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and incur acceptable, of ten negligible, 
losses from beetle attack, These t reat-  
ments w i l l  enhance oleoresin content of 
the mod from 100 to 1 50 p e r c e n t ;  a n  
increase from about  88 lb/100 ft3 to 190 
l b  or mare for slash pine, and from 
about 64 lh/100 f t 3  to 125 ib or more 
for  boh1oLl.y p i n e ,  

Kepords : P i n u s  t a e d a  , Pirlus eiL i- 
ottii, paraquat, herbicide, o l e o r e s i n ,  
resin soaking, 

When applied to bole zy lem t i s s u e ,  
paraquat, a bipyridylium h e r b i c i d e  i n -  
duces lightwood fo rmat ion  ( r e s i n  ssak- 
i n g )  w i t h i n  t he  t r u n k  of l i v i n g  p l n e s ,  
Wbl s o u t h e r n  p i n e s  respond and there is 
reason to bel ieve  t h a t  a11 members of 
the genus P i n u s  will, react s i m i l a r l y ,  
Other con i f e rous  genera, however, show 
L i t t l e  if any significant reaction to 
paraquat, The amount and rate of 
oleoresin enhancement are f u n c t i o n s  sf 
pine species, kdsundlng method and extent 
of wounding used i n  applying p a r a q u a t ,  
paraquat ca t ion  concentration, and time 
duration f o l l o w i n g  treatment, R e s i n -  
soaking i s  e s s e n t i a l l y  a wound r e s p o n s e  
much magnified by t he  p a r a q u a t  action 
within the tree, Bark beetles are much 
more strongly attracted to paraquat- 
treated trees than to adjacent pines 
identically wounded hut n o t  given para- 
quat, Fear of c r e a t i n g  a bark beetle 
epidemic has probably h indered  wide- 
spread application of lightwoad tech- 
no logy ,  but t h i s  fear is mfounded ,  
There is no i n s t a n c e  where h e a v i l y  at- 
tacked, paraauat-treated s t a n d s  caused 
f u r t h e r  beetle i n f e s t a t i o n ,  Beetle 
a t tack varies by season sf t r e a t m e n t  and 
wounding method, and is p o s i t i v e l y  corm 
related with severity o f  wounding and 
especially the paraquat ca t ion  con- 
c e n t r a t i o n  used,  Increases in wounding 
s e v e r i t y ,  wraquat c o n c e n t r a t i o n ,  sr 
both, a l so  increase o leores in  yield, but 
i n  progressively declining amounts, 
Therefore, the moderate paraquat t reat-  
mends +&at we recommend w i l l  p roduce  
o leores in  yields only 10 to 15 percent 
Less than those of severe treatments,  

The general purpose  of the r e s e a r c h  
sr~nrnarized here was t o  f i n d  the means 
to f u r n i s h  the economy w i t h  an  a d d i -  
tional supply of o leores ins ,  which are 
made up of u n s a t u r a t e d  hydroca rbon  com- 
pounds that are very useful as c h e m i c a l  
feedstocks, Because the s o u r c e  is 
renewable, oleoresin can be produced i n  
perpetuity and the  technology has negli- 
g i b l e  environmen"e1 impact, I f  the 
treatments proved prof i t a h i e ,  we hoped 
to get them into commerciaL use  as 
rapidly and efficiently as possible, 

The United States has an energy 
problem that makes new s o u r c e s  of 
p e t r o c h e m i c a l  s u b s  ti t u t e s  o r  supp lemen t s  
most welcome, I n c r e a s e d  p r o d u c t i o n  of 
o l e o r e s i n  i n  Living p i n e s  c o u l d  become 
such a source, Oleoresin is  a g e n e r i c  
term far these s o l u t i o n s  of i s o p r e n o i d  
compounds produced by c o n i f e r s  and o t h e r  
p l a n t s ,  which individually are cal led  
r e s i n s ,  Although subject. to some oxida- 
t i o n ,  oleoresins are basically h y d r o c a r -  
bons, Oleoresin is composed p r i m a r i l y  
of resin acids dissolved i n  terpenes, 
which when s e p a r a t e d  by distillation 
produce  resin and turpentine, respec- 
t i v e l y .  In southerrz pines, by f a r  L"?e 
most important s o u r c e  i n  this c o u n t r y ,  
resin acids of mos t ly  a b i e t i c  a n d  pri- 
maric types constitr~te the rosin, and 
the turpentine consists essentially of 
alpha and beta p i n e n e s  (Brew and o t h e r s  
1441 ; Mirov 1 9 6 7 ) ,  & c a u s e  of their 
historic use f o r  s h i p  c a u l k i n g ,  these 
commodit ies  from o l e o r e s i n  are termed 
"naval stores," The present s u p p l y  is 
from three sources: ( 1 1  Gum namL 



stores, L i v i n g  p i n e s  are t apped  and 
o l e o r e s i n  c o l l e c t e d ,  i n  t h i s  c o u n t r y ,  
e x c l u s i v e l y  from two s o u t h e r n  p i n e s ,  
l o n g l e a f  (Pinus pal z s  tris M i l l ,  ) and 
s l a s h  (P. e l l i o t t i i  EngeLm, v a r ,  
e l l i o t t i i ) .  ( 2 )  Wood n a v a l  stores, 
O l e o r e s i n s  are o b t a i n e d  by s o l v e n t  
e x t r a c t i o n  from t h e  hea r twood- r i ch  
r ema ins  of v i r g i n  s o u t h e r n  p i n e  s tumps ,  
T h i s  s tump hear twood is  r e s i n - s o a k e d  and 
i s  commonly known as " l i g h  twood" because  
o f  its t r a d i t i o n a l  u s e  a s  k i n d l i n g  i n  
t h e  South .  Stumps from t h e  much 
younger ,  second-growth cimber a r e  nos t l y  
sapwood and have  l i t t l e  r e s i n  accumula-  
t i o n ,  ( 3 )  S u l f a t e  n a v a l  stores, 
O l e o r e s i n s  a r e  o b t a i n e d  a s  byproduc ts 
from t h e  k r a f t  p u l p i n g  p r o c e s s ,  which is 
t h e  most  common method f o r  p r o d u c i n g  
p a p e r  and c e l l u l o s e  p r o d u c t s  f  rorn 
s o u t h e r n  p i n e s ,  The gum, wood, and 
s u l f a t e  s o u r c e s  c o n t r i b u t e  2,  25,  and 73  
p e r c e n t ,  r e s p e c t i v e l y ,  of t h e  c u r r e n t  
Un i t ed  S t a t e s  o l e o r e s i n  p r o d u c t i o n ,  
which is n e a r l y  1 b i l l i o n  l b  ( Z i n k e l  
1 9 7 5 b ) ,  The s u l f a t e  s o u r c e  is  c l e a r l y  
t h e  most i m p o r t a n t ,  and i t s  p r o d u c t i o n  
c o n t i n u e s  t o  i n c r e a s e  w h i l e  t h o s e  of t h e  
o t h e r  two d e c r e a s e  due t o  h i g h  l a b o r  
c o s t s  (gum n a v a l  s t o r e s  ) and t h e  
d w i n d l i n g  s u p p l y  of v i r g i n  p i n e  stumps 
(wood n a v a l  s t o r e s  ) , P r o d u c t i o n  from 
k r a f t  p u l p m i l l s  is  governed,  i n  e f f e c t ,  
by t h e  byproduc t  r e c o v e r y  e f f i c i e n c y ,  
t h e  volume o r  q u a n t i t y  of  pulpwood p roe -  
e s s e d ,  and e s p e c i a l l y  t h e  o l e o r e s i n  
c o n t e n t  of t h e  pulpwood. P r o d u c t i o n  
from t h e  wood n a v a l  s t o r e s  i n d u s t r y  
c o u l d  a l s o  rise i f  new s u p p l i e s  of wood 
w i t h  s u f f i c i e n t l y  h i g h  o l e o r e s i n  c o n t e n t  
were a v a i l a b l e ,  

I n  1973,  o u r  F o r e s t  S e r v i c e  n a v a l  
s t o r e s  r e s e a r c h e r s  r e p o r t e d  a d i s c o v e r y  
t h a t  p romises  t o  s o l v e  t h i s  impasse--a 
method t h a t  c a n  d r a m a t i c a l l y  i n c r e a s e  
t h e  o l e o r e s i n  c o n t e n t  of young sapwood 
t r e e s  ( R o b e r t s  7973; Rober t s  and others 
1 9 7 3 ) .  Such trees a c c o u n t  f o r  the ove r -  
whelming b u l k  of o u r  p r e s e n t  s o u t h e r n  
p i n e  t i m b e r  c r o p s  and w i l l  become even 
more i m p o r t a n t  i n  t h e  f u t u r e .  The 
b i p y r i d y l i u m  h e r b i c i d e s  diquat o r  para- 
q u a t ,  p a r t i c u l a r l y  t h e  L a t t e r ,  when 
a p p l i e d  t o  h o l e  t i s s u e  w i l l  i nduce  
l i gh twood  fo rma t ion  ( r e s i n - s o a k i n g )  
w i t h i n  t h e  t r u n k  of t h e  l i v i n g  p i n e ,  
All s o u t h e r n  p i n e s  respond t o  & w r a q u a t  

by  p roduc ing  Lightwood ( P e t e r s  and 
R o b e r t s  1976) .  

All p i n e s  of  M r t h  P a e r i c a  t e s t e d  
t h u s  f a r  produced r e s i n o s i s  a f t e r  p a r a -  
q u a t  a p p l i c a t i o n  (Conner and o t h e r s  
1977; Rowe and o t h e r s  19761, There is 
r e a s o n  t o  b e l i e v e  t h a t  all s p e c i e s  of 
t h e  genus Pinus w i l l  r e spond ,  h u t  o t h e r  
c o n i f e r o u s  genera such  as I r j l ~ j a ,  -Abies , 
Tsmga,  P i c e a ,  Lar ix ,  and P s e u d o t s  uga do 
n o t  show an e c o n o m i c a l l y  s i g n i f i c a n t  
r e a c t i o n  t o  paraquat ( K i a t q r a j a i  and 
o t h e r s  1976a, 1976b; Sandberg and others 
1977 ) , The magnitude of r e s p o n s e ,  i n  
p r a c t i c a l  terms, i s  n o t  known f o r  
n o r t h e r n  and w e s t e r n  pines, Uowever , 
n a v a l  stores p r o d u c t i o n  i n  t h e  Un i t ed  
S t a t e s  is dominated by the South ,  where 
more t h a n  90 p r c e n t  of- t h e  o l e o r e s i n  is 
p roduced ,  The r e a s o n s  a r e  both b i o l o g i -  
c a l  and t e c h n i c a l ;  t h e  major s o u t h e r n  
p i n e s  have  a h i g h e r  n a t u r a l  a leores in  
c o n t e n t  t h a n  n o r t h e r n  and w e s t e r n  spe- 
c i e s ,  and most southern pulpmills use 
t h e  k r a f t  p r o c e s s  which allows b y p r o d u c t  
r e c o v e r y ,  Consequen t ly ,  the oppor- 
t u n i  t i e s  fo r  prof itable lightwood redue- 
t i o n  a r e  i n  the  South, and most of the 
p e r t a i n i n g  research has been done there, 

In July 1978, the  EPA p a r a q u a t  
Eabel w a s  amended to  allow p a r a q u a t  to 
be used  commerc ia l ly  for bightwood 
i n d u c t i o n  i n  a l l  s o u t h e r n  pines except 
sand  pine f ~ i n u s  cdausa (Chaprn, ex 
Engelm, )  rPasey ex Sdrg.), 

OLeore~in P r o d u c t  ion Poten t ia l .  

14ha.t is the magnitude o f  t h i s  
p o t e n t i a l  silvachemicaPs source? 
Var ious  paraquat t r e a t n e n t s  can a t  Least 
doub le  t r e e  o l e o r e s i n  c o n t e n t ,  p r o d u c i n g  
about  80 Ib of additional oleoresin 
i n  each  c o r d  of PUEPWQO~ (a cord con- 
t a i n s  a b o u t  80 f t3 of s o l i d  wood), 
With in  the  1 3  Southern  States of  USDA 

Forest Service Region 8, the  southern 
p i n e s ,  p r i n c i p a l l y  l o b f o l l y  (PI 
t a e d a  L, 1, s lash ,  longleaif, and 
s h o r t l e a f  ( P ,  echinata M i l l , )  dominate 
on about 7 2 , 7  million of +he 264,2 
m i l l i o n  acres sf commercial forest  land, 
On an  a d d i t i o n a l  31 ' 9  m i l l i o n  a c r e s ,  
s o u t h e r n  p i n e s  are present i n  a d m i x t u r e  
w i t h  hardwoods, These pines contain 
a p p r o x i m a t e l y  86.8 b i l l i o n  f t3  of wood, 
about I ,085 b i l l i o n  cords, in growing 



stock 5 in, or larger in diameter ( U S D A  
Forest Service 4973, 1975a), Additional 
wood i s  accumulating at the rate sf 
about 1.4  b i l l i o n  ft3 annually. If all 
this merchantahie  growing stock w e r e  
t reated w i t h  r a r ayua t ,  we might r ea l i ze  
43,400,000 tons of additional o leo res in  
in s t a n d i n g  trees, an e q u i v a l e n t  ~f 

"Uf;i a about 298 m i l l i o n  -barrels of  petrel- 
These f i g u r e s  are i n t e r e s t i n g  b u t  have 
l i t t l e  k a r i n q  on what could be 
accomplished annually in the near 
f u t u r e ,  During 1979,  a recession yeeir, 
the South harvested and processed a b o u t  
26,l million cords sf p i n e  pulpwood 
(Elellamy and 3 u t c h i n s  1979), If our  
c u r r e n t  p a r a q u a t  t echns lcgy  had Seen 
used on these trees, tihe additional 
y i e l d  in oleoresins would have been 
a b o u t  2 , l  b i l l i o n  L!, 

me South has by no means reached 
its capacity for p i n e  growth;  on the  
existing forest-%and base Lhe growth and 
eventually the vpoluir\e coiaEd be e a s i l y  
doubled B USDA Forest Service "i75b; 
Wahlenberg %965), I ~ d e e d ,  the demand 
for s o u t h e r n  p ine  gulpwood 1s e x ~ e c t e d  
to douhle by the year 2QhlG [USDA Forest 
Serv ice  19752) , The opportunities fcr 
garaqua$-induced oleeresin prcductio~ 
from kraft pulpmills would increase in 
like manner, 

P l a i n l y ,  t h e  chemically induced 
lightwood concept has s t r o n g  p o t e n t i a l  
for c r e a t i n g  an important a n d  expanding 
source of oleores ins ,  This f o r e s t  
resource i s  renewable,  YaturaL s t a n d s  
and p l a n t a t i o n s  could convert solar 
enerqy into oleores ins ,  under present  
cofis t r a i n t s ,  ad i n f i n i  turn, A tremendous 
resource base in standing timber already 
e x i s t s ,  and i t  is k i n g  s t e a d i l y  
increased by wider application an3 
qreater i n t e n s i t y  o f  forest  managenent , 
T h i s  .&rend w i l l  L i k e l y  c o n t i n u e ,  and 
cultural measures " t a t  favor p i n e  vmlune 
growth w i l l  probably Edvor Lhe oleares in  
y i e l d  eapabili t i e s  E r s ~  -mraqua t t reat-  
aent, These neasures  increase gum n a v a l  
stares production (Clernents  1974), and 
the o r i g i n  of oleoresir, i s  the sane  i n  
both techciques, 

Cwurercial U s e s  of OdeoreAsin, 
Present and P o t e f i t i a l  

and r o s i n  are many and varied.  Much oE 
the r o s i n  is used fo r  chemical i n t e r -  
mediates and in synthetic rubber, paper 
size, coatings, and a d h e s i v e s ,  mrpen- 
t s n e  is  often separated into its major 
components--alpha- and b e t a - p i n e n e  , 
Alpha-2inene goes main ly  into s y n t h e t i c  
pine oil and i n s e c t i c i d e s ,  beta-pinene 
i n t o  adhesives and essential oils of 
flavorings and fragrances (ZinkeL 
1975b), Many former markets  fo r  oleo- 
r e s i n  products were Lost because of 
uns table and frequently insufficient 
s~pplies, r j n c e r t a i n t y  of adequate 
supply a t  a reasonable p r i c e  has i n -  
hibited industrial devebopqent, i n v e s t -  
ment ,  and research in uses of  this 
resource, If induced lightwood s t a b i -  
l i z e s  and increases supply, certain o ld  
markets may be recaptured and new uses 
w i l l  be developed, 

Some promising new uses for  oleo- 
resin products, p u t i c u l a r l y  r o s i n ,  are 
discussed by Collier 11 976, 1 9 7 7 ) ,  who 
s tud ied  the feasibility of oleoresin 
substitution for Lwtrockemicals, Pos- 
sible uses fo r  r o s i n  i n e l u d e  a lkyd,  
polyester, and other resins, poly- 
a re thane  foams and codt ings ,  and syn-  
t h e t i c  l u b r i c a n t s ,  Suggested uses for  
turpentine include isoprene, additional 
adhesives, terephthalie acid, and &ws- 
s i b l y  motor f u e l ,  Oleoresin-enriched 
trees could also be the basis for a 
"complete utilization" chemical industry 
wherein the whole tree would he proc- 
essed, SiLvach~rnicals would he ex- 
t racted and other wood products such as 
eekluloses  and b i g n i n  conver ted to 
methanol or other products (Brown 1976; 
S z e g o  and others  1972), 

In the past the o l e o r e s i n  byprod- 
ucts of  k r a f t  pulpmills were not recov- 
ered %or market ing or f u r t h e r  process- 
i n g ;  i n s t e a d ,  tbey were used d i r e c t l y  
as fuel, mrpentine-sapplenented fuels 
were used in steam-generating boi lers ,  
and resin acids ( r o s i n  constituents) 
were l e f t  in the spent digesting l i q u o r ,  
aptly cermed ""black l i q u o r , "  AAf ter 
evaporat ive condensing, this Liquor went 
to the recovery f u r n a c e  which regained 
chemicals fcr recycling, The resin 
acids, along with Iignix and many other 
substances in the black l i q u o r ,  
furnished the necessary cornbustion 
energy  (Grantham and Ellis 1974; Koch 



'I 972)  , Corbsequently, even when a pulp- 
mil1 does not recover o leo res in ,  it is  
n o t w a s t e d ;  i t  reduces L%e amount of 
fuel oil required, If the price of f u e l  
o i l  c o n t i n u e s  to r ise ,  the; trend toward 
a t t a i n i n g  naximum o l e o r e s i n  byproduct 
recovery m y  halt, with oleoresin par- 
tially recovered and p a r t i a l l y  used  as 
f u e l ,  C o n t i n e n t a l  Group, I n c , ,  f i r s t  
became in teres ted  in paraquat-induced 
Lightwood because of the implicatio~s i n  
r e d u c i n g  fo s s i l  fuel needs o f  their 
m i l t s ,  However, w i t h  the present price 
of vieoresins r e l a t i v e  to fuel o i l ,  
maximum oleoresin r e c o v e r y  is the goal, 

Plan t  P r o d u c t i o n  Capacity 

What are t h e  c a p a b i l i t i e s ,  and the 
p r o s p e c t s  f o r  expansion, of o l eo res in  
production by the kraft pulpmi lls and 
wood n a v a l  s to res  e x t r a c t i o n  plants? 
F o r  t h e  p u l p m i l l s ,  addi t i ona l .  turpentine 
recovery presents no serious difficulty, 
I n  some i n s t a n c e s  more condenser capac- 
ity w i l l  he r e q u i r e d ,  but it has been 
jokingly stdted t h d t  the  greatest need 
w i l l  he s imply  mre t u r p e n t i n e  storage 
tanks, 

The s i t u a t i o n  with rosin is  more 
complex. Saponified r e s i n  acids and 
f a t t y  acids are removed from black 
l i q u o r  by a mechanica l  skimmer installed 
i n  a s e t t l i n g  tank  ( o f t e n  called a "skim 
tank'". These s o a p s  are then acidified 
to form crude tall o i l ,  which contains 
b o t h  resin and fatty acids (Koch 1972; 
Z i n k e l  1975a),  Most t a l l  oil i s  now 
f r a c t i o n a t e d  into t a l l  o i l  fatty a c i d s  
and r e s i n  a c i d s  (rosin), United States 
f r a c t i o n a t i n g  c a p a c i t y  is about 1 
m i l l i o n  tons per year, while production 
i s  about 800,000 t o n s  (Zinkel 1475a.1, 
To take advan tage  oE the additional 
r e s i n  a c i d s  i n  chemical ly  induced l i g h t -  
wood, most pulpmills wouPd have to 
increase skin tank and fractionating 
c a p a c i t y ,  and a l s o  make other capital 
i n v e s  tmen ts , 

Wood nava l  stores p l a n t s  would have 
t o  process a g r e a t e r  volume of paraquat- 
induced Ligk twood t o  achieve production 
comparable to t h a t  ~ i t h  natural I - igkt -  
wood, because paraquat-treated material 
is going to contain ba th  Lightwood and 
unenriched sapwood, and p u n d  for pound 
Less oleoresin,  Othe r  m d i f  ications 

would no doubt a l so  be needed, In the 
South t h i s  industry w i l l  soon have to 
reby on chemical ly  induced Lkqhtwood as 
a source of  r a w  materizl  or be forced 
out of production, 

TransLocation of  Paraquat  

Paraqua t  s o l u t i o c  is u s u a l l y  
applied to the zylern sf pine trees by 
s p r a y i n g  it on an exposed surface or 
placing it i n t o  open cuts or d r i l l  
h o l e s .  Paraquat sprayed on the zylern 
surface must diffuse i n t o  the zyLem and 
e n t e r  the trackbeids before i t  c a n  be 
transported upward i n  the t ranspi ra t ion  
stream. When cuts and d r i l l .  noles are 
made in the zylem, some of the t raeheids 
are severed, breaking the transpiration 
stream and allowing air to e n t e r  the 
tracheids, When the paraquat s o l u t i o n  
i s  added, the t ime required to re- 
establish the water column may d e l a y  
e f fec t ive  movement in the t r ansp i ra t ion  
stream, M o s t  of the movement of para- 
qua t  is in the transpiration stream and 
therefore i s  upward, 

Brown and Nix ( 1  975) found that 
paraquat applied to the zylem surface of 
slash p i n e  trees moved a t  L/100 the 
velocity of water in t h e  t r a n s p i r a t i ~ w  
stream. They- attribu-ed t h i s  slow move- 
ment to the s t rong  adsorption of t h e  
highPy polar paraquat cation to the 
ceZLulose cell. w a l l s ,  With c o n t i n u e d  
flow of  water the paraquat c a t i o n s  
slowly moved w i t h i n  the transpiration 
stream by r e p e a t e d  adsorption and 
desorption, similar to movement of corn- 
pounds along a chromatographic column, 
Massive t r e a t m e n t  with 45 r n l  of 8 per- 
cent paraquat per tree, applied by 
placing sa tura ted  ce k l u l o s e  f ibe r  pads 
on exposed zylern surface, overloaded the 
adsorption si tes c a u s i n g  large quan- 
tities sf paraquat to move rapidly to 
the crown, All the trees w e r e  kiLEed 
w i t h i n  30 days ,  With normal  rates ( 4  ml 
of 8 pe rcen t ) ,  paraquat moved 12 in, per 
day v e x t i c a l l y  and 0,2 in, per day 
r a d i a l l y ,  Davis and Garrodus f 1978) 

suggested t h a t  some of the paraquat 
~overnent  in Monterey p ine  (P inus  
r a d i a t a  D, Don) is associated with the 
trailing edge of water in the t u a n s p i r a -  



t i s n  stream as water coPornns are  broke^ 
when r a y  ce l l s ,  tqhose energy  is 
necessary for t h e i r  i n t e g r i t y ,  are 
des t royed ,  

In 2-year-old Zob10ll.y p i n e  
s e e d l i n g s ,  Schwarz and others ( 1  977) 
found t h a t  nos t  o f  the paraquat moves 
o n l y  a short d i s t a n c e ,  Even after 30 
days ,  most of the paraquat applied to 
m i n i a t u r e  bark streaks was from 0-4 in, 
below to 1 ,% in, above L I e  area sf 
application, T a w  c o n c e n t r a t i o n s  o f  

paraquat moved to the need les  and caused 
t o x i c  effects in them, 

It i s  f o r t u i t o u s  t h a t  paraquat i s  
t ranslocated prlrnari ly by the t ranspi ra-  
t i o n  stream, at a slow rate t h a t e v e n -  
t u a l L y  becomes n e g l i g i b l e ;  paraquat ion 
ccncen t r a t i ons  decrease geometriealky 
above the application s i t e ,  If para- 
q u a t ,  P i k e  many herbicides, moved 
r ap id ly  to the crown and downward in the 
phloem to the roots,  very L i t t l e  res ino-  
sis c o u l d  occur before the tree was 
killed or badly i n j u r e d ,  Consequen~ly, 
lightwood format ion and enhancement are 
possible o n l y  because sf the t ransloca-  
t i o n  charac tens tics of paraquat,  

I n d i r e c t  evidence seems to indi- 
cate, however, t h a t  the rate and q m n -  
t i t y  o f  paraquat ~ r a n s l o c a t i o n  vary 
g r e a t l y  even in g e n e t i c a l l y  i d e n t i c a l  
m a t e r i a l  (Wolter and Z i n k e l  19761, 
V i s u a l  observat ions confirmed by anal  y-- 
sis of wood samples s h s w  very  high t r e e -  
to-tree v a r i a t i o n  in o leo res in  
enhancement as cine progresses up +he 
bole,  Increased o leores in  accumulat ion  
extends on ly  4 to 6 ft above the wound 
s i t e  in some trees; others have oleo- 
r e s i n  even b u r s t i n g  through the  ark at 
h e i g h t s  of 30 f t  or more, S u c h  trees 
o f t e n  can be found side by side and  are 
coinparable in s i z e ,  vigor ,  crown class,  
age, and paraqciat t r e a t m e n t ,  It seems 
v i r t u a l l y  cer"caii--, tha t  t ih is v a r i a t i o n  sn 
resinasis is a f i iaret iof i  o f  v a r i a t ~ ~ f i  
between trees in paraquat t r ~ m s S s c a t ~ s n ,  
b u t  the causes are obscure. This phe- 
nomenor, is more thctlii: i n t e r e s t i n g ;  i t  i s  
o f  great  pract ical  significance, If all 
trees could be made to accurnu$ate 
oleoresin in q u a n t i t y  equal. to the 
average fo r  the tap 30 percent of trees, 
oleores in  production could be more t h a n  
doubled,  

Action of Paraquat  

T r e a t m e n t  o f  p i n e  trees w i r h  para- 
q u a t  causes heavy resinos~s in the sap- 
wood zylem, Near the wound s i t e ,  
oleoresin c o n t e n t  o f  t h i s  np~eod may be 
greater rhan 40 percenz of  the water- 
free weight of wood campared w i t h  the 
u s u a l  c c n t e n t  of apprsxirnacely 2 percen 
( R e b e r ~ s  and stners 3973), Reshnosl~ 
develops sn 6 character~st~c p a r t e r n  
following r a d i a l  l i n e s  from the outer  
edges of  i-he surface apglication to the 
p i t h ,  If heartwood or i n c i p i e n t  heart-  
wood has developed arotlna t he  p l t h ,  ~t 
interrupts this pt-cca,rne N e w  r e s % n  
deposits do not form in the heartwood 2 
the  t r a n s ~ e l c n  zone sarr  ounding i t  , 
Resinosis i s  most ictense at rxle l eve l  
o f  application and c i r n i n i s h e s  upwar6 ant 
downward f r o m  t h i s  l eve l  arid from %:he 
surface toward tne zylern center, 
Resinosis usual ly  extends upward 10 to 
15 times f a r t h e r  than i t  extends down- 
ward from the are5 o f  application, 

Working w i t n  8-year-old s lash p i n e  
trees, birchem and B r o w n  1 1 979 1 reporee 
t h a t  oleores~n moves froin parenchyma an 
e p i t n e l i a k  c e l l s  eenerituya~ly t f i r ~ t ~ g h  

half--bordered p l t s  i n e o  t f ie luanens of 
adgacenr tracheacis, When the t racneizs 
were C i l L e d ,  the seeonaary cell. balls 
a l s o  w e r e  irnpregnaced with o leores in ,  
M i n i u t t i  ( 9  975) a l s o  reported a pazcern 
of oleoresin degosit in t racherds w n i c h  
indicated ~c eneered rrwa r a y  par enchyai~ 
c e l l s  th rsagh  halt-sorderec p i t s ,  On 

che f r i nges  o f  areas w i t h  res~ncsis, tn. 
summerwood tracheids were u s l ~ a l l y  f l l h c  

w i t h  i->leoresln, b u t  la?, the same area tnt 
lumens of t he  sprs~gwood eraeneias 
appeared to be free af  o lee res in ,  

In adds t ior ;  es reslnusss, yaraqadt 
t r e a t m e n t  causes many change; En cne 
living parenchyma ce l l s  of t n e  zylerrr 
i f i cLad ing :  ( 1 1 increased membrane ;fir=- 
m e a b ~ l i t y ,  ( 2 )  drsr t lp t ion  of c e l l u l a r  
srganlzati~n, and (3) e v e n t u a l l y  
ties t r u c r a o n  o f  c e l l u l a r  nenbraces &nd 
organel les  i n c l u d i n g  m e  nac leus  
(Bi rchen  and Brown 1979; Brown 1975 1 , 

In 5-year-old s lash  p i n e  trees,  
Brown and o the r s  ( 19761 fscnd t h a t  
starch dlsappeared f rsm cel l s  near the 
point sf entrance of paraquat into the 
stem, T h n s  phenonensn was accompanied 



by increased s y n t h e s i s  of oleares in  and 
f ree  f a t t y  ac ids ,  Stored Esed reserves 
were mobilized, followed by a gradua l  
iysis of the cytoplasm and enclose5 
organelles, They reported t h a t  the car- 
bon f r o m  the mobilized food reserves was 
shun ted  into the terpenoid s y r i t l ~ e t i c  
pathway before the death sf the ce l l s ,  
t h u s  concsibuting to the rapid produc- 
t i o n  of  oleores in  and its release into 
the t racheids,  

$q c e l l  s u s p e n s i o n  c u l t u r e s  , simi- 
l a r  des t ruc t i on  sf mezbranes and 
dis~rgdnization of a e  cytoplasm and 
organelles takes  place, b u t  nc o leo res in  
is produced (Birchem and Brown 1979; 
B r o w n  19751, Cell d i v i s i o n  stopped 
quickly in suspension c u l t u r e s  placed in 
1 par t  per m i l l i o n  paraquat and respira- 
t i o n  increased i n i t i a l l y ,  t h e n  dropped, 

F i n n e r t y  and others (19763 found 
that so luble  carbohydrates decreased and 
amino acids,  keta acids,  r e s i n  ac ids ,  
and thiobarbiturie a c i d - r e a c t i n g  
substances increased in 5-yedr-old s l a sh  
p ines  treated w i t h  18 ml o f  0,02 percent 
paraquat ,  Schwarz and others  ( i 977) 
observed decreases in starch,  t a n n i n s ,  
and %ipi  ds accompanying heavy accumula- 
t i o n  o f  oleores in  in paraquzt-affected 
areas of LobZoLhy pine seeci l ings ,  

Ryan and Schwzrz (1979)  and Wolter 
and ZinkeE ( 19763 reported decreased 
photosynthesis in seed l ings  a f t e r  para- 
q u a t  t r e a t m e n t  and i n d i c a t e d  that t i e  
inmediate carbon source fo r  o leores in  
synchesls m u s t  come from p r e v i o u s l y  
fixed cdvb03  and not c u r r e n t  photo- 
s y n t h a t e ,  B e f o E i a t i o n  experiments by 
B r o w n  and cthers ( 4 979) s h c w  t h d t  some 
b u t  n o t  a l l  oleoresin in paraquat- 
t rea ted  trees i s  produced frcm c u r r e n t  
photosynthate s i n c e  d e f o l i a t i s ~  reduced 
o leores in  ~ r o d u c t i o n ,  tiy making saw 
cuts a b o = ~ e  and below the paraquat- 
-create4 area, they a l so  showed that 
sleeresin precursors are n o r n a l l y  
trans2crted i q  the  tree stem* Saw C ~ J ~ S  

[ I Q  i n , )  above and k l s w  siqnificantly 
reduced r e s i n  soak ing  In -he treated 
area,  

The herblei d a l  effect of p a r a q ~ a t  
at the cel2ul i ; r  Level invo%ves the 
rcdi lc t ion sf t h e  paraquat ca t i on  to a 
s tab le  bu t  very  a c t i v e  free radical, 
w h i c h  rezcts w i t h  cxygen LO farm hydro- 
qen peroxide or hyciroxyi radicals  w i z h  

the paraquat free radicals being oxi-  
d ~ z e d  back to paraquat car ions ,  The 
~ a s a q u a t  i s  not destreyed i n  the process 
h u t  acts essen t i aLLy  as a c a t a l y s t  fo r  
the f o r n a t l o n  of hydrogen i*raxide or 
hydroxyl radicals by repeated recyclinc 
ef the process (Ca lde rbank  i 968), 
Schwzrz and Ryan [ 19801 i nd i ca t ed  t h a t  a 
superoxide, which is ve ry  ac t ive  in c e l l  
d e s t r u c t i o n ,  m a y  be fsrfned d i r e c t l y  or 
throagh production of  hytirogen peroxide,  
The hydrogen peroxide, hydsoxyl radi-  
ca l s ,  or superoxides can p e r o x i d ~ z e  
l ~ p i d s  in the nenbranes of c e l l  and 
ee I k u l a r  organel les  to produce lower 
molecular weight  products,  cause t h e  
characteristic changes in membrane per- 
meability and i n t e g r i t y ,  and f i n a l l y  the 
complete disruption of cel l s ,  

In green p lants  the reduc t ion  
potential for reduc ing  paraquat comes 
from ferrodoxins in phatosystem I o f  
photosynthesis (Calderbank 1968), In 
nonphotosynthetic t i s s u e ,  such as paren- 
chyma ce l l s  of zylem in pine  tree stems, 
the r e d u c t i o n  p o t e n t i a l  probably comes 
fram the electron t ranspor t  sys t em of 
nntcchsndriaP respi ra t ion  as suggested 
by Harris and Dodge (1972) for dark- 
qerrninated f Lax seed, 

En lightwood fo rmat ion ,  paraquat 
apparently acts  as a c a t a l y s t  to form 
oxidizing conpounds -cat disrupt the 
cell-illar s t r u c t u r e  of the % l v i n g  zy2e;n 
parenchyma ce l l s ,  This ac t ion  releases 
sugars ,  f a t t y  acids, and anino ac ids 
tk-ae acz as precursors f ~ r  product ion of 
o leo res in  c o n s t i t u e n t s ,  Enzymes, which 
con t ro l  synthesis o f  trse aleoresin 
c o n s t i t i i e n t s ,  are apparently released In 
the sane process or t h e i r  p r a d u c t i ~ n  i s  
s c i n u l a t e d  by a u x i n s  produced ~n 
response to wounding hti paraquat ,  
8-i f i t hy lene  , whose produe t x o n  i s  norrca1I.y 
scirfiulateci by wo~~ndiiag p l an t s ,  .say FA 
~f ivo lved  in stiirnrllatlkng enzyme a c t i v i t y ,  

OBJECTL\=S OF STUDIES 

3 b ~  qenera l  o52ezt ive of the s 3 d -  

i es on Lightwood m5uc$- ian  ~i l r -~rrar ized 
i~ t h i s  paper has 'me? to a s c e r t a i n  t he  

feasibility of pr~duc~nq a.r2 processjng 
~ : ~ e r i i c a l E y  indiaced IrghtwooC on a corn- 
mercial s c a l e ,  Dats were gathered and 
evalrrated for b ~ t %  ~oodlziinds operatnofls 



and p r o c e s s i n g  plants, Specific objec- 
t i v e s  w e r e  (I j m t e r m i n e  cleoresbn y i e l d  
as influenced by t r e a t m e n t  f a c t o r s  and 
processing, ( 2 )  A s s e s s  insect pest 
hazards by treatment and tree species, 
and devise pest con t ro l  measures, ( 3 )  
Estimate wood growth loss due to para- 
q u a t  t r e a t m e n t ,  ( 4 )  Appraise the 
quality of oleores in  from induced l i g h t -  
wood. (51 Uncover and solve t e c h n i c a l  
problems i n  woodland and processing 
plants, (61 &timate c o s t s  i n  dollars, 
and evaluate p r o f i t  p o t e n t i a l ,  ( 7 )  
b t e r m i n e  environmental impact and 
safety, especially i n  r e f e r e n c e  t o  
attaining EPA r e g i s t r a t i o n  of paraquat 
f o r  l ightwoad i n d u c t i o n  p u r p o s e s ,  

To assist in meeting these o b j e c -  
t i v e s  through c o o p e r a t i v e  s t u d i e s  , t o  
r e d u c e  duplication i n  r e s e a r c h  e f f o r t s ,  
and to  d i s s e m i n a t e  r e s u l t s  p rompt ly ,  the 
Lightwood Research C o o r d i n a t i n g  Counci l 
was formed i n  1974 and i s  now part of 
the P u l p  fiemicals A s s o c i a t i o n ,  Its 
original membership i n c l u d e d  p r i v a t e  
industry, u n i v e r s i t i e s ,  State and 
Federal f o r e s t  s e r v i c e s ,  and  o t h e r  
pub l i c  agencies, The majority of  stud- 
ies summarized h e r e i n  were published i n  
t h e  proceedings of this group, 

A WORD ABOUT METHODS 

There has been a m u l t i t u d e  of 
tests with paraquat f o r  e v a l u a t i n g  
lightwood s t i m u l a t i o n - - s e v e r a l  hundred  
s f  lilr%em--but not  a great many w e l l -  
des igned s t u d i e s  tha t  a l so  had p r o v i s i o n  
for adequate sanpl ing ,  There are 
severa l  reasons for  LPJis, the principal 
one being that factional studies in 
paraquat research (and forestry i n  
general) t h a t  have more than a few 
var iables  soon get Logisticalky o u t  of 
hand, Compounding t h i s  for paraquat 
research, it was soon discovered t h a t  
treated. trees w i t h i f i  zi p lo t  var ied a 
great deal in +their liqhtwood-forming 
response, I n  sampling for  oleoresin 
p r o d u c t i o n ,  Stubbs ( 5 978) d e t e r m i n e d  
that about 30 trees i n  e a c h  t r e a t m e n t  
p l o t  had to be sampled to achieve a 35 
percent l e v e l  of c o n f i d e n c e  for t h e  
mean--a conf idence  interval o f  10 per- 
cent, Using another approach  that d i d  

n o t  employ p p u l a t i o n  v a r i a n c e ,  Pombs 
and P r o p s t  C t 979) conc luded  t h a t  5 0 - t r e e  
sampl ing  was required, T h e i r  app roach  
gave  no i n f o r m a t i o n  on t h e  c o n f i d e n c e  
l i m i t s  t o  he e x p e c t e d  h u t  may have been  
s u i t a b l e  f o r  their o b j e c t i v e s ,  Few 
r e s e a r c h e r s  o r  groups had t h e  where- 
w i t h a l ,  f i n a n c i a l  and o t h e r w i s e ,  t o  do 
t h i s  s o r t  of sampl ing  o r  t h e  c o n s e q u e n t  
L a b o r a t o r y  a n a l y s e s  f o r  o l e o r e s i n s ,  
which could amount t o  thousands  of 
d e t e r m i n a t i o n s ,  

T h i s  d i s a g r e e a b l e  r e a l i t y  was  of t e n  
e i t h e r  i g n o r e d  o r  n o t  a c t e d  on because  
t h e  r e s u l t i n g  sampl ing  l o a d  w a s  imprac-  
t i c a b l e ,  as i n  Marton and Marton ( 1976)  . 
Another  approach  w a s  to L i m i t  s ampl ing  
t o  o n l y  t h a t  n e c e s s a r y  t o  d e t e r m i n e  
r e l a t i v e  d i f f e r e n c e s  between t r e a t m e n t s ,  
as i n  sampl ing  o n l y  t h e  b a s a l  5 t o  10 f t  
s f  t r e e s ,  However, t h e  consequence  of  
b o t h  of these approaches  is t h a t  
a c c u r a t e  d a t a  on t o t a l  o l e o r e s i n  y i e l d s  
a r e  quite s c a r c e ,  

Conf idence  Limits of 1 C  p e r c e n t  o r  
more a s s o c i a t e d  w i t h  u s e f u l  o l e o r e s i n  
y i e l d  data may c a u s e  some c o n c e r n ,  
F ~ r t h e r n o r e ,  t l e s e  c o n f i d e n c e  i n t e r v a l s  
o n l y  in fo rm us a b o u t  t h e  p r e c i s i o n .  o f  
t h e  sampl ing ,  n o t  the t r u e  a c c u r a c y  i n  
e s t i m a t i n g  the  a c t u a l  p o p u l a t i o n  a v e r a g e  
(measurements w i t h  a y a r d s t i c k  t h a t  is 
n o t  3 f t  l o n g  can  g i v e  v e r y  s a t i s f a c t o r y  
c o n f i d e n c e  l i m i t s ) ,  All e x p e r i m e n t s  had 
some b i a s  of this kind-- in  t h e  sample  
c o l l e c t i o n  methodology, i n  p r e p a r a t i o n ,  
and i n  the a c t u a l  Labora to ry  a n a l y s e s .  
X o s t  workers  used S h e p a r d ' s  ( 1  9 7 5 )  
method, or m o d i f i c a t i o n s  of it, f o r  
resin acid d e t e r m i n a t i o n s ,  Using ti t ra-  
t i s n ,  the q u a n t i t y  of all f r e e  a c i d s  i n  
the  sample s o l u t i o n  is measured;  m o s t  of 
these are resin acids hut some are n o t ,  
thus the method o v e r e s t i m a t e s  s l i g h t l y  , 
~ u r p e n t i n e  analyses have u s u a l b y  
slightly, mrpentine analyses have 
usually followed t h e  Pulp Chemicals  
Association method as g iven  by Drew and 
o t h e r s  41971) ,  which can p r e s e n t  
problems, especially with s m a l l  s amples  
from wood with a low level. of t u r p e n -  
tine, ?"he m o d i f i c a t i o n  deve loped  by 
Munson ( 19791, used  i n  m n y  of the  
s t u d i e s  conducted by the  authors, o v e r -  
came many of these problems b u t  y i e l d e d  
values 5 p e r c e n t  too high, T h i s  b i a s  



fortunately was consistent and could be 
easily corrected, For practical use in 
forest stands, estimation of oleoresin 
content from a sample of trees is not 
the only source of error, That estimate 
must then  be applied to c ru i se  data and 
volume tables, which also contain error, 
The best of volume tables are o f t e n  off 
by 4 or 5 percent for a particular 
stand, merefore--returning to whether 
10 percent confidence Limits of oleo- 
resin yield are suEf iciently exact-- 
getting more precision through even more 
intensive sampling and supposing one has 
a more accurate and useful estimate is 
largely an if lusion , A l s o ,  es tination 
o n l y  needs to be sufficiently accurate 
to meet the needs of decisionmaking, 
If a rational choice can be made with 
estimates of no better than 10 percent 
accuracy, and additional accuracy would 
cause no change in decision, it is a 
waste of money to invest in estimates 
with 5 percent accuracy, 

As an example of tree sampling, the 
methods used by Stuhbs and Outcalt 
(198%) are typical and may be i n s t r u e -  
t i v e ,  Trees for oleoresin determination 
were randomly chosen, In ~rtually all 
studies, 30 trees were destructively 
sampled for each treatment at each 
sampling date, The diameters of 
selected trees were measllired and t h e n  
trees were felled, Once cut, the total 
height, distance to the l i v e  crown, and 
distance to a 4-in, top (diameter out- 
side hark) were measured, Then 
0,75-in-thick disks were cut at 'I-f t 
intervals for the first 10 ft of bale 
and at 2-ft intervals thereafter to a 
4--in. tr.sp (fig, 11, After the disks 
were debarked in the field, their 
diameters at 0 and 10 ft were measured, 
Disks  1 through 5 were put in a 
polye thy lene  bag, d i s k s  6 through 10 in 
another ,  and the remainder in a t h i r d  
bag, Sample bags were packed in card- 
board boxes and t ransported to a freezer 
f o r  s torage,  

These samples were shipped f r o z e n  
to o u r  Laboratory in Olustee, Fla,, 
for analysis, There the sample disks 
were chnpped, the chips w e r e  mixed, and 
subsamples were drawn, Part of the 
sample was analyzed to determine the 
q u a n t i t y  of r e s i n  acids hy u s i n g  

Shepard k s I 975) procedure, Another 
part of the sample was analyzed for the 
quantity and constituents of turpentine 
by methods developed at the Olustee 
laboratory (Munson 99793, 
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SAMPLE 3 
1 (REMAINDEW OF DISKS 
i TO 4 - i n  TOPI 

I 

SAMPLE 2 
( 5  DISKS) 

SAMPLE I 
( 5  DISKS) 

''WOUND S~TE 

Figure 1 ,--Cutting diagram for collec- 
t i o n  of wood samples used in oleores in  
analysis, 

RESULTS AND DISCUSSION 

Trea tmen t  V a r i a b l e s  

Species of Pine  
AIE sorr"chc3rn p i n e s  have been shown 

to form lightwood after paraquat treat- 
ment (Peters and Roberts 7996), Lob- 
boiPy and s lash  pines have the most 
p o t e n t i a l  for industrial use of l i g h t -  
wood teehnolcgy because they occupy the 



most a r e a  and have t h e  l a r g e s t  s t a n d i n g  
volumes. O f  the two, t h e r e  i s  1 ,a5 times 
more volume i n  L o b l o l l y  p i n e  than i n  
s l a s h  and l o n g l e a f  p i n e s  combined, and 
4,4 t i m e s  as much as i n  l o n g l e a f ,  S l a s h  
p i n e ,  however,  has a g e n e r a l l y  h i g h e r  
normal  o l e o r e s i n  c o n t e n t  t h a n  has 
l o b l o l l y  p ine ,  and shows more r e s p o n s e  t o  
p a r a q u a t  t r e a t m e n t .  Consequen t ly ,  of 
t h e  southern pines, s l a s h  pine has 
r e c e i v e d  t he  most a t t e n t i o n  i n  paraquat 
research, fo l lowed  by EohloLly pine, 
w i t h  l o n g l e a f  p i n e  a d i s t a n t  t h i r d ,  The 
rest s f  t h e  s o u t h e r n  pines have been 
s u b j e c t e d  t o  l i t t l e  more than a n  i n i t i a l  
t e s t  o r  a few e x p l o r a t o r y  s t u d i e s ,  
To o u r  knowledge,  no s t u d i e s  have Seen 
d e s i g n e d  specif i c a l l y  t o  coEpare  
response between s p e c i e s ,  However, when 
s l a s h  and l o h l o l l y  p i n e s  were b o t h  
i n j e c t e d  w i t h  2 p e r c e n t  p a r a q u a t  d u r i n g  
t h e  summer (S tubbs  and OutcaLt  1 9 8 2 ) ,  
t h e  g a i n  i n  o l e o r e s i n  c o n t e n t  a f t e r  1 2  
months was 0.89 i b / f t 3  f o r  s l a s h  pine 
and  0.45 i b / f t 3  f o r  i o h l o l l y  (see 
tables 12 and 141,  T h i s  greater 
response by s l a s h  p i n e  has been g e n e r a l  
t h r o u g h o u t  t h e  Sou th ,  The t w o  s p e c i e s  
a l s o  d i f f e r  in t h e  e f f e c t  of paraquat 
t r e a t m e n t  on t u r p e n t i n e  c o n s t i t u e n t s ,  

For p a r a q u a t  t r e a t m e n t ,  the s lash  
p i n e  belt and t h e  more n o r t h e r l y  zone,  
where lobLsLLy g e n e r a l l y  domina te s ,  form 
two quite d i s t i n c t  e n t i t i e s .  For p r a c -  
t i c a l  p u r p o s e s ,  l o n g l e a f  p i n e  can  he 
c o n s i d e r e d  with s lash  pine, These two 
r e g i o n s  d i f f e r  sin o l e o r e s i n  enhancement 
y i e l d s ,  p r o b a b l y  i n  e f f e c t s  o f  s e a s o n  of 
t r e a t m e n t ,  and  t h e y  a s s u r e d l y  d i f f e r  i n  
t h e  degree of ba rk  b e e t l e  h a z a r d  asso- 
c i a t e d  with p r a q u a t  t r e a t m e n t ,  I n  the 
f u t u r e  when more research r e s u l t s  a r e  
ava i l ab le ,  it might be well t o  prepare 
s e p a r a t e  i n f o r m a t i o n  summaries for t h e s e  
t w o  major  species and general regions,  

Age of  treated p ines  
Pulpwood-size pines are the obvious 

choice for paraquat treatment, whether  
"ce wood is to go t o  pulpmills a t  the 
end of a normal ptalpwosd rotation, or to  
wood naval s t o r e s  extraction plants, 
Trees of sawt imber  s i z e  can  he n o r e  
p r o f i t a b l y  utilized fo r  lumber and 
v e n e e r ,  The age of pulpwood-size pines 
w i l l  range from 15 to 30 years o r  so, 
depending upon t31e s i t e  q u a l i t y ,  

s t o c k i n g  o f  khe s t a n d ,  and o t h e r  f a c -  
t o r s ,  

I n f o r m a t i o n  is Limi ted  c o n c e r n i n g  
t h e  e f f e c t  of tree age on r e s p o n s e  t o  
paraquat t r e a t m e n t ,  In p r e l i m i n a r y  
tests with LobLoLLy p i n e ,  Stubbs and  
O u t c a l t  ("1982) show that t r e e s  as young 
as  9 years old will. form Eigh%wood when 
t r e a t e d  w i t h  paraquat Mortal i ty ,  
however, can  result frorn praquat 
reaching t h e  crowns of pines 9 to 1 2  
years old, Death caused  d i r e c t l y  by 
paraquat is  p r i m a r i l y  a f u n c t i o n  of  t r e e  
height; t h e r e f o r e ,  p i n e s  s h o u l d  be at 
least 30 'ft t a l l  b e f o r e  p a r a q u a t  i s  
a p p l i e d .  Because t r e e s  o l d e r  t han  1 2  
y e a r s  g e n e r a l l y  exceed 30 ft i n  h e i g h t ,  
m o r t d l i t y  caused  by p a r a q u a t  t o x i c i t y  is  
not a problem,  

Al"ctlough i t  is  n o t  e c o n o m i c a l l y  
sound t o  t r e a t  o l d e r  trees of sawt imber  
s i z e ,  it h a s  been h y p o t h e s i z e d  that  s u c h  
"crees a r e  b e t t e r  a b l e  t o  w i t h s t a n d  the 
stress caused by p a r a q u a t  a p g l i c a t i o n ,  
The reasoning is  based on c i r c u m f e r e n c e  
b e i n g  d i r e c t l y  p r o p o r t i o n a l  t o  d i a m e t e r ,  
while basal area ( c r o s s  s e c t i o n )  and  
hoke volume are p r o p o r t i o n a l  t~ d i a m e t e r  
squared, In comparing 1 /3 -c i r cumfe rence  
t r e a t m e n t s  an  a l a r g e  pine and on a 
s m a l l  p i n e ,  the l a r g e r  t r e e  has a 
g r e a t e r  volume of wood f o r  t r a n s p i r a t i o n  
stream f low &per u n i t  l e n g t h  of wound and 
paraquat a b s o r p t i o n  s i  t e e  T h i s  assists 
t h e  Larqer  t r e e  d i r e c t l y  and a l s o  l e a d s  
to g r e a t e r  d i l u t i o n  of  t h e  p a r a q u a t ,  I n  
ac tua l  p r a c t i c e  the above does  n o t  seem 
t o  be very i m p o r t a n t ,  a l t h o u g h  m o r t a l i t y  
from i n s e c t s  a t t r a c t e d  to  p a r a q u a t -  
t r e a t e d  t r e e s  is i n v e r s e l y  c o r r e l a t e d  
with d i a m e t e r  ( E r i c k s e n  1978; O u t c a l t  
and  S tubbs  1979)  , Paraquat t r e a t m e n t s  
severe enough to cause problems, as e v i -  
denced by heavy i n s e c t  a t t a c k  and sub- 
sequent tree m o r t a l i t y ,  are rnore than 
sufficient t o  overi .de any advantage of 
larger  tree size and g e n e r a l l y  greater 
age, 

Methods of  % p l y i n g  P a r a q u a t  
The chemical must r e a c h  l i v e  tissue 

w i t h i n  t he  t r e e  t o  induce  Lightwood 
f o r m a t i o n ;  t h e r e f o r e ,  trees must he 
wounded i n  some -mnner  i n  o r d e r  t o  a p p l y  
the chemical, 9f t h e  many rdounding 
methods t e s t e d ,  one of t h e  o l d e s t  and 





modified f r ~ m  tools  and methods designed 
f o r  applying herbic~de to unwanted 
trees.  One o f  these tools is the  
punch-~awmer' jCra;t-'r:field 19776a; P%xr"lc;r? 
1975), w h f  ch wcunds and meters chemical 
a-he saae t i m e ,  According to 
Crutchfield ( i97Qbj ,  -ki'r~s used t h i s  too l  
on LsbloSLy p i n e ,  w ~ u n d s  around the tree 
sk~ul6 not be spaced closer than  6 in, 
A second tool  is the Hypo-Hatchet (Joyce 
: 978), which a2s3 wounds dnd applies in 
rke same s t roke ,  For paraquat treatment 
of large numbers of trees, n e i t h e r  92 
these tools  is very sc i tab le*  They lack 
the paragoat s o l u t i o n  s torage capac i ty  
sf tree i n j e c t o r s  and are no easier to 
use lr 

9310 devices : a c t  relzted to h e r -  
bicide use that have been rnodi5ked fo r  
use in paraquat treatments are the 
Med-E-Jet  and grease cpn ,  The farmer i s  
used in the medscal profession t~ i n j e c t  
precise dosages of innoculum Lhrough the 
skin by u s i n g  compressed carbon i i a x i 4 e  
as a gropellant, Equipped xitn a 
needle ,  of which several  desigms have 
been rested, the Ved-2-Jet is used  i n  
paragust agplicati9n b:~ f i r s t  f o r ~ i n g  
the needle throcgh the bark, and ther, 
 sing the compressed c a r h ~ n  c i ~ o x i 4 e  
feetare dnd m e t e r i n g  rfiechan~sn tc intro- 
duce set quantities of  paraquat solution 
i n t o  the tree, by crearing a czivi ty 
b e t w e 2 m  Lkhe ins ,e r  bark and zy ien ,  nried- 
E - J e t s  so modif fe3 have been rested by 
Bailey !1976), Csn ley  and Bailey (1973), 
C r a t c h f i e l d  (1976a), and Roberts 
( 1  979b) ; a l s ~  by Drew 1 1  936), D r e w  and 
Jsyce (%975), and Joyce and o thers  
(1977) Ln reports p e r t a i n i n g  to a single 
s t u d y ,  The device i s  f r ag i l e ,  ill- 
s u i t e d  to large-scale trcztrnent, and has 
produced h i g h l y  varidble results in 
aPeearesiri enhi.,nceiraent, Fxeapt as a 
basis EGT ideas in mechan iza t ion ,  it caq 
be dismissed from farther c o n s i d e r a t i o n ,  
Soberts ( 1  378a) utllised the ?Lgk- 
pressure capaSI P i t y  inhe re?=  in gredsc- 
gun d e s i g n  and meidi f led one for u s e  i n  
paraqua% sq jec t lon ,  It w i l l  f u n c t i o n  as 

' ~ h r o u ~ h o d t  t h i s  p a u e r ,  trsde names a r e  

provided solely *C I d e n ~ I . 4 . y  chemlcais 
a n d  e q u i p m e n - % -  u s e o ,  S d c b  m e r i P l s n  does 
n s " r c s n s $ l  + u t e  enderssarie~'i- b y  3-48 

O e p z r t m e n +  of  A g r i c u l ~ u r e ,  

well- as the f4ed-E--Jet ,  i s  easier  to 
operate and   RUG^ cheapers In a t e s t  by 
Roberts ( 1  979bj i t  did n o t  a2pear to do 
ss well in o leo re s in  enhance~nent  as d id  
a tree i n j e c t o r ,  With further -3:evelnp- 
p e n t  h e  "co; might have some pro~nise 
for small-scale operat ions,  

tJswadays the most popular tools  fo 
deadening trees in t imber seand lmprove 
inent are tree injeeeors,  Two o f  Llese, 
tke Zlx-Gen and Cran-Jec tu r ,  have been 
used exteel-asivel;~ in paraquat s t t~dies ,  
including those on s l a sh  p i n e  by CsnLey 
and Q a i l e y  1 7  9771, Roberts { ?949a, 
:9"99b), and Sbtlbhs (19783; ~ r b  %obl_sLly 
gine by Stubbs and (3fritcial"rr. (198%) and 
Waite (?977, 1978); a n d  on both s lash  
and Lobls lLy plnes  by B a i l e y  ( 1976) , 
T r e e  in jectors  have prove3 to be ex- 
t r emely  u s e f u l  t oo l s  fo r  paraquat t rea t -  
ments, much the n ~ s t  satisfactory o f  a13 
i n j e c t i o L  de-~ices , T r e e  injectors and 
power-chipped hark  scseaks are present11 
the l eas t  expensive  meehsds, and tree 
injection is somewhat less expensive 
t h a ~  is chipping (Stuhbs  2978, Swhbs  
and O u t e d l t  1982) , 9 r e w  and Joyce 
(I 3391 came to the same eoae2asion, and 
gave a gxoddct~or; rate r,f 2 acres of  
penes  treated per perscln-day, in the 
class of timber they were d e a l i n g  weth, 
t h i s  amounted s-o s o ~ n e t h i ~ g  over 4O cords 
treated per person-day,  A s k i l l e d ,  
energet ic ,  and s t r ong  person can main- 
t a i n  t h i s  rate in cooler weather if no 
grohlems are  e n c o u n t e r e d ,  Witn o r d ~ r i a r y  
Libarers, breakdowns, a n d  r a i n s  torrns , 
working a l l  seasons day after d a y ,  
Stubhs and Cfiltenlt  (1982) rea l i ze3  a 
produet i sc  rate GE about 26 cords per 
persofi-day (8-hour day), With care f  (11 
se lec t ion  of pers~nnel, zhsrouqh t r a i n -  
in?, and close supervision, a s ~ l s t a i n e d  
productioq o f  about 35 cords per p e r s o n -  
day c a u i d  be achieved, 

Use of tree inqeet2rs  n a s  the a2ded 
a t t r a c t i o ~  t h a t ,  given i"~omi~b~i_Iy  eqi l ivh-  
l e n t  wom.tiirng and paraquat dosage, 
g i e o r e s i n  enhancement  is super ior  ~o the 
bark-strredk method, C ! e  nast  sdtisfac- 
tory a l t e r n d t n v e  (see 3lesresin V i e L C i s  
s ec t ion  below 1 , Zawever, i n g  ected t rees  
are mure prai-ae to ~rlorcaliey fr~"ii bark 
beetle a t t ack  that are trees glvzn bark 

s t reaks  (see the Insect A t t a c k  section 
nelow) , Spacing of l n j  ecror b*~ouniis 
a r o x d  the 5ase of tree is i n p o r -  



t an t ,  especia l ly  in r e l a t i o n  to beetle 
a t t a c k ,  In jec tor  blades 1-1 /2- in ,  w i d e  
are most corqrnsnly used, a l though  s t h e r  
wid ths  a r e  available, W i t h  a 4 - I /%- - in ,  
blaBde, spacing on 3-in, centers around 
the tree gives nominal  t r e a t m e n t  t~ 50 
percent of the circumference, Bit para- 
quat has some l a t e r a l  movep.~ent from the 
i * ~ u n d ,  y p  about ofie-quarter of  a n  inch on 

each s ide,  n u s ,  t h i s  spacin~ treats 

rough ly  tdo- tb i rqs  of ~ h e  tree cirzrrrn- 
ferenc~--whleh is too nuch, Trees w i t h  
such severe wounding can be expected to 
be overuheined by bark beetles, regard- 
less sf p a r a q u a t  coneentracion or i n s e c -  
t i c i d e  spray, Wound spacinq w i t h  zi 
1 -1/2-Ffi ,  blade should  n o t  be less than 
5 in, on eerLters, which qkves a nominal  
t r e a t m e n t  o f  30 percent ef the tree's 
circumference , Spacing fo r  other blade 
w i d t h s  s h s ~ i l d  be in proportion, 

In c o n c l u s i o n ,  o n l y  t w o  wounding 
~ e t h o d s  are given general recommen- 
dation: [ I )  a single bark streak at 
s t u m p  h e i g h t ,  1 in, wide and e x t e n d i n g  
one-tPiird o f  the w a y  a round  the tree 
circumference, and (2) use sf a tree 
in-jector  a r ~ u n d  t he  tree base,  w i t h  
spacing in proport lsn tc blade w i c 2 t h  as 
g- *en above, For "bark streaksl para- 
q t s s l ? ~ t l s n  is applied in a second 
~ p e r a t l o n ,  g e n e r a l l y  by s p r a y i n g  the 
sarf ace of  the wound u n t i  l ranoff, The 
tree i n j e c t o r  wounds and meters paraquat 
S G % U ~ S _ O P Z  ~ n t o  the rppota~d in one opera- 
t i o n ,  W i t h  slash p ine ,  p a r a q u a t  solu- 
t i o n  ccncer t ra t ion  (percent cs t i o n  by 
weigh t  in water) should n o t  exceed 4 
psaxcene w i t h  the bark-streak method, and 
ths t  c o n c e n t r a t i o n  is r i s k y ,  The bark 
beetle problem being w h a t  it is w i t h  
p a r ~ q u d t - t r e a t e d  s l a s h  pine, one must he 
circsmsyeet in tcminq the tree i n j e c t o r  
wizh ?hi9 ssecies, and 12 no case shou ld  
tha pax-aq"r;a&) ~ o % ~ t F o r l  conce~ t r a t i cbn  
e x c ~ ~ d  2 p?rcent ,  N ~ r t h  sf centrz l  
S$crqia, t h e  tree i.%jecter on s l a s h  p i n e  
has seer. sattsfactory p r c v ~ d e d  t r e a t v e n t  
3 u r d t e o ~  d l 4  po t  exceed a year or so, 
171 the V a l ?  slash pire bel t ,  the hark- 
s t r e a k  method i s  preferred, For 
l o b l o l l v  pifie, pa raqua t  c o n c e n t r a t i o n  
with t h e  hark-s t reak method s h o u l d  not 
exceed 5 percent ,  and 2 percent i s  
recomn"leplde4 with tihe tree i n j e c t o r ,  
P a r a q u a t  concentratkons w i  %l be 
d i s c w s e d  ~n d e t a i l  i n  a Later section, 

Multiple wounding 
In attempts to g a i n  more oleoresin 

enhancement, addi t i o n a l  wounds have been 
superimposed on trees at i n i t i a l  t rea t -  
m e n t  t i n e ,  sr added sequentially l a t e r ,  
In a southwide cooperative study span- 
scred by the Lightwood Research Coordi- 
n a t i n g  C o u n c i l ,  both s l a s h  and loblally 
pines w e r e  g iven  t i o  t r e a t m e n t s ,  one o f  
which cons is ted  o f  a 1/3-circumference 
bark streak at s t u m p  he igh t  and another 
one superimposed 3 f t h i g h e r ,  bath 
sprayed w i t h  4 percent  paraquat solu- 
t i o n ,  The r e s u l t  was unacceptable rior- 
t a l i t y  from bark beetle attack, 
g e n e r a l l y  25 -percent or mare, as 
reported for s l a s h  p i n e  Sy Barker  and 
Schnid (1976) and Beers 11 975) ; for 
Iohlo%ly pine hy E r i c k s e n  ( 1  978) and 
Marton 6 1975) ; and for both s lash  and 
lobE01l-y pines by Gill. ( 1  9781, Nix 
( 1  979) t reated both ZohlolLy and s lash 
p ines  wi"l; hdo 7 /2--circumference bark- 
streak wounds, and reported no advantage 
in o leo res in  yield over one hark streak, 
Using  1 /4-circurnf erence bark s t reaks ,  
Enos and others  (1978) put one on one 
side of  the tree, another  on the oppo- 
s i t e  side, and t h e n  two more above Kqese 
b u t  f m n d  l i t t l e  g a i n  in oleoresin from 
these four 114-circunference hark 
streaks as compared w i t h  t w o  of them, 
Theref ore,  m u l t i p l e  wounding can be 
summed up as usually hazardous and 
r e s u l t i n g  in l i t t l e  if any a d d i t i o n a l  
~ l e s r e s i n ,  certainly not enough to pay 
the cost  of t h i s  a d d i t i o n a l  t reatment ,  

Mechanization 
The apprsrtuni  t i e s  for  profitable 

mechanizat ion  of paraquat t r e a t m e n t  
appear to he excellent, The powered 
chipper (Clements  and McReynoLds 1977) 
f o r  p r ~ d u c i n g  hark streaks has a l r eady  
been discussed, Ssne deveS_apmen.t: was 
Zar-be on a cutt i --rg head f o r  bark streaks 
nounted an a f a r3  tractor (Schillings 
a ~ 6  Sac13ers 7 9751, b u t  t h i s  work xas not  
pursued  to a satisfactory conclusion, 
Yercuhes ,  In@, , has t w ~  machines t h a t  
employ a small f ron t -end  loader (Melroe 
Bobcat 7 2 2 )  modified w i t h  tracks for 
a l l - t e r r a i n  use, For bark streaks,  a 
c ~ ~ s t o m  c u t t i n g  head i s  attached which 
a l sa  sprays paraquat s o l u t i o n  to the 
newly  cut wound, For stump t r e a t m e n t  in 





and f o u n d  the 2 percent more effective 
in increasing oleoresin, and it suffered 1 

Less n s r t a l i  ty, Roberts (unpublished 
data) applied 0 , 5 ,  2,0, $ , O r  Q , O ,  and 
8,0 percent paraquat to Lobloily p i n e  
w i t h  a tree i n j e c t o r  Q7--1/4--in, blade, 
4 - i n ,  centers)  and on s i n q l e ,  1/3- 
circumference bark  streaks, Combining 
resul ts  from both wounding methods, 
oleoresin y i e l d  data a f t e r  4 2 months 
showed a &positive trend with increasing 
paraquat soLutisn concentration, me 8 
gercent paraquat showed a 56 percent 
gain in yield over 0,s percent paraquat, 
a 39 perceiat g a i n  over 2 percent para- 
quat, 14 percent over 4 percent para- 
quat, and 9 percent over 6 percent 
paraquat, Tree losses to bark beetles 
were I s w  at 1 or 2 percent in all the 
bark-s treak treatments, and comparably 
low w i t h  tihe tree injector except for 
the 8 percent praquat treatment, 
Stubbs and OutcaLt ( 1 9 8 2 3  also used the 
1/3-circumference bark streak and a tree 
injector ( 1-1 12- in ,  blade and 5-in, 
centers 1 to compare 2 and 5 -percent 
paraquat solutions on LobLolky pine, 
Treatments were replicated in spring, 
summer, and fall, Overall, b t h  con- 
centrations .wrformed equally well in 
l i ~ k r t w s o d  induction f see t ab le  1 0 j ; 
although 5 percent paraquat showed a 
s l i g h t  increase in oleoresin yield over 
2 percent paraquat, the overall dif- 
ference for all seasons combined was not 
s t a t i s t i c a l l y  significant, However, in 
some summer treatments the 5 percent 
solution was superior, Bark-beetle- 
caused mortality was below 10 percent in 
all treatments except for spring appli- 
cation of 5 percent praquat with a tree 
injector, and no insecticide spray pro- 
t e c t i o n  (see  table 91, 

The preceding s t u d i e s  w i t h  Lobloll y 
pine, except for Nix ( 1  9771, w e r e  con- 
duc ted  in the Upper Coastal P l a i n  of 
S o u t h  C a r o l i n a ,  In this region l a b l o l l y  
p i n e  can be paraquat treated w i t h  no 
protective insec t i c ide  spray whatever ,  
and we expect the same would hold true 
from about  LJe middle of Georgia north- 
ward, Xhen treating without an i n s e e -  
ti.ci.de spray, paraquat concentration 
should not exceed 5 percent on s i n g l e ,  
I /3-circumference bark streaks and 2 
percent using tree injectors ( 1-1 1 2 - i n ,  

blade and 5-in, centersf, If a prstec- 
tive insecticide spray is applied at 
time of paraquat treatment, higher con- 
centrations can ks used b u t  the addi- 
tional oleoresin gained, if any, will 
have a va lue  very much less than the 
cost o f  the insecticide spray, 

In treating lohlolly pine from 
central Georgia southward, spray with 
insecticide and l i m i t  paraquat con- 
centrations to 5 percent on single, 
7 /3-circumference hark streaks and 2 
percent for tree injector, 

U s e  o f  E t h r e l  
Efforts have been made to increase 

lightwood induction by nixing paraquat 
with other chemicals, In early tests, 
Ethrel (2-chloroetbyl phosphonic acid) 
showed the most promise, Working with 
slash pine, Peters and Roberts (7977)  
added a 5 prcent Ethrel solution to 
paraquat sobutions of 0 , 5 ,  1,0, and 2,0 
percent, The addition of Fthrel to 
paraquat increased oleoresin enhancement 
in what appeared to be a synergistic 
manner; i ,e,, the combination was more 
than additive, Welter (1977) also 
reported that Ethrel alone would produce 
some Ligbtering in red pine ( P ,  r s i -  
nma Wit 1 Continuing research on 
slash pine, Peters and others ( 1  978) 
tested a 5 percent Ethrel solution with 
0 , s  percent and 2 percent paraquat, plus 
other  treatments, Again the EthreL 
appeared to interact with praquat, and 
in the best treatment in terms of 
oleoresin yield (2 percent paraquat plus 
5 percent Ethrel), the admixture of 
Ethrel accounted for a 30 percent 
increase in oleoresin accumulation, A 
third experiment with slash pine gave 
quite different results, Peters and 
others (1979) compared mixtures of 5, 
10, and 15 percent E t h r e l  with 2 prcent 
paraquat and found no significant 
increase in oleores in  y i e l d  attributable 
to E t h r e L ,  

From the foregoing, we must con- 
c l u d e  tha t  the ease for Ethrel-paraquat  
synergism with s lash  p i n e  is not proven, 
but the addition of Ethrel will usually 
increase oleoresin production, More 
information is needed before treatments 
involving E t h r e L  can he recommended for 



s lash pine; 1 n  a l l  t h e  above-mentioned 
r e s e a r c h  w i t h  t h i s  s p e c i e s  the wounding 
t r e a t m e n t  i n v o l v e d  combina t ions  of d r i  L l  
h o l e s ,  o f t e n  s e q u e n t i a l  o v e r  t i m e ,  Such 
t r e a t m e n t s  would n o t  he economica l ,  

W i t h  l o h l o l l y  p i n e ,  S tubbs  and 
O u t c a l t  ( 1 9 8 2 )  t e s t e d  10 p e r c e n t  EtbreZ 
s o l u t i o n  added t o  2 and 5 percent para- 
q u a t  s o l u t i o n s ,  Chemicals  w e r e  applied 
t o  113-circumf e r e n c e  ba rk  s t r e a k s  sr 
i n j e c t e d  i n t o  trees, The i n j e c t o r  had a 
1-112-in, h l a d e  and wounds were spaced  5 
i n ,  apart on c e n t e r s ,  Matching treat- 
ments w i t h o u t  E t h r e l  were a l s o  a p p l i e d ,  
E t h r e l  i n c r e a s e d  o l e o r e s i n  p r o d u c t i o n ,  
w i t h  t h e  g r e a t e s t  i n e r e a g e  o c c u r r i n g  i n  
summer-applied treatments (see t a b l e  
10 )  , EthreL improved y i e l d s  by i n c r e a s -  
i n g  the l e v e l  of o l e o r e s i n  accumula t ion  
o v e r  a g r e a t e r  p o r t i o n  of  t h e  t r e e ,  
e s p e c i a l l y  t h e  second  5 f t  of  t h e  b o l e ,  
When the t r e e  i n j e c t o r  w a s  u sed ,  E t h r e l  
w a s  b e n e f i c i a l  i n  cornbinat ion w i t h  2 
p e r c e n t  p a r a q u a t  h u t  n o t  w i t h  5 p e r c e n t ,  
With tho bark  s t r e a k  the r e s u l t s  were 
r e v e r s e d ,  b e i n g  g e n e r a l l y  b e t t e r  with 5 
p e r c e n t  p a r a q u a t  ( s e e  t a b l e  131, 

For Z o b i s l l y  p i n e ,  g i v e n  one 
1 /3-ci rcumf e r e n c e  b a r k  s t r e a k ,  we 
recommend t h e  a d d i t i o n  sf 10  p e r c e n t  
E t h r e l  s o l u t i o n  t o  5 p e r c e n t  p r a q u a t  
s o l u t i o n ,  A 5 p e r c e n t  p a r a q u a t  con- 
c e n t r a t i o n  i s  t o o  h i g h  f o r  u se  w i t h  t h e  
t r e e  i n j e c t o r  u n l e s s  an i n s e c t i c i d e  
s p r a y  is  g iven ;  e v e n  i f  EthreL i s  added,  
t h i s  o p e r a t i o n  is  n o t  as p r o f i t a b l e  as 
u s i n g  2 p e r c e n t  p a r a q u a t ,  a t r e a t m e n t  
t b a t  r e q u i r e s  no i n s e c t i c i d e  s p r a y  c o s t ,  
and b e c a u s e  EthreL showed no b e n e f i t  
when added t o  2 p e r c e n t  p a r a q u a t  eon- 
c e n t r a t i o n ,  we  do  n o t  recommend t h e  u s e  
of EthreL w i t h  tree i n j e c t o r s  on 
l o k l o l l y  p i n e ,  

U s e  of other chemicals 
Joyce and D r e w  ( 1979) t e s t e d  more 

than 200 chemicals o r  combina t ions  of 
c h e m i c a l s ,  and found t h a t  none of them 
would i n d u c e  as much o leores in  enhance-  
ment as did p a r a q u a t .  They a lso  e x p e r i -  
mented w i t h  c h e m i c a l s  i n  m i x t u r e  w i t h  
p a r a q u a t ,  of which t r i e t ' n y l a m i n e  (TEA) 
was the most p r o m i s i n g ,  An 8 p e r c e n t  
s o l u t i o n  of TEA w a s  added t o  2 p e r c e n t  
p a r a q u a t  and  a p p l i e d  w i t h  a  tree i n j e c t o r  

t o  slash pine, A f t e r  1 2  months, the 
y i e l d  i n c r e a s e s  over p a r a q u a t  o n l y  were 
36 -percent more t u r p e n t i n e  and 3% p r c e n  
more r e s i n  acids, A similar experiment 
w i t h  loblolly p i n e  gave i n c r e a s e s  of 35 
p e r c e n t  more t u r p e n t i n e  and 2 6  p e r c e n t  
more r e s i n  a c i d s ,  These i n c r e a s e s  excee 
a n y t h i n g  r e p o r t e d  for E t h r e b ,  and t r im  
e thy lamine  s h o u l d  he t e s t e d  f u r t h e r ,  

Season of Treatment  
D r e w  ( 1  976) found t h a t  i n  north 

F l o r i d a  t h e r e  w a s  Li t t l e  d i f f e r e n c e  
be tween summer and w i n t e r  t r e d  t m e n t  of 
s l a s h  p i n e  f o r  oleoresin p r o d u c t i o n ,  
Our r e s e a r c h  i n  F l o r i d a  and t b a t  of 
nea rby  c o o p e r a t o r s  i n  t h i s  r e g i o n  t e n d  
t o  s u b s t a n t i a t e  t h i s  f i n d i n g ,  h u t  fo r  a 
s h o r t - d u r a  t i o n  t r e a t m e n t  of 3 months , 
R o b e r t s  ( 1979b) found that March (ear ly  
s p r i n g )  t r e a t m e n t  p roduces  more g a i n  i n  
o l e o r e s i n  than does December ( w i n t e r )  
t r e a t m e n t ,  

F a r t h e r  n o r t h ,  however, s e a s o n  of  
t r e a t m e n t  does a p p r e c i a b l y  a f f e c t  u l t i -  
mate o l e o r e s i n  y i e l d ,  In t h e  Piedmont  
of South  Carolina, o l e o r e s i n  p r o d u c t i o n  
from p a r a q u a t  t r e a t m e n t  i n  August (Nix 
W76f  was less t h a n  t h a t  from A p r i l  
t r e a t m e n t  (Nix 19771, S t u d i e s  by Stubbs 
and  OutcaZt  (1982) on l o b P o l l y  p i n e  a l s ~  
show t h a t  s e a s o n  of t r e a t m e n t  s i g n i f i -  
c a n t l y  a f f e c t s  o l e o r e s i n  enhancement i n  
t h e  TJpper C o a s t a l  P l a i n  of S ~ u t h  
C a r o l i n a ,  Spring a p p l i c a t i o n s  p roduced  
the  best a v e r a g e  o l e o r e s i n  y i e l d s ,  w i t h  
no d i f f e r e n c e  between a v e r a g e  y i e l d s  of  
summer and f a l l  t r e a t m e n t s  ( t a b l e  1 ) , 
O l e o r e s i n  p r o d u c t i o n  w i t h i n  t h e  f i r s t  5 
f t  o f  t h e  b o l e  was e q u a l  f o r  aL1 s e a s o n s  
of t r e a t m e n t ,  b u t  s p r i n g  t r e a t m e n t s  
caused  a g r e a t e r  r e s p o n s e  i n  t h e  upper 
p o r t i o n s  o f  the stem, A s i g n i f i c a n t  
i n t e r a c t i o n  was found between s e a s o n  of 
t r e a t m e n t  and wounding method , 
S u p e r i o r i t y  of the t r e e  i n j e c t o r  over 
t he  bark streak d e c r e a s e d  from s p r i n g  t o  
summer to fall ( see  table 1 0 1 ,  

S p r i n g  is  a l so  t he  t ime  of  greatest 
hazard from b a r k  beetbe a t t a c k s ,  b o t h  i n  
the slash p i n e  b e l t  and i n  t he  l o h l o l l y  
p i n e  dominated  r e g i ~ n s  f a r t h e r  n o r t h ,  
We have  t a k e n  t h i s  into c o n s i d e r a t i o n ,  
however, i n  tbe t r e a t m e n t  recommen- 
d a t i o n s  we have g i v e n  lira p r e v i o ~ l s  



sections of this paper, and thus pre- 
scriptions by season as related to hark 
beetle hazard w i l l  not be given ,  

Table 1,--Average oleoresin content of 
lohlolly pine I year after t r e a t m e n t  
with 2 or  5 percent  paraquat,  by season 
sf t reatment  

T r e e  sec t ion  Spring Summer F a l l  

Percent af dry w e i g h t  

Values EsLlowed by the same l e t t e r  w i t h -  
in r o w s  are n o t  significantly d i f f e r e n t  
at P .= 0,05, 

T r e a t m e n t  Dura t ion  
P r e l i m i n a r y  evidence fo r  s l a sh  p i n e  

indicated that about 80 percent sf a l l  
the oleoresin to he expected from a 
s i n g l e  p r a q u a t  application accumuZates 
w i t h i n  I I months a f te r  t r e a t m e n t ,  More 
recent data for s l a sh  p i n e ,  however, 
show a l i n e a r  increase for up to 1 7  or 
18 months (Brew 1976; HurEey and others  
1977;  Joyce and o thers  1 9 7 % )  and then an 
actual decrease in oleores in  content at 
24 months, The Latter may we11 be an 
artifact sf sampling, Enos and others 
( 1 9 7 8 )  for s l a sh  p ine  show a f a i r l y  
s t e a d y  increase in oleores in  through 20 
months, A study sf s lash  p i n e  by StuhSs 
and O u t c a l t  ( 1982) showed an overa l l  
l i n e a r  increase in o%eoresin accumula- 
t i o n  throughout  the s t u d y  du ra t i on  of 22 
months (fig, 21, 

For l o b l o l l y  pine, Stubbs and 
O u t c a l t  ( 1 9 8 2 )  found t h a t  o leores in  con- 
tent increased over tirrpe, b u t  tha t  the 
change was n o t l i n e a r ,  WL1 of the 
BobLolly data show a decrease in t he  
rate of Lightwood fo rmat icn  at some time 
during the study (figs, 3 and 81, It is 
unlikely that the oleoresin content 
actually decreased as some of these data 

indicate, it is more probable that t h e  
aceumu1a"Lion leveled o f f ,  with the 
apparent decrease due to random 
variation in samples, 

MONTHS AFTER PARAQUAT TREATMENT 

f i g u r e  2, --AddP tional o leo re s in  result- 
ing from tree-injector applied, 2 per- 
cent p r a q u a t  t r e a t m e n t  of slash pine ,  

i 95 PERCENT CORLFICEP-dCE lNTERVAL 

8 3 6 9 12 13 
MCUTHS AFTER PARAQUAT TREATMENT 

Fiqure 3 , - --Addit ional  y i e l d s  of d e o -  
resrn from iohlolly pine  a f t e r  a 413- 
circumference bark s t reak,  5 percent 
paraquat t r ea tnen t  , 

These lsblolly pine data show an 
i n i t i a l  increase in oleores in  fo rmat ion ,  
t h e n  a l e v e l i n g  off w i t h  l i t t l e  change 
at approximateby 7 2  through 18 months 
a f t e r  t r e a t m e n t ,  followed by a second 
surge in accumulat ion.  Slash p ine  shows 
a similar pattern, hut less pronounced 
bee f i g ,  2 )  , This p r i o d  of seduced 



Lightwood formation does not appear to 
be a seasondl e f f ec t ,  &cause it 
occurred during the summer in the s lash 
p ine  study and in the f a l l  or dormant 
period in the lohlolly studies, 

Sever i ty  of t r e a t m e n t  can  a f  fee t  
the pa t te rn  of oleoresin p roduc t ion  over 
time. Trees treated by Stubbs and 
B u t c a l t  ( 1  9823 w i t h  t w o  dowels had 
reached virtually maximum oleoresin can- 
tent a f t e r  8 months, and t h i s  Level was 
mafntained w i t h  l i t t l e  v a r i a t i o n  Lhrough 
21 months ( f i g ,  41, ALL the other 
treatments showed some increase in 
o leores in  accumulation, 12 months com- 
pared to 21 months after treatment 
( f i g s ,  2 and 81, although rate sf 
increase varied, T h i s  extreme treatment 
using t w o  dowels per tree is not recom- 
mended in any case, because of high 
tree - m s r  tali ty rates, 

MONTHS AFTER PARAQUAT TREATMENT 

Figure 4 ,--Additional oleoresin content 
of lohLoLly pine  r e s u l t i n g  from a 
double-dowel paraquat treatment, 

it. appears that treatment duration 
for slash p i n e  can extend for 18 months 
or more, i f  the hark beetles allow, w i t h  
a steady increase in oleoresin y i e l d  
over t i m e ,  For l o h l s l l y  pine,  these 
data show l i t t l e  reason for ex tend ing  
treatment beyond 1 year, 

Treatments  to Produce Ligh twood 
in S t u m p  

Hercules, I n c ,  , sc i en t i s t s  have 
applied a v a r i e t y  of s o l u t i o n  con- 

c e n t r a t i o n  by several methods CEnos and 
o the r s  19788'6, Their success with Low 
concentrations of paraquat and interest 
in utilizing the stumps tha t  are left 
a f t e r  tree harvest  led them to the de- 
velopment of the "Hercules Pinex"  treat- 
ment, This treatment invo lves  d r i l l i n g  
two pa ra l l e l  downward-sloping h o l e s  f r o n  
the root co l la r  into the tclproot sf pine 
trees and f i l l i n g  the holes w i t h  a 
dilute s o l u t i o n  of praquat fFa j ans  
198Of 

Two years af te r  t r e a t m e n t ,  Brown and 
P i e n a a r  ( 1  981 ) found t h a t  8,25 p r c e n t  
paraquat solution applied in two 112-in- 
diameter holes did not signif ieantly 
affect tree growth, b u t  0,s percenk 
paraquat applied to one 1 /a- in-diameter  
hole reduced volume growth by 13 per- 
cent, The 0 , 2 5  percent paraquat treat- 
ment increased oleoresin c o n t e n t  sf the 
stump and taproot by 4,3 times and that 
in the first 4-ft bolt of t%e stem by 
1 , 4  times, Observed insect attacks were 
considered "c be comparable to what 
would be expected in trees worked fo r  
gum naval  stores, 

Preliminary studies now in progress 
by USDA Fsrest Service scientists 
(unpublished information) in cooperation 
with Reicbhold Ghemicals , Inc  , , and 
Owens-Illinois Gorp, showed that resin 
acids content 05: the stump and taproot 
of slash pines was increased by drilling 
two parallel downward-sloping holes in 
the -taproot and filling them w i t h  para- 
quat concentrations ranging from 0,05 to 
0 , s  prcent, One year after treatment 
(fig, 5), the l o w e s t  praquat con- 
cen t r a t i o n  tested, 0,05 percent, 
increased r e s i n  acids in the stump and 
taproot by 4,8 times, Further  increase 
in paraquat concentration caused a 
moderate increase in resin acids, and 
then a d e c l i n e ,  In the Lowest 5-f t bolt 
of the s t e m ,  r e s i n  acids showed a con- 
tinuous bu t  diminishing increase as 
paraquat c o n c e n t r a t i o n  increased, Black 
t u r p n t i n e  beetle attacks and tree nor- 
t a l i t y  increased as paraquat con- 
c e n t r a t i o n  increased (fig, 6 ) ,  Paraquat 
concentrations should be kept b e l o w  0 , 1  
percent to ~ n i m i z e  tree mortality and 
the invasion of lightwood streaks into 
the merchantable tree stem, 
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F i g u r e  5 ,  - -Ef fec t  of paraquat concen- 
t r a t i o n  on resin-acids increase after 
treatment of slash pine taproots and 
l o w e r  hole 

BLACK TURPENTINE BEETLE 

MORTALITY 

Figure 6,--Tree mortality and black tur- 
pentine beetle artack as related to 
paraquat conceneua t ion  used in . d r i  l_l 

ho les  in s lash  p i n e  taproots,  

irxsect Attack and Tree i 4 0 r t a l i t y  
in Pardquat -Treated  S lands  

Sbnce the drscrovery t h a t  paraquat 
woubd induce Ibghrdood torrna-cion in 
scurilervl p i n e s ,  one of the major con- 
cerns has been bark beetle attacks on 
t redted trees, An i n c r e d s e d  Level of 
bark  heecle ateack has been noted in 
most of the paraquat research scud ies  
conducred I n  &he South, In order of 
imporeance, msrca l r t y  bosses have been 

caused by engraver ( Ips  spp , ) , s o u t h e r n  
p i n e  (Bendroctonus f roneial is Z i m m ,  1, and 
b l a c k  turpentine b e e t l e s  (D, terebrans 
O L i v i e r  ) , Secondary insects , p r i n c i  - 
palEy ambrosia beetles (~latypus spp, ) ,  
have a t tacke2 dy ing  trees but have 
seldom ea~ased m o r t a l i t y ,  

Slash pine has proved to be more 
suscep~l ib le  to bark--beetle-cause3d mor- 
tality than has Lohlo l ly  pine, S t u d i e s  
involving slash pine w i l l  he d i s c u s s e d  
first, beg lnn inq  with those that report 
heavy losses, After treating with 8 
percent paraquat on a I f3 -c i r cumference  
bark streak, Joyce and o t h e r s  ( 1  977)  
reported that m o r t a l i t y  reached 33 per- 
c e n t  after 24 months, The trees were 
sprayed four times w i t h  a BHC s o l u t i o n ,  
G i l l  ( 1  998) used the same t r e a t m e n t  and 
had 2 6  p e r c e n t  loss after 18 months 
among trees sp rayed  w i t h  I p e r c e n t  E i n -  
dane , Use of 4 12-c i rcumference  f r i l l s  
resulted i n  heavy mortality even ~ o u g h  
the paraquat concentrations used were 
1 -66 p r c e n t  and less (Enos and others 
19781, These trees had r e c e i v e d  a 1 

percent spray of RHC, I n  a 79-year-old 
overstocked plantation, Rober ts  ( 1 979a ) 
applied 2 percent p a r a q u a t  by two 
methods and observed heavy mortality 
after 1 2  mclnt'rts, The t r e e  i n j e c t o r  
method with wounds spaced on 4-in, een- 
ters r e s u l t e d  in 58 p e r c e n t  of the t r e e s  
dy ing ,  but even the 113-circumference 
bark-streak method caused 25 p e r c e n t  
mortality, The trees had received a 1 

p e r c e n t  BHC s p r a y ,  
Among studies reporting moderate 

losses is  Draper % (1978), in which, 
after 18 months, 8 p e r c e n t  paraquat 
a p p l i e d  t o  a 1 /3-c i rcumference  bark  
streak resulted i n  m o r t a l i t y  of 13 per- 
cent in a 75-year-old stand and 3 p e r -  
c e n t  i n  a 24-year-old stand, Both 
stands were sprayed repeatedly wi th  Lin-  
dane ,  Ouecalt  and StuSbs (1 979) used 2 
percent paraquat w i t h  a tree injector at 
5-in, centers, and a I percent BHC 
spray, Mortality was about 4 prcent 
a f t e r  10 months and rose t o  73 p e r c e n t  
a t  95 m n t k ~ s ,  

In additron, there have been some 
studies where negligible or no l o s s e s  
occurred, as i n  the Second LRCC 
Southwide Study, TQo p e r c e n t  paraquat 
was applied to a 1/3-c i rcumference  bark 
streak, trees were sp rayed  t o  a height 



of 3 f t  w i t h  7 percent  RMC or b i n d a n e ,  
and the t r e a t m e n t  du ra t i on  was 9 months, 
Five months after treatment, Overgaard 
and others f 1977 j forlnd 38 p e r c e n t  o f  
the trees had been at tacked by Ips spp,, 
but no mortality, A f t e r  9 months, 
Roberts ( 1  978a) eonf irrned t h a t  m o r t a l i t y  
had been n e g l i g i b l e ,  In a study employ- 
ing the tree injector and a good many 
other experimental wounding methods, a l l  
w i t h  2 or 4 percent paraquat, Roberts 
and Peters (1977)  found t h a t  the tree 
injector invited the most insect attack, 
hut afees 12 months o n l y  2 ef the 430 
trees in t h e  s t u d y  had d i ed ,  F i n a l l y ,  
Peters and others  j 1978)  reported Low 
m o r t a l i t y  after 19 months in a s t u d y  
using 0 , s  or 2 percent paraquat placed 
in d r i l l  holes, 

Loblolly pine  in general i s  less 
susceptible than slash pine to beetle- 
caused morta l i ty  after paraquat t reat-  
ment, PIowever, a l l  the authors have had 
LobLoLPy pine studies where tihe L i m i t s  
of wounding s e v e r i t y  were overstepped, 
and the r e s u l t i n g  m o r t a l i t y  from bark 
beetles w a s  heavy,  Othe r s  have had 
similar experiences, In s o u t h e r n  ALa- 
bama, Waite ( 1977) applied 8 percent 
paraquat in summer with a tree i n j e c t o r  
on 3- in ,  centers, and sprayed w i t h  BHC, 
In a. brief t i m e ,  attack by I p  beetles 
was heavy, and the trees had to he cut 
after 2 months, In a second s t u d y  Wai te  
( 1 9 7 8 )  reduced the paraquat concentra- 
tion to 4 percent and treated the t rees  
in winter, This study was to have ex- 
tended for 9 months, h u t  the trees had 
to be cut at 6 months, Ips beetles 
again, Nix ( 1977 )  reported heavy losses 
after applying 8 percent paraquat to 
either a I/2-circumference bark streak 
or an ax frill, first in A p r i l  w i t h  a 
second t r e a t m e n t  in Ju ly .  G i l l  ( 1478 )  
t reated Loh1oll.y pine with 8 percent 
paraquat on a 1 /3-ci rcumf erence bark 
streak and reported 19 percent tree mor- 
tality after 78 nonths,  After the same 
treatment, F r i c k s e n  ( 1  978) encoun te red  
19  percent mortality in a 24-year-old 
s t a n d  b u t  no mortality in a stand 13 
years old, 

Treatments causing very low losses 
are a l so  frequently reported, as in Enos 
and o thers  (19781,  who treated lohlolly 
pine with 1,66 percent -paraquat applied 
to a 1/2-circumference ax f r i l l ,  A l s o ,  

Moore f 1977) and 0utcal-c and Stubbs 
( 2 979) experrenced neg l ig ib l e  losses 
after s p r a y i n g  2 or 5 percent paraquat 
onto s i n g l e ,  1 /3--circumference bark 
s t reaks ,  I n  another  s t u d y ,  2 or 5 per- 
cent paraquat w i t h  and w i t h o u t  Ethrei 
w a s  applied w i t h  e i t h e r  a 113- 
c i r c u m f e r e n c e  bark streak or a tree 
in jec to r  on 5 - i n ,  centers, T e s t s  w e r e  
made in the s p r i n g ,  summer, and f a l l ;  
a l so ,  one-half  of the  trees were spraye 
w i t h  insect ic ide  and the rest were not 
sprayed, Most treatments had very l i g h  
mortality af ter  6 months (Moore and 
others  5979) and 12 months (Stubhs and 
O u t c d l t  1982) , 

Frorn questionnaires sent out on t w o  
occasions to those conducting studies o 
lightwood i n d u c t i o n  w i t h  ~ B r a q u a t ,  D r e w  
(1977, 1948) prepared t w o  summary paper 
giving overviews of the  insect p s  t 
situation, In h i s  194'7 paper, B r e w  re- 
ported that Ips beetles were the most 
important pests, especially on slash 
pine, No insecticide, concentration o f  
i n s e c t i c i d e ,  or spray method w a s  totaLI3 
effect ive ,  Pa raqua t  concentration, no t  
the dosage or amount per treep i s  csrre- 
la ted w i t h  i n s e c t  a t tdck;  c o n e e n t r a % i o n ~  
higher t h a n  4 percent are to@ much for  
use w i t h  slash pine ,  and 5 p e r c e n t  
should n o t  be exceeded with lobLo1ly 
pine a Of application methods, tree 
injectors invited more attack than hark 
s t r e a k s ,  and the more severe the wo~and 
t h e  greater the at tacks* Spring t rea t -  
ments are l i k e l y  to have the highest 
ra tes  of i n s e c t  a t tack,  and Eall treat- 
mer-nts the Lowest, There appeared to be 
a posit ive correlat ion be tween  oleoresir 
enhancement and s e v e r i t y  of beetle 
a t tack;  however, v i r t u a l l y  all these 
o leores in  data were for  basal sections 
and were not on a whole-tree bas i s ,  
Drew's s u r v e y  of 1978 s t reng thened  what 
were e s s e n t i a l l y  tihe same conclusions, 

To keep m o r t a l i t y  at a I s w  l e v e l ,  
the common rhread t h a t  r u n s  through the 
p r e v i o u s  discussions is evident: ( 1 ) 
With  slash p i n e ,  do n o t  use paraquat 
c o n c e n t r a t i s n s  t h a t  are higher  t h a n  4 
percent w i t h  a bark streak or 2 percent 
with a tree injeceor,  ( 2 )  With HoblsLPy 
pine, the l i m i t s  are 5 percent paraquat 
for bark streaks and 2 percent for tree 
i n j e c t o r s ,  (3) Any wounding t h a t  
affects  more than one- third  of the 



tree8s circumference i s  %so much, ( 4 )  
En genera l ,  longer t r e a t n e n t  du ra t i ons  
mean pore r i s k  of m ~ r t a l i t y  from bark 
beetles,  15) Nei ther  an initial insec- 
t i c i d e  spray nor repeated spraying is to 
much avail if the paraquat t rea tqent  is 
too seTere, e i t he r  in pzraquat con- 
c e n t r a t i o n  or wounding, (It s h o ~ l d  be 
ment ioned  t h a t  o n l y  *te basal 10 fr or 
less i s  sprayed, u s u a l l y  3 or 6 ft, 
(6) Do not t rea t  s tands w i t h  Low tree 
v i  gore 

There has k e n  some concern that. 
beetle populations might h a i l d  up In 
treated trees and then attack 
s u r r o u n d i n g  trees,  causing severe 
losses,  No such at tacks have occurred 
in any s t u d y  reported, and there i s  no 
evidence whatever t h a t  t h i s  w i l l .  I-rappen, 
Furthermore, even when heav i l y  attacked 
trees given severe t r e a t m e n t s  w e r e  
ad j acen t  to less severely treated trees, 
there has Seen no evidence of a signifi- 
cnnt spread of beetles from t he  heav i l y  
attacked trees, ?%us, i t  appears there 
is l i t t l e  chreat of beetles causing any 
significant m c r t a l i t y  in ad-joining 
s t ands  ( C l a r k  1979; Drew 1977, 1978; 
Hertel and others  19771, 

Degree of Hazard and C o n t r o l  
o f  I n s e c t  Pests 

The i n s e c t  problems associated w i t h  
paraquat-induced r e s inos  is scot 

a t t r a c t ed  the help and i n t e r e s t  sf ento- 
mologists, r,r$ho began to assess the 
problem and t h e n  attempted to devise 
adeqaate con t ro l  measures, In a series 
o f  experiments, Hertel and others ( 1 9 7 7 )  
treateii  s lash  p i n e  i n  nor th  Florida in 
t h e  w i n t e r  ( January  1, s p r i n g  ( A p r i l ) ,  
summer ( J u l y ) ,  and f a l l  { ~ o v e m b e r )  w i t h  
8 percent paraquat applied to s i n g l e ,  
1 /3-circumference bark s t reaks ,  All 
t r e e s  xere sprayed w i t h  1 percent BWC to 
a height  o f  3 ft, Only the  w i n t e r  
t r e a t m e n t  had an aecegtable l e v e l  of 
sxrviv-dl--abou-c 93 percect--and chey 
were Lucky as we now know, In a s t u d y  
c f  ~ounding i n t e n s i t y  i n s t a l l e d  in 
suv-mer, t h e y  tested % / 3 - ,  4/2-, and 
2 j3 -c i r cumfe rence  ha rk  streaks plus tws 
super~rnposed Ij3-circumference bark 
streaks,  a l l  w i t h  4 percent or 2 percent 
pieraqrdat, R a l f  the trees received a 1 
percent lindane spray to a h e i g h t  of 3 

f t  and the other half did not, T4ir.h 4 
~ e r c e n t  paraquat, the 1 /3-circumference 
wound p l u s  l i n d a n e  spray had the Lovdest 
mortality, 10 p e r c e ~ t ,  With 2 percent  
paraquat plus Lindane  spray, n ~ r t a l i t y  
was 10 percent  or zero  v i t h  lj3-, 1/2- ,  
and e$en 2/3-circumference treatments 
( there  w e r e  b u t  10 trees per t r e a t m e n t ,  
agd one dead tree gave 70 percent 
m a r t a l i t y )  , Mortality was severe in a11 
t r e a t m e n t s  w i t h o u t  Plndane spray; they 
concluded t h a t  t h i s  spray was a neces- 
sity, and subsequent experience has 
v e r i f i e d  t2is c o n c l u s i o n  for s l a s h  p i n e ,  
To f u r t h e r  test paraquat c o n c e n t r a t i o n  
e f fec t ,  2 percent was compared d i t h  8 
percent on trees wounCed in the summer 
wi t1-n s i n g l e ,  1 /3-circumf erence bark 
s t reaks ,  On trees given a 1 percent 
l i n d a n e  s?ray ,  m o r t a l i t y  was 50 percent 
for the 8 percent paraquat after 18 
months, b u t  zero for t h e  2 -percent para- 
q u a t .  T h e i r  general G O ~ G ~ U S ~ O ~ S  were: 
( 1 ) Trees must be sprayed w i t h  i n s e c -  
ticide, (2) S p r i n g  is the worst t i m e  to 
treat w i t h  paraquat,  w i n t e r  the l eas t  
hazardous, (3) itaunds shou ld  n e t  exceed 
1 /3-circumference w i t h  4 p e r c e n t  para- 
q u a t ,  ( 4 )  Paraquat  c o n c e n t r a t i o n  should 
not he higher  than 4 percent, 

Merkal and  C l a r k  ( 7 98: ) tested a 
number 0% insec t i c ides ,  including Lin-  
dane, at c o n c e n t r a t i o n s  o f  'I and 2 per- 
cent sprayed to he igh t s  of 3 or 18 ft, 
S l a s h  p i n e s  in n o r t h  Florida were 
treated in sp r ing ,  summer, f a l l ,  and 
w i n t e r  w i t h  4 percent paraquat using 
7 13-cireumf erewce wounding, Y a Z f  the 
trees were sprayed; the others  were Left 
unsprayed,  A f t e r  I2 months,  Sindane 
proved to be much the best irasecticide 
and s p r a y i n g  prcved to be necessary, 
However, in the spring t r e a t m e n t ,  nor- 
t z l i t y  was 40 rercent  or more no matter 
w h i c h  spray was u s e d ,  In genera l ,  I 
percent l i n d a n e  gave ss good grotec t ion  
as 2 percent, and s p r a y i n g  to a 3 f t  
heiqht  w3s  as e f f e c t i v e  as sprayiqg to 
"1 fft,  

Tes ts  o f  other insecticides compared 
w i t h  RHC or Lindane have a l so  been made 
by Merkei  (1949), Moore (7977;, and 
Williams ( 1  9791, In all i n s t a n c e s ,  BHC 
or lindane was the most e f E e c t i v e  in 
reducing bark beetle a t t ack ,  

The entoms$ogicdl s t u d i e s  we have 
discussed in some de?:ail a%L concerned 



E f f e c t  of paraquat Lreatmert, 
season, and insecticide 
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A f t e r  18 months,  he ?/a-circurn- 
ference bark streak w i t h  5 percent para- 
quat caused t h e  l eas t  mortality among 
the t r e a t m e n t s  tested ( t ab le  31, Mor- 
tality after this t r e a t m e n t  was not 
significantly greater t h a n  on u n t r e a t e d  
con t ro l  p l o t s ,  The d r i l l - h o l e  t r e a t m e n t  
caused higher  m r t a l i t y  than the hark- 
streak t r e a t m e n t ,  This result was 
rather unexpected, because others have 
reported that, given equal paraquat con- 
c e n t r a t i o n s ,  Larger wounds r e s u l t  in a 
greater incidence of beetle attack, 
Bstn one- and t w o - d o w e l  t r e a t m e n t s  
caused unacceptable tree mortali ty--31 
and 90 p e r c e n t ,  respectively,  

In a second s t u d y ,  5 percent. para- 
q u a t  was aga in  applied to single, 
I /3-circumf erence bark streaks on 
LoblsLLy p i n e ,  a l so  sprayed w i t h  0,4 
percent BMC in water, Insect-caused 
m o r t a l i t y  in t h i s  study was neg l ig ib l e ;  
as i? the f i r s t  study, tihis t r e a t m e n t  
d i d  not significantly increase m a r -  
t a l i t y ,  Several  treated plets  had less 
m o r t a l i t y  than con t ro l s ,  and the nor- 
t a l i i r y  rate @hrsughsut  the s t u d y ,  2 per- 
cent, was less than is norma l ly  present 

in s t ands  sf this age and. s t o c k i n g  
(S tuhhs  and OutcaZt 1982), 

A factorial des ign  was employed in a 
t h i r d  study (Stubbs and Outcart 7 9 8 2 ) ,  
Wound types w e r e  a 1 /3-circumference 
bark streak or t r e e - i n j  eetor incisions 
w i t h  a 1-1/4  In,  blade and 4-in, spacing 
on centers, A paraquat concentration o f  
8,5, 2, 4, 6 ,  and 8 p e r c e n t  was applied 
at a rate sf 0,15, 0,40, sr 0,65 m2/ ine  
sf wound, An untreated c o n t r o l  was also 
included, g i v i n g  a total of 31 d i f f e r e n t  
t r e a t m e n t  combinations, Each of these 
was applied to t w o  five-tree plots  in 
IoblsLly p l a n t a t i o n s ,  age 22, at three 
loca t ions ,  A f t e r  t r e a t m e n t ,  all tree 
holes were sprayed to a h e i g h t  sf 6 ft 
w i t h  0,s p e r c e n t  i i n d a n e  in water,  
Past  tests by others had i n d i c a t e d  t h a t  
bark beetle attack increased w i t h  in- 
creasing paraquat concentration, This 
study was &mrticularly we91 s u i t e d  t o  
investigation of this r e l a t ionsh ip ,  
Three months after t r e a t m e n t ,  heetle 
attacks w e r e  p o s i t i v e l y  correlated w i t h  
paraquat c o n c e n t r a t i o n  for both the ? / 3 -  

circumference bark streak and the injec- 
tor wounding methods (fig, 91, Although 

Table 3,---Bark beetle attack and associated m o r t a l i t y  of l o b l o l l y  p i n e  after 
four  paraquat t r e a t m e n t s  

B e e  tLe incidence Beetle incidence Mortality 
hef ore t r e a t m e n t  at I 8  m s ~ t h s "  at "1 months 

- - - - - - - -  -.. percent .-- -. -- - -. --. - - - 

C o n t r o l  4,7 4 * ? a  0,4a 

Bark s t reak,  5% paraquat 4,% 6,Oa.b 1 ,5a 

D r r l l  hole, 5% paraquat 5,7 I2 ,4b 6,9b 

one dowe ld  2 , 8  19,Oc 31 ,Oc 

T~da dowels -- 90 , 0d 

Means foliowed by the same le t ter  w i t h i n  columns, are not significantly 
different at P =. O,Q5, 

" 3,080 trees per t r e a t m e n t ,  except t w o  dowels which had 10,008 t r e e s ,  
b ~ l l  bur  con t ro l  trees were sprayed w i t h  0.1 percent  RHC in water. 
' ~ i v e  trees under a t t ack ,  
dZ.04 p u n t s  of paraquat per cubic  foo t  of dowel, 



attacks appear "c be higher w i t h  the 
bark streak than with the i n j e c t o r  a t 4  
and 6 percent concentrations the dLf -- 
ference is not statistically signifi- 
cant, Wen data from bath wound types 
are combined, &be r e su i i c  is a smooth 
curve with attacks increasing at an 
exponential rate 

Y = Percent of trees attacked 

X = Percent paraquat 

The tree m o r t a l i t y  shown in figure 7 
also has a p s i t i v e  relationship with 
concentration, but it rises at a much 
slower rate, For this cornbination of 
wound methods, species and location, 
after 3 months it appeared that paraquat 
concentrations even moderately greater 
than 4 percent subs tantially increased 
insect problems ( O u t c a l k  and Stubbs 
19799, 

1*'*** BARK STREAK (ATTACKS) 

INJECTOR (ATTACKS) 

ATTACKS (TOTAL) I -  - *  I 

C; 0.5 2.0 4.0 6,8 8.0 
PARAGUAT CCNCENTRAYION (PERCENT) 

Figure ?,--Bark beetle attack and asso- 
ciated mortality of lobLoEly pine 3 
months after treatment, as affected 
by application method and paraquat 
concentration, 

However, after 12 months a somewhat 
different picture emerged (table 4 )  , 
Tree nortali ty is of paramount impor- 
tance, not rate of beetle attack, and 

mortaii ty was negligible w i t h  paraquat 
concen t r a t i ons  less than 8 percent ,  
amount of paraquat s o l u t i o n  &hat trees 
received had a very we& correlation 
w i t h  hark beetle attack and ns correla- 
tion with tree mortality, 01 the 
average, the to ta l  amount oE paraquat 
ion a tree received increased with 
increasing dosage, Thus it appears 
paraquat c o n c e n t r a t i o n ,  not q u a n t i t y ,  i s  
the key faccor invo lved  in bark beetle 
a t t ack  {Stubhs and Oilitcalt 19821, 

Slash pine plantations were treatec 
during May and June with 2 percent para- 
quat applied with a tree injector using 
a 1- in ,  h lade and 5-in, spacing on ten- 
ters. Following paraquat. treatment, 
tree boles were sprayed to a h e i g h t  of  E 
ft w i t h  I percent BHC in diesel oil 
(rl2utcalt and Stuhbs  19791, Tree m o r e  
eality was Low for the first 10 months 
after treatment i t ah le  5) , However, 
during the next 5 months, GSkich corre- 
sponded to the second growing season, 
mortality increased to 13 percent, 
Because mortality deeredsed as tree s i z e  
increased, stand volume loss was less-- 
about 115 percent, Even tk~ough t h i s  boss 
is f a i r l y  high, about 2 cords/aere, our 
data i n d i c a t e  it w i l l  be mare than off- 
set by the value of the a d d i t i o n a l  
o l eo res in ,  The break-even point of 
profit versus costs and losses is not 
reached until volume loss amounts to 
about  20 p e r c e n t ,  

Minimizing insecticide requirements 
in lightwood induc t ion  

U s e  of insecticide in prevent ive  
sprays immediately after paraquat treeit- 
ment has hecome virtually standard prac- 
tice, This insecticide application, 
however, accounts for 50 percent or more 
of the to tab  cos t  of t r e a t i n g  trees 
(Stuhbs 19781, and it may be neither 
necessary nor effective, depending on 
the paraquat treatment ased and e v i -  
d e n t l y ,  geographic area, R e s u l t s  from 
earlier studies, lherein 2 or 5 percent 
paraquat was applied to bark streaks 
with very Light or no application of 
insecticide, indicated that minimal tree 
mortality, 2 percent or Less, w a s  
possible for at least  18 months 
thereafter (Moore 1978; Outcalt and 
Stubbs 1949 1, 





T a b l e  5, --3ark j;eetlle ;1ht3.'lk an.? a:;c;o-ziatc.:? e TWO c o n c e n t r a t i o n s  of E t k r e l  
aartzi-Lty of i 4 , 2 9 0  s l a s h  s i n e s  ,:f ter t ~ j e c t L o r i  (0 and IG percent  j 
i q i 3  2 p2r;e;ik i,araix.lrr"3 

----- 
A -  b ~ ~ - - i ~  -st JE 

e "ii313 methods oE p a r l q u a t  applisarion 

~ ~ ; " 3 e  ( ; /3-c i rsunference hark streak and 

~;?cirtali C J  tree i n j e c t o r ) ,  

T h a t  evisenee an3 t5ie d i s e 9 : e r y  t i i i i , " a  

rn ix i~ , "  xt"eE i.path a s r a r q ~ a t  ' J I ; Q ~ - ~  

increase c l e ~ r e s  sn yield (Pecez-2 ana  
o thers  1948) suyges  ted thaz, 
gecyraphic area arzuad t'le Savaxnsh 

River  P l a n t ,  ceu ta tn  ~ a r a q u e t t t r e d t r q ~ n : z  
appkled w l t n  k : ~ : ~ q a l  sr YG i c sec t i c ide  
r e s i n  s o a k i n g  w i t h  minor losses from 
snsects, To %PSC tihis tk,ecry, a fac -  
t o r i a l  expe i i - i~en t  i ,c,cr,r,-iora."-_ingran Z t i i r e l  
and other  variables >;as $ ~ s t z l $ a d ,  
Study ob jec t i ves  w e r e  to identify the 
combi naz ion  of seascfi, w=unding, and 
chemical t r ea tmen% that  w~12 ic2  m in imize  
insec t i c ide  cequerernents while L n d a c i ~ y  
adequate resincsis i rz  lobi~ily p i n e  
(Moore and ot'%ers ;979>, 

The f t ~ l l e w i n g  Eac t o r s  were involved : 

Three seasonal t r e a t m e n t  t imes 
(74ar*zh, June, and ?qsvenLer) 

w i t h i n  each block 

e Three c o ~ c e n t r a t i s o s  of 2araq1:at 
(0, 2 ,  a.ad 5 perzect) 

The f i e s i g n  was a s p l i t  s?%it p l o t  
(in season and I r r s ec~ i z ide> ,  w ~ t h  a 
c w s l e t e  fac t3r iz l  s f  y r a y ~ a t  and 
PI c threL l e v e l s  w i t h  wcunding mthods,  
resujtlng in 1 2  f a c to r i a l  t reataenc corn-- 
S kn:atier;s, The coi~tr is l  (x i t reated 
t rees)  cay be considered as an addition 
to these, -ch of the  three l o c a t i o n s  
kad three p lo t s  of 520 trees; each gls%l: 
+;as randomly assigned to m e  of the 
three seasonal ~reatmeqt  da tes ,  W i t h i n  
each o f  Lies+ 526-tree seasonal p lo ts ,  
the 0,25 p e r x n t  l i ? d a n e  treatment was 
randon ly  assigned t * s  i3ne QE twe; s p l i t  
p i ~ t s .  The l " s f a t s r i a i  t r ea tment  corn- 
bznac rons  g k ~ s  the con t ro l  were applied 
to subplo ts  of 20 trees x i t h i n  b t h  of 
the sslit p l o t s  of a given seasenal 
regiication, 

Wound~~ag was done abs~t 1 2  in, above 
the  arccnd, erther wi th  a Cree i n j e c t o r  
gn 5-in, centers around the tree,  or 
w i t h  a modified chain-saw chipper as a 
4 -  i - ;ne high, 1/3--e i rsur~ference bark 
s t r eak ,  Paraquat was applied ac 1 mL 
per incision w i t h  the i n j e c t o r ;  w i t h  
tke  bark s t reak,  the s o l u t i o n  was 
sprayed on by a calibrated appl ica tor  as 
follows: trees in 6- th raugh  8--in, 
d , h , h ,  classes received 3 ml; 9- through 
'I 1 --in, trees received 6 mB; trees 1 1 in. 
and greater received 9 nl, A f t e r  para- 
q u a t  was applied, the basal 12 ft of 
trees i n  3esignated s p l i t  p lo ts  were 
spra-yed w z t h  a w a t e r  enulsion sf 0.25 
perzeqt  l i n d a n e  

w i t h  no insecticide protec t ion ,  use  
of 5 I n s t e a d  c f  2 percent  paraquat 
increased tree rmr ta l i  ty when applied in 
spring, b u t  n o t  in summer or f a l l  (table 
6 )  When t r e a t n e n t s  were applied dar i cq  

" ~ " ? r o c ~ h o u +  +h is s a p e r ,  - tree f q j e c + o r  

d o s a g e s  a r e  given i o  m i  i I ;  f i%ers ( P I  1 
Decaiise T h e  m s l - e r i  n g  d e v f  ces r,? ? h e  

f - n j e c t o r s  are norwa i 1.y sca a e d  i 4  T ~ B S F ?  

c n i P . s ,  6 o r  + h o s e  w i s " r 7 g  to c o n v e r t ,  1 

TI? = 9,0338 f l u i d  on, 



t h e  s p r i n g  o r  summer, use  of the tree 
i n j e c t o r  i n c r e a s e d  m o r t a l i t y  over  t h a t  
o f  bark-s t reak  t r e a t m e n t s .  Addi t ion of 
E t h r e l  i n c r e a s e d  t r e e  m o r t a l i t y  o n l y  
when used d u r i n g  t h e  summer, O v e r a l l ,  
f a l l  t r e a t m e n t s  had s i g n i f i c a n t l y  lower 
tree m o r t a l i t y  than  e i t h e r  s p r i n g  or 
summer t r e a t m e n t s ,  

Th i s  s t u d y  demons t ra tes  t h a t  season 
of t r e a t m e n t ,  wounding method, con- 
c e n t r a t i o n  of p a r a q u a t ,  a d d i t i o n  of 
E t h r e l ,  and use  of i n s e c t i c i d e  can a l l  
a f f e c t  tree m o r t a l i t y  f o l l o w i n g  p a r a q u a t  
t r e a t m e n t .  Because of i n t e r a c t i o n s ,  
t h e r e  was no one best t r e a t m e n t  b u t  

low rnor ta i i  ty even withou t  i n s e c t i c i d e  
p r o t e c t i o n  ( t a b l e  71 ,  For t r e a t i n g  
d u r i n g  the summer, p a r a q u a t  p l u s  E thve l  
a p p l i e d  wi th  a tree injector i s  n o t  
recommended unless a protective s p r a y  is 
used ( table  8 ) ,  Even with i n s e c t i c i d e  
spray, t r e e  mortality can be r e l a t i v e l y  
h i g h  i f  t h e  tree injector treatment is 
used d u r i n g  the s p r i n g  ( table  9). A s  i n  

o t h e r  studies, the 5 percent &mraquat 
s o l u t i o n  a p p l i e d  to a 1/3-circumference 
bark streak had c o n s i s t e n t l y  low tree 
m o r t a l i t y  for a L L  seasons, even wi th  no 
i n s e c t i c i d e  s p r a y ,  m e r e f  o r e ,  all our  
d a t a  i n d i c a t e  t h a t  t h i s  is a safe t r e a t -  

r a t h e r  a number of t r e a t m e n t s  t h a t  ment method f o r  a l l  seasons i n  t h i s  
performed s a t i s f a c t o r i l y  on t h e  b a s i s  s f  r e g i o n ,  and it does n o t  require tihe 
tree m o r t a l i t y ,  Nearly a l l  p a r a q u a t  added expense of an i n s e c t i c i d e  spray, 
t r e a t m e n t s  a p p l i e d  i n  t h e  f a l l  had ve ry  

Table 6 , - -Morta l i ty  of 2,895 l o h l o l l y  p i n e s  wi thou t  
i n s e c t i c i d e  p r o t e c t i o n  7 y e a r  a f t e r  p a r a q u a t  t r e a t m e n t ,  
by t r e a t m e n t  season  

Tree  m o r t a l i t y  
Treatment 
v a r i a b l e  

Spr ing  Summe r Fill l 

Paraquat concentration 
0 p e r c e n t  
2  p e r c e n t  
5 p e r c e n t  

Wounding mthod 
Chipper  saw 
Tree  i n j e c t o r  

E t h r e l  concentration 
0 p e r c e n t  

10 p e r c e n t  

Average (890) trees, 
each group) 

C o n t r o l  ( 7 5  trees, 
each group) 

Within each t r e a t m e n t  v a r i a b l e ,  means of a row or column 
fol lowed by t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  a t  P = 0,05, 



Table 7,--Mortality sf lobkolly pine 1 year a f t e r  f a l l  paraquat t r e a t m e n t  

----- ------- 

T r e e  m o r t a l i t y  

--------- - --- 

Treatment Insecticide No insecticide 

5% paraquat 
Chipper, E t h r e l  

Chipper, no E t h r e L  
Injector, EthreZ 
Injector, no E t h s e L  

28 paraquat 
Chipper, E t h r e l  
Chipper, no E t h r e L  
In jec to r ,  E t h r e l  
In jec to r ,  no E t h r e l  

8% paraquat 
Chipper, E t h r e L  
Chipper, no E t h r e l  
In j ec to r ,  E t h r e l  
In jector ,  no E t h r e L  

Average $890 trees, 
each v o u p l  

C o n t r o l  ( 7 5  trees, 
each group) 

Number Number 
of trees Percent of trees Percent 

' ~ o r t a L i t y  sf trees sprayed w i t h  insecticide was significantly Less 
t h a n  t h a t  o f  unsprayed trees at .P - 0,05 .  



Table 8,----Mortaliry of IsblolJ-y  p i n e  1 yekr s f t a r  2 silg;%mer paraquat 
t r e a t m e n t  

T rea tmen t  P n s e c t i c s d e  Ns i ? s ec t i@r j e  

5% paraquat 
Chipper, E t h r s Z  2 2 5 6 g a l  

2 Chipper, no E t h r e l  2 a 9 3 4 , 2  
In jec to r ,  E t h r e l  1 4 - 3  16 23,s 
In jec to r ,  EO E t h r e l  0 0 ZL 2,5 - 

2% paraquat 
Chipper, E c h r e i  9 
Chipper, no Ethrel 3 
%n]eetsr, EkhreZ  2 
I ~ f e e t s r ,  nc E t h r e L  a 

0% paraquat 
Chipper, E t h r e  i i; a"i 3,5 
Chipper, no E t h r e l  P 3 4 "1 1 r L  --I 

Injector, E t h r e E  2 2,4 3 3*!3 
In j ec to r ,  no E t h r e l  3 0 "a 1,4 

Average (890 trees, 
each group) 

Cont ro l  (75 trees, 
each group) 

"Mean f o r  sprayed trees significantly Eess than far uns2uayed  trees 
at P = 0,05, 



Table 9,--Mortality of kobLolLy p i n e  1 year af te r  a spring p3raguat 
treatment 

Tree m o r t a l i t y  

T r e a t m e n t  Insect ic ide  No insect ic ide  

Number Number 
of trees Percent of trees Percent 

5% paraquat 
Chipper, E t h r e L  '9 9,6  8 
Chipper, no E t h r e l  1 1 ,ha 0 
In jector ,  FthreL 13 36,3 20 
In jector ,  no E t h r e l  5 %,4 3 1 

2% paraquat 
Chipper, E t h r e l  1 
Chipper, no Ethre ' l  2 
Injector,  E t b r e l  4 
In jector ,  no E t h r e l  3 

0% paraquat 
Chipper, E t h r e L  2 2,6 0 
Chipper, no E t h r e L  4 5 , O  0 
Injector ,  E t h r e  L 4 5,3 2 
Injector ,  no E t h r e l  1 I , $  0 

Average (890 trees, 
each group) 

Control  ( 7 5  trees, 
each group) 

aMean for sprayed trees is significantly less than that  fo r  unsprayed 
trees at 6" = 0,05, 



I t  must  k emphasized t h a t  t h e s e  
f i n d i n g s  a r e  n o t  a p p l i c a b l e  t h r o u g h o u t  
t'ne Sou th ,  The e x t e n t  of the g e o g r a p h i c  
r e g i o n  t o  which they a p p l y  is somewhat 
c o n j e c t u r a l ,  b u t  i t  i s  l i k e l y  t h a t  t h e y  
a r e  r e a s o n a b l y  L p e r " c ~ e n t  from ntiddle 
Georg ia  no r thward ,  p r o v i d e d  Cla t  a c t i v -  
i t y  by the s o u t h e r n  pine beetle i s  Low, 
The need f o r  dFff e r e n t  p r e s c r i p t i o n s ,  
p r o b a b l y  by r e g i o n s ,  t o  c o n t r o l  ba rk  
b e e t l e s  a f t e r  p a r a q u a t  a p p l i c a t i o n  is  
e v i d e n t  i n  the  d a t a  p r e s e n t e d  by Drew 
( I 978 ) , For i n s t a n c e  , Lightwood t r e a t -  
ments t h a t  can be applied w i t h  i m p u n i t y  
i n  South  C a r o l i n a  may be d i s a s t e r o u s  in 
n o r t h  F l o r i d a ,  

w i t h  4 p e r c e n t  p a r a q u a t  sprayed on a 
1 /2-c i rcumference  ba rk  s t r e a k ,  Two of  
t h e  a u t h o r s  ( O u t c a l t  and S t u b h s )  a t -  
tempted  t o  determine growth Poss i n  
t h e i r  s e v e r a l  s t u d i e s ,  They measured 
d,b,k, and h e i g h t  of m o u s a n d s  of t r e e s  
b e f o r e  t r e a t m e n t  a??d t h e n  p r i o r  t o  har- 
v e s t ,  b u t  t h i s  method w a s  n o t  s e n s i t i v e  
enough t o  detect growth l o s s ,  

Most of these r e p o r t e d  growth losses 
involve t r e a t m e n t s  more severe t h a n  we 
now recommend, For recommended t r e a t -  
ments ,  we doub t  tha t  growth loss exceeds 
10 o r  15 p r c e n t  f o r  e i t h e r  s l a s h  o r  
L o b l o l l y  p i n e s ,  

Loss of Wood-Volume G s o w ~  

P a r a q u a t  t r e a t m e n t  c a u s e s  t i s s u e  
damage and n e c r o s i s ,  e s p e c i a l l y  of t h e  
i n n e r  b a r k  and cambium l a y e r  above t h e  
wound s i t e ,  The b o l e  a r e a  with dead 
t i s s u e  w i l l  produce  no a d d i t i o n a l  wood, 
and growth is  p r o b a b l y  r educed  i n  areas 
w i t h  t i s s u e  damage, However, trees 
often produce  compensa tory  growth as a 
r e s p o n s e  to wounding, 

Thus, the q u e s t i o n  soon a r o s e  as t o  
whe the r  t h e r e  was a p p r e c i a b l e  wood- 
growth  l o s s  due t o  p r a q u a t  t r e a t m e n t ,  
S q u i l l a c e  and Moyer ( 1976)  t r e a t e d  slash 
p i n e  with 8 p e r c e n t  p a r a q u a t  a p p l i e d  t o  
a 1 /3-eircumf e r e n c e  h a r k  s t r e a k ,  A f t e r  
20 months ' t r e a t m e n t ,  they  conc luded  
t h a t  treated trees produced 29 p e r c e n t  
less wood volume than t h e  c o n t r o l  t r e e s  
d u r i n g  t h a t  i n t e r v a l ,  Drew (1980) com- 
p u t e d  growth l o s s  on s l a s h  p i n e  t r e a t e d  
w i t h  2 o r  8 p e r c e n t  p a r a q u a t  a p p l i e d  on 
a 1 /3-c i rcumference  bark s t r e a k ,  The 
growth  loss f o r  a %-year duration was 
2 2  p e r c e n t  f o r  the 8 percent paraquat 
t r e a t m e n t ,  hut n e g l i g i b l e  f o r  2 p e r c e n t  
p a r a q u a t ,  Testing t h e  e f f e c t s  of 0,25 
or 0 , s  p e r c e n t  p r a q u a t  solutions p l a c e d  
i n  holes bored i n t o  t he  stumps of slash 
pines, Brawn and Pienaar ( 1 984 ) r e p o r t e d  
t h a t  Wle l o w e r  c o n c e n t r a t i o n  produced no 
s i g n i f i c a n t  r e d u c t i o n  i n  growth over a 
2-year p e r i o d ,  b u t  t h e  0,5 p e r c e n t  eon- 
c e n t r a t i o n  caused growth Loss of about 
1 3  p e r c e n t ,  

Working w i t h  lobLoLly pine, Nix 
(1979)  r e p o r t e d  a 24 p e r c e n t  growth Poss 
o v e r  a 2-year Lperisd from trees t r e a t e d  

I n  this s e c t i o n  we p r e s e n t  o n l y  
t h o s e  o l e o r e s i n  y i e l d s  f o r  p a r a q u a t  
t r e a t m e n t s  c u r r e n t l y  recommended, and 
which have k e n  r e p o r t e d  on a who le - t r ee  
b a s i s ,  o r  can  be computed t o  t h i s  basis, 
From these data we have o f t e n  computed 
y i e l d s  per c o r d ,  u s i n g  these values: 

( 1 )  80 f t 3 / c o r d  of  wood for both slash 
and l o h l o l l y  pines; ( 2 )  a n  ovendry 
weight of 33 i b / f t 3  f o r  slash p i n e ,  31 
l h  f o r  l o b l o i l y  p i n e ,  

I n  slash p i n e s  (Joyce and o t h e r s  
1 9 7 7 ) ,  t h e  i n c r e a s e  i n  o l e o r e s i n  y i e l d  
a t t r i b u t a b l e  t o  p r a q u a t  t r e a t m e n t  2 
y e a r s  b e f o r e  appears t o  be from 108 t o  
1 2 5  I b l c o r d ,  "r p e r c e n t  s f  which is  t u r -  
pentine and the rest r e s i n  acids, The 
d a t a  of Peters and o t h e r s  (1978) f o r  
s l a s h  p i n e  give a per c o r d  amount of 
a h o u t  98 I b  of a d d i t i o n a l  o l e o r e s i n  
a f t e r  a W-month t r e a t m e n t  p e r i o d ,  Data 
f o r  a 9-month t r e a t m e n t  p e r i o d  ( R o b e r t s  
1978b) give per c o r d  o l e o r e s i n  enhance- 
ment values of a b o u t  80 Lh (20 p e r c e n t  
t u r p e n t i n e )  for slash pine, and a b o u t  43 
Ih (20 p e r c e n t  t u r ~ ~ e n k i n e  1 f o r  lobLoELy 
p i n e ,  

T h i s  gleaning is  p i t i f u l l y  small, 
considering all the  tests of p a r a q u a t  
induction of l ightwood that have been 
made. This  s i t i ~ a t i o r a  was one of the 
r e a s o n s  the s e n i o r  a u t h o r ,  who was i n  a 
f o r t u n a t e  p o s i t i o n  t o  do s o ,  de t e rmined  
t o  c a r r y  o u t  large-scale tree sampl ing  
and  o l e o r e s i n  analyses, R e s u l t s  from 
s t u d i e s  by Stubbs and Chtcalt ( 1  9 8 2 )  are 
now presented, 



I n  tests on - b o b l s l l y  pine, i n c r e a s e s  
i n  o l e o r e s i n f i t '  were determined on a 
who le - t r ee  basis ( b o l e  t o  a 4 i n ,  t o p ) ,  
The 1 /4-circumf e r e n c e  bark streak and 

- - -  SINGLE DCWEL (2.04 ib P A R A B U A T / ~ ~ ~  
OF DO'JVEL. PLACED lR  DRILLED 
113-CIRCUMFEREYCE CHORD 1 

I . L I . C . i l * *  

Q 
DRILL WGLE ( IIJ-CIRCUMFERENCE 

1.2 
CHORD, 5% PARAQUAT) 

3 - I I J - C I R G L I M F E R E K E  BARK / 
t STREAM 1 5 "1, PARAQUAT ! /' 

UJ MONTHS AFTER PARAQUAT TREATMENT 

F i g u r e  8,--Ef fects  of t h r e e  different 
methods  of p a r a q u a t  a p p l i c a t i o n  on 
i n c r e a s e s  in o l e o r e s i n  yield from 
l o h l o l l y  pine, 

the d r i l l  b o l e ,  with p r a q u a t  s o l u t i o n  
a p p l i e d  t o  the streak o r  i n t o  t h e  h o l e ,  
have given comparable increases i n  
o l e o r e s i n  c o n t e n t  ( f i g ,  8, t a h l e  10) b u t  
t h e  drill-hole t r e a t m e n t  had higher tree 
m o r t a l i t y  from beetles (table 3 ) ,  
Hiqhev y i e l d s  were o b t a i n e d  by u s i n g  a 
single paraquat-impregnated dowell in a 
d r i l l  h o l e ,  o r  by using ";id0 dowelsI bu t  
tree m o r t a l i t y  was p r o h i b i t i v e  (table 3 )  
I n  a variety of t r e a t m e n t s  using the bar 
s t r e a k  and the tree i n j e c t o r  on l o h l o l l y  
pine, the tree injector showed an o v e r a l  
s u p e r i o r i t y  i n  o l e o r e s i n  yield ( t a b l e  
1 1 ) , m e r e  degree of w u n d i n g ,  L m r a q u a t  
s o l u t i o n  c o n c e n t r a t i o n ,  and s e a s o n  of 
treatment were equivalent, o l e o r e s i n  con  
tent 12  months a f t e r  t r e a t m e n t  was about 
2 5  percent gred ter f o r  the tree-in j e c t o r  
method, Taking i n s e c t  problems i n t o  
c o n s i d e r a t i o n  w i t h  data from the same 
study, the tree i n j e c t o r  used in the 
s p r i n g  or  f a l l  w i t h  2 p e r c e n t  p a r a q u a t  
plus 3 0 p e r c e n t  E t h r e l ,  gave t h e  best 
average y i e l d s  ( t ab le  1 2 )  wit110ut undue 
Losses  t o  tree m o r t a l i t y  ( t a b l e s  7 and 
91, This amounts to r a i s i n g  o l e o r e s i n  
c o n t e n t  from a b o u t  6 5  lb/100 f t J  to ahou 
1 4 5  Lh/100 f t 3 .  

Table 18,--Additional oleoresin content of EobLsLby pines a t  v a r i o u s  times 
after paraquat treatment 

Gain in oleoresin c o n t e n t  a f t e r - -  

T rea tmen t  6 9 1 2  15 18 21 
months months months months months months 

1 / 3  bark streak, 0,31 0,54 0 ,64  0 ,50 0 ,57  0,78  

5% p a r a q u a t  - + , I 3  - +,09 - + , I 0  - +,I0 - +-a 7 0 - +, 4 7 

D r i l l  hole ,  .29 -- ,653 .74 .GI  .84 
5% paraquat - + , I 3  - +,'I0 - + , I 0  - + , I 0  - + , I  1 

D r i l l  h o l e ,  
one  dowel 

D r i l l  h o l e ,  
two dowels 

Means are above; 95 p e r c e n t  confidence intervals are below, 



T a n l e  I t  ,--Effect of Clreatscir,"r_laar~ables or- t o t a l  oleores~n 
eont+nt of lok1olLy prne  y e a r  a f t e r  paraqce t a p p l ~ c a t l o n ,  
by season of t r e a t m e n t  

O l e o r e s i n  c o n t e n t  Ln-- 

Paraquat concentration 
2 &percent 4 , ? 3 a  3 ,433  3,9id 3,86a 
5 percent 4,48a 3,860 3,74a 4,03a 

Wounding ragrehod 
i+, r": streak 
Tree rnlector 

E Q h r e l  concentration 
0 percent 4 , ?3a  3,49a 3 , 7 ? a  3,81a 

7 0 percent  4,483 3 , S l b  3'94a 4.08b 

V a i u ~ s  Ecllowed by tile s a w  l e t t e r  w z t n l r !  cobu.inc; a r e  n o t  
szqnlfrcantly d ~ f f e r e n t  at P = 0,05, 

Table 12, --Addr t i o n a l  oleoresin con t e n t  of bqbi c l P y  p l n e  1 year 
after v a r z o u s  paraqaat t r e a t n e n t s  , by season of t r e a t n e n t  

T r e a t m e n t  

-- -- 

Garn  i n  o leores in  

---------- 

Spri fiq Summer F a i l  

0%; paraquat 
Bark s t r e a k ,  E t h r e l  -C, 932a 0,09a (3, U4a 
I n j e c t o r ,  E t h r e l  -, 1 %  . I  la .83a 

2% paraquat 
Park s ~ _ Y ~ c " ^ K .  . ?3a .38b .4Qb 
Bark sere&,  E t n r e l  ,5Ca .79b -421-1 
Lnj ec t ~ r  .8 21=c . 4 5bc . 591;. 
In? ec tor, Ethre l .8Yc -733 .83b 

5% paraquat 
Bark s t r e a k  ,19a .33b .43b 
Bark s t r e a k ,  E t h r e l  .61al? -5 5c . f3h  
iqjector  : ,9?c .75d .58b 
In? ec tor, E t h r e  l .SIC . 7% -4911 

E t h r e i  I n  ail t r e a t x e n t c  w a s  applr~d In a a3 F r c e n t  s s l 3 t ; o n  
of ace l ve  ~ o c  by w e i q h t ,  

W ~ t h F n  i lolumns, va l i l e s  fcllowed by the .same Letter a r e  not 
significantly d l f f e r e n t  at P = 0,OS, 



Slash pines  i n j e c t e d  w i t h  2 percent using a hydrocarbon solvent process, 
paraquat  in the s i i r n m e r  4oubLed the i r  w i t h  a pulpmill, OLeoresin-=rich basal 
o l e o r e s i n  c o n t e n t  a f te r  o n l y  9 nonths  sec t ions  of a tree would he d i rec ted  t c  

( t a b l e  1 3 ) .  O l e o r e s i n  content c o n t i n u e d  the so lvent  e x t r a c t i o n  p l a n t  and the 
to increase throughout the ~"raildy, redeh- rest s e n t  to the pu lp r i i l l ,  A f t e r  
i n g  o v e r  three t i m e s  the normal  Level at e x t r a c t i o n ,  chips from t%e solvent  pla~ 
22 months ,  U ~ f o s t u n a t e l y ,  tree mor- would a%sc $0 to t he  pulpmill, In 

T a b l e  13,--0lesresin c o n t e n t  of s lash  pines at v a r i o u s  tlmes after paraquat 
t r e a t m e n t  

- 

Oleoresin content after--- 
--- 

6 9 12 15 18 22 
months months m ~ n t h s  months months months 

T r e e  i n j e e  tor, 
2% paraquat 

G a i n  

Means are shove; 95 percent conf idence i n t e r v a l s  sre below, 

t a l i  ty a l s o  increased th roughou t  the 
s t u d y  (see table 51, but  t h i s  t r e a t m e n t  
w a s  s a t i s f a c t o r y  over a 12-month period, 
Based on t h i s  study and o the r s ,  t rea t -  
ments  t h a t  have acceptable r i s k  in tree 
m o r t a l i t y  w i l l  raise o h e s r e s i n  content 
from about 90 ih/100 ft3 of wood to 190 
Lh or nore, Athsugh the  u n t r e a t e d  s l a sh  
p i n e  oleoresin c o n t e n t  as given in t zb le  
1 3  is about 55 lh/100 f t 3 ,  t35 to 95 Lb 
i s  more representative, especialZy f o r  
s lash  p i n e  in the  main s l a sh  pine belt, 

In addition to y i e l d s  on 3 whole- 
tree basis, it can he i npo r t an t  to know 
how o leo res in  is d i s t r i h ~ t e d  in tIae 
merchantable bole. Tables 14 and 15 
g i v e  oleoresin concent of  the f i r s t  
bolt, second b o l t ,  etc, Because para- 
q u a t  1s applied at the base of the tree, 
and due to the n a t u r e  of zhe r e s i n o s i s  
process, *he h ighes t  o l eo re s in  con- 
c e n t r a t i o n s  are in the lower bo le ,  For 
several  years ocr i n d u s t r i a l  cooperators 
and  ~ t h e r s  have examined the idea of 
combining an o leo res in  e x t r a c t i e n  2 l a n t ,  

p l a n n i n g  an operation Like this, oleo- 
resin y i e l d  data by tree sec t ion  are 
obvious ly  necessary, The advantages of 
s o l v e n t  extraction are the production o: 
h ighe r  quality oleores in  products Clan 
those  from k r a f t  p i z l p m i L L  processes, anc 
greater recovery of oleoresins.  

Oleoresin Q u a l i t y  
Oleoresin produced as a r e s u l t  sf 

paraquat trea trnerit is sf comparable 
q u a l i t y  to t ihat from u n t r e a t e d  trees 
{Conley and others  1976; Enos and other:  
1978; Landry 1377; McBri.de 1977, 1378; 
Z i r i k e l  and NcKibben 1978), Specific 
aspects of oleores in  com2ositf on are 
discusse2 next, 

R a t i o  of t m r p n t i n e  to r e s i n  acids 
Analyses o f  oLeoresin from paraquat- 

treated trees have v i r t u a l l y  always 
shown a r e l a t i v e  increme in the t u r p e n -  
t i n e  component as cornpared w i t h  con t ro l  
t r e e s .  In k h L o L i y  p i n e  -this amounts %c 
a f e w  percent  g a i n ,  from 17 or 18 &per- 



Table 14 , - -Res in  aeidq, t u r p e n t i n e ,  and o l e o r e s i n  c o n t e n t  of l o h l o L L y  p i n e  21 
months a f t e r  paraquat t r e a t m e n t ,  by a p p l i c a t i o n  n e t h o d  

T rea tmer i t  

B o l e  s ec t ion  
a n d  

c~mponen t 
1 / 3  bdrk  D r i l l  
s t r e a k  hc Le Dowel C o n t r o l  

R e s i n  acids 
T u r p e n t i n e  
Oleoresin 

R e s i n  a c i d s  
T u r p e n t i n e  
O l e o r e s i n  

10 ft to &in, top 

R e s i n  a c i d s  
T u r p e n t i n e  
O l e o r e s i n  

Whole tree 

R e s i n  a c i d s  
T u r p e n t i n e  
O l e o r e s i n  

Means f o l l o w e d  by t h e  same l e t t e r  w i t h i n  a row a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
a t  P = 0 , 0 5 ,  

Table 15 , - -Res in  a c i d s ,  t u r p e n t i n e ,  a n d  t o t a l  o l e o r e s i n  c o n t e n t  o f  s l a sh  p i n e  22  
months a f t e r  a t r e e - i n j e c t o r  , 2 p e r c e n t  p a r a q u a t  t r e a t m e n t  

Component  F i r s t  Second 10 f t  t o  Fkobe  
5 f t  5 ft 4 i n ,  top tree 

Resin a c i d s  

T u r p e n t i n e  

O l e o r e s i n  

Means are above; 95 p e r c e n t  c o n f i d e n c e  i n t e r v a l s  are below, 



c e n t  of the t o t a l  o l e o r e s i n  to  19 t o  21 
p e r c e n t  lStubhs and Outca3-t "1982), The 
r e s t  i s ,  of c o u r s e ,  r e s i n  a c i d s ,  S l a s h  
p i n e  normally has 20 t o  21 p e r c e n t  t u r -  
p e n t i n e  and i n c r e a s e s  t o  about 25 p e r -  
c e n t  a f t e r  &paraquat t r e a t m e n t ,  

mrpntbwe corn-psitiam 
Changes i n  t u r p e n t i n e  compos i t i on  

d i f f e r  i n  slash and l o b P o l l y  pine 
f o l l o w i n g  p a r a q u a t  t r e a t m e n t ,  I n  slash 
p i n e  there is  an a p p r e c i a b l e  i n c r e a s e  i n  
t h e  p r o p o r t i o n  of be t a -p inene  and some 
decrease i n  alpha-pinene compared with 
u n t r e a t e d  t r e e s  ( t a b l e  "11 , For lob- 

Tab le  1 6 ,--Change i n  monoterpene corn- 
p o s i t i o n  of s l a s h  p i n e ,  by number of 
months a f t e r  p a r a q u a t  t r e a t m e n t  

Te rpene  I n j e c t o r  C o n t r o l  

6 months 
Alpha-pinene  62,8a 67,0b 
Be t a - p i n e n e  24,6a W , ? b  

18 months 
Alpha-pinene 59.3~1 67,Ob 
Beta -p inene  28.4a 1 9 , l b  

W i t h i n  r o w s ,  values f o l l o w e d  by t h e  same 
l e t t e r  are n o t  s i g n i f i c a n t l y  d i f f e r e n t  
a t  P = 0,05 ,  

io1J-y p i n e  t h e r e  is  a minor d e c r e a s e  i n  
t h e  p r o p o r t i o n  o f  be t a -p inene  a f t e r  
t r e a t m e n t  but no change i n  t h e  a l p h a -  
pinene p e r c e n t a g e  f t a b l e  1 7 )  , Drew 
(1976 )  r e p o r t e d  that b e t a - p i n e n e  from 
p a r a q u d t - t r e a t e d  s l a s h  p i n e  i n  n o r t h  
Florida r o s e  from 21 p e r c e n t  t o  34 per- 
cent; a final report for t h e  same s t u d y  
by Joyce and others (1977)  gave v a l u e s  
of 22  p r c e n t  for c o n t r o l s ,  r i s i n g  t o  33 
p e r c e n t  24 months a f t e r  t r e a t n e n t ,  
R o b e r t s  (1978b) r e p o r t e d  d a t a  f o r  s l a s h  
p i n e  that show the be ta -p inene  component 
of t u r p e n t i n e  increased from 22 t o  2 8  
p e r c e n t ,  H i s  data f o r  l o b l o l l y  p i n e  
show no s i g n i f i c a n t  d e c r e a s e  i n  the 
b e t a - p i n e n e  f r a c t i o n  but an i n c r e a s e  i n  
a lpha -p inene  from 61 t o  64 p e r c e n t ,  
From tile f o r e g o i n g  it is p l a i n  t h a t  
e x c e p t  f o r  be t a -p inene  i n  slash p i n e ,  
p a r a q u a t  t r e a t m e n t  h a s  l i t t l e  e f f e c t  on 
t u r p e n t i n e  c o m p o s i t i o n ,  

Resin  acids composition 
From t h e  d i s c u s s i o n  of Z i n k e l  and 

McKibben f 1978) and  t h e  d a t a  of Enos and  
o t h e r s  C 19781, t h e r e  a p p e a r  t o  be  no 
s i g n i f i c a n t  changes  i n  r e s i n  a c i d s  as a 
result of p a r a q u a t  t r e d t m e n t  , 

Tall o i l  composition 
P a r a q u a t  t r e a t m e n t  i n c r e a s e s  t h e  

r e s i n  a c i d s  c o n t e n t  of t h e  wood by 100 
p e r c e n t  o r  more; L l e r e f o r e ,  t h e  r e s i n  
acids f r a c t i o n  of  t a l l  oil i n c r e a s e s  
c o n s i d e r a b l y ,  There  has been no e v i -  
dence t h a t  p a r a q u a t  t r e a t m e n t  i n c r e a s e s  
f a t t y  a c i d s ,  I n  f a c t ,  t h e r e  bas  been  

Table 17,--Change i n  monoterpene c o m p o s i t i o n  of  L o h l o l l y  p i n e ,  by number of 
months a f t e r  p r a q u a t  t r e a t m e n t  

--- a 

Terpene Bark s t r e a k  Drill h o l e  Dowe 1 C o n t r o l  

"3 months 
Alpha-pl- -I nene 
Beta -pinene 

- - - -  -- percent - -.. -. -.. --. - -. - .-. -. 

With in  rows, n l u e s  f o l l o w e d  by the same l e t t e r  are n o t  s i g n i f i c a n t l y  different 
a t  P = 0 ,05 ,  



concern t h a t  paraquat t r e a t m e n t  reduces  
the y i e l d  of f a t t y  acids,  which at pres- 
ent are mere vatuahLe than r e s i n  acids,  
M c R r i d e  (1977,  19'78) reported t h a t  there 
appeared to be a decrease in f a t t y  
acids,  as d id  G i l l  (1978) -  Conley and 
others (7976) ,  however, found no signi- 
ficant change in f a t t y  acids, no r  did 
Enss  and others (7978), Z i n k e l  and 
McKihben ( 7 9 9 8 )  give evidence f o r  L i t t l e  
or no change, and sugges t  t11a-t reported 
decreases w e r e  l i k e l y  due to oxida t ion  
of samples, sampling problems, or both,  
W e  conclude that i f  there is a decrease 
in f a t t y  acids, i t  is l i k e l y  to be 
inconsequential, 

Paraquat residue 
P a r a q u a t  cannot he detected in the 

paper, Parpen t ine ,  or t a l l  o i  h produced 
by k r a f t  pulp and paper %ills (Ear le  

9 975) , Nei ther  is paraquat to be found 
in the oleoresin products  produced by 
wood  naval stores ex t r ac t ion  p l an t s  
(Enos  and others 4978), 

medtment Costs 
The costs given in table 18 (Stuhbs 

and f fu tea l t  79982) are presented on the 
basis of cubic feet of woad, because 
this sort of vmod-volume measurement is 
Peast subject to t ~ a r i a t i o n .  A cord may 
vary in ac tua l  so l id  wood c o n t e n t   fro^ 
70 to nearly 100 f t 3 e  Data are a l s o  
g iven  on a per tree basis ,  because tree 
s i z e  enters i n t o  rssts based on volume, 
It is emphasized t h a t  these costs are in 
no s e n s e  absolute,  due to inflation, 
a v a i l a b i l i t y  and cost of labor, and many 
other factors, but are nonetheless use- 
ful and val id  fo r  t r e a t m e n &  comparisons, 

The chipper or bark-s treak method, 
in which horizontal 113-circumference 
wounds are made w i t h  a p o w e r  tool  and 
then sprayed w i t h  paraquat s o l u t i o n ,  
would appear to be the Peast expensive 
rcekhod, However, the Lper tree data show 
t h a t  use sf the t ree- in jector  method 
cou ld  he sorne~qhat less expensive; t h i s  

Table 18,--Costs per 100 cubic feet  of mod  and per tree for f i v e  paraquat 
t r e a t m e n t  methods 

--- ------ ---------- -" ---------- 
T r e a t m e n t  

Treatment 
method Paraquat Insecticide 

P a r a q u a t  appl ica t ion  Insecticide application T o t a l  

C h i ~ p e r  
(5% paraquat) 

D r i l l  'hole 
(5% pa raqua t )  

T r e e  i n j e c t o r  
( 2% paraquat ) 

Single dowel 

Double dowel 

Values per 100 cubic fee t  are above; those per tree are below, 

aIncLudes cost  of diesel  o i l  ca r r ie r ;  water used in all other  spray appl ica t ions ,  



t r e a t m e n t  as applied was q u i t e  c o s t l y ,  
because we used diesel oil for the 
insect ic ide carr ier ,  If water were used 
as in t h e  other t r e a t m e n t s ,  and if trees 
were of comparable s i z e  to those treated 
w i t h  a chipper ( i n j e c t e d  s l a sh  p i n e s  
were smaller than the LobloLly p ines  in 
chipper experiments), then  the cost sf 
t r e a t i n g  100 f t3 would be about $2.65 as 
compared wi th  $2,97 for the chipper 
method, Labor, paid at a race of $4 ,15  
per hour, accounts for a b o u t  85 percent  
sf these costs I The d r i l l - h o l e  metho2 
is cons iderab ly  more expensive L%an 
e i t he r  the t ree - - in  jector or chipper 
methods, and it shows no advantage i n  
o leores in  product ion,  Aside from the 
high  t r e a t m e n t  costs, n e i t h e r  dowel  
method is v iab l e  because oE high mor- 
tality from bark beetle attack, 

In previous sec t ions  of t h i s  Lpaper 
we have shown that  both hark-streak 
wounding with 5 percent paraquat, and 
tree-injector application w i t h  2 or 5 
percent  paraquat, can be used oil 1-ob--. 
l s l L y  p i n e  in South C a r o l i n a  w i t h  no 
insec t i c ide  application whatever, w i t h  
nomina l  Losses to beetle attack, C o s t s  
f o r  such treatments were aho~t $ 2  ,40 
instead of $311 00 f t 3  of wood. 

Css t-Benef it Comparisons 
In these comparisons we set the 

value  o f  oleores in  at $0,04/lb and the 
value of wood at $1611 00 f t 3 .  W i t h  the 
data presented in tables 10, 1 2 ,  and 13, 
o the r  values t h a t  the reader may con-- 
sider inore suitable can be readily 
s u b s t i t u t e d ,  W e  used a t o t a l  t r e a t m e n t  
cost  of $3/100 f t 3  for both the bark- 
streak and in jec to r  f i e t h ~ d s ,  of which 
$1,60 is for insect ic ide  s p r a y i n g ,  U s e  
o f  E t h r e i  added S0.06/130 f t3  
Paraquat-treatment expenses can  he 
regarded as ei ther  costs or investments  ; 
we considered tihem as costs and did not 
deduc t  from profit any i~terest on in- 
ves tmen t ,  Tne r e a d e r  can do so, u s i n g  
any i n t e r e s t  f i g u r e  t h a t  is appropriate 
to the s i t u a t i o n ,  Ira d e t e r m i n i n g  the 
value of a d d i t i o n a l  o l eo re s in  in tables 
19 ,  20, and 21 , we deducted t he  value of 
oleores in  l o s t  in. trees t % a t  d i e d ,  
Finally, we assumed t h a t  a l l  the addi- 
t i o n a l  oleoresin gaine2 by paraquat 
t r e a t m e n t  would be recovered by t h e  
ex t rac t ion  p l a n t ,  Ac tua l  recovery e f f i -  

c i e n c y  can  vary from 50 to 90 percent ,  
and readers should apply <whatever per- 
centages are reasonable for  tbe i  r ope ram 
tisns, 

For SobLally p i n e ,  the 1 / 3 -  
circumference bark-s t reak or chipper 
method took a l i t t l e  over 6 months to 
reach the break-eqvera p o i n t  (table 19) , 
Maximum pusfit i s  shown for a t r e a t n e n t  
d u r a t i o n  sf 21 months, b u t  Pllie 12-month 
d u r a t i o n  would give a cornparable r e t u r n  
if i n t e r e s t  on inves tanent  capi ta l  were 
deducted,  S ince  tree m o r t a l i t y  was very  
l o w  for  t h i s  t r e a t m e n t ,  r e t u r n s  over 
time vere p r i s a r i l y  a f u n c t i o n  sf i g -  

crease in oleoresin c o n t e n t ,  
Qegarding s l a s h  p i n e ,  if water had 

been used i n s t ead  of  diesel o i l  as tihe 
carries for the insect ic ide  spray, the 
paraquat t r e a t m e n t  would have been prof - 
i t ab l e  ( t ab le  201, assuming that this 
substitution would cause no appreciable 
increase in tree m o r t a l i t y ,  T r e e  mar- 
tality had more i n f l u e n c e  on prof it in 
this s l a sh  pine study t h a n  that  w i t h  
l o b l o l l y  pine, because miprtali ty was 
higher  and c o n t i n u e d  to increase 
throughout  the tes t ,  Sut o les res in  a l s o  
c o n t i n u e d  to accumulate at a f a i r  rate ,  
except f o r  months 12 through ' I s 8  Thus 
the maximum tes t  t i m e ,  22 months, is 
financially tihe best  harves t  t i m e  even 
a f t e r  d e d u c t i o n s  for mortality Loss both 
in wood and oleoresin, The dip in 
expected p ro f i t s  at 55 and 1 8 months is 
caused by the  p rev ious ly  mentioned tern- 
parary l e v e l i n g  in o l e o r e s i n  acmmuia- 
t i o n ,  bz1t a c o n t i n u i n g  tree m o r t a l i t y *  

As shown by information presented 
in tabbe 21, an i n sec t i c ide  spray on 
LsbLolly p i n e  in t h e  study reg ion  
usually does not pay,  Treatment  costs 
can be halved by not spraying; an insec- 
ticide spray does not afford a s u f -  
ficiently high l e v e l  cf protect ion,  and 
some treatments simply do n o t  require 
insecticide pro tec t ion ,  The difference 
in tree m o r t a l i t y  be tween  sprayed and 
unsprayed treatments must  he about I O 
percent-, 'before spray ing  is wort"awhile, 
i f  wood i s  valued at S16 /100  f t 3 .  

Overall, summer treatments were 
osorest (table 21 ) , In comparison w i t h  
f a l l  treatments, insect-caused tree ;-nor-- 

talk ty was greater put oieciresira y i e l d s  
w e r e  not, and spring t reatments  had much 
higher oleores in  y i e l d s ,  However, the 



Table 19,--Cost-benefit analys is ,  per 100 cubic f e e t  o f  wood, for 5 percent 
paraquat application to 713-circumference bark s t reak,  on LohlsPly  p i n e  

T r e a t m e n t  Value Value sf 
d u r a t i o n  addl t icsnal  mea t a e n t  wood 
( m n ~  ths  ) 9%ecresina cost  l o s t b  P r o f i t  

aBased oc an oleores in  value of $0,07 per poun2, 
b ~ o s ~ e s  due to tree mor ta l i t y ;   mod valued at S l 6  ser i O O  cub ic  feet. 

PI- %ab le  20,---Cost-benefi t  analysis, kper J O G  cubic  feet of wood, fisr 2 p e r c e n t  
paraquat application to s f a s h  p ine ,  by a tree i n ~ e c t o r  

Trea tmen t  Value sf Value sf 
d u r a t i o n  a d d i t i o n a l  T rea tmen t  w m d  
(months ) oleoresin" eos t 10s c5 P r o f i t  

"Bzised on afi oleoresin value of $0,07 per Lwund, 
b~os se s  due to m o r t a l i t y ;  w o o 6  valued at 916  per 160 cub~c f e e t .  



~ a b % e  25 ,----Profit or loss per 190 cubic f e e t  of wood f o r  s eve ra l  paraquat treat- 
nents of l o b l o l l y  p i n e ,  by insec t i c ide  p ro t ec t ion  and  season sf t r e a t m e n t ,  1 2  
months after t r e a t n e n t  

% n s e e t k c i d e  No i n s e c t i c i d e  
-- ---------- -- 

Spri qg Sunme r F a l l  Spr L ncq Summer T1 r a 1 L  

2% paraquat 
Bark s t r e a k  -C3,77 -0,34 -0,50 131.55 B,?4 0,95 
Bark streak, E t h r e b  -4 ,i33 --- ,44 1,53 --, 44 .95 

Average --, 29 -*68 -,47 L ,044 .I 5 *9!5 

I n  j ec tor "i 83 .I5 .5 3 3 , i 9  7.20 2,73 
In j ec tor, E t h r e L  1,88 1,50 2,47 3-57 .2'7 3,41 

Ave rage 1,85 *a2 1,58 3,18 .73 3,07 

Average, 2% paraquat ,38 .07 .S1 2 * 1 ;  .44 2 , O :  

5% paraquat 
Bark  streak -,53 --~,22 .01 1,33 .?4 I * 5 1  
Bark s t r eak ,  E k k r e l  m e  74 .27 .65 .42 .78 1,93 

Average -*63 -,47 .33 .4? ,36 3 a?? 

1n-j ec tor 2 , 3 7  2,04 "1 06 -3,953 3,30 4,68 
In j ec tor, E t h s e  i -, 34 .37 - 1,?3 -1 ,29 ,GI 

Average L C 1  2,OY ,il -2 56 %,85 1 - 1 4  

Average, 5% paraquat .I9 .go .52 -,84 . -7 5 L 46 

Average, 2 and 5 
percsnt  paraquat .48 .44 .52 .63 60 7 *73 

"Based on an a%esresin val-rzca of $O,07 per p c u n d ,  w ~ o d  r ~ a l ~ ; e d  at S76 per i 0 8  

cubic feet ,  and t r e a t m e n t  costs at $3 per cubic f o o t  w i t h  insecticide, S?,$O 
w i t h o u t  insec ti.ci.de , 

best  treatment for t h e  surnner seasqn, 5 
percent  ~ a r a q u a t  applied w i t h  a tree 
i n j e c t o r ,  d id  show one sf the h i g h e s t  
p r o f i t s  of any  te; ted ,  reqardless 9f 
season o f  application, Altnoiigh tree 
m o r t a l i t y  was h ighes t  a f t e r  spring 
trearments,  so was oleoresin yield, 
Therefore, g r o f i t a b i l z t y  i s  a t t r a c t i v e  
in spring t reataents if garaquat coq- 
cent ratio^ i s  l i x i t e d  to 2 ,percent, On 
the *basis of y ie lds ,  tree n~rtality, and 
p r o f  lt p o t e n t i a l ,  2 percent paraquat 
w i t h  or ~ L t h o u t  Echre'L applied w i t h  a 
tree i n j ec to r  d u r i n g  spring or E J ~ L  na6 
the best o v e r a l l  pr farmance  fo r  
loblol1-y p i n e ,  As noted p r e v i o u s l y ,  

these data may net apply  to the  e n t i r e  
w m g e  - o f  i o b l o l l y  p i n e ,  

E t k r e l  i n c r e a s e d  olesresin yield b] 
an average s f  15 percent (fr3rn data in 
t a b l e  123, w h l c n  anoufiteci to additional 
o leo ra s in  3f ahout 8 lh/iCC f t3  o f  WOO( 

t reated.  9ri t h i s  basis, the cost  sf 
E d h r e l  ase xas $0,06, the r e t 8 3 r n  $0.56 
w i t h  oleores in  at $Q,87/ln, However, 
averaging all t r e a t m e n t s  the use of 
E t h r e P  ~ n c r e a s e C  n a r t a l i t y  from 7 ,8 ta 
3,4 percent,  an averaqe loss o f  
SC.2S/ l i lO  $ti, so the average  addition^ 
profit from the use cf Ythre l  was $Q,56 
-0.06, -0.26, or -0.24/100 f t3  of w c o d  
t r ea ted ,  



&cause of f l u c t u i t t i ~ n  in pricesg 
the primary utility of tables 19, 20, 
and 21 is fo r  comparing treatments and 
treatment durations, not profit projec- 
tion* W i t h  the y i e l d  and mortality data 
presented i n  other sections of this 
report, it is possible to calculate 
p ro f i t s  based on whatever assumptions 
t h e  reader bel ieves are appropriate, A 
fac tor  to consider  in such c a l c u l a t i o n s  
is y o w t h ,  &cause changes in oleoresin 
yield on a per acre basis are dependent 
on aleores in  prcduc t ion ,  tree mortality, 
and tree q o w t h ,  P r o f i t  on a &t5 basis 
will always be Less than profit on a per 
acre basis if there is any additional 
grsiiil.th; i ,e,, at a given y i e l d  in fb of 
oleores in / f  t3 of wood, added growth will 
produce more lh/acre of o leo res i n ,  

m e e t  o f  Paraqua t -Tsea t e d  Pulpwood 
on Mill O p e r a t i o m  

Mill Trials With LobEolEy Pine  
Waite 919774 reported a m i l l  t r ial .  

using whol ly  paraquat-treated trees, in 
volume about 480 cords, No d i f f i c u % t i e s  
were encountered,  and the o n l y  opera- 
t i o n a l  differences noted were t h a t  the 
digesters gassed off harder due to the 
a d d i t i o n a l  t u r p e n t i n e  in the wood, and 
sonewhat poorer pulp washing caused a 
saltcake loss of about 20 l b j t o n  of 
ovendry pulp, No Loss in product 
quality occurred, Per ton of bleached 
pulp, an add i t iona l  0,8 ga l  sf t u r p e n -  
tine and 35,9 Lb of t a l l  o i l  were 
obta ined ,  Two a d d i t i o n a l  t r i a l s  at Ifhe 
same m i l l  involved 320 cords of treated 
wood as 40 percent of m i l l  f u r n i s h ,  and 
480 cords as 60 percent of f u r n i s h ,  
Waite 119784 again reported that no 
signif ieant problems arose and product 
q u a l i t y  was u n a f f e c t e d ,  T ~ r p e n t i n e  
y i e l d s  increased by 0,36 and 8,46 
ga2/ton of bleached p u l p ,  w i t h  t a l l  a i l  
increases of 9,s and % 2 , 4  15, 

In a cooperative s t u d y  w i t h  the U,S, 
Department of  Energy and USDA Fores t  
Serv ice ,  Jonakin  and M i  lPard  ( 1 979 1 
found t h a t  there w e r e  no detr i rnentai  
effects to the  pulpmill operations or to 
paper and chemical products ,  
Approximately 4,500 cords of peraquat- 
treated wood were processed, s u p p l y i n g  
25 percent  of  the m i l l  f u r n i s h  fo r  25 

days, The treated wood produced about 
40 percent more t a l l  oil than did un- 
treated wood, and the patentiax for 
increased turpentine production was at 
l ea s t  as great, but  the recovery system 
could no t  cape with  the increase6 
amount,  

M i l l  Trials With S lash  P ine  
Landry  (49773 gives de t a i l s  o f  a 

t r i a l  t h a t  used 4,Q00 cords of treated 
wood, making up 5, 15, and 25 percent of 
the m i l l  f u r n i s h  for 4 days each, No 
operational difficulties were noted, but 
the shor t  t i m e  period for each s u b t r i a l  
produced sampling and byproduct inven-  
tory problems, making i t  d i f f i c u l t  to 
determine the a d d i t i o n a l  t ~ a r p e n t i n e  and 
tall oil gained, Similar difficulties 
plagued a second cooperative m i l l  trial 
involving the U , S ,  Department of Energy,  
USBA Forest Service, and C o n t i n e n t a l  
Forest Industries (Stuhbs  and OutcaLt 
1 9 8 2 )  , About 1,100 cords of paraquat- 
treated s l a sh  p i n e  supplied 12 percent 
o f  the pulpmill f u r n i s h  over a 9-day 
period,  No d e t r i n e n t a l  effects  were 
observed d u r i n g  any phase of woad 
handling or pulp ing  operat ions,  and no 
la ter ing sf product quality was de- 
tec ted,  However, no s i g n i f i c a n t  in-- 
crease in t u r p e n t i n e  or t a l l  o i l  could 
be determined due to problems similar to 
those of Landry ( 1977) ,  The calibration 
period proved too s h o r t ,  and the d i f -  
ferences were too s m a l l  w i t h  onby 1 2  
percent of the t o t a l  wood used having 
oleoresin enrichment, 

M i l l  T r i a l  R e s u l t s  
ALI.  of the m i l l  t r i a l s  must he con- 

sidered s u c c e s s f u l ,  They demonstrate 
t h a t  paraquat-treated wood can be proc- 
essed in q u a n t i t y  wi thou t  d i s r u p t i n g  
papermill operations or r educ ing  q u a l i t y  
o f  products ,  Fur thernore ,  the t r i a l s  
shcw t h a t  inprovernents w i l l  be needed in 
some -mi%%s in order $0 take  f u l l  advan- 
tage of the increased o l eo res in  c o n t e n t  
o f  praqua t - t r ea ted  wood, 

mVIRONMEMTm IMPACT AP;aD SAFETY 

Paraquat  has been used for agri- 
c u l t u r a l  purposes f o r  more than 23 
y e a r s ,  In his summary article, 



Carderhank ( 1968) d iscusses  paraquat !.me 
as a herbicide and preharvest desiccant; 
its mode of act ion;  fate in p lan t s ,  
s o i l ,  and w a t e r ;  and its toxicology,  
Because of the ntolecuhar s t r u c t u r e  and  
i o n i c  charge of paraquat, it adheres 
strongly to organic mterials and s o i l  
colloids, Paraquat applied to w o s d  can- 
n o t  simply be washed off, &And s o i l  
coLLoids, which aside from organic 
matter are primarily c l a y  m i n e r a l s ,  hold 
paraquat so s t r o n g l y  t h a t  the o n l y  
effect ive way o f  displacing i t  i s  to 
reflux w i t h  a s t rong  acid, N o r m a l  s o i l s  
have a tremendous capacity to absorb and 
i n a c t i v a t e  p r a q u a t ,  Even loamy sand,  
w i t h  4 percent c l a y  content, about as 
Eight a textured soil as can be found 
except in some sand dunes, is capable of 
absorbing about 56 Ib of praqua t l ac r e  
in the surf ace 1 in, As an example sf 
the q u a n t i t y  of paraquat entering an 
ecosystem w i t h  a typical paraquat t reat-  
ment# use sf 5 percent aqueous solution 
in stands with pulpwood-size trees 
amounts to d i s t r i b u t i n g  about 1 , 6  Ib of 
paraquat/acre, and virtually a l l  of tha t  
i s  taken up by the tree and remains 
there,  

Because sf t h i s  s t r o n g  r e t e n t i o n  by 
s o i l  colloids, ground water can c o n t a i n  
no paraquat, If paraquat is placed in 
open water, i t  soon disappears due to 
uptake by weeds and algae, and e v e n t u a l  
photochemicai and biological  degrada- 
t i o n ,  S i m i  Lar degradat ion occurs  in 
te r res t ia i  ecosystems w i t h  the result 
that paraquat in soils and herbaceous 
p lan t s  is soon gone (Calderbank 19681, 
Paraquat in the wood of treated pines 
a l so  degrades, bu t  a residual is L e f t  at 
harvest  t i m e ,  Conley and others  ( 1  946) 
a n a l y z e d  a f r e s h l y  harvested p i n e  for 
paraquat c o n t e n t  1 2  aon ths  a f te r  8 per- 
c e n t  paraquat had been applied to a 
1 /3-circumf erence bark streak, and found 
a paraquat r e s idue  of 4 parts  per 
m i l l i o n ,  Paraquat in the wood sf 
treated trees has a covering of bark, 
and even if i t  were on a bare wood s u r -  
face it. i s  not easily displaced, "%nus, 
the hazard t h a t  paraquat-treated wosd 
p r e s e n t s  to eit3er woods workers or 
wildlife is n i l ,  There is no evidence 
that w i l d l i f e  has ever suffered from t h e  
broadcast-type paraquat applications 
used in agriculture, and the manner in 

which it is used for lightwood s t imu la -  
t i o n  must present even r i s k ,  Paraqua t  
absorption in the gut is poor; the s m a l  
amounts  that  n igh t  be inges ted  o r a l l y  
a f t e r  a fores t ry  operation would be 
rapi2ly and completely secreted, Para- 
q u a t  properly u s e d  presents no threat t 
the e n v i r s n n e n t  (Calderbank 1968; 
Fletcher 1974) , 

4fter wood is taken to a pulpmill, 
the c o n t a i n e d  paraquat which is a c i d i c  
meets the h i g h l y  a l k a l i n e  digester 
Liquor and i s  promptly and t o t a l l y  
destroyed;.  no paraglaat can be found in 
the paper or byproducts (Fa rbe  1975), 
The e x t r a c t i o n  processes used in the 
wood naval  stores i n d u s t r y  a l so  result 
in oleores in  products free of paraquat 
Q Enos and others 1 9 4 8 )  , because the 
paraquat residue remains in the wood  
chips,  

There is no doubt t h a t  paraquat is 
poisonous and hazardous if n o t  t reated 
w i t h  due c a u t i o n ,  Droplets can be 
absorbed through the skin car through th 
lungs, b u t  known deaths have been caase 
primarily by ora l  i n g e s t i o n ,  The oral  
l e t h a l  dose (La501 fo r  humans is not 
well known, but seems to be about 30 
mg/kg body weight  (F l e t che r  19%4), For 
a man weighing 4 80 Lb, t h i s  i s  equiva- 
P e n t  to swallowing about 50 mb, I ,7 
f l u i d  sz, o f  5 percent paraquat solu- 
t i o n ,  The p robab i l i ty  o f  accidentally 
swallowing t h i s  much i s  s l i g h t ,  N o t  
o n l y  is paraquat ill-tastingp b u t  i t  
a l so  burns  the mouth, For a 10-year 
period,  Fletcher ( 1 974) reported three 
accidenta l  deaths in the United States ,  
a najor  user of paraquat, Treatment of 
paraquat p o i s o n i n g  has g r e a t l y  improved 
and w i t h  prompt medical at"ee?cltic3n, re- 
covery is now 180 percent ,  

Benzene hexachboride (3HC 1 was the 
insec t i c ide  used sn most of the s t u d i e s  
Zlscussed in t h i s  paper,  I"% was o n l y  
m i l d l y  hazardous as a pest ic ide ,  denand 
i n g  onLy r o u t i n e  precaut ions ,  Yowever, 
BHC has been banned from use and Lin- 
dane ,  the ganrna isomer sf  BHC, is now 
the s t anda rd  i n s e c t i c i d e  far c o n t r o l  of 
p i n e  hark beetles,  

Paraquat  t r e a t m e n t  for producing 
resin-soaked wood in LobLolLy and slash 



p i n e s  is on an operat ional  basis, and 
has  been for some t i m e ,  m e  e f f e c t s  of 
recommended treatments can be predicted 
w i t h  more than adequate accuracy for  
loblolly p i n e ,  T h i s  i n f o r m a t i o n  is 
based on scores of tests and experi- 
ments,  The mst u s e f u l  paraquat experi- 
ments are of n e c e s s i t y  both Large scale 
and expensive, as typified by those of  
Stubbs and Outcalt (7982), made possible 
through L I e  coaperatisn of "ee U,S, 
Department o f  Energy. These s t u d i e s  
w e r e  conducted sver a 4-year period, 
involved about  500 acres and 84,800 
2 i n e s  w i t h  volcne t o t a l i n g  1,22i ,000 
ft3 an2 required thousands of a n a l y s e s  
f o r  oleoresin content of cut sample 
trees,  T h i s  sort sf effort removed 
r e s u l t s  of paraquat t r e a t m e n t ,  a h igh ly  
variable phenomenon influenced by the 
many factors discussed  in t h i s  paper, 
f rum what  n i g h t  he a random occurrence 
to v i r t u a l  c e r t a i n t y ,  Using the recorn- 
mended t r e a t m e n t s  for lshLoLly pine ,  
o leores in  c o n t e n t  w i l l  be more than 
doubled and tree mor ta l i t y  w i l l  be 
n e g l i g i b l e ,  o f t e n  not significantly d i f -  
f e r e n t  than  in u n t r e a t e d  s t a n d s ,  

P a r a q u a t  t r e a t m e n t  eff eets for  slash 
p i n e  in the main s lash  p i n e  b e l t  may no t  
be on as f i r m  a basis ,  p r ima r i l y  because 
experimentation and subsequent sampl ing  
for oleores in  y i e l d  could  not be made on 
as large a scale, and the balance sf 
t r e a t m e n t  i n t e n s i t y  versGs bark beetle 
hazard w a s  more d i f f i e u & t  to achieve, 
On the other  hand, experimentation has 
c o n t i n u e d  fo r  a n ~ c h  Longer period in 
this region, and we have c e r t a i n l y  
learned what to avoid, The t o t a l i t y  of 
research r e s u l t s ,  especially recent 
experiments, shows beyond reasonable 
doubt  t h a t  if slash p i n e  in t h i s  reg ien  
is gi- en the paraquat  treatments we 
recommend in t h i s  s ec t ion ,  o l eo res in  
conZen% will be dcub led ,  T r e e  n!ssr"cdlity 
will be accepta5le---less t h a n  la percent 
after I year, u s u a l l y  1 to 5 percent, 

Whether paraquat t r e a t m e n t  w i l l  be 
profitable f ~ r  any one group depends on 
o leo res in  enhaneemefit, losses sf oleo- 
resln follswing tree ha rves t  %bo the t i m e  
the wood i s  prgcessed, recovery e f f i -  
c i e n c y  o f  the  m i l l  or pLaqt, the prices 
o f  oleoresin products ,  an3 the costs o f  
t r e a tmen t ,  YJntreated slash pine  con- 
t a i n i n g  about 90 ih olroresin/lOO f t 3  of 

woad w i l l  ga in  approxinately 100 Lb more 
o leo res in  a f t e r  recommended paraquat 
t r e a t n e n t ;  the g a i n  in %sbEoLLy pine  
w i l l  be 65 ib or rnorej100 f t 3  f r o m  w o o d  
o r i g i n a l l y  ccntaining about 60 Lb/! 60 
f t3 Losses of oleores in  after trees 
are cut and oleores in  reccvery effi- 
c i e n c y  can both wide ly ,  depending 
on the procedures and processing of any 
crle m i l l ,  Therefore, -potential users of 
paraqua t - induced  l ight-mod technology 
w i l l  need to obta in  e s t i q a t e s  o f  these 
losses specif I.@ to +tiheir operat ion,  
Some cap i ta l  i n v e s t m e n t  in the m i l l ,  as 
in added s e t t l i n g  tank capacity,  may 
a l s s  be required, I h f o r t u n a t e i y ,  
o leores in  prices have historically been 
s u b j e c t  to much f l u c t u a t i o n ,  In t h i s  
regard, puLp and p a p r  companies w i t h  
secondary processing, as in crude t a l l  
o i l  fractionation, are probably in the 
most favoraSle pos i t i on ,  Secause labor 
accounts %or n s s t  of the t r e a t m e n t  cos t  
at present ,  mechanization could g r e a t l y  
reduce t h i s  cost, A satisfactory esti-  
mate of profitability can be made if 
reasonably accurate data on the above 
factors  are obtained,  

We believe t ha t  a major factor in 
slowing i n d u s t r i a l  use of lightwood 
technology is conce rn  s v e r  possible bark 
beetle attacks on treated trees, sub- 
s e q u e n t  m o r t a l i t y ,  and the creation of a 
Isrge bark "beetle p o p u l a t i o n  t h a t  w i l l  
expand in all d i r e c t i o n s ,  The s tuq ies  
discussed here, which extended over a 
period of 10  years, show this apprehen- 
sion to 'x 1 ~ ~ f " ~ t ~ ~ d e d e  In the many 
Lightwood i n d u c t i o n  s tud ies  vre have con- 
duc ted  or k e n  closely associated w i t h ,  
s o u t h e r n  p i n e  beetle populations were 
generd1I.y Pax b u t  endemic p o p k a t i o n s  
o f  1-ps spp, beetles were both a c t i v e  
and opp~rtanistic. IF beetles are the 
u b i q u l  t 3 u s  enemy sf paraquat-treated 
t r e e s  (Drew 1977, 19781, W e  had no d i f -  
f i c u l t y  in brsnging about severe Ips 
beecle a t tacks  and subsequent mcrtali ty 
if trees were given severe paraquat  
t r e a t m e n t ,  However, in nc case did 
these h e a v i l y  attacked s t ands  become 
centers of spread to other stands, 
Ad j o i n i n g  s t a n d s  showed no observable 
increase in either attack or m o r t a l i t y ,  
and these included s t a n d s  +hat had a l s o  
been g i v e n  paraquat b u t  w i t h  a m i l d e r  



t r e a t n e n h  - W e  know sf no ins tance i n  
the South where h e a v i l y  attacked, 
paraqua t- treated s t a ~ d s  have caused 
f u r t h e r  beetle i n f e s t a t i o n s ,  Tie reason 
seems to be tihat brood success, the 
development of Larvae to a d u l t  SeetLes, 

1s gene ra l ly  l o w  in paraquat-treated 
trees,  

W e  and others have found t h a t  
beetle-attack hazard is d i r e c t l y  corre- 
la ted w i t h  the c o n c e n t r a t i o n  oC t%e 
paraquat serLution used,  ra ther  than the  
absolute amount of  ca t i an  applied, For 
s %ash p i n e ,  paraquat c o n c e n t r a t i o n s  of 
more t h a n  4 percent hy ca t ion  weight are 
$0 be avoided, w i t h  5 p e r c e n t t h e  l i m i t  
f a r  lohlolly p i n e ,  If a tree i n j e c t o r  
i s  used w i t h  either pine  species, para- 
q u a t  c o n c e n t r a t i o n  should  not exceed 2 
percent, 0f secondary importance is the 
season when treatments are applied; in 
general  &be spring i s  worst,  followed by 
summer, W i t h  lshkolly p i n e ,  chere is 
Little i n s e c t  problem after either f a l l  
or wingler t reatments ,  In the main slash 
p i n e  be l t ,  o n l y  w i n t e r  t r e a t m e n t s  show 
less beetle attacks, but beetles are by 
no means i n a c t i v e  t h e n ,  Avoid t r e a t i n g  
overstocked s tands  sf p o r  vigor,  espe- 
cially s lash  p i n e ,  on mediocre or poor 
s i tes ,  S tands  ripe for self - t h i n n i n g ,  
w i t h  or w i t h o u t  the he lp  of bark 
beetles, are paor inves tments  for para- 
q u a t  t r e a t m e n t  even i f  bee tee-caused 
losses are small, 

In t r e a t i n g  s l a sh  p i n e ,  for good 
oleoresin y i e l d s  and acceptable losses 
from insec t s ,  we conclude that: 

a Tds percent paraquat c o n c e n t r a t i o n  
applied to a bark stredk (chipper) 
wound, sprayed to the p o i n t  sf runoff, 
can ke used el-iroughout the year, The 
wound should  be an In, in height and 
n o t  exceed one- tk l r -a  of the tree Q s  cir- 
cumference,  A groteetive spray of 
i n sec f i e ide  must be qiv~rxi t i2  each tree 
at t2~e t i n e  o f  paraquat zr*-cltmer,t; cse 1 
percent Lindane in a water e r u l s i o n  
sprayed to a he i7h t  of 3 f t ,  

s Four p r c e n t  paraquat can be 
appxed to a I//3--circu:-lference hark 
s t reak in all seasons 2xcept  spricg, Ail 
i n 3 e c t i c i d e  spray as described in the 
preceding paragraph, is necessary, 

e Tree-injector application m i l s t  be 
used w i t h  e a u k i ~ n ,  and n e t  at a l l  in the 
s p r i n g ,  Tdo percent paraquat  con- 
e e n c r a t i s n  and nc higher  is recsrrrrnexaded, 
w i t h  0,4 to 0,s mL per i n j e c t o r  in- 
c i s io f i ,  If a 1-112-inch blade is used, 
i n c i s i o n s  shoul2 he spaced on 5-in, cen- 
ters, The sane proportion o f  waucding  
s h o u l d  be minta iced  w i t h  other  widchs 
of blades by varyifig c ~ e  d i s t a n c e  be- 
tween centers,  An i r s e ~ t i ~ ~ i d e  spray,  as 
g i v e n  ear l ie r ,  is necessary, Tree-  
i n j e c t o r  treaernent w i l l  g e n e r a l l y  pro- 
duce  more a leores in  accumulation titan 
w i l l  bark-s t reak w ~ u n d i n g ,  b u t  it a l s o  
increases r i s k s  from hark beetle 
at"iaa@ks, 

a T r e a t m e n t  d u r a t i o n  w i t h  s lash  
pine i3 dependent  on hark beetle a c t i v -  
i t y ,  If a c t i v i t y  i s  l o w ,  an 18-month 
period is recommended, &s a r u l e ,  
attack i s  prorrrpt a f te r  t r e a t m e n t  and its 
i n t e n s i t y  can he assessed ea r ly ,  This 
is not always the case, however, and i f  
znor ta l i ty  exceeds 4 or 5 percent  in 8 
months, the t r e a t m e n t  d u r a t i o n  should be 
l i m i t e d  eo 12 months or less, 

W e  enphasize aga in  t h a t  an i n s e c -  
t i c i de  spray is e s s e n t i a l ,  If heavy 
bark beetle sttack and s~bseyuent tree 
nortc l%ity BCCIIT as the result  sf poor 
i n i t i a l  tree driaujrqh", or beetle 
e p i d e ~ i c ,  a d d i t i o n a l  sprays are sf 
l i t t l e  use  dnd c e r t a i n l y  r ~ o t  economic, 
The trees should be salvaged as soon as 
possible. 

For t r edcmen t  ~3f  Pobio%ly p i n e  
n o r t h  oaf li"id3l.e Geasrgxa, to produce the  
maximum sbeoresiq yield compatible w i t h  
n e g l ~ g l b l e  losses fro:fi insects, gar 
f i - 7  , L ~ , c L ~ I , s ~ ~ s  - are : 

+ F L - J ~  p e r c e n t  paraquat coccer- 
t r a t ~ ~ c  applie? zo a 4 /3-circurqference 
bark streak call he used ~ l t h  i i i l p~~ l i  ty 
+- ~ I ~ r ~ i i y h o ~ ~  - t the year, I n s e c t i c i d e  sprays 

for t h i s  t r e d t m e n t  are n e i t h e r  necessary 
nor xsefu2, Addlng a la ~ e r e e n t  E t h r e l  
soL13tii3~ 5113 t h i s  paraquat co~cen-rrrat isn 
x i 9 1  increase oleoresin y i e l d s ,  but do 
no" add E t h r e l  es spring or- sunmer 
tredtrnents, or n o r 4 a L i t y  ma] exceed 3 3 
percent, 



a Five p e r c e n t  paraquat should n o t  
be used in any season w i t h  the tree- 
i n j e c to r  wounding method, 

%a U s e  a 2 percent paraquat con-- 
c e n t r a t i o n  w i t h  the tree in jec tor ,  
Space incisions as -with slash p i n e ,  
f n j e c t i o n  usuaPly results in a greater 
oleores in  y i e l d  than the bark-streak 
method, b u t  i n j e c t e d  trees are a l so  more 
prone to insect-caused mor ta l i t y ,  
Spring treatment i s  marginal ,  b u t  t h i s  
method can be used the rest of the year 
w i t h o u t  need sf an insect ic ide  spray,  
1% 10 percent E t h r e P  is used w i t h  t h i s  
t r e a t m e n t ,  summer applications should be 
avoided unless the trees are given an 
insec t i c ide  spray,  

s Weatment d u r a t i o n  fo r  PohbolLy 
pine should be about 9 year, Yields 
w i l l  usually c o n t i n u e  to increase beyond 
t h i s  p r i c d ,  bu t  at a rate too %ow to he 
economica&ly attract" l ve  r 

e Insect ic ide  sprays are n o t  needed 
except in the preceding s i n g l e  i n s t a n c e  
w i t h  E t h r e l  , Trea tmen t s  that. demand 
insec t i c ide  spray protection may produce 
somewha t  more olesres in ,  hut not enough 
to cover the spray costs,  

e IabEo%ly pine sou th  of middle 
Georqia should be given  the same t rea t -  
ments w i t h  this important add i t i on :  IE1 
insect ic ide  spray, as described under 
s l a sh  p i n e  recommendations, is d e f i -  

nitely required, 
The best paraquat t r e a t m e n t  for 

lsblslly p i n e  in terms of greatest  prof- 
it p a t e n t i a i ,  t a k i n g  i n t o  consiGeration 
oleoresin y i e l d ,  m 3 r t a E i t y  Loss, and 
t r e a t m e n t  costs,  is 2 percent paraquat ,  
w i t h  or withou t  10 percent EQhre l ,  
applied w i t h  a tree in jec to r  e i ther  in 
t h e  spring or f a l l ,  w i t h o u t  use of an 
insec t i c ide  spray if used nor th  of 
middle Georgia, Data are insufficient 
to mke as specific a recommendation for 
s lash  p i n e ,  The recommended t reatments  
w i l l  increase oleoresin co r l t en t  by 100 
to 5 50 percent, from about 65 Lb/100 
f t 3  to 1 2 5  i b  or more in l o b l o l l y  p i n e ,  
and  from about 93 lb/100 ft3 to 190 Lb 
or mre in slash p i n e ,  

The ope ratio^ of pulpmills demands 
much s k i l l  and high technology,  To use 
them to determine changes in o les res in  
yields is both cu&ersome and compli- 
cated, Too many s u b t l e  t h i n g s  can  hap- 
pen to obscure o leores in  recovery 
results, This occurred in both o f  our  
cooperative pulpmill trials, particu- 
l a r l y  the one w i t h  s l a sh  p i n e ,  and it 
has occurred to some d e g r e e  in every 
m i l l  t r i a l  sf paraquat-treated wood of 
which we are aware, Hawevert the value 
sf these trials i s  to demonstrate t h a t  
there are f e w  or no processing problems, 
to determine where improvements in the 
byproduet recovery system should he 
made, and to produce evidence t h a t  no 
d e c l i n e  in the quality of m i l l  products 
8 C C U l f S  e 
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