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The weevil problem 

E ASTERN white pine  (Pinus  s t r o b u s  L . )  is a  highly versa-  
t i l e  spec ies .  I t  is e a s i l y  p lan ted ,  adaptable  t o  a  

wide v a r i e t y  of s o i l s  and c l imates ,  and reproduces i t s e l f  
well .  Also i t  grows r a p i d l y  and is capable of producing 
high-qual i ty  lumber. These c h a r a c t e r i s t i c s  once e n t i t l e d  
white pine  t o  a  top  p o s i t i o n  i n  the  f o r e s t  economy through- 
out much of the  Northeast .  Unfor tunate ly ,  i ts  s u s c e p t i b i l i t y  
t o  a t t a c k  by the  white-pine weevil  (Pissodes  s t r o b i  (Peck))  
now has  re lega ted  the  s p e c i e s  t o  the  r o l e  of a  second-rate 
o r  even a  weed t r e e  i n  some p a r t s  of t h e  region. 

The t o t a l  l o s s  of p o t e n t i a l  t imber volume due t o  the  
white-pine weevil i n  New Itampshire a lone has been es t imated 
a t  2,160,000,000 board-feet of sawlogs, and 151,000,000 
cubic f e e t  of o t h e r  m a t e r i a l s  (27)'. I n  New England and t h e  
Middle A t l a n t i c  S t a t e s  t h e  average annual l o s s  from weevil- 
ing  is es t imated at 120,000,000 board-feet of sawlogs and 
31,000,000 cubic f e e t  of o t h e r  mater ia ls .*  These l o s s e s  can 
be lessened m a t e r i a l l y  be sprayipg (5 ,  6,  231, pruning, o r  
mainta ining l i g h t  overhead shade (15). But such measures 
a r e  expensive and a r e  app l icab le  only i n  s p e c i a l  circum- 
s tances .  

I f  an agronomist i s  faced with a  s e r i o u s  p e s t  prob- 
lem, he t u r n s  t o  the  p l a n t  breeder f o r  the  production of a  
r e s i s t a n t  s t r a i n .  P lan t  breeders  have been success fu l  i n  
developing disease-  and i n s e c t - r e s i s t a n t  s t r a i n s  i n  a  wide 
v a r i e t y  of crop p l a n t s  (2, 26). S i m i l a r l y ,  t h e  f o r e s t e r  
looks t o  the  t r e e  breeder  f o r  a s s i s t a n c e  i n  so lv ing  f o r e s t  
pes t  problems. 

White p ines  a r e  a l ready  t h e  sub jec t  of an i n t e n s i v e  
s e r i e s  of s t u d i e s  aimed a t  t h e  production of a  s t r a i n  re-  
s i s t a n t  t o  the  white-pine b l i s t e r  r u s t  (Cronartium r i b i c o l a  
F i s c h e r ) .  The r e s u l t s  have been most encouraging; they i n -  
d i c a t e  t h a t  t h e  goal can be achieved i n  a  reasonable l eng th  
of time by s e l e c t i o n  and breeding wi th in  s p e c i e s  (2, 31, by 
t h e  use of e x o t i c s  (2, 101, o r  by i n t e r s p e c i f i c  hybr idiza-  
t i o n  (3 ,  17). 

There a r e  severa l  publ ished r e p o r t s  of inherent  d i f -  
f e rences  i n  i n s e c t  r e s i s t a n c e  i n  f o r e s t  t r e e s .  Austin e t  a l .  
(1) repor ted  t h a t  shoot c h a r a c t e r s  were u s e f u l  i n  t h e  s e l e c -  
t i o n  of ponderosa pines  (P. ponderosa Laws.) r e s i s t a n t  t o  
t h e  r e s i n  midge. F i e l d i n g  (7) repor ted  c lona l  d i f f e r e n c e s  
i n  aphid r e s i s t a n c e  i n  Monterey pine (P. r a d i a t a  D. Don); 
most of the  s u s c e p t i b l e  c lones  were der ived from s u s c e p t i b l e  
pa ren t s .  In  C a l i f o r n i a ,  M i l l e r  (18, 19) found t h a t  c e r t a i n  

l~umbers  i n  parentheses r e f e r  t o  L i t e r a t u r e  C i t e d .  

 orth the astern F o r e s t  Experiment Stat ion.  Unpublished data. 



p ine  h y b r i d s  were r e s i s t a n t  t o  a t t a c k  by t h e  p ine  reproduc- 
t i o n  weevi l  ( ~ ~ l i n d r o c o ~ t u r u s  e a t o n i  ~ u c h a n a n ) .  S c h r e i n e r  
(25) found c l o n a l  d i f f e r e n c e s  i n  t h e  s u s c e p t i b i l i t y  of 
Populus  hybr ids  t o  a t t a c k  by t h e  Japanese b e e t l e  ( P o p i l l i a  
i a p o n i c a  Newm.); t h e  d i f f e r e n c e s  a r e  e s p e c i a l l y  noteworthy 
because t h e  Japanese b e e t l e  is u s u a l l y  an omnivorous f e e d e r .  
F lordh (8) r e p o r t e d  t h a t  Fl h y b r i d s  of Populus t r emulo ides  
Michx. X P. t remula  L o  were s u p e r i o r  t o  e i t h e r  t h e  F Z 1 s  o r  
t h e  European pa ren t  i n  s e v e r a l  r e spec t s - - inc lud ing  r e s i s t -  
ance  t o  l e a f - e a t i n g  i n s e c t s .  I n  Douglas- f i r  (l-'seudotsuga 
menz ie s i i  (mirb . )  F r a n c o ) ,  He i tmul l e r  ( 9 )  found c l o n a l  but  
not  r a c i a l  d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  t o  Adelges c o o l e y i  
{ G i l l *  1 

The l i t e r a t u r e  g i v e s  only  i n d i r e c t  evidence  o n  t h e  
p o s s i b i l i t i e s  of f i n d i n g  g e n e t i c  r e s i s t a n c e  t o  t h e  weevi l  i n  
t h e  5-needled p ines .  MacAloney (15) r e p o r t e d  t h a t  e a s t e r n  
whi te  p i n e  is s e v e r e l y  a t t a c k e d ;  t h a t  wes tern  whi te  p ine  
( P .  mont icola  Dougl. ex. D.  on), l imber  p ine  (P. f l e x i l i s  
James),  and f o x t a i l  p i n e  (P. b a l f o u r i a n a  Murray) a r e  com- 
monly a t t a c k e d ;  and t h a t  Himalayan whi te  p ine  (1'. g r i f f i t h i i  
McClelland) is r a r e l y  a t t a c k e d .  Kr i ebe l  (14) r e p o r t e d  d i f -  
f e r e n c e s  i n  s u s c e p t i b i l i t y  a s s o c i a t e d  wi th  d i f f e r e n c e s  i n  
ba rk  t h i c k n e s s  o f  e z s t e r n  whi te  p ine .  

In  t h e  sun~mer of 1952, t h e  s e n i o r  a u t h o r  embarked on 
a  s e r i e s  of s t u d i e s  t o  exp lo re  t h e  p o s s i b i l i t i e s  of devel -  
oping w e e v i l - r e s i s t a n t  s t r a i n s  o f  whi te  p i n e  and t o  formu- 
l a t e  p l a n s  f o r  t h e  p roduc t ion  of such s t r a i n s .  The j u n i o r  
au tho r  jo ined i n  t h e  s e a r c h  f o r  r e s i s t a n t  m a t e r i a l  i n  t h e  
summer of 1955. T h i s  paper  summarizes ou r  r e s u l t s  t o  d a t e  
and lists t h e  more promis ing p o s s i b i l i t i e s  f o r  f u t u r e  ac- 
t i o n .  

We cons ide red  t h a t  t h e r e  a r e  f o u r  p o s s i b l e  s o u r c e s  of 
weevil  r e s i s t a n c e  i n  t h e  whi te  p i n e s - - r e s i s t a n t  s p e c i e s ,  
r e s i s t a n t  geographic eco types ,  r e s i s t a n t  l o c a l  r a c e s ,  and 
r e s i s t a n t  indiv iduals - -and made ou r  obse rva t ions  t o  show 
which of t h e s e  sou rces  i n d i c a t e  t h e  most promise. 

In traduced Species 
as Sources of 117eevil Resistance 

A LL s p e c i e s  of 5-needled whi te  p ines  be longing t o  t h e  
s e c t i o n  CEHBRA were observed,  w i t h  t h e  fol ' lowing ex- 

c e p t i o n s :  The western  American whi tebark  p ine  (P .  a l b i c a u l i s  
Engelm.) and suga r  p ine  ( P .  l amber t i ana  Dougl.), t h e  Formo- 
san  whi te  p ine  (P. formosana Mayata),  and t h e  dwarf s t o n e  
p ine  of e a s t e r n  Asia (P. pumila ( P a l l a s )  Regel ) .  The s o f t  



p i n e s  of t h e  s e c t i o n  PARACEMBRA were not  s t u d i e d  because of 
t h e i r  g e n e r a l l y  poor t imber  form and because of a n t i c i p a t e d  
d i f f i c u l t i e s  i n  c r o s s i n g  t h e  s e c t i o n s  PARACEMBRA- and CEMBRA. 
The 10  in t roduced s p e c i e s  cons idered  t o  be p o t e n t i a l  sou rces  
of weevil  r e s i s t a n c e  were s t u d i e d ,  where a v a i l a b l e ,  i n  t h e  
fo l lowing  a r b o r e t a  and f o r e s t  p l a n t i n g s :  

BE. Former H .  W. Sargent  E s t a t e ,  Beacon, N.  Y. 

BR. B r e t t  Arboretum, F a i r f i e l d ,  Conn. 

C-8. Cat taraugus  S t a t e  F o r e s t  No. 8 ,  N: Y. E leva t ion  
1 ,600  f e e t .  P l an ted  in. 1937 on a  west - fac ing o l d  
f i e l d .  

CL. Former C l u e t t  E s t a t e ,  Williamstown, Mass. 

DEP. Durand Eastman Park ,  Roches ter ,  N. Y. E l eva t ion  600 
f e e t .  

ES. Olmsteadvi l le  p l a n t i n g s ,  Lo t s  64 and 65,  Hoffman 
Township, towns of Schroon and Minerva, Essex Coun- 
t y ,  N. Y. ( s t a t e  F o r e s t  P r e s e r v e ) .  E l e v a t i o n  1 ,300 
f e e t .  P l an ted  i n  1931 on an Adirondack s tony  loam 
s o i l .  

GB. Swann S t a t e  F o r e s t ,  Great  Ba r r ing ton ,  Mass. 

HC. Haverford Col lege  Arboretum, Haverford,  Pa. Eleva- 
t i o n  300 f e e t .  

HP. Highland Park ,  Roches ter ,  N.Y. E l eva t ion  600 f e e t .  

M-1-F. Montgomery S t a t e  F o r e s t  No. 1, Proposal  F ,  N. Y. 
E l e v a t i o n  1 ,300 f e e t ;  p l a n t e d  i n  1932, 1934, and 
1936. 

M-1-K. Montgomery S t a t e  F o r e s t  No. 1, Proposal  K ,  N. y .  
Eleva t ion  1 ,300 f e e t ;  p l an ted  i n  1934. 

MO. Morris  Arboretum of t h e  Un ive r s i ty  of Pennsylvania ,  
P h i l a d e l p h i a ,  Pa. E l e v a t i o n  200 f e e t .  

OT-10. Otsego S t a t e  Fores t  No. 10 ,  N.Y. E l e v a t i o n  1 ,900 
f e e t ;  p l an ted  i n  1937 on a  f e r t i l e  o l d  f i e l d .  

PA. Pack F o r e s t ,  Warrensburg, N.Y.  E l eva t ion  800 f e e t ;  
p l a n t e d  i n  1931 on a  l i g h t  sandy s o i l .  These p l a n t -  
i n g ~  a r e  t h e  s u b j e c t  of  H i r t ' s  (1940) paper on 
b l i s t e r  r u s t  r e s i s t a n c e .  

S-1. Sa ra toga  S t a t e  F o r e s t  No. 1, N. Y. E l eva t ion  900 
f e e t ;  p l a n t e d  i n  1936 on a  l i g h t  sandy s o i l .  

SW. Arthur  Hoyt S c o t t  Foundat ion ,  Swarthmore Col lege ,  
Swarthmore, Pa. E leva t ion  100 f e e t .  

WE. Westtown School Arboretum, Westtown, Pa. E leva t ion  
300 f e e t .  

The l e t t e r  symbols above (BE, BR, C-8, and s o  on) a r e  used 
below t o  i n d i c a t e  t h e  a r b o r e t a  and f o r e s t  p l a n t i n g s  i n  which 
t h e  s p e c i e s  was s t u d i e d .  



SUMMARY BY SPECIES 

Some of t h e  growth requi rements  and o t h e r  c h a r a c t e r -  
i s t i c s  of t h c  s p e c i e s  s t u d i e d  a r e  desc r ibed  below. 

Armand Pine  
( P .  armandi F ranche t )  

HP, MO, SW 

T h i s  s p e c i e s  is a  n a t i v e  of southwestern  China,  where 
i t  grows a t  e l e v a t i o n s  of 4 ,000  t o  6 ,000 f e e t  and r e a c h e s  
h e i g h t s  of 50 t o  60 f e e t .  

Young specimens a t  t h e  Morr is  Arboretum have grown 
r a p i d l y  bu t  have developed c rooks  a s  a  r e s u l t  of w i n t e r  d i e -  
back. Three 41- t o  50-year-old specimens a t  Roches ter  were 
45 t o  50 f e e t  t a l l ,  12  t o  1 9  inches  i n  d i ame te r ,  and had 5  
t o  7  s l i g h t  c rooks  each  when measured. The cause  of t h e s e  
crooks  is undetermined.  The Armand p ine  s t a r t s  t o  f l ower  a t  
an  e a r l i e r  age t h a n  t h e  o t h e r  wh i t e  p i n e s ;  t r e e s  have s t a r t -  
ed t h e  r e g u l a r  p roduc t ion  of male s t r o b i l i  when 7  y e a r s  o l d  
i n  P h i l a d e l p h i a  and when 9 y e a r s  o l d  i n  Wisconsin (12). The 
s p e c i e s  is r e p o r t e d  t o  be r e s i s t a n t  t o  b l i s t e r  r u s t  (4) .  

Border White P ine  
(P.  s t r o b i f o r m i s  Engelm. 

non Sarg . ,  non Sudw., P. r e f l e x a  (Engelm.), 
P. f l e x i l i s  va r .  r e f l e x a  Engelm.) 

(M-1-F, PA) 

Th i s  s p e c i e s  occu r s  n a t u r a l l y  i n  t h e  mountains of 
s o u t h e a s t e r n  Arizona,  southwestern  New Mexico, and n o r t h e r n  
Mexico. I t s  taxonomic s t a t u s  is confused.  

The Pack F o r e s t  t r e e s  have grown s lowly .  A t  24 y e a r s  
of age t h e y  were only  3 t o  8 f e e t  t a l l .  I n  c o n t r a s t ,  t h e  
Montgomery 1 p l a n t a t i o n s  (of  Coronodo Na t iona l  F o r e s t ,  
Ar i z . ,  provenance) have grown a s  f a s t  a s  e a s t e r n  wh i t e  p ine .  
I n  t h e  22- and 24-year-old p l a n t i n g s ,  t h e  dominant t r e e 5  
were 26 t o  35  and 30 t o  38 f e e t  t a l l ,  6  t o  8 and 5 t o  1 0  
inches  i n  d i ame te r  b r e a s t  h i g h ,  and had 0.7 and 1.3 appa ren t  
weev i l i ngs  p e r  t r e e ,  r e s p e c t i v e l y .  The corresponding f i g -  
u r e s  f o r  a  nearby 27-year-old p l a n t a t i o n  of e a s t e r n  whi te  
p ine  were 25 t o  35 f e e t ,  6  t o  8 i n c h e s ,  and 1.7 weev i l i ngs  
p e r  t r e e ,  r e s p e c t i v e l y .  

Border wh i t e  p ine  is about a s  s u s c e p t i b l e  t o  b l i s t e r  
r u s t  a s  e a s t e r n  whi te  p ine  (4, 10). 

The appearance  of t h e  Montgomery 1 t r e e s  i n d i c a t e d  
t h a t  t h i s  taxon is e n t i t l e d  t o  s p e c i f i c  s t a t u s .  Some of t h e  
nodes were swol len .  The bark  on t h e  lower t r u n k  was very  
deeply r i d g e d ,  l i k e  t h e  ba rk  of c h e s t n u t  oak (Quercus  p r i n u s  
L . .  The t r e e s  showed a  h igh  inc idence  of fo rk ing .  Most of 



these  f o r k s  were narrow, a s  i f  they r e s u l t e d  from i n j u r y  t o  
t h e  terminal  bud before  bud e longat ion s t a r t e d .  

The r a p i d  growth of t h i s  spec ies  recommends it f o r  
f u r t h e r  a t t e n t i o n ,  provided t h a t  its taxonomic s t a t u s  can be 
s a t i s f a c t o r i l y  worked ou t  and t h a t  ecotypes with b e t t e r  bole  
form can be found. 

Himalayan White Pine 
(P. g r i f f i t h i i  McClel.) 

(BE, HC, HP, MO, PA, SW, W )  

Himalayan white pine  ( f i g .  1 )  is an important t imber 
t r e e  of t h e  Himalayan Mountains. It  grows from Nepal t o  
Afghanistan a t  e l e v a t i o n s  of 6,000 t o  12,500.feet .  

The Ph i lade lph ia  a r e a  has  numerous 60-year-old spec i -  
mens, 60 t o  70 f e e t  t a l l ,  and 1% t o  2% f e e t  i n  diameter 
b r e a s t  high. Many of these  o ld  t r e e s  have a  s l i g h t  basa l  
sweep; otherwise t h e i r  bole  and crown form is e x c e l l e n t .  
They have grown a s  r a p i d l y ,  have maintained t h e i r  height  
growth longer ,  and have self-pruned b e t t e r  than  e a s t e r n  
white pine  i n  comparable s i t u a t i o n s .  These o l d  t r e e s  pro- 
duce male and female s t r o b i l i  i n  profusion. 

The Ph i lade lph ia  a r e a  has  a l s o  many 20- t o  25-year- 
o l d  Himalayan white p ines  which a r e  showing t h e  e x c e l l e n t  
form and growth c h a r a c t e r s  of t h e  o l d e r  t r e e s .  Some of 
these  young t r e e s  f r u i t  wel l  but have not produced pol len.  

The few specimens found i n  t h e  Rochester parks  have 
performed s i m i l a r l y .  The two o l d e s t  (57 years  o l d ,  56 and 
63 f e e t  t a l l  and 22 and 20 inches  d.b.h. r e s p e c t i v e l y )  have 
grown s l i g h t l y  f a s t e r  than  nearby e a s t e r n  white pine.  The 
s i n g l e  B r e t t  Arboretum specimen has grown moderately f a s t  
but is multiple-stemmed (poss ib ly  because of winter  i n j u r y  
when young). The Pack Fores t  t r e e s  have grown very slowly. 

Himalayan white pine  seeds  germinate wel l  a f t e r  
s t r a t i f i c a t i o n  and t h e  seed l ings  grow about a s  f a s t  a s  e a s t -  
e r n  white pine.  However, they have few f i b r o u s  r o o t s  and we 
have not  been ab le  t o  ge t  good s u r v i v a l  a f t e r  f i e l d  p l a n t -  
ing. 

Our scanty d a t a  support  McAloney's (15) s ta tement  
t h a t  t h i s  spec ies  is r a r e l y  a t t acked  by t h e  white-pine wee- 
v i l .  Few of t h e  Ph i lade lph ia  o r  Rochester t r e e s  have bole  
crooks whereas many e a s t e r n  white pine  t r e e s  i n  those  c i t i e s  
have crooks t h a t  were apparent ly  caused by t h e  weevil. 

Climatic condi t ions  wi th in  the  na t ive  range of t h e  
Himalayan white p ine ,  r e p o r t s  of winter  k i l l i n g  i n  Ph i lade l -  
phia  dur ing the  severe  1933-34 win te r ,  and t h e  poor perform- 
ance of the  B r e t t  Arboretum and Pack Forest  t r e e s  i n d i c a t e  
t h a t  t h i s  spec ies  is bes t  s u i t e d  f o r  t h e  warmer p a r t s  of t h e  
Northeast. Poss ib ly ,  however, t h e r e  a r e  hardy ecotypes t h a t  
would be s u i t e d  t o  coo le r  c l imates .  



Figure 1. --Himalayan white pine, though commonly straight- 
trunked, has a slight tendency to lean. 



The rapid growth, large size attained, longevity, 
good bole form, blister rust resistance (&),  and possible 
weevil resistance mark the Himalayan white pine as one of 
the most promising of the introduced white pines for future 
study. 

Japanese White Pine 
(P. parviflora Sieb. and Zucc.) 

(HC, HP, MO, SW, WE) 

The Japanese white pine (fig. 2 )  is a native of the 
mountains of Japan and the Kurile Islands. In its native 
habitat it is a species of poor form and moderate growth 
rate and is of little importance for timber. 

Figure  2 .  - -The  Japanese  w h i t e  p ine  i s  u s u a l l y  b road-  
crowned and grows moderate l y  f a s t .  



The l a r g e s t  specimen, examined i n  Highland Pa rk ,  
Roches ter ,  was 39 y e a r s  o l d ,  48 f e e t  t a l l ,  and 1 5  inches  
d.b.h.  T h i s  t r e e  was an  e x c e l l e n t  t imber  t y p e ,  and appeared  
t o  be of a  d i f f e r e n t  ecotype  t h a n  two o l d e r  but  s m a l l e r  
specimens nearby.  The l a t t e r  were 48 y e a r s  o l d ,  38 t o  40 
f e e t  t a l l ,  1 2  inches  d.b.h. ,  and had 3 t o  4 apparent  wee- 
v i l i n g s  each.  The P h i l a d e l p h i a  a r e a  t r e e s  a r e  growing i n  
h e i g h t  a t  t h e  r a t e  of  10 t o  1 2  inches  p e r  yea r .  A l l  t h e  
t r e e s  seen  had medium-sized branches  but  very  broad crowns. 

Johnson (13) r e ~ o r t e d  t h a t  Japanese  whi te  X e a s t e r n  
whi te  p ine  hybr ids  were h e a v i l y  weevi led  i n  Wel les ley ,  Mass. 
The slow growth,  broad crown, and l a c k  of proven weevi l  r e -  
s i s t a n c e  do not  recommend t h i s  s p e c i e s  f o r  i n t e n s i v e  s tudy .  

Korean White Pine  
(P inus  k o r a i e n s i s  S i eb .  and Zucc.) 

(BR, CL, GB, HC, HP, MO, PA, SW, SE) 

Korean whi te  p ine  is a n  i ~ ~ ~ p o r t a n t  t imber  and nu t  t r e e  
of t h e  mountains of Korea and Manchuria. Judging from t h e  
r i g o r o u s  c l i m a t e  of i ts  homeland, i t  should  prove t o  be one 
cf  t h e  h a r d i e s t  whi te  p i n e s .  

Th i s  is a  r a r e  t r e e  i n  t h e  Nor theas t .  We saw only  1 6  
specimens o u t s i d e  t h e  Pack F o r e s t  p l a n t i n g .  The o u t s t a n d i n g  
t r e e  examined is on t.11e former C l u e t t  E s t a t e  n e a r  Will iams- 
town, Mass. It was 35 y e a r s  o l d ,  60 f e e t  t a l l ,  1 0  i n c h e s  
d.b.h. ,  and had a  s t r a i g h t  bo le .  It  had been shaded from 
t h e  s i d e  by o t h e r  specimen t r e e s ,  and had se l f -p runed  w e l l .  
I n  growth r a t e  and form, it compared f avorab ly  wi th  e a s t e r n  
whi te  p ine  p l a n t e d  on t h e  same e s t a t e .  

The Haverford,  Swarthmore, Westtown, and Swann S t a t e  
F o r e s t  t r e e s  a r e  younger t h a n  t h e  Williamstown t r e e  but  a r e  
a l s o  growing r a p i d l y  and have good bo le  form. I n  c o n t r a s t ,  
t h e  t r e e s  i n  t h e  o t h e r  p l a n t i n g s  observed a r e  growing only  
one- t o  two- th i rds  a s  f a s t  a s  e a s t e r n  wh i t e  p i n e .  

The seed of t h e  Korean whi te  p i n e  is  l a r g e  (1/2 inch  
long)  and is used a s  a nut  i n  Korea. We have sampled some 
and found them t a s t y .  And s o  have mice on f o u r  d i f f e r e n t  
occas ions  t h a t  we observed.  

One apparent  weev i l ing  was seen  on t h e  Korean whi te  
p i n e s  t h a t  were examined. T h i s  i n d i c a t e s  t h a t  t h e  s p e c i e s  
is no more s u s c e ~ t i b l e - - a n d  p o s s i b l y  l e s s  s u s c e p t i b l e - - t o  
weev i l ing  t h a n  is e a s t e r n  wh i t e  p ine .  Korean whi te  p ine  is 
cons ide red  r e s i s t a n t  t o  b l i s t e r  r u s t  (4, 10). 

The h a r d i n e s s ,  l a r g e  s e e d s ,  good form, and r a p i d  
growth e x h i b i t e d  by some specimens recommend t h i s  s p e c i e s  
f o r  f u r t h e r  s tudy .  



Figure 3 .  - - I n  the Phi lade lphia area,  limber pine, a  Rocky 
Mountain s p e c i e s ,  o f t e n  grows a s  r a p i d l y  and a s  
s t r a i g h t - b o l e d  as  e a s t e r n  whi te  p i n e .  However, the  
Lower branches of open-grown t r e e s  have an annoying 
tendency t o  t u r n  upwards and compete w i t h  the main 
t r u n k .  

Limber Pine 
(Pinus flexilis James) 

(DEP, ES, HC, HP, M-1-F, MO, PA, S-1, SN WE) 

Limber pine (fig. 3) is a tree of high elevations in 
the Rocky Hountains. Because of its inaccessibility and 
branchiness, it is of minor commercial importance in its 
native range. It is easily distinguished from other commonly 
planted 5-needled pine by three characteristics: limber 
twigs, non-serrate needles, and a dense crown. 

The limber pine seems to have wide genetic variabil- 
ity and no single description suffices for all the stands 
examined. The best trees that were measured are along a 
roadside near Philadelphia. These were 25 years old, 35 to 
40 feet tall,. straight-boled, and horizontally branched. 
They were superior to eastern white pine in the general 
vicinity in both growth rate and bole form. 

Most of the Haverford trees are not so tall as compa- 
rable eastern white pine and have crocked boles, but they 
have surpassed eastern white pine in diameter growth. 



R o c h e s t e r ' s  Durand Eastman Park  t r e e s  (33  y e a r s  o l d ,  1 9  t o  
23 f e e t  t a l l ,  1 0  t o  12  inches  d .b .h . )  have grown r a p i d l y  i n  
d iameter  but  not  i n  h e i g h t ,  and have upturned branches.  I n  
c o n t r a s t ,  Roches t e r ' s  Highland Park  t r e e s  (40  t o  45 y e a r s  
o l d ,  42 t o  50 f e e t  t a l l ,  11 t o  1 7 . i n c h e s  d.b.h.1 have grown 
almost a s  f a s t  a s  e a s t e r n  whi te  p ine  and have h o r i z o n t a l  
branches .  In  t h e  f o r e s t  p l a n t i n g s  examined most t r e e s  o f  
t h i s  s p e c i e s  had grown s lowly.  

In  s e v e r a l  p l a n t i n g s  l imber  p ine  has  shown a  tendency 
f o r  t h e  lower branches t o  t u r n  upward a t  t h e  t i p s  even 
though t h e  l e a d e r  is i n t a c t .  T h i s  tendency f i r s t  becomes 
appa ren t  when t h e  t r e e s  a r e  1 5  t o  20 y e a r s  o l d .  A s  t ime 
goes on one o r  more of t h e s e  lower branches  assume t h e  r o l e  
of secondary t r u n k s ,  e l o n g a t i n g  v e r t i c a l l y  a t  n e a r l y  t h e  
r a a e  r a t e  a s  t h e  l e a d e r ,  and bea r ing  f r u i t  a s  would t h e  
c e n t r a l  t runk .  The end product  of t h i s  tendency is b e s t  il- 
l u s t r a t e d  by a  50-year-old Westtown t r e e ,  one of whose up- 
tu rned  branches is about a  f o o t  i n  d iameter  and is n e a r l y  as 
t a l l  a s  t h e  main t runk .  

I n  the  f o r e s t  p l a n t i n g s  examined t h e r e  were more 
l i v i n g  b l i s t e r  r u s t  canke r s  and more appa ren t  b l i s t e r  rusC 
m o r t a l i t y  In l imber  p ine  t h a n  i n  e a s t e r n  whi te  p ine .  How- 
e v e r ,  t h e  inc idence  of i n f e c t i o n  seemed t o  be t o o  sma l l  t o  
be a  l i m i t i n g  f a c t o r  i n  any s t a n d .  The l imber  p ine  is con- 
s i d e r e d  more s u s c e p t i b l e  t o  b l i s t e r  r u s t  t han  e a s t e r n  whi te  
p3ne (4, 10). 

The inc idence  of weev i l ing  was very low i n  a l l  t h e  
l imber  p ine  p l a n t i n g s  s t u d i e d .  However, t h i s  may have been 
due t o  t h e  sma l l  s i z e  of t h e  fores t -grown t r e e s  r a t h e r  t h a n  
t o  inhe ren t  r e s i s t a n c e .  MacAloney (15) report.ed t h a t  it is 
commonly weeviled.  

Limber p ine  grows n a t u r a l l y  i n  a  r eg ion  wi th  a coo l  
c l ima te .  The re fc re ,  we would expect  it t o  grow r e l a t i v e l y  
b e t t e r  i n  t h e  c o o l e r  t h a n  i n  t h e  warmer p a r t s  of t h e  North- 
e z s t .  However, t h e  oppos i t e  seems t o  have been t r u e .  The 
low-a l t i t ude  Rochester  and P h i l a d e l p h i a  specimens grew f a s t -  
e r  t h a ~  t r e e s  observed i n  t h e  h igh -e l eva t ion  New York S t a t e  
f o r e s t  p l a n t i n g s  o r  on t h e  s t r e e t s  i n  Sa ra toga  Spr ings ,  
N . Y . ,  and P i t t s f i e l d ,  Mass. 

The r a p i d  growth, good bo le  and crown form, and pos- 
s i b l e  weevil  r e s i s t a n c e  e x h i b i t e d  by some specimens recom- 
mend t h e  l imber  p ine  f o r  f u r t h e r  s tudy.  

Macedonian White Pine  
(P inus  peuce Griseb .  ) 

( B R ,  H C ,  HP, MO, M-1-F, M-1-K, PA, SW, SM, W E )  

Macedonian whi te  p ine  (fig. 4 )  i s  n a t i v e  i n  t h r e e  
sma l l  a r e a s  i n  t h e  mountains of Greece, B u l g a r i a ,  and Yugo- 
s l a v i a ,  where it grows a t  e l e v a t i o n s  of 2 ,500 t o  7,300 f e e t .  



Figure 4 .  - - T h i s  Macedonian w h i t e  p ine  i s  t y p i c a l  of a l l  
t hose  observed i n  t h e  Northeas t  for t h i s  s t u d y - - i t  has 
developed a  narrow crown and f i n e  branches .  



I n  i t s  n a t i v e  h a b i t a t  i t  a t t a i n s  h e i g h t s  of 100 f e e t  i n  100 
y e a r s ,  has  e x c e l l e n t  t imber  form, and is a vz luab le  t imber  
t r e e .  

T h i s  s p e c i e s  h a s  su rv ived  w e l l ,  has  f i n e  branches ,  
and has  developed a  s t r a i g h t  bole  wi th  l i t t l e  t a p e r  i n  a l l  
p l a n t i n g s  t h a t  were examined. However, i t s  growth r a t e  h a s  
been slow t o  moderate,  even on t h e  b e s t  s o i l s .  The l a r g e s t  
specimen seen ,  i n  t h e  B r e t t  Arboretum, was 45  y e a r s  o l d ,  40 
f e e t  t a l l ,  and 9  inches  d.b.h. The f a s t e s t  growing specimen 
s e e n ,  a t  Westtown, was 1 5  y e a r s  o l d ,  22 f e e t  t a l l ,  and 5 
inches  d.b.h. These growth r a t e s  compare f avorab ly  wi th  
t;ose of p l an ted  and n a t i v e  t r e e s  i n  Europe a s  r e p o r t e d  by 
Mul ler  (5). 

There was a  h igh  inc idence3  of needle  c a s t  caused by 
Hypoderma desmaz ie r i i  Duby i n  t h e  Montgomery 1 f o r e s t  
p l a n t i n g s .  A t  t h e  time of t h e  September 1954 examinat ions  
t h e  a p i c a l  two- th i rds  of n e a r l y  every  needle  on t h e  i n f e c t e d  
t r e e s  was brown. The f a c t  t h a t  t h e  branches  of d i s e a s e d  and 
h e a l t h y  t r e e s  were c l o s e l y  in t e rming led  i n d i c a t e s  t h a t  t h e r e  
a r e  probably  g e n e t i c  d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  t o  a t t a c k  
w i t h i n  t h i s  s p e c i e s .  Macedonian white p i n e s  observed i n  
o t h e r  l o c a t i o n s  were f r e e  of t h e  d i sease .  

I n  t h e  Montgomery 1-F p l a n t i n g ,  t h e  20-year-old Mace- 
donian whi te  p i n e s  had an average  of 0.22 weev i l ings  p e r  
t r e e  a s  compared wi th  an  average  of 2.0 weev i l ings  p e r  t r e e  
on nearby n a t u r a l  r ep roduc t ion  of e a s t e r n  whi te  pine.  I n  
Highland Park ,  Roches ter ,  t h e r e  were two apparent  weev i l ings  
on seven 40- t o  47-year-old t r e e s  a s  compared wi th  54 ap- 
p a r e n t  weev i l ings  on 22 nearby 55-yenr-old e a s t e r n  whi te  
p ines .  These and sca t t e r - ed  obse rva t ions  i n  o t h e r  a r e a s  of 
l i g h t  i n f e s t a t i o n  i n d i c a t e  t h a t  t h e  s p e c i e s  is more r e s i s t -  
a n t  t o  t h e  whi te-p ine  weevi l  t h a n  e a s t e r n  whi te  p ine .  The 
s p e c i e s  is  cons ide red  modera te ly  s u s c e p t i b l e  t o  b l i s t e r  r u s t  
(4, 10). 

The e x c e l l e n t  t imber  form, r u s t  r e s i s t a n c e ,  and pos- 
s i b l e  weevi l  r e s i s t a n c e  recommend Macedonian whi te  p ine  f o r  
f u r t h e r  s tudy .  However, because of i t s  slow growth, i t  w i l l  
p robably  f i n d  i ts  g r e a t e s t  use a s  a  pa ren t  of i n t e r s p e c i f i c  
hybr ids .  

Mexican White Pine 
(P.  agacahuite Ehrenb.) 

(DEP, H P ,  W E )  

Mexican whi te  p ine  ( f i g .  5 )  is a  taxonomical ly  v a r i a -  
b l e  s p e c i e s  of which t h r e e  geographic v a r i e t i e s  a r e  recog- 
n i zed  (16). Within i ts  n a t i v e  range ,  which extends  from 
Guatemala t o  no r the rn  Mexico, i t  is a  h igh mountain s p e c i e s  
of cons ide rab le  l o c a l  importance a s  a  t imber  producer .  

' l d e n t i ~ i c a t i o n  by J .  R. Hansbrough, C h i e f ,  D i v i s i o n  o f  F o r e s t  D i s e a s e  
Research, U. S. F o r e s t  S e r v i c e .  

1 2  



Figure 5. --Mexican whi te  pine. This  species  has been un- 
expectedly  hardy i n  the  Northeast .  





The t r u e  i d e n t i t y  of t h e  s i x  t r e e s  we observed is i n  
doubt. They f i t  t h e  d e s c r i p t i o n  of P. ayacahui te ,  y e t  they 
have been unexpectedly hardy f o r  a  Mexican spec ies .  Progeny 
of the  Ph i lade lph ia  specimen have survived Pennsylvania and 
Massachusetts win te r s  unharmed, whereas seed l ings  t h a t  were 
grown from two d i f f e r e n t  s e e d l o t s  c o l l e c t e d  by A. G. Johnson 
a t  high e l e v a t i o n s  i n  the  nor the rn  p a r t  o f  t h e  n a t u r a l  range 
of P. ayacahui te  f a i l e d  t o  s u r v i v e  t h e i r  f i r s t  Maryland 
winter .  

The Rochester and Ph i lade lph ia  t r e e s  a r e  s i m i l a r .  
They have grown f a s t e r  i n  diameter but slower i n  he igh t  than  
e a s t e r n  white p ine ;  they a r e  s t ra igh t -bo led ;  and they pro- 
duce l a r g e  q u a n t i t i e s  of v i a b l e  seed a t  f requent  i n t e r v a l s .  
There a r e  no d a t a  on weevil  o r  r u s t  r e s i s t a n c e .  

Though t h i s  s p e c i e s  m e r i t s  a t t e n t i o n  because of its 
rap id  growth, considerable  provenance and taxonomic resea rch  
is needed before  i t s  f u l l  p o t e n t i a l i t i e s  i n  t h e  Northeast  
can be r e a l i z e d .  

Swiss Stone Pine 
(P. cembra L.) 

(BE, HC, HP, MO, PA, S W ,  WE) 

The Swiss s tone  pine ( f i g .  6 )  is d i s t r i b u t e d  wi'dely 
i n  S i b e r i a  and i n  the  mountains of c e n t r a l  Europe. It is 
l i k e l y  t h a t  most of t h e  nor theas te rn  t r e e s  belong t o  t h e  
t y p i c a l  Swiss v a r i e t y  (P. cembra var. cembra). 

A l l  t he  Swiss s tone  p ines  seen can be c h a r a c t e r i z e d  
a s  s t ra igh t -bo led ,  f ine-branched, dense-fol iaged,  slow- 
growing, and without weevilings.  The l a r g e s t  measured t r e e ,  
on the  grounds of the  former H. W. Sargent e s t a t e  near  
Beacon, N. Y., was 39 f e e t  t a l l ,  18 inches  d.b.h., and an 
es t imated 80 y e a r s  old .  The f a s t e s t  growing t r e e s  measured 
were i n  Rochester,  N. Y.;  they were 42 years  o l d  and 32 f e e t  
t a l l .  

F igure  6 . - - T h i s  Swiss  s tone  pine w i t h  i t s  dense,  narrow 
crown shows good form. Unfortunately,  slow growth makes 
i t  a poor timber prospect for the Northeast.  

I n  the  Northeast ,  the  o l d e s t  and l a r g e s t  t r e e  of 
which we have a record i s o n t h e  Remington E s t a t e ,  Cazenovia, 
N. Y. P lanted i n  1856, i t  was 59 f e e t  t a l l  and 26 inches 
d.b.h. when measured i n  the  s p r i n g  of 1957.4 

41hese measurements were provided by E .  W. L i t t l e f i e l d ,  A s s i s t a n t  Direc- 
t o r ,  Divis ion o f  Lands, Albany, N.Y. 

i 



Despi te  its good t imber form and r e s i s t a n c e  t o  b l i s -  
t e r  r u s t  ( 1 0 1 ,  Swiss s tone  p ine  seems t o  o f f e r  l i t t l e  pros-  
pec t  a s  a  t imber  t r e e  because of i t s  slow growth. 

Western White Pine 
( P .  mont icola  Dougl. ex D. Don) 

(C-8, DEP, ES, HC,  HP, M-1-F, OT-10, S-1, SN, WE) 

Western whi te  p ine  ( f i g .  7 )  is one of t h e  ~ o s t  i m -  
p o r t a n t  t imber  t r e e s  of t h e  West. I t  grows n a t u r a l l y  i n  t h e  
S i e r r a  Nevada and Cascade Mountains of C a l i f o r n i a ,  Oregon, 
and Washington, and i n  t h e  n o r t h e r n  Rocky Mountains of Idaho,  
Montana, and B r i t i s h  Columbia. 

Th i s  western  t r e e  o f f e r s  t h e  b e s t  immediate sou rce  of 
weevi l  r e s i s t a n c e  of any whi te  p ine  s p e c i e s  s t u d i e d  ( s e e  
t a b l e s  1 and 2). I n  a l l  t h e  f o r e s t  p l a n t i n g s  s t u d i e d ,  it 
was weeviled much l e s s  t h a n  comparable e a s t e r n  whi te  p i n e .  
Not only  t h a t ,  but t h e  western  t r e e s  showed e x c e l l e n t  recov- 
e r y  from weevi l ing .  Very r a r e l y  was t h e  o f f s e t  due t o  wee- 
v i l i n g  more t h a n  2 inches .  

Western white p i n e  appea r s  t o  be a  slow s t a r t e r  f o r  
i ts  f i r s t  5 o r  6 y e a r s  a f t e r  o u t p l a n t i n g ,  but  a f t e r  t h a t  it 
grows a t  about t h e  same r a t e  a s  e a s t e r n  whi te  p ine .  I n  t h e  
s e v e r e l y  i n f e s t e d  Ca t t a ragus  8 and Otsego 1 0  p l a n t i n g s ,  t h e  
western  s p e c i e s  had caught up wi th  nearby h e a v i l y  weeviled 

Table 1.--Growth data f o r  individual open wown t r e e s  of 

western white pine i n  Pennsylvania and New rork 

Location of t rees  Treeal Age Height D.h.h. 

Years F* Inches 

Haverford, Pa. 5 17 17 5.5 
Vesttarn, Pa. 2 23 32 10.3 
Saratoga, N . Y .  4 13 12 2.0 
Rochester, N . Y . .  Durand East- Park 2 28 45 11.3 
Rochester, N . Y . ,  Highland Park 2 45 58 10.9 

'This column indicates the t o t a l  number of t r e e s  observed a t  each 
location.  The height and diameter date apply t e  the largest  t ree  a t  each 
loca t ion .  

e a s t e r n  whi te  p ine  i n  he igh t  but  no t  i n  d iameter  growth a t  
t h e  t ime of t h e s e  examinations.  The western  s p e c i e s  was 
s u p e r i o r  t o  t h e  n a t i v e  s p e c i e s  i n  he igh t  growth, d iameter  
growth, and s u r v i v a l  pe rcen t  i n  t h e  Sa ra toga  1 p l a n t i n g s .  

Western whi te  p ine  was s u p e r i o r  t o  e a s t e r n  whi te  p ine  
i n  f i n e n e s s  of branch and i n  narrowness of crown i n  every  
p l a n t i n g  except  t h a t  a t  Haverford Collcge.  The Haverford 
t r e e s  a r e  r e l a t i v e l y  broad-crowned, large-branched,  and 
slow-growing. 



Figure 7.--The western white pine is one of the most prom- 
ising exotic species. It has rapid growth, resistance 

to weevil attack, and excellent bole form. 



This species is considered very susceptible to blis- 
ter rust (4) .  Our observations support their conclusions. 
In the Otsego 10 plantation, cankers that originated before 
the last Ribes eradication in 1945 will probably kill 50 
percent of the trees. Equally heavy mortality is expected 
in the Cattaraugus 8 plantation. Only in the Saratoga 1 
plantations were few cankers found. 

The Otsego 10 planting was made partly on a slope and 
partly on a wet flat. Growth and survival were good on the 
slope, but no western white pines survived on the flat. In 
contrast, eastern white pine survived on both slope and 
flat . 

The weevil resistance, good recovery from weeviling, 
rapid growth, good bole and crown form, climatic adaptabil- 
ity, increasingly effective protection against blister rust 
through Ribes eradication, and progress in the breeding of 
rust-resistant strains mark western white pine as a very 
promising species for further study. Provenance tests 
should be established in the near future to extend our 
knowledge of the geographic ecotypes and soil adaptability 
of this species. 

Table 2.--Growth and nesvilin~ data for forsat plantin~s ~f western white pine in New York State 

-inant trees 
Average weevilings 

Plantation 
Provenance p,"pted Spafins Age 

per tree, all trees 
location 

Height I D.h.h. P. montieola I P. atrobus' 

Acres F e e t -  N m  Number 

Otsego 10 Kaniksu, N.F., 
Idaho 

2.5 5x5 17 18-22 4-6 0.71 3.41 

Cattarauys 8 3.0 8x8 19 22-26 4-8 -42 4.00 

Saratoga 1 .01 4x4 20 22-28 4-6 .04 .43 

Saratoga 1 II II 2.0 6x6 20 22-28 5-8 .08 -43 

Olmsteadville, Wind River, 
Essex Ca. Wash. (7) . 9  6x8 24 22-29 4-7 .05 .61 

Montgomery 1 Washington .2 6x6 23 25-38 6-10 .20 1.73 

 he figures for P. strohus were taken from eaetern white pine stands ad~acent to and of the same age 
as the Western white pine stands studied. The dominant eastern white pines were 95 to 110 percent as tall as 
the dominant western white pines. 

The weevil resistance and climate adaptability of 
western white pine seem to be well enough verified to war- 
rant recommending its immediate use as a minor component of 
new plantings of eastern white pine in heavily weeviled 
areas. At best, assuming no blister rust damage, the west- 
ern white pine can be expected to develop into high-value, 
well-formed crop trees. At worst, assuming heavy blister 
rust damage, such mixed stands will suffer light thinnings 
as the western species dies. For the present, Kaniksu 
provenance seed is recommended for such plantings. 



I Legend: H = bybrlds, U = undetermined. F = fallure, A = attempted, results not yet known. 

THE PROVENANCE PROBLEM 

Except f o r  n e a r l y  a l l  t h e  S t a t e  f o r e s t  p l a n t i n g s ,  
t r e e s  we observed a r e  of unknown geographic o r i g i n .  There 
a r e  many q u e s t i o n s  t h a t  cannot be answered even by t h e  most 
d e t a i l e d  s t u d y  o f  such s tock .  Fo r  example, was t h e  r e l a -  
t i v e l y  poore r  performance of t h e  cool -c l imate  l imber  p ine  i n  
coo l  a r e a s  t h a n  i n  warm a r e a s  due t o  d i f f e r e n c e s  i n  seed  
o r i g i n  among p l a n t i n g s ?  Is t h e r e  any  p o s s i b i l i t y  of ob ta in -  
i n g  a  b e t t e r  formed, hardy Mexican whi te  p i n e ,  and i f  s o ,  
where? Do t h e  p re sen t  obse rva t ions  i n d i c a t e  t h e  maximum 
h a r d i n e s s  of t h e  Himalayan whi te  p ine?  

Ac tua l ly ,  s t o c k  of unknown o r i g i n  is capable  of 
y i e l d i n g  only  such p re l imina ry  obse rva t ions  a s  a r e  r e p o r t e d  
he re .  F o r  f u t u r e  work i t  is  impera t ive  t h a t  a l l  s e e d l i n g s  
be grown from seed  of c e r t i f i e d  geographic o r i g i n .  The e x t r a  
l a b o r  involved i n  assembl ing such seed would be very  s l i g h t  
because t h e r e  a r e  now a  l a r g e  number of t r e e  b reede r s ,  seed  
c o l l e c t o r s ,  and seed  d e a l e r s  who a p p r e c i a t e  t h e  va lue  of 
r e l i a b l e  sou rce  d a t a  and can make o r  a r r a n g e ' f o r  t h e  d e s i r e d  
c o l l e c t i o n s  i n  almost  any country .  

POSSIBILITIES OF USING SPECIES HYBRIDS 

The s p e c i e s  c r o s s a b i l i t y  p a t t e r n  of t h e  5-needled 
white p i n e s  is given i n  t a b l e  3. Some of t h e  hybr id  combi- 
n a t i o n s  l i s t e d  t h e r e  have outgrown t h e i r  p a r e n t s  i n  nu r se ry  

Table 3.--Summary oC white pine species crosase by all workers 

Series 
and 

species 

STROBI 

CEHBRAE 
koraiensis 
pmila 
cembra 
albicaulia 

m 

EZEXILES 
flexilis F -- F -- -- 
strobifomis - - - - - - - - 
armandi 

STROHI 
lanbertiana H -- -- F F F H - -  
eyaeahuite F -- F -- H -- -- 
parvif lora -- -- F -- F -- -- F -- -- 
peuce F - - - - - - - - - - - - 
griffithii 
nonticola 
strobus 
strobun var. ehiapensis -- -- -- -- -- -- -- -- -- -- -- 
formosan -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 

Series and specie8 

CEHBRAE 
rl 

e FLEXILES 



t e s t s .  Among such combinations a r e  P. s t r o b u s  X ayacahu i t e  
and r e c i p r o c a l ,  P. s t r o b u s  X g r i f f i t h i i  and r e c i p r o c a l ,  P. 
mont icola  X s t r o b u s ,  and P. f l e x i l i s  X g r i f f i t h i i .  

Other f a c t o r s  be ing e q u a l ,  it seems bes t  t o  concen- 
t r a t e  f u t u r e  e f f o r t s  on s p e c i e s  t h a t  we know o r  suspec t  w i l l  
c r o s s  wi th  e a s t e r n  whi te  p ine .  By doing s o  we can u t i l i z e  
t h e  many good c h a r a c t e r i s t i c s  o f  ou r  n a t i v e  s p e c i e s  and t h e  
hybr id  v i g o r  o f t e n  found i n  s p e c i e s  c ros ses .  When judged on 
t h e  b a s i s  of c r o s s a b i l i t y  r e l a t i o n s h i p s ,  probable  weevi l  r e -  
s i s t a n c e ,  and o t h e r  c h a r a c t e r i s t i c s ,  wes tern  whi te  p i n e ,  
Himalayan white p ine ,  Macedonia white p i n e ,  andMexican whi te  
p ine  a r e ,  i n  t h e  o r d e r  named, t h e  most promising of t h e  
in t roduced  5-needled p ines .  

8u;dence of ~iffeerences 
in Weevi l  Resistance anlong Geographic 

Ecotypes o f  Eastern wh ite Pine  

E VIDENCE f o r  t h e  presence  of d i f f e r e n c e s  i n  r e s i s t a n c e  
t o  weev i l ing  among geographic ecotypes  of e a s t e r n  

whi te  p ine  was ob ta ined  from a  sma l l  p r o v e n a n c e t e s t  i n  Block 
13-1,  Proposal  FFF, Oswego 2 S t a t e  F o r e s t ,  i n  t h e  Tug H i l l  
a r e a  of New York. I n  t h i s  p l a n t i n g ,  each of f o u r  d i f f e r e n t  
provenances was r ep resen ted  by a  s i n g l e  2- t o  4-acre p l o t  
e s t a b l i s h e d  i n  1941 on moi s t ,  moderately wel l -dra ined s o i l s .  
Within ?i mile  of t h e  t e s t  a r e  t h r e e  p l a n t a t i o n s  e s t a b l i s h e d  
a t  t h e  same t ime wi th  s t o c k  of a  s i n g l e  (New York s e e d l o t  
14 )  Adirondack provenance. When examined i n  t h e  summer of 
1955 a l l  p l a n t i n g s  were of approximately equa l  h e i g h t .  The 
i n d i v i d u a l  t r e e s  i n  t h e  p l a n t i n g s  ranged from 8 t o  1 5  f e e t  
t a l l .  

The t r e e s  of Eagle Lake, On ta r io ,  provenance were 
weeviled much l e s s  t h a n  t h e  t r e e s  of New York provenance,  a s  
shown i n  t h e  fo l lowing  t a b u l h t i o n .  

Provenance 
T r e e s  W e e v i l i n ~ s  

examined per  t r e e  
(number) (number) 

Eagle Lake, Ont. 439 0 . 4 7  
S t ,  Lawrence 10, N . Y .  3 65 . 74  
Bol ton  Landing, N.Y. 107 . 9 9  
North Hudson, N.Y. 131 .76 
Adirondack Mountains, N.Y. 95  .81 
Adirondack Mountains, N.Y. 93 . 9 1  
Adirondack Mountains, N.Y. 106 1 . 0 0  

 right, J. W. Species hybridization i n  the white pines (manuscript in 
preparation). 



To minimize t h e  p o s s i b i l i t y  t h a t  the  observed d i f f e r -  
ences i n  weeviling could be i n t e r p r e t e d  a s  due t o  d i f f e r -  
ences i n  s o i l ,  a spec t ,  o r  l o c a t i o n ,  the  numbers of weevil- 
ings  were t a l l i e f d  on f i v e  p a i r s  of 60 x  75 foo t  sub-plots  i n  
the  Eagle Lake, Ont., and S t .  Lawrence 10,  N. Y . ,  p l o t s ;  
members of each p a i r  of sub-plots  were adjacent .  The Eagle 
Lake sub-plots had 0.49, .64, .34, .42, and .30 weevilings 
pe r  t r e e ;  t h e  corresponding S t .  Lawrence 10 sub-plots  had 
0.67, 1.02, .61, .80, and .55 weevilings pe r  t r e e ,  respec- 
t ively .  

Pauley, Spurr ,  and Whitmore (22) found t h a t  e a s t e r n  
white pine  of th ree  Ontario provenances su f fe red  l e s s  weevil 
damage than  did t r e e s  of Massachusetts,  New Hampshire, o r  
New York provenance. They a t t r i b u t e d  the  d i f fe rences  i n  
weeviling t o  d i f fe rences  i n  growth r a t e .  

These preliminary da ta  i n d i c a t e  t h a t  t h e r e  may be in -  
herent d i f fe rences  i n  s u s c e p t i b i l i t y  t o  damage by the  white- 
pine weevil a s soc ia ted  with d i f fe rences  i n  geographic o r i -  
g in .  Th i s  p o s s i b i l i t y  w i l l  be s tud ied  i n  the  s e r i e s  of 
range-wide provenance t e s t s  now being undertaken by f i v e  
d i f f e r e n t  regional  experiment s t a t i o n s  of the  U. S. Fores t  
Service  and by the  Ontario Department of Lands and Fores t s .  

~ i f f e r e n c e s  in Resistance 
among small local populations 
of &astern whi te  Pine 

A THIRD p a r t  of our  s tudy included a  search f o r  l o c a l  
populations of e a s t e r n  white pine t h a t  exhibi ted 

probable inherent  d i f fe rences  i n  r e s i s t a n c e  t o  t h e  white- 
p ine  weevil. The i d e a l  s i t u a t i o n  f o r  demonstrating the  
presence of such d i f fe rences  would be a  p a i r  of s i m i l a r -  
aged, pure s t ands  t h a t  a r e  loca ted  adjacent  t o  each o the r  on 
t h e  same s o i l  type and t h a t  d i f f e r  markedly i n  amount of 
weeviling. The s t ands  should have s i m i l a r  spacings and 
should be young enough t h a t  a l l  weevilings a r e  p l a i n l y  v i s i -  
b le .  Also, they should be of d i f f e r e n t  but r e l a t e d  prove- 
nance; they may be n a t u r a l  o r  p lanted.  

These i d e a l  condi t ions  were not found. I n  Massachu- 
s e t t s ,  near  Townsend, and a long s t a t e  highway 32 from Monson 
t o  Petersham, enough white pine was seen t o  permit t h e  s tudy 
of a  s e r i e s  of adjacent  s t ands ;  the  adjacent  s t ands  were 
found t o  have s i m i l a r  amounts of weeviling. Nearly a l l  New 
York p l a n t a t i o n s  a r e  of the  same provenance (New York seed- 
l o t s  14 and 162, c o l l e c t e d  i n  Essex and Cl inton Counties,  
N.Y.) I n  o the r  nor theas te rn  s t a t e s  t h e  provenance of planted 
s tock  is l a r g e l y  unknown. 



The most s t r l k i n g  s t a n d  d i f f e r e n c e s  found i n  amount 
of weevi l ing  involved s t a n d s  on wet f l a t s  and s t a n d s  on 
wel l -dra ined s l o p e s .  In Delaware, Oswego, and Otsego Coun- 
t i e s ,  N. Y . ,  and i n  L i t c h f i e l d  County, Conn., we found s i x  
"wet f l a t 1 *  s t a n d s  i n  which t h e r e  had been much l e s s  weevil-  
i n g  and i n  which recovery  from weevi l ings  had been b e t t e r  
than  i n  t h e  n e a r e s t  comparable upland s t and .  These d i f f e r -  
ences  a r e  b e s t  i n t e r p r e t e d  a s  due t o  environment r a t h e r  t han  
t o  h e r e d i t y  u n l e s s  w e  make t h e  u n l i k e l y  assumption t h a t  
t h e r e  is a  s i n g l e ,  widespread,  "wet f l a t 1 '  ecotype.  

I n  t h e  l i g h t l y  weeviled (0.2 t o  0.9 weevi l ings  p e r  
t r e e  i n  15- t o  30-year-old s t a n d s )  v a l l e y  a long  N.Y. highway 
43 nea r  G a l l u p v i l l e ,  Schohar ie  County, N. Y. ,  and i n  t h e  
h e a v i l y  weeviled (about  3.5 weevi l ings  p e r  t t e e  i n  20-year- 
o l d  s t a n d s )  a r e a  around Oneonta, Otsego County, N. Y . ,  t h e r e  
were o p p o r t u n i t i e s  f o r  comparison o f  n a t u r a l  s t a n d s  wi th  
p l a n t a t i o n s  of Essex and C l in ton  Count ies  provenance. I n  
both c a s e s  n a t u r a l  s t a n d s  and nearby p l a n t a t i o n s  had s i m i l a r  
amounts of  weevi l ing .  

The most c r i t i c a l  evidence  on t h e  presence  o r  ab- 
sence  of l o c a l  r a c e s  which d i f f e r  i n  weevil  r e s i s t a n c e  came 
from t h r e e  young p l a n t a t i o n s  i n  t h e  Tug H i l l  a r e a  of New 
York. These a r e  o f  t h e  same Essex and C l i n t o n  County prove- 
nance s t o c k  p l a n t e d  e lsewhere  i n  t h e  s t a t e  and a r e  s i t u a t e d  
w i t h i n  a  r a d i u s  of 1.1 miles .  Yet c u r r e n t  weev i l ing  i n  t h e  
t h r e e  p l a n t a t i o n s  was 3, 12 ,  and 79 percent  i n  1954. These 
d i f f e r e n c e s  between g e n e t i c a l l y  s i m i l a r  s t o c k  a r e  a s  extreme 
a s  any found i n  t h e  r eg ion .  , In  o t h e r  words, t h e  observed 
v a r i a t i o n  could  have a l l  been environmental .  

These r e s u l t s  a r e  d i sappo in t ing .  They i n d i c a t e  t h a t  
p o s s i b l e  inhe ren t  s t a n d  d i f f e r e n c e s  i n  r e s i s t a n c e  t o  weevil-  
i n g  w i l l  be extremely d i f f i c u l t  t o  recognize  i n  t h e  f i e l d ,  
and t h a t  f u r t h e r  i n t e n s i v e  f i e l d  s e a r c h  would be unreward- 
ing.  Such d i f f e r e n c e s  could  probably  be d e t e c t e d  only  by an  
i n t e n s i v e  and w e l l - r e p l i c a t e d  s e r i e s  of  progeny t e s t s .  

Setectio, of ~ndividual 
white Pine Trees for Resistance to 

the White-Pine ~ e e v i l  

CHOOSING PROPER SAMPLES 

A T BEST t h e  development of a  w e e v i l - r e s i s t a n t  s t r a i n  of 
e a s t e r n  whi te  p ine  by s e l e c t i o n  and c r o s s i n g  of i n d i -  

v i d u a l  t r e e s  promises t o  be a  long and d i f f i c u l t  t a s k .  Ex- 
treme c a r e  i n  making t h e  s e l e c t i o n s  is e s s e n t i a l ;  one man- 
y e a r  s p e n t  - in s e l e c t i o n  may n o t  only  i n c r e a s e  t h e  chances of 
u l t i m a t e  success  but  a l s o  may save  2  o r  3  man-years of 
t e s t i n g  time. 



I n  s t u d y i n g  i n d i v i d u a l  t r e e  v a r i a t i o n  w i t h i n  s t a n d s  
we t r i e d  t o  make o u r  samples  a s  homogeneous a s  p o s s i b l e  and 
p a i d  p a r t i c u l ' a r  a t t e n t i o n  t o  t h e  fo l lowing  f a c t o r s .  

Absolu te  he ight . - -S tands  t h a t  a r e  1 0  t o  30  f e e t  t a l l  
a r e  t h e  b e s t  f o r  s tudy .  There h a s  been t o o  l i t t l e  opportu-  
n i t y  f o r  weev i l i ng  i n  s t a n d s  l e s s  than  1 0  f e e t  t a l l ,  and 
weev i l i ngs  a r e  d i f f i c u l t  t o  s e e  i n  t r e e s  t h a t  a r e  more t h a n  
30  f e e t  t a l l .  Also,  i t  is d i f f i c u l t  t o  v i s u a l i z e  a l l  t h e  
weev i l - i n f luenc ing  f a c t o r s  i n  t h e  p a s t  h i s t o r y  of  an  o l d  
s t a n d .  

R e l a t i v e  s ize . - -With in  a  s t a n d ,  t h e  t a l l e r  and more 
v igo rous  t r e e s  a r e  more s u s c e p t i b l e  t o  weev i l i ng  t h a n  t h e  
s m a l l e r  t r e e s .  The re fo re ,  a  sample should  i n c l u d e  on ly  t h e  
t r e e s  w i t h i n  a  c e r t a i n  h e i g h t  o r  dominance c l a s s  i n  even- 
aged s t a n d s ,  I n  young, open,  n a t u r a l  s t a n d s  we found i t  
d e s i r a b l e  t o  s t u d y  t h e  l a r g e s t  s i z e  c l a s s  i n  which t h e r e  was 
an  adequate  number of t r e e s  on a  uniform a r e a ,  i g n o r i n g  t h e  
r e l a t i v e l y  few l a r g e  t r e e s  and t h e  sma l l  t r e e s  dominated by 
nearby l a r g e r  t r e e s .  

S tand p u r i t y . - - I t  i s  b e s t  t o  sample pure  p i n e  s t a n d s  
because t h e  presence  of overhead o r  s i d e  shade  l e s s e n s  t h e  
p r o b a b i l i t y  t h a t  a  t r e e  w i l l  be weeviled.  

Spacing.--All t r e e s  i nc luded  i n  a  sample shou ld  have 
had s u f f i c i e n t  growing space  t o  develop  a  v igo rous  crown 
wi th  its t o p  exposed t o  f u l l  s u n l i g h t  on a l l  s i d e s .  

S o i l  and topography.--No obvious  d i f f e r e n c e s  i n  s o i l  
o r  topography shou ld  be i nc luded  w i t h i n  a  s i n g l e  sample. Fo r  
example, even t h e  s m a l l e s t  s t a n d  should  be cons ide red  a s  two 
s e p a r a t e  samples i f  it i n c l u d e s  a  f l a t  and a  s l o p e .  

I n t e n s i t y  of  weevi1ing.--The o b j e c t i v e  of  t h i s  pre-  
l im ina ry  work was twofo ld - - ( l )  t o  i d e n t i f y  probable  h e r e d i -  
t a r y  v a r i a t i o n  i n  r e s i s t a n c e  t o  weev i l i ng  and ( 2 )  t o  s e l e c t  
t r e e s  f o r  f u t u r e  b reed ing  work. S t ands  w i th  a  low i n t e n s i t y  
of  weev i l i ng  can  o f t e n  be used  t o  s a t i s f y  t h e  f i r s t  ob- 
j e c t i v e ,  but  s t a n d s  wi th  h e a v i e r  weev i l i ng  must be used  f o r  
t h e  second.  

The i n t e n s i t y  of weev i l i ng  can  probably  be i n c r e a s e d  
by a r t i f i c i a l  caging  exper iments .  Th i s  p r a c t i c e  m a y  o r  may 
not  be u s e f u l  i n  p re l imina ry  s e l e c t i o n  work, depending on 
c o s t  ( s e l e c t i o n  work i n v o l v e s  thousands  of  t r e e s )  and uni -  
fo rmi ty  of r e s u l t s .  

Provenance.--Data from n a t u r a l  o r  p l a n t e d  s t a n d s  of  a  
known provenance is much more u s e f u l  t h a n  d a t a  from s t a n d s  
of  an unknown sou rce .  S e l e c t i o n  work i n  a  p l a n t a t i o n  of un- 
known provenance can  y i e l d  on ly  t h e  few s e l e c t e d  t r e e s  i n  
t h a t  s t and .  I n  c o n t r a s t ,  s e l e c t i o n  work i n  a n a t u r a l  s t a n d  
can  y i e l d  s e l e c t e d  t r e e s  i n  t h a t  s t a n d  and a d d i t i o n a l  s e -  
l e c t e d  t r e e s  i n  ne ighbor ing ,  r e l a t e d  s t a n d s .  Records t h a t  
permi t  r e t u r n  t o  t h e  v i c i n i t y  of a  promis ing  f i n d  have been 
very  p r o f i t a b l e  i n  wes tern  whi te  p ine .  In  t h a t  s p e c i e s ,  



drainage areas yielding one rust-free phenotype have on 
further search been found to yield 5 to 40 rust-free pheno- 
types; in a few drainage areas the yield was 

Nearly all the forest plantations of eastern white 
pine in New York are of the same known provenance. The deci- 
sion to neglect or stress all plantations in the state can 
thus be based on examination of a few. 

Recognition of weevil damage.--In trees up to 30 feet 
tall, crooks caused by weevils can be distinguished easily 
from crooks caused by other agencies by the persistant stub 
with its weevil emergence holes. Uqbiased errors in scoring 
tend to decrease the statistical precision of the results 
but do not lead to the assumption of more variability than 
is actually present. Only one main stem per tree should be 
scored for weevil damage in order that sampling will be from 
as nearly a homogeneous population as possible. 

Number of trees.--Samples of at least 100 trees each 
--and preferably 200 trees each--are needed if data are to 
be evaluated statistically. Smaller samples usually give 
unsatisfactory results. However, there are theoretical con- 
ditions under which valid selections could be made in small 
samples. For example, a tree breeder would probably be 
justified in selecting the unweeviled tree in a 5-tree group 
if the other four trees had five weevilings each. We found 
no such groups. 

&.--Variability in the density of the weevil popu- 
lation, variability in soil and topography, and the small 
size of most sutiable white pine stands combined to limit 
the size of the sample areas available. In actual practice 
we found it desirable to limit each sample to an area only 
1 or 2 acres in size. 

INDEPENDENCE OF WEEVILING IN SUCCESSIVE YEARS 

Some evidence on migrating habits of the white-pine 
weevil indicates that weeviling might be dependent on wheth- 
er or not a tree was weeviled the p.revious year. Weevils 
usually overwinter in the duff below the tree from which 
they have emerged. In addition, more weevils have been 
trapped in the spring from trees that were weeviled the pre- 
vious year.7 Consequently, a test of the independence of 
weeviling was made, using Chi-square in a 2 x 2 contingency 
table. As the Chi-squares from several such tests were small 
enough to be random, it is concluded that weeviling in one 
year is not associated with weeviling the preceding year 
(table 41.. 

'R. T. Bingham, p e r s o n a l  communication. 

' ~ n ~ u b l i s h e d  information from F o r e s t D i s e a s e  and I n s e c t  Laboratory, North- 
eastern Forest  Experiment S t a t i o n ,  New Haven, G n n .  



Table 4.--Apparent independence of weevil in^ in current year 

and in inmediately Precedin~ year 

Percentages of trees that were 
weeviled in the year of exam- 

Location Of stand: 
o ~ ~ ~ ~ ~ e d  ination and in the inmediately 

Chi- 
county, state 

previous year rere-- 
square 

weeviledl Not reeviled1 

Number P e r c e n t  Percent 

Renssalaer, N.Y. 117 27.2 (28.2) 28.4 (28.2) 0.00 

Bchoharie, N.Y. 240 13.6 (16.7) 17.0 (16.7) .06 

Otsego, N.Y. 149 69.6 (71.1) 72.6 (71.1) .03 

Otsego, B.Y. 120 52.6 (53.5) 53.4 (53.5) .00 

New Haven, Corn. 56 25.0 (28.6) 28.8 (28.61 .OO 

New Haven, Conn. 54 50.0 158.31 67.8 (58.31 1.11 

New Haven, Cann. 68 33.3 (35.3) 36.4 (35.3) .00 

Framklin, Mass. 76 .O ( 7.9) 8.6 ( 7.9) .00 

Cheshire, N.H. 72 .O ( 9.7) 11.3 ( 9.7) .00 

'~xpected percentages are in parentheses. The expected percentages were 
calculated on the assumptxon that there was no correlation between weeviling in 
successive years. 

For the  sake of b r e v i t y ,  t h e  d a t a  contained i n  t h e  
2 x 2 contingency t a b l e s  were reduced t o  t h e  form shown i n  
t a b l e s  4 and 5. The method by which t h i s  was accomplished 
can be shown by reference t o  t h e  da ta  from the  Renssalaer 
County, N.Y., s tand given i n  t a b l e  4. Of 117 t r e e s  examined, 
33 (28.2 percen t )  were weeviled i n  1955. This was t h e  ex- 
pected percentage of 1955 weeviling among t r e e s  t h a t  had 
been o r  had not been weeviled i n  1954. The a c t u a l  percent-  
ages--27.2 and 28.4 percent ,  respectively--were computed 
from t h e  r a t i o s  9/33 ( 9  = number of t r e e s  weeviled i n  1954 
and 1955; 33 = number of t r e e s  weeviled i n  1954) and 24/84 
(24 = number of t r e e s  weeviled i n  1955 but not i n  1954; 84 = 
number of t r e e s  not weeviled i n  1954). 

USE OF 2 X 2 CONTINaNCY TABLES 

A tendency f o r  t h e  weevil t o  ov ipos i t  i n  t h e  same 
t r e e  from which it emerged would cause t h e  weeviling of in-  
d iv idua l  t r e e s  i n  two successive years  t o  be p o s i t i v e l y  cor- 
r e l a t e d .  On the  o t h e r  hand, g e n e t i c a l l y  o r  environmentally 
induced r e s i s t a n c e  t o  weeviling would cause a p o s i t i v e  cor- 
r e l a t i o n  between weeviling i n  t h e  year  of examination and i n  
a l l  previous years.  - 

The numbers of t r e e s  t h a t  were weeviled o r  not wee- 
v i l e d  i n  t h e  y e a r  of examination and i n  a l l  previous years  
were determined by 2-foot height  c l a s s e s  i n  14 s t a n d s  ( t a b l e  
5 ) .  The t r e e s  s tud ied  were 6 t o  1 5  f e e t  t a l l  and had been 
exposed t o  weeviling f o r  3 t o  13 years .  The s tands  had 
averages of l e s s  than one weeviling per  t r e e .  This  was too  



Table 5 . - - 4 ~ a r e n t  a s soc ia t ion  of re evil in^ i n  the  cu r ren t  Year 

and i n  a l l  previous Yeare 

Percentages o f  tress t h a t  

Locat ion of etand:  Trees 
mere reev i l ed  i n  t h e  yea r  

c o w ~ ~ t y ,  s t a t e  observed 
of examination and t h a t  s$k i n  previous y e a r s  mere-- 

Weevilad Not weevilcd 

P- P- 

York, Haine 
(4-6 f e e t  t a l l )  132 0.0 ( 1 . 6 1 ~  1.5 ( 1.6)l  0.00 
(6-8 f e e t  t a l l )  109 44.0 (13.0) 3.6 (13.0) 24.75* 
(8-10 f e e t  t a l l )  124 50.0 (25.0) 13.1 (25.01 17.76' 
(10-12 f e e t  t a l l )  65 52.0 (27.7) 12.5 (27.7) 10.17' 

Yo*, Maine 
(4-6 f e e t  t a l l 1  148 35.7 ( 8.81 5.8 ( 8.8) 2.42 
(6-8 f e e t  t a l l )  112 57.2 (13.0) 10 .5  (13.0) 1.79 
(8-10 f e e t  t a l l )  73 33.3 (19.2) 17.2 (19.2) .22 
(10-12 f e e t  t a l l )  54 47.6 (22.2) 6.1 (22.2) 10.38. 

York, Maine 
(4-6 f e e t  t a l l )  63 44.4 (30.2) 24.4 (30.2) 1.63 
(6-8 f e e t  t a l l )  75 69.8 (68.0) 58.3 (68.0) .22 

Renssalaer ,  N.Y. 97 28.8 (24.7) 18.4 (24.7) .88 

Albany, N.Y. 240 25.5 (16.7) 14.5 (16.7) 2.60 

Otsego, N.Y. 149 69.1 (71.1) 76.1 (71.1) .48 

Otsego, N.Y. 120 64.6 (53.3) 40.0 (53.3) 6.06.. 

New Haven, Conn. 57 28.8 (29.6) 33.3 (29.6) .OO 

Frank l in ,  Mass. 76 40.0 ( 7.9) 3.0 ( 7.9) 2.71 

C a r r o l l ,  N.H. loo 24.6 (23.0) 20.5 (23.0) -35  

Hil lsboro.  N.H. 99 36.6 (35.9) 33.3 (35.9) .OO 

Rockingham, N.H. 147 13.4 (20.8) 26.3 (20.8) 2.97 

Rockingham, NOH. 82 25.0 (36.6) 40.3 (36.6) .92 

Rockingham, N.H. 73 23.6 (27.4) 34.3 (27.4) .52 

' ~ x ~ s e t e d  percentages a r e  i n  parentheses.  The expected percentages were 
ca lcu la ted  on t h e  a s a m p t i o n  t h a t  the re  was no c o r r e l a t i o n  between r e e v i l i n g  
i n  successive yea r s .  

'Signif icant  a t  t he  1-percent  l eve l .  

. *S ign i f i can t  a t  t he  5-percent  l e v e l .  

little weeviling to justify trying to test the applicability 
of the Poisson distribution. 

In three stands, the actual and expected distribution 
patterns differed significantly. The greater than expected 
variation in those three stands is possibly due to genetic 
variation among trees. 

USE OF THE POISSON DISTRIBUTION 

If the variation in weevilings is due to random 
causes, either the binomial or the Poisson distribution de- 
scribes the distribution of weevilings within a small uni- 
form stand. We used the Poisson distribution because (1) it 
is easier to use, and (2) it is more discriminating (that 



is, it permits the recognition of biologically significant 
variations with a greater degree of certainty). 

The distribution of weevilings was determined in 
seemingly uniform 100- to 400-tree samples in forty-nine 12- 
to 30-foot stands having averages of 1.4 to 4.0 weevilings 
per tree. The stands were located in Litchfield, New Haven, 
and Tolland Counties, Conn.; Cumberland and York Counties, 
Me.; Middlesex and Worcester Counties, Mass.; Cheshire, 
Merrimack, and Rockingham Counties, N. H.; and in Otsego and 
Schoharie Counties, N. Y. One of the Otsego County, N. Y., 
stands was a plantation of Essex-Clinton County provenance; 
the rest were natural. A Chi-square test was used to deter- 
mine the presence of significant deviations between the ob- 
served distribution and the proper Poisson distribution for 
each sample. 

Table 6.--Observed end expected (follorine the Poisson distribution) 

numbers of neeviled trees in stands havine eilnificant excesses 

of liahtly reeviled tress 

'Stand No. 1 was a 35-year-old, 35- to 40-foot tall, crowded, pure 
stand on a flat 8 miles east of Schoharie, Sehaharie County. N. I. 

Weevilings 
per tree 

"Stand No. 2 .as e 35- to 40-year-old, closed, pure stand on the 
Massahesie Experimental Forest, Alfred, Yark Caunty, Maine. 

'~xpected numbers are in parentheses. 

*Significant at the 1-percent level. 

A* N* 

0 65 (60.5)~ 45 (~3.5)~ 20 (12.2)~ 
1 33 (52.2) 26 (37.2) 9 (16.0) 
2 44 (23.0) 22 (29.4) 6 (10.7) 
3 2 ( 6.6) 9 (15.3) 6 ( 4.7) 
4 0 ( 1.4) 7 ( 6.1) 1 ( 1.9) 
5 0 ( .3) 5 ( 1.9) 4 ( .4) 
6 ( .O) 0 ( .5) 0 ( .l) 
7 -- ( .1) ( .O) 
8 -- ( .O) -- 
9 -- -- -- 

144 (144.0) 114 (114.0) 46 (46.0) 

Hean reevilings per tree 0.88 1.31 1.37 
d.f. 2 3 2 
2 29.31' 26.65' 10.09' 

Trees in 

In 47 of the 49 stands studied, the deviations of the 
actual from the expected distribution patterns were not 
significant. In the other two stands they were significant 
(see table 6 ) .  Such significant deviations are interpreted 
as weak evidence for inherent variation in those stands. The 
evidence is weak because (1) significant deviations are 
expected in one of every 20 stands, and (2) both stands were 
older and more variable than is ideal for selection work. 

'stand No. 1 

k a n d  No. 2 

8- to 10- 
inch trees 

10- to 12- 
inch trees 



EFFECTIVENESS OF STATISTICAL AND OTHER APPROACHES 

TO INDIVIDUAL TREE SELECTION 

There are approaches to the selection of individual 
weevil-resistant trees other than the ones already dis- 
cussed; all depend upon comparisons within uniform, unbiased 
samples. Comparisons between unweeviled intermediate and 
weeviled dominant trees, between trees in mixed and pure 
stands, or between trees in areas of widely different wee- 
viling intensity will not lead to successful selection work. 
Nor will comparisons of a few trees that are the remnants of 
a stand logged under unknown conditions, such as the stand 
studied by Holst (11). 

One approach is a simplification of the "Poisson" 
method already described. A fairly valid estimate of the 
average amount of weeviling in a stand can be obtained 
quickly from a small sample of 50 to 75 trees. After this 
estimate is obtained, the observed and expected (according 
to the binouiial or Poisson distribution) frequencies of un- 
weeviled and once-weeviled trees can be determined and com- 
pared statistically by means of a Chi-square test. This ap- 
proach involves little more time than does merely looking at 
the trees. 

Increasing the intensity of weeviling by artificial 
caging experiments is a refinement rather than a different 
approach. If caging results in a uniform increase in amount 
of weeviling, it will lead to more efficient phenotypic 
selection by decreasing the number of environmentally in- 
duced '*escapes11. However, if caging results in a variable 
increase in weeviling it may lower the efficieficy of the 
phenotypic selection. 

Another approach might be termed the "tallest--next 
tallest". On the assumption that the tallest trees are most 
subject to weeviling, a situation in which the tallest trees 
have been weeviled less than the next tallest trees indi- 
cates the probable presence of variations in inherent re- 
sistance in the stand. We found this situation only in the 
Otsego 10 State Forest planting of western white pine. This 
approach is hard to use in eastern white pine because of the 
difficulty of observing large numbers of boles and tree tops 
simultaneously. 

The "correlated character" approach might also be 
termed the "causative mechanism" approach. Here the inves- 
tigator tries--as Kriebel (14) did.in his studies of the 
correlation between bark thickness and weeviling--to deter- 
mine the causative mechanism underlying resistance by a 
study of various correlated characters, and to select di- 
rectly for resistance. As Painter (21) remarked, "A knowl- 
edge of the cause of resistance is highly desirable but it 
may or may not be of use in breeding operations,'' and "Any 
association between an assigned cause and resistance should 
be complete." This approach may increase knowledge about the 
insect's ecology without hastening the assembling of genet- 
ically resistant material. 



The t r a d i t i o n a l  o r  "practiced-eye" approach invo lves  
d i l i g e n t  sea rch  by a man capable of recognizing d i f f e r e n c e s  
and of making mental allowances f o r  t h e  r o l e s  played by 
environment and chance i n  causing t h e s e  d i f fe rences .  The 
s t a t i s t i c a l  approaches, extensions  of t h i s  method, provide 
support ing evidence. They t e l l  t h e  i n v e s t i g a t o r s  how many 
l i g h t l y  weeviled t r e e s  t o  expect due t o  chance and prevent  
him from g e t t i n g  e x c i t e d  about the  occasional  unweeviled 
t r e e  t h a t  should be expected. 

The Work ~ n u o l u d  
in Selecting a n d  Testing 

F OR t h e  p resen t ,  western white pine  seems t o  be t h e  b e s t  
source  of weevil r e s i s t a n c e .  However. it is a r e l a -  

t i v e l y  un tes ted  e x o t i c  and i t  might not  prove adequa te ly  
adapted t o  nor theas te rn  condi t ions .  Therefore it seems de- 
s i r a b l e  t o  a t  l e a s t  cons ide r  an i n t r a s p e c i f i c  s e l e c t i o n  and 
breeding program i n  e a s t e r n  white pine  and t o  make e s t i m a t e s  
of the  amount of time involved i n  such a program. 

Such an i n t r a s p e c i f i c  breeding program would involve 
t h e  fol lowing s t e p s  through t h e  e n d o f t h e  second generat ion:  
phenotypic s e l e c t i o n  of 500apparent ly  r e s i s t a n t  i n d i v i d u a l s ;  
determinat ion of t h e  general  combining a b i l i t y  of a l l  500 
paren t s  by one-parent progeny t e s t s ; d e t e r m i n a t i o n o f  s p e c i f -  
i c  combining a b i l i t y  of t h e  bes t  32 p a r e n t s  by d i a l l e l ,  twp- 
parent  progeny t e s t s ;  phenotypic s e l e c t i o n  i n  t h e  F1 t e s t  
p l a n t a t i o n s ;  determinat ion of t h e  general  combining a b i l i t y  
of t h e  500 best  F1 seed l ings  by one-parent progeny t e s t s ;  
and determinat ion of the  s p e c i f i c  combining a b i l i t y  of t h e  
32 bes t  pa ren t s  by d i a l l e l ,  two-parent progeny t e s t s .  

The number 500 was chosen f o r  the  number of p a r e n t s  
i n  each generat ion on t h e  assumption t h a t  t h e  h e r i t a b i l i t y  
of weevil  r e s i s t a n c e  is e i t h e r  low o r  moderate and t h a t  
t h e r e f o r e  a l a r g e  numberofparen t s  must be t e s t e d  t o  recover  
10 with adequate a b i l i t y  t o  t r ansmi t  r e s i s t a n c e  t o  t h e i r  
progeny. We wish t o  recover  a t  l e a s t  1 0  good paren t s  i n  
o rder  t o  avoid t h e  growth decrease t h a t  accompanies inbreed- 
ing. The number 32 was chosen a s  t h e  number of bes t  p a r e n t s  
t o  include i n  a d i a l l e l  c ross ing  program because 32 p a r e n t s  
crossed i n  a l l  poss ib le  combinations produce 32 x 21/2 = 496 
o r  approximately 500 progenies.  

We spent  about 32 man-days examining 64 s t a n d s ,  of 
which 5 contained poss ib le  inherent  v a r i a t i o n  i n  weevil  re-  
s i s t a n c e  and an es t imated15apparen t ly  r e s i s t a n t  phenotypes. 
A t  t h a t  r a t e  t h e  phenotypic s e l e c t i o n  of 500 paren t s  would 



r e q u i r e  about 500 x 32/15 = 1,065 man-days o r  approximately 
4% man-years. Probably l e s s  time would be requ i red  i f  one 
man were t o  keep on t h e  work s t e a d i l y .  Even s o ,  t h e  pheno- 
t y p i c  s e l e c t i o n  would t ake  considerable  t ime, and would be 
t h e  major cos t  i tem i n  t h e  program. 

The c o l l e c t i o n  and e x t r a c t i o n  of seeds  from each of 
t h e  500 s e l e c t e d  p a r e n t s  would r e q u i r e  about 2 o r  3 man- 
months i n  t h e  p a r e n t a l  generat ion.  The time involved i n  t h e  
F1 generat ion would be somewhat l e s s  because t h e  F1 t r e e s  
would be more conveniently loca ted  i n  t e s t  p lan t ing .  

I n  Ph i lade lph ia  t h e  con t ro l -po l l ina t ing  season f o r  
e a s t e r n  white pine  is 4 o r  5 days long. On each of those  
days one man can make from 30 t o  50 d i f f e r e n t  t r e e  X t r e e  
combinations. A t  t h a t  r a t e  one man could make t h e  496 t r e e  
X t r e e  combinations requ i red  f o r  each two-parent progeny 
t e s t  i n  two o r  t h r e e  seasons.  However, because of  t h e  high 
percentage of f a i l u r e s  and t h e  n e c e s s i t y  f o r  t r a v e l l i n g  be- 
tween p a r e n t s ,  it would be b e t t e r  t o  p lan  on having f o u r  men 
i n  t h r e e  d i f f e r e n t  p o l l i n a t i n g  seasons.  

I f  the  progenies  were p lan ted  i n  a  randomized block 
design with  100 r e p l i c a t i o n s ,  each r e p l i c a t i o n  con ta in ing  1 
s e e d l i n g  from each paren t ,  and were observed f o r  4 years  
a f t e r  t h e  s t a r t  of weevi l ing,  it would be poss ib le  t o  d e t e c t  
t h e  s i g n i f i c a n c e  of d i f f e r e n c e s  between progeny means of 
about 5 percent .  Because t h e  "minimum d e t e c t a b l e  d i f fe rence"  
should c e r t a i n l y  be no more t h a n  5 percent  it would be nec- 
essa ry  t o  use t h e  most e f f i c i e n t ,  1- t ree-per-plot  design. 
Labe l l ing  of each of 50,000 t r e e s  would probably r e q u i r e  2 
o r  3  man-months; ou tp lan t ing  would probably r e q u i r e  5  t o  6 
man-months because, once l a b e l l e d ,  the  t r e e s  can be p lan ted  
a s  r a p i d l y  f o r  experimental  purposes a s  f o r  commercial pur- 
poses. Maintenance f o r  1 0  y e a r s  would probably r e q u i r e  2 
man-months and eva lua t ion  a t  the  end of 10  years  would prob- 
ably  r e q u i r e  1 man-month. T o t a l l i n g  these  f i g u r e s  we a r r i v e  
a t  an es t imate  of approximately one man-year f o r  t h e  es tab-  
l i shment ,  maintenance, and eva lua t ion  of each t e s t  p lan t ing .  
For  a  2-generation p r o j e c t  four  such l a r g e  t e s t  p l a n t i n g s  
would be necessary.  

A s  y e t  t h e r e  a r e  no d a t a  on inher i t ance  t o  i n d i c a t e  
how long such a  proje'ct would have t o b e c o n t i n u e d  t o  produce 
a  t r u l y  worthwhile new s t r a i n .  Data from crop p l a n t s  ind i -  
c a t e  a  minimum of f o u r  o r  f i v e  genera t ions  but perhaps e i g h t  
o r  t e n  generat ions  would be needed. 

These e s t i m a t e s  include no time spent  on vege ta t ive  
propagation. Clonal t e s t s  of the  pa ren t s  would do no more 
than show the  presence o r  absence of gene t i c  v a r i a t i o n  i n  
the  p a r e n t a l  populat ion;  they could not provide d a t a  on t h e  
a l l - important  quest ion of how wel l  t h e  pa ren t s  t r ansmi t t ed  
r e s i s t a n c e  t o  t h e i r  progeny. I f  c e r t a i n  pa ren t s  d i d  show 
except ional  t r a n s m i t t i n g  a b i l i t y ,  would it not be d e s i r a b l e  
t o  vege ta t ive ly  propagate those  pa ren t s  so  t h a t  the  same 
c r o s s e s  could be repeated on a  l a r g e  s c a l e  i n  seed orchards?  
No, because i f ,  a s  hoped, t h e  F1 work e s t a b l i s h e d  a  c o r r e l a -  



t i o n  between phenotype of t h e  parent  and the  F1 progeny 
means, t h e r e  would be every reason t o  be l i eve  t h a t  t h e  Fl-Fz 
c o r r e l a t i o n  would be even g r e a t e r .  I f  such a parenta l -F1 
c o r r e l a t i o n  were not proved, the  e n t i r e  p r o j e c t  would be 
considered a  f a i l u r e .  A t  any and a l l  s t a g e s  gene t i c  progress  
would be f a s t e r  i f  we worked e n t i r e l y  with seed l ing  pro- 
genies  than  i f  we included c lona l  t e s t s .  

I N 1952 t h e  Northeastern Forest  Experiment S t a t i o n  under- 
took a  s e r i e s  of s t u d i e s  designed t o  explore the  possi -  

b i l i t i e s  of developing s t r a i n s  of white p ines  t h a t  would be 
r e s i s t a n t  t o  the  white-pine weevil. These s t u d i e s  included 
examinations of 10  introduced white pine  spec ies  i n  a rbore ta  
and f o r e s t  p l a n t i n g s  and i n v e s t i g a t i o n s  of geographic va r ia -  
t i o n ,  l o c a l  v a r i a t i o n ,  and ind iv idua l  t r e e  v a r i a t i o n  i n  
e a s t e r n  white pine  (Pinus s t robus  L.) .  

Western white pine  (P. monticola Douglas ex D. Don i n  
Lambert) shows t h e  most immediate promise a s  a  source of 
weevil r e s i s t ance .  It was s tud ied  i n  10  a r b o r e t a  and f o r e s t  
p l a n t i n g s  i n  New York and Pennsylvania. I n  a l l  l o c a t i o n s  
t h i s  s p e c i e s  showed good c l i m a t i c  a d a p t a b i l i t y ,  growth r a t e ,  
and bole form. It c rosses  e a s i l y  with e a s t e r n  white p ine ,  
is much l e s s  s u s c e p t i b l e  t o  the  weevil than t h a t  s p e c i e s ,  
but is suscep t ib le  t o  b l i s t e r  r u s t .  For  the  present  it can 
be recommended f o r  l i m i t e d  use i n  mixed p l a n t i n g s  i n  a r e a s  
sub jec t  t o  heavy weevil a t t a c k  but with l i g h t  Ribes popula- 
t ions .  

The t h r e e  next most promising introduced white p ines  
a r e ,  i n  the  order  named, Himalayan white pine (P.  g r i f f i t h i i  
McClel.), Macedonian white pine  Griseb.) ,  and 
Mexican white pine ( P .  ayacahuite El!- Each has  d e s i r -  
ab le  growth, form, o r  d i sease - res i s t ance  c h a r a c t e r i s t i c s .  
However, t h e i r  weevil r e s i s t a n c e  and ecotypic  v a r i a t i o n  pat-  
t e r n s  must be inves t iga ted  more in tens ive ly  before  they can 
be recommended f o r  o the r  than experimental  use.  

In  a  small  unrep l i ca ted  provenance t e s t  of e a s t e r n  
white p ine ,  t r e e s  of Ontario provenance were found t o  be 
weeviled l e s s  than t r e e s  of New York provenance. 

No d a t a  showing d i f f e r e n c e s  i n  inherent  r e s i s t a n c e  t o  
weeviling among l o c a l  r a c e s  of e a s t e r n  white pine were ob- 
t a ined .  On t h e  con t ra ry ,  t h e  presence of extreme d i f f e r -  
ences i n  weeviling incidence among t h r e e  g e n e t i c a l l y  s i m i l a r  
p l a n t a t i o n s  loca ted  near  each o the r  i n d i c a t e s  t h a t  apparent- 
l y  r e s i s t a n t  l o c a l  r a c e s  would be d i f f i c u l t  t o  recognize i n  
t h e  f i e l d .  



In eastern white pine the study of individual tree 
variation in inherent resistance to weevil attack was divid- 
ed into three parts: (1) In nine young stands there was no 
correlation between weeviling of individual trees in two 
successive years, indicating that the incidence of weeviling 
follows a Poisson distribution. (2) In 3 of 14 young stands 
studied there was a significant positive correlation between 
whether a tree was weeviled in the current year and in any 
previous year; this was interpreted as evidence of genetic 
variation in weevil resistance within those 3 stands. ( 3 )  
In 2 of 49 older stands studied the numbers of unweeviled 
trees were significantly greater than was expected due to 
chance alone if the incidence of weeviling follows the 
Poisson distribution; this was interpreted as weak evidence 
of genetic variation in weevil resistance within those two 
stands, 

The possibility of developing a weevil-resistant 
strain by intra-ecotypic selection and breeding within east- 
ern white pine seems remote. The testing of different geo- 
graphic ecotypes within that species holds more promise, but 
as yet it is too early to say whether any of the ecotypes 
contain enough resistance to make such a project worthwhile. 
On the other hand, western white pine and probably other in- 
troduced 5-needled pines contain enough proven resistance to 
form the basis of weevil-resistant strains with desirable 
growth characters. The present unimproved western white 
pine can be recommended for some areas that have high weevil 
populations. The favorable results of investigations carried 
on elsewhere indicate tha.t the western white pine can be 
used alone or in hybrid combination with eastern white pine 
for the production of heterotic, rust-resistant, weevil- 
resistant, well-formed strains adaptable to a variety of 
Northeastern site conditions. 

A f naI Word ... 
The production of a white pine that is genetically resistant to 

the white-pine weevil is a worthwhile undertaking, but it cannot be 
started until we have sources of resistant germplasm. The study re- 
ported in this paper was our first attempt to locate and evaluate such 
sources. The evaluation of western white pine as being genetically 
more resistant than eastern white pine in New York was an easy matter. 
The evaluation of inherent resistance differences within eastern white 
pine was an easy matter. It required the adaptation of statisti- 
cal techniques used in the genetics of other organisms to tree popula- 
tions. The techniques are standard, but the manner in which they are 
adapted to the study of different populations is not. Therefore, we 
regard many of the conclusions reached as tentative and controver- 
sial. We invite comments on either the improved utilization of data 
from existing planting6 or on the planning of efficient future re- 
search to test the validity of the tentative conclusions. 

--THE AUTHORS 
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