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ABSTRACT.--Variations of  monoterpenes i n  c o r t i c a l  
o l eo re s ins  and f o l i g r  samples were determined f o r  seed 
from 16 provenances of e a s t e r n  white  p ine  (Pinus s t robus  
L . ) .  The experiment was analyzed u s i n g - t h e  "raw" and t h e  
a rc s ine  "transformed" da t a .  Alpha-pinene, camphene, and 
6-pinene va r i ed  between seed sources when "raw" d a t a  were 
analyzed and a-p in ine ,  B-pinene, and myrcene va r i ed  be- 
tween seed sources when "transformed" d a t a  were analyzed. 
No t r e n d  was de t ec t ed  f o r  l a t i t u d e  o r  longi tude  of seed 
o r i g i n  f o r  any monoterpene. F o l i a r  monoterpenes d id  
not  vary among seed sources and no geographic p a t t e r n  
o r  t r e n d  was ind ica t ed  f o r  any monoterpene. 

Previous s t u d i e s  have shown reg ional  v a r i a t i o n  i n  t h e  monoterpenes 
of  c e r t a i n  coni fe rous  spec i e s .  For example, Gilmore (1971) found t h a t  
a-pinene i n  l o b l o l l y  p ine  increased  almost l i n e a r l y  from t h e  southern-  
most t o  northernmost seed source;  Smith (1977) repor ted  evidence t o  
support  t h e  establ ishment  o f  a t  l e a s t  f i v e  reg ions  and fou r  t r a n s i t i o n -  
zone types  of ponderosa p ine ;  Hanover (1966) showed most o f  t h e  
v a r i a t i o n s  i n  monoterpene content  i n  western white  p ine  t o  be 
g e n e t i c a l l y  con t ro l l ed ;  and Hi l ton  (1968) found t h a t  t h e  concent ra t ion  
of f i v e  monoterpenes i n  23 geographic sources  o f  e a s t e r n  white  p ine  
v a r i e s ,  bu t  he could no t  show d i s t i n c t  geographic p a t t e r n s  f o r  t h e s e  
monoterpenes . 

A range-wide provenance t e s t  of 16 sources  of  e a s t e r n  white 
p ine  (Pinus s t robus  L . )  p lan ted  i n  west c e n t r a l  I l l i n o i s  i n  1959 pro- 

. vided an oppor tuni ty  t o  s tudy t h e  r e l a t i o n  between monoterpenes and 
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geographic o r i g i n  o f  white pine growing on a uniform s i t e  ou t s ide  i t s  
n a t u r a l  range. The most sou the r ly  n a t u r a l  occurrence of white  p ine  i n  
t h e  Miss i s s ipp i  River Val ley i s  i n  nor thern  I l l i n o i s ,  which i s  about 
100 mi les  n o r t h  of  t h e  p l a n t a t i o n  used i n  t h i s  s tudy .  

METHODS 

+ Seed from 16 provenances of e a s t e r n  white  p ine  were c o l l e c t e d  by 
t h e  U.S. Fores t  Serv ice  ( t a b l e  1)  and sown during t h e  1957 and 1958 
growing seasons i n  t h e  S t a t e  Tree Nursery a t  Morgantown, North Caro l ina .  

Table 1.--Origin of e a s t e r n  white p ine  provenances 

North West Eleva t ion  
l a t i t u d e  longi tude i n  f e e t  

Union County, Georgia (GA) 
Greene County, Tennessee (TN) 
Pulaski  County, V i rg in i a  (VA) 
Monroe County, Pennsylvania (PA) 
Frankl in  County, New York (NY) 
Penobscot County, Maine (ME) 
Ashland County, Ohio (OH) 
Allamakee County, Iowa (IA) 
Cass County, Minnesota (MN) 
Fores t  County, Wisconsin (WI) 
Newaygo County, Michigan (MI) 
Algoms D i s t r i c t ,  Ontar io (ON) 
Pontiac County, Quebec (PQ) 
Lunenburg County, Nova Sco t i a  (NS) 
Transylvania  County, North Caro l ina  (NC) 
Greenbrier  County, West V i rg in i a  (WV) 

I n  1959, 2-0 seed l ings  o f  a l l  provenances except Michigan were 
p lan ted  i n  4 - t r e e  row p l o t s ,  r e p l i c a t e d  12 t imes .  Seedl ings from t h e  
Michigan source were p lan ted  i n  1961 a s  2 - 1  s tock .  The experimental t r e e s  
were spaced 7 f e e t  a p a r t ,  i n  rows 14 f e e t  a p a r t .  White p ine  seedl ings  
p lan ted  i n  in te rvening  " f i l l e r "  rows were removed a f t e r  t h e  1970 growing 
season. The p l a n t a t i o n  i s  loca ted  i n  t h e  "sand h i l l "  a r e a  of west c e n t r a l  
I l l i n o i s  i n  Cass County. The s o i l  type i s  a P l a i n f i e l d  f i n e  sand (Typic 
Udipsamrnents) and i s  f a i r l y  uniform over t h e  p lan ted  a rea .  Growth and 
su rv iva l  d a t a  have been obtained p e r i o d i c a l l y ;  t h e  l a s t  measurements 
were taken i n  t h e  f a l l  o f  1973. Surv iva l  a t  t h e  end o f  t h e  f i r s t  growing 
season ranged from 52 t o  90 percent .  F a i l  spo t s  were rep lan ted  i n  1961 
with surp lus  s tock (2-2) t h a t  had been grown an add i t i ona l  2 years  i n  t h e  
Mason S t a t e  Tree Nursery i n  I l l i n o i s .  Surv iva l  of  provenances a f t e r  t h e  
1973 growing season ranged from 90 t o  100 percent  and averaged 97 percent .  



The planta t ion  was thinned t o  two t r e e s  per  p l o t  i n  December, 1974, 
when it was 16 years  old.  The uncut t r e e s  represented t h e  bes t  of  t h e  
l a r g e s t  t r e e s .  Before the  p lanta t ion  was thinned,  a  cut was made 
through the  bark a t  b reas t  height  on 8 t o  10 sample t r e e s  per  provenance. 
The o leores in  exuding from each cut  was co l l ec ted  i n  a  small v i a l ,  which 
was placed on i c e  f o r  t ranspor t  t o  t h e  laboratory where the  sample was 
frozen u n t i l  it was analyzed, 

F o l i a r  samples were taken from the  upper p a r t  of the  crown of each 
sample t r e e  when.fel led,  The needles were placed i n  p l a s t i c  bags i n  an 
i c e  cooler  f o r  t r anspor t  t o  t h e  laboratory where they were frozen u n t i l  

. analyzed, 

Cor t i ca l  o leores in  samples were dissolved i n  hexan; containing 
670 ppm cumene and t h i s  so lu t ion  was analyzed f o r  monoterpenes, Each 
monoterpene was computed a s  percentage of weight o f  the  o leores in  
sample, using cumene a s  the  i n t e r n a l  s tandard.  

Monoterpenes i n  the  f o l i a r  samples were determined by i n j e c t i n g  
a s o l i d  segment of needle without cumene i n t o  the  gas chromatograph, 
a s  described by Roberts (1968). The content of  each f o l i a r  monoterpene 
was expressed as  a  percentage of t h e  t o t a l  monoterpene concentrat ion 
i n  t h e  sample. Otherwise, ana ly t i ca l  procedures were the  same as  those 
f o r  t h e  c o r t i c a l  o leores in  samples, 

Samples were analyzed with a Hewlett-Packard Model 5750 Gas 
Chromatograph equipped with dual hydrogen-air ioniza t ion  de tec to r s  
using s t a i n l e s s  s t e e l  columns with 20 percent carbowax 20M l i q u i d  phase 
on 60-80 mesh, acid-washed chromosorb W s o l i d  support.  Operating con- 
d i t i o n s  were: i n j e c t i o n  p o r t ,  200°C; de tec to r  2250C; column l l O ° C ;  
and He flow 17 cm3/min. 

The raw da ta  were s t a t i s t i c a l l y  analyzed a s  a  complete randomized 
design, and d i f ferences  between provenances f o r  each s i g n i f i c a n t  v a r i -  
ab le  were determined by the  l eas t - s ign i f i can t -d i f fe rence  method. In 
addi t ion ,  the  raw da ta  of  the  monoterpenes i n  t h e  c o r t i c a l  o leores in  
samples were transformed using an arcs ine  function and analyzed a s  
were t h e  raw data .  

RESULTS AND DISCUSSION 

The average height  and diameter (d ,b ,h , )  of sample t r e e s  accord- 
ing t o  seed source a r e  shown i n  Table 2 ,  The average height  of  a l l  
sample t r e e s  was equal t o  t h e  p lan ta t ion  average (26 f e e t ) ,  whereas 
the  diameter of cu t  t r e e s  was s l i g h t l y  smaller than the  p lan ta t ion  
average - 5.0 vs. 5.3 inches. Differences i n  average height  o r  aver- 
age diameter between sample and a l l  t r e e s  i n  a  seed source was small ,  
never exceeding 2 f e e t  i n  height  o r  0.6 inches i n  diameter,  Therefore, 
the  sample t r e e s  were considered t o  be reasonably representa t ive  of 
the  p lan ta t ion .  
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Table 2.--Average he ights .and  diameters  (d.b.h.)  o f  sample 
t r e e s  a t  end of  1973 growing season by seed source 

Seed 
source 1 / Height- 

- -- 

Seed 
source 11 Diameter- 

Average 

f e e t  

Average 

inches 

6.4 
6.2 
5.8 
5 .7  
5 .6  
5 .5  
5.2 
5 .o 
4.9  
4.9 
4.5 
4.5 
4.5 
4.3 
3.6 
3.6 

5 . 0  

1/ Any two averages not  included wi th in  t h e  same 
linemappearing t o  t h e  r i g h t  of  each ranking of  source 
a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  5-percent l e v e l .  

S ix  monoterpenes were found i n  t h e  c o r t i c a l  o l e o r e s i n  of  a l l  seed 
sources.  The o rde r  i n  which they  e l u t e d  from t h e  gas chromatographic 
column were a-pinene, camphene, B-pinene, myrcene, limonene, and 
B-phelledrene. Hi l ton  (1968) repor ted  two a d d i t i o n a l  monoterpenes i n  
e a s t e r n  white  p ine  than  were repor ted  i n  t h i s  s tudy:  3-carene and 
t e rp ino lene .  This  discrepancy can be explained by t h e  f a c t  t h a t  3- 
carene was e l u t i n g  from t h e  gas chromatographic column a t  t h e  same 
time a s  our  marker cumene and could no t  be de t ec t ed .  This  r e s u l t e d  
i n  t h e  amount o f  cumene appearing g r e a t e r  under t h e  curve on t h e  chro- 
matogram c h a r t  than i t s  a c t u a l  amount. Therefore,  an e r r o r  might have 
been introduced i n  computing t h e  q u a n t i t i e s  of monoterpenes i n  a sample. 
But when we determined t h e  monoterpenes i n  a number of  our  c o r t i c a l  
o l eo re s in  samples without us ing  cumene, we found t h a t  t h e  concent ra t ions  
of 3-carene was low when compared t o  t h e  o t h e r  monoterpenes i n  t h e  
sample and i n  some samples it was not  de t ec t ed .  So, we f e e l  conf ident  
t h a t  our  conclusions from t h i s  s tudy a r e  v a l i d  and would not  change, 
even i f  some o the r  marker was used t h a t  would no t  i n t e r f e r e  with t h e  



monoterpenes e l u t i n g  from t h e  gas chromatograph, We d id  not  r e p o r t  
t e rp ino lene  i n  t h e  s tudy a s  it was de t ec t ed  i n  only a  few samples and 
t h e  incidence was too  small  and va r i ed  among seed source t o  be con- 
s idered  . 

The composition o f  those  monoterpenes i n  c o r t i c a l  o l eo re s ins  t h a t  
va r i ed  s i g n i f i c a n t l y  among seed sources and t h e  ranking o f  t hese  sources 
is.shown i n  Table 3 .  Although s i g n i f i c a n t  d i f f e r ences  were found between 
provenances f o r  a-pinene, camphene, and B-pinene when t h e  raw d a t a  were 
analyzed, no d i s t i n c t  geographic concent ra t ion  p a t t e r n  was e s t ab l i shed  
because no s i g n i f i c a n t  c o r r e l a t i o n  was found between l a t i t u d e  o r  longi -  
tude  of  t h e  seed source and any of  t h e  monoterpenes i n  t h e  o l e o r e s i n ,  
These r e s u l t s  agree with Hi l ton  (1968) who d i d  no t  e s t a b l i s h  a  monoterpene 
p a t t e r n  f o r  e a s t e r n  white p ine ,  But it i s  i n t e r e s t i n g  t o  no te  t h a t  t he  
New York seed source had t h e  h ighes t  concent ra t ion  of  camphene and B -  
p inene and t h e  next  t o  h ighes t  concent ra t ion  of  a-pinene. On t h e  o t h e r  
hand, t h e  Ohio seed source had t h e  lowest concent ra t ion  of  camphene and 
B-pinene but  was average i n i t s  concent ra t ion  of  a-pinene. The raw d a t a  
averages of t h e  t h r e e  monoterpenes t h a t  d id  not  d i f f e r  among seed source 
were: myrcene, 2.5; limonene, 0 .1 ;  and B-phelledrene, 0 .8.  

When t h e  raw d a t a  o f  c o r t i c a l  o l e o r e s i n  was converted us ing  a r c s i n e  
' t ransformat ions ,  t h e  analyses  showed t h a t  a-pinene,  B-pinene, and myrcene 
va r i ed  s i g n i f i c a n t l y  among seed sources a t  t h e  5-percent l e v e l ,  whereas 
camphene d i f f e rences  only approached s ign i f i cance  a t  t h i s  l e v e l  ( tab le .  
4 ) .  But t h e  r e l a t i v e  rank of  seed sources f o r  each monoterpene was a l -  
most t h e  same r ega rd l e s s  of t h e  method of  a n l a y s i s  used (raw d a t a  o r  
t ransormation) .  

There were some t r e e - t o - t r e e  v a r i a t i o n s  i n  t h e  composition of  t h e  
monoterpene f r a c t i o n s  i n  t he  c o r t i c a l  o l eo re s in ,  no t  only f o r  a l l  t r e e s  
bu t  a l s o  f o r  t r e e s  wi th in  a  seed source.  S imi l a r  r e s u l t s  have been 
shown by numerous i n v e s t i g a t o r s  f o r  o t h e r  t r e e  spec i e s .  

The average concent ra t ions  and range o f  monoterpenes i n  t h e  f o l i a g e  
a r e  shown i n  t a b l e  5.  F o l i a r  monoterpenes va r i ed  widely among t r e e s  and 
t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between seed sources and no geo- 
graphic  concent ra t ion  p a t t e r n  o r  t r end  was ind ica t ed .  I t  would have 
been i n t e r e s t i n g  from an academic viewpoint t o  determine t h e  chemical 
composition of t h e  four  unknown monoterpenes. But because of t h e  f ind -  
ings  i n  t h i s  phase o f  t h e  s tudy ,  t h e  t ime and expense could no t  be 
j u s t i f i e d  a t  t h i s  t ime. 

CONCLUSION 

Although we found d i s t i n c t  d i f f e r ences  i n  some c o r t i c a l  monoter- 
penes between provenances, white p ine  does no t  seem t o  e x h i b i t  a  d i s t i n c t  
geographic concent ra t ion  p a t t e r n  f o r  any of t h e  de t ec t ed  monoterpenes. 
A s  shown i n  t h i s  and o t h e r  s t u d i e s ,  c o r t i c a l  and f o l i a r  monoterpenes vary 
widely between t r e e s  wi th in  a  seed source.  



Table 3.--Ranking o f  white  p ine  sources  by average percentages o f  raw 
d a t a  of a-pinene, camphene, and 6-pi ene 

i n  c o r t i c a l  o l e o r e s l ~ ~  sample &? 

a-pinene Camphene B -pinene 

Average 5.49 Average 0.91 Average 5.66 

Source O l e o r e s i n .  Source 01 e o r e s i n  Source Oleores in  

Percent  Percent  Percent  

1/ Any two averages no t  included wi th in  t h e  same l i n e  appearing 
t o  t h g  r i g h t  o f  each ranking o f  source  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  
5-percent  l e v e l .  

NY 8 .41 
l lrV 6.96 
MN 6.70 
ON 6.68 
NC 6.12 
I A 6.09 
V A 5.95 
p Q 5.93 
TN 5.88 

PA 8.11 
NY 7.09 
WV 6.36 
ME 6.25 

NY 1.28 
, ME 1.20 

WV 1.11 
PA 1.09 

G A 5.59 
W I  5.37 
MI 4.97 

PQ 5,83 
MN 5.70 
OH 5.64 
TN 5.60 
G A 5.38 
ON 5.29 

G A 1 .03  
I A 0.94 
p Q 0.93  
MN 0.92 
NC 0.91 
TN 0.87 

WI 4.55 
I A 4.47 

NC 4.80 
NS 4.61 

ON 0.85 
M I  0.85 
WI 0 .73  ME 4.92 

V A 4.22 
M I  3.98 

NS 0 -66 
V A 0.60 
OH 0.60 

PA 4.69 
N S 
OH 1.88 



Table 4.--Ranking o f  white  p ine  sources by average percentages based 
on transformed d a t a  of  a-pinene,  B-pinene, 

1 / and myrcene i n  c o r t i c a l  o l e o r e s i n  samples - 

- a-pinene 6-pinene Myrcene 

Source O l e o r e ~ i n  Source Oleoresin Source Oleoresin 

Percent  Percent  Percent  

Average 5 .3  Average 5 . 3  Average 5 .7  
- - - - - - - - pp-pp-p - - -- 

1/ Any two arerages not  included wi th in  t h e  same l i n e  appearing t o  
t he  F igh t  of  each ranking of  source a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  
5-percent l e v e l .  



Table 5.--Monoterpene content of foliar oleoresin for 16 geographic 
sources of eastern white pine (raw data) 

(In percent) 

Terpene 
Range of 

source means 
Average of 
source means 

a-pinene 
Camphene 
f3-pinene 
Myrcene 
Limonene 
Unknown 1 
Unknown 2 
Unknown 3 
Unknown 4 
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