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I t  is  not intended as  a comprehensive sum- 
mary of t h e  l a r g e  amount of research work being 
done i n  t h i s  very usefu l  and i n t e r e s t i n g  f i e l d .  
Rather, i t  w a s  prepared t o  suggest t o  f o r e s t e r s  
some of t h e  poss ib le  appl icat ions of new chemi- 
c a l s  i n  f o r e s t r y .  

A se lec ted  bibliography has been added f o r  
t h e  benef i t  of the  reader who is in te res ted  i n  
f u r t h e r  d e t a i l s .  
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'c /Lt t  '$? LAO,,  9. 
was graduated from Washington S t a t e  Universi ty  i n  

1933 with a Bachelor 's  degree i n  f o r e s t r y  and from Yale Universi ty  2 
years  l a t e r  with a Master 's degree i n  t r e e  physiology and p l a n t  pa- 
thology. I n  1935 he joined the  U.S. Fores t  Service, Northeastern For- 
e s t  Experiment S t a t i o n  i n  New Haven, doing research on spruce manage- 
ment and f o r e s t  genet ics .  Then f o r  10 years  he served with t h e  South- 
eas te rn  Forest  Experiment S t a t i o n  i n  Lake City, Florida, working on 
naval s t o r e s .  He returned t o  t h e  Northeastern S t a t i o n  i n  1952 f o r  
assignment a t  the  S t a t i o n ' s  research cen te r  a t  Laurel,  Md. H e  is now 
c e n t e r  l eader  a t  Laurel.  
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... abbreviations are used for the chemical names of the 
growth regulators mentioned in this report, as follows: 

Amo-1618 

GA 

IA 

IB 

IPC 

MH 

NAA 

NAD 

NBA 

p-CPA 

2,4-D 

2,4,5-TP 

(4-hydroxy-5-isopropyl-2-methylphenyl)trimethylam- 
moniumchloride, 1-piperidinecarboxylate. 

gibberellic acid 

beta-indoleacetic acid (also IAA and IAc) 

beta-indolebutyric acid (also IBA and IBc) 

0-isopropyl-N-phenyl carbamate (also IPPC) 

1,2 dihydro-3,6-pyridazine-dione (Maleic hydraaide) 

alpha-napthaleneacetic acid (also NA and NAc) 

alpha-napthaleneacetamide (also RAd and Nacet) 

alpha-napthalenebutyric acid (also NB) 

para-chlorophenoxyacet ic acid (also CIPA and BA) 

2,4-dichlorophenoxyacetic acid (also DCPA) 

2,4,5-trichlorophenoxyproprionic acid 



TREES,  l i k e  o t h e r  p l an t s ,  con t a in  many n a t u r a l  chemicals 
of t h e  s o r t  t h a t  we c a l l  hormones. Research is gradu- 

a l l y  r evea l i ng  t ha t ,  i n  t h e  behavior  of  a t r e e ,  t h e s e  chemi- 
c a l s  may be almost a s  important  a s  t h e  b a s i c  i n f l uences  of  
he r ed i t y  and environment. 

I n  e a r l y  concepts,  t h e  t e r m  "growth r egu l a to r "  was 
used t o  mean chemical subs tances  t h a t ,  though they were be- 
l i eved  no t  t o  occur i n  p l a n t s ,  y e t  would o f t e n  i n f l uence  
p l a n t  response i n  much t he  same way a s  hormones do. Now re- 
f i ned  methods of  chromatography a r e  producing evidence t h a t  
p l a n t s  themselves con t a in  many growth-regulat ing chemicals 
t h a t  p rev ious ly  were thought t o  occur  only on t h e  l abo ra to ry  
chemical s h e l f .  

For u s  f o r e s t e r s ,  it i s  important  t o  have a common 
concept o f  chemical growth r e g u l a t o r s  s o  t h a t  w e  may apply 
t h i s  knowledge i n  a t t a ck ing  ou r  f o r e s t r y  problems. 

To begin with, w e  must recognize t h a t  p l a n t  o r  t r e e  
responses--in growth, f lowering,  r oo t  i n i t i a t i o n ,  and o the r  
developmental processes--are  governed by inheren t  g e n e t i c  
q u a l i t i e s .  

Second, we ought t o  know t h a t  manipulat ion of  one o r  
more f a c t o r s  of t h e  environment, such a s  mineral  n u t r i t i o n  
balance, photoperiod, o r  temperature  and mois ture  regimes, 
w i l l  a l s o  produce v a r i a t i o n s  i n  response.  

And t h i r d ,  we a r e  l e a rn ing  t h a t  app l ied  chemical 
growth r e g u l a t o r s  o f t e n  w i l l  modify t h e  responses  t h a t  a r e  
governed by he r ed i t y ,  o r  w i l l  induce responses  t h a t  a r e  
nea r l y  i d e n t i c a l  with those  induced by environment. 

Growth r e g u l a t o r s  and hormones produce a v a r i e t y  of  
responses  i n  p l a n t s .  Some chemical r egu l a to r s ,  under d i f -  
f e r e n t  condi t ions ,  can even produce oppos i t e  e f f e c t s  on t h e  
same p l a n t .  Depending on t h e  concen t r a t i on  used., t h e  s t a g e  
o f  growth, and environmental condi t ions ,  t h e  chemical may 
e i t h e r  s t i m u l a t e  growth of  t h e  plant--or  k i l l  i t .  



Some of  t h e  ways t h a t  chemical growth r egu la to r s  may 
be used t o  inf luence  p l an t  behavior  a re :  

To con t ro l  wound-healing, bud growth, and dormancy of 
a l l  p l an t  pa r t s ,  including seed. 

To con t ro l  stem elongation, shortening,  o r  thickening.  

To i n h i b i t  sprout ing .  

To prolong o r  .shorten t h e  vege t a t i ve  cycle.  

To a s s i s t  i n  vege ta t ive  propagat ion from c u t t i n g s  o r  
i n  g r a f t i n g .  

To con t ro l  roo t  p r o l i f e r a t i o n  and growth. 

To con t ro l  flowering and reproduct ive p l a n t  s t r u c t u r e s .  

To perform s e l e c t i v e  p e s t i c i d a l  ac t ion .  

To con t ro l  absc iss ion  of  flowers, f r u i t s ,  and o the r  
p l a n t  p a r t s .  

To con t ro l  t r ansp i r a t i on ,  r e sp i r a t i on ,  photosynthesis,  
and many o t h e r  p l a n t  processes.  

To con t ro l  growth of micro-organisms i n  t h e  s o i l .  

And t h e r e  a r e  many o the r s .  

A p r e c i s e  d e f i n i t i o n  of p o t e n t i a l  t r e e  responses t o  
applied chemical growth r egu la to r s  i s  d i f f i c u l t  because of 
t h e  i n t e r r e l a t i o n s h i p s  of roots ,  tops, and f lowers.  Chemi- 
c a l s  b e n e f i c i a l  t o  flower product ion may decrease  growth; 
t h i s  is only one of many poss ib l e  r e l a t e d  e f f e c t s .  Also, i n  
f o r e s t r y  we a r e  conCerned with a l l  of t he se  a spec t s  i n  prob- 
lems of f o r e s t  management, watershed management, f o r e s t  f i r e  
cont ro l ,  f o r e s t  d i seases ,  and f o r e s t  i n s e c t s .  Growth regu- 
l a t o r s  may be  important i n  a l l  o f  t he se  f i e l d s .  The follow- 
ing  d iscuss ion  touches on only a  few h igh l igh t s  i n  each of 
t he se  major l i n e s  of  f o r e s t r y  a c t i v i t i e s .  

F o r e s t  M a n a g e m e n t  

One ob jec t ive  t h a t  is common t o  many phases o f  f o r e s t  
management i s  t o  ob t a in  adequate regenera t ion .  With pine, 
f o r  example, t h i s  goal is more l i k e l y  t o  be  reached i f  p ine  
cones conta in  f u l l  complements of v i ab l e  seed. I n  some hor- 
t i c u l t u r a l  species ,  napthaleneacetamide (NAD) t reatment  dur- 
ing p o l l i n a t i o n  time increases  seed product ion g r e a t l y .  
This  would be  a  d e s i r a b l e  e f f e c t  i n  va luable  t ree-seed 



orchards, where the investment is high and the maximum pro- 
duction of seed is very important. 

It is possible that NAD and para-chlorophenoxyacetic 
acid (p-CPA) would also be useful in forest genetics work, 
since we know they increase the set of seed from cross- 
pollinations. 

Male and female flowers on different trees often 
bloom at different times. The time of flowering might be 
selectively controlled with the growth-retarding action of 
napthaleneacetic acid (NAA) or other regulators, and this 
might enable some crosses to be made that would otherwise be 
impossible. 

The growth-controlling effects of some of the quater- 
nary ammonium compounds might be put to use in forestry in a 
number of ways. One of the most active of these has a 78- 
letter name1; for convenience we call it Amo-1618. With 
this growth regulator, moderate to extreme inhibition of 
stem elongation is obtained, depending on the concentration 
used, species, and environmental factors. At appropriate 
rates of application to the soil, Amo-1618 may remain ef- 
fective for a long time. Spray treatments are also effective 
because of its ready solubility in water. In annuals, this 
substance is translocated to the seed, and a noticeable in- 
hibitory response is carried over for at least two genera- 
t ions. 

Elm, maple, and oak are moderately responsive to Amo- 
1618. This suggests that conifers might be brought through 
in cut-over areas with heavy hardwood growth if Amo-1618 
were applied to the cut hardwood stumps or sprouts. The 
growth-retarding effect from a single application might be 
enough to keep the sprouts controlled until the conifer 
seedlings had grown beyond their influence. 

In forest nurseries, the growth rate of some species 
is often controlled by regulating moisture and fertilizer 
applications. Amo-1618 might be a solution to growth control 
in these cases. With growth controlled, more fertilizer and 
water may be used, which might result in production of 
healthier stock better conditioned to withstand adverse out- 
planting situations. 

(4-hydroxy-5-isopropy 1- 2-methylphenyl trimethylammoniumchloride, l -p iper i -  
dinecarboxylate. Cheniical n m e s  and a r e v i a t i o n s  o f  other compounds are 
l i s t e d  facing page I. 
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Another p lan t - regula t ing  chemical t h a t  is now receiv-  
ing  much a t t e n t i o n  is g i b b e r e l l i c  ac id  (GA).  This  compound 
may a l s o  prove usefu l  i n  f o r e s t - t r e e  nursery operat ions,  bu t  
i n  a d i f f e r e n t  way than Amo-1618. The s p e c i f i c  app l i ca t i ons  
a r e  suggested by t h e  s p e c i a l  e f f e c t s  produced. Rapid length- 
ening of  stems f o r  a few weeks is a common response, though 
many o t h e r  e f f e c t s  a r e  obtained.  The r e s u l t s  depend on 
s t r eng th  of treatment, species ,  s t a g e  of development, and 
environmental condi t ions .  P l a n t s  flower f a s t e r  o r  s lower;  
grow th inner  o r  t h i cke r  stems; develop more f o l i a g e  o r  more 
seed;  overcome dwarfism; rouse from dormancy. Perhaps we 
can use some of t he se  a t t r i b u t e s  of GA t o  reduce the  t i m e  
some spec i e s  remain i n  t h e  seedbed, t o  produce more p lan t -  
ab l e  stock, and t o  ob t a in  s tock  b e t t e r  s u i t e d  t o  p a r t i c u l a r  
p l a n t i n g - s i t e  s i t u a t i o n s .  

The use  of growth r egu la to r s  i n  t he  vegeta t ive  propa- 
ga t ion  of  t rees ,  p a r t i c u l a r l y  i n  root ing  cu t t i ngs ,  is wel l  
es tab l i shed ,  though by no means have a l l  avenues been ex- 
plored.  A few of t h e  e f f e c t i v e  compounds inc lude  indole- 

Figure 1.--Effect of a phosphonium compound on the growth 
of a hybrid petunia (var ie ty  Baller ina) .  The s o i l  was 
amended with ( l e f t  t o  r i gh t )  0, 125, and 500 pounds per 
acre of 2,4-dichlorobenzltributylphosphonium, which re-  
tards growth. 'Ihe species s e l ec t iv i t y  of t h i s  and s i m i -  
l a r  compounds suggests poss ib i l i ty  for  weed control  i n  
t r ee  nurseries ,  povided  the t ree  species g r m  is not 
adversely affected.  



Figure 2. --Effect of g ibbere l l ic  acid on the gruuth of 
lob lo l ly  pine. When 2-year-old t rees  were sprayed with 
g ibbere l l ic  acid (concentration of 400 p p )  a t  the  t i m e  
buds were opening, height growth and diameter growth were 
doubled i n  one season ( t r ee  on r i gh t ) .  Tree on l e f t  is 
untreated t r ee  of same age. 

b u t y r i c  ac id  ( I B ) ,  NBA, NAA, and 2,4,5-TP. The f i r s t  two 
mentfoned have t h e  advantage with some spec i e s  of not sup- 
press ing  vege t a t i ve  growth a f t e r  c u t t i n g s  a r e  rooted.  

Only a few i n v e s t i g a t o r s  have used growth r egu la to r s  
t o  s t imu la t e  wound-healing i n  t r e e s .  Of those  t r i e d  (such 
as IAA, IB ,  NAA, CPA, and 2,4-D), few gave p o s i t i v e  r e s u l t s ,  
and then only wi th  a few spec ies .  Glutathione s t imula ted  
wound-healing i n  sugar  maple, and CPA and cys t e ine  HC were 
weakly e f f e c t i v e  with red oak. A l l  o t h e r s  t r i e d  were inef-  
f e c t i v e  o r  i nh ib i to ry  under t h e  condi t ions  used. 



Figure 3.--Effect of Amo-1618 on the development of a 
tall-growing type of sa lv ia  ( s ca r l e t  sage). The plant  on 
the l e f t  is the untreated control .  The other three plants 
were sprayed with Amo-1618 i n  increasing concentrations 
(10, 100, 1000 ppm). The higher concentrations accentu- 
ate  ' dwarf i s m '  by suppressing stem elongation. 

Recent work with red p ine2  shows t h a t  t y p i c a l  spring-  
wood c e l l s  have been produced i n  otherwise summerwood- 
producing seedl ings  by appl ica t ion  of IAA. This  might in- 
f luence s p e c i f i c  g rav i ty  and, i nd i r ec t ly ,  pulp y i e l d s .  Thus 
one should consider  all responses from growth regula tors ,  
because t reatments  designed t o  increase  growth might r e s u l t  
i n  lower u l t ima te  y i e l d s  i n  terms of usable  wood. 

F i r e  C o n t r o l  

Firebreaks of many d i f f e r e n t  types a r e  used t o  pro- 
t e c t  f o r e s t  investments. Some of  t he se  f i r eb reaks  depend on 
a g ra s s  o r  herbaceous cover t o  maintain a low f u e l  b a r r i e r .  

%arson, P. R A phys io log ica l  consideration o f  the springwood-sumerwood 
trans i t ion  i n  red pine. (In press . )  

6 



However, toward the  end of t h e  growing season t h i s  ground 
cover o f t e n  t u r n s  brown and becomes more hazardous. 

I t  i s  known t h a t  Amo-1618, bes ides  i n h i b i t i n g  growth, 
causes some herbaceous species ,  p a r t i c u l a r l y  legumes, t o  re- 
main i n  a hea l thy  green s t a t e  u n t i l  f r o s t  comes. The use  of 
Amo-1618 and legumes i n  f i r eb reaks  would increase  f e r t i l i t y  
and e l imina te  t he  late-season hazard from dry ma te r i a l s .  
With s o i l  treatments, a r e s idua l  e f f e c t  l a s t i n g  severa l  
years  might be obtained both through a hold-over i n  t h e  s o i l  
and through the  seed. 

W a t e r s h e d  M a n a g e m e n t  

The same r e l a t i onsh ips  mentioned f o r  f i r e  con t ro l  
might a l s o  apply i n  watershed management. I n  addi t ion  t o  
herbaceous ground cover, t h e r e  may be times and p laces  where 
brush cover would a l s o  be des i r ab l e .  Dwarf types, which 

Figure 4.--Effect of g ibbere l l ic  acid on the growth of a 
dwarf-type azalea. The plant on the r i gh t  was sprayed 
with g ibbere l l ic  acid a t  a concentration of 100 ppm a t  
the time of bud opening. Six months l a t e r  the shoot 
length was over two times t ha t  of the untreated control  
on the l e f t .  This ex t ra  shoot length f a c i l i t a t e s  vegeta- 
t ive  propagation from cut t ings.  



could be  produced by Amo-1618 and o the r  growth regula tors ,  
might b e  more d e s i r a b l e  f o r  reducing water use  and increas-  
ing  water y ie lds ,  p a r t i c u l a r l y  around impoundments. 

Forest D i s e a s e s  

Growth-regulator chemicals might prove use fu l  i n  t h e  
con t ro l  of Dutch elm d isease .  According t o  recent  experi-  
m e n t ~ , ~  4,5-dimethyl-2-thiazolylmercaptoacetate and 2,3,5,6- 
te trachlorobenzoic ac id  applied t o  elms j u s t  before  bud- 
break delay o r  i n h i b i t  formation of  t h e  l a r g e  springwood 
vesse ls .  Since spores of t h e  fungus causing t h e  d i sease  a r e  
introduced i n t o  t h e  t r e e  i n  t h e  spr ing  by the  feeding of 
c e r t a i n  b e e t l e s  t h a t  emerge i n  l a r g e  numbers a t  t h i s  time, 
and a r e  c a r r i e d  t o  o t h e r  p a r t s  of t he  t r e e  i n  t h e  sapstream, 
mainly through these  springwood vesse ls ,  delay i n  large-  
vesse l  formation tends t o  reduce spread of t h e  fungus. So 
f a r ,  a t tempts  t o  prevent spread of t he  fungus by delaying 
large-vessel  formation have been only p a r t i a l l y  successfu l .  
S tudies  a r e  being continued with o t h e r  methods of  applica-  
t i o n  and o the r  growth substances.  

Re la t i ve ly  l i t t l e  use  of growth r egu la to r s  has been 
made i n  con t ro l l i ng  o r  in f luenc ing  t r e e  d iseases ,  y e t  t h e  
p o t e n t i a l s  may be g r e a t .  Some chemicals, such a s  2,4-D, 
con t ro l  c e r t a i n  fungi  bu t  f a i l  t o  inf luence  o the r s .  IA,  IB, 
and NAA inc rease  t h e  incidence of i n f e c t i o n  i n  c u t t i n g s  by 
Fusariue spec ies .  

I n d i r e c t  con t ro l  of white  p ine  b l i s t e r  r u s t  i s  being 
done by k i l l i n g  Ribes with mixtures of 2,4,D and 2,4,5-T. 
A Nect r ia  canker on apple has been con t ro l l ed  with indole- 
bu ty r i c  ac id  (IB), though t h i s  chemical w a s  only very weakly 
t ox i c  on t h e  fungus grown i n  pure cu l tu re .  Canker d i s eases  
on f o r e s t  t r ee s ,  such as Nectria and Sirume 2 la, might be  
cont ro l led  with proper  growth r egu la to r s .  

Stem dieback, a physiological  d i s ease  of orange t r e e s  
t h a t  leads  t o  stem and f r u i t  sh r ive l l i ng ,  was reduced mark- 
edly by sprays of 2,4-D. This opens up t h e  p o s s i b i l i t y  of 
con t ro l l i ng  some of t he  physiological  d i seases  of f o r e s t  
t r e e  spec ies  with s e l ec t ed  growth r egu la to r s .  

'Coo'perative Regional Project  N G Z S  LBiology and Control o f  Wilt Pathogens'; 
Conn., Mass., N. J . ,  N. Y. ,  Pa., R. I . ,  W. Va.,  andU.S.  Dept. Agr.--Agr. Res. 
Service,  Forest Service. 



F o r e s t  I n s e c t s  

A growth r egu la to r  named maleic hydrazide (MH) has 
been used with only p a r t i a l  success i n  at tempts  t o  delay 
shoot  growth of p ine  i n  o rde r  t o  i n t e r f e r e  with shoot moth 
development. Other compounds a r e  ava i l ab l e  f o r  t h e  same 
purpose, such a s  NAA, 2,4,5-T, and IPC. These, i f  used i n  
proper concent ra t ions  and wi th  c o r r e c t  timing, might be more 
e f f e c t i v e  than MH i n  r e t a rd ing  shoot growth. 

A p o t e n t i a l l y  important weapon i n  ou r  long War on 
harmful f o r e s t  i n s e c t s  has emerged from recent  b a s i c  re- 
se'arch i n  i n s e c t  physiology. Two new hormones have been 
i s o l a t e d  from insec t s ,  with t h e  i n i t i a l  impetus coming from 
work with gypsy moth. One of these, c a l l e d  Ecdysone, t r i g -  
ge r s  t he  moulting process.  The o ther ,  c a l l e d  " juveni le  hor- 
mone", de lays  t h e  i n sec t  from passing i n t o  its next s t age .  
These compounds have been i s o l a t e d  and t h e i r  chemical formu- 
l a s  determined, so  they can be prepared s y n t h e t i c a l l y  i n  t h e  
labora tory .  

Exploratory t e s t s  have shown t h a t  t he se  two new hor- 
mones, i n  very weak concentrat ions,  can k i l l  i n s e c t s .  Thei r  
f u t u r e  use  i n  t h e  con t ro l  of f o r e s t  i n s e c t s  may go a long 
way toward providing a s u b s t i t u t e  f o r  some of t h e  chemicals 
now widely used, bu t  without t h e  undes i rab le  s i d e  e f f e c t s  on 
o the r  forms of l i f e  i n  t he  f o r e s t s .  

F ina l ly ,  a word of caut ion .  When considering t h e  use 
of spec i a l  chemicals, l e t  us  be su re  t o  recognize poss ib l e  
secondary e f f e c t s .  These e f f e c t s  may not a l l  b e  b e n e f i c i a l .  

But also,  l e t  u s  not  curb our  imaginations, s i n c e  
t h e r e  a r e  many poss ib l e  ways of in f luenc ing  t r e e  growth and 
o the r  r e l a t e d  phenomena. The proper hormone o r  growth regu- 
l a t o r  may now be wait ing f o r  u s  t o  put  i t  t o  use  i n  so lv ing  
some of our  f o r e s t r y  problems. 
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