r a 
longer period . A t R um ster the exp erim en t w as 
established on ground p loughed nearly  2 years 
e a r l ie r  a n d  th e  p la n ts  s o o n  b e g a n  to  sh o w  
nu trien t deficiencies, w hich  w ere corrected  by  a 
PK  top-dressing in 1972. The severe exposu re to 
b la s tin g  w in d s on  th is  s ite  a ffe c te d  th e seed  
origins differentially  (Lines, 1975). T hose w orst 
a ffected  w ere C oo m b s, V an co u v er Islan d  and 
S h e lto n  on  th e P u g e t S o u n d  o f W a sh in g to n , 
w hile Bandon, the m ost southerly  of the coastal 
O regon sources, also suffered  shoot d ieback  and 
foliage brow ning. By 15 years o f age survival of 
the C oom bs seed lot w as dow n to 68% , w ith  the 
su rv iv o rs  sh o w in g  p o o r fo rm . H o w e v e r, th e 
exp erim en t m ean  su rv iv a l w as still 93% , w ith  
o n ly  B a n d o n  a t  7 5 %  a n d  S h e lto n  a t 82 %  
significantly  below  average survival am ong the 
other origins.

T h e e x p e rim e n ts  w ere  a sse sse d  fo r  h e ig h t at 
3 , 6 , 10 an d  15 y e a rs . T h e  h e ig h ts  a t 3 y ea rs  
(L in e s  et a l .,  1 9 7 2 ) m a y  g iv e  a s l ig h t ly  m is ­
lead in g  im p ression  d u e to an im al dam age. A t 
15 years m ean height w as m easured on all of the 
30 trees per p lot at R u m ster and G lengarry ; at 
S t r a th a r d le  o n ly  th e  tw o  tr e e s  o f  la r g e s t  
d ia m e te r p er p lo t w ere  m e asu re d  for h e ig h t, 
thus in fla tin g  the m ean  h eig h t for the site. To 
a ch ie v e  g re a te r  u n ifo rm ity  w h en  co m p a rin g  
resu lts across all three sites, the 10-year m ean 
height data w ere used (see Table 34). The seed 
o r ig in s  h a v e  b e e n  g ro u p e d  u s in g  th e sev en
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Table 34. M ean h eight (m) at 10 years at Rum ster 4, G lengarry 14 and Strathardle 4 w ith origins 
arranged by  terpene regions

Identity
num ber

Seed origin Rum ster G lengarry Strathardle
O verall

mean

North Coastal
65(7986) 1 Sitka, Alaska 2.5 3.0 2.5 2.7
65(7987) 1 Juneau, Alaska 2.6 2.9 2.4 2.6
66(7987) 3 Petersburg, Alaska 2.5 3.2 2.5 2.7
65(7987)4 Ketchikan, Alaska 2.6 3.2 2.6 2.8
67(4113) 500 Hollis, Alaska ex W atten 2.7 3.2 2.8 2.9
65(7116)6 Tofino, Vancouver Island 2.8 4.1 (3.6) 3.5

Region means 2.6 3.3 2.7 2.9

Vancouver area
65(7116)7 Coom bs, V ancouver Island 2.4 4.5 4.1 3.7

Pngpt Sound
65(7973)2 Shelton, W ashington 2.8 4.3 3.9 3.7

South Coastal
65(7972) 1 Long Beach, W ashington 3.2 4.7 4.5 4.1
65(7951) 5H Tillam ook, Oregon 3.2 4.5 4.3 4.0
65(7951) 1 W aldport, Oregon 3.5 4.7 4.5 4.2
65(7952)5 Bandon, Oregon 3.0 4.5 4.0 3.8

Region m eans 3.2 4.6 4.3 4.0

Skeena/Bulklev
65(7114) 1 Terrace, Skeena River 3.0 4.0 3.8 3.6
65(7114)3 Hazelton, Skeena River 2.8 3.6 3.7 3.4
65(7114)7 Kitw anga, Skeena River 3.0 3.7 3.8 3.5
65(7114)8 Kispiox, Skeena River 3.1 3.5 3.6 3.4
65(7114)9 Cedarvale, Skeena River 3.2 3.8 3.6 3.5
65(7114)15 Bulkley Canyon, Bulkley River 2.9 3.9 3.7 3.5
65(7114)4 M oricetow n, Bulkley River 2.7 3.8 3.6 3.4
65(7114)13 Sm ithers, Bulkley River 3.0 3.7 3.6 3.4

Region m eans 3.0 3.8 3.7 3.5

Central Interior BC
65(7113) 2B Quesnel 3.0 3.5 3.4 3.3
65(7113)10 Burns Lake 2.8 3.4 3.6 3.2

Region m eans 2.9 3.4 3.5 3.3

Souther Interior BC
65(7118) 5A Falkland 2.9 4.0 3.9 3.6
65(7118)4 M ount Ida 3.0 3.8 3.7 3.5

Region m eans 3.0 3.9 3.8 3.6

Site mean 2.9 3.8 3.6 3.4

Standard error of mean I.past significa nt difference a

5% 1% 0.1%

Origins 0.06 0.16 0.22 0.27

Sites 0.02 0.06 0.08 0.10
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te r p e n e  r e g io n s  o f  F o r r e s t  (1 9 8 0 )  a s  th is  
p rod u ces a b iolog ically  m eaningfu l d iv ision  in 
term s of th e ir forest p erfo rm an ce . T h e T o fin o  
seed origin  w as not included in the Strathardle 
e x p e r im e n t b e c a u s e  o f p la n t s h o r ta g e s , and  
m is s in g  d a ta  w e re  c a lc u la t e d  b y  s ta n d a r d  
statistical m ethods.

E ach  e x p e rim e n t w as f irs t  a n a ly se d  in d iv id ­
ually; for all sites, at all ages from  3 to 15 years 
the seed  o rig in  d iffe re n c e s  w ere  v ery  h ig h ly  
sign ificant (***). A com bined analysis across the 
th r e e  s i te s  a t  10 y e a r s  g a v e  th e  f o l lo w in g  
results:

1. variation  betw een:

• seed origins;
• sites;
• origin x site interaction;
• replicates w ith in  sites;
• seed orig in  regions;

w ere all very  highly  significant (***);

2. on ly  the N orth  C oasta l reg ion  show ed  
significant (*) d ifferences am ong origins 
w ith in  regions;

3. b y  fa r th e la rg e st am o u n t o f v a ria tio n  
w a s  a c c o u n te d  fo r  b y  d i f f e r e n c e s  
betw een the seed regions.

T he p erfo rm an ce o f orig in s from  the d ifferen t 
seed regions w as very sim ilar at G lengarry  and 
S trath ard le, w ith  id entical rank order, b u t this 
c o n t r a s te d  w ith  th e  v e r y  d i f f e r e n t  r e s u l ts  
a t R u m s te r . A t th e  la t te r  s i te  th e  C o o m b s , 
V ancouver region origin  grew  so poorly  that it 
w a s  s u r p a s s e d  b y  th e  A la s k a n  g ro u p  an d  
ranked only seventh, w hereas it w as second in 
rank at G lengarry  and Strathardle. The A laskan 
o r ig in s  g re w  r e la t iv e ly  f a s t  a t  R u m s te r ,  
ach ieving  90%  of the exp erim en t m ean height, 
w h ile  th e y  w e re  o n ly  8 4 %  a n d  7 2 %  o f  th e 
experim ent m eans at G lengarry  and Strathardle. 
Even thou gh the Sou th  C oastal region  had the 
g rea test h e ig h t a t 10 y ears  at a ll s ite s , it w as 
only  slig htly  b etter than  m ost o th er g rou p s o f 
o rig in s  at R u m ster and  th is  w as sh o w n  ev en  
m ore clearly during the establishm ent phase. At 
the s ix th -y e a r  a sse ssm e n t, th e  S o u th  C o a sta l 
g ro u p  re g io n a l m e a n  w a s o n ly  10 4 %  o f th e 
m e a n  a t R u m ste r , co m p a re d  w ith  129%  an d  
122%  of the m eans at G lengarry  and Strathardle. 
T h e  S h e lto n , P u g e t S o u n d  o r ig in  a ls o  g rew  
m uch m ore slow ly  at R um ster than at the other 
sites. C on v ersely , the Sou th ern  In terio r region

ra n k e d  seco n d  a t R u m ste r  an d  fo u rth  a t the 
o ther sites, w h ile  the Skeena R iver group also 
p e rfo rm e d  re la tiv e ly  b e tte r  at R u m ster. Seed  
o rig in  x site  in teractio n  is con sid ered  in m ore 
detail later in this chapter.

A s n o te d  a b o v e , th e  a m o u n t o f  v a r ia t io n  
b e tw e e n  in d iv id u a l  s e e d  o r ig in s  w ith in  a 
r e g io n a l g ro u p  w a s n o t  s ig n if ic a n t ,  e x c e p t  
fo r  th e  T o f in o  s e e d lo t  in  th e  N o rth  C o a s ta l 
re g io n , w h o se  p e rfo rm a n c e  w as o u ts ta n d in g  
a t b o th  R u m s te r  an d  G le n g a rry . T o fin o  lie s  
m ore than 6° o f latitude further south than the 
A la s k a n  o r ig in s . A m o n g  th e  S o u th  C o a s ta l 
origins, Bandon w as consistently  poor in height. 
T h e Sk een a/ B u lk ley  R iv er orig in s w ere  rather 
uniform  in perform ance, w ith  Terrace, w hich is 
closest to oceanic influence, the tallest.

D iam eter grow th at 15 years in the Strathard le 
ex p erim en t w as h ig h ly  co rrela ted  w ith  h eig h t 
grow th and gave even h igher levels o f statistical 
s ig n ifica n ce . T h e h o m e co llected  p ro v en an ce , 
o r ig in a lly  fro m  H o llis , A la sk a , h ad  a s ig n if ­
ic a n tly  h ig h e r  m ean  d ia m e te r  th an  th e o th e r 
A la sk a n  o r ig in s , w h ile  in  th e  S o u th  C o a s ta l 
gro u p , L ong  B each  w as p o o rest for d iam eter, 
though the tallest for height. D iam eter variation 
w ithin  all other groups w as non-significant.

T h e  p ra c t ic a l c o n c lu s io n s  to b e  d ra w n  fro m  
these results are that although the South C oastal 
o r ig in s  w e re  o u ts ta n d in g  fo r  v ig o u r , th e ir  
su sceptibility  to dam age by snow  and w ind are 
so su sp e ct fro m  re su lts  in  o ld e r e x p e rim e n ts  
that it w ould  be unw ise to use them , except in 
ex cep tio n a l c ircu m stan ces . Snow  d am ag e had  
already started  in these origins at Strathardle by 
13 years and an assessm ent in N ovem ber 1982 
show ed that it w as confined  to this group. N o 
d am age occu rred  in the fast-grow in g , b u t less 
h eavily  crow ned, Shelton or C oom bs origins. In 
th e  o th e r  e x p e r im e n ts  a ll  t r e e s  w e re  s t i l l  
standing at 15 years, though som e basal sw eep 
or lean affected  m any trees in the South C oastal 
group. T h ere w as en ou gh  w in ter-co ld  d am age 
in  the early  y ears to act as a w arn in g  ag ain st 
u sing the O regon coastal sources on exposed far 
n orthern  sites, such  as the C aithness m oorlands, 
e v e n  if  th e  p ro b le m s  o f w in d firm n e s s  w e re  
ignored. This applied even m ore strongly  to the 
C o o m b s  a n d  S h e lto n  o r ig in s ,  w h ic h  w e re  
sev erely  dam aged  over-w inter at R um ster, bu t 
w h ic h  g re w  w e ll  o n  th e  G le n g a r r y  a n d  
S tr a th a r d le  s ite s . T h e  b e s t  o r ig in s  fro m  th e 
S k een a/ B u lk ley  reg ion  grew  at ab ou t average 
rate  or ab ov e on  all three sites and  com bin ed  
good stem  form  w ith  adequate foliage retention,

78



even on the severe Rum ster site. Those from the 
Central Interior of BC w ere the slow est-grow ing 
of the in la n d  re g io n s , th o u g h  stem  form  w as 
good. The South Interior of BC origins grew quite 
fast and, rather surprisingly, ranked second for 
height on  the exp osed  R u m ster site at both  10 
and 15 years, in view  of the fact that their crowns 
tend ed  to b e  le ss  d en se  th an  the b e s t Skeena 
River ones. M ost o f the A laskan  orig ins in the 
N orth  C oasta l group grew  too slow ly  to be of 
practical value as pure p lantations, though this 
in h e r e n t ly  s lo w  g ro w th  r a te  is  a p o s it iv e  
a d v a n ta g e  in  in t im a te  m ix tu r e s  w ith  S itk a  
s p ru c e . H o w e v e r , th e  T o f in o  s e e d lo t  g rew  
significantly faster than the m ean of this group, 
and could certainly be considered as a safe choice 
fo r a w id e  ra n g e  o f p o o r  s ite s ; its  h e ig h t at 
G lengarry exceeded that of any inland origin.

1970/71 experiments
As n oted  in  C h a p te r 7, o rig in s from  the 1965 
seed collection  w ere grow n as 1+1 transplants at 
two n u rseries in England  and two in Scotland. 
The p lan n in g  of the forest stage w as carefully  
d esig n ed  to  co v e r  a w id e  ran g e of s ite  ty p es 
th rou g h o u t B rita in , so  th at any seed  o rig in  x 
environm ent in teraction  w ould be revealed and 
any seed orig ins that w ere insufficiently  hardy 
for w ide-scale u se w ould  be elim inated.

T h ir te e n  s i te s  w e re  s e le c te d  (T a b le  4 ) . A n  
ad d itio n a l a sp e c t w as th a t on  sev en  s ites  the 
design in corp orated  sp ecies com p arisons w ith  
either Sitka spruce or Scots and C orsican pines 
random ised into the design.

In Scotland and northern  England the num bers 
of p lants av ailab le  varied  so m u ch that it w as 
decided to allocate the seed  origins selectively, 
so that on the drier heath land  sites the interior 
origins w ere  m ore fu lly  rep resented , w hile on 
the w etter northern  peats a h igher proportion of 
c o a s ta l  o r ig in s  w e re  in c lu d e d , w h ile  s t i l l  
keeping a range of seed origins com m on to all 
sites. In W ales , so u th -w e st E n glan d  and east 
England the sam e 72 origins w ere used in three 
rep licates o f sm all p lo ts and  tw o rep licates of 
larger ones, except at Thetford  w here only sm all 
plots w ere used.

T a b le  4 sh o w s th a t th e se  e x p e rim e n ts  co v e r 
a w id e  ra n g e  o f la t itu d e s  fro m  58  1 5 ' N at 
R u m ster to 51° N  at B ren d o n , and  a ran g e of 
elevation from  12 m  at M abie to 396 m  at Tywi. 
R a in fa ll  v a r ie s  fro m  6 0 0  m m  p e r  a n n u m  at 
T h e tfo r d  to  1 9 0 5  m m  a t G le n g a r r y  an d  
Beddgelert.

V a r io u s  e x p e r im e n ta l  d e s ig n s  w e re  u se d , 
including random ised  b locks, balanced  lattices 
and  p a rtia lly  b a la n ced  in co m p le te  b lock s. In 
m ost cases, little  gain  in p recis io n  w as found 
from  using the m ore com p lex designs (several 
o f  w h ic h  w e re  c o m p r o m is e d  b y  in c o r r e c t  
la y o u t) and  fo r the m o st p art the d ata  w ere  
analysed using sim ple random ised blocks.

T h e  86 see d  o r ig in s  in v o lv e d  in c lu d e  th o se  
already used in  the 1969 series, bu t the larg er 
n u m b e rs  p e rm it m o re  in te n s iv e  s c ru tin y  o f 
v a r ia t io n  w ith in  a se e d  o r ig in  r e g io n . F o r  
exam p le , in stead  of o n ly  tw o seed  o rig in s in 
th e S o u th  In te r io r  o f  BC  g ro u p  in th e  19 6 9  
experim ents, in the M abie experim ent 18 seed ­
lo ts  ca n  b e  c o m p a r e d  fro m  th is  r e g io n . 
A lth o u g h  m o st o f th e co lle c tio n s  w ere  m ad e 
through com m ercia l seed  m erch an ts, no cases 
h a v e  b e e n  fo u n d  w h e re  th e  s ta te d  o r ig in  is 
incorrect. Terpene patterns determ ined for 70 of 
these seed lots (Forrest, 1980) p rovided  further 
evidence for their authenticity.

Results
The establishm ent of this series o f experim ents 
w as g en era lly  v ery  su cce ss fu l, w ith  su rv iv a l 
exceed ing 95%  in m ost exp erim en ts. O n som e 
sites, the M endocino, C aliforn ia , orig in , w hich 
w as tallest at planting, had the poorest survival. 
T h is  w a s  p a r t ic u la r ly  lo w  a t th e  n o r th e r n  
experim ent Shin 25. Early foliage brow ning w as 
also  n oted  on  the C oom bs, V an co u v er Islan d  
seedlot and anim al brow sing had a slight effect 
in a few  experim ents. The South C oastal group 
of o rig in s grew  p oorly  for the first 3 y ears at 
R u m ster, ju s t as these had  a p oor start in the 
1969 exp erim en t at this forest. R esu lts for the 
Shin  and R osarie exp erim ents at 3 y ears w ere 
p u b lis h e d  b y  L in e s  (1 9 7 6 a )  a n d  a g e n e r a l  
sum m ary of h eight grow th at 6 y ears by seed 
regions for 13 sites (including the 1969 series) 
w as also reported (Lines, 1977). H eight grow th 
at 10 years for the regional groups o f origins on 
12 s ite s  sh o w ed  th a t re g io n a l m e a n s  v a ried  
from  80%  of the overall m ean for orig ins from  
the W a sh in g to n  C a sca d es , to 116%  fo r th ose 
from  the S o u th  C o a sta l re g io n  (L in es, 1985). 
T h ese  last tw o re p o rts  b rin g  to g eth er  se ts  o f 
seed orig ins that d iffer betw een  sites, and  the 
6-year data w ere analysed using a program m e 
in w hich a great m any m issing values had to be 
c a lc u la te d . T h e  e x p a n d in g  e v id e n c e  o f  fa r  
greater variation betw een regional groups than 
w ith in  g rou p s p ro v id es som e ju stifica tio n  for 
using such a m ethod to exam ine the pattern of 
grow th betw een the different regions. H ow ever,
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in  an  a n a ly s is  a c r o s s  s i te s  th a t  is  lo o k in g  
specifically  at seed origin  x site interaction, it is 
preferable to adopt a m ore conservative m ethod 
u sing a sm aller nu m ber o f seed  orig ins, w hich 
are w ell represented  across a sm aller num ber of 
sites to give m ore reliable results.

M ean heights w ere assessed at 6 and 10 years in 
m ost experim ents. H ow ever, at 15 years due to 
th e  p r e s s u r e  o f  w o rk  on  f ie ld  s t a f f ,  th e  
experim ents at G lengarry  and Beddgelert w ere 
assessed  at 16 and 14 years respectively . A lso, 
w h ile  the m ajo rity  o f exp erim en ts w ere  g iven  
100%  h e ig h t a sse ssm en t a t 15 y ears , th o se  at 
Broxa and G lentrool w ere assessed  on a sm al­
ler sam p le o f the trees of largest d iam eter per 
p lot. A s a resu lt, a lth o u g h  the re la tiv e  d iffe r­
ences betw een  the seed  orig ins in these exp er­
im ents rem ain  perfectly  valid , for the purposes 
o f s ta t is t ic a l c o m p a r iso n  a c ro ss  s ite s  in  th is  
Paper it w as preferable to restrict consideration  
to  th e  1 0 -y e a r  h e ig h t  a s s e s s m e n t .  N in e  
e x p e r im e n ts  c o n ta in  th e  5 8  s e e d  o r ig in s  
selected , w ith  only a sm all n u m ber o f m issin g  
v a lu e s . T a b le  35 sh o w s th e m e a n  h e ig h ts  in 
these experim ents, w hich  cover the w hole o f the 
la titu d in a l ran g e  in  B rita in . T h e seed  o rig in s  
h a v e  b e e n  a r r a n g e d  in  th e  s a m e  te r p e n e  
re g io n a l g ro u p s as fo r th e 1969  e x p e rim e n ts  
(Table 34).

The analysis o f variance across sites (Table 36) 
show s that h eigh t d ifferences b etw een  origins, 
sites, origin x site interaction, rep lications w ithin 
sites and seed region m eans w ere all very highly 
significant (***).

Analysis of height responses
T he h eight data are exam ined  first as they are 
presented in Tables 35 and 37  and origin  x site 
in teractions d iscussed later.

A s e x p e c te d , th e  S o u th  C o a s ta l g ro u p  w e re  
oustanding for height on all sites, and w hile the 
m o st so u th erly  one from  B an d on  w as p o o rest 
o n  s e v e n  o u t o f  th e  n in e  s i te s ,  it  w a s  n o t 
s ig n ifica n tly  sh orter than  the o th ers from  th is 
re g io n . C o o m b s  w as th e  so le  re p re s e n ta t iv e  
from  th e V an co u v er reg ion . It ran k ed  secon d  
and its p erfo rm an ce w as very  sim ilar to those 
from  the P u g et Sou nd . T h e tw o P u g et Sou nd  
orig ins d iffered  at the 5%  level o f sign ificance, 
w ith  Shelton  poorer than Rainier on seven sites. 
T he South Interior of BC region ranked fourth. 
There w ere h ighly  significant d ifferences w ithin

this group, the tallest being  from  M ount Ida and 
the n earby  C h arco al C reek . T h e sh o rtest w ere 
Esperon Lake and Steavens M eadow  (both from  
high elevation  sites), and 100 M ile H ouse from  
the C a rib o u  P a rk la n d s , a m u ch  d rie r  reg io n . 
T h ese resu lts  co n firm  the op in ion  o f A ld hou s 
(1976) that it is best to choose orig ins from  the 
re la tiv e ly  restricted  'In te r io r  W et B e lt ' w ith in  
th is  la r g e  r e g io n . T h e  s e e d  o r ig in  fro m  
C le a r w a te r , w h ic h  w as th e  ta l le s t  fro m  th is  
g ro u p  a t th e  n u r s e ry  s ta g e  an d  s t i l l  se c o n d  
tallest at 6 years, had fallen to seventh  place by 
the tenth year and ranked eighth at 15 years.

The Skeena region cam e fifth  for overall height 
and proved to be very u niform  in perform ance. 
T h e  d if f e r e n c e  b e tw e e n  th e  t a l le s t  s e e d lo t  
(T e rr a c e )  a n d  th e  s h o r te s t  (S m ith e rs  -  h ig h  
elevation) w as not statistically  significant.

T h e M en d o cin o , C a lifo rn ia , o rig in  p erfo rm ed  
v e ry  e r r a t ic a lly  (se e  b e lo w ) w ith  an  o v e ra ll 
m ean  h e ig h t fa r  lo w e r  th a n  th e  m o st s o u th ­
erly O regon C oastal origin. It ranked second at 
6 y e a r s ,  s ix th  a t  10  y e a r s  a n d  s e v e n th  a t 
15 years. Its nursery height as a 1+1 transplant 
w as o u tstan d ing  (see T able  11), ex ceed in g  the 
n ex t ta lle s t seed  o rig in  by  a c lea r 2 cm , thus 
sh ow in g  h ow  d an g ero u s it w ou ld  be to m ake 
decisions on su itab ility  o f origins for w ide-scale 
use too early.

T h e C en tra l In terio r o f BC grou p  had  a m ean  
height slightly  below  the experim ent m ean and 
sh ow ed  little  v aria tio n  in v ig o u r b etw een  the 
13 origins. The tallest w as from  V and erhoof on 
th e  N e c h a k o  R iv e r  a n d  th e  s h o r te s t  fro m  
G erm an sen  Lake, the m ost n orth erly  orig in  in 
this region included  for group analysis.

T h e  N o rth  C o a s ta l g ro u p  sh a re  v e ry  s im ila r  
te rp e n e  p a tte rn s , th o u g h  the A lask an  o rig in s  
form ed a uniform  group w ith  slow  grow th rate, 
w h ile  th e  M a s s e t , Q u e e n  C h a r lo t te  Is la n d s  
origin w as very significantly  taller.

T h e  tw o  W a sh in g to n  C a sca d e s  o r ig in s  g rew  
slo w e r th an  an y  A la sk a n  o rig in  and  w ith  no 
sign ificant d ifference betw een  them , w hile the 
two from  East o f the R ocky M ountains show ed 
large differences. The C ypress H ills seedlot w as 
significantly  taller than that from  C row snest in 
the A lberta R ocky M ountain  foothills. The latter 
w as from  the h ighest elevation  (1635 m) o f any 
seedlot in this series, w hich perhaps explains its 
exceedingly  slow  grow th.
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Table 35. Mean height (m) 10 years after planting of 58 origins at nine sites

M abi Shin Rum s G IG a Rosa G ITr Brox Bren Tyw i M ean

North Coastal
1 G ustavus 3.5 2.6 2.7 3.6 3.4 3.6 3.1 2.1 2.6 3.1
2 Sitka 3.1 2.4 2.3 3.6 3.2 3.4 3.0 1.9 3.0 2.9
3 Petersburg 3.7 2.4 3.0 3.7 3.0 3.6 2.7 2.1 3.2 3.1
4 Ketchikan 3.5 2.3 2.9 3.5 3.4 3.6 3.1 1.8 2.9 3.0
5 Annette Island 3.2 2.6 2.7 3.6 3.1 3.5 2.6 1.8 3.0 2.9
6 M asset 4.2 2.9 3.0 3.7 3.5 4.1 3.2 2.0 3.5 3.4

Region means 3.5 2.5 2.8 3.6 3.3 3.6 3.0 2.0 3.0 3.1

Vancouver Area
7 Coom bs 5.0 3.0 2.5 4.2 4.4 4.5 4.0 2.4 4.0 3.9

Region means 5.0 3.0 2.5 4.2 4.4 4.5 4.0 2.4 4.0 3.9

Puget Sound
8 Shelton 4.6 2.9 2.7 4.0 4.0 4.5 3.7 2.9 3.7 3.7
9 Rainier 4.9 3.0 2.6 4.9 4.4 4.7 4.1 2.8 3.9 4.0

Region m eans 4.8 2.9 2.7 4.4 4.2 4.6 3.9 2.9 3.8 3.9

South Coastal
10 Long Beach 5.3 3.5 3.3 4.3 4.6 5.1 4.6 3.3 4.2 4.3
11 W arrenton 5.3 3.9 3.3 4.6 4.5 5.1 4.3 3.3 4.4 4.3
12 N ew port, W aldport 5.1 4.1 3.3 4.6 4.5 5.1 4.2 3.4 3.9 4.3
13 N ew port 5.2 4.0 3.2 4.7 4.6 4.9 4.5 3.4 4.5 4.4
14 Bandon 5.1 3.3 3.0 4.3 4.4 5.0 4.1 3.1 4.5 4.1

Region m eans 5.2 3.8 3.2 4.5 4.5 5.0 4.3 3.3 4.3 4.3

California
15 M endocino 4.6 1.5 2.9 2.8 3.9 4.1 4.4 3.2 3.5 3.5

Region m eans 4.6 1.5 2.9 2.8 3.9 4.1 4.4 3.2 3.5 3.5

Skeena/Bulkley
16 Kispiox 305 m 4.3 3.2 2.8 3.9 3.6 4.1 3.4 2.4 3.5 3.5
17 Kispiox 460 m 4.4 3.1 3.0 4.3 3.7 4.2 3.4 2.4 3.5 3.6
18 Skeena Crossing 4.4 3.2 2.8 4.0 3.8 4.2 3.5 2.5 3.6 3.6
19 Kitw anga 4.3 3.1 2.9 4.0 4.0 4.2 3.5 2.2 3.7 3.6
20 Cedarvale 4.4 3.1 3.2 4.0 3.8 4.3 3.5 2.4 3.6 3.6
21 Terrace 4.4 3.4 2.9 3.8 3.8 4.4 3.7 2.6 3.6 3.7
22 Babine 4.2 3.1 3.3 4.0 3.7 4.6 3.4 2.3 3.6 3.6
23 Bulkley Canyon 4.2 3.1 3.0 4.0 4.0 4.2 3.5 2.4 3.6 3.6
24 Sm ithers 610 m 4.3 3.1 3.1 4.0 3.8 4.2 3.7 2.4 3.6 3.6
25 Sm ithers 760 m 4.2 3.0 3.1 3.9 3.7 4.2 3.4 2.2 3.6 3.5
26 Sm ithers 915 m 4.2 2.2 2.9 3.9 3.6 3.9 3.5 2.4 3.5 3.5
27 Sm ithers 1065 m 4.1 2.9 3.0 3.8 3.6 3.8 3.5 2.3 3.3 3.4
28 Telkw a 4.2 3.3 2.9 3.9 3.9 4.2 3.5 2.3 3.5 3.6

Region m eans 4.3 3.1 3.0 4.0 3.8 4.2 3.5 2.4 3.6 3.6

Central Interior
29 Germ ansen Lake 3.7 2.9 3.1 3.7 3.5 3.6 3.3 1.9 3.2 3.3
30 Pendleton Bay 4.0 2.8 3.0 3.8 3.6 4.0 3.3 2.0 3.4 3.4
31 Topley 3.9 2.8 2.9 3.8 3.7 4.0 3.4 2.3 3.2 3.4
32 Fort St Jam es 4.2 2.9 3.0 3.9 3.8 4.2 3.4 2.2 3.4 3.5
33 Burns Lake 760 m 3.9 2.7 2.7 3.7 3.4 3.9 3.5 2.3 3.4 3.3
34 Burns Lake 915 m 3.7 2.7 2.7 3.9 3.3 3.8 3.5 2.3 3.1 3.3
35 Fraser Lake 4.0 2.9 2.9 3.8 3.8 4.1 3.2 2.6 3.4 3.5
36 Vanderhoof 4.2 3.5 2.8 4.0 4.0 4.1 3.5 2.4 3.4 3.6
37 W istaria 3.9 3.3 2.8 3.8 3.7 4.0 3.5 2.1 3.4 3.4
38 Takysie 4.0 2.8 3.0 3.8 3.6 4.0 3.4 2.2 3.3 3.4
39 Anahim Lake 3.9 2.7 2.8 3.9 3.5 3.8 3.3 2.2 3.0 3.3
40 Pr G eorge 915 m 4.1 3.3 3.0 3.9 3.9 4.1 3.6 2.4 3.5 3.6
41 Barkerville Road 4.2 3.3 2.9 3.5 3.8 4.2 3.6 2.6 3.6 3.5

Region means 4.0 3.0 2.9 3.8 3.7 4.0 3.4 2.3 3.3 3.4
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Table 35 (contd)

M abi Sh in R um s G IG a Rosa G ITr Brox Bren Tyw i M ean

South Interior 
42 100 Mile House 4.3 3.2 2.7 4.0 4.0 4.2 3.7 2.2 3.4 3.6
43 Clearw ater 4.5 2.6 2.9 4.2 4.1 4.3 3.9 2.5 3.9 3.7
44 Chase Creek 4.3 3.6 3.0 4.0 4.2 4.4 3.9 2.3 3.8 3.8
45 Salm on Arm 4.3 3.2 3.1 4.1 4.3 4.1 3.8 2.2 3.7 3.7
46 M ount Ida 4.5 3.3 2.8 4.4 4.3 4.6 3.8 2.7 3.7 3.8
47 Harper Lake 4.3 3.2 3.2 4.1 4.0 4.3 3.9 2.2 3.5 3.7
48 Charcoal Cr. 915 m 4.4 3.3 3.1 4.3 4.0 4.4 3.8 2.6 3.6 3.8
49 Charcoal Cr. 1220 m 4.5 3.2 3.2 4.1 4.3 4.5 3.9 2.5 3.6 3.8
50 Steavens M eadow 3.9 3.0 2.9 4.0 4.1 4.1 3.6 2.2 3.3 3.5
51 Tunkwa 4.4 3.2 3.3 4.1 3.8 4.2 3.7 2.6 3.5 3.7
52 Falkland 760-915 m 4.3 3.5 3.2 4.2 4.0 4.5 4.0 2.4 3.9 3.8
53 Esperon 3.8 2.7 3.1 3.7 3.6 3.8 3.2 2.0 3.1 3.3
54 Terrace Creek 4.2 3.2 3.0 4.1 3.9 4.3 3.8 2.5 3.4 3.7

Region m eans 4.3 3.2 3.0 4.1 4.0 4.3 3.8 2.4 3.6 3.7

East of Rockies 
55 Crow snest 3.1 1.9 2.1 3.1 3.1 3.0 2.7 1.6 2.5 2.6
56 Cypress Hills 3.3 2.3 2.7 3.4 3.2 3.4 2.9 2.2 2.7 2.9

Region m eans 3.2 2.1 2.4 3.2 3.2 3.2 2.8 1.9 2.6 2.8

W ashington Cascades 
57 Bird Creek 3.5 2.5 2.2 3.1 3.1 3.3 2.8 1.8 2.7 2.8
58 Peterson Prairie 3.3 2.0 2.6 2.9 3.2 3.3 2.9 2.0 2.8 2.8

Region means 3.4 2.3 2.4 3.0 3.1 3.3 2.9 1.9 2.8 2.8

Overall m ean 4.2 3.0 2.9 3.9 3.8 4.1 3.6 2.4 3.5 3.5

Key to sites: Mabi = M abie, Shin = Shin, Rum s = Rum ster, GIGa = Glengarry 
Rosa = Rosarie, GITr = Glentrool, Brox = Broxa, Bren = Brendon 
Tywi = Tywi

Table 36. A nalysis of variance across nine sites

Sou rce
D eg rees o f 

freed om
M ean

squ are
D iffe re n ce s  

s ig n ifica n t at:

Seed origins 57 4.5324 ***

Sites 8 75.2192 ***

O rigin  x site interaction 335 0.2317 ***

R eplicates w ith in  sites 24 0.7310 ***

R eplicates x origins w ithin  sites 1048 0.0562

Total for p lot m eans 1472

The breakdow n of the d ifferences w ithin regions is show n in T able 37.
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Table 37. R egional m ean heights (m) and significance of differences w ithin regions

Seed region Mean
height

Number
of

origins

Standard
error± Rank

Differences among 
origins within regions 

significant at:

N orth C oastal 3.08 6 0.017 8 *+*

V ancouver 3.86 1 0.041 2 n.s.

Puget Sound 3.86 2 0.029 3 *

South C oastal 4.29 5 0.018 1 n.s.

C alifornia C oast 3.50 1 0.041 6 n.s.

Skeena/Bulkley 3.57 13 0.114 5 n.s.

C entral In terior BC 3.41 13 0.114 7 *

South Interior BC 3.68 13 0.114 4 **

East of R ocky M ts 2.77 2 0.029 10 **

W ashington C ascades 2.83 2 0.029 9 n.s.

O verall 3.49 58

Analysis o f origin x site interactions

A r e g r e s s io n  a n a ly s is  u sed  in  th is  se r ie s  o f 
exp erim ents w as sim ilar to that d eveloped  by 
Finlay and W ilk in son  (1963). The m ethod uses 
the m ean height o f all seed origins at a site as an 
index of the total en v iron m en ta l cond itions at 
that site. The regression  of individual origin per­
form an ce on th is  s ite  in d ex  a cross all s ites  is 
then used to show  the overall response to site 
potential and the consistency  of each origin. The 
object of the analysis is to provide three aspects 
o f th e  p e r fo r m a n c e  o f  e a c h  se e d  o r ig in  in  
re la tio n  to its g ro w th  on  a ran g e of d ifferen t 
sites. These are:

1. its overall mean height;

2. its response to an increasing trend in site 
conditions, e.g. h igher fertility, a longer 
grow ing season, or greater shelter; and

3. its  co n s is ten cy  in  g ro w th  p e rfo rm a n ce  
(note that in m athem atical term inology, 
'stability ' is a better expression than 'con­
sistency', but the latter term  is used here 
to avoid  co n fu sio n  w ith  its m echanical 
stability against w ind or snow).

Response
The regression  analysis show s the overall m ean 
h e ig h t (a lr e a d y  g iv e n  in  T a b le  35 ) an d  th e 
reg ression  co e ffic ie n t or resp on se. The results 
are  sh o w n  in  T a b le  38 . O r ig in s  th a t h ad  an

average response w ere rated  1.0, those w ith  a 
h igher or low er response being rated above or 
below  this figure. Those w ith a higher response 
sh o w  b e t te r  r e la t iv e  g ro w th  on  th e  h ig h e r  
quality sites, w hile those w ith a low er response 
show  their b est re lativ e grow th  on the p oorer 
sites. All the regression  coeffic ien ts w ere very  
h ig h ly  s ig n if ic a n t  { * * * ) ,  e x c e p t  th a t fo r  
M e n d o c in o , w h ich  w as n o t s ig n if ic a n t. T h e 
g e n e r a l c o n c lu s io n  w a s  th a t th e  h ig h ly  
s ig n ifica n t d iffe re n c e s  am o n g  th e re g re ss io n  
slopes do explain  origin  x site in teraction , bu t 
that significant deviations about the regression 
lines rem ain. Figure 13 illustrates the regression 
s lo p e s  fo r  th ree  o rig in s . C o o m b s h a s a h ig h  
re g re ss io n  co e ffic ie n t (1 .526) or resp o n se . Its  
p erfo rm an ce  co n tra sts  w ith  th a t o f S m ith e rs , 
65(7114)13, w hich has a near average response 
(regression  coefficien t 0.996). N ote that on the 
b e t te r  s i te s  C o o m b s  w a s  m u ch  ta l le r  th a n  
Sm ith ers, w h ereas on the three p o o rest s ites , 
C o o m b s  w a s s h o r te r  th a n  S m ith e r s .  T h e  
r e g r e s s io n  l in e  fo r  M e n d o c in o  w a s  n o n ­
significant and its w ide scatter of points w ill be 
discussed below .

If the overall orig in  m ean heigh ts at 10 years 
are p lotted  ag ain st the reg ression  co e ffic ie n ts  
(F ig u re  14) a c le a r  p a t te r n  e m e r g e s  o f  th e  
r e la t io n s h ip  b e tw e e n  m e a n  h e ig h t  o f  th e  
different origins and their interaction w ith site 
quality. In general, the origins form ed a natural 
grouping into the seed origin regions and their 
perform an ce w ill now  b e d iscu ssed  reg ion  by 
region.
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Figure 13. Regression of seed origin height on site mean height for Coombs, Smithers and 
M edocino at 10 years.
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Figure 14. Scatter diagram relating overall origin mean height at 10 years and regression coefficient.
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Table 38. Response and consistency of 58 seed origins from analysis across sites at 10 years

Id en tity
n um ber

O rig in
R esp on se

R egression
co effic ie n t

C o n sisten cv
R esid u al

N orth C oastal
(7987)100 G lacier Bay 0.816 0.130*
(7986)1 Sitka 0.833 0.160**
(7987 )3 Petersburg 0.804 0.320***
(7987) 4 Ketchikan 0.908 0.189**
(7987) 5 A nnette Island 0.754 0.244***
(7111)1 M asset 1.076 0.109

V ancouver
(7116 )7 Coom bs 1.526 0.242***

Puget Sound
(7973 )2 Shelton 1.111 0.231***
(7975) 2A Rainier 1.454 0.360***

South C oastal
(7972) 1 Long Beach 1.157 0.282***
(7951 )4 W arrenton 1.142 0.177*“
(7951) 1 W aldport 1.029 0.240***
(7951) 1H N ew port 1.064 0.269***
(7952)5 Bandon 1.244 0.305***

C alifornia C oast
(7948)100 M endocino 0.941 2.515**’

Skeena/Bulklev
(7114)8 Kispiox, 305 m 0.993 0.067
(7114) 8A Kispiox, 457 m 1.112 0.116*
(7114)5 Skeena C rossing 1.060 0.053
(7114)7 Kitw anga 1.128 0.038
(7114)9 C edarvale 1.041 0.050
(7114)1 T errace 0.981 0.098
(7114)12 Babine 0.992 0.162*“
(7114)15 Bulkley C anyon 0.987 0.022
(7114)13 Sm ithers, 610 m 0.996 0.020
(7114) 13A Sm ithers, 762 m 1.034 0.064
(7114) 13B Sm ithers, 914 m 0.974 0.034
(7114) 13C Sm ithers, 1067 m 0.890 0.050
(7114)2 Telkw a 0.968 0.047

Central In terior o f HC
(7113)11 G erm ansen Lake 0.833 0.148*
(7113 )6 Pendleton Bay 1.024 0.067
(7113) 12 T opley 0.935 0.023
(7113) 1 Fort Fraser 1.077 0.025
(7113)10 Burns Lake, 762 m 0.938 0.040
(7113) 10A Burns Lake, 914 m 0.894 0.146*
(7113) 1A Fraser Lake 0.847 0.080
(7113)5 V anderhoof 0.970 0.166**
(7113)9 W istaria 0.917 0.106
(7113) 17 Takysie 0.956 0.026
(7113)3 A nahim  Lake 0.956 0.077
(7113) 4B Prince G eorge 0.908 0.030
(7113) 2A B arkerville Road 0.840 0.102

South Interior o f BC
(7118)8 100 M ile H ouse 1.139 0.062
(7118)6 C learw ater 1.231 0.167**
(7118) 1A C hase C reek 1.063 0.167**
(7118) 4A Salm on Arm 1.079 0.134*
(7118)4 M ount Ida 1.152 0.135*
(7118) ID H arper Lake 1.065 0.081
(7118) 5B C harcoal Creek, 914 m 1.026 0.034
(7118) 5C C harcoal Creek, 1067 m 1.113 0.042
(7118) 9A Steavens M eadow 1.040 0.108
(7118)3 T unkw a Lake 0.885 0.045
(7118) 5A Falkland 0.981 0.094
(7118)100 E speron Lake 0.896 0.103
(7118)102 T errace C reek 0.980 0.045

East o f Rockv M ountains
(7123)100 C row sn est 0.905 0.106
(7124)100 C ypress H ills 0.715 0.097

W ashington C ascades
(7976)6 Bird C reek 0.899 0.037
(7976)5 Petersen  Prairie 0.720 0.146*
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O v e ra ll th e re  is  a b ro a d  p a tte rn  o f re sp o n se  
(re g re s s io n  c o e ff ic ie n t)  in c re a s in g  w ith  tree  
h e ig h t. T h is  w as a lso  tru e fo r th e  re g re ss io n  
an aly sis  for h e ig h t at 6 and  15 y ears and  has 
b ee n  o b se rv e d  fo r  b o th  S itk a  s p ru ce  (L in e s , 
1987b) and for D ou glas fir (Lines and Sam u el, 
1987). W h at is p erh ap s u nu su al for lo d g ep ole 
pine is that origins in the South C oastal region 
had a re la tiv e ly  low  resp on se for their h e ig h t 
(only Bandon w as greater than 1.157), i.e. they 
w ere able to grow  fast on both poor and good 
sites. By con trast, in the P u g et Sou nd  reg ion al 
g r o u p , R a in ie r  h a d  a n  e x c e p t io n a l ly  h ig h  
re sp o n se  (1 .4 5 4 ) an d  w as n o t fa r  b e h in d  the 
Sou th  C oasta l group in  m ean  h eig h t, w hereas 
Shelton had a m arkedly low er response (1.111) 
and its m ean height w as only  m arginally  better 
than the m ean of the South In terior o f BC group. 
R ainier grew  poorly  on the testing northern  sites 
a t S h in  an d  R u m ste r , p a r t ic u la r ly  th e la tte r , 
w here it w as w ell below  the experim ent m ean, 
w hereas on the m ore sheltered  G lengarry  site it 
achieved 129%  of the exp erim en t m ean height. 
C o o m b s  in  th e  V a n c o u v e r  r e g io n  h a d  th e  
h ighest response o f all (1.526) and behaved in a 
s im ila r  m a n n e r  to  R a in ie r . I ts  p e r fo rm a n c e  
across the range of sites is show n in Figure 13. 
It is typical o f other seed orig ins from  this area, 
w h ich  are  v ery  re sp o n siv e  to  g oo d  s ite s  and  
p erfo rm  b a d ly  on p o o r q u a lity  exp o sed  sites. 
The Sou th  In terior of BC region  is represented  
by  13 orig in s, form in g  a fairly  com p act group 
th a t fo llo w  th e b ro a d  p a tte r n  o f in c r e a s in g  
resp on se w ith  g rea ter m ean  h eigh t. H ow ev er, 
th ey  sh ow  im p o rta n t d iffe re n c e s  in  re sp o n se  
w ith in  the re g io n . T h u s, C le a rw a te r  h ad  th e 
h ig h e st re sp o n se  (1 .231 ) w h ile  T u n k w a  L ak e 
w as w ell below  average (0.885) in response, yet 
b o th  had very  sim ilar m ean  h eig h t overall. A t 
the testing  Shin  and R u m ster sites, C learw ater 
w as on ly  81%  and  94%  o f the re g io n a l m ean, 
w h e r e a s  T u n k w a  L a k e  w a s  ta l le r  th a n  
C le a rw a te r  a t R u m ster. It w as n o t p re sen t at 
Shin and did not grow  so fast as C learw ater on 
the b etter sites  a t M abie and  G len tro o l. T h ere 
w as a tendency for low  elevation  orig ins to have 
a h ig h  r e s p o n s e ,  w h e r e a s  th e  tw o  h ig h e s t  
elevation  sources had a low response.

T h e  S k e e n a / B u lk le y  r iv e r  r e g io n  a ls o  h a s  
13 orig ins, w h ich  form  an even  m ore com p act 
g ro u p  in  th e s c a tte r  d ia g ra m  th an  th e  S o u th  
Interior o f BC  group. T heir response varied  only 
b etw een  1 .128 for K itw an g a and  0 .890  for the 
h ig h est e lev a tio n  Sm ith e rs  o rig in . T h e sca tter  
d ia g ra m s fo r h e ig h t a t 6 y e a rs  and  15 y ears  
(n o t in c lu d e d )  a lso  sh o w  a s im ila r  c o m p a c t 
grouping.

T h e  M e n d o c in o  o r ig in  a p p e a rs  in  F ig u re  14 
ab ou t h alfw ay  b etw een  the Sou th  C oasta l and 
N o rth  C o a s ta l g ro u p s . A s n o te d  a b o v e , its  
regression coefficient w as the only non-significant 
one ou t o f 58 orig ins, p robably  becau se o f the 
w id e scatter. T h is o rig in  is u niqu e in  n ot only  
grow ing poorly on the northern site at Shin  (it is 
a b se n t fro m  R u m ste r) , b u t a lso  h a v in g  su ch  
poor survival there as to m ake the m ean height 
o f d o u b tfu l re lia b ility . T h is  co n tra sts  w ith  its 
m uch better grow th on the poor fertility  site at 
B ren d o n . O n  th is  so u th ern  s ite  w ith  a ra th er 
m ild  w in t e r  c l im a te  it  w a s  ta l le r  th a n  th e  
experim ent m ean.

T h e  C e n tr a l In te r io r  o f  BC  g ro u p  fo rm e d  a 
sim ilar com p act group to that from  the Skeena 
R iv e r , th o u g h  w ith  b o th  p o o re r  h e ig h t  an d  
lo w e r  re sp o n se ; o n ly  tw o  o r ig in s  h ad  a b o v e  
a v e ra g e  re sp o n se  (F o rt F ra se r  an d  P en d le to n  
B ay). W ith in  this g ro u p  th e re  w as n o  o v era ll 
tre n d  o f h ig h e r  re sp o n se  w ith  g re a te r  m ean  
h e ig h t . It  is  in te r e s t in g  to  n o te  th a t  P r in c e  
G eorge w as the tallest origin  from  this region, as 
it corresponds closely  w ith  35/17 in the 1937-42  
series o f experim ents, except that the latter seed 
w a s  c o l le c te d  a t a n  e le v a t io n  a b o u t 3 0 0  m 
low er.

The pattern  show n by the N orth  C oastal group 
a g a in  b r in g s  o u t v e ry  c le a r ly  th e  s im ila r ity  
b e tw e e n  th e  A la s k a n  o r ig in s , w h ic h  fo rm  a 
co m p a ct g ro u p , and  th e o th e r N o rth  C o a sta l 
seed lo t from  M asset, Q u een  C harlo tte  Islands, 
w h ich  w as b o th  s ig n ifica n tly  ta lle r  and  m ore 
re sp o n s iv e  to b e tte r  s ite  co n d itio n s . A n n e tte  
Island, A laska had the poorest response in this 
group.

T h e W a sh in g to n  C a sca d es  o rig in s  w ere  v ery  
s im ila r in  h e ig h t, th ou g h  w id e ly  sep arated  in 
resp on se; B ird  C reek, from  a h ig h er elevation , 
b e in g  s ig n if ic a n t ly  m o re  r e s p o n s iv e  th a n  
P e te r s e n  P r a ir ie  fro m  a lo w e r  e le v a t io n . 
Sim ilarly, in the East o f Rocky M ountains group, 
the v ery  h ig h  e lev a tio n  C ro w sn est o rig in  w as 
significantly m ore responsive than C ypress Hills. 
This contrasts w ith the response of origins in the 
South Interior of BC region.

Consistency
For the forest m anager w ho is p lanning  to p lant 
a chosen  seed origin  on the basis o f its response, 
h o p in g  th e re b y  to  e x p lo it  its  a d a p ta b ility  to 
sp ecific site types, he m u st h av e con fid en ce in 
the re liab ility  o f the resp on se in d icated  by  the 
r e g r e s s io n  s lo p e . T h e  r e g r e s s io n  a n a ly s is
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p ro v id e s  an  e s t im a te  o f c o n s is te n c y  o f th e  
resp o n se , w h ich  is sh o w n  b y  the size  o f any 
re s id u a l d e v ia tio n  (se e  T a b le  38 ). T h e m o st 
co n s is te n t o r ig in s  a re  th o se  w ith  the lo w e st 
v a lu e s , w h ile  h ig h  v a lu e s  in d ic a te  e x tre m e  
inconsistency . A n exam p le o f this can be seen 
in F ig u re  13, if  the e r ra tic  b e h a v io u r  o f the 
origin from  M endocino (w hich has such a w ide 
s c a t te r  o f  p o in ts  th a t  it  is  d i f f ic u l t  to f it  a 
reg ression  slop e), is com p ared  w ith  Sm ithers, 
w here the deviation  of ind iv id u al values from  
the regression is very sm all. C oom bs also has a 
highly significant deviation from  the regression, 
m a in ly  d u e  to  its  p o o r  p e r fo r m a n c e  a t th e  
exposed northern  sites at Shin  and Rum ster.

In general the coastal populations, from  Alaska 
to C a l i f o r n ia ,  h a d  th e  h ig h e s t  d e g r e e  o f 
inconsistency. M asset w as the only  orig in  that 
w as n o t s ig n ifican tly  in co n sisten t at 10 years. 
H ow ever, at 6 y ears Sitka and A nnette Island 
w ere co n siste n t, and  a t 15 y ears G lacier Bay, 
K e tc h ik a n  a n d  S h e lto n  p r o v e d  c o n s is te n t .  
A m o n g  th e  in la n d  se e d  re g io n s  s ig n if ic a n t  
inconsistency w as absent from  the East of Rocky 
M o u n ta in s  g ro u p  an d  o ccu rre d  on ly  on  tw o 
o rig in s  in  th e  S k e e n a  R iv e r  g ro u p , on  th ree  
origins in the C entral Interior of BC group and 
on fo u r  o r ig in s  in  th e  S o u th e rn  In te r io r  BC 
group. There is no obvious reason w hy coastal 
sources should be so m uch less consistent than 
inland origins.

Diameter growth
D ia m e te r  w as m e a su re d  at 15 y e a rs  in  fo u r 
experim ents (M abie, Shin, Broxa and G lentrool) 
and  a t 16  y e a rs  a t T y w i. A t G le n tr o o l,  th e  
64 p lan t assessm en t p lots w ere qu artered  and 
the largest tree in each quarter m easured to give 
a 'to p  d ia m e te r '.  A t th e  o th e r  s i te s ,  m e a n  
diam eter w as recorded. The sam e set of 58 seed 
o r ig in s  w a s  s e le c te d  a n d , w h e re  n e c e s s a ry , 
m issing v alu es ca lcu lated . A t Tyw i, snow  and 
w ind  d am ag e had  a ffected  som e p lo ts o f the 
S o u th  C o a s ta l o r ig in s  so  b a d ly  th a t m iss in g  
v a lu e s  h a d  a g a in  to  b e  c a lc u la te d  in  o n e  
replicate. It should also be noted that height was 
n ot a sse sse d  a t 16 y e a rs  a t T y w i, so th a t no 
co m p ariso n  can  b e  m ad e b etw een  h eig h t and 
d ia m e te r  th e r e .  A ls o  n o te  th a t  th e  s e t  o f 
e x p e r im e n ts  a s s e s s e d  fo r  d ia m e te r  a re  n o t 
identical w ith  those used for height at 15 years.

Table 39 show s that the data for diam eter w ith 
th e r e g io n a l m e a n s . T h e  o v e ra ll ra n k  o rd e r  
follow s that for height fairly  closely, except for 
the C aliforn ian  M end ocino origin. This ranked

first at M abie, Broxa and Tyw i, bu t failed at Shin 
(w here a m issing value w as calculated). It w as 
not present at G lentrool, w here another m issing 
v alu e w as in serted . T h e p oor su rv iv al o f this 
o r ig in  g a v e  it m o re  g ro w in g  s p a c e  an d  so 
increased its m ean diam eter. For these reasons 
it is b e s t  to re g ard  re su lts  fo r th is  o r ig in  as 
not com parable w ith the others. It is interesting 
to n o te  th a t th e  tw o W a s h in g to n  C a s c a d e s  
o rig in s had a large d iam eter for their h e ig h t, 
th u s  fo l lo w in g  th e sa m e  p a tte r n  o f  a h ig h  
d ia m e te r :h e ig h t ra t io , s im ila r  to th a t o f  th e  
O regon  C ascad es seed  o rig in s in the 1 9 3 7 -4 2  
series.

An analysis across sites sim ilar to that for height 
at 10 y ears w as carried  ou t an d  v ery  h ig h ly  
significant differences (***) found betw een seed 
origins, sites, the interaction betw een orig ins x 
s i te s ,  r e p lic a t e s  w ith in  s i te s  an d  b e tw e e n  
regional m eans. The variation betw een the latter 
accounted for a high degree of the variation. For 
the com p arison  of o rig in s w ith in  reg ion s, the 
only group show ing significant differences was 
the North Coastal one, due entirely to the M asset 
origin, w hich had a m uch higher diam eter than 
any of the A laskan ones in this group.

U sing the sam e m ethod of regression analysis as 
for height, certain  seed origins are revealed  as 
being highly significantly  different in d iam eter 
response. Shelton, from  the Puget Sound region 
sh o w e d  the g r e a te s t  re s p o n s e , w ith  h ig h e r  
d ia m e te r  a t T y w i and G le n tro o l, w h ere a s  at 
Shin it w as only 92%  of the experim ent m ean. 
The other Puget Sound origin from  Rainier also 
h ad  a h ig h  re s p o n s e  an d  C o o m b s  b e h a v e d  
slightly less responsively. C learw ater had a high 
response, but a poor m ean diam eter, i.e. it grew  
best on the better sites, bu t so poorly  at Shin that 
its overall diam eter w as reduced to only 71% of 
the ex p e rim e n t m ean  v alu e. P e terse n  P ra irie  
fro m  th e  W a s h in g to n  C a s c a d e s , b e h a v e d  
sim ilarly in that it w as 105%  of the experim ent 
m ean at Tyw i, but only 66%  of the experim ent 
m ean at Shin.

So fa r  as c o n s is te n c y  in  d ia m e te r  g ro w th  is 
concerned, those w ith  the h ig h est resp on se in 
g en era l a lso  h ad  s ig n if ic a n tly  h ig h  le v e ls  o f 
inconsistency, particularly  Petersen Prairie and 
C le a r w a te r . N e w p o r t in  th e  S o u th  C o a s ta l 
group w as very erratic. H ow ever, am ong those 
orig in s w ith  h igh  ran k in g  for d iam eter: L ong 
Beach, Terrace, Prince G eorge, M ount Ida and 
C harcoal Creek, all w ere relatively consistent. In 
general the seed orig ins noted earlier as being 
su s c e p tib le  to  fo lia g e  b ro w n in g  an d  cro w n
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Table 39. Mean diameter (cm) 15 years after planting of 58 origins at five sites

Mabi Shin Brox GITr Tywi Mean

North Coastal
1 Gustavus 8.9 7.7 8.7 12.1 8.6 9.2
2 Sitka 8.1 7.1 8.2 11.4 8.7 8.6
3 Petersburg 8.7 7.1 7.4 11.3 8.5 8.6
4 Ketchikan 9.2 6.9 8.5 11.4 8.6 9.0
5 Annette Island 8.6 7.8 7.8 10.4 8.5 8.6
6 Masset 10.5 8.5 9.0 12.7 9.4 10.0

Region means 9.0 7.5 8.3 11.6 8.7 9.0

Vancouver area
7 Coombs 11.6 8.6 10.2 14.3 10.6 11.1

Region means 11.6 8.6 10.2 14.3 10.6 11.1

Puget Sound
8 Shelton 11.2 7.6 10.1 14.5 11.1 10.9
9 Rainier 11.6 8.2 9.7 14.0 10.4 10.8

Region means 11.4 7.9 9.9 14.2 10.8 10.9

South Coastal
10 Long Beach 11.3 9.7 10.9 13.7 4.6 10.6
11 Warrenton 11.5 6.8 9.3 14.6 5.1 10.0
12 Newport, Waldport 11.7 10.6 9.9 13.8 4.8 10.7
13 Newport 11.6 10.7 11.2 15.6 12.8 12.2
14 Bandon 12.2 9.9 10.1 14.6 4.5 10.8

Region means 11.7 9.5 10.3 14.5 6.4 10.8

California
15 Mendocino 11.8 9.1 11.1 14.0 5.7 10.8

Region means 11.8 9.1 11.1 14.0 5.7 10.8

Skeena /Bulklev
16 Kispiox 305 m 9.7 8.6 9.1 12.9 9.5 9.9
17 Kispiox 460 m 10.2 8.1 8.8 12.9 9.7 9.9
18 Skeena Crossing 10.5 8.6 9.3 13.4 9.5 10.3
19 Kitvvanga 10.0 8.0 8.8 12.9 10.0 9.9
20 Cedarvale 10.7 8.7 9.6 13.4 9.5 10.4
21 Terrace 10.6 9.2 9.6 13.0 9.9 10.5
22 Babine 10.2 8.1 9.0 13.1 9.5 10.0
23 Bulkley Canyon 9.8 8.0 92. 12.9 9.7 9.9
24 Smithers 610 m 10.2 8.3 9.7 12.7 9.7 10.1
25 Smithers 760 m 10.4 8.6 9.5 13.2 10.4 10.4
26 Smithers 915 m 10.4 8.4 9.9 12.5 9.8 1 0 2
27 Smithers 1065 m 10.1 8.3 9.7 13.0 9 2 10.1
28 Telkwa 10.3 9.1 9.3 13.5 9.9 10.4

Region means 10.2 8.5 9.3 13.0 9.7 10.1



Table 39. (contd)

M abi Sh in Brox G IT r Tyw i M ean

C entral In terior o f BC 
29 G erm ansen Lake 9.4 7.6 8.8 11.9 9.0 9.3
30 P endleton  Bay 10.0 8.0 9.2 12.5 9.5 9.8
31 T opley 9.7 8.3 9.5 13.8 9.5 10.1
32 F ort St Jam es 10.1 8.2 9.2 13.4 9.1 10.0
33 Burns Lake 760 m 10.2 8.2 9.4 13.1 9.2 10.0
34 Burns Lake 915 m  - 9.5 7.9 9.5 12.7 9.1 9.7
35 Fraser Lake 9.6 8.0 9.0 13.4 9.5 9.8
36 V and erhoof 10.0 9.3 9.6 14.1 9.1 10.4
37 W istaria 9.7 8.9 9.5 13.2 9.6 10.1
38 Takysie 10.1 8.2 9.2 13.2 9.2 10.0
39 A nahim  Lake 9.6 8.1 9.7 13.0 9.4 10.0
40 P r G eorge 915 m 10.4 8.7 9.4 13.2 9.5 10.3
41 B arkerville Road 10.0 8.1 9.5 13.2 10.0 10.1

R egion  m eans 9.9 8.3 9.3 13.1 9.4 10.0

South Interior o f BC 
42 100 M ile H ouse 10.1 8.3 9.7 13.2 9.4 10.1
43 C learw ater 10.1 5.9 9.8 12.8 9.9 9.7
44 C hase C reek 10.1 8.8 9.6 13.3 9.5 10.2
45 Salm on A rm 9.9 8.4 9.8 13.4 9.5 10.2
46 M ou nt Ida 10.5 8.3 9.6 13.7 9.3 10.3
47 H arper Lake 10.4 8.8 10.2 13.8 9.1 10.5
48 C harcoal Cr. 915 m 10.6 8.8 9.9 13.7 9.8 10.6
49 C harcoal Cr. 1220 m 10.6 8.1 10.1 13.6 10.0 10.5
50 Steavens M eadow 9.5 8.0 9.6 12.9 9.5 9.9 ;
51 Tunkw a 10.7 8.4 9.3 12.5 10.0 10.2 !
52 Falkland 760 -915  m 10.1 8.8 10.2 13.5 9.7 10.5
53 Esperon 9.9 8.0 9.5 12.8 8.5 9.8
54 Terrace C reek 10.0 8.2 9.7 13.2 9.4 10.1

R egion  m eans 10.2 8.2 9.8 13.3 9.5 10.2

East o f R ockies 
55 C row snest 8.6 6.4 7.9 11.3 7.9 8.4
56 C ypress H ills 8.7 6.6 8.1 11.4 8.0 8.6

R egion m eans 8.7 6.5 8.0 11.3 8.0 8.5

W ashington C ascades 
57 Bird C reek 10.1 7.6 9.0 12.8 9.7 9.8
58 Peterson  Prairie 9.9 5.5 8.9 12.3 10.2 9.3

R egion m eans 10.0 6.5 8.9 12.6 9.9 9.6

O verall m ean 10.2 8.2 9.4 13.1 9.1 10.0 j

Key to sites: M abi = M abie, Shin = Shin, Brox = Broxa, GITr = G lentrool, Tywi -  Tywi
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d am ag e on exp o sed  sites  are th ose th a t h av e 
show n the h ighest response in this analysis.

Conclusions
B earing  in m ind the data on m ean  h eig h t and 
d iam eter, and the resp on se and con sisten cy  of 
th e s e  c h a r a c te r s  o f  g r o w th , th e  f o l lo w in g  
conclusions can  be draw n, taking the groups of 
origins in d ecreasing order o f vigour:

1. Ju st as in the 1969 series, the Sou th  C oastal 
orig in s w ere o u tstan d ing  for v ig o u r on all 
s i t e s ,  b u t  a lr e a d y  th e  b a s a l  s w e e p  th a t 
accom panies this fast grow th, together w ith 
their heavy crow ns, had produced  a signif­
icant am ount of w ind and snow  d am age by 
15 y e a r s . E v e n  w h e r e  th is  h a s  n o t  y e t  
o ccu rre d , the e v id e n c e  fro m  o ld e r  e x p e r­
im ents is so stron g  that these orig in s m u st 
b e  co n sid ere d  too  risk y . L a rg e  k n o ts and 
co m p re s s io n  w o o d  on  le a n in g  tre e s  a lso  
r e s u lt  in  p o o r e r  t im b e r  q u a li ty .  T h e s e  
o r ig in s  s h o u ld  b e  u se d  o n ly  in  s p e c ia l  
c i r c u m s t a n c e s ,  e .g . fo r  s h e l t e r b e l t s  on  
e x tre m e ly  p o o r s ite s , w h ere  o n ly  trees  o f 
greatest v igour can grow  at all.

2. W ith  on ly  one o rig in  fro m  the V an co u v er 
reg ion , firm  co n clu sio n s can n o t b e  draw n. 
T h is o rig in  ran k ed  second  for h e ig h t, first 
for response in height and third  in d iam eter, 
su ggesting  that it had a p lace on the higher 
quality  sites, though it should  clearly  not be 
used on northern  exposed sites. It is on the 
la tter k ind  of site  that its g row th  b eco m es 
e r r a t ic ,  r e s u lt in g  in  h ig h  in c o n s is te n c y . 
A lthough the terpene patterns o f the Puget 
S o u n d  a n d  V a n c o u v e r  g r o u p s  a re  
a p p r e c ia b ly  d i f f e r e n t ,  th e  s i lv ic u l t u r a l  
behaviou r o f these tw o groups is sim ilar.

3. So  far, litt le  o r n o  d a m a g e  fro m  sn o w  or 
w ind has occu rred  in the tw o orig in s from  
the Puget Sound. They also tend to have less 
b a s a l  sw e e p  a n d  l ig h te r  c r o w n s , w h ic h  
accu m u late  less snow . O n the o th er h and , 
their poorer resistance to extrem e exposure, 
e s p e c ia l ly  o n  s i te s  in  th e  fa r  n o r th  o f 
S c o t la n d  w o u ld  s u g g e s t  a l im ite d  ro le . 
Perhaps their m ain  use m ight b e  in ter-orig in  
h y b r id is a t io n , w h e re  th e ir  v ig o u r  (ra n k  
third  overall) and  lesser in cid en ce o f basal 
sw eep m ight be o f value. T heir response at 
b o th  10 an d  15 y e a rs  w a s  h ig h , th o u g h

u n fo r tu n a te ly  a c c o m p a n ie d  b y  e r r a t ic  
behaviour on the poorer sites.

4. The Southern Interior of BC region exhibited  
a b r o a d  r a n g e  o f  v ig o u r , r e s p o n s e  an d  
consistency. It w as encouraging to find that 
M ount Ida, w hich had grow n w ell in som e 
o f th e  o ld e s t  se e d  o r ig in  tr ia ls ,  w as th e  
ta lle s t in  th is g ro u p  o f 13 o rig in s , w ith  a 
h ig h  r e s p o n s e  a n d  it  w a s  a c c e p ta b ly  
consistent (a low  value o f 0.135). O ther good 
a ll  ro u n d  p e r fo r m e r s  fro m  th is  r e g io n  
w e re  fro m  C h a rco a l C ree k  and  F a lk la n d . 
H o w e v e r , th is  r e g io n  a ls o  c o n ta in s  
u n d e s ir a b le  o r ig in s ,  s u c h  as  th e  s lo w - 
g r o w in g  E s p e r o n  L a k e  a n d  S te a v e n s  
M e a d o w , w h ile  C le a r w a t e r ,  w h ic h , as 
p reviou sly  noted , grew  w ell on som e sites, 
b u t p o o rly  a t R u m ste r , th u s sh o w in g  its  
inconsistency of grow th responses.

5. T h e  S k e e n a / B u lk le y  re g io n  o r ig in s  w ere  
characterised  by their uniform ity  in grow th 
rate, w hich w as 3%  above the overall m ean, 
their uniform ity  in response, averaging 1.01 
and their grow th rate across sites w as very 
consistent, w ith  only tw o of the 13 orig ins 
sh o w in g  s ig n if ic a n t  in c o n s is te n c y . T h is  
b eh a v io u r su g g ests  that th ey  can  be u sed  
sa fe ly  on  a w id e ran g e o f sites . A lth o u g h  
th e  d i f f e r e n c e s  in  g r o w th  b e tw e e n  
individual origins from  this region w ere not 
s ig n if ic a n t in  th e a cro ss  s ite s  a n a ly s is , at 
R o sa r ie  and  G le n tro o l th e re  w e re  h ig h ly  
s ig n if ic a n t d iffe re n c e s  w ith in  th is  g ro u p . 
Thus it w ould be w orth  w hile to ensu re that 
seed  is obtained from  the better origins: e.g. 
T errace, C edarvale and the Sm ithers seedlot 
co llected  at 610 m . T h e ev id en ce from  the 
collections at four d ifferent elevations in the 
Sm ithers area is that grow th rate d ecreases 
e v e n ly  w ith  in c r e a s in g  e le v a t io n . T h e se  
o rig in s have good  stem  form  and su ffered  
v ery  little  snow  and w in d  dam age thou gh  
o n  v e r y  e x p o s e d  s i te s  s o m e  f o l ia g e  
brow ning  occurred.

6. L ittle  n eed  b e sa id  a b o u t th e C a lifo rn ia n  
co asta l o rig in  from  M en d o cin o . A lth o u g h  
show ing the largest d iam eter o f any group 
and  b e in g  fifth  ta lle st ou t o f 72 o rig in s  at 
the m ost sou th erly  site at B ren d o n  (w here 
another origin  o f this group from  D el N orte 
w as second tallest), its survival on northern  
s i te s  w a s  lo w  an d  its  b e h a v io u r  w a s  so
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e r ra tic  an d  its  w in te r  fro s t  re s is ta n c e  so 
m arginal that it has no use in British forest 
practice.

7. T h e  C e n tr a l In te r io r  o f  BC  o r ig in s  w ere  
b e lo w  a v e r a g e  fo r  h e ig h t , d ia m e te r  and  
response, b u t had  h ig h  consistency , except 
fo r th e ta lle s t  on e fro m  V an d erh o o f. The 
Prince G eorge orig in  (well know n from  the 
o ld er exp erim en ts) com bined  above aver­
age v igour w ith  h igh consistency in grow th 
r e s p o n s e , an d  th e  fa c t  th a t it h ad  a low  
resp o n se  in d ica tes  th a t it is b es t su ited  to 
p oo rer qu ality  sites. T hese orig ins show ed 
rather greater d ifferences in  v igour am ong 
them  th an  the Sk een a ones; a t th is slow er 
ra te  o f  g ro w th  it  is  p a r t ic u la r ly  im p o r t­
ant to avoid the least vigorous. These w ere 
from  G erm an sen  L ake, the m ost north erly  
o rig in  in th is  reg ion , the h ig h er e lev atio n  
seed lot from  B u m s Lake and A nahim  Lake, 
w h ich  w as from  an  ev en  h ig h er elev ation  
(1220 m).

8. D if fe r e n c e s  in  v ig o u r  w ith in  th e  N o rth  
C oastal group have already been  discussed; 
from  th eir o v era ll p erform an ce the M asset 
o r ig in  s ta n d s  o u t  a s  b e in g  s u p e r io r  in  
h eight, d iam eter, response and consistency 
in g row th  resp on se. T h ere  w ere no sig n if­
ic a n t  d i f f e r e n c e s  in  v ig o u r  a m o n g  th e  
A la s k a n  o r ig in s ,  w h ic h  a ll h a d  a lo w  
re sp o n se , i.e . they  grew  re la tiv e ly  b e tte r  
on the p oorer sites and (apart from  G lacier 
B ay ) th e ir  p e rfo rm a n c e  w as in co n sis ten t. 
U n d o u b te d ly  th e  m a in  u se  fo r  A la s k a n  
orig ins is in m ixture w ith  Sitka spruce (see 
C hap ter 14).

9. T h e  W a s h in g to n  C a s c a d e s  g ro u p  w e re  
second  p oorest in v igou r, low  in response 
and  fa irly  co n sis te n t a cro ss  s ites . O n th is 
evidence, there seem s no reason w hy these 
o r ig in s  sh o u ld  fin d  an y  p la c e  in  B r it is h  
forestry.

10. The E ast o f R ocky M ou n tain s grou p  grew  
even m ore slow ly and do not m erit further 
consideration  as possible origins for use in 
Britain.

Species comparisons in the 1970 
experiment series

The sp ecies com p arison s bu ilt into the design  
of these ex p erim en ts are b est exam in ed  from  
the resu lts  w h en  the trees w ere 10 y ears old 
(Table 40). O ne of the m ain aspects of interest is 
the use o f lo d g ep ole p ine as a nu rse for Sitka 
spruce. For this reason the data show n are the 
re g io n a l m ean s fo r th e g ro u p s th at are m o st 
likely to be used in these m ixtures, i.e. from  the 
Sk een a  R iv er and  A lask a ; the fa ste r-g ro w in g  
N o r th  C o a s ta l  o r ig in s  fro m  th e  Q u e e n  
C h arlo tte  Islan d s and  V an co u v er Islan d  have 
been  exclu ded . R esu lts  at T h etford  can n o t be 
u sed  as the ex p e rim e n t h ad  b een  d ev asta ted  
b y  R h y a c io n ia  b e fo r e  10 y e a r s ,  th o u g h  a t 
6 y e a r s  th e  r e g io n a l  m e a n  h e ig h t s  o f  th e  
lo d g e p o le  p in e  ra n g ed  fro m  2 .7 5  m  fo r  the 
So u th  C oasta l grou p  to 1.30 m  for th a t from  
E a s t  o f  th e  R o c k y  M o u n ta in s ,  w h ile  th e  
C orsican  pine (ex C orsica) w as only 0.84 m. A t 
B ed d gelert the 10-year h eight assessm en t w as 
o m itte d  an d  th e re su lts  sh o w n  a re  fro m  the 
assessm ent at 14 years.

Table 40. C om p arison  of m ean height (m) at 10 years for regions of lodgepole p ine and other species

E xp erim ent

L odgep ole p ine S itk a  spruce
Scots
p ine

C orsican
pine

S k ee n a  . ,  ,
„ .  A laska 
R iv er

A lask a Q C I W ash in g ton

Rum ster 8 2.98 2.81 - 2.92 - 2.63 -

R osarie 3 3.78 3.09 - 3.21 - 3.33 -

Broxa 115 3.50 2.68 - 3.56 - 3.16 2.12

Beddgelert 24* 5.08 4.57 4.70 5.25 5.91 - -

B rendon 21 2.33 1.95 - - - - 1.66

T yw i 16 3.56 2.97 2.83 3.46 3.64 - -

’ A t 14 years
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This table show s that in every experim ent w here 
lo d g e p o le  p in e  a n d  S itk a  s p r u c e  c a n  b e  
co m p a red , th e Q u e en  C h a r lo tte  Is la n d s  seed  
origin of Sitka spruce has grow n faster than the 
A laskan origins of lodgepole pine. H ow ever, the 
Skeena River origins w ere taller than the Q ueen 
C h arlo tte  Islan d s S itk a  sp ru ce on th ree o f the 
five sites. The height data at 6 years show  that 
only  at T yw i w as the Q u een  C harlo tte  Islands 
Sitk a  sp ru ce  m arg in a lly  ta lle r  th an  lo d g ep o le

p in e from  the Sk een a  reg ion . Sco ts  p in e  grew  
b e s t  on  th e  h e a th la n d  s ite s  an d  w a s a lw a y s  
poorer than Skeena R iver lodgepole p ine, w hich 
has advantages in nursing term s. C orsican pine 
is a lw ay s a s lo w -sta rtin g  sp e cies  and  w as far 
s lo w e r than  ev e n  the p o o re st lo d g e p o le  p in e  
origin. Even at 15 years it w as only ju st catching 
up w ith the slow est A laskan origin at the Broxa 
experim ent. The im plications of these differences 
in grow th are discussed in C hapter 14.
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Chapter 13

The IUFRO 1972 experiments

T h e b a c k g ro u n d  to  th e  IU F R O  c o lle c t io n  of 
146 seedlots has been  described in detail (Lines, 
1971). In  brief, the intention of the 27 collabor­
a to rs  in  th e  IU F R O  W o r k in g  P a r ty  w a s  to  
sam ple the w h ole ran g e and to set up a large 
n u m b er o f e x p e r im e n ts  (up to 10 0 ) in  m an y  
countries. In Britain , because the 1969-70  series 
o f e x p e r im e n ts  w a s a lr e a d y  in  tra in , it  w as 
d e c id e d  to  s e le c t  o r ig in s  o n ly  fro m  th o s e  
p a rts  o f  th e  n a tu ra l ra n g e  th a t w e re  p o o rly  
r e p r e s e n te d  in  th e  1 9 6 5  c o l le c t io n ,  th o u g h  
b e lie v e d  to o ffe r  g o o d  p o te n tia l  fo r  B r it is h  
c o n d it io n s .  T w o  Y u k o n  s e e d  o r ig in s  w e re  
in c lu d e d  to  a llo w  c o m p a r is o n  w ith  IU F R O  
experim ents in Scandinavia, rather than because 
th ey  w e re  e x p e c te d  to  g ro w  w e ll in  B rita in . 
T h e  e x a c t  lo c a t io n  o f e a c h  se e d  o r ig in  w as 
k now n , to g eth er  w ith  u n u su a lly  fu ll d ata  on 
clim atic and site factors. It w as also beneficial 
to b e  a b le  to  co m p a re  re s u lts  in  th e  B r it is h  
e x p e r im e n ts  w ith  th o se  in  c o u n tr ie s  w ith  a 
sim ilar clim ate, such  as N orthern Ireland, Eire, 
N o rw a y , F ra n c e  an d  T h e  N e th e r la n d s . T h e  
n u r s e r y  s ta g e  (N e w to n  2 / 7 0 )  h a s  b e e n  
d escrib ed  in  C h a p te r  7. T w e n ty -fo u r IU FR O  
se e d lo ts  w e re  so w n , to g e th e r  w ith  one from  
T o fin o , B C , w h ich  a lth o u g h  n o t co lle c te d  by 
the IU FR O  team , cam e from  the id en tica l site. 
D ue to v a r ia b le  g e rm in a tio n , th e n u m b er o f 
IU FR O  p la n ts  w as in su ffic ie n t in  so m e se e d ­
lo ts  to  su p p ly  a ll s ite s , so  th re e  o f th e  1965  
co lle ctio n  seed  o rig in s  w ere  in clu d ed  to g ive 
uniform  designs at all six sites. O f the tw o Yukon 
seed  o r ig in s  th a t h a d  p o o r  n u rse ry  g e r m in ­
a t io n , th e  F r a n c e s  L a k e  o r ig in  h a d  to  b e  
exclu d ed  fro m  the la ter  an a ly ses across sites. 
T h e  s i te s  w e re  c h o s e n  m a in ly  to  lin k  w ith  
the 1970 experim ents, except for Fiunary, w hich 
is  a s e v e r e ly  e x p o s e d  s ite  n e a r  th e  lim it  o f 
a ffo re s ta tio n , in  a p a rt o f S co tla n d  n ot p re v ­
io u sly  re p re se n te d  by  a lo d g e p o le  p in e  seed  
origin experim ent (see Table 5).

Results
F irs t y e a r  su rv iv a l w as e x c e lle n t , a v e ra g in g  
over 90%  at all sites. Except at the very exposed

Fiunary site, w here at 6 years overall survival 
was 61% , later survival rem ained high, ranging 
from  100%  for the N orth  C oasta l orig in  from  
G ra v in a  Is la n d  d ow n  to 25%  fo r th e o rig in s  
from  Sam oa, C alifornia and Ethel Lake, Yukon. 
C lim a tic  fo liag e  b ro w n in g  o ccu rred  on m o st 
seed  orig ins each w inter at F iu nary  w ith  only 
the A laskan  orig ins, tog ether w ith  those from  
M ayer Lake and C am pbell Island, BC show ing 
m inim al brow n foliage. It is possible that som e 
of the dam age w as caused by salt spray carried 
by A tlantic gales.

R esu lts a fter 3 y ears (Table 41) show ed  w ide 
variation betw een seed origins and sites (Lines, 
1976c) w ith  a h ig h ly  s ig n ifica n t o rig in  x site  
interaction. The Broxa site w as om itted from  the 
com bin ed  an aly sis  b ecau se  b o th  m ean h eigh t 
and experim ental error w ere m uch higher than 
at the o th er sites. T h e ta llest reg ion a l g rou p s 
w ere from  the coasts of O regon and C alifornia, 
w hile the next ones from  the Puget Sound and 
V ancouver regions w ere sim ilar in height. N ext 
w ere N orth C oast BC, w hile the A laskan group 
w as tw ice the height of the Yukon origins. There 
w ere h igh ly  sig n ifican t d ifferen ces w ith in  the 
A laskan group and w ithin the groups from the 
N orth  C oast o f BC and V ancouver region, bu t 
n o  s ig n if ic a n t  d if fe r e n c e s  b e tw e e n  o r ig in s  
w ithin the Yukon, Puget Sound or O regon and 
C alifornia groups. By far the largest am ount of 
v a r ia t io n  w as a c c o u n te d  fo r  by  d if fe r e n c e s  
betw een seed regions.

At 6 years, height and diam eter at the centre of 
th e  fo u r th  in te r n o d e  fro m  th e  a p e x  w e re  
m e a su re d , tak in g  care  to e x c lu d e  in te rn o d a l 
branch  w horls on trees w ith this bicyclic habit. 
Results (Lines, 1980b) show ed a sim ilar pattern 
to th at a t 3 y ears , th ou gh  the Y u k o n  o rig in s 
w ere excluded from  the 3-year analysis.

These later analyses have been m ade using the 
sa m e te rp e n e  ty p e  g ro u p in g  as in  th e  19 7 0  
series. In this case, so m any of the origins in the 
N o r th  C o a s ta l  g ro u p  w e re  fro m  B r it is h  
C o lu m b ia  (c o m p a re d  w ith  th e s o le  M a s s e t
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Table 41. Mean height at 3 years. Data combined across five sites for IUFRO series

IU FRO
num ber

Seed  origin

M ean heigh t at 3 years (cm). C om bined  analysis
M ean height 

(cm)

Sh in R um ster Farigaig Fiunary A recleoch M ean Broxa

2014 Ethel Lake (22.89) 21.90 28.67 15.49 (21.89) 22.17 28.97
2016 Frances Lake (27.11) 28.33 (35.28) (14.65) 26.53 26.38 -

2001 Yakutat 44.30 42.40 50.65 34.55 40.80 42.54 65.40
2007 Sitka 49.70 54.78 60.96 41.67 49.53 51.33 67.37
2010 Klaw ack River 52.00 55.35 62.36 50.09 49.47 53.85 72.30
2011 Gravina Island (55.71) 54.45 62.32 48.27 54.17 54.98 73.60

2044 Porcher Island 48.70 51.78 (59.72) 41.17 52.73 50.82 80.33
2048 M asset Road 57.30 64.15 63.52 52.12 54.40 58.30 86.70
2050 M ayer Lake 61.00 62.38 65.77 49.43 60.30 59.78 80.70
2056 Cam pbell Island 51.30 53.28 57.76 37.33 49.33 49.80 77.00

2145 Port Hardy 55.00 59.40 66.67 43.81 59.87 56.95 86.43
2146 Lund 69.30 68.05 79.70 46.32 63.80 65.43 89.97
2147 Sayward 63.30 57.45 70.69 36.73 59.67 57.57 87.90
2148 Garibaldi 61.30 62.58 72.82 42.33 62.50 60.31 99.53
2067 Gold River 64.70 57.80 (67.97) 47.46 57.73 59.07 94.03
2149 Friendly Cove 53.30 57.88 65.15 43.66 55.03 55.00 67.53

(2152) Tofino 55.00 57.63 61.98 46.33 50.47 54.28 73.63
2071 M esachie Lake 61.70 69.25 70.98 52.39 70.90 65.04 85.37
2072 Sooke 63.30 67.45 80.47 49.93 67.20 65.67 94.43

2083 Queets 60.00 63.35 68.94 (48.37) (59.82) 60.09 85.90
2084 John 's Prairie (60.23) 62.78 66.81 52.35 55.37 59.51 98.47
2086 Vail 65.30 68.55 77.80 41.13 65.37 63.63 102.80
65(797) Shelton/Long Beach 70.00 (64.66) 64.14 (50.54) (61.99) 62.27 -

2092 Pacific City 70.30 68.80 74..48 59.60 66.27 67.89 91.40
2100 Pistol River 72.70 (72.50) 90.04 50.24 65.03 70.10 -

2105 Samoa 57.30 70.50 82.93 41.68 69.33 64.35 99.33

65(7114)3 Hazel ton 53.30 54.50 5.063 41.60 49.03 49.81 73.33
65(7113) 4B Prince George 42.30 (42.80) 37.13 39.65 40.13 40.40 -
65(7118) M ount Ida 51.00 (53.54) (60.03) (39.41) 51.70 51.14 70.53

Site mean 55.84 57.52 64.01 43.39 54.84 55.12 81.32
Standard error ± 3.49 3.06 2.07 2.87 2.84 2.10 6.96
Significance level *** *** *** ** + *** 4** *» +

Note: figures in parentheses are calculated m issing values

origin  in the 1970 series) that this terpene group 
has been  sp lit in to A laskan  and  N orth  C oastal 
BC regions. The origin  Q ueets, from  a peat bog 
on the w est sid e o f the O ly m p ic  P en in su la  of 
W ash in g ton , is also  know n to b e  o f the N orth  
C o a s ta l te rp e n e  ty p e  (F o r r e s t ,  1 9 8 0 )  a n d  is 
th e re fo re  in c lu d ed  in  th is  g ro u p . S h e lb o u rn e  
and  M ille r  (1976) in d e p e n d e n tly  cam e to the 
sam e co n clu sio n  on the b asis  o f its g row th  in 
N ew  Zealand  trials.

T h ere  is d o u b t ab o u t the p ro p e r a llo ca tio n  of 
2 0 9 2 , P a c i f ic  C ity . A s a lr e a d y  d is c u s s e d  in  
C hap ter 7, this seed  w as from  a p lan ta tio n  of 
u n k n o w n  o r ig in  an d  its  p e r fo rm a n c e  in  th e 
n u rsery  su g g ested  a N o rth  C o a sta l o rig in . Its 
te rp e n e s  p u t it  f irm ly  in  th e  N o rth  C o a s ta l 
group (Forrest, 1980), though its later behaviour

stron g ly  su g g est a Sou th  C oasta l o rig in , as its 
v igou r w as outstand ing  at 6 and 10  y ears and 
its overall appearance very sim ilar to the other 
Sou th  C oastal origins. Its overall rate o f height 
grow th can  be m atched m ost closely  w ith  Lund 
in  the V ancouver group. The grow th of Pacific 
C ity  on  the v e ry  te s tin g  F iu n a ry  s ite  w as so 
m u ch better, at 153%  of the site m ean, com pared 
w ith  L u n d  a t  9 8 %  a n d  a m e a n  fo r  th e  
V a n co u v e r  g ro u p  o f 97%  o f th e s ite  m e a n  at 
Fiunary, that it seem s doubtfu l w hether Pacific 
C ity  should  be p laced  in  the V ancou v er group 
m erely  b ecau se  o f its  s im ilar g ro w th  to Lund 
overall.

T hree analyses w ere m ade using the regression 
tech n iq u e d escribed  above for the 1970 series. 
T able 42 show s the overall m ean values for the
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6-year height and diam eter m easurem ents. The 
full data h av e n o t b een  p resen ted  as they fall 
m idw ay betw een  the 3- and  10-year data that 
are show n in  T ab le  43. For height, there w ere 
v e ry  h ig h ly  s ig n if ic a n t  d if fe r e n c e s  (***)  fo r  
origins, sites, orig in  x site interaction, betw een 
o rig in s  w ith in  a re g io n  (ex ce p t for the P u g et 
Sound and Sou th  C oastal regions) and betw een 
regional m eans. The latter accounted for by  far 
th e  la r g e s t  p a rt o f  th e  o r ig in  v a r ia tio n . T h e

South C oastal region w as the tallest group, w ith 
the V ancouver group and Sam oa equal second. 
T h e  P u g e t  S o u n d  o r ig in s  w e re  n o t  m u ch  
shorter, w hile the N orth C oastal BC group w ere 
s ig n if ic a n tly  sh o rte r . T h e  W a s h in g to n  seed  
o rig in  from  Q u eets w as sh o rte r th an  the tw o 
Q u e en  C h a r lo tte  Is la n d s  o r ig in s  w ith in  th is  
group. The A laskan origins ranked sixth, w hile 
Ethel Lake (Yukon) w as only half the height of 
the m ean of the A laskan origins.

Table 42. O verall m ean height (m ), d iam eter (m m ) and height/diam eter ratio at 6 years

IU FRO
num ber

Seed  origin
H eight

(m)
D iam eter

(mm)

H eight:
diam eter

ratio

Alaska
2001 Yakutat 1.13 29.16 3.87
2007 Sitka 1.31 29.51 4.45
2010 Klaw ack River 1.40 30.89 4.54
2011 Gravina Island 1.35 30.41 4.42

Region mean 1.30 29.99 4.32

North C oast of BC
2044 Porcher Island 1.31 30.28 4.33
2048 M asset Road 1.51 33.58 4.49
2050 M ayer Lake 1.57 34.61 4.54
2056 Cam pbell Island 1.29 30.47 4.22
2145 Port Hardy 1.48 32.31 4.61
2149 Friendly Cove 1.45 34.08 4.25
2152 Tofino 1.46 33.27 4.38
2083 Queets 1.51 35.48 4.23

Region mean 1.45 33.01 4.38

V ancouver
2146 Lund 2.00 37.89 5.26
2147 Sayward 1.64 35.79 4.58

2148 Garibaldi 1.81 38.11 4.74
2067 Gold River 1.68 35.78 4.70
2071 M esachie Lake 1.86 37.84 4.92

2072 Sooke 1.89 40.32 4.69

Region mean 1.81 37.62 4.82

Puget Sound
2084 Joh n 's Prairie 1.74 36.54 4.74

2086 Vail 1.72 34.49 5.12

Region mean 1.73 35.52 4.93

South Coastal
2092 Pacific City 2.00 41.71 4.80

2100 Pistol River 1.93 45.01 4.27

Region mean 1.96 43.36 4.54

South O revon/N orth California Coast
2105 Sam oa 1.81 41.49 4.35

Region mean 1.81 41.49 4.35

Yukon
2014 Ethel Lake 0.62 16.37 3.82

Region m ean 0.62 16.37 3.82

Overall m ean 1.56 34.39 4.45
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T h e  r e g r e s s io n  a n a ly s is  fo r  6-y e a r  h e ig h t  
s h o w e d  s im ila r i t ie s  w ith  th a t  fo r  th e  1 9 7 0  
series at 6 years. For exam ple, the IU FRO  Puget 
S o u n d  o r ig in s  fro m  V a il an d  Jo h n 's  P ra ir ie  
had  a h ig h  resp on se, like R ain ier and Shelton  
in  th e  1 9 7 0  e x p e r im e n ts .  L ik e w is e  th e  s ix  
V a n c o u v e r  r e g io n  o r ig in s  c o m b in e d  a h ig h  
response and w ell above average m ean height, 
as did  the Sou th  C oastal origins in  both  series. 
M asset in  the IU FR O  series occupied an alm ost 
id entical p osition  on  the scatter d iagram s (not 
reproduced) for bo th  series, w hile the A laskan 
o n es sh o w ed  p o o r  h e ig h t an d  low  re sp o n se . 
Sam o a fro m  n o rth e rn  C a lifo rn ia  re p rese n ts  a 
te r p e n e  r e g io n  n o t  p r e s e n t  in  th e  19 7 0  
e x p e rim e n ts . Its  p e rfo rm a n c e  w as s im ila r  to 
M e n d o c in o  in  th a t s e r ie s , a lth o u g h  its  c o n ­
s is te n c y  in  g ro w th  p e r fo r m a n c e  w as m u ch  
g re a te r  th a n  M e n d o c in o , h a v in g  b e tte r  than  
a v e ra g e  g ro w th  on  a ll s ite s  e x c e p t F iu n a ry , 
w here it w as 98%  of the m ean.

A t 6 y e a rs , th e re g io n a l m e an s fo r  d ia m e te r 
ranked alm ost identically  w ith  those for height. 
Because the m ean height of the trees at Fiunary 
w as o n ly  84 cm , stem  d ia m e te r at the fou rth  
internode w as so sm all that it w ould have been 
d if f ic u lt  to  m e a su re  a c c u ra te ly  an d  w as n o t 
a s s e s s e d .  T h e r e  w e re  h ig h ly  s ig n if ic a n t  
d ifferences betw een  orig ins, sites and betw een 
reg ion s. T h e o rig in  x site  in teractio n  w as not 
s ig n ifica n t, n o r  w ere  th ere  s ig n ifica n t d iffe r ­
en ces  (g re a te r  th a n  th e 5%  le v e l) w ith in  the 
regions A laska and P uget Sound, although very 
h ighly significant differences w ere found in the 
N orth  C oastal BC, V ancouver and South C oastal 
regions.

Table 42  also  show s the height:d iam eter ratios. 
Trees from  seed  orig ins w ith  a h igh ratio have a 
ta ll an d  s p in d ly  a p p e a ra n c e , w h e re a s  th o se  
w ith  a low  ratio  are generally  squat and bushy. 
T h e  h ig h e s t  r a t io s  w e re  fo r  L u n d  in  th e  
V ancouver group and V ail in the Puget Sound 
g ro u p . B o th  th e se  re g io n s  had  m u ch  h ig h er  
ratios than average. In the absence o f terpene 
inform ation , this character helps to separate the 
tw o g ro u p s, w h ich  b o th  o ccu r on  V an co u v er 
Island . P ort H ard y  w as the on ly  orig in  in  the 
N o rth  C o a sta l g ro u p  to  h av e  a ra tio  s lig h tly  
h ig h er th an  th e lo w est one in  the V an co u v er 
region. In  the Sou th  C oastal group, Pacific C ity 
w as n o t s ig n ifica n tly  ta lle r  th an  P isto l R iver, 
bu t the latter had a p articu larly  h igh diam eter, 
associated  w ith  a dense bu shy  crow n, giving it 
a v e ry  lo w  ra tio . O n ce  a g a in , th e p la n ta tio n  
s o u r c e  P a c i f ic  C ity  s h o w e d  an  a n o m a lo u s

result, w hich does not clarify  its true affiliation. 
T h e  Y u k o n  o r ig in  h ad  a lo w  d ia m e te r  and  
an  ev e n  lo w e r m ean  h e ig h t. In  the F a r ig a ig  
exp erim ent it w as observed  that shoot ex ten s­
ion  of th is  o rig in  had  a lm o st ceased  in early  
Ju ly  1973, at a tim e w hen the Pistol R iver seed 
origin  had not yet fully flushed. This extrem ely 
short period of shoot extension, com bined with 
a long season over w hich diam eter grow th can 
continue, accounts for its squat form .

T h e  1 0 -y e a r  h e ig h t  d a ta  a c r o s s  s ix  s ite s  
(Table 43) show ed a very sim ilar pattern to the 
6-year heights and ranking of the regional m eans 
w as a lm o st id e n tic a l. A n a ly s is  sh o w ed  th a t 
v a ria tio n  b e tw ee n  o rig in s, s ites , o rig in  x site  
in teraction  and rep licates w ithin sites w ere all 
very highly significant (***). The com parison of 
o r ig in s  w ith in  re g io n s  sh o w e d  v ery  h ig h ly  
s ig n ifica n t d ifferen ces in all excep t the Pu get 
Sound region, w here it w as non-significant. By 
fa r  th e  la r g e s t  a m o u n t o f v a r ia t io n  d u e  to 
o rig in s cou ld  be exp lain ed  by the d ifferen ces 
betw een regional groups.

A reg ression  an aly sis across sites w as carried  
o u t u s in g  th e  sa m e  m e th o d  a p p lie d  in  th e  
19 7 0  s e r ie s . F ig u re  15 is a s c a t te r  d ia g ra m  
relating overall origin m ean height and regress­
ion  co e ffic ie n t (resp on se). T h ese  o rig in s  w ith 
o u ts ta n d in g  re s p o n s e  w e re  th o se  fro m  th e 
Puget Sound region, follow ed by those from the 
V a n c o u v e r  re g io n  an d  S a m o a . T h e  o r ig in s  
g row  w e ll on  g oo d  s ite s , and  p o o rly  on th e 
m ore testing  sites such  as F iu nary . The South 
C oasta l orig ins had a reg ion al m ean response 
s ig n if ic a n tly  lo w e r  th an  th ese  th ree  g ro u p s  
and the perform ance of the P acific C ity origin  
w as notably d ifferent from  the others.

It w as observed in the 1970 series (with a larger 
n u m b e r o f  o r ig in s )  th a t th e re  w as a b ro ad  
relationship betw een response and overall mean 
h eigh t. T h is w as ag ain  clear a t 6 y ears in the 
IU FR O  series and for m ost orig ins at 10 years 
a lso. T he m ain  ex cep tio n s w ere V ail, w ith  an 
exceptionally  high response for its m ean height 
(i.e. it grew very well on the best sites, and very 
poorly on the worst sites) and Pacific City, which 
had an average response, yet its mean height was 
oustanding. This ind icates good grow th on all 
sites. Table 43 show s that it w as never less than 
115%  of the exp erim en t m ean on any site and 
u su a lly  130%  o f th e m ean . A co m p a riso n  o f 
Figures 14 and 15 shows that Pacific City matches 
up closely in its position from the scatter diagram 
w ith Newport and W aldport in the 1970 series.
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A part from  C am pbell Island and Porcher Island, 
w hich  ap p ear to beh ave like the A laskan  seed  
o r ig in s ,  th e  N o r th  C o a s ta l  BC  lo ts  fo r m  a 
coherent group in Figure 15. The position of the 
tw o Q u e en  C h a r lo tte  Is la n d s  lo ts  in d ica te s  a 
v ery  low  re sp o n se  (i.e . th ey  sh o w  th e ir  b e s t 
relative grow th on the poorer sites) but are still 
a b o v e  th e  o v e ra ll m e a n  h e ig h t . I f  th e ir  p e r ­
form ance on the m ost sev erely  exposed  site at 
F iu nary  is exam ined  (Table 43) it can  b e  seen  
that M asset Road w as 127%  of the exp erim en t 
m ean  and M ayer L ake w as 123%  o f the m ean 
th e r e .  A t B ro x a , w h e re  th e  s u r r o u n d in g  
plantations provided a fair degree o f shelter, the 
respective heights for these seed lots w ere only 
91%  an d  95%  of the ex p e rim e n t m ean . T h ese  
r e s u lts  c o n tr a s t  w ith  th e  tw o  P u g e t  S o u n d  
origins, w hose heights w ere 72%  and 53%  of the 
m ean at Fiunary, com pared w ith 118%  and 114% 
of the m ean at Broxa. It is quite clear that there is 
a d ifferential response betw een these groups to 
th e  e f f e c ts  o f  e x p o s u r e .  T h e  S a m o a  o r ig in  
beh av ed  rath er like the V an cou v er grou p  and 
although its m ean height at Fiunary w as 95%  of 
the e x p e rim e n t m ean , th is  m ay  b e so m ew h a t 
m isleading, in  that the m ore exposure-sensitive

in d iv id u al trees had  n ot su rvived  to the tenth  
year. A ll trees had  d ied  in the w orst rep lica te  
and in the other three, survival ranged from  2 2 % 
to 44% . The Y ukon origin  had the sam e overall 
survival percentage (25%) and its height grow th 
w as only 39%  of the m ean.

Conclusions
To sum  up the additional evidence w hich  these 
IU FR O  exp erim ents have provided , they show  
that:

1. T h e  p o o re s t o f th e A la sk a n  o r ig in s  is 
from  the isolated  northern  p opu lation  at 
Y a k u ta t. T h e  o th e rs  fro m  th is  re g io n  
grew  as fast as the less v igorous N orth  
C oast BC origins, i.e. Porcher Island and 
C am p bell Island. A ll w ould  b e  su itab le 
as n u rses in  m ixture w ith  S itka spruce. 
Y a k u ta t  g ro w s  so  s lo w ly  th a t  th e 
nursing  effect w ould  be delayed.

2. The tw o Q ueen C harlotte Islands origins 
grew  faster th an  the re st o f th is N orth  
C o a s ta l BC  g ro u p . W h ile  th e y  w o u ld
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a lso  b e  su ita b le  in  m ix tu re  w ith  Sitk a  
spru ce and not outgrow  it, on the m ost 
exposed sites they are probably the best 
choice for use as a pure crop, especially 
on  th e  k in d  o f s ite  w h e re  p u re  S itk a  
sp ru ce  w o u ld  n eed  re p eated  fertilise r  
inp ut and heather control by herbicides.

3. T he V an cou v er reg ion  contains origins 
w ith  con sid erab le  potential v igour and 
h ig h  resp o n se  to g row th  on  the b etter 
sites . Lund  and  S o o k e p erfo rm ed  in  a 
ra th e r  s im ila r  w ay  to  C o o m b s in  the 
1970 series. T h e IU FR O  collection  from  
Sooke w as from  an elev ation  of 550 m 
and  thus p robably  d ifferent genetically  
from  58(7116)3 Sooke, w hich cam e from  
b e lo w  150 m  an d  p ro v ed  se n s itiv e  to 
e x p o su re  in  the 1 9 6 3 -6 6  ex p e rim e n ts . 
The IU FR O  collection from  Sooke origin 
w as w ell a b o v e  a v era g e  h e ig h t a t the 
ex p o se d  F iu n a ry  s ite . G a rib a ld i cam e 
from  an elevation  of 4 0 0 ^ 6 0  m  close to 
th e  b o r d e r  b e tw e e n  th e  c o a s ta l  an d  
in lan d  p o p u latio n s. It ap p ears to have 
som e in term ed ia te  ch aracteristics  and, 
ap art from  its p oor p erform ance at the 
extrem ely  oceanic site at Fiunary, it has 
g ro w n  fast on the o th e r five sites. A ll 
th e se  o rig in s  g ro w  too fa st fo r u se in 
m ix tu r e  w ith  S itk a  s p r u c e  a n d  a re  
unsuitable for severely  exposed sites. On 
less exp osed  sites o f m od erate fertility  
their early  grow th m ay be so fast as to 
p r o d u c e  e a r ly  in s t a b i l i t y  an d  b a s a l  
sw eep. Snow  dam age has not yet caused 
s e r io u s  d a m a g e  in  th e se  y o u n g  
e x p e r im e n ts  a n d , if  th ey  b e h a v e  lik e  
C oom bs, is unlikely to be severe.

4. T h e  IU F R O  P u g e t  S o u n d  o r ig in s  
b e h a v e d  v ery  s im ila r ly  to th o se  from  
R ain ier and  Sh e lton  in the 1970 series. 
This further reinforces our know ledge of 
th e ir  h ig h  r e s p o n s e  to  b e t te r  s i te  
c o n d i t io n s ,  p a r t ic u la r ly  a s h e lte r e d

e n v iro n m e n t. T h e y  a re  le ss  lia b le  to 
basal sw eep and probably  to later snow 
dam age than the South C oastal origins.

5. O f th e  S o u th  C o a s ta l  o r ig in s ,  P is to l 
R iver behaved like other O regon coastal 
seedlots. It com es from  a latitude of 42° 
1 5 ' N , a lm o st a d eg ree  fu r th e r  so u th  
than Bandon in the 1970 series, and thus 
p robably  too far south to transfer co m ­
fortably to northern Britain. Pacific C ity  
rem ain s an  en igm a. Its rate o f g row th  
w as very high, m uch m ore like a South 
C oastal than a N orth Coastal origin and 
y et its terp ene p attern  is clearly  o f the 
latter. As it is know n to be from  a p lant­
ation , one p o ss ib le  ex p lan atio n  for its 
superior vigour could be an outbreeding 
effect, sim ilar to that know n from  plant­
a tio n  so u r c e s  o f  th is  sp e c ie s  in  N ew  
Z e a la n d  (M il le r ,  1 9 6 9 )  a n d  F ra n c e  
(G io v a n in i an d  R o m a n -A m a t, 1 9 8 6 ), 
com pared w ith d irect seed im ports from  
stands w hich m ay have som e inbreeding 
effects. T h is v igou r has already caused 
b a sa l sw eep  on  so m e s ites  and  it has 
r a th e r  c o a r s e  b r a n c h in g . Its  h e ig h t : 
d ia m e te r  r a t io  w a s  s im ila r  to  th e  
V ancouver group, though it is clearly far 
m ore resistant to exposure.

6. T h e S am o a  o rig in  sh o w s a ll the p o o r 
features o f southern  coastal origins, i.e. 
p oor form , h eav y  b ran ch in g  and fro st 
tend erness. A t A recleoch , sev eral trees 
su ffere d  le a d e r d ie b a ck  in  the sev ere  
w inter o f 1978-79.

7. T h e Y u kon  orig in s (2016 F ran ces Lake 
b e h a v e d  v ery  m u ch  lik e  E th e l L a k e ) 
have no practical use in British  forestry, 
because o f their inability  to adapt to the 
photoclim ate in Britain. It is interesting 
to note that they are the preferred choice 
in northern Sw eden, w hen transferred to 
latitudes even higher than in their native 
range.
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Use of lodgepole pine in mixtures with Sitka spruce

Chapter 14

In  p re -w a r  p la n ta t io n s  lo d g e p o le  p in e  w as 
often used in m ixture, usually w ith Sitka spruce. 
A ty p ic a l s ta n d  o f  S o u th e r n  I n te r io r  o f  BC  
lo d g e p o le  p in e  m ix e d  w ith  S itk a  s p r u c e  
w a s  p la n te d  in  1 9 3 7  a t C la s h in d a r r o c h ,  
A b erd een sh ire . U n u su ally  its h istory  has been  
w e ll  r e c o r d e d , a n d  it  w a s  d e s c r ib e d  a n d  
illu stra ted  by  L ines (1968). T h ese o ld er stand s 
w ere usually planted on better quality  land than 
is now  u sed  for m ixtures w ith  lod gep ole pine. 
In  this stand the spruce grew  w ell and w as able 
to com p ete su ccessfu lly , even  w ith  a relatively  
fa s t-g r o w in g  se e d  o r ig in  o f  lo d g e p o le  p in e  
during the first 1 1  years.

Because o f its fast early grow th, a stand of Yield 
C lass 10 lodgepole p ine w ill have a top h eight of 
nearly  4 m  at age 10. A  stand of 4 m  top height 
w ill h av e  a m ean  h e ig h t o f  ab o u t 2.8  m  (see 
F igure 8 in  Everard, 1974) and it is relev ant to 
com pare the m ean  heigh ts show n in  T ables 35 
and 43. Sitka spruce at the sam e age w ould  have 
to grow  at a rate equivalent to Y ield  C lass 16 to 
k e e p  u p  in  h e ig h t . Z e h e tm a y r  (1 9 5 4 )  g iv e s  
ex am p les o f su cce ssfu l m ix tu res  o f lo d g ep o le  
p in e and S itk a  sp ru ce on  p e a tlan d s w h en  the 
lodgepole pine w as the slow -grow ing  A lbertan  
o rig in , b u t w arn ed  of th e 'd e lica te  b a la n ce  of 
th ese  in tim ate  m ix tu res  ...; a s lig h t ch an g e of 
s ite , a c h a n g e  o f p ro v e n a n c e  an d  a m ix tu re  
alters to pure crop '. Sim ilarly , on heath land  sites 
Z eh etm ay r (1960) d ev o tes a w h ole  ch ap ter to 
m ixtu res, stressing the im p ortan ce o f choosing  
s lo w -g ro w in g  seed  orig in s. M acd o n ald  (1954) 
listed a range of site types w here lodgepole p ine 
w as su itab le for use in m ixture w ith  a range of 
sp ecies and  w as alread y  aw are o f the need  to 
select the correct seed origin  of lod gep ole p ine 
in each case.

In the period  from  1950 to 1970 lodgepole pine 
w as o fte n  p la n te d  in  in tim a te  m ix tu re s  w ith  
S itk a  sp ru ce , p a rtic u la rly  on h ea th er-co v e red  
p e a tla n d  in  S c o tla n d , n o rth e rn  E n g la n d  and  
W a le s . In  s o u th  S c o t la n d  th e s e  m ix tu r e s  
rep resented  over o n e-th ird  of the total area o f 
about 20 000 ha p lan ted  in 1 9 6 1 -6 5  (G arforth ,

1979). In 1950 the greater potential y ield  of Sitka 
spruce over lodgepole p ine w as know n, bu t the 
techniques for raising  a spruce crop successfully  
on  these m o o rlan d s w ere  still u ncerta in . O nly  
later w as it clear that com p etition  from  heather 
m u st b e  e lim in ated  e ith er b y  ch em ica l m eans 
(e.g. 2,4-D ) or by  shading of a tree species and a 
su itab le  fertiliser regim e of p h osp h ate, p o tash  
and (on the poorer sites) n itrogen be applied  at 
the co rrect tim e. T h ere  w as research  ev id en ce 
th a t in  m ix e d  s ta n d s  lo d g e p o le  p in e  c o u ld  
su p p ress the heather u nder certain  con d ition s, 
w hereas pure Sitka spruce w ent into 'check '.

A su rvey  o f 91 m ixed  stand s (N eu ste in , 1967) 
w as carried  out to d efine the cond itions u nder 
w h ic h  n u r s in g  b e n e f i t  o c c u r r e d . C h o ic e  o f 
u n s u ita b le  see d  o r ig in  w a s  o n e  o f th e  m ain  
factors for lack of success. O ften a very vigorous 
S o u th  C oasta l o rig in  had  been  u sed , in  w hich  
c a s e  a h ig h  p r o p o r t io n  o f  th e  s p r u c e  w a s  
suppressed and the resulting w idely spaced pine 
b eca m e u n stab le  and  w ere  ev en  m ore h eav ily  
b ran ch ed  than w h en  g ro w n  p u re. D u rin g  this 
p erio d  (1 9 5 0 -7 0 ), p a rticu la rly  in th e first half, 
large quantities o f seed cam e from  Lulu  Island 
and other unsatisfactory  sources such as Sooke 
and  th e O reg o n  C a sca d e s . W ith  th e m in im a l 
fertiliser applied  at this tim e, lodgepole p ine in 
these stands soon becam e very thin in the crow n 
on exposed sites and had little suppressive effect 
on  the h ea th er and  th u s the sp ru ce  w en t in to  
ch eck . It w as im p o ssib le  to  sp ray  th e h ea th er 
w ith 2,4-D  w ithout seriously dam aging the pine, 
and aerial application  of fertiliser w as less cost 
effective than on pure spruce stands.

By 1970, research  into im proved  estab lish m en t 
techniques for pure Sitka spru ce had overcom e 
m o st o f th e d iff ic u lt ie s  p ro d u c e d  b y  h e a th e r  
check, by  u sing a com bination  o f good ground 
p r e p a r a t io n  w ith  f e r t i l is e r s  an d  h e r b ic id e s  
a p p lie d  at the co rre c t tim e (e .g . B in n s  et a l., 
1970). Forestry  C om m ission  p olicy  then sw ung 
s tro n g ly  a g a in s t m ix tu re s  o f  lo d g e p o le  p in e  
w ith  S itk a  sp ru ce , as m an y  co stly  erro rs  h ad  
been  m ade by  u sing origins that grew  too fast or
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that w ere ineffective in heather suppression. In 
the long term , although the Lulu Island m ixtures 
w ere  a lm o st u seless as n u rses, they  posed  no 
th re a t to  p ro p e rly  fe rtilise d  S itk a  sp ru ce and 
m any of these stands have now  resulted in 'self­
th inned ' crops, w ith  the spruce at w ider spacing 
than in  ad jacen t pu re stands o f spruce. D avies 
(1980, 1982), one of the en thusiastic supporters 
o f h ig h  in p u t pu re Sitk a  sp ru ce forestry , gave 
a forest m anager's view  of distaste for lodgepole 
p in e , and  ou tlin ed  th e m axim u m  in ten sity  of 
fe r t il is e r  in p u t (b a sed  on  re se a rc h  ev id en ce) 
required  to ensure a Y ield  C lass o f 16 for Sitka 
sp ru ce  p la n te d  o n  th e  p o o re s t p e a tla n d . H is 
su g g ested  reg im e w o u ld  in v o lv e sev en  aeria l 
applications of fertiliser during the first 18 years, 
plus one and often  tw o herbicide applications. 
In  practice , these costly  in tensive prescrip tions 
for S itk a  sp ru ce h av e n ot been  follow ed , m ost 
forest m an ag ers to lera tin g  n itrogen  d eficiency  
to so m e d e g re e , w ith  co rre sp o n d in g ly  lo w er 
g row th  rates. A lth o u g h  econ om ic ca lcu lation s 
show  th a t th is k ind  o f h ig h  in p u t can  g ive a 
Sitka spru ce crop of Yield  C lass 12 w ith  a N et 
P resen t V alu e at 3%  sim ilar to a crop of Y ield  
C la ss  8 lo d g e p o le  p in e , th e  sy ste m  is  ra th e r  
in f le x ib le  an d  f in a n c ia l s tr in g e n c y  o r r is in g  
fertiliser costs m igh t m ake the regim e im p oss­
ible to apply. R esearch  on low er input system s 
u sin g  th e  n u rs in g  e ffe c t o f o th e r  co n ife rs  on 
sp ru ce  w as b e g in n in g  to y ie ld  re su lts  b y  the 
la te  1 9 7 0 s ,  a n d  th is  r e o p e n e d  th e  m ix tu r e  
question (Taylor, 1985). Experim ents planted in 
1965 u sing Sitka spruce in m ixture w ith  A laskan 
lod gepole p ine (as w ell as w ith Jap an ese larch 
and  w ith  fe r tilise rs  a lo n e) sh ow ed  th a t th ese  
relatively  slow -grow ing seed origins, w ith  their 
b u sh y  fo rm , n o t o n ly  h ad  th e  e f fe c t  o f su p ­
pressing heather, bu t also enhanced the grow th 
of S itk a  sp ru ce  a lm o st as e ffec tiv e ly  as d irect 
application of fertilisers, w hile nitrogen levels in 
th e  s p r u c e  fo l ia g e  w e re  th e  sa m e  as in  th e 
fertilised plots (M cIntosh, 1983).

Seed of A laskan origins has som etim es been in 
short supply and in recent years forest m anagers 
have been forced to use alternative seed origins. 
Som e choose to use a m ixture with fast-growing 
see d  o r ig in s  o f lo d g e p o le  p in e , u s in g  the 
p h ilosop hy of 'in su ran ce ' m ixtures. A ny large 
m oorland area will contain a m osaic of sites, with 
som e re la tiv e ly  fertile  p a tch es 'f lu s h e d ' w ith  
m inerals in the ground w ater, as w ell as deep 
hollow s and knolls w ith thin im poverished soil. 
T hey hoped  by p lan ting  this m ixtu re over the 
v ariab le  site  that the m ore d em an d in g  spru ce 
w ould thrive on the fertile soils and eventually 
suppress the pine, w hereas on the poorest ground 
only the less dem anding pine would form a crop. 
O n interm ediate areas a mixture would form the 
final crop. A lthou gh  su p erficially  attractive, in 
practice this idea has m any disadvantages, e.g. 
co stly  tend ing  to save the sp ru ce from  strong  
early com petition by the pine may be necessary; 
m any 'flushed' sites, w here spruce should grow 
w ell, are also frost hollow s so that the spruce is 
f ro s te d  re p e a te d ly  w h e re a s  th e  p in e  is n o t; 
a p p lica tion  of fertilisers  or h erb ic id es m ay be 
essential for the spruce, but difficult or less cost- 
e ffe c tiv e  w h en  a p p lie d  to m ixed  s ta n d s ; the 
m arket value of an irregular m ixed crop at the 
end of the rotation w ill be lower than for a single 
species.

The re la tiv e  h e ig h t g row th  of lo d g ep o le  p ine 
and Sitka spruce during the first 10 to 15 years 
is the key to successful m ixtures. The heights at 
10  years in six d ifferent clim ate p rov inces are 
show n in Table 40 and give som e guide to the 
chance o f Sitka spru ce being  able to com p lete 
sa tis fa c to r ily  w ith  lo d g ep o le  p in e. T h e se  are 
m ean  h eigh ts for sev era l o rig in s in  each  seed  
region and the tallest Skeena River origins m ay 
offer som e threat to Sitka spruce in m ixture. At 
fo u r  o f  th e se  s ite s , 1 5 -y e a r  h e ig h ts  a re  a lso  
a v a ila b le  an d  g iv e  so m e g u id a n c e  as to th e 
chance of later interaction (Table 44).

Table 44. C om p arison  of m ean height (m) and range of heights at 15 years for tw o seed regions of 
lodgepole p ine and Sitka spruce from  the Q ueen C harlotte Islands

E xp erim en t
L odgep ole p in e  region

S itk a  spruce
S k ee n a  R iv er A laska

R um ster 8 5.16 (4.92-5.36) 4.79 (4.62-5.11) 4.59

R osarie 3 6.63 (6.38-6.98) 5.56 (5.54-5.58) 6.38

Broxa 115 6.89 (6 .49-7 .14) 5.71 (5 .54-5 .88) 7.01

B ed d gelert 24* 5.08 (4.87-5.29) 4 .57 (4 .41-4 .75) 5.25

*A t 14 years

101



From  Table 44 it can b e  seen that Q ueen Charlotte 
Islands Sitka spruce should com pete successfully 
w ith even the faster-grow ing A laskan origins on 
a ll s ite s  a n d  a t th r e e  s i te s  w ith  th e  fa s te s t -  
g ro w in g  S k e e n a  R iv e r  o r ig in . O n  s i te s  lik e  
R u m ster , S itk a  sp ru ce  is  in  d a n g e r o f  s tro n g  
c o m p e tit io n  an d  p a r t ia l  s u p p re s s io n  b y  th e  
fa s te s t-g ro w in g  S k e e n a  R iv e r  o r ig in s . T h e se  
exam ples com pare the tw o species grow n only in 
p u re p lots. T he tw o o ld est exp erim en ts w here 
A laskan lod gep ole p ine can  be com p ared  w ith  
S itk a  sp ru ce  g ro w n  in  in tim a te  m ix tu re s  are  
In ch n acard o ch  164 P65 and S tra th y  6 P65. A t 
Inchnacardoch, the Sitka spruce in  m ixture w ith 
lo d g e p o le  p in e  fro m  S k a g w a y  w a s  a lw a y s  
m a rg in a lly  ta lle r  th a n  th e  p in e . A t 12 y e a rs  
th e  s p ru c e  w a s 2.86  m  an d  th e  p in e  2 .6 0  m  
(compared w ith pure Sitka spruce at 2.28 m). By 
18 y ears th e sp ru ce w as 6 .54  m  and  th e p in e 
5 .32  m . A t S tra th y , w h ere  th e sam e Sk ag w ay  
o r ig in  w as u sed , se v e ra l se v e re  fro s ts  in  th e  
1970s held back the spruce, w hich up to 6 years 
had grow n m u ch  faster than at Inchnacardoch. 
N e v e r th e le s s ,  b y  1 7  y e a rs  th e  s p r u c e  w a s  
beginning to catch up, w ith  a height o f 4 .70 m , 
c o m p a re d  w ith  5 .6 6  m  fo r  th e  p in e , an d  b y  
20  y ears  th e sp ru ce w as 6.39 m  and  th e p in e 
6.78 m. Thus, it w ill take m any years before the 
p ine is suppressed naturally in these stands and 
it is likely that the final crop will still contain pine.

T he exact m ech an ism  for th ese n u rsin g  effects 
has n o t yet b een  fu lly  explained. It appears to b e  
due to an  inherent superior ab ility  o f lodgepole 
p ine (and som e other species such  as Scots p ine 
and Jap an ese larch) to obtain  n itrogen  on  p oor 
s ite s , e sp e c ia lly  in  co m p e titio n  w ith  h ea th er. 
The spruce is then able to obtain  its su pplies of 
n itrogen, either via the litter-fall from  the p ine, 
o r e lse  v ia  m y co rrh iz a l a sso c ia tio n s . T h is  is  
currently  the su bject o f detailed  investigation  by  
P rofessor H . M iller a t A berdeen U niversity  and 
M . Carey in  Eire (Carey et al., 1988). N evertheless 
th e  n u tr i t io n a l s ta tu s  o f  th e  s p ru c e  in  s u c h  
m ixtures is consid erably  h ig h er th an  in  a pure 
s ta n d  o f  s p ru c e  a n d  v e r y  s im ila r  to  th a t  o f  
sp ru ce  th a t h a s  h ad  th e  C a llu n a  re m o v e d  b y  
h e rb ic id e  and  a lso  g iv e n  a d d itio n a l n itro g e n  
fertiliser.

P ro v e n a n c e  e x p e r im e n ts  p ro v id e d  th e  d a ta ­
b ase  for ad vice on  the rig h t m atch  of lod g ep ole 
p in e  se e d  o r ig in s  fo r  d if fe r e n t  r e g io n s  an d  
s ites  th a t w o u ld  e ffe c tiv e ly  su p p re ss  C allu n a  
an d  n o t s e r io u s ly  o u t-p e r fo rm  S itk a  s p ru c e  
in  e a r ly  y e a r s .  T h is  fo r m e d  th e  b a s i s  o f  a 
ch an g e  in  s ilv icu ltu ra l p ra c tice  on  th e  m o o r­
la n d s  o f  N o r th  S c o t la n d  in  th e  e a r ly  1 9 8 0 s  
tow ard s m ixtu res o f lo d g ep o le  p in e  and  Sitk a  
spruce.
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Chapter 15

Susceptibility to wind and snow damage

B e c a u s e  o f its  p io n e e r  n a tu r e , o n e  o f  th e  
c h a r a c te r is t ic s  o f  lo d g e p o le  p in e  is its  c a p ­
acity for very fast initial grow th, unlike the silver 
firs and som e spru ce that take m u ch longer to 
b eco m e esta b lish ed  on  p o o r s ites  b e fo re  they 
start to grow  fast. O n a favou rable site , Sou th  
C oastal lodgepole p ine m ay be over 1 m  high 
at 3 years and 2.7 m  high at 6 years. Early inst­
a b i l i ty  a f fe c ts  m a n y  s p e c ie s  th a t  sh o w  th is  
p a tte rn  o f g ro w th , e .g . P in u s rad iata  in  N ew  
Z ealand, P. pinaster  on som e sites in France and 
Britain, and even P. sylvestris  if large plants are 
u sed  on  fertile  sites. In stab ility  can be greatly  
a c c e n tu a te d  b y  s o m e  m e th o d s  o f g ro u n d  
p re p a ra tio n  and  the p o sitio n  of p lan tin g . For 
ex am p le , on  in d u ra ted  h ea th lan d  so ils  it w as 
know n that early survival w as highest if the tree 
w as planted  in the bottom  of the furrow  m ade 
by a tine p lough. O nly  later did it em erge that 
this w as the w orst p osition  for encouraging  or 
in d u cin g  in stab ility  (Ed w ard s et al., 1963) and 
on their recom m endation  this practice ceased.

O nce a you ng tree has becom e loosened it tends 
to rock backw ard s and forw ards in the 'socket' 
until either the lateral roots becom e sufficiently  
s t iff  to s ta b ilise  it, or it p ro g resse s  to a p o in t 
w here the stem  is n early  ly in g  on the ground 
an d  th e n  g ro w s u p w a rd s  a g a in . M o st c o m ­
m on ly  a b asa l bow  d evelop s, w hich  results in 
th e m ain  m ass o f th e  tree  e x e rtin g  a v e rtica l 
force at som e distance laterally  from  the centre 
o f the ro o t sy ste m . T h u s su ch  trees  are  v ery  
p ro n e  to la te r  w in d  and  snow  d am ag e , ev en  
th ou gh  the tree is now  ap p aren tly  firm . E ach  
y e a r  on  w in d y  s ite s  th e tre e  m ay  d e v e lo p  a 
le a d e r  th a t  le a n s  a w a y  fro m  th e  p r e v a il in g  
w ind , even  if  there is little  basal sw eep. Som e 
origins are very  prone to this -  particu larly  the 
Sou th  C oasta l o n es, w h ile  o th ers on  the sam e 
s ite  g ro w  w ith  l i t t le  te n d e n c y  to le a n . E v en  
slightly  leaning trees m ay develop com pression  
w ood in  the sam e w ay that this is developed to 
an excessive degree in the w ood associated  w ith 
the basal bow .

In p re -w a r e x p e rim e n ts  early  in s ta b ility  d id  
not appear a m ajor problem , as m ost of the seed 
o r ig in s  w e re  fro m  th e  in te r io r , m e th o d s  o f 
g ro u n d  p re p a ra tio n  w e re  le ss  in te n s iv e  and  
fertiliser ap p lica tion s m in im al com p ared  w ith  
p re se n t d ay  p ra c tic e . N e v e rth e le ss , the f irs t 
assessm ents of stem  form  carried out in 1951 in 
the 1937-39  experim ents did show  large differ­
e n c e s , m a in ly  co n c e rn e d  w ith  s in u o sity  and  
basal sw eep. The South C oastal origins had the 
p o o rest form . S h e lto n , from  the P u g et Sou nd 
region had better form  and ranked equally with 
the fast-grow ing  in terior orig in  from  Shusw ap 
Lake (M acdonald, 1954).

In the post-w ar period South C oastal origins of 
lo d g ep o le  p in e , la rg e ly  from  the L ong  B each  
area, w ere used w idely in trial plantations that 
had been  ploughed to produce a large turf ridge 
and fertilised  w ith  rock  phosphate. A t Strathy, 
Su therland , the lead ing shoots of trees in their 
th ird  g ro w in g  season  w ere up to 70 cm  long, 
an d  u n s ta b le  tr e e s  w e re  co m m o n  a f te r  the 
f o l lo w in g  w in te r .  W h e n  th e  e x te n t  o f  th e  
p ro b le m  w as re a lis e d , th e f ir s t  e x p e rim e n ts  
w ere established in 1953 to investigate w hether 
d e la y e d  f e r t i l i s a t io n  w o u ld  e l im in a te  th e  
p ro b le m  (L in e s , 1 9 8 0 c ) . T h e se  e x p e r im e n ts  
failed because it w as not then realised that som e 
N o rth e rn  C o a sta l seed  so u rces  (in  p a rtic u la r  
fro m  L u lu  Is la n d ) w ere  in h e re n tly  le ss  fa st-  
g ro w in g  and  lig h t-cro w n ed  and  thus did not 
b e c o m e  u n s ta b le . T h e  fo l lo w in g  y e a r , tw o  
experim ents (including a Sou th  C oastal origin) 
w ere  p la n te d  w ith  d e la y e d  fe r tilisa tio n . T h e 
re su lt w as th a t th e trees fa iled  to g row  u n til 
th ey  w ere  g iv en  p h o sp h a te  fe rtilise r  3 y ears 
later. Even then grow th w as slow , and though it 
e l im in a te d  b a s a l  b o w , m o re  th a n  4 y e a rs  
increm ent w as lost. The late 1950s saw  a return 
to South C oastal seed origins and in 1958 another 
fertiliser trial at N aver, Sutherland again show ed 
that w ithou t phosphate the trees m erely  stayed 
in check, w hile those given 14 g per tree of rock 
p hosphate grew  alm ost as fast as and suffered
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sim ilar basal bow  to those g iven  the standard  
rate o f 42 g. O ther exp erim ents tested  m inute 
d o ses in  th e form  o f a s lu rry  in to  w h ich  the 
roots w ere dipped before planting. These trees 
grew  slow ly and straight, bu t it appeared that it 
m ere ly  d ela y e d  the 'm o m e n t o f tru th ', s in ce  
later topdressing at standard rates could not be 
a v o id e d  an d  th is  r e s u lte d  in  h e a v y  cro w n  
developm ent and instability.

In 1966 a su rv ey  w as ca rrie d  ou t in  S c o ttish  
forests to q u an tify  the ex ten t o f the p rob lem . 
T h is  sh o w e d  th a t  b e tw e e n  1 9 5 6  a n d  1 9 6 5 , 
8675 ha had been  p lanted  w ith  Sou th  C oastal 
o r ig in s  o f lo d g e p o le  p in e . O f th e s e , a b o u t 
4 0 -5 0 %  o f th e stan d s w ere  a ffe c ted  by  b asa l 
sw eep  to a sev ere  or m od erate ex ten t (Fraser 
an d  N e u ste in , 1967). In  th e sam e y e a r  th ree  
experim ents w ere planted testing 13 treatm ents 
that it w as hoped w ould reduce basal sw eep on 
peat sites. The general position at this tim e w as 
g iv e n  b y  N e u s te in  (1 9 6 9 ) . T h e  tr e a tm e n ts  
included position of planting, various fertiliser 
treatm ents and grow th reduction by  clipping or 
chem ical treatm ent, as w ell as use of an A laskan 
origin. A clear relationship w as found betw een 
tree height and basal bow  at tw o sites. Intensive 
m e a su re m en t o f the trees fo r m an y  m o rp h o ­
lo g ica l ch a ra cte rs  and  m u ltip le  re g re ss io n  of 
stem  straightness (as a m easure of basal bow ) on 
these show ed that a com bination of root collar 
d ia m e te r  an d  m in im u m  ro o t d ia m e te r  w as 
h ig h ly  s ig n ifica n t in  re la tio n  to stra ig h tn e ss , 
e x p la in in g  57%  o f th e v a r ia tio n , th o u g h  the 
ex c lu sio n  o f th e A la sk a n  o rig in  n u llifie d  the 
significance of the relationship.

Since over-rapid early growth and a low root:shoot 
ratio w ere indicated as m ajor factors in w orsen­
in g  in s ta b ility , one k n o w n  w ay  o f a ch iev in g  
slow  early grow th and a b etter balanced  plant 
w as by direct sow ing. O bservations had show n 
that natu ral regeneration  o f lod g ep ole p ine in 
B r ita in  se ld o m  su ffe re d  in s ta b ility . A ld h o u s 
(1976) observ ed  that in p lan ted  stand s on the 
Pacific coast of W ashington alm ost all trees had 
so m e  b a s a l b o w , w h e re a s  n a tu ra l s e e d lin g s  
w ere straight. B urdett (1979) has observed  the 
sam e in  B ritish  C olu m b ia . D ire ct so w in g  has 
been  tried several tim es but seldom  w ith success 
in  B r ita in . T h e  O n ta r io  s y s te m  o f p la n tin g  
young seedling trees in sm all polystyrene tubes 
w as currently  being tested in Britain (Low, 1975) 
and it w as h o p ed  that the use o f su ch  you ng 
seedlings w ould reduce the instability  problem  
to a great extent. This w as found to be generally 
true and la ter ro o t ex ca v a tio n s d em o n stra ted  
the su p erio r root form  o f trees estab lish ed  as

tu b ed  se e d lin g s  co m p a re d  w ith  tra n sp la n ts . 
Plow ever, the m ethod w as not p u t into general 
use for a num ber o f reasons, one o f the critical 
o n es fo r lo d g e p o le  p in e  b e in g  th a t th e  ea rly  
instability problem  of South C oastal origins w as 
soon added to by  a further hazard  -  dam age by 
w et snow  in the thicket and pole-stage.

As the large areas o f Sou th  C oasta l lo d g ep ole 
p in e  reach ed  the la te  th ick e t an d  e a r ly  p o le - 
s ta g e s , th e re  w e re  m o re  an d  m o re  c a s e s  o f  
serio u s d am ag e fro m  a co m b in a tio n  o f w in d  
an d  w e t sn o w . T h e  h e a v y  c r o w n s  o f th e s e  
orig in s held  su ch  a g reat w eig h t o f snow  that 
they snapped off or fell over in patches through­
out w hole com partm ents. The financial loss w as 
w orst w hen th is occurred  ju st b efo re  the trees 
h a d  r e a c h e d  th e  s iz e  w h e r e  th e y  c o u ld  b e  
u tilise d  for p u lp w o o d  or ch ip w o o d . L ig h te r- 
cro w n e d  in te r io r  o r ig in s  su ffe re d  v ery  litt le  
dam age and so far dam age in the alm ost equally  
h e a v y -c ro w n e d , b u t s lo w e r  g ro w in g , N o rth  
C oastal and A laskan origins has been  negligible.

Root:shoot ratios are believed  to influence early 
in s t a b i l i t y  an d  a s  n o te d  in  C h a p te r  8 th e  
u n stab le Sou th  C oasta l orig in s had the low est 
ratios as seedlings and transplants in  the nu rs­
ery  (T ab le  16). D an by  (1973) su m m arised  the 
resu lts  from  the e x ca v a tio n  o f o v er 500  trees 
aged betw een  3 and 8 years and m easured  for 
fresh w eight o f root and shoot. The ratio varied 
w id ely  betw een  d ifferent sites, b u t d ifferences 
due to seed origin w ithin  sites w ere consistent. 
D anby also m easured root:shoot ratios in older 
trees  (3 2 -4 4  y e a rs ) and  in  th e se  see d  o r ig in  
appeared less im portant than site in its influence 
on the ratio.

In s ta b ility  h as b e e n  a sse sse d  in  m an y  o f the 
B ritish  seed  o rig in  exp erim en ts. R esu lts  from  
the IU FR O  exp erim ents o f 1972 w ere reported  
by  Lines (1980b). These consist m ainly  o f counts 
of the percentage of trees show ing basal sw eep 
or lean . Seed  o rig in  d iffe re n c e s  w ere  a lw a y s 
h ig h ly  s ig n ifica n t and  d em o n stra te  a g en era l 
relationship betw een tree height and the in cid ­
ence of basal bow . Figure 16 show s the results 
a t  F a r ig a ig  w h e r e  b a s a l  b o w  w a s  h ig h ly  
correlated  w ith  h eig h t (r = 0 .61, s ig n ifican t at 
***). The origins form  a pattern w here those from  
the less heavily  crow ned V ancouver and Puget 
Sound region are generally below  the regression 
line, i.e. a low er degree o f bow  for their height, 
com pared with the South Coastal and Californian 
ones, w hich have a higher incidence o f bow  for 
their height. The anom alou s P acific C ity  origin 
falls w ithin the latter group. This d iag ram  also
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Figure 16. Relation between height at 6 years (cm) and basal bow at Farigaig.

illu stra tes  th at there is no sharp  line d iv id in g  
o rig in s a ffe c ted  by  b a sa l bow  and  th o se  th at 
are  u naffected .

In the 1970 series, instability  w as assessed in the 
R osarie, G len trool, Brend on  and Broxa exp eri­
m e n ts . R e s u lts  w e re  r a th e r  s im ila r  fo r  th e  
behaviour of d ifferent seed regions in all experi­
m ents, so that the data from  the R osarie experi­
m en t at 10  y ears  are  g iv en  as an  ex a m p le  in 
Table 45. The South C oastal group w ere by  far 
the w orst at 43% , w ith  the Southern Interior BC 
group next at less than 5%. The rest had n eg li­
g ible dam age. The m ain points to note w ere the 
highly  significant d ifferences w ithin the coastal 
o r ig in s ,  w ith  th e  P u g e t  S o u n d  o r ig in  fro m  
R a in ie r  v ery  h ig h ly  s ig n ifica n tly  m o re stab le  
than those from  the Pacific Coast; C oom bs, in the 
N o rth  C o a s ta l g ro u p , w h ich  w as ta lle r  th an  
M e n d o c in o , y e t  s u f fe r e d  fa r  le s s  d a m a g e . 
Further evidence for the lesser dam age sustained 
b y  P u g et So u n d  o rig in s  co m e s fro m  W ark  6 
P 6 1 , w h ic h  s u ffe r e d  fro m  h e a v y  w e t sn o w  
d am ag e d u rin g  the w in ter  o f 1978/ 79. T h ree  
O regon  coastal origins w ere significantly  m ore 
h ea v ily  d am ag ed  than  one from  L on g  B each , 
w h ich  in  turn  had  sig n ifican tly  m ore d am age 
than one from  K eyport in the Puget Sound. All 
others (see Table 31) w ere not b ad ly  dam aged.

A t E lch ies  1 P 57  an  asse ssm en t o f b asa l bow  
w a s m a d e  a t 15 y e a rs . T h is  sh o w e d  h ig h ly  
s ig n ifica n t d ifferen ces betw een  orig in s. W hen 
th e e x p e rim e n t w as 20  y ears  o ld , h ea v y  w et 
sn ow  cau sed  serio u s d am age in those orig in s 
that had a h igh incidence of basal bow  5 years 
before. The correlation  (r = 0.836) betw een the 
tw o  a sse s s m e n ts  w as h ig h ly  s ig n if ic a n t and 
ind icates how  the early  basal bow  data can be 
used to p red ict later catastrophic dam age from  
heavy w et snow .

Th e m ain  co n clu sio n s are th at rap id -g ro w in g  
orig ins o f lod gepole p ine can becom e unstable 
u n d e r  p re s e n t m e th o d s  o f e s ta b lis h m e n t on 
som e sites. Trees that develop basal bow  show  
that they are potentially  at risk from  heavy wet 
snow  in  the future, especially  if they are of the 
heavy-crow ned South C oastal type. Those from 
the Puget Sound and V ancouver regions (based 
on  terpene type) are less at risk, becau se their 
lig h te r  cro w n s do n o t trap  so m u ch  w in d  or 
snow . Experim ents to lim it basal bow  have not 
produced an effective practical treatm ent, apart 
from  using tubed seedlings or natural regenera­
tion, both of w hich have only lim ited application. 
Seed orig ins from  the Skeena R iver and N orth 
C oastal groups have m ostly  proved acceptably 
stable under a w ide range of site conditions.
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Table 45. Percentage of trees affected by wind or snow at Rosarie 3 at 10 years

Identity
num ber

Seed  origin %
%  transform ed 

to angles

Alaska
(7987) 3 Petersburg 1.39 3.41
(7987) 5 Annette 0.70 2.40

North Coast BC
(7111) 1 M asset 2.78 6.59
(7116)7 Coom bs 1.39 4.80

South Coastal
(7975) 2A Rainier 6.94 14.98
(7972)1 Long Beach 29.86 32.95
(7951) 1H Newport 54.86 47.88
(7948) 100 Mendocino 46.53 42.91

Skeena River
(7114)8 Kispiox, 300 m 3.47 8.99
(7114) 8A Kispiox, 460 m 6.25 10.22
(7114)5 Skeena Crossing 3.47 5.47
(7114)7 Kitwanga 0.00 0.00
(7114)9 Cedarvale 4.17 10.00
(7114)1 Terrace 3.47 7.27

Bulklev River
(7114) 12 Babine 3.47 7.27
(7114)15 Bulkley Canyon 1.39 4.80
(7114)13 Smithers, 600 m 0.70 2.40
(7114) 13A Sm ithers, 760 m 0.70 2.40
(7114) 13B Sm ithers, 900 m 1.39 3.41
(7114) 13C Sm ithers, 1070 m 1.39 4.80
(7114)2 Telkwa 1.39 3.41

Central Interior BC
(7113)11 G erm ansen Lake 2.09 7.20
(7113) 6 Pendleton Bay 0.70 2.40
(7113) 1 Fort Fraser 2.08 5.81
(7113)10 Bum s Lake, 760 m 5.56 9.43
(7113) 10A Burns Lake, 900 m 2.78 4.87

Central Interior BC
(7113) 1A Fraser Lake 1.39 3.41
(7113)5 Vanderhoof 6.25 14.19
(7113) 17 Takysie 1.39 4.80
(7113) 3 Anahim Lake 4.86 12.40
(7113) 4B Prince George 0.00 0.00

South Interior BC
(7118)8 100 M ile House 4.86 8.88
(7118)6 Clearwater 5.55 13.41
(7118) 1A Chase Creek 4.86 10.67
(7118) 4A Salm on Arm 3.47 8.99
(7118)4 M ount Ida 2.08 5.81
(7118) ID Harper Lake 3.47 9.21
(7118) 5B Charcoal Creek, 900 m 8.34 15.69
(7118) 5C Charcoal Creek, 900-1200 m 8.33 14.35
(7118) 9A Steavens Meadow 1.39 4.80
(7118)3 Tunkwa Lake 7.64 11.23
(7113) 5A Falkland 5.56 10.82
(7118)100 Esperon Lake 0.70 2.40
(7118) 102 Terrace Creek 5.56 13.07
(7118) 101 Bald Range Creek 5.56 9.43

East of Rockies
(7123)100 Crowsnest 0.00 0.00
(7124)100 Cypress Hills 7.64 14.75

W ashington Cascades
(7976)6 Bird Creek 2.78 6.59
(7976)5 Petersen Prairie 1.39 4.80

Standard error ± 3.46
Differences significant at 44-4
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Stem form, crown morphology and efficiency of suppression of 
ground vegetation

Chapter 16

Stem form
Stem  d efects o f lo d g ep ole p ine, i.e. b asa l bow  
and stem  lean have already been discussed in the 
previou s chapter. Stem  sinuosity  is less easy to 
assess, but can also affect som e seed origins m ore 
than others. It is w orst on South C oastal origins 
th o u g h  tre e s  o f  so m e see d  o r ig in s  fro m  th e  
Southern Interior o f BC region, such as Vavenby 
and C learw ater, are som etim es quite sinuous.

B a s a l fo r k in g  ca n  r e s u lt  fro m  b r o w s in g  b y  
anim als or b ird s, from  shoot d ieback in w inter 
or from  p lanting too deeply in peat, thus forcing 
s id e b ra n ch es  up in to  th e v ertica l p o sitio n . It 
g ives rise to tw o or m ore m ain  stem s w h en  it 
o c c u r s  in  th e  e s t a b l i s h m e n t  p h a s e . I t  is  
n e c e s s a r y  to  d is t in g u is h  c a r e fu l ly  b e tw e e n  
m u lt ip le  s te m s th a t a r ise  fro m  b ro w s in g  o r 
b la ck g a m e d am ag e to b u d s and are th erefo re

probably not d irectly  related to seed origin, and 
those caused by  clim atic shoot die-back, w hich  
m ay  w e ll r e s u lt  fro m  d if fe r e n t ia l e x p o s u re  
susceptibility  o f certain  seed origins.

In  the later stages, a tendency to fork appears to 
be associated  w ith  particu lar seed origins. This 
w as first noted in the 1938 series of experim ents 
(L in e s , 1966 ). In  M a b ie  10 P 70  a ll trees  th a t 
forked low  dow n w ere singled and at 15 years 
a ll trees  in  th e in n e r th ree  row s x fou r trees 
w ere assessed  for h eight and presence of forks 
in the upper crow n. Tree height averaged 7 m 
th rou g h o u t the exp erim en t. D ifferen ces in the 
p e r c e n ta g e  o f  fo r k in g  w e re  v e ry  h ig h ly  
s ig n if ic a n t an d  b y  fa r  th e la rg e s t a m o u n t o f 
variation  w as betw een  the regional groups (in 
th is case show n g eo g rap h ica lly  rath er than in 
terpene groups, see Table 46). The overall m ean 
w as 26% , w hich is surprisingly high.

Table 46. Incidence of upper stem  forking in  M abie 10 at 15 years

R eg io n
N u m b er

o f
o rig in s

M ean  % o f 
fork ed  

trees

Standard  
error ±

R an k
H eig h t ran k  

at 15 years

A laska 10 9.6 1.604 1 1 10

Q ueen C harlotte Is 1 9.9 5.073 10 6

V ancouver Island 2 16.9 3.587 9 2

South C oastal 10 31.6 1.604 2 1

Skeena R iver 7 24.2 1.918 6 3

B ulkley  River 1 1 21.6 1.530 7 5

C entral Interior BC 17 28.0 1.230 4 7

Sou th  Interior BC 18 35.6 1.196 1 4

E ast o f R ocky M nts 2 30.8 3.587 3 1 1

W ashington  C ascades 2 18.7 3.587 8 9

O regon C ascades 1 26.0 5.073 5 8
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T h ere  w ere s ig n ifica n t d iffere n ces  w ith in  the 
Vancouver Island group, due to C oom bs having 
n e a r ly  sev en  tim e s  as m an y  fo rk e d  trees  as 
Tofino, and in the Bulkley River group, M atlin 
C reek  h ad  34%  fo rk e d  trees  co m p a re d  w ith  
Sm ith ers (610 m ) w hich  had on ly  12% . T h ere 
w ere no significant differences w ithin any of the 
other regional groups. A lthough there is som e 
asso cia tio n  betw een  fork in g  and h eig h t, w ith  
the w orst forking on som e of the tallest origins, 
h e ig h t  is  o b v io u s ly  n o t th e  m a in  fa c to r  
in f lu e n c in g  fo r k in g . F o r  e x a m p le , th e  
V a n c o u v e r  Is la n d  g ro u p  sh o w s re m a rk a b ly  
g o o d  h e ig h t  g ro w th  c o m b in e d  w ith  lo w  
in c id e n ce  o f fo rk in g  w h ile  the E ast o f R ocky  
M o u n ta in s  g ro u p  sh o w s th e  re v e rs e  tre n d . 
F ork in g  w as also  assessed  a t 15 y ears  in  the 
R osarie 3 P70 experim ent w ith  sim ilar results. 
The general incidence of forking w as m uch less, 
ranging from 2% for the A laskan region to 14% 
fo r  tre e s  fro m  th e  S o u th e r n  In te r io r  o f  BC  
region.

Crown and branch form
A n u n u su a l fea tu re  o f lo d g e p o le  p in e  is the 
tendency for som e origins to produce internodal 
b ra n ch  w h o rls , th e so -c a lle d  'b ic y c l ic ' h a b it  
(Scobie, 1971). This w as assessed  at W ykeham  
55 P38 at the age of 24 years by cou n tin g  the 
n u m ber of in tern o d a l w h o rls  w ith in  th e first 
three in tern o d es  ab o v e the lim it o f b ra sh in g  
(about 2 m). Thirty trees per p lot w ere assessed 
and the results are show n in Table 47.

T h e  O re g o n  c o a s t  s e e d lo t  h a d  th e  fe w e s t  
internodal w horls. The other coastal groups had 
s lig h tly  m o re , w h ile  th o se  fro m  th e  S k e e n a  
River and C entral and South Interior of BC had 
the m ost. A n oth er O reg on  co asta l o rig in  in  a 
su bsid iary  part of this exp erim en t had so few 
internodal w horls that it w as recorded  as 'n o t 
w orth assessing '. The O regon C ascades origins 
are the sub-species m urm yana  and these appear 
to have few er internodal w horls than the East of 
Rocky M ountain group (ssp. latifolia).

T h e in cid en ce of b icy clic (m u ltinod al) grow th 
w as also  assessed  a fter 6 y ears in the IU FR O  
experim ent A recleoch 5 P72 on a scoring basis 
(1 = scarce to 4 = generally present). The score 
w as allocated to the plot as a w hole and not to 
ind ividu al trees so that it is not a very precise 
assessm ent. Table 48 show s the results.

T h e O re g o n / C a lifo rn ia  co a st reg ion  w as the 
on ly  one w ith in  w h ich  there w ere sig n ifican t 
d ifferences. D ifferen ces b etw een  regions w ere

very  h ig h ly  s ig n ifica n t and  they  fo llo w ed  the 
sam e pattern  as in the W ykeham  experim ent.

T hese form s of b ran ch  arran g em en t are n o t of 
p u rely  acad em ic in terest, as the p o ssessio n  of 
additional branch  w horls tends to d istribute the 
w eig h t o f snow  m ore ev en ly  o v er the crow n . 
T h e cro w n s o f S o u th  C o a s ta l o r ig in s  h a v e  a 
tendency to snap at the node because the m any 
heavy branches at each node and the resulting  
m a ss o f d is to r te d  g ra in  p ro d u c e s  a p o in t o f 
w ea k n ess . T h e  d en se ly  cro w d ed  b ra n c h e s  o f 
trees from  the N orth  C oast o f BC  and  A laska 
m ay  m ak e th e  s te m  le ss  e a s ily  a c c e s s ib le  to 
m arauding red and sika deer attem p ting to eat 
the b ark , co m p ared  w ith  trees h av in g  w id ely  
spaced branch w horls. Trees w ith  m any w horls 
o f sm a lle r  b ra n c h e s  w ill a lso  h a v e  a sm a lle r  
m a x im u m  k n o t s iz e  th an  tre e s  o f  th e  sa m e  
cro w n  m a ss b u t fe w e r la rg e  b ra n c h e s . T re es  
w ith very large knots produce inferior structural 
tim ber.

O th e r  c ro w n  c h a r a c te r is t ic s ,  su ch  as c ro w n  
sp read , n eed le  re ten tio n , n u m b er o f b ran ch es 
per w horl, branch girth, etc., w ere first assessed 
in  1951 in  th e 1 9 3 7 -4 1  serie s  o f e x p e rim e n ts . 
Som e results w ere given by M acdonald  (1954). 
L a te r ,  m o re  d e ta ile d  a s s e s s m e n ts  in  th e s e  
e x p e r im e n ts  w e re  m a d e  a n d  th e  r e s u lts  in  
M il lb u ie  1 P 3 8 / 3 9  w e re  p u b lis h e d  (L in e s ,  
1976a).

Branch length tends to be largely  an expression  
o f tree v ig o u r , w ith  w id e  v a r ia tio n  b e tw e e n  
sites. If the ratio o f branch  length to tree height 
is c o n s id e re d , th en  h ig h ly  s ig n if ic a n t d if fe r ­
e n c e s  w e re  fo u n d  b e tw e e n  se e d  o r ig in s  a t 
A c h n a s h e lla c h ,  W y k e h a m , M il lb u ie  a n d  
C la s h in d a r r o c h . T a b le  49  g iv e s  th e  o v e ra ll  
regional m ean ratios at age 1 6 -1 7  years.

The general conclusion is that the N orth  C oastal 
o rig in s (Q u een  C h a rlo tte  Is la n d s an d  S o n o ra  
Is la n d / N e w  W e s tm in s te r )  h a d  th e  lo n g e s t  
branches for their height. Those from  the Skeena 
R iver had longer branches than those from  the 
rest of the in terior and the Sou th  C oastal ones 
w e re  in te r m e d ia te .  H o w e v e r , in  th e  S o u th  
C oasta l group the m o st so u th erly  o rig in  from  
SW  Lincoln C ounty, O regon had a m uch h igher 
ratio (0.288) than those from  Shelton and Long 
Beach.

D if fe r e n t  se e d  o r ig in s  c a n  b e  r e a d i ly  
d istinguished by their 'bu sh in ess' of crow n. The 
degree of 'bu sh iness' results from  a com bination 
of characters: num ber of w horls per unit length
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Table 47. Mean number of internodal whorls in three internodes above 2 m at Wykeham 55 P38

Id en tity
n u m b er Seed  orig in

M ean  n u m b er 
o f in tem o d a l w horls

C oast BC

34/25 Sonora Island & N ew  W estm inster, BC 1.47

Pu get Sound

34/40 Shelton, W ashington 1.07

Sou th  C oastal

34/10 SW  Lincoln  C ounty, O regon 0.50

Skeena River

35/18 Sm ithers 2.37
35/22 H azelton 2.60

M ean 2.48

C entral Interior BC

34/24 Prince G eorge 2.23
35/17 Prince G eorge 2.30
35/19 W illiam s Lake 2.57

M ean 2.37

Sou thern  Interior BC

35/20 C learw ater 2.60
34/23 Shusw ap Lake 2.47
35/21 Shusw ap Lake 2.20

M ean 2.42

East o f R ockv M ountains

34/69 Priest R iver, Idaho 2.07
35/53 East W ashington 2.38
34/68 W est Y ellow stone, M ontana 2.50

M ean 2.32

O regon C ascades

35/54 'O regon ' 1.03
35/59 K lam ath, W illiam son R 2.10

M ean 1.56
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Table 48. Score for incidence of bicyclic growth habit at Arecleoch 5 P72

Id entity
n u m ber

Seed  orig in Score
A n g u lar

tran sform ed
score

Alaska
2001 Yakutat 2.3 0.52

2007 Sitka 3.0 0.60

2010 K law ack River 3.3 0.63

20 11 G ravina Island 2.3 0.52

N orth C oast BC
2044 Porcher Island 2.3 0.52

2048 M asset Road 3.3 0.63

2050 M ayer Lake 2.7 0.56

2056 C am pbell Island 3.0 0.59

South C oast BC
2145 P ort H ardy 2.3 0.52

2146 Lund 2.3 0.52
2147 Sayw ard 2.3 0.52

2148 G aribaldi 2.3 0.52
2067 Gold River 2.7 0.56
2149 Friendly Cove 2.3 0.52
2152 Tofino 2.7 0.56
2071 M esachie Lake 1.7 0.42
2072 Sooke 2.3 0.52

Puget Sound
2084 Joh n 's Prairie 2.7 0.56
2086 Vail 3.0 0.59

O regon/C alifornia C oast
2092 Pacific C ity 1.0 0.30
2100 Pistol R iver 1.0 0.30
2105 Sam oa 2.3 0.52

Yukon
2016 Frances Lake 2.7 0.56

Skeena River
(7114 )3 H azelton 3.3 0.63

South Interior BC
(7 1 1 8 )4 M ount Ida 3.3 0.63

Standard error ± _ 0.04
D ifferences significant at - ***

R egion N um ber M ean R ank

A laska 4 0.57 4
N orth C oast BC 4 0.58 5=
South C oast BC 9 0.52 2
Puget Sound 2 0.58 5=
O regon/C alifornia C oast 3 0.37 1  least
Y ukon 1 0.56 3
Skeena River 1 0.63 7= m ost
South Interior BC 1 0.63 7= m ost
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Table 49. Regional mean ratios of branch length to tree height at Achnashellach, Wykeham, Millbuie
and Clashindarroch

N orth C oast BC 
South C oastal 
Skeena River 
C entral Interior BC 
South Interior BC 
N orthern Interior U SA

0.30
0.26
0.26
0.24
0.24
0.24

o f  s te m ; n u m b e r  o f  b r a n c h e s  p e r  w h o r l ;  
n u m b er o f seco n d  and lo w er ord er b ran ch es; 
l iv e  n e e d le  r e t e n t io n ;  n e e d le  n u m b e r  p e r  
u n it sh o o t len g th ; and n eed le  length . C ann ell 
(1 9 7 4 )  m a d e  a d e t a i le d  a n a ly s is  o f  s h o o t  
g ro w th  on  six o rig in s in th e E d d lesto n  4 P 66 
ex p erim en t, w h en  the trees w ere 6 y ears old. 
H e  m e a s u r e d  th e  to ta l  a c c u m u la te d  s h o o t  
le n g t h  p e r  tr e e  a n d  fo u n d  th a t  th e  S o u th  
C oasta l orig in  from  N ew p ort had a total length  
o f 89 m  co m p a re d  w ith  o n e  fro m  S k a g w a y , 
A laska, w hich  had only 33 m . Thus the form er 
p ro d u c e d  n e a r ly  th re e  tim e s  as m u ch  to ta l

length  of bran ch , w hile it w as only 35%  taller. 
T h is  te c h n iq u e , w h ic h  e m p lo y s  d e s tru c tiv e  
sam p lin g  to m easu re total accu m u lated  sh oot 
le n g th , is  to o  c u m b e r s o m e  to  a p p ly  w h e n  
m a n y  se e d  o r ig in s  a re  to  b e  a s s e s s e d  on  a 
ra n g e  o f s i te s .  A m u ch  s im p le r  m e th o d  to  
assess 'b u sh in ess ' w as to cou nt the num ber of 
shoots on one w ell-illu m inated  side branch  on 
te n  tr e e s  p e r  p lo t . F iv e  y e a r s ' g ro w th  w as 
found by cou nting  back  the in ternodes of this 
b ran ch  and then  w orkin g  ou tw ard s from  this 
p oin t all live cu rrent shoots w ere cou nted  (see 
Figure 17). T h is w as done in 1954 on five trees

Figure 17. Method of counting number of live shoots on a branch.
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Table 50. Regional mean number of shoots per branch at Achnashellach, Wykeham, Millbuie and
Clashindarroch

N u m b er o f sh oots 
R eg ion  p er bran ch

N orth C oast BC 22.25
South C oastal 36.33
Skeena River 15.20
C entral Interior BC 13.60
South Interior BC 13.28
N orthern Interior U SA 11.55

per p lot in each replicate of the experim ents at 
A c h n a s h e lla c h , W y k e h a m , M il lb u ie  an d  
C lashindarroch. The m ean num ber of shoots per 
branch  varied  from  10 .2  for the rather sp indly  
E a st W a sh in g to n  o r ig in  to 54 .5  fo r  th e  v ery  
bu shy  SW  L incoln  C ou nty , O reg on  seed lo t in 
th e  S o u th  C o a s ta l  g ro u p . T h e  se e d  o r ig in  
differences w ere h ighly sign ificant at each site 
and  th e  re g io n a l m e a n s  a c r o s s  a ll s ite s  are  
show n in Table 50.

The South C oastal group had by far the largest 
n u m b e r  o f s h o o ts , w ith  th e  N o r th  C o a s ta l  
origins next. The Q ueen C harlotte Islands origin 
had significantly m ore shoots than the one from  
S o n o ra  Is la n d  and  N ew  W e s tm in s te r  in  th e 
M il lb u ie  e x p e r im e n t .  T h e  S k e e n a  o r ig in s  
generally had m ore shoots than those from  the 
other inland origins.

Needle characters
C annell (1974) also calculated the total num ber 
o f n e e d le s  p e r  tre e , the v o lu m e  p e r  n e e d le

p a ir  and  th e to ta l v o lu m e of n eed les  p e r  tree 
(Table 51). The data again em phasise the m uch 
greater bu sh in ess o f the Sou th  C oasta l orig ins 
and show  how  the Terrace seed lot (Skeena R iver 
region) had alm ost double the foliage volu m e of 
the A nahim  L ake (C en tral In terio r BC  region) 
origin. A lthough Sisters/La Pine (w hich is sub­
s p e c ie s  m u rra y a n a )  h a d  s ig n if ic a n t ly  la r g e r  
need les, m ainly  due to their g reater w id th , its 
total volu m e of need les per tree w as less than 
that o f the shorter Skagw ay, A laskan origin.

N eedle dim ensions have been  assessed on m any 
o ccasio n s in B ritish  ex p erim en ts  (M acd on ald , 
1954; Jeffers and Black, 1963). R esults from  these 
earlier studies at M illbuie w ere show n by  Lines 
(1976a). W h en  resu lts from  the 1938 and 1939 
sections are am algam ated  (Table 52) they show  
a clear p ictu re  o f co n sisten t g rou p in g  by  seed  
regions, w ith  the Sou th  C oastal reg ion  h aving  
th e  s h o r te s t  n e e d le s , fo llo w e d  b y  th e  N o rth  
C o asta l reg ion . T h e P u g et So u n d  o rig in  from  
Shelton  had  n eed les s im ilar in length  to those 
from  the P acific  co ast o f W ash in g to n . O rig in s

Table 51. N eedle characteristics of six origins in Eddleston 4 P 66 (± standard error) (from  C annell, 
1974)

Id entity
n u m b er

Seed  region Seed  orig in

T o ta l n u m b er 
o f n eed les 

per tree 
(x 10 3)

V o lu m e 
p er n eed le  

p air 
(m m 3)

T o ta l vo lu m e 
o f n eed les 

p er tree 
(dm 3)

(7987) 2 Alaska Skagw ay, A laska 19 ± 2 .8 83 ± 6.1 1.5 ± 0 .1 9
(7951) South C oastal N ew port, O regon 56 ± 5.3 75 ± 5.5 4.1 ± 0 .5 1
(7 1 1 6 )3 Vancouver Sooke, BC 23 ± 2.5 75 ± 5.1 1.6 ± 0 .1 5
(7114) 1 Skeena River Terrace, BC 22  + 1.8 92 ± 5.2 2.0 ± 0 .1 6
(7113 )3 C entral Interior BC A nahim  Lake, BC 1 2  ± 1.2 90 ± 8.4 1.1 ± 0 .1 3
56/657 O regon C ascades Sisters/La Pine 12 ± 1 .4 109 ± 8.6 1.3 ± 0 .2 2

Least significant d ifferences at 5% 8.1 15.0 0.76
M ean 24.9 85.1 1.95
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Table 52. Needle length (mm) measured in different years at Millbuie 1 P38-39

R egion Id entity
num ber

Seed  origin

Year of 
m easurem ent

M ean
Region
m ean

1951 1960 1966

N orth Coastal 34/25 Sonora Island & N ew  W estm inster 50.9 47.9 52.7 50.50 cn ”30
36/42 Queen Charlotte Islands 50.1 52.4 47.8 50.10

DU.DU

South Coastal 34/39 Coast USA (Long Beach?) 44.1 51.1 48.9 48.03
34/40 Shelton, Puget Sound 45.7 50.3 51.4 49.13 J.Q DA
36/505 Long Beach? ex Auchteraw e 46.9 53.4 48.1 49.47

4o.Z0

36/506 ? ex Ruttle Wood 42.6 50.2 - 46.40

Skeena River 36/40 Terrace 51.8 56.2 53.2 53.73
35/22 Hazel ton 56.1 62.0 - 59.05
36/43 Hazelton 54.3 60.8 58.9 58.00 59.70
35/18 Sm ithers 57.5 64.5 63.4 61.87
36/41 Sm ithers 60.1 70.4 67.1 65.87

Central Interior BC 34/24 Prince G eorge 59.1 72.0 71.9 67.67
35/17 Prince G eorge 64.3 73.1 71.0 69.47 67.80
36/22 Prince G eorge 63.0 73.0 63.1 66.37
35/19 W illiam s Lake 60.9 73.0 69.2 67.70

South Interior BC 35/20 Vavenby 60.4 66.1 62.0 62.83
34/23 Shuswap Lake 58.5 71.5 65.8 65.27 64.22
35/21 Salm on Arm 61.2 67.2 65.3 64.57

East W ashington/Idaho 35/53 East W ashington 58.8 63.9 - 61.35
a?

34/69 Priest River, Idaho 61.0 64.5 62.8 62.77 oz.uo

Oregon Cascades 35/59 Klam ath 54.3 65.6 64.6 61.50 61.50

Standard error ± 1.5 1.8 2.5
Differences significant at *** * * *

from  the Skeena R iver w ere the third shortest, 
and there w as an increase in needle length w ith 
in c re a s in g  d is ta n ce  from  th e co a st, i.e . th o se  
fro m  T e r r a c e  w e re  s h o r te r  th a n  th o se  fro m  
H azel ton, w hich  w ere sh orter than those from  
Sm ithers. T h e Sm ith ers seed lo ts did n ot d iffer 
s ig n ifica n tly  from  th ose in the So u th  In terio r 
B C , E a s t W a s h in g to n  an d  O re g o n  C a sc a d e s  
grou p s. T h e C en tra l In terior o f BC grou p  had 
the lo n g est need les. S im ilar pattern s o f need le 
length have been  found at several other sites.

C ritchfield  (1957) studied  needle dim ensions of 
trees w ith in  the n a tiv e  ran g e and  on  sam p les 
s e n t fro m  B r it is h  e x p e r im e n ts , w h ile  R o ch e  
(1 9 6 2 )  s tu d ie d  n e e d le  d im e n s io n s  on  
popu lations from  the coast o f British  C olum bia 
and assessed  needles o f C ritch fie ld 's co llection  
grow ing at P lacerville. In the juvenile stages the 
South C oastal origins often  have longer needles 
th a n  in te r io r  so u rce s  (C r itc h fie ld , 1957 ) an d  
these ju v en ile  effects m ay last for up to 4 or 5 
y e a rs  fro m  see d . N e e d le s  o f  lo d g e p o le  p in e  
continue to extend throughout their first season

from  an intercalary m eristem  at the base of the 
n ee d le  and  the co u rse  o f se a so n a l ex p a n sio n  
d if fe r s  w ith  se e d  o r ig in  (T h o m p s o n , 1 9 7 6 ). 
N eedle length in any year is greatly affected by 
n u tr i t io n a l  s ta tu s  a n d  w e a th e r  c o n d it io n s . 
N eed le len gth  m ay also b e  greatly  redu ced  in 
the year follow ing a heavy saw fly attack.

N e ed le  le n g th  in  a g iv en  y ea r v a rie s  s ig n if i­
cantly  betw een  sites. T able 53 show s the v ari­
a tio n  a t th ree  c o n tra s tin g  s ite s . T h e re  w as a 
highly significant (***) correlation betw een needle 
length for seed origins at all sites, bu t the m ean 
n eed le  length  at A ch n ash ellach  w as m u ch the 
shortest. A nalysis across sites show ed  a m uch 
h ig h er v arian ce  ratio  for sites  com p ared  w ith  
the ratio  for seed origins. These large site effects 
m e a n  th a t  it  is  im p o s s ib le  to  id e n t i fy  an  
u n k n o w n  seed  o r ig in  w ith  an y  c e r ta in ty  by  
needle length alone.

T o  in v e s t ig a t e  w h e th e r  a d d it io n a l  n e e d le  
c h a r a c te r is t ic s  w o u ld  h e lp  in  id e n tif ic a t io n , 
a d e ta ile d  s tu d y  w as ca rrie d  o u t a t M illb u ie
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Table 53. Needle length (mm) on three sites in 1960

Id en tity  no. 
and region

Seed  orig in C lash ind arroch A chn ash ellach M illb u ie M ean
R egio n
m ean

N orth Coastal
36/42 Q ueen C harlotte Islands 47.6 38.5 52.4 46.2 46.2

South Coastal
36/505 C oast USA ex A uchteraw e 52.6 45.7 53.4 50.6 48.8
38/510 C oast USA ex Ruttle W ood 47.8 40.1 53.1 47.0

Skeena River
35/18 Sm ithers 64.1 57.4 64.5 62.0
35/22 H azelton 57.7 50.4 62.0 56.7
36/40 Terrace 55.1 44.1 56.2 51.8 58.1
36/41 Sm ithers 66.3 56.5 70.4 64.4
36/43 H azelton 56.7 49.4 60.8 55.6

Centra] In terior BC
35/17 Prince G eorge 66.7 60.3 73.1 68.7
36/22 Prince G eorge 67.8 53.5 73.0 64.8 66.7
35/19 W illiam s Lake 67.4 59.5 73.0 66.6

South Interior BC
34/23 Shusw ap Lake 71.8 59.2 71.5 67.5 67.5

Site m ean 60.1 51.7 63.6

1 P38 in  1966. N in eteen  o rig in s w ere selected  
and 500 needles from  each m easured  for length 
to the nearest 0.5 m m  and w idth to the nearest
0 .0 2 5  m m . N e e d le  th ic k n e s s  w as m e a su re d  
u n d er a m icro sco p e  to th e n e a re s t 0 .0 2 5  m m

on n eed le  tran sverse section s at the m id  p oint 
o n  1 0 0  n e e d le s  p e r  o r ig in . T h e  n u m b e r  o f  
re s in  c a n a ls  in  th e  u p p e r , m id d le  an d  b a sa l 
sectio n s o f the n ee d le s  w as a lso  co u n ted  (see 
Table 54).

Table 54. N eedle characteristics at M illbu ie 1 P 38-39 assessed in  1966

R egion
Id entity
n u m b er

Seed  o rig in
W idth
(mm)

T h ick n e ss
(m m )

R atio  o f 
len gth : 

th ick n ess

N o. o f resin  
can als at 

tip  o f 
5 need les

N orth Coastal 34/25 Sonora Island &  N ew  W estm inster 1.43 0.82 64.9 8.0
36/42 Q ueen C harlo tte Islands 1.51 0.86 55.2 10.0

R egio n  m ean 1.47 0.84 60.0 9.0

South Coastal 34/39 C oast U SA  (Long Beach?) 1.37 0.83 59.1 1.5
34/40 Shelton, Pu get Sound 1.44 0.85 60.7 2.7
36/505 Long Beach? ex  A uchteraw e 1.37 0.80 60.1 2.1
37/56 G rays H arbor 1.36 0.81 60.7 4.4

R egion  m ean 1.38 0.82 60.2 2.7

Skeena River 36/40 Terrace 1.50 0.84 63.4 5.5
36/43 H azelton 1.63 0.91 64.9 4.5
35/18 Sm ithers 1.62 0.89 71.1 3.1
36/41 Sm ithers 1.62 0.90 74.6 4.7

R egio n  m ean 1.59 0.88 68.5 4.5

C entral In terior BC 34/24 Prince G eorge 1.63 0.90 79.7 3.6
35/17 Prince G eorge 1.62 0.89 80.4 4.2
36/22 Prince G eorge 1.51 0.85 73.8 1.2
35/19 W illiam s Lake 1.61 0.88 78.8 2.5

R egion  m ean 1.59 0.88 78.2 2.9

South Interior BC 35/20 V avenby 1.51 0.82 75.3 3.2
34/23 Shusw ap Lake 1.56 0.86 76.8 2.8
35/21 Salm on Arm 1.56 0.88 74.5 4.6

R egio n  m ean 1.54 0.85 75.5 3.5

Idaho 34/69 Priest River, Idaho 1.59 0.88 71.5 3.9

O regon C ascades 35/59 Klam ath 1.80 0.99 66.7 2.0

Standard error ± 0.04 0.02 2.7 1.1
Differences significant at *4* *»» »*• **»
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It w ill be seen  th at seed  orig in s v aried  h ig h ly  
s ig n ifica n tly  in  ev e ry  ch a ra cte r  a ssessed . For 
w idth, needles from  the two coastal regions w ere 
significantly narrow er than needles from  interior 
reg ion  trees. H ow ev er, T errace , in the Skeena 
R iver region , w as closer to the coastal sources. 
The sub-species m urm yana  origin from  Klam ath 
had such w ide needles that it could be separated 
from  all the others m erely by the naked eye.

N eed le th ick n ess show ed  rather less variation  
betw een  seed  orig ins, excep t for the ou tstan d ­
in g ly  th ick  K la m a th  o rig in . In  the ab sen ce  of 
te rp e n e  te s tin g  fa c ilit ie s , th e  ra tio  o f n e e d le  
length to thickness offers a good opportunity for 
d isco v erin g  th e seed  reg ion  of a stand  w hose 
id en tity  is u nk n ow n. From  T ab le  54 it can  be 
seen that the tw o coastal regions cou ld  not be 
d istinguished  from  each other, though these are 
u su ally  sep arab le  on o th er ch aracters su ch  as 
g ro w th  rate . S im ilarly , the C en tra l and Sou th  
In te r io r  BC  re g io n s  co u ld  n o t b e  s e p a ra te d , 
a lth o u g h  th e y  s h o u ld  b e  d is t in c t  fro m  th e  
S k e e n a  R iv e r  o r ig in s . T h e  n u m b e r  o f  re s in  
canals show ed the greatest seed origin variation 
in the upper section, though the general pattern 
w as th e  sa m e at th e  m id d le  and  b a se  o f th e 
n eed les. T h e v aria tio n  in resin  can als is m ore 
erra tic  th an  w ith  the o th er n eed le  ch aracters ,

though the N orth C oastal origins had by far the 
m ost resin canals.

These patterns of needle characters are sim ilar 
to th o se  fou n d  in  the n a tu ra l p o p u la tio n s  by 
C r itc h f ie ld  (1 9 5 7 ). H o w e v e r , h e fo u n d  th a t 
elevation of seed origins had a m arked influence 
on needle dim ensions, w hereas w hen grow n in 
p lantations at relatively  low elevations, need le 
le n g th  o f in lan d  o rig in s w as p ro p o rtio n a te ly  
greater than that o f coastal origins.

N eedle retention is also greatly affected by site 
co n d itio n s , th e m o st im p o rtan t fa cto rs  b e in g  
nutritional status and exposure. The very poor 
n e e d le  r e te n t io n  o f  th e  V a n c o u v e r  g r o u p , 
p a r t ic u la r ly  o r ig in s  fro m  the m o u th  o f th e  
Fraser R iv er su ch  as L u lu  Islan d , has alread y  
b e e n  m e n tio n e d  in  C h a p te r  5. A t M illb u ie  
1 P 38/ 39, n eed le  re ten tio n  at 17 y ears varied  
from  6.4 years for the Puget Sound origin from  
Shelton  to 4.2 years for the orig in  from  P riest 
R iver, Idaho (Lines, 1976a). The N orth C oastal 
g ro u p  had  the n ex t b e s t re te n tio n , w h ile  the 
S k e e n a  R iv e r  g ro u p  re ta in e d  th e ir  n e e d le s  
longer than the other inland groups. Seed origin 
d if fe r e n c e s  w ere  v e ry  h ig h ly  s ig n if ic a n t . A 
sim ilar p attern  w as observed at A chnashellach  
24 in this series (Table 55).

Table 55. N eedle retention at 17 years at M illbuie 1 P38/39 and A chnashellach 24 P37/39

R egion Seed  origin

N eedle retention

M illbu ie  
1 P38

A chnashellach 
24 P37/39

Years M ean Years M ean

N orth Coastal Sonora Island 5.6 5.65 5.9 5.75
Queen Charlotte Islands 5.7 5.6

South Coastal Long Beach 6.3 5.5
Shelton 6.4 6.23 5.5 5.50
Auchteraw e 6.0 -

Skeena River Sm ithers 5.2 4.9
Hazelton 5.7 5.3
Terrace 5.4 5.38 5.2 5.24
Hazelton 5.4 5.6
Sm ithers 5.2 5.2

Central Interior BC Prince George 4.9 4.8
Prince George 4.6 4.72 3.6 4.60
Prince George 4.4 5.4
Quesnel 5.0 4.6

South Interior BC Vavenby 4.5 4.3
Shusw ap Lake 4.8 4.83 5.2 4.63
Salm on Arm 5.2 4.4

East W ashington/Idaho East W ashington 4.8 4.50 4.1 4.00
Priest River, Idaho 4.2 3.9

Oregon Cascades Klam ath 4.7 4.70 4.8 4.80

Standard error ± 0.48 0.30
Differences significant at *** **
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N e ith e r  M il lb u ie  n o r  A c h n a s h e lla c h  is  a 
p a r t ic u la r ly  e x p o s e d  s i te  a n d  p o o r  n e e d le  
reten tion  and associated  fo liag e b ro w n in g  has 
been  a m ajor concern of forest m anagers in the 
large p ine forests p lanted  in n orth  Scotlan d  in 
the 1960s on sites w ith  m uch w orse topographic 
ex p o su re . A t th at tim e , seed  o rig in s  th a t are 
n o w  k n o w n  to be m u ch  m o re  su s c e p tib le  to 
fo liag e  b ro w n in g  th an  an y  o f th o se  sh ow n  in 
Table 55 w ere w idely  used, i.e. those from  the 
L u lu  Is la n d  area  a t th e  m o u th  o f th e  F ra se r  
R iv e r  and  S o o k e  on  V a n co u v e r  Is la n d . Seed  
orig in  d ifferences in need le retention  are m ost 
a p p a re n t in  th e ju v e n ile  stag e  b e fo re  can o p y  
closes, and in an experim ent in w hich  d ifferent 
o r ig in s  o c c u r  ra n d o m ly  m ix e d  w ith  o th e rs , 
those w ith good needle retention soon begin  to 
shelter those w ith  inherently  poor retention. The 
age fa cto r is a lso  im p o rta n t, as sh o w n  in  the 
m any trial p lan ta tio n s estab lish ed  on  exp osed  
sites in the early  1950s (Lines and H ow ell, 1963). 
M ost of these used Lulu  Island orig ins, g iving 
trees w ith very poor needle retention. H ow ever, 
even on these testing sites, w hen the trees w ere
1 5 - 2 0  y e a r s  o ld , th e r e  w a s  a n o t ic e a b le  
im provem ent in needle retention.

Effect of crown variation on sup­
pression of ground vegetation

T h e  s p e e d  o f s u p p r e s s io n  o f  c o m p e tin g  
vegetation varies w idely  betw een  d ifferent seed 
orig in s. In the extrem e case o f the v ery  slow - 
grow ing  in terior orig ins, w hich  also have thin

crow ns, com plete su ppression  m ay never occur, 
e .g . in  th e ex ten siv e  p lo t from  K lam ath  (at a 
h ig h  e le v a t io n  in  th e O re g o n  C a s c a d e s )  a t 
M illb u ie  1 P 38 . V e g e ta tio n  su p p re ss io n  w as 
a s s e s s e d  in  1 9 5 4  in  th e  M il lb u ie  1 P 3 8 / 3 9  
exp erim ent (Lines, 1976a) w hen  the trees w ere 
1 6 -1 7  y ears old . Sco res  (1 = n il to 5 = co m ­
plete) w ere allotted  to each of the five replicated  
plots per origin. H ighest scores for su ppression  
w ere  g a in ed  by  the S o u th  C o a sta l an d  N orth  
C o a s ta l g ro u p s , w ith  th e  S k e e n a  g ro u p  th e 
b e s t o f the in terio r  o rig in s and  no s ig n ifica n t 
d iffere n ce  o ccu rred  b e tw ee n  th e o th er in lan d  
g r o u p s , a p a r t  fro m  K la m a th , w h ic h  w a s  
s ig n ifica n tly  the p oo rest. V eg eta tio n  su p p re s­
sion  w as correlated  b etter w ith  the 'b u sh in ess ' 
factor (total shoots per p lant show n in Table 50) 
than w ith  m ean height.

H e a th e r  s u p p r e s s io n  w a s  a s s e s s e d  u s in g  
a s im ila r  s c o r in g  m e th o d  in  th e  IU F R O  
exp erim en t at A recleoch  5 P72 w hen assessed  
for h eigh t at 10 years. V egetation  su p p ression  
w ill b e  in flu en ced  m ain ly  b y  ca n o p y  d en sity  
an d  c a n o p y  c lo su re . In  th is  e x p e r im e n t, th e 
spacing and survival w ere virtually  identical for 
all seed  origins, so that canopy closure in term s 
o f  b r a n c h  le n g th  a n d  c a n o p y  d e n s i ty  o r 
bu shiness, w ill be the im portant factors. N either 
w as m easu red  d irectly  in  th is ex p erim en t. As 
already noted in C hapter 15, branch  length w as 
b ro ad ly  re lated  to tree h eight. A lth o u g h  there 
w a s  a c le a r  in c r e a s e  in  s u p p r e s s io n  w ith  
increasing  m ean height, the rankings for the two 
show  interesting  d iscrepancies (Table 56).

Table 56. H eight (m) and vegetation suppression scores at 10 years in  A recleoch  5 P72

Region
M ean
height

(m)

R ank
(height)

H eather
suppression

score*

Rank
(heather

suppression)

Score 
adjusted 

for height 
by

covariance

R ank
on

adjustei
score

Alaska 2.64 7 2.58 5 3.46 1

North Coast BC 2.87 6 2.83 4 3.37 2

South Coast BC 3.47 4 3.11 3 2.77 5

Puget Sound 3.66 2 3.33 2 2.71 6

O regon/California Coast 3.89 1 3.89 1 2.93 4

Yukon 1.85 8 1.00 8 3.03 3

Skeena River 3.19 5 2.33 6 2.40 7

South Interior BC 3.59 3 2.00 7 1.48 8

* Score 1 = No suppression to 5 = Complete suppression
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A strong correlation betw een height and heather 
s u p p re ss io n  in d ic a te d  th a t by  re m o v in g  the 
e f fe c t  o f h e ig h t  b y  c o v a r ia n c e  a n a ly s is , the 
ad ju sted  v a lu es w ou ld  show  m ore clearly  the 
inherent ability  of the d ifferent seed origins to 
su ppress heather. This is show n for individual 
see d  o r ig in s  in  F ig u re  18. N o te  h o w  a ll the 
b u s h y -c ro w n e d  A la sk a n  an d  N o rth  C o a s ta l

orig ins are below  the regression  line, w hereas 
th e  o n e s  a b o v e  th e  r e g r e s s io n  lin e  a re  th e 
less densely crow ned ones from  the Interior or 
Sou th  C oast of BC (in the terpene group from  
V a n c o u v e r) . T h e  A la sk a n  o r ig in  2 0 1 0  fro m  
G ravina w as p articu larly  effectiv e in su p p res­
sing heather, being  equally effective as the m uch 
taller origin 2071 M esachie Lake.

Heather suppression score

Figure 18. Graph of mean height (m) at 10 years plotted against score for vegetation suppression at 
Arecleoch 5 P72.

117



Bark and cone characteristics

Chapter 17

Bark characters
B a rk  ty p e  an d  th ic k n e s s  sh o w  v e r y  w id e  
variation in lodgepole pine, both  w ithin its native 
range (C ritchfield , 1957; A ld hou s, 1976) and in 
B r ita in  (L in e s , 196 6 ). A m a jo r  s tu d y  o f b a rk  
th ic k n e s s  (e x p re sse d  as b a rk  p e rc e n ta g e )  in  
British C olum bia w as m ade by  Sm ith and Kozak 
(1981). T hey  sh ow ed  th at th e b a rk  p ercen tag e 
varied from  4.0 in the East Kootenay region to 8.4 
in the South W est D ry Belt. Coastal stands varied 
from  6.3 to 6.8. These data confirm  observations 
by Aldhous (1976) of the very thick bark  on trees 
in the Southern Interior D ry Belt, e.g. at Squilax 
(see his Plate 10), w hich is 20 m iles north w est of 
Salm on Arm . As noted in C hapter 2, these thick- 
barked ecotypes have developed by the selective 
action of frequent fires, w hereas w ith in  a short 
distance on high elevation sites w ith a cool, m oist 
clim ate, m ost trees have quite thin bark. D ata on

bark  thickness in  1954 at M illbuie 1 P38 (Lines, 
1 9 7 6 a )  sh o w e d  v e r y  h ig h ly  s ig n if ic a n t  
d if fe r e n c e s , b o th  b e tw e e n  se e d  re g io n s  an d  
w ithin them  (Table 57).

T h e Sk een a  R iv er , C en tra l In terio r  o f BC  and  
O regon  C ascades regions had the thinnest bark, 
w hereas the South C oastal, Sou thern  Interior BC 
an d  U SA  In te r io r  re g io n s  h ad  m u ch  th ic k e r  
bark . B ecau se trees w ith  h ig h er d iam eter w ill 
tend to have th icker b ark  than trees w ith  low er 
d iam eter, bark  sam ples w ere taken at a standard  
d ia m e te r  o f  10 .5  cm . T h e  m e a n  d ia m e te r  at 
breast h eigh t of the trees ranged from  8.29 cm  
(K lam ath ) to 10.83 cm  (Sh elto n ) so th a t m o st 
sam ples w ere from  below  breast height.

D ata  from  m easu rem en ts m ad e on  1642 trees 
in B ritish  Sam p le P lo ts (C hristie, p erson al com ­
m u n ication ) show  a sim ilar p attern  (Table 57).

Table 57. Bark thickness (m m ) at M illbu ie 1 P38 (17 years) and sam ple p lot bark  %

M illb u ie  1 P38 S am p le  p lo t b ark  p ercentage

R eg ion
B ark

th ick n ess
(m m )

N u m b er o f 
o rig in s

B ark
%

Standard  
error ±

N u m b er o f 
trees in  
sam p le

N orth C oast BC 1.50 1 10.9 0.22 108

South C oastal 2.73 2 14.1 0.21 439

Skeena River 1.18 2 11.7 0.22 142

C entral Interior BC 1.34 3 10.0 0.13 330

South Interior BC 2.66 3 12.6 0.23 436

Inland U SA 2.72 2 12.0 0.23 n o

A lberta - - 11.3 0.34 77

O regon C ascades 1.22

Standard error ± 0.27 

D ifferences significant at ***

1
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Table 58. Bark thickness at 20 years in Glentrool 17 P59 and Borgie 9 P59

Region Identity
number Seed origin

Bark thickness (mm) at

Glentrool Rank Borgie Rank

Sou th  C oastal 56/654 Long Beach, W ashington 6.6 1 6.9 1
56/655a N orth Bend, O regon 5.3 2 5.6 4
5 6 /655b N ew port, O regon 4.5 6 4.6 6
5 6 /655c Tidew ater, O regon 4.6 5 4.1 7=
56/655d Florence, O regon 4.3 7 5.3 5
56(4118) 501 W ashington ex Inchnacardoch 4.8 4 6.0 2

Puget Sound 56/656 K eyport 5.1 3 6.0 2 =

V ancouver 56/658 Ladysm ith, V ancouver Island 3.2 8 4.1 7=

South Interior BC 56 (4118) 500 H at C reek ex Inchnacardoch 2.3 9 2.8 10

C ascades 56/657 Sisters/La Pine, O regon 2.1 10 2.6 1 1
56/651 O akbridge, O regon 2.0 1 1 3.0 9

B a rk  p e r c e n ta g e  w a s  c a lc u la te d  u s in g  th e  
form ula:

V olum e over-bark 
Bark % = -  volum e under-bark x 100 

V olum e over-bark

In the e x p e rim e n ts  p la n te d  at G le n tro o l and  
B org ie in  1959 bark  th ick n ess w as assessed  in 
1979 w ith  the results show n in Table 58.

T h ese  co n firm  the th ick  b ark  on seed  o rig in s 
fro m  th e  S o u th  C o a s ta l  an d  P u g e t  S o u n d  
re g io n s  an d  th e th in  b a rk  on  th o se  fro m  the 
O re g o n  C a s c a d e s . It  is  in te r e s t in g  th a t th e  
Southern Interior BC trees w ith thin bark  cam e 
o r ig in a lly  fro m  an  e le v a tio n  o f 1500  m  and 
hence from  a cool, m oist site, w hereas the trees 
from  this region in Table 57 w ith m uch thicker 
bark  p robab ly  cam e from  low er elevation  fire- 
prone sites. There is a good correlation in bark 
th ic k n e s s  o n  th e  tw o  s i te s ,  s h o w in g  th a t 
in h e re n t see d  o r ig in  d iffe re n c e s  a re  a m a jo r 
cau se o f variation.

Bark stripping
Bark stripping of lodgepole p ine by red deer in 
the p re -th ic k e t and  th ick e t s ta g e s  is a m a jo r 
p ro b le m  in  G a llo w a y  an d  th e  H ig h la n d s  o f 
S co tlan d . M cIn ty re  (1976) fou n d  th at in som e 
sam ple areas in G allow ay 60%  of the lodgepole 
p in e  o v er 10  y ears  o f age had  b ark  strip p in g  
w ounds. It can affect increm ent, reduce tim ber

quality and increase the risk o f fungal infection. 
D a m a g e d  tre e s  m ay  la te r  b e  m o re  p ro n e  to 
w in d sn a p  or sn ow  b re a k . M e lv ille  (In te rn a l 
R ep o rts , F o restry  C o m m iss io n , 1979/ 80) has 
sh o w n  larg e d iffe re n c e s  in  d am ag e am on g  a 
range o f seed  orig in s in  the G len tro o l 17 P59 
and A ch n ash ellach  31 P64 exp erim en ts. D ata 
from  A chnashellach 31 are given as an exam ple 
in Table 59.

A detailed assessm ent of bark stripping by  red 
deer w as m ade by W ild life Research Branch in 
1 9 7 9 , e a c h  o f a b o u t 24 tre e s  p e r p lo t  b e in g  
scored  1 -4  for increasing am ounts o f dam age. 
The percentage of the total m axim um  score w as 
th e n  c a lc u la te d  a n d  p lo t te d  a g a in s t  b a rk  
th ick n ess (see F igure 19). T he correla tion  w as 
s ig n ifican t (r = 0 .66*). In  th is ex p e rim e n t the 
S o u th  C o a sta l and  P u g e t So u n d  o r ig in s  had  
v e ry  m u ch  th ic k e r  b a r k  th a n  o r ig in s  fro m  
the C en tra l and  S o u th  In terio r o f BC  and  the 
Skeena R iver region. In the V ancou v er region , 
Langley had very thin bark, w hereas N anaim o, 
V ancou v er Island had m uch th icker bark . It is 
clear that the Long Beach origin suffered m uch 
less d am age than  the three V an co u v er reg ion  
origins, w hich suffered sim ilar dam age, despite 
w ide variation  in bark  thickness (1 .6 -3 .8  m m ). 
M acd on ald  (1954) had  earlier  n o ted  less d eer 
dam age on the heavy -bran ch ed  Sou th  C oastal 
o r ig in s  th an  on  lig h t b ra n c h e d  in la n d  o n es. 
E l l io t t  (1 9 8 5 )  n o te d  b a r k  s t r ip p in g  m ay  b e 
attributed to three factors:
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1. site factors, such as tree spacing and 
ground vegetation;

2. morphological factors, such as growth 
habit, branchiness and degree of bicyclic 
growth;

3. chemical and physical features of the 
bark.

Tree spacing will influence speed of canopy 
closure. Many of the badly damaged Galloway 
stands were intimate mixtures of lodgepole pine 
and Sitka spruce. On infertile or frosty sites, the 
spruce was checked, thus allowing easier deer 
access. In Figure 19, many of the seed origins 
below the line of correlation have stronger 
branching or bicyclic growth, whereas those 
above the line tend to have weak, spindly 
branching. The chemical features of the bark 
were the main subject of Elliott's thesis. He 
showed that 'when given a choice between bark 
from different origins, deer are capable of 
selecting bark with die highest digestability', i.e. 
those with higher nitrogen and lower fibre 
levels.

Cone characters
Within the native range nearly all trees in 
coastal stands open their cones between the end 
of August and early October. Inland trees vary 
from almost complete serotiny (i.e. their cones 
remain closed indefinitely, until fire breaks the 
resin bond between the scales), to the open-cone 
condition, where serotinous cones are unknown 
(Critchfield, 1980a). Serotiny is absent from die 
sub-species murray/ana populations in the 
southern Cascades and Sierra Nevada.

Serotinous cones are common in the sub-species 
bolanderi on the Mendocino White Plain and in 
another isolated population in the Siskyou 
Mountains of Del Norte County, California. 
Viereck and Little (1972) noted closed cones in 
the coastal populations near Skagway, Alaska 
and suggested these showed the influence of 
the nearby populations of sub-species latifolia 
in the Yukon. Closed cones had been observed 
earlier in this area by Aldhous and Harris 
(Aldhous and Maxwell, 1966). Mature stands in 
the interior of British Columbia show large 
variation in the frequency of trees with 
serotinous cones: high towards the Yukon 
border and less than 35% in some stands in the 
Interior Wet Belt of south-east BC (Illingworth, 
1970).

The serotinous habit develops as the tree ages. 
Various authors quoted by Critchfield (1980a) 
give the critical age for development of serotiny 
as from 17 to 60 years. In Britain, few stands of 
known seed origin exceed 60 years, so that 
although the true serotinous habit has not yet 
been observed here, the reason could be either 
our mild maritime climate, or the immaturity of 
British stands. Lodgepole pine in Britain usually 
retain their cones for many years and in wet 
weather the cone scales close, giving the false 
appearance of serotiny. As rotations for 
lodgepole pine are unlikely to exceed 60 years 
here, it can be concluded that cone serotiny will 
be of merely academic interest in Britain. The 
lack of serotiny means that where conditions are 
suitable, natural regeneration is often profuse 
around British stands over about 20 years old, 
and where forest nature reserves adjoin 
commercial plantations, some control of natural 
regeneration may be necessary.



Table 59. Bark thickness (mm) and deer damage (% of maximum score) at Achnashellach 31 P64

R eg io n
Id entity
n u m ber

Seed  o rig in
Bark

th ick n ess

% of 
m axim um  

dam age 
score

N orth  C oastal (7987) 2 Skagw ay, A laska 3.1 36
(4138) 500 Q ueen C harlotte Islands ex K irroughtree 3.4 31

R egion m ean 3.2 34

South C oastal (7972) 1 Long Beach, W ashington 5.9 24

P uget Sound (7974) 1 G lacier, W ashington 6.0 30

V ancouver 53/627 Langley (Lulu  Island type) BC 1.6 47
(7116) 5 N anaim o, V ancouver Island 3.8 46
(7116) 3 Sooke, V ancouver Island 2.4 45

R egion m ean 2.6 46

Skeena R iver (7119) N ass R iver 1.3 46
(4138) 501 Terrace ex Kirroughtree 2.6 33
(7114) 1 Terrace 1.6 42
(4127) 500 H azelton ex Loch Ard 2.7 31

Region m ean 2.0 38

C entral In terior BC 58 (7113) 3 A nahim  Lake 2.5 47
60 (7113) 3 A nahim  Lake 1.8 38
(4127) 501 Prince G eorge ex Loch Ard 3.0 31
(7113) 2 Q uesnel 2.5 40

(4265) 500 N orth BC ex W ykeham 2.2 45
R egion m ean 2.4 40

Sou th  Interior BC (7118) 2 Penticton 1.8 38
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Chapter 18

Discussion on choice of seed origins

General uses
F ro m  w h a t  h a s  a lr e a d y  b e e n  d is c u s s e d , 
lo d g e p o le  p in e  is lik e ly  to  h a v e  tw o  m a jo r  
roles in British silviculture w ithin the foreseeable 
fu tu re : f ir s t ly  as a n u rse  to S itk a  s p ru c e  or 
other p ossib le n u tritionally  d em anding species 
(e .g . a r t i f ic a l ly  p ro d u c e d  h y b r id s  b e tw e e n  
S itk a  s p ru ce  an d  e ith e r  P icea  g la u c a  or P icea  
engelm annii); and secondly as a pure p lantation 
crop on  sites w here either spru ces or C orsican  
pine are liable to clim atic stress or very likely to 
go in to  ch eck  u nless g iven  rep eated  herb icid e 
and fertiliser application. The third possibility  of 
the in su ran ce  m ixtu re  has d isad v an tag es that 
w ere d iscussed in C hapter 14.

Nursing mixtures

F o r  u se  in  m ix tu r e  w ith  s p r u c e , th e  c h a r ­
acteristics that are o f greatest im portance are a 
bu shy  form  of tree that can grow  reliably  on a 
range of exposed sites and retain its needles for 
at least 3 -4  y ears, even  w here the site is poor 
n u tr it io n a lly . Its  g ro w th  ra te , a t le a s t o f  th e 
low er branches, should be fast enough to cover 
th e  g ro u n d  v e g e ta tio n  b e fo re  th e b e n e fic ia l 
e f f e c t s  o f  g ro u n d  p r e p a r a t io n  a n d  in i t ia l  
fertilisa tio n  beg in  to w ane. O n the o ther hand 
it m u st n ot grow  so fast that it com p etes w ith 
th e sp ru ce  to  su ch  an  ex ten t th at th e lead in g  
s h o o t  o f  th e  s p r u c e  is  d a m a g e d  b y  c o a r s e  
bran ch es o f a ta lle r  p in e w avin g  in  the w ind . 
Both  observation  of existing  m ixed stands and 
c o m p a r is o n  o f  r e la t iv e  g r o w th  r a te s  in  
e x p e r im e n ts  sh o w  th a t m o st S o u th  C o a s ta l 
orig in s grow  too fast and by 1 0 -1 5  y ears w ill 
have already p artially  suppressed  the spruce. At 
th e  o th e r  e x t r e m e , s lo w -g r o w in g  in t e r io r  
so u rces  are a lm o st as b ad , as they take m uch 
longer to form  broad crow ns and suppress the 
ground vegetation. W hile m uch less of a threat 
to  th e  s p r u c e , th e y  w il l  a ls o  g iv e  a m u ch  
re d u ce d  n u rs in g  e ffe c t. T h e  b e s t  o r ig in s  are 
undou btedly  from  A laska and Q ueen C harlotte 
I s la n d s ,  w h ic h  c o m b in e  e f f e c t iv e  h e a th e r  
su ppression  w ith  relatively  slow  height grow th, 
e.g. K law ack  R iver, A laska; M asset R oad and 
M ayer Lake, Q ueen C harlotte Islands w ere very

effective at A recleoch  (as show n in F igure 18). 
By com p arison , the faster-grow ing  M ou n t Ida 
orig in  w as m u ch  less effectiv e in su p p ressin g  
heather in this experim ent due to its m ore open 
crow n. The Skeena R iver origin from  H azelton 
grew  at the sam e rate as the Q ueen C harlo tte  
Islan d s seed lo ts  so w o u ld  n ot h av e o ffered  a 
threat to spruce on this site. H ow ever, its ability 
to suppress h eath er w as considerably  less and 
th e  p o te n t ia l  n u r s in g  e f fe c t  th u s  p ro b a b ly  
reduced. If A laskan or Q ueen C harlotte Islands 
o rig in s  are n o t a v a ila b le , th en  th e  p re fe rre d  
su bstitu tes are those from  the N orth  and W est 
C oast of V ancouver Island, such as Port H ardy 
or Tofino. Sonora Island or C am pbell Island are 
o th e r su ita b le  a lte rn a tiv e s . O rig in s  from  the 
P u g e t S o u n d  an d  V a n c o u v e r  re g io n s  e ith e r  
grow  too fast on good sites, w ith a tendency to 
su p p re ss  the sp ru ce , or on  sev ere ly  exp o sed  
sites (see Fiunary, C hapter 13) are likely to have 
su ch  p o o r  fo lia g e  r e te n t io n  th a t v e g e ta tio n  
su p p re ss io n  w o u ld  b e  lon g  d elay ed . O rig in s  
fro m  th e C en tra l In te rio r  o f BC w o u ld  e v e n ­
tually suppress com peting vegetation and m ost 
grow  slow ly enough to enable a high proportion 
of spruce to reach the final crop stage, though 
A laskan origins are m ore efficient nurses.

Lodgepole pine as a pure plantation
If pure p lantations are to be established then the 
forest m anager should realise that it is virtually 
im p o s s ib le  to  o b ta in  s im u lta n e o u s ly :  fa s t  
h eigh t grow th, h igh  volu m e p rod u ction , good 
stem  form , g ood  co n sis te n cy  (in  the sen se  o f 
good grow th over a range of different sites), low 
susceptibility  to w ind and snow  dam age, good 
resistance to clim atic dam age on exposed sites 
and  re s is ta n ce  to b a rk  s trip p in g . T h e re  is an  
option of placing m ost em phasis on good stem  
form , relatively  slow  grow th and the prospect of 
h igher quality tim ber, or even the possibility  on 
som e sites o f high value transm ission poles. An 
a lternative option  is for faster-grow ing  origins 
for bu lk  p rod u ction  of sm all round w ood  on a 
short rotation. The choice w ill be constrained by 
local site con d ition s; if these are very  variab le  
the m an ag er m ay b e forced  to u se m ore than  
one seed  orig in  or to se lect one w hich  is very
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to leran t o f poor con d ition s, yet n o t cap ab le of 
grow ing fast on the better sites.

Use on poor sites
T h e  m a in  u se  fo r  lo d g e p o le  p in e  is  o n  th e  
poorest end of the range of sites, w hether these 
are very infertile peatlands, heath lands o f m ore 
q u a r tz it ic  ty p e , e x p o se d  u p la n d  m o o rla n d s  
w ith  h eath er, basin s su b ject to rep eated  frost, 
low  status sites too rocky and steep to plough, 
or sites in  areas o f in d u stria l p o llu tio n . In  its 
n a t iv e  r a n g e  lo d g e p o le  p in e  is a d a p te d  to  
g ro w in g  on m u sk eg s (w et p ea t sw am p s) th a t 
a re  w a te r lo g g e d  fo r  m u ch  o f th e y e a r . T h e  
M acau lay  In stitu te , A berd een  w as the first to 
show  the greater flooding tolerance o f lodgepole 
p ine com pared w ith Sitka spruce on deep peat 
sites, w here the w ater-table w as controlled  at a 
range of depths below  the surface (Boggie and 
M iller, 1976). C outts and Philipson (1978) have 
dem onstrated  the anatom ical and physiological 
featu res that m ake lo d g ep ole p ine su p erio r to 
Sitka spruce as a p ioneer on w et sites. Its ability 
to root into p artially  anaerobic low er layers of 
the s o il e n a b le s  it  to d ry  o u t w e t p e a t s ite s  
a p p recia b ly  q u ick er than  sp ru ce , th o u g h  th is 
facility  is less ev ident on gleyed m oist m ineral 
soils. These special features are not exclu sive to 
the origins that grow  naturally  on m u skegs, so 
th a t S k een a  R iv er o r In te rio r  BC  o rig in s a lso  
p ossess this ability  to adapt to a certain  degree 
o f soil w aterlogging.

From  the grow th of p ioneer crops of lodgepole 
p in e  o n  s o m e  o f  th e  p o o r e s t  d e e p  s i te s  in  
S u th erlan d  or C aith n ess th ere  is now  in creas­
ing evidence that these sites have been  so m uch 
im p r o v e d  th a t  s p r u c e  m a y  b e  u se d  in  th e  
second rotation. The devastating  attack of p ine 
b ea u ty  m o th  (P an olis  f la m m ea )  on  18-y ear-o ld  
p lan ta tio n s at R im sd ale  in  1976/ 77  (S toak ley , 
1977; Leather et al., 1987) resulted in the death 
o f 360  ha o f fo re s t. T h is  h a s  b e e n  re p la n te d  
la rg e ly  w ith  S itk a  sp ru ce , w h ich  is g ro w in g  
v ery  w ell, even  th o u g h  the first ro ta tio n  w as 
o n ly  o n e -th ird  o f the n o rm a l le n g th . N o one 
w ou ld  su g g est g row in g  a 'sa c r if ic ia l ' p io n e er 
c r o p  o f  lo d g e p o le  p in e  to  p r e p a r e  th e  s i te  
for S itk a  sp ru ce . H ow ev er, the sev ere  a ttack s 
of pine beauty  m oth nearly all began in stands 
o f S o u th  C o a s ta l  o r ig in . T h is  is n o  lo n g e r  
used and Leather et al. (1987) have show n that 
som e a ltern a tiv e  o rig in s are s ig n ifica n tly  less 
a t t r a c t iv e  to th is  in s e c t . N e v e r th e le s s , p u re  
lodgepole pine plantations on poor deep peat in 
th is  a re a  a re  m o re  r is k y  th a n  m ix tu r e s  o f  
A laskan lodgepole pine and Sitka spruce.

L odgepole pine also has a place on sites w here 
C o r s ic a n  p in e  is  a t r is k  fro m  B r u n c h o r s t ia  
d ieback, caused by G rem m eniella abietina. These 
are upland sites w ith  h igher rainfall and cooler 
su m m ers th an  on  th e o p tim u m  sites  fo r th is 
M editerranean pine. There are large areas in the 
u p land s o f Y ork sh ire and the cen tra l Pennines 
w h ere C ors ican  p in e fa ils  at e lev a tio n s above 
200 m  and w here d ifferent origins of lodgepole 
pine have grow n w ell (Lines, 1984). T he latest 
r e s u l ts  fro m  th e  1 9 7 7  e x p e r im e n t  in  th e  
P en n in e s  sh o w s th a t the ta lle s t o f e ig h t seed  
orig ins w as from  the Q ueen C harlo tte  Islands, 
nearly  tw ice the height of one from  A laska and 
outgrow ing one from  the South C oastal region. 
In  the N o rth  Y o rk sh ire  M o ors, C o rs ica n  p in e 
is again poised on a knife edge of being  able to 
o u tg row  Sco ts p in e  easily  at lo w er e lev a tio n s 
and on south  facing slopes, w hile on the p lateau 
top  it m ay  fa il fro m  d ie b a ck . T h e  W y k e h a m  
(55 P38) and Broxa (115 P70 and 126 P72) exper­
im ents show  that lodgepole p ine from  the better 
S o u th  In te r io r  BC  an d  S k e e n a  R iv e r  g ro u p s  
g rew  a t a b o u t G e n e ra l Y ie ld  C la ss  12 w h ile  
ad jacent C orsican  pine w as G YC  10 or less.

Silvicultural characteristics of the 
main groups of seed origins
T h e g ro w th  rate  an d  o th er s ilv icu ltu ra l ch a r­
acteristics o f the m ain  groups o f lodgepole pine 
are sum m arised  in Table 60. These w ill now  be 
discussed region  by  region.

Alaskan region
T h e s e  o r ig in s  a r e  c h a r a c t e r i s e d  b y  s lo w  
g ro w th , v e ry  b u sh y  fo rm  an d  a h ig h  to le r ­
a n c e  o f e x p o s u re  an d  p o o r  s o il  c o n d it io n s . 
T h ere is little  v ariation  b etw een  seed lots w ith ­
in  th is  re g io n , e x c e p t fo r th e  n o ta b ly  s lo w e r 
grow th  of the m o st northerly  ou tlier (Y akutat) 
and less bu shy  form  in those from  the Sk agw ay  
a r e a . T h e  1 9 5 4  e x p e r im e n ts  ( C h a p t e r  11 ) 
sh o w ed  s ig n ifica n tly  lo w er b a sa l area  on  the 
se e d lo t fro m  H a in e s , w h ich  lie s  in  th e  ra in - 
s h a d o w  a r e a  a t  th e  n o r th e r n  e n d  o f  L y n n  
C a n a l. S k a g w a y  is  15 m ile s  fu r th e r  in la n d  
and  a lth o u g h  trees in  B ritish  ex p erim en ts  are 
c le a r ly  th e s u b -s p e c ie s  e o n t o r t a ,  th e ir  se e d  
w eight (Table 12) w as close to that o f the Y u kon  
orig in s (Table 7). Sk agw ay  has b een  the m ain  
s o u r c e  o f  se e d  fo r  Ic e la n d ic  fo r e s ts  o f  th is  
sp e c ie s  (S ig u rg e irsso n , 1988) an d  th e  sta n d s 
there are m uch less bu shy and m ore in land  in  
a p p e a ra n c e  th a n  B r it is h  s ta n d s  o f S k a g w a y  
o r ig in  (L in e s , 199 0 ). T h e  Ic e la n d ic  see d  w as
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p robably  collected  further in land and closer to 
the Y u kon  p op u lations only a few  m iles fu rther 
north  over the tree-less C h ilk oot Pass. T h e true 
c o a s ta l o r ig in s  a re  w e ll s u ite d  fo r  n u r s in g  
m ix tu re s  w ith  S itk a  sp ru c e  as th e y  q u ic k ly  
su ppress com p eting  Calluna.

Coast o f British Columbia region
These show  co n sid erab ly  m ore v aria tio n  than  
A laskan origins and, although six sub-divisions 
of this seed region can be d istinguished on the 
basis o f th e ir silv icu ltu ra l b eh av io u r, they  fall 
into tw o m ajor types that are separated  by  their 
terpene type (see Table 1).

North Coastal terpene type

A s noted  in C hap ters 12 and 13, o rig in s from  
the N orth  C oastal su b-region  b eh av e sim ilarly  
to A laskan origins, w here those from  the Q ueen 
C harlo tte  Island s are sim ilar in  b u sh in ess , bu t 
a p p r e c ia b ly  fa s te r  g r o w in g . T h e  la t te r  a re  
suitable both as nurses to Sitka spru ce and as a 
p u re  p la n ta tio n  on so m e of the p o o rest s ites , 
w h e re  S itk a  s p ru c e  w o u ld  re q u ire  re p e a te d  
n itro g e n  in p u t. T a b le  27 sh o w s th a t th e to ta l 
v o lu m e  p r o d u c t io n  o f  th e  o ld e s t  Q u e e n  
C h a r lo tte  Is la n d s  o r ig in  (3 6 / 4 2 )  w a s  m u ch  
higher than m ight have been  expected  from  its 
m oderate rate o f height grow th (Table 27). Their 
stem  form  an d  re s is ta n c e  to  w in d  an d  sn ow  
d am ag e are  h ig h , th o u g h  th e ir  d en se  crow n s 
tend to produce rather knotty  stem s.

Vancouver terpene type

T h ese o rig in s are h ig h ly  v ariab le  and in clu d e 
the fast-g ro w in g  So u th -E ast V an co u v er Islan d  
orig ins from  C oom bs and very s im ilar IU FR O  
o r ig in s  fro m  M e sa c h ie  L a k e  an d  S o o k e  (see  
Table 43). Lund on  the ad jacent m ainland  w as 
eq u ally  v ig o ro u s. H o w ev er, th is te rp en e  type 
a lso  in c lu d e s  o r ig in s  fro m  L u lu  Is la n d  an d  
Langley, w hich perform ed so badly  in the 1950s 
and seed lots from  Sooke p lanted  in the 1960s, 
w hich  w ere little better. The better origins from  
th is  a re a  a re  p a r t ic u la r ly  r e s p o n s iv e  to s ite  
qu ality  and on  less exp osed  sites o f m od erate  
fertility  (for th is sp ecies) they h av e p ro d u ced  
v ig o r o u s  s ta n d s  o f  g o o d  fo r m  w ith  l i t t le  
in c id en ce  o f b asa l sw eep . So far th ese o rig in s 
h av e  n o t b ee n  sev ere ly  d am ag ed  by  w in d  or 
sn ow  in  e x p e r im e n ts  up to  15 y e a rs  o f  ag e . 
H o w e v e r , as th e y  w e re  n o t in c lu d e d  in  the 
r e p lic a t e d  p r e -w a r  e x p e r im e n ts  a n d  th e  
V ancouver Island orig ins used in the 1950s and 
1960s have not grow n so fast as the la ter ones

fro m  th is  re g io n , th e y  sh o u ld  b e  u sed  w ith  
c a u tio n  e v e n  on  th e le ss  e x p o se d  s ite s . T h e  
B r it ish  C o lu m b ia n  seed  z o n a tio n  is  a u se fu l 
guide (see Table 1) and in particular seed from  
zone 1050 (Low er F raser R iver) should  not be 
used.

South Coastal region

This m ain seed region is d ivided into three sub- 
re g io n s  (see  T a b le  1) o f  d e c re a s in g  la t itu d e  
along the Pacific C oast and a fourth, the Puget 
Sou nd , w hich  exp eriences low er rainfall and a 
le ss  o ce a n ic  c lim a te . T h e re  is  so m e v a r ia tio n  
b etw een  in d iv id u al seed lo ts in g row th  v igou r 
and  b u sh in ess along  the P acific  C oast and the 
m ost southerly  origins are sensitive to frost and 
p erform  p oorly  at h ig h  e lev atio n  in  exp osu re. 
S o u th  C oasta l orig in s for m an y  y ears p osed  a 
s e r io u s  d ile m m a . O n  th e  o n e  h a n d , a ll th e  
evidence from  m any experim ents dem onstrates 
th e  o u ts ta n d in g  g r o w th  r a te  a n d  f o l ia g e  
re ten tio n  o f these o rig in s, and th is led  to th is 
region  being recom m ended for seed im ports at 
f ir s t . C h a p te r  15 d e s c r ib e s  the c o n s id e ra b le  
r e s e a rc h  e ffo r ts  d e v o te d  to  f in d in g  a te c h n ­
iq u e  th a t  w o u ld  r e d u c e  b a s a l  s w e e p  a n d  
in c r e a s e  r o o t :s h o o t  r a t io s .  T h e  la c k  o f  a 
su ccessfu l so lu tion  (apart p erhap s from  use of 
tu b ed  s e e d lin g s )  w o u ld  h a v e  le d  to  fu r th e r  
research. H ow ever it now  becam e apparent that 
th e  m a jo r  p r o b le m  w ith  th e s e  o r ig in s  w a s  
d am age in the thicket and pole-stage from  w ind 
and w et snow  associated  w ith  the very  heavy  
c ro w n s o f th e se  o r ig in s . A  p o s s ib le  so lu tio n  
cro ss in g  th ese  v ig o ro u s o rig in s  w ith  a w in d - 
firm  less h e a v ily  cro w n ed  o rig in  is cu rre n tly  
u nder test. In  the m ean tim e use o f these origins 
w ill b e  v ery  re s tr ic te d . T h e re  a re  so m e s ites  
w h e re  c o n d it io n s  a re  so  d if f ic u lt ,  e .g . v e ry  
infertile soils such as serpentines and quartzites, 
or extrem e m aritim e exposure, e.g. the Faroe or 
Falk land  Islands (Low , 1986; Lines, 1987a) that 
the only hope of getting trees to form  a closed  
w o o d la n d  is to  u se th e m o st v ig o ro u s  S o u th  
C o a s ta l o r ig in s . T h e se  w o u ld  b e  e s s e n tia lly  
p ion eer sh elterbelts, w h ose m ain  p u rp ose w as 
to p rov ide shelter to help in estab lish ing  m ore 
tender species. For m ost sites this group of seed 
origins has no practical use due to its liability  to 
w ind and snow  dam age.

O rigins from  the P uget South su b-region  show  
less variation  b etw een  orig ins than those from  
th e a d ja c e n t V a n co u v e r  a re a . H o w e v e r  th ey  
sh are sev eral ch aracteristics  w ith  orig in s from
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that region, e.g. h igh  response and rather poor 
relative grow th on the m ost exposed sites. Basal 
sw eep  is com m on on su scep tib le sites, though 
less th an  on  o rig in s from  the P acific  co ast of 
W a s h in g to n  a n d  O re g o n . W in d  a n d  sn o w  
dam age in  the later stages is know n from  older 
exp erim en ts, th ou gh  sig n ifican tly  less than in 
those from  the Pacific coast region. The overall 
ju d gem ent on these seed origins is to give them 
low  priority  and to use them  only w ith  caution 
on less exposed sites and in areas w here heavy 
w et snow  is uncom m on. Table 27 show s that the 
O ly m p ic  p e n in su la  (S h elto n ) o rig in  34/ 40  at 
M il lb u ie  h a d  th e  s e c o n d  h ig h e s t  v o lu m e  
p roduction  at 47 years. This origin also had the 
s e c o n d  h ig h e s t  v o lu m e  p r o d u c t io n  in  th e 
W ykeham  experim ent.

Yukon region
These origins need not be considered further, as 
they are so ill-adapted  to British conditions that 
their grow th rate is im possibly slow.

Skeena and Bulkley River region
In  the 1 9 3 7 -3 9  se r ie s  o f e x p e rim e n ts , h e ig h t 
g ro w th  and  v o lu m e p ro d u ctio n  of trees from  
this region  w as usually  at or below  average. In 
the 1970 series, the fastest grow ing orig ins are 
n ot far beh in d  the b etter ones from  the Sou th  
Interior of BC group and on som e poorer sites 
th e y  w e re  s u p e r io r .  T h e re  a re  a p p r e c ia b le  
d ifferences betw een  the extrem es in this group 
d u e to e lev a tio n  and  d istan ce from  the coast. 
In  g e n e r a l ,  v ig o u r  d e c r e a s e s  a s  e le v a t io n  
in c re a se s  an d  w ith  g rea ter  d istan ce  from  the 
co a st. A n u m b e r o f o th e r ch a ra c te ris tic s  a lso  
show s sim ilar variation w ithin this region. The 
T e rra ce  o rig in  in  p a rtic u la r  sh o w s a n u m b er 
o f a n a to m ica l, m o rp h o lo g ica l and  n u tritio n a l 
c h a r a c t e r i s t ic s  th a t  in d ic a te  its  in t e r m e d ­
ia te  p o s it io n  b e tw e e n  th e b ro a d  c o a s ta l an d  
in lan d  grou p s. For exam p le, its n eed le  len gth  
w as sh o r te r  th a n  th e  re s t o f  th is  g ro u p  (see  
T a b le  5 2 ) ,  b u t  lo n g e r  th a n  th a t  o f  c o a s ta l  
o rig in s. T h e  p a ttern  o f m a jo r n u trien ts  in  the 
needles o f the T errace orig in  w as in term ediate 
b etw een  the coasta l and in land  g rou p s (L ines 
and M itchell, 1970).

It  is ,  h o w e v e r ,  c o n v e n ie n t  to c o n s id e r  th e  
S k e e n a  and  B u lk le y  g ro u p s to g e th e r  as th ey  
generally  perform  in a broadly  sim ilar m anner. 
T h e ir resp o n se  to im p rov ed  site  co n d itio n s is 
on ly  slig h tly  above average. T h is im plies that 
th e y  a re  n o t s ite  s p e c if ic .  T h e ir  c o n s is te n c y  
of resp on se w as h igh  (show n as low  values in

Table 38). Thus they can be regarded as m oder­
ately fast-grow ing g eneral p u rp ose orig ins for 
u se on  a broad  ran g e of s ites. T h ey  are m ore 
lik e ly  to  sh o w  p h o s p h a te  a n d  p o ta s h  
deficiencies on oligotrophic peats than N orth or 
South C oastal origins and on very exposed sites 
their foliage retention m ay be poor until canopy 
c lo su re , th u s d e la y in g  h e a th e r  s u p p re ss io n . 
Stem  form  is usually  good and they have less 
fork in g  than  trees o f the Sou th  In terio r o f BC 
group.

Central Interior o fBC region
G ro w th  r a te s  o f  o r ig in s  fro m  th is  a re a  a re  
generally significantly poorer than in the Skeena 
and  S o u th  In te r io r  BC  g ro u p s. Stem  form  is 
generally good, though forking is m ore preval­
ent than on trees from  the Skeena region. These 
o rig in s are ra th er u n iform  in  their beh aviou r, 
though origins from  the north  of the region or 
fro m  h ig h  e le v a t io n s  (a b o v e  1000  m ) g ro w  
s ig n if ic a n tly  m o re  s lo w ly . T h e se  o rig in s  are 
r e la t iv e ly  u n r e s p o n s iv e  to im p ro v e d  s ite  
q u a li ty , s u g g e s t in g  th a t  th e y  w ill p e r fo rm  
re la tiv e ly  b etter on  the p o o rer sites. T h e b est 
in d iv id u a l o rig in s are from  the U p p er F raser 
R iver around Prince G eorge and V anderhoof in 
the N orth W est Lakes area. These origins show 
n utrient deficiencies by  their yellow  foliage on 
p oor p eats w ith in  6 y ears o f p lan ting  and on 
such sites require top-dressing w ith phosphate 
and p otash  earlier than coastal sources. As the 
clim ate  in th e ir n ativ e  range ap p rox im ates to 
that of M oscow , they are not affected by severe 
cold. They grow  w ell on drier eastern heathland 
soils w here experim ents have show n them  to be 
a good a lternative to Scots pine. T hey  are less 
suitable for w et peat sites in m aritim e clim ates.

South Interior o fBC region
O rigins from  this region include som e that are 
inherently very fast-grow ing and of good form . 
The tallest origin  from  this area at 15 years in 
M abie 10 P70 exp erim ent w as from  C elista on 
the n o rth  sh ore o f Sh u sw ap  Lake. T h is h ad  a 
m ean height of 8.4 m (equivalent to Yield  C lass 
16) (exceed in g  the m ean  of the Sou th  C oasta l 
group) but is unfortunately  represented only at 
the M abie site, due to the sm all am ount o f seed 
obtained. The shortest origin from  this region at 
M abie w as the h ig h  elevation  seed lo t E sp eron  
Lake 5 .7  m  tall (equ ivalent to Y ield  C lass 10). 
B e ca u se  th ey  h a v e  b e e n  u sed  in  seed  o rig in  
e x p e r im e n ts  o v e r  s u c h  a lo n g  p e r io d , th e  
perform ance o f origins from  this region is w ell 
k n o w n . T h e ir  p a t te r n  o f  m e a n  h e ig h t  an d
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re sp o n se  to s ite  q u a lity  w a s  ra th e r  v a r ia b le  
(Figure 14).

The C learw ater origin  had the h ighest response 
but its relative grow th rate over a range of eight 
sites has deteriorated  as it becam e older, from  
being first in this regional group at the nursery 
stage to eighth  out o f 13 by 15 years. Table 27 
show s that the volum e production  at M illbu ie of 
seed  o rig in s from  th is grou p  w as in  th e p oor 
end  o f the ran g e, w ith  35/ 20  C lea rw a ter, the 
least of all. C learw ater in the 1970 series had the 
lo w e s t d ia m e te r  a m o n g  see d  o r ig in s  o f th is  
region at 15 years, thou gh the m ean valu e for 
d iam eter o f this region  at 15 years w as h igher 
th a n  th a t fo r  th e S k e e n a  R iv e r  an d  C e n tr a l 
Interior o f BC regions.

P lo tt in g  h e ig h t a t 15 y e a rs  on  a m ap  o f th is  
region  (n ot rep rod u ced ) show s that the ta llest 
orig ins all clum p together close to the tow n of 
Salm on A rm , w ith poorer grow th on peripheral 
s i te s ,  e s p e c ia lly  th o s e  fro m  a b o v e  10 0 0  m . 
T h e re  is  a sh a rp  tr a n s it io n  to  a m u ch  d r ie r  
clim ate betw een the w est end of Shu sw ap Lake 
a n d  th e  to w n  o f  K a m lo o p s . In  th e  p e r io d  
b e tw e e n  1 9 3 0  a n d  1 9 6 0 , m u c h  s e e d  w a s  
collected near Squilax, an  Indian settlem ent ju st 
to the w est o f Sh u sw ap  L ake (A ld h ou s, 1976). 
T h is  s e e d  w a s  im p o r te d  u n d e r  th e  n a m e  
'S h u sw a p  L a k e '. T h is  is a lo w  e le v a tio n , d ry  
area, w h ere freq u en t g rou n d  fires have sw ep t 
through the forest. C ond itions are very d ifferent 
in the forests on the m oister north  facing side of 
M ount Ida at 750-1000 m . It is strongly  recom ­
m ended that seed should  in  fu ture b e  collected  
from  w ell-grow n trees on the latter type o f site 
rather than from  dry sites in  the valley  floor.

Alberta and Saskatchewan region
T r e e s  fro m  th is  r e g io n  g ro w  s t r a ig h t  a n d  
n o rm a lly  d o  n o t s u ffe r  fro m  w in d  o r  sn o w  
d am ag e . T h a t is ab o u t a ll th a t can  b e  sa id  in  
th e ir  fa v o u r , as th e ir  ra te  o f  g ro w th  is  v e ry  
slow  and they tend to have thin crow ns, w hich  
a re  n o t v e ry  r e s is ta n t  to  w in te r  b la s tin g . In  
th e  lo n g  term  th ey  a re  lik e ly  to s u ffe r  re s in - 
b le e d in g  a n d  d ie b a c k  o f  th e  ty p e  n o te d  in  
C hap ter 4.

North Interior USA region
T h is  r e g io n  c o v e r s  a w id e  a re a  fro m  E a s t  
W ash in g ton  to M ontana and is rep resen ted  by 
only five seed lots, som e from  u nknow n elevat­
ions. The best origins can grow fast in height, e.g. 
P rie st R iv er, Id ah o  a t M illb u ie  (see  T a b le  26) 
though their crow ns tend to be sp indly  and  they 
a re  n o t im m u n e  fro m  b a sa l s w e e p . C o m in g  
from  a region  w hose clim ate d iffers greatly  from  
that o f Britain  there is no  ju stification  for u sing 
these seed origins here.

Cascade Mountains o f Washington 
and Oregon region
N on e o f the o rig in s from  th is area  h a s  g row n  
su fficiently  fast to en cou rage m ore w ide-spread  
use and  th eir d elayed  v eg eta tio n  su p p ressio n , 
c o m p a r e d  w ith  th e  a lm o s t  e q u a l ly  s lo w -  
grow ing  A laskan orig ins, does n o t su gg est that 
they w ould  be su itab le  in a n u rsin g  role . Stem  
form  is g ood  an d  th e re  is  so m e ev id en ce  th a t 
th e ir  b a sa l a re a  p ro d u c tio n  is  c o m p a ra tiv e ly  
h ig h  fo r  th e ir  h e ig h t . T h is  a lo n e  w o u ld  n o t  
encourage w idescale use.
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Chapter 19

Conclusions and main recommendations

1. T h is  P a p e r  a t te m p ts  to  s u m m a r is e  an d  
review  the results from  over 90 experim ents 
c o v e r in g  a p e r io d  o f o v e r  50  y e a r s  o f  
investigations into the su itability  o f different 
o rig in s  o f  lo d g ep o le  p in e  fo r v a rio u s  site  
types and silv icultural purposes.

2. T h e  v e r y  w id e  g e o g r a p h ic a l  r a n g e  o f 
lo d g e p o le  p in e  an d  its  a b ility  to su cce ed  
o n  s ite s  v a ry in g  fro m  d eep  a c id  b o g s  a t 
s e a -le v e l in  A la sk a , th ro u g h  n ea r p e rm a ­
f r o s t  a r e a s  in  th e  Y u k o n  to  s e m i-d e s e r t  
co n d itio n s in  C olo rad o  or tree-lin e  forests 
at Y osem ite em phasises its w ide ecological 
to le r a n c e .  O v e r  a lo n g  p e r io d , in  e a c h  
locality  the population has becom e adapted 
to  th e  p a r t ic u la r  s ite  c o n d it io n s  an d  its  
characteristics genetically  fixed. This adapt­
ation  to site and d ifferentiation  of behaviour 
p ersists w hen seeds are transferred to quite 
d ifferent conditions in Britain. This explains 
th e ex trem e v a ria tio n  in  g ro w th  p e rfo rm ­
an ce  in  B r ita in  o f p ro g en y  fro m  d iffe re n t 
p arts  o f its n ativ e  range. N o o th er sp ecies 
sh o w s su ch  a w id e ran g e o f b eh a v io u r in 
Britain. Seed orig in  experim ents in overseas 
cou ntries have fu rth er em phasised  both  its 
g ro w th  p o ten tia l (p articu larly  in  n o rth ern  
Scandinavia) and the very strong seed origin 
x site interactions.

3. A lth o u g h  in t r o d u c e d  in to  B r it is h  
arboricu lture in  1853, and first tried in forest 
r e s e a r c h  fro m  1 9 2 8 , w id e s p r e a d  u se  o f 
lodgepole p ine in  forest practice began only 
abou t 40 y ears ago. Because d ifferent seed 
o rig in s p erform  a lm ost as thou gh  they are 
d ifferent species, m uch disappointm ent was 
caused am ong forest m anagers from  the lack 
o f reliable in form ation  about the character­
istics o f the seed  orig ins available at the time 
p la n ta tio n s  w ere  e s ta b lish e d , o r to g u id e 
seed pu rchasers about their specification.

4. A s  th e  r e s e a r c h  w o rk  p r o c e e d e d , th e 
co m p lex ity  o f the g en etic  variation  w ithin 
lod g ep ole p ine becam e m ore ap p arent and

th e u n s a tis fa c to ry  n a tu re  o f so m e o f the 
o ld e r  t r ia ls  w as r e a lis e d . F o r e x a m p le , 
s e e d lo ts  w e re  o fte n  p u rc h a s e d  from  
com m ercial sources w ith vague details as to 
lo cation  and h en ce the p erfo rm an ce to be 
expected of the particular origin. It costs the 
sam e to  e s ta b lish , m a in ta in  and a sse ss  a 
se e d  o r ig in  e x p e r im e n t  w ith  ra n d o m ly  
selected, poorly docum ented origins as one 
w ith  w e ll-d o c u m e n te d  an d  c a r e fu l ly  
selected origins (such as the IU FRO  series). 
W ith hindsight, m uch research effort would 
h av e been  saved  if a w ell-o rg an ised  seed 
collection had been carried out much earlier 
in the course of these investigations.

5. C hanges in establishm ent practice have had 
a m arked effect on seed orig in  choice. For 
e x a m p le , d u r in g  th e  p h a se  w h en  p la n t­
ing pure Sitka spruce w as general practice, 
then Alaskan lodgepole pine had hardly any 
p lace  in British  silv icu ltu re . W hen ex p e ri­
m ents show ed that m ixtures o f Sitka spruce 
and Alaskan seed origins o f lodgepole pine 
w ere very beneficial, it resulted in a vastly 
in creased  d em and  fo r A laskan  lo d g cp o le  
p in e  s e e d , an d  th e  n ee d  to  k n o w  w h a t 
alternative origins m ight be used as substit­
utes w hen A laskan seed w as insufficient to 
m eet requirem ents.

6. R esearch  d escribed  in this Paper has been 
predom inantly  o f a practical nature, so that 
results can be quickly used to advise on seed 
p u rch ase  and exp ected  crop  p e rfo rm an ce  
for ce rta in  p u rp o ses  in d iffe re n t reg ion s. 
H ow ever, by u sing these exp erim en ts and 
b y  c lo se  c o -o p e ra t io n  w ith  th e  R esea rch  
D iv is io n  o f  th e  F o r e s tr y  C o m m is s io n , 
valuable con tribu tion s have been m ade by 
fo re s t s c ie n t is ts  in v e s tig a tin g  m o re  fu n ­
d am en ta l asp e cts  o f  seed  o rig in  v ariation  
and these have led to a better u nd erstand ­
in g  o f b e h a v io u r  o f  d if fe re n t g e n o ty p e s , 
e .g .  th e  m o r p h o lo g ic a l/ p h y s io lo g ic a l  
studies by C annell and his colleagues at the 
in s t i t u t e  o f  T e r r e s t r ia l  E c o lo g y  o f  th e
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N a tu ra l E n v iro n m e n t R e s e a r c h  C o u n c il, 
d escrib ed  in C h ap ters  8 and  9. T h e sh o o t 
te r p e n e  s tu d ie s  c a r r ie d  o u t w ith in  th e 
Forestry C om m ission  by Forrest (1980, 1981) 
w ere a m ajor breakthrough in clarify ing the 
regional pattern of genetic variation, w hich 
enabled  the bou nd aries betw een  regions to 
b e  b a s e d  on  in d e p e n d e n t  b io c h e m ic a l  
e v id e n c e ,  r a t h e r  th a n  on  s p e c u la t iv e  
geographical or political boundaries. N ever­
theless, there are w ide variations in grow th 
p e r fo rm a n c e  w ith in  so m e o f th e  te rp e n e  
regions, especially  the V ancouver region  (as 
noted above).

7. Patterns of flushing tim e, grow th cessation, 
lam m as g row th  and re la tiv e  g ro w th  rates 
d u r in g  th e  g r o w in g  s e a s o n  h a v e  b e e n  
show n to be strongly related  to seed origin 
and m ay in fluence pattern s o f w ood form ­
ation. A part from  the m ost southerly  coastal 
o r ig in s , fro s t d a m a g e  is v e ry  u n u su a l in  
lo d g e p o le  p in e  u n d e r B r it ish  c o n d itio n s , 
th o u g h  lack  o f fro s t h a rd in e ss  is a m a jo r 
factor restricting the use of coastal orig ins in 
parts of Scandinavia. D aylength has a strong 
in f lu e n c e  o n  f lu s h in g  tim e  an d  g ro w th  
c e ssa tio n , w ith  far n o r th e rn  seed  o r ig in s  
s h o w in g  m u c h  e a r l ie r  f lu s h in g  a n d  a n  
extrem ely  short period  of shoot extension  in 
Britain. Thus such seed origins are n o t able 
to u tilise  our very  long  g row in g  season , a 
f e a tu r e  o f  th e  B r it is h  c l im a te  th a t  is  
exploited so effectively  by  Sitka spruce.

8. O ne of the m ain uses of lodgepole pine, now  
and in the im m ediate future is as a nurse to 
S itk a  s p r u c e  on  s i te s  w h e re  p u r e  S itk a  
spruce is liable to heather check. For reasons 
that are m ore fully explained in C hap ter 14, 
it is w ise to use a seed  orig in  o f lod gepole 
p in e  th a t  is  r e la t iv e ly  s lo w -g r o w in g  in  
h e ig h t, and  w ith  a sq u at b u sh y  form  th at 
e ffe c tiv e ly  su p p re sses  co m p etin g  C alh in a . 
The m echanism  by w hich lodgepole p ine in 
intim ate m ixture is able to act as a nurse has 
n o t y et b een  fu lly  ex p la in e d . B ecau se  the 
c u r v e s  fo r  h e ig h t  g r o w th  o f  y o u n g  
lod gepole p ine are fu nd am entally  d ifferent 
from  those of Sitka spruce (Everard, 1974) a 
s tan d  o f lo d g ep o le  p in e  g ro w in g  at Y ie ld  
C lass 10 is the sam e height at 10 years as a 
Sitka spru ce stand of Y ield  C lass 16. Thus, if 
a fast-g ro w in g  o rig in  o f lo d g ep o le  p in e  is 
used, it m ay not act as a nurse bu t m ay tend 
to su p p ress or d am age the sp ru ce. Id ea lly  
the m ixtu re should  be self-th in n in g  w ith  a

h igh  p rop ortion  of the p ine shad ed  ou t by 
the end of a fairly short rotation.

9. Susceptibility  to dam age by  w ind and snow  
is one o f the m ain  d em e rits  o f th e faster- 
g ro w in g  see d  o r ig in s  o f  lo d g e p o le  p in e . 
T he problem  assum ed m ajor significance in 
th e 1950s w ith  th e  d e v e lo p m e n t o f m o re  
in ten siv e  cu ltiv a tio n  and  h ea v ier fertiliser  
ap p lica tion s, fu rth er accen tu ated  by p lan t­
in g  in  the fu rrow  b o tto m  on m in era l so ils 
or on  the top of h ig h  rid g es on p eatland s. 
S o u th  C o a s ta l o r ig in s  p ro v e d  l ia b le  to  
develop a high proportion of trees w ith basal 
sw eep and other fast-grow ing orig ins w ere 
affected  to a lesser degree. N o reliable silv i­
cu ltural technique could be found to reduce 
th is  d a m a g e  to  an  a c c e p ta b le  le v e l an d , 
a lthough m ost stands later becam e tem por­
arily  stabilised in the thicket stage, this w as 
m e re ly  a p re lu d e  to ca ta s tro p h ic  d am ag e 
from  a com bination  of w ind and w et snow  
in  th e  la te r  th ic k e t  o r  e a r ly  p o le -s ta g e . 
A s s e s s m e n ts  s h o w e d  th a t  d a m a g e  w a s  
h ig h ly  s e le c t iv e  a n d  th a t  m o s t  I n te r io r  
sources and N orthern C oastal ones suffered 
little dam age at this later stage (see C hapter 
15 fo r  m o re  d e ta ile d  d is c u s s io n  o f  s u s ­
ceptible and resistant origins).

10. A lthou gh  m ost attention  has been  g iven  to 
s tu d ie s  o f  g ro w th  in  h e ig h t, d ia m e te r  or 
v o lu m e, the form  of d ifferen t seed  6rig ins 
sh ow s im p o rtan t d ifferen ces, esp ec ia lly  in 
f o r k in g  o f  th e  m a in  s te m , th e  d if f e r e n t  
p atterns o f crow n and branch  form , needle 
d im e n s io n s  a n d  b a r k  ty p e . T h e  h ig h e s t  
in c id e n ce  o f fo rk in g  w as fou n d  in  o rig in s 
from  the Sou th  Interior o f BC, w here in one 
exp erim en t 35%  of the trees w ere affected . 
O b serv a tio n s in  o ld er ex p e rim e n ts  and in 
stands w ith in  the native range confirm  that 
th is  te n d e n c y  to  fo rk  is  g e n e t ic  an d  n o t 
caused by  accidental dam age, insect attack, 
etc. By com p arison  N orthern  C oastal origins 
had less than 10 % of forked trees.

T h e in c id e n ce  o f trees  th a t p ro d u ce  m ore 
th a n  o n e  w h o r l o f  b r a n c h e s  p e r  a n n u m  
v aries  co n sid era b ly  b e tw ee n  seed  o rig in s. 
V e ry  few  m u lt i-n o d a l tre e s  o c c u r  in  th e 
Sou th  C oastal region and even few er in the 
South O regon  and C alifornian  coast. M ulti- 
n o d a l t r e e s  a re  f r e q u e n t  in  th e  S k e e n a  
R iver, South Interior of BC and som e N orth 
C oastal orig ins. C row n density  varies very 
w id e ly  b e tw e e n  se e d  o r ig in s  a n d  h a s
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im p ortan t silv icu ltu ral effects on the speed 
o f su p p ression  of ground vegetation  in the 
establishm ent phase and on potential basal 
area p ro d u ctio n  a t a la ter stage. A lthough 
th e  r a te  o f  v e g e ta t io n  s u p p r e s s io n  w as 
influenced by  tree height, seed origins w ith 
the m ost bushy crow ns killed the vegetation 
m uch faster than those of equal height w ith 
th in  crow n s. N o rth  C oasta l seed lo ts  w ere 
very efficien t in this respect.

B a rk  ty p e  a n d  th ic k n e s s  a re  s t r o n g ly  
in h e r ite d  w ith  la rg e  d iffe re n c e s  b e tw ee n  
seed regions. A lthough interior seed origins 
h a v e  g e n e ra lly  th in n e r  b a rk  th an  co a sta l 
so u rces , som e N o rth  C oasta l o rig in s have 
th in  b a rk , w h ile  trees  fro m , e .g . S q u ila x  
n ear Shu sw ap Lake, BC tend to have thick 
b a r k ,  p r o b a b ly  as a r e s u lt  o f  n a tu r a l  
s e le c t io n  o f  f i r e - r e s is t a n t  in d iv id u a ls  
(A ld h o u s , 1 9 7 6 ) . T h e  a m o u n t o f  b a r k  
s t r ip p in g  b y  re d  d e e r  w as s ig n if ic a n t ly  
correlated  w ith  bark  thickness, thick barked 
origins having least dam age.

11. T h e  g ro w th  p a tte rn s  o f o rig in s  fro m  the 
m a in  se e d  r e g io n s  a re  n o w  b e c o m in g  
r e a s o n a b ly  w e ll  k n o w n  an d  o n e  o f th e 
s tr ik in g  re su lts  h as b e e n  the fin d in g  that 
d iffere n ces  in h e ig h t, d iam eter or v o lu m e 
w e re  n e a r ly  a lw a y s  h ig h ly  s ig n if ic a n t  
b e tw e e n  th e  r e g io n a l  m e a n s , w h e r e a s  
d if f e r e n c e s  w ith in  a r e g io n  w e re  m u ch  
sm aller and frequ ently  non-significant. The 
im p lic a t io n  is  th a t  p r e s c r ip t io n s  ca n  b e  
b a s e d  m a in ly  on  th e se  re g io n a l g ro u p s , 
ra th er th an  h av in g  to sp ecify  a p a rticu la r 
lo c a l i t y ,  fro m  w h ic h  se e d  m a y  n o t  b e  
a v a ila b le  on  a re g u la r  b a s is . H o w ev e r, it 
should  b e  rem em bered  that w ithin several 
seed  region s there are areas that w ould be 
im portant to avoid. For exam ple, w ithin the 
Sou th  Interior of BC region  the dry valley- 
b o tto m  sites to the w est o f Shu sw ap  Lake 
an d  h ig h  e le v a tio n  s ite s  (ab ov e  1 200 m) 
sh ou ld  b o th  be av o id ed . S im ilarly , w ith in  
the V ancouver region M esachie Lake w ould 
b e  q u ite  a cc e p ta b le , w h ere a s  L u lu  Is lan d  
and Langley w ould not. A coherent overall 
p a t te r n  o f  d i f f e r e n c e s  in  g ro w th  ra te  
betw een  the seed regions runs through the 
w h o le  s e r ie s  o f  e x p e r im e n ts . T h is  g iv e s  
g reater co n fid en ce in  ex trap o la tin g  results 
from  those at 10 or 15 years in the younger 
experim ents by  using the 1937-41 series as a 
m odel for long-term  grow th rate.

It is n ecessary  to co n tin u e  assessm en ts  in 
som e of the younger experim ents that have 
la r g e  p lo ts  so  a s  to d e te c t  c h a n g e s  in  
perform ance as the trees becom e older. The 
C le a r w a te r  o r ig in  in  th e  1 9 7 0  s e r ie s  
m entioned in C hapter 13 is ju st one rather 
obvious exam ple. The m ain changes that are 
likely to occur are in those origins that show  
v ery  fa st ea r ly  g ro w th , b u t h a v e  sp in d ly  
c ro w n s  th a t are  lik e ly  to re su lt in  lo w e r 
v o lu m e p ro d u ctio n , com p ared  w ith  th ose 
w ith  slow  early  h e ig h t grow th  and  d en se 
c ro w n s  th a t m ay  w e ll sh ow  th e  re v e rs e  
p attern . T h ere is a lread y  a su ggestion  that 
the A lask an  o rig in s, w hich  had su ch  long 
lo w e r  b ra n c h e s  d u r in g  th e  e a r ly  th ic k e t 
s ta g e , d e v e lo p  an  a p p re c ia b ly  n a rro w e r  
crow n in the early pole-stage.

12. T h e m ain  ch a ra cte ris tics  o f in terest to the 
fo re s t m a n a g e r  fo r  e a c h  seed  re g io n  are  
outlined in Table 60 and their perform ance 
is discussed in C hapter 18.

13. Long-term  susceptibility  to snow  and wind 
dam age can only be determ ined by keeping 
a p ro p o rtio n  o f th ese  e x p e rim e n ts  u nd er 
o b serv a tio n  for m an y  y ears. D am age su s­
ce p tib ility  is a v ita lly  im p o rtan t asp ect o f 
seed origin  choice and it w ould not be costly 
to m ak e p e rio d ic  in sp e c tio n s  and  a s se ss ­
m ents w here necessary.

14. T im ber qu ality  has been  m entioned briefly  
in  th is  P a p e r  in  re la t io n  to  c o m p re ss io n  
w o od  o f trees  w ith  le an  o r b a sa l sw ee p . 
B r a z ie r  (1 9 8 0 )  s u m m a ris e d  th e  e x is t in g  
inform ation in tim ber properties of different 
seed  o rig in s sam pled  at abou t 25 y ears of 
age in these experim ents and concluded that 
in  p ra c tic a l te rm s d iffe re n c e s  w ere  o ften  
s m a ll,  'n o  p r o v e n a n c e  c a n  b e  ra te d  as 
u n s u ita b le  on  th e  g ro u n d s  o f its  tim b e r 
ch aracteristics , thou gh  d ifferences in yield 
b e tw ee n  th em  co u ld  w ell b e  a p p recia b le . 
P ro v e n a n ce  se le c tio n  an d  stan d  m a n a g e ­
m ent to favou r a good stem  form  could be 
the m ost s ig n ifican t asp ect in en su rin g  an 
adequate tim ber quality in lodgepole p ine'.

D o u b ts  re m a in e d  a b o u t th e  t im b e r  
p r o p e r t ie s  o f  m o re  m a tu r e  tim b e r . 
A ccordingly, M arshall (1989) studied tim ber 
p r o p e r t ie s  o f  s e v e n  se e d  o r ig in s  in  th e  
W ykeham  55 P38 experim ent w hen the trees 
w h ere 48 y ears old and thus ap p roach in g
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rucauun age. Due ru uiiu  uuu uarK tiuL'Kiiess 
and  p e rc e n ta g e  la te  w ood  w ere  th e  on ly  
p a r a m e te r s  th a t  d if fe r e d  s ig n if ic a n t ly  
b etw een  seed  orig in s. H er resu lts  b ro ad ly  
c o n f ir m  th o s e  o f  e a r l ie r  in v e s t ig a t o r s  
w orking in the sam e experim ents w hen the 
tr e e s  w e re  m u ch  y o u n g e r . M a r s h a ll  
e m p h a s ise s  the m u ch  la rg e r  v a r ia tio n  in  
w o od  ch a ra cte ris tics  b e tw ee n  in d iv id u a ls  
w ith in  a seed  o rig in  co m p a re d  w ith  th a t 
b etw een  seed  o rig in s, su g g estin g  that tree 
im p ro v em e n t b y  in d iv id u a l tree se lec tio n  
o ffers  sco p e  fo r  h ig h er  d en sity  co m b in ed  
w ith increased  tracheid  length independent 
o f grow th rate.

M a n y  s ta n d s  o f lo d g e p o le  p in e  e x is t  fo r 
w h ich  record s m ay have been  lost, and  in 
som e cases the origin m ay be too vague (e.g. 
'B r i t i s h  C o lu m b ia ')  to  a llo w  th e  f o r e s t  
m a n a g e r to m ak e d e c is io n s  on  its  fu tu re  
m anagem ent or grow th potential. To clarify 
identity the first step is to look at the general 
a p p e a ra n ce  o f the trees  in  re la tio n  to the 
particular site factors. Foliage colour, crow n 
and stem  form  can  often  in d icate  w h eth er 
the stand  is In land  or C oasta l and grow th  
ra te  (tak in g  a cco u n t o f th e p a rtic u la r  site  
factors) w ill tend to separate northern from  
s o u th e r n  s e e d lo ts .  I f  th e  tr e e s  h a v e  
abundant m ale flow ers (or gaps in the leafy 
sh o o ts  w h ere  th ese  h av e  b e e n  sh ed ) th en  
there is a strong ind ication  that they are of 
the 'L u lu  Islan d ' type. C hap ters 16 and 17 
provide several other indicators of origin  in 
te rm s o f fo r k in g , n u m b e r  o f in te r -n o d a l

w n u ris , c ro w n  sp re a u , n e e u ie  re te n t io n , 
'bu sh in ess', needle characteristics, bark  and 
cone type. H ow ever, it m u st be stressed  that 
s i te  d if f e r e n c e s  a f fe c t  m o s t  o f  th e s e  
c h a ra c te rs  and  th e  o n ly  c h a ra c te r  th a t is 
com pletely  unaffected  by site is the terpene 
type. U nfortu nately  this requires specialised 
equipm ent to determ ine the terpene pattern, 
so that it is too expensive a m ethod  to use 
on a routine basis.

16. T h e  fu tu re  fo r  lo d g e p o le  p in e  in  B r it is h  
Silv icu ltu re w ill depend  p artly  on national 
and regional forest policy  and in particu lar 
on the quality o f land released for forest use. 
Lodgepole p ine is essentially  a p ioneer tree 
th a t  c a n  g ro w  w e ll  o n  p o o r  s i te s  w ith  
m in im a l f e r t i l i s e r  in p u t ,  a n d  it  is  
p h y s io lo g ic a lly  b e t te r  a d a p te d  th an  th e  
spruces for grow th on deep peat bogs. It can 
be a substitu te for Scots pine on poor heaths 
(w h ere it can  g ive h ig h er p ro d u ctio n  and, 
w ith  ce rta in  o rig in s , su p p ly  tra n sm iss io n  
p o le s ) .  T h e  se e d  o r ig in  e x p e r im e n ts  
described  in this Paper have g iven a sound 
fo u n d atio n  for cu rren t seed  o rig in  ch o ice . 
H ow ever a program m e of tree im provem ent 
at the individual tree level and using in ter­
p ro v e n a n ce  h y b rid s has b een  ru n n in g  for 
m ore than 20 y ears. T h e lo n g -term  fu tu re  
p r o b a b ly  lie s  w ith  th e  p r o d u c ts  o f  th is  
breed ing  program m e, w hich should provide 
trees w ith a com bination  of im proved form , 
greater stability  against w ind and snow  and 
enh an ced  resistan ce to d iseases and  in sect 
pests.
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