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THOMAS W. McCONKEY took his Bache lor's and Master 's 
degrees in forestry at Corne 11 University in 1933 and 
joined the U.S. Forest Service the same year. His work 
has been almost entirely in the fields of forest manage- 
ment and silviculture. His interest in white pine silvi- 
culture dates from 1947, when the Northeastern Forest 
Experiment Station assigned him as forester in charge of 
its Massabesic Experimental Forest at Alfred, Maine. 
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Preparing the  he l icopter  fo r  spraying operat ion.  Use of t h i s  
photo and t h e  one on t h e  cover was made p o s s i b l e  through 
courtesy of Scot t  Hoar, of Sanford, Maine. 



HEN FOREST FIRES W 
swept over southwestern Maine in 1947, some 130,000 acres of 

forest land were burned over. This was mostly white pine 

land--sites too poor to grow good hardwood stands. After the 

fire, white pine reproduction became established on 5,000 to 

6,000 acres of this land ( 3 ) .  But by 1954 most of the young 

pine was suppressed or at least was in competition with 

hardwood sprout growth and brush species. 

Most of the Massabesic Experimental Forest was in the 

burned area. Here too, adequate white pine re~roduction for 

a new stand had become established--on some 500 acres of the 

Forest. Most of it had to compete with hardwood growth. 

Prospects for a new stand of white pine were poor unless the 

young pines were released. 

Fisher (c), Cline (4) ,  and others have shown that, if 
white pine seedlings are to survive, overtopping hardwood 

competition must be eliminated. Cutting back the hardwoods 

to get this release is expensive. As many as four treatments 

(a total of 2 man-days per acre) over a 10-year period may 

be needed (4, 6 ,  1). However, hardwoods have been controlled 
successfully with airplane spraying of 2,4,5-T in the Lake 

States, the far West, and by helicopter on power line 

rights-of-way in the Northeast (2, 5, 1). 

At the suggestion of A. D. Nutting, Maine Forest Ser- 

vice Commissioner, experimental aerial applications of spray 

to release white pine were undertaken on the Massabesic Ex- 

perimental Forest. 



Release Work Begun 

Release  work was begun on t h e  Massabesic F o r e s t  i n  

1954, u s i n g  a s  a  guide t h e  methods of a e r i a l  a p p l i c a t i o n  

t h a t  had been developed i n  t h e  Lake S t a t e s .  H e l i c o p t e r  

s p r a y i n g  was dec ided  upon ( r a t h e r  t han  use  of a f ixed-wing 

a i r p l a n e )  because t h e  low f l y i n g  speed of t h e  h e l i c o p t e r  and 

t h e  downdraft from i ts r o t o r s  make t h e  h e l i c o p t e r  we l l  

s u i t e d  f o r  t h i s  k ind  of work, 

Two a r e a s  were t r e a - t e d ,  one of 1 5  a c r e s  and t h e  o t h e r  

of  30 a c r e s .  They a r e  l e s s  t han  % mile  a p a r t  and were t y y i -  

c a l  of t h e  burned l a n d ,  wi th  whi te  p i n e  r ep roduc t ion  i n  com- 

p e t i t i o n  wi th  low-value hardwoods. The hardwoods were white  

oak,  n o r t h e r n  r e d  oak,  b l a c k  oak,  and r e d  maple s p r o u t  

clumps, and white  b i r c h ,  gray b i r c h ,  aspen ,  and p i n  che r ry  

s e e d l i n g s .  They were g e n e r a l l y  5 t o  1 0  f e e t  t a l l .  Sweet 

f e r n  was p re sen t  throughout  most of both  a r e a s .  

The 15-acre a r e a  had t h e  denser  and more t h r i f t y  

s t a n d  of new growth--up t o  45,000 hardwood stems p e r  a c r e .  

The s t a n d  on t h e  30-acre a r e a  w a s  no t  s o  dense o r  t h r i f t y - -  

about  30,000 stems p e r  a c r e .  Some ove r s to ry  t r e e s  on bo th  

a r e a s  had su rv ived  t h e  1947 f i r e ,  among  the^ a n  o c c a s i o n a l  

p ine .  There were enough hardwood t r e e s  (mostly oak) on t h e  

s m a l l e r  a r e a  t o  i n t e r c e p t  an a p p r e c i a b l e  amount of t h e  sp ray  

a p p l i e d .  I n t e r c e p t i o n  by t h e  few t r e e s  on t h e  l a r g e r  a r e a  

w a s  no t  impor tant .  White p ine  r ep roduc t ion  and a few balsam 

f i r ,  g e n e r a l l y  l e s s  t h a n  2 f e e t  t a l l ,  were w e l l  d i s t r i b u t e d  

ove r  both  a r e a s .  

The a r e a s  were t r e a t e d  on J u l y  14  wi th  a h e l i c o p t e r  

equipped f o r  gene ra l  sp ray  work. An a p p l i c a t i o n  of 1-pound 

a c i d  e q u i v a l e n t  of 2,4,5-T p e r  a c r e  was made on t h e  s m a l l e r  

a r e a .  T h i s  r a t e  had been found adequate i n  t h e  Lake S t a t e s .  



A much heav ie r  appl icat ion--3  pounds ac id  equivalent  pe r  

acre--was made on t h e  l a r g e r  a r e a .  This was done t o  see  i f  

t h e r e  would be any appreciable  d i f fe rence  i n  extent  of hard- 

wood con t ro l  and t o  see  i f  young white p ines  would be dam- 

aged s e r i o u s l y  by s t r o n g e r  app l ica t ions .  Fuel o i l  was used 

as t h e  c a r r i e r .  On both a r e a s  the  volume of chemical p l u s  

o i l  was 2% ga l lons  p e r  ac re .  

The h e l i c o p t e r  f lew a t  50 miles  an hour. Rate of de- 

l i v e r y  was 1 0  ga l lons  pe r  minute a t  a  pressure  of 50 pounds 

p e r  square inch. It was necessary t o  f l y  about 60 f e e t  above 

the  ground t o  c l e a r  t h e  t a l l e r  t r e e s .  S t r i p s  were flown a t  

50-foot i n t e r v a l s  t o  assure  coverage-. There was a  5- t o  10- 

mile-an-hour wind blowing when the  app l ica t ion  was made. Re- 

s u l t i n g  d r i f t  k i l l e d  hardwoods f o r  200 yards  on t h e  leeward 

s i d e  of the  sprayed a reas .  I n  one ins tance ,  b i rch  t r e e s  

% mile away were k i l l e d .  

Table 1.--Per-acre co s t  comparisons f o r  he l icopter  

appl ica t ions  of 2,4,5-T 

Item 1954 1956 

Dollars Dollars  

3 pounds 2,4,5-T a c i d  equivalent  5.3Yk 5.35 

1 1-3/& gallons of f u e l  o i l  -23 -25 1 
Applicat ion (he l i cop t e r  rental)+S' 3.67 3.73 1 

I Marking boundaries 2.75 1.02 1 
Misc. ( t r ave l ,  supervision,  e t c .  ) 

Tota l  14.05 10.80 

*I956 p r i c e  of  s i l v i c i d e .  Actual cos t  i n  1954 was '$8.15. 

%-A "job p r i c e t t  was charged f o r  these  appl ica t ions .  On pro j -  
e c t  work, he l i cop t e r  r e n t a l  would be based on a r a t e  per  ga l lon  
applied.  Cost i n  t h e  Lake S t a t e s  wi th  fixed-wing a i r c r a f t  has ranged 
from 80 cents  t o  2 d o l l a r s  an a c r e  (4). 



(Dr i f t  damage extended l e s s  than 50 yards  when a  s i m -  

i lar  appl ica t ion  was made on a  calm day i n  1955. Additional 

spraying has been done every year  s ince  1954, but only re-  

s u l t s  of the  1954 treatment a r e  reported here , )  

The cos t  w a s  $14.05 per  ac re  f o r  t he  3-pound applica- 

t i o n  and $10.60 f o r  the  1-pound appl ica t ion  of s i l v i c i d e s .  

About $3 o r  $4 of t h i s  can be charged t o  inexperience and 

unnecessary work performed. A 3-pound appl ica t ion  i n  1956 

cos t  $10.80 per  ac re  ( t a b l e  1 ) .  

Effect on Hardwoods 

A preliminary appra i sa l  of the  treatments was made i n  

September 1954, 6 weeks a f t e r  treatment. Where t he  1-pound 

appl ica t ion  had been made, there  was only a  f a i r  k i l l  of 

b i rch  and aspen leaves;  oak and maple showed only a p a r t i a l  

browning of t he  s o s t  exposed fo l i age ;  and sweet f e rn  ap- 

peared t o  be s l i g h t l y  damaged. Where t he  3-pound r a t e  had 

been used, near ly  a l l  b i rch  and aspen leaves  were dead; some 

of the  fo l iage  had turned color  on oak and maple; and sweet 

f e r n  appeared t o  be severely  damaged. On both a r ea s ,  leaf  

k i l l  w a s  l e s s  i n  p laces  where the  young growth was shielded 

by t r e e s  i n  the  overstory,  

Another examination was made i n  November, about 4  

months a f t e r  treatment. L i t t l e  change was observed on t he  

a r ea  t r ea t ed  with t he  1-pound r a t e :  some b i rch  twigs were 

dead. On the  a rea  t r ea t ed  a t  t he  3-pound r a t e ,  there  were 

increasing s igns  of k i l l ,  There was a  good t op -k i l l  of 

b i rch ,  but the  stems were still green a t  the  root  co l l a r .  

Buds and twigs were dead on sweet f e rn ,  on many of the  oaks, 

and on upper por t ions  of the  red maple. 



In t h e  f a l l  of 1955 a  c a r e f u l  examination was made on 

both a reas .  A t a l l y  was made of a l l  b i r c h  and sweet f e r n  on 

sample milacres--12 milacres  on the  a r e a  t r e a t e d  a t  t h e  3- 

pound r a t e  and 8 on the  a r e a  t r e a t e d  a t  the  1-pound r a t e .  

The t e n  oak and red maple sp rou t  clumps neares t  each milacre  

were examined t o  es t imate  ex ten t  of k i l l  f o r  these  spec ies .  

On t h e  a r e a  t r e a t e d  a t  t h e  1-pound r a t e ,  the re  was a 

reasonably good k i l l  of b i r c h  and white oak. Only a  few red 

oaks were k i l l e d ,  and red  maples were only s l i g h t l y  damaged. 

About one t h i r d  of t h e  sweet f e r n  had been k i l l e d  and t h e  

r e s t  damaged; but new roo t  suckers  had increased the  t o t a l  

number a l i v e  ( t a b l e  2). 

On the  a r e a  t r e a t e d  a t  t h e  3-pound r a t e ,  p r a c t i c a l l y  

a l l  the  b i r c h  and sweet f e r n  had been k i l l e d  back; but t h e  

sweet f e r n  stems k i l l e d  were Kore than replaced by roo t  

suckers .  The tops  of p r a c t i c a l l y  a l l  t h e  white oaks were 

k i l l e d  and s o  were 70 percent  of the  red oaks;  but only a  

Table 2. --Effect on hardwoods o f  1-pound-per-acre appl icat ion 

of 2,4,5-T, end of 1955 growing season 

%Basis: number of t r e e s  (bi rches)  o r  sprout clumps (oaks and red 
maple) examined. Sprout clumps consis ted of 2 t o  5 o r  more stems per  
clump, dat ing from 1948. The extent  of k i l l  was t a l l i e d  a s  t h a t  of t h e  
greenest stem i n  t h e  f a l l  of 1955. 

Red 
maple 
(90)* 

Degree of understory k i l l  

Percent Percent Percent Percent 

Ki l led,  no new sprouts 64 5 7 13 -- 
Top-killed; new sprouts 29 1 8  9 7 

Crowns more than 3/4 dead 7 21  26 -- 
Crowns 1/2 t o  3/4 dead -- - 9 - 
Crowns l e s s  than 1/2 dead -- 4 43 93 

Red 
oak 

(63)" 

Birch 
(427)+~ 

White 
oak 

(28)* 



Overs tory oaks- -potential wolf trees--were nearly dead 1 year 
af ter  application of  3 pounds acid equivalent per acre. One 
year later there was no l i v ing  foliage on these trees.  Under- 
story hardwoods were complete l y  k i l  led. White pines remain 
undamaged. 
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Table 3.--Effect on hardwoods of  3-pound-per-acre app l i ca t ion  

of 2,4,5-T, end of 1955 growing season 

3tBasis: number of t r e e s  (b i r ches )  o r  sprout  clumps (oaks and red  
maple) examined. Sprout clumps consis ted  of  2 t o  5 o r  more stems p e r  
clump, da t ing  from 1948. The extent  of k i l l  was t a l l i e d  a s  t h a t  of  t h e  
greenest  stem i n  t h e  f a l l  of 1955. 

Degree of  understory k i l l  

few of t h e  r e d  maple t o p s  were k i l l e d  ( t a b l e  3 ) .  (Yet a 3- 

pound a p p l i c a t i o n  on a n o t h e r  a r e a  i n  1955 r e s u l t e d  i n  a  

n e a r l y  complete k i l l '  of r e d  maple.) 

On both  a r e a s ,  t h e  crowns of t h e  o v e r s t o r y  hardwoods 

(most ly  oaks )  were almost  dead. However, some new growth 

w a s  developing  a long  t h e  main s tems and l a r g e r  branches .  

Percent Percent Percent Percent 

Ki l led;  no new sprouts  70 90 3 7 2 

Top-killed; new sprouts  30 5 34 5 

Crowns more than 3/4 dead -- -- 1 6  9 

Crowns 1/2 t o  3/4 dead -- -- 2 3 

Crowns l e s s  than 1/2 dead -- 5 11 8 1  

There was c o n s i d e r a b l e  v a r i a t i o n  i n  e x t e n t  of k i l l  

among t h e  s p r o u t  clumps on both  a r e a s .  Some had only  a  few 

g reen  l e a v e s ,  whi le  o t h e r s  were more t h a n  t h r e e - f o u r t h s  

green .  

Birch 
(378)* 

I n  o r d e r  t o  s e e  i f  a d d i t i o n a l  s p r o u t  clumps d i e d ,  12  

clumps of r e d  maple and 1 3  of  oak were tagged on t h e  a r e a  

t r e a t e d  a t  t h e  3-pound r a t e .  These were examined a g a i n  i n  

t h e  f a l l  of 1956. Red maple s p r o u t  clumps showed l i t t l e  

change;  a p p a r e n t l y  they  w i l l  r e cove r .  A few more oak clumps 

were dead. Half of t h o s e  t h a t  had had about  one - t en th  of 

Red 
oak 

(100)' 

White 
oak 

(20)3* 

Red 
maple 
(120)" 



t h e i r  tops  green i n  the  f a l l  of 1955 were dead; most of 

those t h a t  had had more than two-tenths of $ h e i r  tops  green 

seemed t o  be recovering.  

Effect on White Pine 

I n  the  1954 examinations, terminals  on about one- 

f i f t h  of t h e  white pine seed l ings  showed some i n j u r y  on the  

a r e a  t r e a t e d  a t  t h e  3-pound r a t e .  No damage t o  pine was ap- 

parent  on the  o ther  a rea .  

To t r a c e  the  e f f e c t  of t h e  t reatments  on the  p ines ,  

and t h e i r  response t o  r e l e a s e ,  82 pines  were tagged i n  the  

f a l l  of 1954 on the  a r e a  where 3 pounds of 2,4,5-T per  ac re  

were used. I n  1955, 44 pines  were tagged on t h e  a r e a  where 

1-pound p e r  ac re  was appl ied.  

I n  the  f a l l  of 1955, none of the  pine seed l ings  tag-  

ged was dead, though t h e  1.954 terminals  of  seven young pines  

on t h e  a r e a  t r e a t e d  with the  s t ronger  dose of 2,4,5-T had 

been d i s t o r t e d  o r  k i l l e d .  There were no damaged pines  on the  

o ther  a rea .  The damaged pines  were recovering i n  1955: the re  

was new growth on the  d i s t o r t e d  terminals ,  and l a t e r a l  

branches had replaced dead terminals.  

Table 4.-Comparison of growth between untreated and released pines 

*Increase from 1954 t o  1955. 

Growth 

Inches Inches Inches Inches Inches Inches Inches Inches 

Terminal l ength  9.7 6.2 8.5 12.2 5.1 4.8 5.9 6.5 

Terminal diameter .17 .14 .22 -25 1 3  .13 .18 .20 

Diameter, base of t r e e  .49 .56 .57 .79 .33 .39 .47 .63 

Diameter increase,  base of t r e e  -- .07 - .22 *.07 .06 *.16 .16 

3-pound appl ica t ion  1-pound appl ica t ion  

Untreated Released 

1955 

Untreated 

1955 1956 1955 

Released 

1956 1956 1955 1956 



Released by applicat ion of 3 pounds acid equivalent of 2,4, 
5-T per ac re ,  t h i s  white ~ i n e  has grown 1 5  inches i n  the 2 
years s ince release. Volume of fol iage and thickness of t e r -  
minal indica te  t h a t  t h i s  t r e e  w i l l  continue t o  respond t o  
the release. 



This  white  pine,  which was no t  r e l e a sed ,  has grown only 7 
inches i n  the l a s t  2 years .  There is nothing i n  its appear- 
ance t o  ind ica te  t h a t  b e t t e r  growth can be expected of it i n  
the future .  



Where 3 pounds a c i d  equ iva len t  of 2,4,5-T per  a c r e  was used, 
red oak sprou t  growth no longer  competes wi th  white pine r e -  
product ion.  Two-year-old oak s p r o u t s  a r e  s t i l l  a f f e c t e d  by 
the  s i l v i c i d e  but the  pines  a r e  a l ready growingmore than twice 
a s  f a s t  a s  they d i d  before r e l e a s e .  



A l l  p ine  showed response  t a  r e l e a s e ,  p a r t i c u l a r l y  by 

inc reased  d iameter  growth a t  t h e  base ,  i n  1955. The 1956 ex- 

aminat ion  showed t h a t  t h e  p i n e s  were con t inu ing  t o  respond 

t o  r e l e a s e  on both  a r e a s .  They were growing about  t h r e e  

t imes  a s  much i n  d i ame te r  a t  t h e  base  a s  u n r e l e s s e d  p i n e s ,  

and were making a p p r e c i a b l y  b e t t e r  t e rmina l  g rowth ( t ab1e  4). 

The o v e r s t o r y  p i n e s  were no t  damaged by t h e  sp ray  

t r e a t m e n t s .  

A t  p r e s e n t  t h e r e  is l i t t l e  p o s s i b i l i t y  t h a t  t h e  hard-  

woods (except  f o r  o c c a s i o n a l  clumps of r e d  maple s p r o u t s )  

w i l l  a g a i n  s e r i o u s l y  compete wi th  t h e  e s t a b l i s h e d  p i n e s  on 

t h e  a r e a  t r e a t e d  a t  t h e  3-pound r a t e .  Bi rches  and n e a r l y  a l l  

oaks a r e  dead. Where new s p r o u t s  have appeared ,  car ry-over  

e f f e c t s  of t h e  t r ea tmen t  a r e  e v i d e n t  i n  bud m o r t a l i t y  and 

r e t a r d e d  growth. Many of t h e  young p i n e s ,  former ly  growing 

under hardwoods, a r e  twice  as t a l l  a s  when they  were r e -  

l e a s e d .  On t h e  a r e a  t r e a t e d  at  t h e  r a t e  of 1 pound p e r  

a c r e ,  t h e  hardwoods may r ecove r  t o  a g a i n  compete wi th  t h e  

p i n e .  A t  p r e s e n t  t h e  p i n e s  on t h i s  a r e a  (where a l l  growth 

h a s  g e n e r a l l y  been b e t t e r )  a r e  growing f a s t e r  t h a n  on t h e  

a r e a  t r e a t e d  a t  t h e  3-pound r a t e .  

Summary and Discussion 

A h e l i c o p t e r  a p p l i c a t i o n  of 2,4,5-T w a s  made on two 

a r e a s  of t h e  Massabesic Experimental  F o r e s t  i n  1954. Rates  

of  1 and 3 pounds a c i d  e q u i v a l e n t  i n  enough f u e l  o i l  t o  

t o t a l  2% g a l l o n s  p e r  a c r e  were used.  

Both r a t e s  of a p p l i c a t i o n  k i l l e d  t h e  hardwood over-  

s t o r y  (most ly  oak ) .  R e s u l t s  of t h e  t r ea tmen t  i n d i c a t e  t h a t  

b i r c h  and whi te  oak can be c o n t r o l l e d  r e a d i l y  wi th  such 



t rea tments ;  t h a t  f a i r  con t ro l  of r ed  oak can be expected; 

t h a t  although red maple can be severely  damaged, it is r a r e -  

l y  k i l l e d ;  and t h a t  sweet f e r n  is r e a d i l y  k i l l e d  but new 

roo t  suckers  replace  the  o r i g i n a l  growth. 

E f f e c t s  on white pine were b e n e f i c i a l .  White pine is 

r e l a t i v e l y  r e s i s t a n t  t o  2,4,5-T, and the  occasional  damaged 

young t r e e  recovers.  White pine shows a good response t o  

r e l e a s e  a f t e r  hardwoods a r e  con t ro l l ed  by these  treatments.  

It is not poss ib le  t o  make good comparisons between 

1- and 3-pound a p p l i c a t i o n s  of 2,4,5-T per  ac re  because of 

t h e  d i f fe rences  between the  s t a n d s  on t h e  two a r e a s  t r e a t e d .  

There were more overs tory  t r e e s ,  and a much denser under- 

s t o r y ,  on the  a r e a  t r e a t e d  a t  the  1-pound-per a c r e  r a t e .  An 

occasional  overs tory  t r e e  does not seem important,  a s  the re  

is usua l ly  enough d r i f t  t o  assure  good coverage of l ea f  su r -  

f a c e s  under it .  But on a r e a s  t h a t  have a moderately dense 

upper canopy, too l i t t l e  spray mate r ia l  reaches the  under- 

s t o r y  t o  assure  adequate l ea f  coverage and k i l l .  

On t h e  a r e a  t r e a t e d  a t  t h e  3-pound r a t e  the  overs tory  

was r a t h e r  sparse  and appreciably  more of the  understory was 

k i l l e d .  A poorer k i l l  on t h e  a r e a  t r e a t e d  a t  t h e  1-pound 

r a t e  can be a t  l e a s t  p a r t l y  accounted f o r  by the  more dense 

overstory.  
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