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Abstract 

Herbicides were tested on 16 common shrubs and weed t rees  
during the past 24 years. The woody plants included snowbrush 
ceanothus, deerbrush ceanothus, mountain whitethorn, varnish- 
leaf  ceanothus, sprouting and nonsprouting forms of greenleaf 
manzanita, hairy manzanita, hoary manzanita, golden chinkapin, 
golden evergreenchinkapin, Saskatoon serviceberry, Pacific 
madrone, salmonberry, western thimbleberry, scrub tanoak, and 
canyon l i v e  oak. Chemicals tes ted included 2,4-D, dichlorprop, 
2,4,5-T, silvex, 2 4-DB, amitrole, amitrole-T, 2,3,6-TBA, AMS, 
picloram, ~ r e n i t e ~ ,  t r ic lopyr ,  and an experimental carbamate 
compound. Low vo la t i l e  e s t e r s  of 2,4-D and 2,4,5-T proved the 
most effect ive and versa t i le  herbicides fo r  s i lv icu l tura l  use 
in  western Oregon. 

Results of the screening t e s t s  a re  related t o  comparable 
data from small plot  t e s t s  and project-scale ae r i a l  spray 
t r i a l s .  To aid s i l v i cu l tu r i s t s ,  useful treatments and the 
most effect ive herbicide a re  shown in  bold-face type for  each 
shrub and weed t ree .  

KEYWORDS: Herbicides (-forest  weed control,  brush control,  
s i lv icu l ture  Oregon (western) . 

The use o f  t r a d e ,  f i r m ,  o r  corpora t ion  names i n  t h i s  publ i -  
c a t i o n  is  f o r  t h e  information and convenience o f  t h e  reader .  
Such use  does n o t  c o n s t i t u t e  an o f f i c i a l  endorsement o r  
approval by t h e  U.S. Department of Agr i cu l tu re  o f  any 
product o r  s e r v i c e  t o  t h e  exc lus ion  of  o t h e r s  which may be 
s u i t a b l e .  



FILE COP? 

P E S T I C I D E  PRECAUTIONARY S T A T E M E N T  

Pesticides used improperly can be injurious to man, animals, and plants. Follow the 
directions and heed all precautions on the labels. 

Store pesticides in original containers under lock and key--out of the reach of children 
and animals--and away from food and feed. 

Apply pesticides so that they do not endanger humans, livestock, crops, beneficial 
insects, fish, and wildlife. Do not apply pesticides when there is danger of drift, when honey 
bees or other pollinating insects are visiting plants, o r  in ways that may contaminate water 
or leave illegal residues. 

Avoid prolonged inhalation of pesticide sprays or dusts; wear protective clothing and 
equipment if specified on the container. 

If your hands become contaminated with a pesticide, do not eat or  drink until you have 
washed. In case a pesticide is swallowed or  gets in the eyes, follow the first-aid treatment 
given on the label, and get prompt medical attention. If a pesticide is spilled on your skin 
or clothing, remove clothing immediately and wash skin thoroughly. 

Do not clean spray equipment or dump excess spray material near ponds, streams, or  
wells. Because it i s  difficult to remove all traces of herbicides from equipment, do not use 
the same equipment for insecticides or  fungicides that you use for herbicides. 

Dispose of empty pesticide containers promptly. Have them buried at a sanitary land-fill 
dump, or  crush and bury them in a level, isolated place. 

NOTE: All recommendations for operational uses of pesticides were registered for such uses by the 
Federal Environmental Protection Agency at the time of this publication. Some States have 
restrictions on the use of certain pesticides. Check your State and local regulations. Also, because 
registrations of pesticides are under constant review by the Federal Environmental Protection Agency, 
consult your county agricultural agent or State extension specialist to be sure the intended use is still 
registered. 

&8 P d ~ Y f l  
FOLLOW THE LABEL 

U I .  D t ? A R l M t N l  OF A G I I C U L T U R t  



Common Measures and Metric Equivalents 

. . . . . . . . . . . . .  1 inch 2.54 cent imeters  

. . . . . . . . . . . . .  l f o o t  0 .305mete r  

. . . . . . . . . . . . .  1 mile 1.609 ki lometers  

. . . . . . . . . . . . .  1 a c r e  0.405 h e c t a r e  

1 ga l lon ,  United S t a t e s  . . . .  3.785 l i t e r s  

. . . . . .  1 pound, avoirdupois  0.454 kilogram 

. . . . . . . . . .  1 pound/acre 1.121 ki lograms/hectare 

. . . . . . . .  1 aehg o r  1 a ihg  0.454 kg/378.53 l i t e r s  

Terms and Abbreviations 

Drip po in t  Fol iage of  each p l a n t  was sprayed u n t i l  a l l  
leaves had been t r e a t e d  and spray was running 
o f f  and dr ipping  from approximately one-half 
of t h e  ind iv idua l  leaves .  

Acid equiva lent ;  a c t i v e  ingredient  i n  terms 
of  amount o f  t h e  parent  a c i d  t h a t  was con- 
ve r t ed  t o  t h e  amine, s a l t ,  o r  e s t e r  i n  a  
spray  mixture o r  s o l u t i o n .  

a i  Active ing red ien t ;  t h e  amount of  phytotoxic 
chemical compound i n  a  spray mixture o r  
s o l u t i o n .  

aehg Acid equivalent  pe r  100 ga l lons  o f  spray  
mixture o r  spray s o l u t i o n .  

a ihg  Active ingredient  pe r  100 ga l lons  of spray 
mixture o r  spray  s o l u t i o n .  

For add i t iona l  d e f i n i t i o n s  t h a t  may be use fu l  t o  those  us ing  
t h i s  pub l i ca t ion ,  s e e  USDA Forest  Serv ice  General Technical 
Report PNW-37 (Gratkowski 1975), p.  39-44, "Glossary of  
Agr i cu l tu ra l  Chemical Terms. l 1  
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Introduction 
Se lec t ing  t h e  herb ic ide  o r  he rb ic ides  t h a t  w i l l  s a f e l y ,  e f f e c t i v e l y ,  

and economically cont ro l  shrubs o r  weed t r e e s  t h a t  compete with crop 
t r e e s  is v i t a l  i n  s i l v i c u l t u r e  (Gratkowski 1975). Using t h e  most e f f e c -  
t i v e  he rb ic ide  w i l l  minimize t h e  amount of  chemical needed t o  a t t a i n  a  
des i r ed  degree o f  brush con t ro l  f o r  s i t e  prepara t ion  o r  r e l e a s e  of  
young con i fe r s .  I t  can a l s o  minimize both cos t  o f  t reatment  and poss i -  
b l e  environmental contamination by reducing o r  e l iminat ing  t h e  need f o r  
repeated t rea tments  t h a t  may be necessary with l e s s  e f f e c t i v e  he rb ic ides .  

This pub l i ca t ion  provides d a t a  showing e f f e c t s  of  chemicals I have 
t e s t e d  t o  con t ro l  shrubs and weed t r e e s  during t h e  p a s t  24 years .  
Except f o r  salmonberry, t abu la t ed  d a t a  a r e  only from t e s t s  I conducted 
o r  s t u d i e s  i n  which I  p a r t i c i p a t e d ,  but  app l i cab le  r e s u l t s  of  o the r  
i n v e s t i g a t o r s  a r e  d iscussed  i n  t h e  t e x t .  This  information was compiled 
t o  a i d  s i l v i c u l t u r i s t s  i n  s e l e c t i n g  t h e  most e f f e c t i v e  herb ic ides  f o r  
16 shrub and t r e e  spec ies  t h a t  a f f e c t  s i l v i c u l t u r e  i n  western Oregon 
f o r e s t s .  The information may a1 so preclude add i t iona l  t e s t i n g  of many 
chemicals t h a t  proved i n e f f e c t i v e .  

Screening Tests 

A s e r i e s  o f  screening t e s t s  were s t a r t e d  during 1955 t o  determine 
t h e  e f f e c t  of s e l ec t ed  herb ic ides  applied a s  f o l i a g e  sprays on 13  brush 
spec ie s  and v a r i e t i e s  i n  southwestern Oregon (Gratkowski 1959). Addi- 
t i o n a l  t e s t s  were i n s t a l l e d  i n  l a t e r  years  a s  promising new herb ic ides  
became ava i l ab le .  Some r e s u l t s  of t e s t s  on shrubs, con i f e r s ,  g rasses ,  
and fo rbs  have been published (Gratkowski 1961, 1968, 1971, 1976, 1977). 
This pub l i ca t ion  supplements r e s u l t s  of  t h e  1955 t e s t s  with appl icable  
d a t a  from small p l o t  s t u d i e s  and p ro jec t - sca l e  t r i a l s  of  herb ic ides  on 
n a t i v e  shrubs and weed t r e e s  from 1956 through 1976. Data a r e  a l s o  
provided f o r  t h r e e  spec ies  not  included i n  t h e  1955 t e s t s .  

SPECIES AND STUDY AREAS 

Six  of t h e  shrubs and weed t r e e s  a r e  abundant i n  t h e  southern end 
of  t h e  Cascade Range and eas t e rn  Oregon; 10 a r e  common i n  t h e  Coast 
Ranges and Siskiyou Mountains. General ly,  shrubs areamost d i f f i c u l t  t o  
con t ro l  where environmental condi t ions  a r e  most favorable  f o r  growth. 
Therefore, t e s t s  on each spec ies  were i n s t a l l e d  i n  a reas  where t h e  
p l a n t s  were e s p e c i a l l y  l a r g e ,  vigorous,  and abundant, i nd ica t ing  
environmental condi t ions  near  optimum f o r  t h e i r  growth and su rv iva l .  
A spec ies  i s  much more e a s i l y  con t ro l l ed  near  t h e  geographical limits 
of  i t s  range o r  on s i t e s  where one o r  more environmental f a c t o r s  a r e  
near  a  c r i t i c a l  l e v e l  f o r  surv iva l  and growth of  t h e  spec ies .  Herbi- 
c ides  e f f e c t i v e  on t h e  t e s t  a r eas  w i l l  be even more e f f e c t i v e  on such 
c r i t i c a l  s i t e s .  



Brush spec ie s  and v a r i e t i e s l '  t r e a t e d  i n  t h e  designated a reas  were: 

Coast Ranges and Siskiyou Mountains 

Hairy manzanita A r c t o s t a p h y l o s  columbiana 

Hoary manzanita A r c t o s t a p h y l o s  c a n e s c e n s  

Greenleaf manzanita 
(bur led ,  sprout ing)  A r c t o s t a p h  y l  os pa t  u l  a  

Varnishleaf  ceanothus Ceanothus  vel u t i n u s  var  . 1 a e v i g a t u s  

P a c i f i c  madrone Arbu tus  m e n z i e s i i  

Western thimbleberry R U ~ U S  p a r v i f l o r u s  

Salmonberry Rubus s p e c t a b i l i s  

Scrub tanoak L i t h o c a r p u s  d e n s i f l o r u s  var .  montanus 

Canyon l i v e  oak Quercus  chr yso l  e p i  s 

Golden evergreenchinkapin C a s t a n o p s i s  c h r y s o p h y l l a  var .  minor  

Cascade Range 

Greenleaf manzanita 
2/ A r c t o s t a p h y l o s  o b t u s i  f o l i a  (no b u r l ,  nonsprout ing)- 

Deerbrush ceanothus Ceanothus  i n t e g e r r i m u s  

Snowbrush ceanothus Ceanothus  vel u t i n u s  

Mountain whitethorn Ceanothus  c o r d u l a t u s  

Golden chinkapin C a s t a n o p s i s  c h r y s o p h y l l a  

Saskatoon se rv icebe r ry  ~ m e l  a n c h i  er a1 n i  f 01 i a  

L/ Common and s c i e n t i f i c  names a r e  i n  accordance with Kelsey and 
Dayton (1942), except f o r  golden chinkapin, which i s  i n  accordance with 
L i t t l e  (1953). 

2/ Although exact  i d e n t i t y  of  t h i s  manzanita has no t  ye t  been es-  
t ab l i shed ,  it i s  t h e  nonsprouting green-leaved manzanita prevalent  i n  
t h e  southern end o f  t h e  Cascade Range and i n  c e n t r a l  Oregon. I t  has 
been va r ious ly  i d e n t i f i e d  a s  greenleaf  manzanita ( ~ r c t o s t a p h y l o s  p a t u l a  
Greene), Howell manzanita (A. h i s p i d u l a  Howell), A. p a t u l a  Greene ssp .  
p l a t p h y l l a  (Gray) P.V. Wells, and a s  A. o b t u s i f o l i a  Piper .  The non- 
sprout ing  c h a r a c t e r i s t i c ,  compared with sprout ing  of  t h e  burled form of 
greenleaf  manzanita i n  t h e  Siskiyou Mountains, i s  o f  s p e c i a l  i n t e r e s t  t o  
f o r e s t e r s ;  t h i s  nonsprouting green-leaved manzanita can be k i l l e d  more 
e a s i l y  with he rb ic ides  a t  f a r  l e s s  c o s t .  



Thirteen chemicals were included in intensive screening tests. 
These were: 

2,4-D (2,4-dich1orophenoxy)acetic acid 

2,4,5-T (2,4,5-trich1orophenoxy)acetic acid 

dichlorprop 2-(2,4-dich1orophenoxy)propionic acid 

silvex 2-(2,4,5-trich1orophenoxy)propionic acid 

2,4-DB 4-(2,4-dich1orophenoxy)butyric acid 

amitrole 3-amino-1,2,4-triazole 

amitrole-T amitrole plus ammonium thiocyanate 

2,3,6-TBA A mixture of six isomers of trichlorobenzoic acid, 
mostly the 2,3,6-trichloro isomer 

AMS Ammonium sulfamate 

picloram 4-amino-3,5,6-trichloropicolinic acid 

8726-M 2,4,5-trichloro-6-nitrophenyl carbamate 

triclopyr 3,5,6-trichloro-2-pyridinyloxyacetic acid 

Krenite TM Ammonium ethyl carbamoylphosphonate 

The chemicals were in several forms. The first four listed were 
low-volatile propylene glycol butyl ether esters in liquid formulations 
containing 4 pounds acid equivalent per gallon. 2,4-DB also was a 
liquid formulation containing 2 pounds of dimethyl amine per gallon. 
Amitrole is a fine white crystalline powder containing 50 percent 
active ingredient; amitrole-T is a liquid with 2 pounds active ingredi- 
ent of amitrole and 2 pounds of ammonium thiocyanate per gallon. AMS 
was in the form of water soluble crystals, 95 percent active ingredient 
by weight. Picloram was tested alone as the potassium salt and as a 
triisopropanolamine salt in combination with similar amines of either 
2,4-D alone or 2,4-D plus 2,4,5-T. 2,3,6-TBA was a water-soluble 
solution of the sodium salt in a formulation that contained 1.5 pounds 
acid equivalent per gallon. Triclopyr was tested both as a triethyl- 
amine salt and as an ethylene glycol butyl ether ester. Krenite was a 
liquid formulation of the active ingredient. 

- 

3/ - 
Chemicals were provided by several companies, especially Dew 

Chemical U.S.A. and Arnchem Products, Inc. 



METHODS 

Selection of  herbicides and c a r r i e r s  was based on h a b i t ,  and stem 
and l e a f  c h a r a c t e r i s t i c s  of each species; and a l l  herbicides were 
applied a s  fo l i age  sprays t o  d r i p  point .f l j  Carr iers  were e i t h e r  water 
o r  d i e s e l  oi l- in-water  emulsions. Percentage of o i l  by volume i n  t h e  
spray solut ion is  indicated i n  each t ab le .  A l l  so lu t ions  and emulsions 
were applied as  small-droplet sprays with a 3-gallon knapsack sprayer.  

Phenoxy herbic ides ,  e spec ia l ly  2,4-D and 2,4,5-T, were considered 
t h e  most promising chemicals and given the  most extensive t e s t s  i n  t h e  
1955 study. They proved t o  be t h e  most e f f e c t i v e  and v e r s a t i l e  chemi- 
c a l s  i n  t h a t  study and i n  projec t -scale  t r i a l s  and were used as  stand- 
ards  f o r  comparing r e l a t i v e  ef fec t iveness  of new herbicides i n  subse- 
quent screening t e s t s .  

Although most formulations were t e s t e d  on 20 shrubs of  each 
species,  a few chemicals considered p o t e n t i a l l y  l e s s  useful  f o r  f o r e s t  
brush control  were screened on only 10 shrubs of  se lec ted  species.  The 
smaller t e s t s  were exploratory,  but they produced useful  information 
and a r e  included i n  t h e  t a b l e s  f o r  applicable species of shrubs and 
weed t r e e s .  Sprayed p lan t s  were examined i n  e a r l y  autumn a t  t h e  end of 
t h e  f i rst  and second growing seasons a f t e r  spraying Unless spec i f i -  
c a l l y  noted, a l l  t a b l e s  show e f f e c t  of t h e  sprays a t  the  end of t h e  
second growing season. 

Effects of Foliage Sprays on Shrubs and Weed Trees 

Effects  of t h e  herbicides on individual  species and v a r i e t i e s  a r e  
described i n  the  pages t h a t  follow, and degree of s u s c e p t i b i l i t y  t o  
herbicides is  shown i n  parentheses f o r  each shrub o r  weed t r e e .  
Species ra ted  highly suscept ib le  were read i ly  k i l l e d  with low concen- 
t r a t i o n s  of  2,4-D o r  2,4,5-T i n  water. A r a t i n g  of moderately suscep- 
t i b l e  ind ica tes  t h a t  a e r i a l  p a r t s  of  t h e  shrubs were r e a d i l y  k i l l e d ,  
but most p lan t s  resprouted. A r a t i n g  of r e s i s t a n t  means t h a t  only 
p a r t s  of t h e  stems and branches died back a f t e r  being sprayed with 
herbicides;  none o f  t h e  t r e a t e d  p l a n t s  were k i l l e d .  

Tabulated data  f o r  many species a r e  too extensive f o r  quick 
evaluation.  To a i d  s i l v i c u l t u r i s t s ,  I have evaluated t h e  da ta  and 
designated the  bes t  herbic ide  and/or treatment f o r  each species.  This 
information i s  pr in ted  i n  boldface type. 

- 4/ See "Terms and Abbreviations," ins ide  back cover. 



The geographical range o f  each spec ie s  i s  described b r i e f l y .  
Most of  t h i s  information was compiled from taxonomic t e x t s  supplemented 
by personal  knowledge of a reas  where I observed t h e  spec ie s  during 
27 years  o f  fieldwork. Although range d a t a  f o r  shrubs and weed t r e e s  
a r e  incomplete, t h e  information may a s s i s t  i n  i d e n t i f y i n g  problem brush 
spec ie s  and choosing e f f e c t i v e  he rb ic ides  t o  con t ro l  them. 

HAIRY MANZANITA (Highly susceptible) 

Hairy manzanita ( f i g .  1)  is  an e r e c t  shrub, 3 t o  10 f e e t  t a l l ,  
with t h i c k ,  ovate  gray-green leaves  1 t o  2% inches long. I ts leaves  
and b ranch le t s  a r e  u s u a l l y  covered with long, s t i f f  h a i r s ,  and i t s  
white f lowers a r e  i n  s h o r t ,  dense panic les .  This i s  one of  t h e  most 
widespread manzanitas i n  t h e  P a c i f i c  Northwest. I t  is abundant a t  low 
e l eva t ion  on t h e  west s lope  o f  t h e  Cascade Range and a t  low t o  mid- 
e l eva t ions  i n  t h e  Coast Ranges from B r i t i s h  Columbia t o  southern 
Ca l i fo rn ia .  Hairy manzanita i s  e s p e c i a l l y  abundant along t h e  coas t  
i n  southwestern Oregon. In  a l l  a r eas ,  t h i s  shrub u s u a l l y  occurs  a s  
s c a t t e r e d  p l a n t s  o r  i n  small groups in t e r spe r sed  with o t h e r  brush 
spec ies .  I t  does not  crown-sprout when t h e  a e r i a l  p a r t s  a r e  k i l l e d  by 
f i r e  o r  chemicals. 

Figure  I .  --Hairy manzani ta  i s  a common 
s h r u b  i n  the Coas t  Ranges and a t  low 
e l e v a t i o n s  i n  the Cascade Range. 



One hundred mature h a i r y  manzanita shrubs were sprayed dur ing  mid- 
J u l y  1955 i n  t h e  Coast Ranges west of Roseburg, Oregon. Stems were 
growing and new leaves  were developing. Berr ies  were f u l l  grown but  
not  r i p e .  

Hairy manzanita was e a s i l y  k i l l e d  with a  low concent ra t ion  of  low 
v o l a t i l e  e s t e r s  o f  2,4-D i n  water appl ied  a s  a  f o l i a g e  spray.  2,4-D 
proved more e f f e c t i v e  than 2,4,5-T on t h i s  spec ies  (Table 1 ) .  

Tab1 e 1--Effects of herbicides on hairy manzanita a t  the 
end of the second growing season a f t e r  treatment 

I I 1 I I I I I 

aehg1/ Number Percent Number Inches - - - - --- Percent - - - 

2,4-D 1 Water 2 0 0 0 0 100 100 Gra t kows ki 
2,4-D 2 Water 2 0 0 0 0 100 100 ( 1959) 
2,4-D 2 5% D&/ 20 0 0 0 100 100 
2,4,5-T 1 Water 2 0 0 0 0 7 9 65 
2,4,5-T 2 Water 20 0 0 0 100 100 

Treatment 
Total 
plants 

Herbicide Carrier sprayed 7-T 
L/ Pounds acid equivalent per 100 gallons of spray mixture or  spray solution. 

21 Oil-in-water emulsion ca r r i e r  containing diesel o i l  (DO) equivalent to  5 gallons per 100 
gal 1 ons of spray mixture. 

The r e l a t i v e  value of  t h e  d i e s e l  o i l  emulsion compared with a  
water c a r r i e r  could not  be determined from these  t e s t s ,  s i n c e  a l l  
t rea tments  k i l l e d  t h e  p l a n t s .  The d i e s e l  o i l  emulsion, however, was 
a s  e f f e c t i v e  a s  t h e  water c a r r i e r  and seemed t o  wet t h e  pubescent 
f o l i a g e  much more r e a d i l y .  

Plan ts  
w i t h  

t s  

Low volatile esters of 2,4-D are recommended for foliage sprays to control hairy 
manzanita during t h e  growing season. For t r e a t i n g  indiv idual  shrubs,  
a  2 aehg formulat ion of  low v o l a t i l e  e s t e r s  i n  an o i l - in-water  emulsion 
c a r r i e r  should prove s a t i s f a c t o r y .  Two pounds ac id  equivalent  pe r  ac re  
i n  e i t h e r  water  o r  an o i l - in -wa te r  emulsion c a r r i e r  should be adequate 
f o r  a e r i a l  sprays on t h i s  spec ie s ,  which i s  extremely suscep t ib l e  t o  
phenoxy herb ic ides .  

HOARY MANZANITA (Highly susceptible) 

Basal sprouts 
per plant,  by 
average 
ber and aver- 
age height 

Hoary manzanita i s  an e r e c t  shrub, 2 t o  6 f e e t  h igh ,  with densely 
white-pubescent leaves  and b ranch le t s  t h a t  give a  gray appearance t o  
t h e  e n t i r e  crown ( f i g .  2 ) .  I t s  range extends from southern C a l i f o r n i a  
northward through t h e  Coast Ranges i n t o  southwestern Oregon, where it 
i s  r e l a t i v e l y  common i n  t h e  Coast Ranges, t h e  Siskiyou Mountains, and 
on t h e  west s lope  o f  t h e  Cascade Range. Like h a i r y  manzanita, it i s  
usua l ly  found a s  indiv idual  p l a n t s  o r  i n  small clumps among o t h e r  

Top- 
k ~ l l  

Compl e t e  
plant kil led 

Reference 
c i ted 



Figure  2. --Hoary manzani ta  s h r u b s  4,000 feet above 
sea level i n  the S i s k i y o u  Mountains.  

brush spec ies ;  l a r g e ,  pure s tands  of t h i s  spec ie s  do not  seem t o  develop 
i n  southwestern Oregon. The shrubs do not  resprout  a f t e r  f i r e  o r  when 
t h e  tops  a r e  k i l l e d  with he rb ic ide .  

Both 2,4-D and 2,4,5-T were t e s t e d  on hoary manzanita i n  t h e  
Siskiyou Mountains west o f  Grants Pass,  Oregon. The shrubs were 
sprayed e a r l y  i n  J u l y ,  during t h e i r  l a t e  f lowering s t age .  Some f r u i t s  
were f u l l y  developed, and new leaves  were unfolding.  

Hoary manzanita proved extremely suscep t ib l e  t o  both 2,4-D and 
2,4,5-T appl ied  a s  f o l i a g e  sprays dur ing  a c t i v e  growth ( t a b l e  2) .  
Within t h e  range of dosage t e s t e d ,  2,4-D was a s  e f f e c t i v e  a s  2,4,5-T. 
Since 2,4-D i s  l e s s  expensive than 2,4,5-T, use  of  2,4-D is recommended for 
controlling hoary manzanita. Although t h i s  spec ie s ,  l i k e  o t h e r  manzanitas, 
proved r e s i s t a n t  t o  l a t e  summer a e r i a l  sprays of  2,4,5-T applied t o  
r e l e a s e  ponderosa p ine  (Gratkowski 1977), it i s  very  suscep t ib l e  t o  
phenoxy he rb ic ides  from e a r l y  spr ing  through midsummer. 

Again, r e l a t i v e  va lue  of an o i l - in-water  emulsion compared with a  
water c a r r i e r  could not  be determined from these  t e s t s .  Sprays con- 
t a i n i n g  low concent ra t ions  o f  2,4-D i n  e i t h e r  c a r r i e r  k i l l e d  a l l  t h e  
sprayed p l a n t s .  



Tab1 e 2- -Effects of herbicides on hoary manzanita a t  the 
end of the second growing season a f t e r  treatment 

L/ Pounds a c i d  equ iva len t  per  100 g a l l o n s  o f  spray mix tu re  o r  spray s o l u t i o n .  
9 1 

C/ Oi l - in -wate r  emulsion c a r r i e r  con ta in ing  d i e s e l  o i l  (DO) equ iva len t  t o  5 ga l lons  per  100 
g a l l o n s  of spray mix tu re .  

Treatment 

GREENLEAF MANZANITA (no burl) (Highly susceptible) 

mL/ Number Percent Number Inches - - - - --- Percent - - - 
2,4-D 1 Water 20 0 0 0 100 100 Gratkowski 

(1959) 
2,4-D 2 Water 20 0 0 0 100 100 
2,4-D 2 5% D&' 20 0 0 0 100 100 
2,4,5-T 1 Water 20 0 0 0 9 7 85 
2,4,5-T 2 Water 2 0 0 0 0 100 100 

Herb ic ide  

A nonsprouting green-leaved manzanita ( see  footnote  2 ,  page 2) 
without b u r l s  a t  t h e  r o o t  crown is  t h e  most abundant and common manzan- 
i t a  on t h e  west s lope  of  t h e  Cascade Range i n  southwestern Oregon. 
Extensive,  r e l a t i v e l y  pure s tands  of t h e  spec ies  a r e  present  a t  e leva-  
t i o n s  of  2,500 t o  5,000 f e e t  i n  e a s t e r n  Jackson County, but  it u s u a l l y  
occurs  i n  mixture with o the r  brush spec ie s .  This manzanita i s  abundant 
i n  ex tens ive  b rush f i e lds  along t h e  c r e s t  of t h e  Cascade Range near  
Mount McLoughlin, no r theas t  of  Medford. West o f  t h e  c r e s t  of  t h e  
Cascade Range, t h e  shrubs a t t a i n  he ights  o f  8 t o  9 f e e t .  The green- 
leaved manzanita prevalent  i n  c e n t r a l  Oregon appears t o  be t h e  same 
spec ies ;  but  t h e  shrubs a r e  much smal le r ,  averaging only 2 t o  4 f e e t  
i n  he ight .  

- 

Reference 
c i t e d  C a r r i e r  

A s  i nd ica t ed  above, t h i s  manzanita does not  form a b u r l  a t  t h e  
roo t  crown, and t e s t s  have shown t h a t  it does not  crown-sprout when t h e  
t o p s  a r e  cu t  o f f  a few inches above t h e  s o i l  su r face  o r  when t h e  stems 
and branches a r e  k i l l e d  with he rb ic ides  ( f i g .  3 ) .  

Tota l  

sprayed 

One hundred and twenty l a r g e ,  mature shrubs were sprayed dur ing  
l a t e  J u l y  i n  t h e  Cascade Range near  Mount McLoughlin. The shrubs were 
growing, and new shoots  were 2 t o  3 inches long on most p l a n t s .  The 
l a r g e s t  new leaves  were almost f u l l  s i z e ,  and new b e r r i e s  were f u l l  
grown. 

Top- 
k ~ l l  

Thi s nonsprouting greenleaf manzanita can be killed with either 2,490 or 2,4,5-T 
(table a), but 2,4-D is more effective and economical. A1 though d i e s e l  o i l  emu1 - 
s ions  were not  not iceably  more e f f e c t i v e  than water c a r r i e r s ,  thorough 
coverage seemed more e a s i l y  obtained with emulsion c a r r i e r s .  

Complete 
p l a n t  k i l l e d  
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Figure  3. --Remnants o f  a n o n s p r o u t i n g  g r e e n l e a f  
manzani ta  (Arctostaphylos obtusifolia) s h r u b  
sprayed w i t h  2,4-D more t h a n  15  years  b e f o r e .  

Ta b l  e 3--Effects of herbicides on nonsprouting greenleaf 
manzanita i n  the Cascade Range a t  the end o f  the 
second growing season a f t er  treatment 

4 1  Number Percent Number Inches '- - - - --- Percent - - - 
2,4-D 1 Water 2 0 0 0 0 99 85 Gratkowski 

(1959) 
2,4-D 1 5% D& 20 0 0 0 9 7 80 
2,4-D 2 Water 20 0 0 0 100 9 5 
2,4-D 2 5% DO 20 0 0 0 99 100 
2,4,5-T 2 Water 20 0 0 0 9 6 85 
2,4,5-T 2 5% DO 20 0 0 0 9 5 9 5 

Pounds a c i d  equ iva len t  per  100 ga l lons  o f  spray mix tu re  o r  spray s o l u t i o n .  

z' Oi l - in -wate r  emulsion c a r r i e r  c o n t a i n i n g  d i e s e l  o i l  (DO) equ iva len t  t o  5 ga l lons  p e r  100 
ga l lons  o f  spray mix tu re .  

Treatment 
To ta l  
p l a n t s  
sprayed Herb ic ide  

Plants 
With 

$::its ~~~~f~~ C a r r i e r  

Basal sprouts 
per  p l a n t ,  by 
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age h e i g h t  
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Complete spray  coverage o f  a l l  f o l i a g e  on t h e  e x t e r i o r  of  t h e  
crown i s  necessary;  f o l i a g e  missed o r  sprayed too  l i g h t l y  remains a l i v e  
f o r  years  a f t e r  spraying,  even though t h e  r e s t  of t h e  crown d i e s .  
P l an t s  with some l i v e  f o l i a g e  o r  stem sp rou t s  (l1flaggedv1 p l a n t s ) ,  how- 
ever ,  d id  not  sprout  from o the r  stems o r  from r o o t s .  Thorough coverage 
w i l l  i n su re  maximum t o p - k i l l  and minimize o r  e l imina te  such f lagging  i n  
t h e  crowns. 

A small ,  r e p l i c a t e d  minimum-dosage t e s t  was i n s t a l l e d  during 1956 
t o  determine t h e  l e a s t  amount o f  2,4-D requi red  pe r  ac re  t o  in su re  an 
acceptable  degree o f  con t ro l  f o r  t h i s  green-leaved manzanita. Low 
v o l a t i l e  propylene glycol  bu ty l  e t h e r  e s t e r s  of 2,4-D were appl ied  on 
1/100th-acre p l o t s  a t  r a t e s  o f  1, 2 ,  and 4  pounds ae  pe r  ac re  i n  water 
and i n  o i l - in -wa te r  emulsion c a r r i e r s .  Observation ind ica t ed  2  t o  4  
pounds ae  pe r  a c r e  would be necessary i n  midsummer f o l i a g e  sprays.  

This  information was used i n  p resc r ib ing  r a t e s  of  app l i ca t ion  f o r  
a  100-acre t e s t  o f  a e r i a l  spraying t o  con t ro l  manzanita on t h e  Rogue 
River National Fores t .  Three a reas  were sprayed with commercial formu- 
l a t i o n s  o f  i s o o c t y l  e s t e r s  o f  phenoxy he rb ic ides  on June 10, 1958 
(Gratkowski and Anderson 1968). The he rb ic ides  were appl ied  i n  o i l - i n -  
water  emulsions conta in ing  1 gal lon  of b lack  d i e s e l  o i l  i n  a  t o t a l  of 
7 ga l lons  o f  spray  pe r  ac re .  Resul t s  ( t a b l e  4) i n d i c a t e  t h a t  late spring 
aerial application of 3 pounds ae per acre of low volatile esters of 2,4-D will insure almost 
complete mortality of this nonsprouting green-leaved manzanita for site preparation i n  
southwestern Oregon. To release young Douglas-fir or Shasta red fir, l e s s  com- 
p l e t e  con t ro l  is  acceptable;  aerial application of 2 Ib ae of 2,4-D or 2,4,5-T is 
recommended. Choice o f  e i t h e r  he rb ic ide  o r  a  b r u s h k i l l e r  mixture o f  
t h e  two w i l l  depend upon spec ie s  composition of  b rush f i e lds  conta in ing  
t h i s  manzanita. 

In  c e n t r a l  Oregon, Dahms (1961) ind ica t ed  t h a t  adequate con t ro l  
o f  t h e  smal le r  shrubs can be obtained with a s  l i t t l e  a s  1 pound a e  of 
2,4-D pe r  a c r e  i n  e i t h e r  water o r  emulsion c a r r i e r s .  Dr ier  and more 

Table 4--Effect of early June aeKal appZications of 
11 herbicides on nonsprouting greenleaf manzanita- 

From Gratkowski and Anderson (1968), USDA For. Serv. Res. P a p . ,  
PNW-72, 8 p. 

Acid equivalent .  

A few stem t i p s  were a1 i v e  on 2 o f  the  50 p lan t s  examined i n  
each o f  these treatments. 

Treatment 

2 I ae- - - - - - - -  Percentage - - - - - 
2,4-D 2 2 0 2 6 97 74 
2,4-D 4 60 4 3/ 100 96 
2,4-D 

p l  US 2 ]  20 4 ~ 1 0 0  96 
2,4,5-T 1 

Acres 
Chemical Pounds per acre 

Shrubs w i t h  
stem 
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Complete 
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c r i t i c a l  environmental condi t ions  i n  c e n t r a l  Oregon probably a r e  r e -  
spons ib le  f o r  both t h e  smal le r  s i z e  of  t h e  shrubs and r e l a t i v e l y  e a s i e r  
con t ro l .  

GREENLEAF MANZANITA (with burl) (Moderately susceptible) 

Sprouting greenleaf  manzanita i s  by f a r  t h e  most important spec ie s  
o f  manzanita i n  t h e  Coast Ranges and Siskiyou Mountains. From 
southwestern Oregon, i t s  range extends southward a t  high e l eva t ions  i n  
t h e  inne r  North Coast Ranges o f  Ca l i fo rn ia  and i n  t h e  S i e r r a  Nevada t o  
southern Ca l i fo rn ia .  This  manzanita i s  a major component o f  mixed 
b rush f i e lds ,  and extens ive ,  r e l a t i v e l y  pure s tands  o f  t h e  spec ies  a r e  
found on many s i t e s .  

I t s  importance stems not  only from i t s  wide range and abundance 
but  a l s o  from i ts  r e s i s t a n c e  t o  s i l v i c u l t u r a l  c o n t r o l .  Greenleaf man- 
z a n i t a  forms a conspicuous b u r l  a t  t h e  root  crown. When t h e  crown of 
a shrub i s  k i l l e d  by c u t t i n g ,  f i r e ,  o r  chemicals, l a r g e  numbers of  new 
sp rou t s  develop from dormant buds i n  t h e  b u r l  ( f i g .  4 ) .  The b u r l  makes 
s i l v i c u l t u r a l l y  acceptable  con t ro l  more d i f f i c u l t  and expensive. A s  a 
r e s u l t ,  f o r e s t e r s  must d i s t i n g u i s h  between t h i s  spec ies  and t h e  non- 
sprout ing  green-leaved manzanita i n  t h e  Cascade Range. 

Figure 4 ,  --Green1 e a f  manzani t a  (Arctostaphylos 
patula) i n  the S i s k i  you Mountains sprouted 
from b u r l s  a t  the r o o t  crown the year a f t e r  
t o p s  o f  the shrubs  were k i l l e d  w i t h  an  
a e r i a l  spray  o f  2,4-D and 2,4,5-T. 



A l l  chemicals l i s t e d  i n  t a b l e  5 were t e s t e d  a s  f o l i a g e  sprays on 
mature greenleaf  manzanita shrubs a t  an e l eva t ion  o f  4,000 f e e t  i n  t h e  
Siskiyou Mountains. The shrubs were growing, new leaves were develop- 
ing,  and f r u i t s  were f u l l  grown bu t  not  r i p e .  

Tab1 e 5--Effects of herbicides on burled (sprouting) greenleaf manzanita 
a t  the end of the second growing season a f t e r  treatment 

2,4-DB 4 Water 20 40 M 7 99 50 Prev ious ly  
AMS 20 4% D&/ 20 90 M 6 87 5 unpubl ished 
8726-M 2 Water 20 100 M 6 90 0 data 

L/ Pounds a c i d  equ iva len t  per  100 ga l lons  o f  spray m i x t u r e  o r  spray s o l u t i o n ;  f o r  AMS read a i h g  
( a c t i v e  i n g r e d i e n t  per  100 ga l lons) .  

Reference 
c i t e d  

2/ M = number of basal sprouts equal t o  o r  more than the  o r i g i n a l  number o f  stems a t  ground l e v e l .  - ,  

Number Percent  urnb bet-2' Inches - - - Percent - - - 
2,4-D 2 Water 2 0 70 M 5 95 15 Gratkowski 
2,4-D 4 Water 20 90 M 7 96 10 ( 1959) 
2,4-D 2 5% ~$1 20 75 M 2 9 1  2 0 
2,4,5-T 1 Water 2 0 100 M 6 89 0 
2,4,5-T 2 Water 20 100 M 7 84 0 
2,4,5-T 1 5XDO 20 95 M 5 90 5 

Complete 
p l a n t  k i l l e d  

-J/ O i l - in -wate r  emulsion c a r r i e r  c o n t a i n i n g  d i e s e l  o i l  (DO) equ iva len t  t o  5 g a l l o n s  p e r  100 ga l lons  
of spray mix tu re .  

Treatment 

' 

o i l - i n - w a t e r  emu1 s i o n  c a r r i e r  c o n t a i n i n g  DO e q u i v a l e n t  t o  4 g a l l o n s  per  100 gal  Ions  of spray 
mix tu re .  

To ta l  
p l a n t s  
sprayed Herb ic ide  

Greenleaf manzanita proved moderately r e s i s t a n t  t o  f o l i a g e  sprays 
of  2,4-D and 2,4,5-T i n  t h e  i n i t i a l  t e s t s .  Aer ia l  p a r t s  o f  t h e  shrubs 
were r e a d i l y  k i l l e d  by t h e  phenoxy he rb ic ides ,  but  most shrubs produced 
l a r g e  numbers of  sprouts  from buds i n  t h e  b u r l s .  

A s  wi th  o the r  Arctostaphylos spp. ,  low v o l a t i l e  e s t e r s  o f  2,4-D 
were more e f f e c t i v e  than s i m i l a r  e s t e r s  o f  2,4,5-T on t h i s  manzanita. 
A water c a r r i e r  was a s  e f f e c t i v e  a s  an o i l - in-water  emulsion, but  t h e  
ernulsion seemed t o  wet t h e  f o l i a g e  more r e a d i l y  and thoroughly. Since 
2,4-D i s  not  only more e f f e c t i v e  but  a l s o  c o s t s  l e s s  than 2,4,5-T, use  
o f  2,4-D in a light oil-in-water emulsion is recommended for foliage sprays to control 
greenleaf manzani ta. 

E:::::, 

Greenleaf manzanita was t h e  only one o f  f i v e  shrub spec ie s  on 
which t h e  dimethyl amine of  2,4-DB was more e f f e c t i v e  than low v o l a t i l e  
e s t e r s  of  2,4-D and 2,4,5-T. I f  add i t iona l  spec ie s  should prove sus-  
c e p t i b l e  t o  2,4-DB, t h i s  chemical may have some s i l v i c u l t u r a l  va lue .  
Since greenleaf  manzanita was t h e  only one of  f i v e  spec ie s  s o  suscep- 
t i b l e  t o  2,4-DB, t h i s  does not  seem l i k e l y  and 2,4-DB cannot be con- 
s ide red  a  s u b s t i t u t e  f o r  t h e  phenoxyacetic he rb ic ides  2,4-D o r  2,4,5-T. 
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Resul t s  of  t e s t s  on indiv idual  shrubs and a e r i a l  spray  app l i ca t ions  
i n d i c a t e  t h a t  --beyond an e f f e c t i v e  minimum dosage--lower concent ra t ions  
and smaller  amounts o f  phenoxy he rb ic ides  produce b e t t e r  r e s u l t s  than 
more concentrated sprays o r  g r e a t e r  amounts o f  he rb ic ide  pe r  ac re .  In  
t e s t s  on indiv idual  shrubs ( t a b l e  5 ) ,  2 l b  aehg f o l i a g e  sprays of 
phenoxy herb ic ides  were b e t t e r  than 4 l b  aehg sprays .  And i n  a e r i a l  
sprays (Gratkowski and Ph i lb r i ck  1965), 3 pounds ae of  2,4-D pe r  a c r e  
was more e f f e c t i v e  than a  g r e a t e r  dosage of phenoxy he rb ic ides  ( t a b l e  6 ) .  
One poss ib l e  explanat ion i s  t h a t  excessive r a t e s  o f  he rb ic ide  k i l l  l e a f  
t i s s u e s  too  r a p i d l y ,  reduce photosynthesis ,  and t h u s  reduce absorpt ion 
and t r a n s l o c a t i o n  of  phenoxy he rb ic ide  i n t o  stems and r o o t s ,  where t h e  
chemicals e x e r t  t h e i r  g r e a t e s t  phytotoxic e f f e c t  (Leonard and Cra f t s  
1956). 

Table 6--Mortality after a midsmer aerial application of herbicides 
on mature green leaf manzanita in the Siskiyou ~omrtainsl! 

From Gratkowski and P h i l  b r i c k  (1965), J. For. 63:922. 

Acid equ iva len t .  

DEERBRUSH CEANOTHUS (Highly susceptible) 

Complete 
shrub k i l l e d  

This deciduous spec ies  of  Ceanothus with b lue  t o  white  f lowers 
t h a t  resemble l i l a c  is one o f  t h e  most widespread shrub spec ie s  i n  
western Oregon and Washington but  r a r e  e a s t  of  t h e  Cascade Range. I t  
grows on a  v a r i e t y  of  s i t e s  and s o i l s  i n  t h e  Coast Ranges, t h e  i n t e r i o r  
v a l l e y s ,  and t h e  Cascade Range ( f i g .  5) . 

2 1  ae- - - - - -  Percent - - - - - - 
2,4-D Emulsion 20 7 0 100 30 
2,4-D 

p l u s  Emu1 s i o n  20 85 82 15 
2,4,5-T 2 

2,4-D 
p l u s  Emulsion 20 100 9 1 0 
2,4,5-T 4 I 

Top- 
k i l l  

Deerbrush ceanothus is  found i n  many b rush f i e lds  on f o r e s t  land 
and sometimes forms extens ive ,  r e l a t i v e l y  pure s tands .  In  t h e  Cascade 
Range, it i s  o f t e n  found intermingled with redstem ceanothus i n  brush- 
f i e l d s .  Deerbrush ceanothus a l s o  occurs  a s  underbrush i n  spa r se ly  
timbered a reas .  I t  i s  considered a  good browse spec ie s  and a va luable  
component o f  shrub cover on b i g  game summer range (Sampson and Jespersen 
1963). The shrubs stump-sprout a f t e r  c u t t i n g  (McMinn 1951) and crown- 
sprout  a f t e r  t h e  tops  a r e  k i l l e d  with herb ic ides .  

Trea tment 

Mature shrubs o f  deerbrush ceanothus i n  t h e  Cascade Range were 
sprayed with seven d i f f e r e n t  he rb ic ides  and combinations of  herb ic ides .  
A l l  chemicals were appl ied  a s  f o l i a g e  sprays.  When t r e a t e d ,  t h e  shrubs 
were i n  t h e  l a t e  f lowering--early f r u i t i n g  s tage .  Twig growthhad 
ceased, and a l l  l eaves  were f u l l y  developed. 

Number 
o f 

shrubs 
sampled Herbicide 

P lan ts  
w i t h  

basal 
sprouts 

Pounds 
per acre Orrier 



Figure  5.--A mature deerbrush ceanothus shrub 
i n  t h e  Cascade Range. 

Of t h e  s i x  chemicals t e s t e d ,  low volatile esters of 2,4-D are recommended 
for foliage sprays to control deerbrush ceanothus. By t h e  t h i r d  summer a f t e r  
t rea tment ,  both phenoxy he rb ic ides ,  ami t ro le ,  and 2,3,6-TBA were e f f e c -  
t i v e  on t h i s  spec ies .  A l l  f ou r  chemicals had k i l l e d  80 t o  95 percent  
of  t h e  sprayed p l a n t s  ( t a b l e  7 ) .  The 2,4-D sprays ,  however, a r e  most 
economical and produce a  degree o f  con t ro l  equal t o  t h a t  obtained with 
t h e  bes t  o f  t h e  o t h e r  chemicals.  

In  a  f i n a l  examination 2 years  a f t e r  t reatment  i n  t h e  1955 t e s t s ,  
water proved more e f f e c t i v e  than  a  d i e s e l  o i l  emulsion a s  a  c a r r i e r  f o r  
2,4-D on deerbrush. In  e a r l i e r  examinations, t h e  emulsion had appeared 
b e t t e r .  

AMS and 2,4-DB cannot be considered replacements f o r  phenoxy 
he rb ic ides  on deerbrush ceanothus. Neither  chemical produced an accep- 
t a b l e  degree of  con t ro l  when appl ied  a s  f o l i a g e  sprays during t h e  summer 
of  1956. 

In  a e r i a l  sprays t o  r e l e a s e  ponderosa pine and Douglas-fir  on t h e  
Willamette National Forest  (Gratkowski 1977), low v o l a t i l e  e s t e r s  o f  
2,4,5-T i n  water c a r r i e r s  produced exce l l en t  con t ro l  of  deerbrush and 
redstem ceanothus ( ~ e a n o t h u s  sanguineus Pursh).  Two pounds ae  of  
2,4,5-T were appl ied  i n  8 ga l lons  o f  spray per  a c r e  on sepa ra t e  a r e a s  
i n  March and e a r l y  September. March sprays  were no more e f f e c t i v e  than 
September sprays;  both r e s u l t e d  i n  exce l l en t  con t ro l  of  deerbrush and 
redstem ceanothus. Because March app l i ca t ion  damaged and k i l l e d  many 
young ponderosa p ines ,  however, only l a t e  summer f o l i a g e  sprays were 
recommended f o r  r e l e a s i n g  p ines  from brush competition. 



Table 7--E'ffects o f  herbicides on deerbrush ceanothus a t  the  end o f  the  second 
growing season a f t e r  treatment 

2,4-DB 1 Water 2  0  6  5  M 13 30 0  Prev ious ly  
AMS 10 Water 2  0  8  5  M 13 99 15 unpubl ished 
AMS 10 4%  oft/ 20 100 M 15 94 0  data 

L' Pounds a c i d  equ iva len t  per  100 ga l lons  o f  spray m i x t u r e  o r  spray s o l u t i o n ;  f o r  a m i t r o l e  and AMS, 
read a i h g  ( a c t i v e  i n g r e d i e n t  per  100 g a l l o n s ) .  

') I 

- 
Treatment 

C/ Average number o f  basal sprouts produced by i n d i v i d u a l  sprayed shrubs t h a t  resprouted a f t e r  
t reatment .  M = number o f  basal sprouts equal t o  o r  more than the  o r i g i n a l  number o f  stems a t  ground 
1  eve1 . 

aeh-.L/ Number Percent ~ u m b e r q  Inches - - - Percent - - - 
2,4-D 1 Water 20 70 5  8  100 80 Gratkowski 
2,4-D 2  Water 2  0  60 6  10 100 9  0  (1959) 
2,4-D 2  5% DS/ 20 45 7 14 100 80 
2,4,5-T 2  Water 20 7 5  4  11 100 8 5  
ami t r o l  e  4  Water 2  0  40 5  4  98 95 
2,3,6-TBA 2  Water 10 78 5  10 95 80 
2,4-D 

p l u s  Water 10 100 7  15 100 30 
ami t r o l  e  4  

To ta l  
p l a n t s  
sprayed Herb ic ide  

2/ Oi l - in -wate r  emulsion c a r r i e r  c o n t a i n i n g  d i e s e l  o i l  (DO) equ iva len t  t o  5  ga l lons  per 100 g a l l o n s  
of spray mix tu re .  

- 

C a r r i e r  

O i l  - in-water  emulsion c a r r i e r  c o n t a i n i n g  DO equ iva len t  t o  4  gal  lons  per  100 ga l lons  of spray 
mix tu re .  

?:[ts 

:i:ilts 

SNOWBRUSH CEANOTHUS (Moderately susceptible) 

Snowbrush ceanothus, o f t e n  c a l l e d  I f s l i ck - l ea f  ceanothusl' o r  
I1sticky l au re l , I1  i s  one o f  t h e  most common pioneer  evergreen shrub 
spec ies  on new burns and c u t t i n g s  i n  t h e  Cascade Range and on t h e  
intermountain p l a t eau  e a s t  of  t h e  Cascade Range i n  Oregon and Washington. 
I t  i s  found from coas t a l  B r i t i s h  Columbia southward i n  t h e  Cascade Range 
and S i e r r a  Nevada t o  c e n t r a l  Ca l i fo rn ia  and eastward t o  Colorado and 
South Dakota. In  t h e  Coast Ranges of Ca l i fo rn ia ,  Oregon, and Washington, 
and a t  e l eva t ions  up t o  3,000 f e e t  on t h e  west s lope  of  t h e  Cascade 
Range i n  Oregon, snowbrush ceanothus is  replaced by va rn i sh lea f  ceano- 
thus ,  which i s  s i m i l a r  i n  appearance. 

Mature snowbrush ceanothus shrubs can be 8 t o  9 f e e t  t a l l  on t h e  
west s lope  o f  t h e  Cascade Range. Germination of  dormant seeds i n  t h e  
f o r e s t  s o i l  i s  induced by hea t  o f  f o r e s t  f i r e s ,  s l a s h  burning, and t o  
a  smal le r  degree by s o l a r  r a d i a t i o n  hea t ing  su r face  s o i l  i n  which t h e  
seeds a r e  bur ied .  Extensive, r e l a t i v e l y  pure s tands  o f  t h i s  l a rge ,  
evergreen shrub a r e  common on burns and c u t t i n g s .  In  add i t ion ,  snow- 
brush i s  f r equen t ly  a  major component of  mixed b rush f i e lds  a t  mid- 
e l eva t ions  and high e l eva t ions  throughout i t s  range. The shrubs stump- 
sprout  when a e r i a l  p a r t s  a r e  lopped ( f i g .  6) o r  k i l l e d  by f i r e  o r  
chemicals,  adding t o  t h e  problem of  s i l v i c u l t u r a l  con t ro l .  

Reference 
c i t e d  

Basal sprouts 
per by 
average 
ber and aver- 
age height 

Top- 
k i l l  

Complete 
p l a n t  k i l l e d  



Figure  6.--Sprouts o f  snowbrush c e a n o t h u s  lopped 
3 years  before have  a g a i n  over topped  many smal l  
D o u g l a s - f i r s  i n  th i s  a r e a .  A few o f  the l a r g e r  
trees were  r e l e a s e d  and w i l l  now outgrow the 
b r u s h  s p r o u t s .  

I n i t i a l l y ,  f i v e  he rb ic ides  were screened on snowbrush ceanothus 
i n  t h e  Cascade Range i n  southwestern Oregon. When sprayed i n  l a t e  
J u l y  1955, stems were growing and a few blossoms were present  on t h e  
shrubs. Most of  t h e  new leaves  were smaller  than t h e  o l d e r  leaves.  

In  t h e  1955 t e s t s  and subsequent re t rea tment  o f  sprouts  (Gratkowski 
195 9, 1968) , low volatile esters of 2,4,5-T proved most effective and useful for controlling 
snowbrush ceanothus ( t a b l e  8) . A 1  though o t h e r  chemicals a1 so k i l  l ed  
a e r i a l  p a r t s  o f  t h e  shrubs,  2,4,5-T was more e f f e c t i v e  i n  k i l l i n g  roo t s .  
Crown sp rou t s  were l e a s t  abundant on shrubs sprayed with 2,4,5-T. 

Other chemicals t e s t e d  cannot be considered adequate s u b s t i t u t e s  
f o r  s i l v i c u l t u r a l  use  o f  2,4,5-T on snowbrush. Dichlorprop, f o r  
example, k i l l e d  a few more shrubs than 2,4,5-T; but  sp rou t s  were much 
more abundant on t h e  remaining shrubs. In  add i t ion ,  d ich lorprop  i s  not  
a s  e f f e c t i v e  a s  2,4,5-T on many o the r  brush spec ie s .  Dichlorprop, 
t he re fo re ,  would not  be a s  e f f e c t i v e  a s  2,4,5-T i n  b rush f i e lds  composed 
of many d i f f e r e n t  shrub spec ies  and weed t r ees - - a  common problem i n  
P a c i f i c  Northwest f o r e s t s .  

Undiluted o i l  c a r r i e r s  a r e  not  needed when phenoxy he rb ic ides  a r e  
used t o  con t ro l  snowbrush ceanothus, even i n  e a r l y  spr ing  budbreak 
sprays,  f o r  he rb ic ides  a r e  in t e rcep ted  a s  f o l i a g e  sprays on evergreen 



Table 8--Effects of herb ic ides  on snowbrush ceanothus a t  the  end of the  second 
growing season a f t e r  t reatment 

2,4-DB 2 4% D&/ 20 6 5 F 18 18 0 Previously 
AMS 2 0 4% DO 2 0 95 M 13 93 5 unpubl ished 
AMS 4 0 4% DO 2 0 55 M 14 100 45 da ta  

Pounds ac id  equivalent  per 100 gallons of spray mixture o r  spray so lu t i on ;  f o r  amitrol  and AMS, 
read aihg ( ac t i ve  ingredient  per 100 ga l l ons ) .  

C) I 

Treatment 

C/  M = number of basal sprouts  equal t o  o r  more than or ig ina l  number of stems. F = number of  basal 
sprouts  l e s s  than or ig ina l  number of  stems a t  ground l e v e l .  

* I 

&/ Number Percent ~ u m b e r 2 ~  Inches - - - Percent - - - 
2,4-D 2 5% DG/ 20 85 M 20 96 2 0 Gratkows ki 
2,4-D 4 5% DO 20 9 0 M 19 100 20 (1959) 
2,4,5-T 2 5% DO 19 80 F 18 100 30 
2,4,5-T 4 5% DO 20 75 F 18 100 40 
dichlorprop 2 5% DO 10 80 M 20 99 5 0 
s i l vex  2 5% DO 10 100 M 23 100 0 
ami t r o l  e  8 Water 10 5 0 F 9 32 0 
dichlorprop 

pl us Water 10 70 F 12 97 70 
ami t r o l  e  4 * I 

Herbicide 

Oil-in-water emulsion c a r r i e r  containing d iese l  o i l  (DO) equivalent  t o  5 ga l lons  per 100 ga l lons  
of spray mixture. 

Reference 
c i t e d  

Total 
p lan ts  
sprayed 

4 / ~ i l - i n - w a t e r  emulsion c a r r i e r  containing DO equivalent  t o  4 gallons per 100 ga l lons  of spray 
mixture. 

:Fs::!~ 

spec ie s  r ega rd le s s  of  season o f  app l i ca t ion .  Therefore,  an o i l - in-water  
emulsion i s  gene ra l ly  used a s  t h e  c a r r i e r  when phenoxy herb ic ides  a r e  
applied t o  con t ro l  snowbrush ceanothus. An emulsion c a r r i e r  i s  more 
e f f e c t i v e  than a water c a r r i e r  i n  wet t ing  and pene t r a t ing  t h e  hard,  
s t i c k y  c u t i c l e  on t h e  evergreen leaves.  

P l a n t s  
w i t h  

!;::Ats Car r ie r  

During t h e  p a s t  20 years ,  r e s u l t s  o f  a e r i a l  sprays have v e r i f i e d  
t h a t  good control of snowbrush ceanothus can be obtained with phenoxy 
he rb ic ides  i n  o i l - in-water  emulsion c a r r i e r s .  For example, a s i n g l e  
budbreak aerial application of 2 Ib ae per acre of low volatile esters of 2,4,5-T in an emulsion 
carrier containing 314 gallon of diesel oil in 10 gallons of spray per acre produced an 
88-percent t o p - k i l l ,  and 19 percent  o f  t h e  shrubs were dead a t  t h e  end 
of  t h e  second summer (Gratkowski and Stewart 1976)'. Experience with 
l a t e  summer a e r i a l  sprays,  however, has shown t h a t  2,4,5-T i n  a water  
c a r r i e r  can con t ro l  snowbrush ceanothus enough t o  s a f e l y  r e l e a s e  pon- 
derosa p ines  (Gratkowski 1975, 1977). 

Seasonal s u s c e p t i b i l i t y . - - I n  a s tudy of changes i n  s u s c e p t i b i l i t y  
from l a t e  sp r ing  through l a t e  summer, mature snowbrush ceanothus shrubs 
on two a r e a s  were f o l i a g e  sprayed on 10 d a t e s  s t a r t i n g  on June 24 and 
ending September 15 (Gratkowski 1977). The two spray  a reas  were loca ted  
40 miles  a p a r t  on t h e  west s lope  of  t h e  Cascade Range: one a r e a  was 
west o f  C r a t e r  Lake; t h e  second was 40 miles  no r th  near  Quartz Mountain. 
On each t reatment  d a t e ,  10 shrubs were sprayed t o  d r i p  po in t  with a 
2 l b  aehg formulat ion o f  2,4,5-T i n  an o i l - in-water  emulsion c a r r i e r .  
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ber and aaer -  
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Complete 
p lan t  k i l l ed  



Snowbrush ceanothus remained h igh ly  s u s c e p t i b l e  t o  2,4,5-T through- 
out  t h e  e n t i r e  period ( t a b l e  9 ) .  In  add i t ion ,  more than 20 years  ex- 
per ience  has shown t h a t  snowbrush i s  suscep t ib l e  t o  phenoxy he rb ic ides  
from budbreak i n  e a r l y  sp r ing  throughout t h e  growing season. Therefore,  
foresters may choose any time from budbreak through late summer to control snowbrush 
with low volatile esters of 2,4,5-T. The season selected within this period need depend only 
on silvicultural objectives. 

Tab1 e 9--Seasonal e f f e c t  of  low v o l a t i l e  e s t e r s  of  2,4,5-T applied 
as foliage sprays t o  drip point on ma e snowbrush fY ceanothus shrubs i n  the Cascade Range- 

1/ From Gratkowski (1977), For. Sc i .  23:2-12. 

2/ Pounds ac id  equivalent  per 100 gal lons  of spray mixture o r  spray so lu t ion .  

3/ F = number of  basal sprouts  l e s s  than or ig ina l  number of stems o r i g ina t i ng  a t  
ground l eve l .  M = number of  basal sprouts  equal t o  o r  more than or ig ina l  number of stems. 
0 = none. 

4/ Oil-in-water emulsion c a r r i e r  containing d i e se l  o i l  (DO) equivalent  t o  1 gallon per 
100 gal 1 ons of spray mixture. 

VARNISHLEAF CEANOTHUS (Moderately susceptible) 

Complete 
p lan t  k i l l ed  

Although taxonomic t e x t s  u sua l ly  l is t  va rn i sh lea f  ceanothus a s  a 
Coast Range brush spec ie s ,  it i s  a common shrub a t  midelevat ions on t h e  
west s lope  o f  t h e  Cascade Range i n  western Oregon. From Ca l i fo rn ia  i t s  
range extends northward i n  t h e  Coast Ranges t o  B r i t i s h  Columbia. In  
western Oregon, va rn i sh lea f  ceanothus is abundant i n  t h e  Coast Ranges, 
t h e  Siskiyou Mountains, and gene ra l ly  a t  e l eva t ions  up t o  2,500 f e e t  i n  
t h e  Cascade Range. A t  t h a t  e l eva t ion ,  it merges wi th  snowbrush ceano- 
thus ,  whose range extends ac ross  t h e  c r e s t  o f  t h e  Cascade Range t o  t h e  
Rocky Mountains. In  t h e  mountains between Cottage Grove and t h e  middle 
fork  of  t h e  Willamette River,  va rn i sh lea f  ceanothus occupies s i t e s  up 
t o  4,000 f e e t  above s e a  l e v e l .  Extensive, r e l a t i v e l y  pure s tands  o f  
t h i s  spec ie s  occupy many burns and c l e a r c u t s  i n  t h e  southern end of  t h e  
Cascade Range. 

Number Percent ~ u m b e r g  Inches - - - Percent - - - 
Ju ly  1 2 1% D&/ 20 10 F 39 98 90 
Ju ly  8 2 1% DO 2 0 10 M 15 98 9 0 
Ju ly  15 2 1% DO 20 0 0 0 100 100 
Ju ly  22 2 1% DO 20 0 0 0 100 100 
Ju ly  29 2 1% DO 20 0 0 0 100 100 
Aug. 10 2 1% DO 2 0 15 M 22 98 8 5 
Aug. 20 2 1% DO 20 0 0 3 100 100 
Aug. 30 2 1% DO 20 10 F 13 100 9 0 
Sept. 15 2 1% DO 2 0 5 F 16 100 95 
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Like snowbrush ceanothus, va rn i sh lea f  ceanothus is o f t e n  c a l l e d  
" s l i ck - l ea f  ceanothustl  o r  " s t i cky  l a u r e l , "  and many f o r e s t e r s  make no 
d i s t i n c t i o n  between t h e  spec ie s  (snowbrush) and t h e  v a r i e t y  (varnish-  
l e a f ) .  Unlike snowbrush, however, ind iv idual  va rn i sh lea f  ceanothus 
shrubs can grow t o  a  he ight  o f  20 f e e t  with a  crown diameter  of  25 f e e t  
and stems exceeding 6 inches i n  diameter  a t  t h e  base.  This has  an i m -  
po r t an t  s i l v i c u l t u r a l  impl ica t ion .  Since va rn i sh lea f  shrubs grow much 
t a l l e r  than snowbrush, young c o n i f e r s  w i l l  remain suppressed beneath 
va rn i sh lea f  f o r  a  much longer  t ime (Gratkowski and Lauterbach 1974). 
Both forms develop a  l a r g e  number o f  fast-growing stump sp rou t s  a f t e r  
c u t t i n g  o r  f i r e ,  and both crown-sprout t o  a  l imi t ed  degree a f t e r  being 
sprayed with low v o l a t i l e  e s t e r s  o f  2,4-D o r  2,4,5-T. 

S u s c e p t i b i l i t y  t e s t s . - - E i g h t  d i f f e r e n t  formulat ions of seven 
he rb ic ides  were appl ied  a s  f o l i a g e  sprays on l a r g e  mature shrubs o f  
va rn i sh lea f  ceanothus i n  t h e  Siskiyou Mountains. The sprays were 
appl ied  dur ing  e a r l y  J u l y  when t h e  shrubs were i n  f u l l  bloom, stems 
were growing, and some new leaves  were f u l l  s i z e .  

2,4,5-T proved the most effective herbicide to control varnishleaf ceanothus 
( t a b l e  10) .  A 4 l b  aehg s o l u t i o n  i n  an emulsion c a r r i e r  k i l l e d  a l l  
a e r i a l  p a r t s  o f  t h e  except ional ly  l a r g e  shrubs,  and 70 percent  o f  t h e  
p l a n t s  t r e a t e d  with t h i s  formulat ion d i d  not  produce basa l  sp rou t s .  
Two years  a f t e r  t rea tment ,  85 percent  o f  t h e  shrubs were dead ( f i g .  7 ) ,  
and only a  few sp rou t s  were found on t h e  remaining 15 percent .  No o t h e r  
he rb ic ide  was a s  e f f e c t i v e  a s  2,4,5-T on va rn i sh lea f  ceanothus. 

Table 10--Effects of herb ic ides  on varnishZeaf ceanothus a t  t he  end of 
the  second growing season a f t e r  t reatment 

L/ Pounds ac id  equiva len t  per 100 gallons of spray mixture o r  spray so lu t i on ;  f o r  amitrol  , read a ihg  
( ac t i ve  ingredient  per 100 gal lons) . 

0 1 

C1 F = number of  basal sprouts  l e s s  than o r i g ina l  number of  stems o r i g ina t i ng  a t  ground l eve l .  

3/ Oil-in-water  emulsion c a r r i e r  containing d iese l  o i l  (DO) equivalent  t o  5 gallons per 100 ga l lons  
of spray mixture. 

Reference 
c i t e d  

mL/ Number Percent ~umbe&/ Inches - - - --- Percent - - - 
2,4-D 2 5% DG/ 20 55 F 7 74 45 Gratkows ki 
2,4-D 4 5% DO 2 0 80 F 15 88 40 (1959) 
2,4,5-T 2 5% DO 2 0 40 F 21 93 6 5 
2,4,5-T 4 5% DO 2 0 30 F 14 100 8 5 
dichlorprop 2 5% DO 10 60 F 8 60 30 
s i  1 vex 2 5% DO 10 40 F 19 88 60 
ami t r o l  e 8 Water 10 7 0 F 7 32 0 
dichlorprop 

pl us Water 10 5 0 F 7 72 50 
ami t r o l  e 4 I 

Treatment 

Total 
p l an t s  
sprayed Herbicide ~~~~f~~ 
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Figure  7 . - -Varn i sh lea f  ceano thus  s h r u b  k i l l e d  
w i t h  one f o l i a r  s p r a y  o f  2,4,5-T i n  a n  
emu1 sion c a r r i e r ,  

Despite i ts  l a rge  and formidable appearance, varnishleaf  ceanothus 
sprouted f a r  l e s s  vigorously than snowbrush a f t e r  treatment with herbi-  
c ides .  

Seasonal suscept ib i l i ty . - -Except ional ly  l a rge  varnishleaf  ceanothus 
shrubs i n  the  Coast Ranges were sprayed on nine dates  between Ju ly  1 
and September 16, 1960 (Gratkowski 1977). Stages of growth ranged from 
a c t i v e  growth on Ju ly  1 t o  no stem growth and 80 percent of the  seeds 
disseminated on September 16. On each date,  f i v e  l a rge  mature shrubs 
were fo l i age  sprayed t o  d r i p  point  with a 2 l b  aehg formulation of  low 
v o l a t i l e  e s t e r s  of  2,4,5-T i n  a 1-percent d i e s e l  o i l  emulsion c a r r i e r .  

Varnishleaf ceanothus proved highly suscept ib le  t o  2,4,5-T through- 
out  the  e n t i r e  summer season ( t a b l e  11).  The unusually low degree of 
control  on J u l y  1 may have been due t o  inadequate coverage of  t h e  l a rge  
shrubs on t h e  f i r s t  spray date .  Experience has shown t h a t  varnishleaf  
i s  a s  suscept ib le  from budbreak through spr ing a s  it was throughout t h e  
summer season i n  t h i s  experiment. 



Tab1 e 1 1--Seasonal e f f e c t  of Zm volat i  Ze es ters  of 2,4,5-T applied 
as  foliage sprays t o  drip point on mature varnishleaf 
ceanothus shrubs i n  the Cascade ~ a n ~ e u  

Treatment 
t I I 

Date O f  :;'if:, C a r r i e r  t reatment  1 1 1 
I Basal sprouts 1 I 

To ta l  p e r  p l a n t ,  by 
p l a n t s  1 average nu; 1 Ly;i 1 ~ o m p l  e t e  
sprayed ber  and av r- p l a n t  k i l l e d  

age h e i g h t /  
I I I 

a&/ 

J u l y  1 2 1% D&/ 
J u l y  8 2 1% DO 
J u l y  15 2 1% DO 
J u l y  22 2 1% DO 
J u l y  29 2 1% DO 
Aug. 10 2 1% DO 
Aug. 20 2 1% DO 
Aug. 30 2 1% DO 
Sept. 16 2 1% DO 

I I I 

Number Number Inches - - - Percent  - - - 
5 -- - - 49 0 
5 - - - - 9 6 60 
5 - - - - 96 80 
5 - - - - 8 5 60 
5 - - - - 79 60 
5 - - - - 90 60 
5 - - - - 97 80 
5 - - - - 9 1 60 
5 0 0 100 100 

L/ From Gratkowski (1977), For. Sci .  23:2-12. 

2! Many o f  t h e  o r i g i n a l  stems remained a l i v e  on s u r v i v i n g  shrubs sprayed on 
J u l y  1 through August 30. These expressed a p i c a l  dominance and suppressed pro-  
d u c t i o n  o f  basal sprouts.  For t h e  September 16 sprays, no sprouts were produced 
because a l l  shrubs d ied.  

?/ Pounds a c i d  equ iva len t  per  100 gal  lons  o f  spray m i x t u r e  o r  spray s o l u t i o n .  . , 
Oi l - in -wate r  emulsion c a r r i e r  c o n t a i n i n g  d i e s e l  o i l  (DO) equ iva len t  t o  

1 g a l l o n  per  100 ga l lons  o f  spray mix tu re .  

MOUNTAIN WHITETHORN (Moderately susceptible) 

Mountain whitethorn i s  found i n  t h e  Coast and Cascade Ranges from 
southern Douglas County, Oregon, southward beyond Mount Shasta  i n  t h e  
S i e r r a  Nevada and i n  t h e  Coast Ranges t o  southern C a l i f o r n i a .  In  
Oregon, mountain whitethorn i s  common i n  b rush f i e lds  a t  e l eva t ions  o f  
3,500 f e e t  and h igher  i n  t h e  Siskiyou Mountains and t h e  Coast and 
Cascade Ranges of  southwestern Oregon ( f i g .  8 ) .  

Small groups o f  spreading,  low t o  procumbent shrubs a r e  t y p i c a l  i n  
evergreen b rush f i e lds  o f  t h e  Siskiyou Mountains; ex tens ive ,  r e l a t i v e l y  
pure s tands  o f  t a l l e r ,  more e r e c t  shrubs t h a t  exceed 8 f e e t  i n  he ight  
a r e  t y p i c a l  on burns and c u t t i n g s  i n  t h e  Cascade Range. The seeds of 
mountain whitethorn germinate abundantly a f t e r  f i r e  (Gratkowski 1974), 
and r e l a t i v e l y  pure s t ands  o f  t h i s  small-leaved, spiny shrub a r e  common 
i n  broadcast-burned c l e a r c u t s  on pumice s o i l  near  Diamond Lake i n  t h e  
Cascade Range. Mountain whitethorn produces a spreading,  dense mat of 
r o o t s  near  t h e  s o i l  su r face  and sp rou t s  p r o l i f i c a l l y  from t h e  e n t i r e  
r o o t  system when t h e  t o p s  a r e  c u t  off o r  k i l l e d  with he rb ic ides .  This  
dense mat of  r o o t s  probably provides seedl ing  c o n i f e r s  with i n t e n s e  
competition f o r  s o i l  moisture during t h e  d ry  summer season. 



Figure 8.--This d e n s e  s tand  o f  mountain whi te -  
thorn occupied a c u t t i n g  i n  a Douglas - f i r  
forest on pumice soil near  the crest o f  the 
Cascade Range i n  sou thwes tern  Oregon. 

Four herbic ides  were t e s t e d  on mature mountain whitethorn shrubs 
on pumice s o i l  i n  t h e  Cascade Range. When sprayed during e a r l y  August, 
a few l a t e  flowers were blooming on t h e  shrubs, seed capsules were 
developing, and stems were growing i n  length on a l l  p lan t s .  

2,4,5-T was the most effective herbicide tested on mountain whitethorn, but root  
k i l l  a f t e r  one appl ica t ion was poor even with t h i s  chemical ( t a b l e  12) .  
Basal sprouts were abundant and vigorous i n  a l l  t reatments.  An emulsion 
seemed no more e f f e c t i v e  than water a s  a c a r r i e r  f o r  low v o l a t i l e  e s t e r s  
of  2,4-D applied a s  fo l i age  sprays on t h i s  species .  A s  with o the r  
species ,  however, mountain whitethorn seedlings and sprouts a r e  more 
suscept ib le  t o  herbic ides  than a r e  vigorous, mature shrubs. Two re-  
sprays of 2,4,5-T following t h e  i n i t i a l  appl ica t ion resu l t ed  i n  death 
of 90 percent of t h e  shrubs (Gratkowski 1968). 

When t h e  1955 screening t e s t s  were i n s t a l l e d ,  a s e r i e s  of  1/100th- 
ac re  p l o t s  were a l s o  sprayed with each of t h e  four herbic ides  i n  water 
a t  a r a t e  of 2 pounds ac id  equivalent  per  acre  ( t a b l e  13).  In  addi t ion ,  
two more p l o t s  were sprayed with 2,4-D and 2,4,5-T i n  d i e s e l  o i l  emul- 
s ions .  There was no r e p l i c a t i o n  of t reatments.  



Tabl e 12--Effects of herbicides on mountain whitethorn ceanothus a t  the 
end of the second p a r i n g  season a f t e r  treatment 

- M = number of basal sprouts equal t o  o r  more than the original number of stems. 
3/ Oil-in-water emulsion c a r r i e r  containing diesel o i l  (DO) equivalent t o  5 gallons per 100 gallons 

of spray mixture. 

Tabl e 13--Effects of herbicides on mountain whitethorn ceanothus 
i n  1/100th-acre p ~ o t s l !  

Trea tment 

&I Number Percent NumberZ1 Inches - - - Percent - - - 
2,4-D 1 Water 20 100 M 27 100 0 Gra t kows ki 
2,4-D 2 20 9 5 M 28 100 5 ( 1959) 

20 2,4-D 1 100 M 26 100 0 
2,4,5-T 2 Water 20 80 M 27 100 20 
ami t ro l  e 4 Water 19 100 M 15 88 0 
di chl orprop 2 Water 10 100 M 28 100 0 
2,4-D 
plus Water 10 100 M 26 99 0 
ami t ro l  e 

Pounds acid equivalent per 100 gallons of spray mixture o r  spray solution; fo r  amitrol,  read aihg 
(act ive  ingredient per 100 gallons).  

9 I 

Total 
plants 
sprayed Herbicide 

L/ The herbicides were applied a s  foliage sprays in August 1955. Results were 
determined by examining 10 plants on each plot in October 1956. 

2/ Acid equivalent; for  amitrole,  read act ive  ingredient. 

M = number of basal sprouts equal t o  o r  more than the original number of 
stems. 

5' Oil -in-water emu1 sion ca r r i e r  containing diesel oi 1 (DO) equivalent t o  
5 gal lons per 100 gal lons of spray mixture. 

L i t t l e  or  no e f fec t .  

Concen- 
tration 

Compl e t e  
plant k i l led  

Results  of t h e  small p l o t  t e s t s  v e r i f i e d  t h e  r e s u l t s  of t h e  indi -  
vidual  p lan t  t e s t s .  2,4,5-T again proved more e f f e c t i v e  than t h e  o ther  
chemicals, but sprouting occurred i n  a l l  t reatments.  A s  i n  t h e  t e s t s  
on individual  shrubs, a  d i e s e l  o i l  emulsion was no more e f f e c t i v e  than 
water a s  a  c a r r i e r  f o r  2,4-D. The emulsion appeared s l i g h t l y  more 
e f fec t ive  than water a s  a c a r r i e r  f o r  2,4,5-T, however. 

Plants 
w i t h  

!;:::ts Carrier 

a&/ - --- Percent Numberg Inches - - - Percent - - - 
2,4-D 2 Water4, 100 M 29 100 0 
2,4-D 2 5% D O -  100 M 28 100 0 
2,4,5-T 2 Water 100 M 24 98 0 
2,4,5-T 2 5% DO 90 M 23 100 10 
dichlorprop 2 Water 100 M 23 98 0 
ami t ro l  e 4 Water - - -- - 51 0 

Top- 
k i l l  

Compl e t e  
plant k i l led  

Basal sprouts 
per plant,  by 
average 
ber and aver- 
age height  

Treatment 

Reference 
c i ted 

Plants 
with 
basal 
sprouts 

Herbicide 

Basal sprouts 
per plant,  by 
average 
ber and aver- 
age height 

Carrier 



For aerial application, low volatile esters of 2,4,5-T are recommended to control 
mountain whitethorn, s i n c e  repeated sprays a l s o  proved 2,4,5-T more e f f ec -  
t i v e  than 2,4-D on t h i s  spec ie s  (Gratkowski 1968). E s t e r s  o f  2,4-D can 
be used i f  necessary but  w i l l  u s u a l l y  r e q u i r e  add i t iona l  app l i ca t ions  
and a  h igher  dosage pe r  a c r e  t o  achieve t h e  same degree o f  con t ro l .  In  
an a e r i a l  app l i ca t ion  on mature shrubs i n  Siskiyou Mountain b rush f i e lds ,  
however, 3 l b  a e  o f  2,4-D p e r  a c r e  ( t a b l e  14) r e s u l t e d  i n  t o p - k i l l  o f  
mountain whitethorn t h a t  equal led  t h a t  obtained with a  b r u s h k i l l e r  mix- 
t u r e  o f  2  l b  a e  o f  2,4-D and 2  l b  ae  of  2,4,5-T (Gratkowski and 
Ph i lb r i ck  1965). 

Tab1 e 14--Mortality a f t e r  a m i d s m e r  aer ia l  appl icat ion  
o f  herbicides on mature mountain uh ' t e t h o m  1 ceanothus i n  the  S isk iyou ~oun ta in s - I  

1/ From Gratkowski and P h i l b r i c k  (1965) ,  J. For. 63:922. 

z/ Acid equ iva len t .  

PACIFIC MADRONE (Moderately susceptible) 

Complete 
shrub k i l l e d  

P a c i f i c  madrone has a  range t h a t  extends from Baja, C a l i f o r n i a  
(Abrams 1951), t o  western B r i t i s h  Columbia i n  t h e  Coast Ranges, and 
from c e n t r a l  C a l i f o r n i a  northward through t h e  S i e r r a  Nevada and Cascade 
Range t o  western Oregon. In  southwest Oregon, P a c i f i c  madrone i s  a  
major component o f  broad sc l e rophy l l  f o r e s t s  and b rush f i e lds  i n  t h e  
Siskiyou Mountains, on t h e  e a s t e r n  s lope  of  t h e  Coast Ranges, i n  t h e  

2 / ae- - - - - - - Percent - - - - - 
2,4-D 3 Emu1 s i o n  20 100 84 0 
2,4-D 

p l u s  f / Emu1 s i o n  20 100 72 0 
2,4,5-T 

2,4-D 
p l u s  Emu1 s i o n  20 100 98 0 
2,4,5-T 4 

Treatment 

Herb ic ide  

Top- 
k i l l  

Number 
o f  

shrubs 
sampled 

P lan ts  
w i t h  
basal 
sprouts 

pE;":::e C a r r i e r  



i n t e r i o r  v a l l e y s ,  and a t  low e l eva t ions  i n  t h e  Cascade Range. Broad- 
leaved evergreen spec ie s  such a s  tanoak, canyon l i v e  oak, chinkapin, 
ceanothus, and manzanita a r e  gene ra l ly  found with madrone i n  t h e  
Siskiyou Mountains and Coast Ranges. Deciduous spec ie s  such a s  Oregon 
white oak, C a l i f o r n i a  black oak, and poison oak a r e  common a s s o c i a t e s  
a t  lower e l eva t ions  i n  t h e  dry  i n t e r i o r  v a l l e y s  and i n  t h e  f o o t h i l l s  of 
t h e  Cascade Range. 

E s t e r s  o f  2,4-D were compared with s i m i l a r  formulat ions o f  2,4,5-T 
on t a l l ,  wel l -es tab l i shed  sprouts  of P a c i f i c  madrone t h a t  had developed 
from stumps and r o o t s  a f t e r  a  severe  w i l d f i r e  had swept t h e  t e s t  a r ea  
(Gratkowski 1977). When t r e a t e d ,  t h e  sp rou t s  were 10 t o  25 f e e t  t a l l  
( f i g .  9 ) .  Both he rb ic ides  were appl ied  i n  water c a r r i e r s  a s  f o l i a g e  
sprays t o  d r i p  po in t .  

P a c i f i c  madrone appears equal ly  suscep t ib l e  t o  low v o l a t i l e  e s t e r s  
of 2,4-D and 2,4,5-T ( tab1  e  15) . Low volatile esters of 2,490 are recommended 
for foliage sprays to control madrone. This i s  i n  agreement with Leonard and 
Harvey (1965), who recommend a 4 aehg formulat ion o f  2,4-D i n  an o i l - i n -  
water emulsion c a r r i e r  f o r  high-volume f o l i a g e  sprays  t o  con t ro l  i nd i -  
v idual  p l a n t s  o f  P a c i f i c  madrone. 

Figure  9 .  --A clump o f  P a c i f i c  madrone 
s p r o u t s  b e i n g  sprayed d u r i n g  a  
h e r b i c i d e  s c r e e n i n g  tes t .  



Table 15--Effects of herbicides on Pacific madrone a t  the end of 
the second growing season a f t e r  treatment 

L/ Pounds acid equivalent per 100 gallons of spray mixture or  spray solution. 

2/ M = number of basal sprouts equal t o  or  more than the original number of stems. 

These l imi t ed  t e s t s  allowed no comparison o f  water  v s .  o i l - in-water  
emulsion c a r r i e r s ,  s i n c e  exce l l en t  t o p - k i l l  was obtained with e i t h e r  
he rb ic ide  i n  a water c a r r i e r  i n  t h i s  t r i a l .  Experience, however, i n d i -  
c a t e s  t h a t  o i l - in -wa te r  emulsions would be more e f f e c t i v e  a s  a  c a r r i e r  
f o r  phenoxy he rb ic ides  appl ied  a s  f o l i a g e  sprays on t h i c k ,  l e a t h e r y  
leaves  such a s  these ,  e s p e c i a l l y  i n  low-volume a e r i a l  sprays .  The 
added o i l  spreads t h e  he rb ic ide  over  t h e  l e a f  su r face ,  improves coverage, 
and inc reases  pene t r a t ion  o f  he rb ic ide  through t h e  waxy c u t i c l e .  

Treatment 

Seasonal s u s c e p t i b i l i t y  t e s t s  were a l s o  conducted t o  d e t e c t  any 
change i n  e f f ec t iveness  o f  e s t e r s  of 2,4,5-T from t h e  end o f  t h e  growing 
season i n  l a t e  June throughout t h e  summer u n t i l  mid-September. Madrone 
maintained a  high l e v e l  of  s u s c e p t i b i l i t y  t o  2,4,5-T throughout t h e  
e n t i r e  period ( t a b l e  16) .  

&' Number Percent ~ u m b e z ~  Inches - - - Percent - - - 
2,4-D 2 Water 10 20 M 10 100 80 Grat kows ki 
2,4,5-T 2 Water 10 20 M 14 100 80 (1977) 

Total 
plants 
Sprayed 

Herbicide 

Although t h e  d a t a  from high volume spray  t e s t s  ( t a b l e  16) seems t o  
i n d i c a t e  an inc rease  i n  s u s c e p t i b i l i t y  and percentage of  p l a n t s  k i l l e d  
by l a t e  summer sprays ,  experience has  shown t h i s  i s  not  t r u e  with low- 
volume a e r i a l  sprays.  In  f a c t ,  con t ro l  with low-volume, l a t e  summer 
a e r i a l  sprays  i s  e r r a t i c ,  and many P a c i f i c  madrone t r e e s  become r e s i s -  
t a n t  t o  phenoxy he rb ic ides  dur ing  e a r l y  autumn. Response v a r i e s  from 
t r e e  t o  t r e e ,  poss ib ly  a  r e s u l t  o f  genet ic  v a r i a t i o n  c o n t r o l l i n g  changes 
i n  dormancy o f  indiv idual  t r e e s .  Trees t h a t  become dormant sooner would 
be more r e s i s t a n t  and show l e s s  e f f e c t  from l a t e  summer--early autumn 
sprays (Gratkowski 1977) . 

::8:f:, 
Reference 

c i ted 

:;:tits 
Carrier 

Basal sprouts 
per by 
averagenum- 
ber and aver- 
age height 

Top- 
k i l l  

Complete 
p l a n t k i l l e d  



Table 16--Seasonal effect of l m  volatile esters of 2,4,5-T applied 
as foliage sprays to drip point on large, well-established 

1 / clwnps of Pacific madrone sprouts in the Rogue River Valley- 

This seasonal v a r i a t i o n  i n  response i s  presented g r a p h i c a l l y  i n  For. Sc i .  23:2-12 
(Gratkowski 1977). 

z/ Pounds a c i d  equ iva len t  per  100 ga l lons  o f  spray m i x t u r e  o r  spray s o l u t i o n .  

3/ M = number o f  basal sprouts equal t o  o r  more than t h e  o r i g i n a l  number of stems. 

Based on t r i a l s  and experience,  app l i ca t ion  o f  3 lb ae per acre of low 
volatile esters of 2,400 in an oil-in-water emulsion canier is recommended for aerial 
sprays on relatively pure stands of Pacific madrone. Such sprays should be applied before 
the shrubs and trees exceed 20 feet in height. 

Complete 
p l a n t  k i l l e d  

Reduced con t ro l  must be expected i n  dense s t ands  o r  on l a r g e  t r e e s  
o f  P a c i f i c  madrone. A s  with o the r  shrubs and weed t r e e s  (Gratkowski 
1968), sprays a r e  more e f f e c t i v e  on young p l a n t s  o r  2- t o  3-year-old 
sp rou t s  o f  P a c i f i c  madrone than on mature t r e e s .  In a dense stand of trees 
about 20 to 35 feet tall, a mixture of 2 lb ae of 2,4-0 plus 1 ib ae of 2,4,5-T proved highly 
effective; crowns and t runks  o f  almost a l l  P a c i f i c  madrone t r e e s  were 
k i l l e d ,  although many resprouted  from r o o t  crowns. A repeated t r e a t -  
ment i s  usua l ly  necessary on such t a l l  t r e e s .  

d l  Number Percent  umber-I 3 Inches - - - Percent - - - 
June 29 2 Water 10 60 M 13 96 40 
J u l y  7 2 Water 10 6 0 M 12 98 40 
J u l y  13 2 Water 10 70 M 16 85 30 
J u l y  21 2 Water 10 70 M 13 97 30 
J u l y  28 2 Water 10 5 0 M 12 99 5 0 
Aug. 9 2 Water 10 2 0 M 25 99 80 
Aug. 18 2 Water 10 2 0 M 14 100 80 
Aug. 30 2 Water 10 40 M 11 89 60 
Sept. 15 2 Water 10 20 M 13 100 80 

Treatment 

SALMONBERRY (Moderately susceptible) 

Tota l  
p l a n t s  
Sprayed 

Date of 
t reatment  

Salmonberry is  one of  t h e  most abundant and troublesome brush 
spec ie s  on f o r e s t  land i n  t h e  Coast Ranges and c o a s t a l  a r eas  o f  Oregon 
and Washington ( f i g .  10, A and B ) .  I t s  n a t u r a l  range, however, is  f a r  
more extens ive .  I t  occurs  from Mendocino County, C a l i f o r n i a ,  nor th  
along t h e  coas t  t o  Alaska, and eastward i n  t h e  Rocky Mountains t o  Idaho 
and Montana. Salmonberry p resen t s  s p e c i a l  s i l v i c u l t u r a l  problems a t  
low t o  medium e leva t ions  on t h e  wet c o a s t a l  s lopes  o f  t h e  Coast Ranges 
i n  Oregon and Washington and in land  through t h e  Willapa H i l l s  t o  t h e  
f o o t h i l l s  on t h e  west s lope  o f  t h e  Cascade Range i n  Washington. Dense, 
vigorous s tands  quickly occupy f o r e s t  s i t e s  a f t e r  logging o r  w i l d f i r e .  

Concen- 
t r a t i o n  

Top- 
k i l l  

'lants 
With 

:;::its 
Carrier 

Basal sprouts 
per p lants by 
average 
ber  and aver-  
a g e h e i g h t  



F i g u r e  10A.--Salmonberry..  . F i g u r e  10B. --. . . o f t e n  forms a 
d e e p ,  d e n s e  u n d e r s t o r y  b e n e a t h  
r e d  a l d e r  i n  the C o a s t  Ranges.  

On July 22-23, 1966, two experimental formulations of picloram 
(M-2951 and M-3083) were applied as foliage sprays on 1/100-acre plots 
of salmonberry in the Oregon Coast Ranges near Coos Bay, Oregon 
(Gratkowski 1971). M-2951 contained Ji lb ae of picloram plus 2 lb ae 
of 2,4,5-T per gallon, and M-3083 contained 1 lb each of picloram, 
2,4-D, and 2,4,5-T per gallon in the form of triisopropanolamine salts. 
Amitrole-T and low volatile propylene glycol butyl ether esters of 
2,4,5-T were applied on separate adjacent plots for comparison. A 
2-percent diesel oil-in-water emulsion was used as the carrier for 
2,4,5-T; the other herbicides were applied in water carriers. 

In the 1966 trials, the spray solution containing 1% lb each of 
triisopropanolamine salts of picloram, 2,4-D, and 2,4,5-T (M-3083) 
produced better control of salmonberry than any of the other treatments 
(table 17). Stewart (1974b) states that a single application of pic- 
loram alone may be adequate for site preparation on areas occupied by 
salmonberry. Picloram, however, is nonselective and damages conifers; 
it cannot be used to release young conifers from salmonberry. 



1 / Tab1 e 17--Effect of 1966 midswmner fo l iage  sprays on satmonberry- 

I I I 

ami t r o l  e-T 2 Water 2.4 
ami t r o l  e-T 2 Water 2.4 

Herb ic ide  

p ic lo ram 
2,4,5-T Water 

2,4,5-T 3 '  Emu1 s i on 3.5 
p ic lo ram 
2.4-D Water 3.5 
2.4.5-T 1 
p i c 1  oram 

1 
1- 112 

2,4-D 1-112 Water 4.1 I 2,4,5-T 1- 112 

Degree o f  
c o n t r o l /  

Treatment 

From Gratkowski (1971). USDA For. Serv. Res. Note PNW-171, 5 p. 

2/ A r a t i n g  o f  1.0 i n d i c a t e s  l i t t l e  o r  no e f f e c t ;  a r a t i n g  of 5.0 
i n d i c a t e s  complete k i l l  w i t h  no resprou t ing .  

- ,  

Pounds 
per  acre 

Acid equ iva len t  per  100 ga l lons  o f  spray mix tu re  o r  spray 
s o l u t i o n ;  fo r  ami t r o l  e-T, read a i h g  ( a c t i v e  i n g r e d i e n t  per  100 ga l lons)  . 

C a r r i e r  

Stewart (1974a) repor ted  amitrole-T was more e f f e c t i v e  than 
2,4,5-T i n  both e a r l y  f o l i a r  and l a t e  f o l i a r  sprays on salmonberry, 
but  it does not  con t ro l  western thimbleberry. Since most s tands  o f  
salmonberry a l s o  conta in  thimbleberry,  use o f  amitrole-T f requent ly  
r e l e a s e s  thimbleberry and converts  t h e  s tand  t o  r e l a t i v e l y  pure 
thimb 1 eberry  . A late f oliar spray of low volatile esters of 2,4,5-T applied in an emulsion 
carrier controls both salmonberty and thimbleberty (Gratkowski 1971, Stewart 
1974b) and i s  a b e t t e r  choice f o r  s i t e  prepara t ion  i n  p l a n t  communities 
where both spec ie s  a r e  important components of  t h e  shrub cover.  

A late foliar aerial application of 3 lb ae of low volatile esters of 2,4,5-T is also 
recommended to release well established young conifers from salmonbey 
(Gratkowski 1971, 1975; Stewart 1974b). To r e l e a s e  small c o n i f e r s  o r  
f o r  s i t e  prepara t ion  followed by i n t e r p l a n t i n g ,  a  second treatment  with 
2,4,5-T i n  a  water c a r r i e r  may be necessary t o  con t ro l  resprout ing  
brush and insu re  adequate l i g h t  and s o i l  moisture f o r  g r e a t e s t  surv iva l  
and he ight  growth o f  t h e  con i fe r s .  



In l a t e  Ju ly  1974, another t e s t  was i n s t a l l e d  on salmonberry t o  
compare e f f e c t s  of  fo l i age  sprays of t r i c l o p y r  and Krenite with e f f e c t s  
of s imi la r  sprays of picloram and 2,4,5-T. Picloram was i n  the  form 
of a potassium s a l t ;  2,4,5-T was a low v o l a t i l e  e s t e r .  Krenite was a 
water-soluble l i q u i d  formulation of t h e  a c t i v e  ingredient ;  t r i c l o p y r  
formulations were a tr iethylamine s a l t  and an ethylene glycol butyl  
e the r  e s t e r .  As i n  t h e  e a r l i e r  t e s t ,  a l l  herbic ides  were applied a s  
f i n e  droplet  fo l i age  sprays t o  d r i p  point .  

Both Krenite and t r i c l o p y r  (when regis tered)  deserve considerat ion 
as  fo l iage  sprays f o r  s i t e  preparat ion i n  r e l a t i v e l y  pure stands of 
salmonberry. Although both required 3-lb aehg spray so lu t ions  t o  pro- 
duce a degree of control  equal t o  t h a t  obtained with a 1 - lb  aehg spray 
of  picloram ( t a b l e  18) ,  each chemical has some advantages over picloram. 

Table 18--Effect of 1970 m i d s m e r  fo l iage  sprays  on saZmonberry 
a t  the  end of the  second growing season a f t e r  t reatment 

- -- 

&/ Number - - - - - - Percent - - - - - 
2,4,5-T 3 3% D&/ 10 30 99 2/40 Stewart  
ami t r o l  e-T 3 Water 10 2 0 58 2/70 ( 1974a) 
picloram 1 Water 10 0 100 ?/lo0 

2,4,5-T 3 2% Dd/ 20 75 94 25 Gratkowski 
picloram 1 Water 2 0 15 94 8 5 e t  a l .  
t r i  cl  opyr ( 1978) 
e s t e r  1 Water 20 67 99 33 

Treatment 

t r i c l  opyr 
amine 1 Water 2 0 68 90 32 

Total 

Herbicide 

t r i c l  opyr 
ami ne 3 Water 20 5 100 95 

Kreni t e  TM 1 Water 20 80 7 1 2 0 
Kreni t e  3 Water 2 0 2 5 98 75 

L/ Pounds acid equiva len t  per 100 ga l lons  of spray mixture o r  spray so lu t i on ;  f o r  
amitrole-T and Krenite,  read a ihg  ( ac t i ve  ingredient  per 100 ga l l ons ) .  

'lants 

~~~~f~~ 

2/ Oil -in-water emu1 s ion  c a r r i e r  containing d iese l  o i l  (DO) equivalent  t o  3 gal Ions 
per 100 gal 1 ons of spray mixture . 

Plants  sprayed Ju ly  1970; examined June 1972. 

Oil-in-water emulsion c a r r i e r  containing DO equiva len t  t o  2 gallons per 100 
gal 1 ons of spray mixture. 

p lan ts  W i t h  Car r ie r  

Compl e t e  Reference 
p lan t  k i l l ed  c i t ed  



Like picloram, t r i c l o p y r  damages c o n i f e r s  and should only be used 
f o r  s i t e  prepara t ion .  Tr ic lopyr ,  however, con t ro l s  both deciduous and 
evergreen brush spec ies ;  picloram is  much l e s s  e f f e c t i v e  on evergreen 
shrubs. In  add i t ion ,  t r i c l o p y r  is  l e s s  p e r s i s t e n t  i n  t h e  s o i l  and may 
allow p lan t ing  o f  con i fe r s  sooner a f t e r  app l i ca t ion .  

Kreni te  does not  con t ro l  evergreen brush, but  it i s  e f f e c t i v e  on 
deciduous shrubs and weed t r e e s .  Kreni te  is  r e g i s t e r e d  f o r  s i t e  prepa- 
r a t i o n  on f o r e s t  land and now has  SL&/ l a b e l s  f o r  c o n i f e r  r e l e a s e  i n  
Oregon and Washington. This he rb ic ide  should prove use fu l  f o r  r e l e a s i n g  
young con i fe r s  from competition of deciduous shrubs and weed t r e e s - -  
e s p e c i a l l y  where t h e  eye-catching lvbrown-outM o f  dead f o l i a g e  charac ter -  
i s t i c  of  2,4-D and 2,4,5-T i s  undes i rab le .  A more complete d iscuss ion  
o f  t hese  t e s t s  i s  a v a i l a b l e  i n  a  pub l i ca t ion  by Gratkowski e t  a l .  (1978). 

WESTERN THIMBLEBERRY (Moderately susceptible) 

Western thimbleberry may be found from southern C a l i f o r n i a  nor th-  
ward t o  Alaska a t  e l eva t ions  ranging from sea  l e v e l  t o  9,000 f e e t .  
From t h e  west coas t ,  i t s  range extends eastward t o  New Mexico, Colorado, 
and Michigan. I t  a l s o  occupies a  wide range o f  h a b i t a t s  from open t o  
wooded, and moist t o  dry  s i t e s  throughout Oregon and Washington. 
Western thimbleberry is  an e s p e c i a l l y  common a s s o c i a t e  of salmonberry 
i n  dense b r u s h f i e l d s  fol lowing logging, w i l d f i r e ,  o r  s o i l  d i s turbance  
on t h e  western s lopes  o f  t h e  Coast Ranges i n  Oregon and Washington 
( f i g .  11, A and B) . 

On J u l y  22-23, 1966, two experimental formulat ions o f  picloram 
(M-2951 and M-3083) were appl ied  a s  f o l i a g e  sprays on 1/100-acre p l o t s  
o f  thimbleberry i n  t h e  Oregon Coast Ranges near  Coos Bay, Oregon. 
M-2951 contained % l b  a e  of picloram p l u s  2 l b  ae  o f  2,4,5-T pe r  ga l lon ,  
and M-3083 contained 1 l b  each of picloram, 2,4-D, and 2,4,5-T pe r  
ga l lon .  A l l  he rb ic ides  were i n  t h e  form o f  t r i isopropanolamine s a l t s .  
Amitrole-T and low v o l a t i l e  propylene glycol  bu ty l  e t h e r  e s t e r s  of 
2,4,5-T were appl ied  on sepa ra t e  ad jacent  p l o t s  f o r  comparison. 

"Sta te  and Local Need" l a b e l s  i ssued  by t h e  r e spec t ive  S t a t e  
Departments o f  Agr icul ture  a s  au thor ized  by t h e  U.S. Department o f  
Environmental Quali ty .  



Figure 1124.--Western thimbleberry.., Figure 11 B .  --. . . formed a dense brush 
cover intermixed with salmonberry 
on a logged area i n  the Oregon 
Coast Ranges. 

Tordon 10K p e l l e t s ,  10 percent  a e  picloram a s  a  potassium s a l t ,  
were a l s o  t e s t e d  on thimbleberry a t  r a t e s  o f  10 and 30 l b  of p e l l e t s  
pe r  ac re .  P e l l e t s  were d i s t r i b u t e d  by hand; a  2-percent d i e s e l  o i l - i n -  
water  emulsion was used a s  t h e  c a r r i e r  f o r  2,4,5-T; t h e  o t h e r  he rb ic ides  
were appl ied  i n  water c a r r i e r s .  

A s  on salmonberry, 1% gal lons  of M-3083 conta in ing  1% l b  each of  
picloram, 2,4-D, and 2,4,5-T p e r  ac re  was more e f f e c t i v e  than any o the r  
herb ic ide  o r  mixture o f  herb ic ides  i n  t h e  1966 t e s t s  on western thimble- 
be r ry  ( t a b l e  19) .  Although t h i s  mixture i s  not  r e g i s t e r e d  o r  a v a i l a b l e ,  
it i s  poss ib l e  t h a t  % gal lon  pe r  ac re  of  Tordon 155 (% l b  a e  picloram 
p lus  2 l b  a e  of 2,4,5-T, both i n  t h e  form o f  i sooc ty l  e s t e r s )  may be 
equal ly  e f f e c t i v e  f o r  s i t e  prepara t ion  i n  western thimbleberry.  Since 
picloram damages con i fe r s ,  Tordon 155 i s  not  s u i t a b l e  f o r  r e l e a s i n g  
young con i fe r s  overtopped by thimbleberry.  

Fol iage sprays of t h e  potassium s a l t  of picloram alone con t ro l s  
thimbleberry a s  well  a s  salmonberry (Stewart 1974a), but  it damages 
con i fe r s  and i s  used only f o r  s i t e  prepara t ion .  Amitrole-T is  r e l a -  
t i v e l y  i n e f f e c t i v e  on western thimbleberry (Gratkowski 1971; Stewart 
1974a, 1974b). 

Low volatile esters of 2,4,5-T are preferred for western thimbleberry. For s it e 
prepara t ion ,  con t ro l  of thimbleberry by an e a r l y  f o l i a r  app l i ca t ion  o f  
3 l b  a e  of  2,4,5-T i n  an emulsion c a r r i e r  i s  almost equal t o  t h a t  ob- 
t a ined  with a  s i m i l a r  spray of  1 l b  picloram (Stewart 1974b). In  addi-  
t i o n ,  e s t e r s  of 2,4,5-T can be used s a f e l y  f o r  c o n i f e r  r e l e a s e .  



Table19--EffectofmidsmerfoZiagesprays  picZorm "14 pel le ts  on western thimbleberry- 

Treatment 

ami t r o l  e-T 
p i c l  oram pe l  1 e t s /  
p ic lorarn pel  l e t s /  
p i c l  oram 
2,4,5-T 
2,4,5-T 
p i c l  oram 
2,4-D 
2,4,5-T 

Herb ic ide  

&/ 
3 Water 

10 None 
30 None 

33'4 ) Water 
3 Emu1 s i o n  
1-1/2 
1-1/2 I Water 
1- 1/2 

L/ From Gratkowski (1971), USDA For. Serv. Res. Note PNW-171, 5 p. 
I 

C/ A r a t i n g  o f  1.0 i n d i c a t e s  l i t t l e  o r  no e f f e c t ;  a r a t i n g  of 5.0 
i n d i c a t e s  a l l  shrubs on the  p l o t  a re  dead. 

Acid equ iva len t  per  100 ga l lons  o f  spray mix tu re  o r  spray 
so1 u t lqn ;  f o r  ami t r o l e - T ,  read a i  hg ( a c t i v e  i n g r e d i e n t  per  100 g a l l o n s ) .  

Degree o f  
c o n t r o l l  Pounds 

per  ac re  

Pic loram pe l  l e t s  con ta in ing  10 percent  a c t i v e  i n g r e d i e n t  were 
d i s t r i b u t e d  on t h e  s o i l  surface throughout  each p l o t .  

C a r r i e r  

A s  on salmonberry, a late foliar spray of 3 Ib ae of low volatile esters of 2,4,5-T 
in an emulsion carrier is considered the best treatment to release Douglas-fir and Sitka 
spruce from western thimbleberry. The t r e e s ,  however, should be pro tec ted  - 
from t h e  spray  by f o l i a g e  of t h e  brush overs tory .  I f  t h e  t r e e s  a r e  
exposed, a water  c a r r i e r  should be used even though t h e  degree of  brush 
con t ro l  w i l l  be reduced. An a e r i a l  respray  may be needed 1 o r  2 years  
l a t e r  t o  con t ro l  thimbleberry sp rou t s  and maintain dominance o f  t h e  
c o n i f e r s .  

GOLDEN CHlNKAPlN (Resistant) 

Golden chinkapin i s  found on t h e  west s lope  o f  t h e  Cascade Range 
from t h e  v i c i n i t y  o f  t h e  Columbia River southward t o  C a l i f o r n i a  and 
across  t h e  Cascade Range i n t o  south-cent ra l  Oregon. I t  is  abundant on 
t h e  Rogue-Umpqua Divide, throughout t h e  Siskiyou Mountains, t h e  southern 
end of  t h e  Oregon Coast Ranges, and southward i n  t h e  Ca l i fo rn ia  Coast 
Ranges t o  Mendocino County. 

Golden chinkapin v a r i e s  g r e a t l y  i n  h a b i t  and i s  o f t e n  found both 
a s  a shrub and a t r e e  i n  t h e  same a r e a  ( f i g .  12) .  I t  is  o f t e n  present  
a s  understory brush i n  s tands  of  con i fe r s  i n  t h e  Cascade Range, where it 
assumes a h a b i t  in te rmedia te  between a shrub and a t r e e .  In  t h e  under- 
s t o r y ,  it grows i n  a clumpwise fashion s i m i l a r  t o  v ine  maple; each clump 
may develop one o r  more main stems resembling indiv idual  t r e e s .  Smaller 
stems develop on r o o t s  near  t h e  main stems t o  produce t h e  clumps. 
Golden chinkapin t r e e s  o f  good form a r e  found on many s i t e s  i n  both t h e  
Cascade Range and t h e  Siskiyou Mountains. 



Figure 12.--Golden chinkapin 
i s  found both as a shrub 
and a tree i n  western Oregon 
forests .  

Eight formulat ions of  he rb ic ides  were t e s t e d  on clumps of  golden 
chinkapin i n  t h e  Cascade Range during 1955. When t h e  shrubs were 
sprayed i n  l a t e  J u l y ,  stems were s t i l l  growing i n  length ;  but  most o f  
t h e  new leaves  were f u l l  s i z e .  

Sixteen months a f t e r  spraying,  response t o  a l l  t rea tments  was 
s i m i l a r  ( t a b l e  20 ) .  A l l  t rea tments  a f f e c t e d  t h e  a e r i a l  p a r t s  t o  some 

Table 20--Effects of herb ic ides  on golden chinkapin a t  the  end 
of t he  second growing season a f t e r  t reatment 

l1 Pounds ac id  equivalent  per 100 gallons of spray mixture o r  spray so lu t i on ;  f o r  ami t ro le ,  
read ai,hg ( ac t i ve  ingredient  per 100 ga l l ons ) .  

g' M = number of basal sprouts  equal t o  o r  more than t he  or ig ina l  number of stems a t  ground l eve l .  '' oi l - in-water  emulsion c a r r i e r  containing d iese l  o i l  (DO) equiva len t  t o  5 ga l lons  per 100 ga l lons  
of spray mixture. 

Reference 
c i t e d  

&I - Number - Percent -- ~umbet-2' Inches - - - Percent - - - 
2,4-D 2 5% D$/ 20 80 M 13 38 0 Gratkowski 
2 $4-D 4 5% DO 2 0 100 M 13 54 0 (1959) 
2 ,4,5-T 2 5% DO 2 0 100 M 12 61 0 
2,4,5-T 4 5% DO 2 0 100 M 12 61 0 
dichlorprop 2 5% DO 10 90 M 11 51 0 
s i  1 vex 2 5% DO 10 90 M 14 58 0 
ami t r o l  e 8 Water 10 40 M 6 42 0 
dichl  orprop 

pl us Water 10 80 M 9 77 10 
ami t r o l  e 4 I 

Complete 
p l a n t k i l l e d  

Treatment 

Herbicide 

Top- 
k i l l  

Total 

Carr ie r  

Plants 
w i t h  
basal 
sprouts  

Basal sprouts  
per p l a n t ,  by 
average num- 
ber and aver- 
age height  



ex ten t ,  but  none were e s p e c i a l l y  e f f e c t i v e  i n  k i l l i n g  r o o t s  of  t h e  
sprayed p l a n t s .  Great v a r i a t i o n  i n  t o p - k i l l  within t rea tments  i n d i c a t e s  
t h a t  t h e r e  were no important d i f f e rences  between t rea tments .  A few 
comments, however, concerning t h e  r e l a t i v e  e f f ec t iveness  o f  t h e  chemicals 
may be of value.  

The most effective herbicide for golden chinkapin is 2,4,5-T; a conclusion v e r i  - 
f i e d  i n  repea ted  app l i ca t ions  on t h i s  spec ie s  (Gratkowski 1968). A 2 l b  
aehg formulat ion i n  an emulsion c a r r i e r  i s  recommended f o r  f o l i a g e  
sprays on indiv idual  p l a n t s .  In  i n i t i a l  sprays on mature shrubs,  i n -  
c reas ing  t h e  concent ra t ion  of  2,4,5-T from 2 l b  aehg t o  4 l b  aehg d id  
not  i nc rease  i t s  e f f e c t  ( t a b l e  20); ev iden t ly  t h e  2 l b  aehg dosage of  
2,4,5-T was near  i t s  e f f e c t i v e  p r a c t i c a l  maximum when f o l i a g e  was sprayed 
t o  d r i p  po in t .  

Amitrole i n  mixture with d ichlorprop  showed promise; a  mixture of 
ami t ro le  and d ichlorprop  was t h e  most e f f e c t i v e  formulation t e s t e d .  A t  
p re sen t ,  however, ami t ro le  i n  combination with o t h e r  chemicals i s  not  
recommended f o r  widespread use on golden chinkapin. Extensive s tands  of 
golden chinkapin do not  seem t o  develop on f o r e s t  land;  it i s  usua l ly  
intermixed with o t h e r  shrubs and weed t r e e s .  Since most n a t i v e  shrubs 
and weed t r e e s  a r e  much more suscep t ib l e  t o  phenoxy he rb ic ides  than t o  
ami t ro le ,  b r u s h k i l l e r  mixtures of 2,4-D and 2,4,5-T a r e  f a r  more use fu l  
f o r  c o n t r o l l i n g  golden chinkapin i n  mixed b rush f i e lds  on commercial 
f o r e s t  land.  

Aerial application of 2 Ib ae of 2,4,5-T in an emulsion carrier per acre is recommended 
for budbreak sprays to release young conifers (except pines) from golden chinkapin. In  
emulsion c a r r i e r s ,  3/4 ga l lon  of black d i e s e l  o r  No. 2 f u e l  o i l  i s  added 
i n  a  spray volume o f  10 ga l lons  pe r  acre .  This t reatment  produced 81- 
percent  t o p - k i l l ,  and 8 percent  of  t h e  shrubs were dead i n  a  1973 a e r i a l  
spray  i n  t h e  Cascade Range (Gratkowski and Stewart 1976). For spec i f i ed  
s i l v i c u l t u r a l  purposes, seasonal  changes i n  c a r r i e r s  a r e  recommended i n  
USDA Forest  Serv ice  General Technical Report PNW-37 (Gratkowski 1975). 

GOLDEN EVERGREENCHINKAPIN (Resistant) 

Golden evergreenchinkapin, a  shrubby v a r i e t y  of  golden chinkapin,  
i s  abundant i n  evergreen b rush f i e lds  of t h e  Siskiyou Mountains and 
spa r se ly  d i s t r i b u t e d  on t h e  west s lope  of t h e  S i e r r a  Nevada i n  Eldorado 
County, Ca l i fo rn ia  ( f i g .  13, A and B ) .  The shrub form i s  genera l ly  
found a t  higher  e l eva t ions  and on d r i e r  s i t e s  than golden chinkapin 
(McMinn 1951). I t  i s  an important component of  t h e  evergreen chaparra l  
i n  southwest Oregon, and r e l a t i v e l y  pure s tands  a r e  found a s  an open . 
cover on many dry  s i t e s  i n  t h e  mountains o f  western Josephine County. 
The shrubs sprout  from stumps and roo t  crowns a f t e r  f i r e ,  c u t t i n g ,  o r  
t reatment  with he rb ic ides .  



F i g u r e  13A.  --Go1 d e n  e v e r g r e e n -  F i g u r e  13B. --. . .by  i t s  t r o u g h -  
c h i n k a p i n ,  a s h r u b b y  v a r i e t y  shaped l e a v e s  formed b y  upward 
o f  g o l d e n  c h i n k a p i n ,  i s  e a s i l y  f o l d i n g  o f  the b l a d e  on e a c h  
i d e n t i f i e d .  . . s i d e  o f  the m i d r i b .  

P o t e n t i a l l y  use fu l  he rb ic ides  were t e s t e d  on vigorous, 5- t o  15- 
f o o t - t a l l  shrubs of  golden evergreenchinkapin i n  t h r e e  sepa ra t e  screen-  
ing  t e s t s  during 1955, 1956, 1963, and 1974. A l l  he rb ic ides  were 
appl ied  a s  high-volume f o l i a g e  sprays during a c t i v e  growth, and r e s u l t s  
a r e  presented i n  t a b l e  21. For comparison, e f f e c t s  of  a s i n g l e  midsummer 
a e r i a l  spray  of 2,4-D and of  b r u s h k i l l e r  mixtures of 2,4-D and 2,4,5-T 
on golden evergreenchinkapin i n  t h r e e  b rush f i e lds  i n  t h e  Siskiyou Mountains 
a r e  shown i n  t a b l e  22. 

No herb ic ide  k i l l e d  an acceptable  number of  golden evergreenchinka- 
p in  shrubs a f t e r  only one app l i ca t ion  a s  a f o l i a g e  spray  on well es tab-  
l i shed ,  vigorous p l a n t s .  Although some f o l i a g e ,  stems, and branches 
were k i l l e d  by a l l  he rb ic ides ,  only t r i c l o p y r  k i l l e d  an apprec iable  
number of golden evergreenchinkapin shrubs with one app l i ca t ion .  Amine 
and e s t e r  formulat ions of  t r i c l o p y r  a t  t h e  h ighes t  r a t e  ( 3  l b  aehg) 
k i l l e d  25 and 45 percent  of  t h e  shrubs,  r e spec t ive ly ,  when appl ied  a s  
high volume f o l i a g e  sprays.  I f  t r i c l o p y r  i s  l a t e r  r e g i s t e r e d  by EPA 
f o r  f o r e s t  use,  it should prove usefu l  f o r  s i t e  prepara t ion  i n  mixed 
b rush f i e lds  of  evergreen and deciduous spec ie s  (Gratkowski e t  a l .  1978). 
Since it is  nonse lec t ive  and damages con i fe r s ,  however, t r i c l o p y r  w i l l  
no t  be s a f e  f o r  c o n i f e r  r e l e a s e .  



Table 21--Effects of herbicides on golden evergreenchinkapin at 
the end of the second growing season after treatment 

2,4-DB 2  Water 
2,3,6-TBA 2  
AMS 2  0  
AMS 40 4% DO 
pic lora&/  .5 Water 
p ic lo ram 1.0 Water 
p i c l o r a g  1.5 Water 
2,4,5-T-/ 1.5 Water 

0  Prev ious ly  
0  unpubl ished 
0  data 
0  
0  
0  

15 
0  

Trea tmen t 

- 
2,4,5-T 3  2% D&/ 20 100 M 8  8 1  0  Gratkowski 
p i c 1  oram 1 Water 20 100 F 11 24 0  e t  a l .  
t r i c l o p y r  (1978) 
amine 1 Water 20 95 F 5 95 5  

t r i c l  opyr 
ami ne 3  Water 20 7  5  F 7  96 25 

t r i c l  opyr  
e s t e r  TM 3 Water 2  0  5  5  F 8 99 45 

Kreni  t e  1 Water 2  0  7/ - - -- 7/ 0 
Kren i t e  3 Water 20 7/ - - - - - 7/ - 0 

1 Number Percent ~ u m b e g '  Inches - - - ---- Percent - - - 
2,4-D 2  5% D$/ 20 100 M 12 58 0  Gra t kows k i  
2,4-D 4  5% DO 2  0  100 M 11 70 0  (1959) 
2,4,5-T 2  5% DO 20 100 M 10 67 0  
2,4,5-T 4  5% DO 2  0  100 M 10 68 0 
d i c h l o r p r o p  2  5% DO 10 100 M 8  62 0  
s i l  vex 2  5% DO 10 80 M 7  44 0  
ami t r o l  e  8  Water 10 40 F 3  6 1  0  
d i c h l  orprop 

p l u s  Water 10 100 M 11 27 0  
an ; t r o l e  4  I 

Herb ic ide  

Pounds a c i d  equ iva len t  p e r  100 ga l lons  o f  spray m i x t u r e  o r  spray s o l u t i o n ;  f o r  ami t ro le ,  AMS, and 
Kren i te ,  read a i h g  ( a c t i v e  i n g r e d i e n t  per  100 ga l lons) .  .. , 

Tota l  

Cl M = number o f  basal sprouts equal t o  o r  more than o r i g i n a l  number o f  stems. F = number of basal 
sprouts l e s s  than o r i g i n a l  number of stems a t  ground l e v e l .  

-l I 

& 

J/ Oi l - in -wate r  emulsion c a r r i e r  c o n t a i n i n g  d i e s e l  o i l  (DO) equ iva len t  t o  5  g a l l o n s  per  100 g a l l o n s  
of spray mixture.  

Reference 
c i t e d  

Top- 
ki 

P lan ts  
with 
basal 
sp rou ts  

C a r r i e r  

O i l - in -wate r  emulsion c a r r i e r  c o n t a i n i n g  DO equ iva len t  t o  4 ga l lons  per  100 ga l lons  of spray 
mix tu re .  

Compl e t e  
p l a n t  k i l l e d  

Basal sprouts 
per  p l a n t ,  by 
average num- 
b e r  and aver- 
age h e i g h t  

5' Pic loram as potassium s a l t ;  2,4,5-T as low v o l a t i l e  es te r .  

O i l - in -wate r  emulsion c a r r i e r  con ta in ing  DO equ iva len t  t o  2  ga l lons  per  100 ga l lons  of spray 
mixture.  

L/ T o p - k i l l  t o o  s l i g h t  t o  induce basal sprout ing.  

Low volatile esters of 2,4,5-T are still the most reliable herbicide for silvicultural use 
on golden evergreenchinkapin. Since t h i s  spec i e s  u s u a l l y  occurs  wi th  o t h e r  
shrubs and weed t r e e s ,  2,4,5-T i s  t h e  most e f f e c t i v e  he rb i c ide  t o  r e -  
l e a s e  c o n i f e r s  from mixtures  o f  golden evergreenchinkapin and o t h e r  
brush spec i e s .  I t  i s  a l s o  e f f e c t i v e  f o r  chemical s i t e  p r epa ra t i on  t o  
be followed by i n t e r p l a n t i n g  i n  understocked s t ands  of  young c o n i f e r s  
intermixed wi th  brush spec i e s .  Treatment with 2,4,5-T w i l l  r e l e a s e  t h e  
e x i s t i n g  c o n i f e r s ,  while  s e l e c t i v e l y  c o n t r o l l i n g  and reducing competi- 
t i o n  of  shrubs and weed t r e e s  t o  prepare  t h e  s i t e  f o r  p l a n t i n g  addi -  
t i o n a l  t r e e s .  



Tab1 e  22--Mortality a f t e r  a m i d s m e r  aerial appZication o f  
herbicides on mature golden evergreenchinkapin i n  
the Siskiyou ~ o u n t a i n s l l  

1! From Gratkowski and P h i l b r i c k  (1965), J. For. 63:919-923. 

2/ Ac id  e q u i v a l e n t .  

Increas ing  t h e  concent ra t ion  of  2,4,5-T beyond 2 l b  aehg i n  an 
emulsion c a r r i e r  did not  i nc rease  e i t h e r  top-  o r  r o o t - k i l l  of  golden 
evergreenchinkapin ( t a b l e  21).  A s  on golden chinkapin i n  t h e  Cascade 
Range, t h e  2 l b  aehg dosage of 2,4,5-T i n  an emulsion c a r r i e r  was ev i -  
den t ly  nea r  an e f f e c t i v e  maximum f o r  f o l i a g e  sprays .  

Treatment 

Although not  a s  e f f e c t i v e  a s  t r i c l o p y r  o r  2,4,5-T, ami t ro le  a l s o  
con t ro l s  golden evergreenchinkapin. Three app l i ca t ions  o f  4 l b  a ihg  
formulat ions of  ami t ro l e  a s  f o l i a g e  sprays k i l l e d  60 percent  of  t h e  
shrubs--a degree of  con t ro l  equal t o  t h a t  achieved with 2 l b  aehg f o r -  
mulations of  2,4,5-T. Amitrole-T should be equal ly  e f f e c t i v e .  Water 
c a r r i e r s  a r e  used with e i t h e r  ami t ro le  o r  amitrole-T. Both ami t ro l e  
and amitrole-T, however, a r e  l e s s  s e l e c t i v e  than 2,4,5-T and may damage 
f o l i a g e  on young con i fe r s .  Therefore, amitrole-T is  l e s s  d e s i r a b l e  than 
2,4,5-T f o r  r e l e a s i n g  young con i fe r s  from brush competition. 

2 1 a  e- - - - - - - -  Percent  - - - - - - - 
2,4-D Emu1 s i o n  2 0 100 4 3 0 
2,4-D 

p l u s  Emu1 s i o n  20 100 34 0 
2,4,5-T 2 

2,4-D 
p l u s  

: I  
Emu1 s i o n  2 0 100 37 0 

2,4,5-T 4 I 

Number 
o  f 

Herb ic ide  

The mixture o f  ami t ro le  and d ichlorprop  which looked promising on 
golden chinkapin i n  t h e  Cascade Range was i n e f f e c t i v e  on t h i s  shrubby 
v a r i e t y  i n  t h e  Siskiyou Mountains. 

Oil- in-water  emulsion c a r r i e r s  a r e  p re fe r r ed  f o r  use with phenoxy 
he rb ic ides  i n  both budbreak and l a t e  f o l i a r  sprays f o r  s i t e  prepara t ion  
and f o r  r e l e a s i n g  young con i fe r s  from golden evergreenchinkapin. Pines,  
however, a r e  s e n s i t i v e  t o  phenoxy he rb ic ides ,  e s p e c i a l l y  i n  emulsion 
c a r r i e r s .  Water c a r r i e r s  should be used i n  l a t e  summer sprays o f  
2,4,5-T t o  r e l e a s e  p ines  i n  southwest Oregon. 

Plan ts  
w i t h  
basal 
sprouts 

Pounds 
per acre 

A budbreak a e r i a l  app l i ca t ion  of 3 l b  ae  o f  2,4-D pe r  ac re  i n  an 
emulsion c a r r i e r  r e s u l t e d  i n  a  30-percent t o p - k i l l  with 11 percent  of 
t h e  shrubs completely dead a t  t h e  end of t h e  second summer (Gratkowski 
and Stewart 1976). Young Douglas-f i rs  were not  damaged by t h i s  t r e a t -  
ment. A s  with o t h e r  r e s i s t a n t  spec ie s ,  however, repea ted  a e r i a l  a p p l i -  
ca t ions  o f  phenoxy he rb ic ides  a r e  requi red  t o  k i l l  more than 50 percent  

C a r r i e r  

Top- 
k i l l  

Complete 
shrub 

k i l l e d  



of t h e  golden evergreenchinkapin shrubs i n  a  b rush f i e ld  (Gratkowski 
1968). 

In  two sepa ra t e  screening t e s t s  during 1963 and 1974, 1 l b  aehg 
s o l u t i o n s  of potassium s a l t s  of  picloram i n  water  appl ied  a s  f o l i a g e  
sprays were l e s s  e f f e c t i v e  than s i m i l a r  t rea tments  with low v o l a t i l e  
e s t e r s  of  2,4-D o r  2,4,5-T i n  emulsion c a r r i e r s .  Picloram i s  not  r ec -  
ommended f o r  f o l i a g e  sprays t o  con t ro l  golden evergreenchinkapin. 

SASKATOON SERVICEBERRY (Resistant) 

Serviceberry  probably has a  g r e a t e r  range than any o t h e r  shrub 
l i s t e d  i n  t h i s  pub l i ca t ion .  I ts  range extends from Alaska southward 
through t h e  Coast and Cascade Ranges t o  c e n t r a l  Ca l i fo rn ia ,  thence 
eastward t o  t h e  Dakotas, Colorado, and New Mexico. Elevat ional  range 
i s  a l s o  g r e a t ;  from near  sea  l e v e l  t o  subalpine a r e a s .  

Serv iceberry  does no t  form extens ive ,  dense s tands  i n  western 
Oregon. Ins tead ,  it usua l ly  occurs  i n  small clumps o r  s c a t t e r e d  shrubs 
a s  a  component of  spa r se  brush unde r s to r i e s  i n  open s tands  of  con i fe r s .  
In  dense b rush f i e lds  on burns and c u t t i n g s ,  s e rv icebe r ry  shrubs a r e  
s c a t t e r e d  throughout t h e  s tand  of  shrubs and weed t r e e s .  I t  i s  a  sub- 
s t a n t i a l  element of  t h e  dense 10,000-acre b rush f i e ld  on t h e  Cat H i l l  
burn near  Mount McLoughlin a t  t h e  c r e s t  o f  t h e  Cascade Range i n  south- 
western Oregon. 

Saskatoon se rv icebe r ry  can be a  severe  competitor f o r  young coni-  
f e r s .  I t  produces a  tangled mat of  r o o t s  t h a t  f u l l y  occupy t h e  su r face  
l a y e r  of  s o i l  beneath dense clumps of  s e rv icebe r ry  stems t h a t  can ex- 
ceed 15 f e e t  i n  he igh t .  Thick s tands  o f  sprouts  develop from these  
roo t  systems a f t e r  f i r e  o r  c u t t i n g  o r  when t h e  crowns a r e  k i l l e d  with 
herb ic ide .  

Large clumps o f  s e rv icebe r ry  were sprayed dur ing  e a r l y  August high 
on t h e  west s lope  o f  t h e  Cascade Range ( f i g .  14) .  When t r e a t e d ,  twig 
growth had ceased and new buds had been formed. Most leaves  were f u l l y  
developed, and many of  t h e  f r u i t s  were r i p e .  

None of  t h e  he rb ic ides  produced a s a t i s f a c t o r y  degree of  con t ro l  
with one t reatment  when app l i ed  a s  f o l i a g e  sprays ( t a b l e  23).  Fol iage 
d ied  quickly  and branches d ied  back a  l imi t ed  amount, but  a l l  sprayed 
p l a n t s  were s t i l l  a l i v e  2 years  a f t e r  t rea tment .  Since a l l  p l a n t s  
produced numerous stem and basa l  sp rou t s ,  a temporary reduct ion of 
crown s i z e  was t h e  only r e s u l t  o f  t h e  i n i t i a l  spraying.  Three succes- 
s i v e  app l i ca t ions  of  phenoxy he rb ic ides  a s  f o l i a g e  sprays were requi red  
t o  k i l l  more than 50 percent  o f  t h e  shrubs (Gratkowski 1968). 

2,4-D is recommended for use as a foliage spray to control saskatoon serviceberry. 
Afte r  t h e  i n i t i a l  app l i ca t ion ,  2,4,5-T seemed s l i g h t l y  more e f f e c t i v e  
than 2,4-D a s  a  high volume f o l i a g e  spray  on t h i s  spec ie s .  Within t h e  



Figure  14.--The c lump o f  s e r v i c e b e r r y  b e i n g  sam- 
p led  was l a s t  sprayed w i t h  2,4-0 1 9  y e a r s  ago .  
Note i t s  g r e a t l y  reduced  v i g o r  i n  comparison 
w i t h  the unsprayed s h r u b  o n  r i g h t  s i d e  o f  pho to .  

Table 23--Effects of herbicides on saskatoon serviceberry at the 
end of the second growing season after treatment 

2,4-DB 1 Water 2 0 100 M 12 54 0 Prev ious ly  
2,4-DB 2 Water 2 0 100 M 17 68 0 unpubl i shed 
AMS 10 Water 20 100 M 11 67 0 data 

L/ Pounds a c i d  equ iva len t  per  100 ga l lons  of spray mix tu re  o r  spray s o l u t i o n ;  f o r  a m i t r o l e  and 
AMS, read a i h g  ( a c t i v e  i n g r e d i e n t  per  100 ga l lons) .  

2/ M = number o f  basal sprouts equal t o  o r  more than o r i g i n a l  number o f  stems. 

L i t t l e  n o t i c e a b l e  e f f e c t .  

Reference 
c i t e d  

1/ aehg- - Number -- Percent ~ u m b e r l '  - Inches - - - Percent - - - 
2,4-D 1/2 Water 20 100 M 14 33 0 Gratkowski 
2,4-D 2 Water 20 100 M 11 50 0 (1959) 
2,4-D 4 Water 20 100 M 14 44 0 
2,4,5-T 1/2 Water 10 100 M 15 33 0 
2,4,5-T 2 Water 10 100 M 12 68 0 
ami t r o l  e  4 Water 10 - - - - - - - 31 0 
2,3,6-TBA 1 Water 10 - - - - -- - 3/ 0 
2,4-D 

p l u s  I Water 10 100 M 10 43 0 
ami t r o l  e  1 
2,3,6-TBA 

p l u s  I Water 10 - - - - -- 31 0 
ami t r o l  e  1 

Complete 
p l a n t  k i  11 ed 

TOP- 
k i l l  

Treatment 

To ta l  
p l a n t s  
Sprayed 

Herb ic ide  

sprouts 
~~~:~~~ 

Basal sprouts 
per plant, by 

- 
age h e i g h t  

C a r r i e r  



range of  t rea tments  t e s t e d ,  however, t h e  d i f f e rence  was too  small t o  
be o f  p r a c t i c a l  value.  Use o f  t h e  more expensive 2,4,5-T does not  seem 
warranted f o r  t h e  s l i g h t  i nc rease  i n  t o p - k i l l .  

None o f  t h e  o t h e r  chemicals and combinations o f  chemicals t e s t e d  
a r e  considered more use fu l  than 2,4-D o r  2,4,5-T on serv iceberry .  None 
were more e f f e c t i v e  than t h e  phenoxy he rb ic ides ,  and a l l  have one o r  
more l e s s  favorable  c h a r a c t e r i s t i c s .  2,4-DB, f o r  example, i s  not  
e f f e c t i v e  on a s  wide a  range o f  spec ie s ,  and AMS i s  l e s s  s e l e c t i v e  and 
corrodes spray  equipment. 

Probably t h e  most important r e s u l t  of t h e  t e s t s  on t h i s  spec ies  
i s  t h e  ind ica t ion  t h a t  very low concent ra t ions  o f  2,4-D o r  2,4,5-T may 
be use fu l  f o r  r e l e a s i n g  c o n i f e r  reproduct ion from competition of  
serv iceberry .  Although n e i t h e r  tops nor  r o o t s  were e n t i r e l y  k i l l e d ,  
increased l i g h t  a s  a  r e s u l t  of t h e  g rea t  reduct ion  i n  crown s i z e  and 
f o l i a g e  should be b e n e f i c i a l  t o  con i fe r  reproduct ion.  The reduct ion 
i n  se rv icebe r ry  f o l i a g e  and crown s i z e  should a l s o  inc rease  t h e  amount 
of s o i l  moisture a v a i l a b l e  t o  young con i fe r s  during t h e  dry summer 
per iod .  

SCRUB TANOAK (Resistant) 

Scrub tanoak i s  another  of  t h e  many undes i rab le  evergreen shrubs 
on f o r e s t  land i n  southwestern Oregon and nor thern  Ca l i fo rn ia .  This 
shrub ( f i g .  15) is  a v a r i e t y  (montanus) o f  Li thocarpus dens i f lorus ,  one 
of t h e  b e t t e r  hardwood t r e e s  i n  t h e  P a c i f i c  Northwest. Both t h e  t r e e  

Figure 15. --Scrub tanoak is a c o m n  shrub i n  t h e  
Siskiyou Mountains o f  southwestern Oregon and 
nor thern  Ca l i fo rn ia  . 



species  and t h e  shrubby v a r i e t y  a r e  major components o f  b rushf i e lds  i n  
t h e  Siskiyou Mountains and t h e  i n t e r i o r  of t h e  Oregon Coast Ranges. In  
t h e  Siskiyou Mountains near  Grants Pass, scrub tanoak appears t o  be 
q u i t e  t o l e r a n t  and i s  prevalent  a s  an understory shrub i n  open s tands  
of f o r e s t  t r e e s  o r  i n  t h e  moderate shade o f  p a r t i a l l y  cut  s tands .  

One hundred and twenty p l a n t s  were sprayed i n  t h e  Siskiyou Mountains 
during mid-July 1955. The shrubs were growing, and many new leaves  had 
a t t a i n e d  f u l l  s i z e .  The pubescent new f o l i a g e  was d i f f i c u l t  t o  wet with 
water sprays;  emulsion c a r r i e r s  wetted t h e  f o l i a g e  much more r ead i ly .  

Scrub tanoak proved r e s i s t a n t  t o  both 2,4-D and 2,4,5-T appl ied  a s  
f o l i a g e  sprays i n  mid-July ( t a b l e  24). Although t h e  a e r i a l  p a r t s  d ied  
back halfway t o  t h e  ground, stem sprouts  developed on t h e  l i v i n g  lower 
p a r t s  of t h e  stems; and basa l  sprouts  were almost inva r i ab ly  produced 
by t h e  t r e a t e d  p l a n t s .  

Within t h e  range o f  concentrat  ions t e s t e d ,  2,4-D was as effective as 2,4,5-T. 
Increas ing  t h e  concentrat ion of  t h e  chemicals from 2 t o  4 l b  aehg i n  
emulsion c a r r i e r s  d id  not  appreciably change extent  o f  t o p - k i l l .  Evi- 
den t ly  dosages of  both 2,4-D and 2,4,5-T were a l ready nea r  t h e i r  e f f ec -  
t i v e  maximum when 2 l b  aehg so lu t ions  were appl ied  t o  d r i p  po in t .  The 
r e l a t i v e  e f fec t iveness  of 2,4-D vs.  2,4,5-T was v e r i f i e d  i n  cut  su r face  
t reatments  o f  tanoak and P a c i f i c  madrone t r e e s  i n  northern Ca l i fo rn ia  

Table 24--Effects of herbicides on scrub tanoak a t  the end o f  the 
second growing season a f t e r  treatment 

L1 Pounds a c i d  e q u i v a l e n t  per  100 g a l l o n s  o f  spray mix tu re  o r  spray s o l u t i o n .  

z1 M = number o f  basal sprouts equal t o  o r  more than o r i g i n a l  number o f  stems a t  ground l e v e l .  

O i l - in -wate r  emulsion c a r r i e r  c o n t a i n i n g  d i e s e l  o i l  (DO) equ iva len t  t o  5  g a l l o n s  p e r  100 
ga l lons  of spray mix tu re .  

(Radosevich e t  a l .  1976). Amines of 2,4-D k i l l e d  87 percent  and 2,4,5-T 
k i l l e d  79 percent  of  in j ec ted  t r e e s .  

Reference 
c i t e d  

Diesel o i l  emulsions were more e f f e c t i v e  than water c a r r i e r s  f o r  
both 2,4-D and 2,4,5-T on scrub tanoak. Top-ki l l  with a  2 l b  aehg con- 
cen t ra t ion  of  2,4-D was about 65 percent  g r e a t e r  i n  an emulsion c a r r i e r  
than i n  a  water c a r r i e r ;  t h e  ef fec t iveness  of  a  s i m i l a r  concentrat ion 
of 2,4,5-T was increased almost 35 percent .  

1/ aehg- Number Percent  umber^ Inches - - - ---- Percent - - - 
2,4-D 2  Water 2  0  95 M 10 40 0  Gratkowski 
2,4-D 2  5% ~$1 20 100 M 11 66 0  (1959) 
2,4-D 4  5% DO 20 100 M 14 55 0  
2,4,5-T 2  Water 2 0  9 5 M 12 43 0  
2,4,5-T 2  5% DO 2  0  100 M 12 58 0  
2,4,5-T 4  5% DO 20 100 M 12 63 0  

Compl e t e  
p l a n t  k i l l e d  

Top- 
k i l l  

Treatment 

Total 
p l a n t s  
Sprayed 

Herb ic ide  C a r r i e r  

P lan ts  
With 

:i$!~ts 

Basal sprouts 
p e r  p l a n t ,  by 

average ber  and aver-  
age h e i g h t  



A budbreak a e r i a l  spray of 3 i b  ae  of 2,4-D e s t e r s  i n  an emulsion 
c a r r i e r  per  acre  k i l l e d  only 3 percent of  the  scrub tanoak shrubs i n  
th ree  brushf ie lds  i n  the  Siskiyou Mountains (Gratkowski and Stewart 
1976). Top-kill  on the  remaining l i v e  shrubs averaged 50 percent.  
For comparison, f o l i a r  sprays of 2 l b  and 4 l b  aehg formulations of 
2,4-D i n  emulsion c a r r i e r s  applied t o  d r i p  point  produced t o p - k i l l s  of 
66 and 55 percent ,  respect ively ,  but none of t h e  shrubs were dead. 
This comparison ind ica tes  t h a t  e f fec t s  of  the  high-volume fo l i age  sprays 
shown i n  t a b l e  24 a r e  r e l i a b l e  indicators  of  e f f e c t s  t h a t  may be expected 
when phenoxy herbicides a r e  applied as  low-volume a e r i a l  sprays.  

Twenty years '  experience with a e r i a l  sprays on scrub tanoak has 
v e r i f i e d  t h i s  observation. I t  has a l s o  shown t h a t  repeated a e r i a l  
sprays l i k e  repeated high-volume fo l i age  sprays (Gratkowski 1968) a r e  
necessary t o  k i l l  a moderately high percentage of scrub tanoak shrubs. 
Observation of numerous a e r i a l  spray p ro jec t s  a l s o  ind ica tes  t h a t  a 
b rushk i l l e r  mixture of 2 l b  ae  of 2,4-D plus  1 l b  ae  of 2,4,5-T i n  an 
emulsion c a r r i e r  i s  general ly more e f f e c t i v e  than 3 l b  ae  of 2,4-D i n  
a s imi la r  c a r r i e r  on tanoak t r e e s  t h a t  have a t t a ined  heights  of 20 f e e t  
o r  more. 

CANYON LIVE OAK (Resistant) 

Canyon l i v e  oak, a broad-leaved evergreen shrub o r  t r e e ,  is  a 
major component of brushfields i n  the  Siskiyou Mountains and i n  t h e  
i n t e r i o r  of the  Coast Ranges south of the  Rogue River. Low, shrubby 
forms of t h i s  oak a r e  abundant i n  Siskiyou Mountain brushf ie lds  a t  e l e -  
va t ions  of 3,000 f e e t  and above. A t  lower e levat ions ,  e spec ia l ly  i n  
canyons near Galice, it maintains i t s  many-stemmed, shrubby character-  
i s t i c  but a t t a i n s  heights  of 15 t o  20 f e e t .  The t r e e  form is  usual ly  
found i n  r i v e r  bottoms a s  f a r  north a s  L i t t l e  River, a t r i b u t a r y  of t h e  
North Umpqua River, e a s t  of Roseburg. From the  Siskiyou Mountains, t h e  
range of canyon l i v e  oak extends southward i n  t h e  S i e r r a  Nevada t o  
cen t ra l  Cal i fornia  and i n  t h e  Coast Ranges t o  southern Cal i fornia .  

The low, shrubby form of canyon l i v e  oak was sprayed during mid- 
J u l y  i n  a brushf ie ld  i n  the  Siskiyou Mountains. The shrubs averaged 
4 f e e t  i n  height when sprayed; twig growth had ceased, and terminal buds 
were forming. New leaves were s imi la r  t o  those of t h e  previous year i n  
s i z e  and appearance. 

When applied a s  fo l i age  sprays,  n e i t h e r  2,4-D nor 2,4,5-T provided 
an acceptable degree of control  with one treatment ( t a b l e  25). Although 
a l l  sprayed p l a n t s  were completely defol ia ted ,  t o p - k i l l  was l imi ted  and 
every t r e a t e d  plant  sprouted from the  base ( f i g .  16).  Stem sprouts 
a l s o  developed on most of the  p l a n t s ,  but these  appeared t o  be too few 
and too small t o  maintain l i f e  i n  more-than a small p a r t  of t h e  o r ig ina l  
crown. 



Tab1 e 25--Effects of herbicides on canyon live oak at the end of 
the second growing season after treatment 

AMS 20 4% D&/ 2 0  95 M 5 65 0 Previously 
AMS 40 4% DO 20 100 M 5 79 0 unpubl ished 
8726-M 2 Water 20 - 5/ (Only s l  i g h t  t i p - k i l l  , 1 i t t l e  data 

de fo l i a t i on ;  i n e f f e c t i v e )  

2,4-D 3 2% D&' 20 
p i  c l  oram 1 Water 20 
t r i c l  opyr 

ami ne 1 Water 20 
t r i c l o p y r  
ami ne 3 Water 2 0 

t r i c l  opyr 
es te r  3 Water 20 

~ r e n i  t e  TM 1 Water 20 
Kren i t e  3 Water 20 

Reference 
c i t e d  

6 5 F 5 76 0 Gratkowski 
30 F 5 30 0 e t  a l .  

(1978) 
2 5 F 4 64 0 

d l  Number Percent ~urnbes '  Inches - - - ---- Percent - - - 
2,4-D 2 Water 20 100 M 9 25 0 Gratkows k i  
2,4-D 2 5 % ~ 0 3 /  20 100 M 7 44 0 (1959) 
2,4-D 4 5% DO 20 100 M 11 54 0 
2,4,5-T 2 Water 20 100 F 6 2 1 0 
2,4,5-T 2 5% DO 20 100 F 5 32 0 
2,4,5-T 4 5% DO 20 100 M 8 37 0 

Compl e te  
p l a n t  k i l l e d  

1! Pounds ac id  equivalent  per 100 ga l lons  of spray mix ture  o r  spray so lu t ion ;  f o r  AMS and Kreni te,  
read a ihg  (ac t i ve  ingred ien t  per 100 gal lons).  ., , 

Treatment 

C/ M = number o f  basal sprouts equal t o  o r  more than o r i g i n a l  number o f  stems. F = number of 
basal sprouts less  than o r i g i n a l  number o f  stems a t  ground l eve l .  .. , 

Total  

Herbic ide 

Oi l - in-water emulsion c a r r i e r  conta in ing  d iese l  o i l  (DO) equivalent  t o  5 ga l lons  per 100 
gal lons of spray mixture.  

O i l - in -water  emulsion c a r r i e r  conta in ing  DO equ iva len t  t o  4 ga l lons  per 100 gal lons of spray 
mixture.  

Plants 
with 

~I;;I:~~ F;:f & 

Top-k i l l  too  s l i g h t  t o  induce basal sprouting. 

6' O i l  - in-water emu1 s ion  c a r r i e r  conta in ing  DO equ iva len t  t o  2 ga l lons  per 100 gal lons of 
spray mixture.  

Ca r r i e r  

2,4-D was more effective than 2,4,5-T for killing foliage and stems of canyon live oak, 
but n e i t h e r  chemical completely k i l l e d  the  tops.  Both chemicals were 
s l i g h t l y  more e f f e c t i v e  i n  t h e  s t ronger  (4 l b  aehg) formulations than 
i n  t h e  weaker (2 l b  aehg) formulations. The increase i n  top-k i l l  was 
so s l i g h t ,  however, t h a t  it did  not ind ica te  t h a t  appreciably increased 
control  might be obtained by adding more herbicide t o  t h e  spray solut ion;  
any s l i g h t  increase i n  t o p - k i l l  would not be worth the  addi t ional  cos t .  
For high volume foliage sprays on mature canyon live oak shrubs, 3 Ib aehg of 54-D should 
produce near maximum topkill. 

Basal sprouts 
Per p lan t ,  by 
average 
ber and aver- 
age he igh t  

A d i e s e l  o i l  emulsion proved more e f f e c t i v e  than a water c a r r i e r  
f o r  both herbicides.  With the  2 l b  aehg concentration of  2,4-D, top- 
k i l l  with t h e  emulsion c a r r i e r  was approximately 76 percent g rea te r  
than t h a t  obtained with t h e  water c a r r i e r .  With a s imi la r  concentra- 
t i o n  of 2,4,5-T, top-k i l l  was about 50 percent g rea te r  with t h e  emulsion 
c a r r i e r .  

TOP- 
k i l l  



Figure  16.--Canyon l i v e  oak s p r o u t s  on s i te  
a e r i a l  sprayed ,  burned ,  and then resprayed  
wi t h  a m i x t u r e  o f  phenoxyace t i c  h e r b i c i d e s  
23 ,  22 ,  and 20 years  b e f o r e ,  r e s p e c t i v e l y .  
I n i t i a l l y ,  this area  was covered b y  a 
dense  b r u s h f i e l d  o f  evergreen  shrubs .  

Sprayed-and-burned shrubs of  t h i s  type i n  Siskiyou Mountain brush- 
f i e l d s  developed broad, dense clumps of healthy sprouts from roo t s  and 
root  crowns t h a t  survived both t h e  phenoxy herbicides and t h e  f i r e  
(Gratkowski and Philbrick 1965). In many cases,  these  clumps contained 
hundreds of sprouts t o  replace one o r  two dozen stems of the  o r ig ina l  
mature shrubs. I t  appeared impossible t h a t  any young conifer  could 
compete and survive within t h e  sprout clumps. Neither two addi t ional  
high-volume fo l i age  sprays on individual  shrubs (Gratkowski 1968) nor 
two a e r i a l  resprays ( t a b l e  263, however, were s u f f i c i e n t  t o  k i l l  even 
50 percent of resprouting canyon l i v e  oak shrubs. 

Table 26--Mortality a f t e r  a m i d s m e r  aer ia l  a p p t i c a t i ~  o f  
herbicides on mature canyon l i v e  oak i n  the  
S isk iyou ~ o u n t a i n s u  

Treatment 1 Number I Plants I 
o f  w i t h  Top- Compl e t e  

Pounds carrier 1 shrubs 1 basal 1 k i l l  1 shrub Herbicide per acre sampled sprouts k i l l e d  

a&' - - - - - - -  Percent - - - - - - - 
2,4-D 3 Emu1 sion 20 100 25 0 
2,4-D 

plus Emu1 s i on 20 100 17 0 

2,4-D 
plus Emu1 sion 20 100 18 0 
2,4,5-T 4 

L/ From Gratkowski and P h i l b r i c k  (1965) ,  J .  For. 63:919-923. 

Acid equ iva lent .  



Of a l l  chemicals t e s t e d  a s  high-volume fo l i age  sprays,  only 3 aehg 
r a t e s  of t r i c l o p y r  equaled the  e f f e c t  of low v o l a t i l e  e s t e r s  of 2,4-D. 
When reg i s t e red  f o r  f o r e s t  use, both e s t e r  and amine formulations of 
t r i c l o p y r  may prove useful  f o r  s i t e  preparat ion (Gratkowski e t  a l .  1978). 
Triclopyr,  however, damages conifers  and cannot be considered a replace- 
ment f o r  2,4-D i n  re lease  sprays. 

Conclusion 
None of t h e  au thor ' s  screening t e s t s  of herbic ides  on shrubs and 

weed t r e e s  during t h e  pas t  24 years have revealed any chemical a s  ver-  
s a t i l e  and e f f e c t i v e  a s  low v o l a t i l e  e s t e r s  of e i t h e r  2,4-D o r  2,4,5-T. 
This conclusion i s  i n  agreement with t h a t  of many others  who have com- 
pared 2,4-D and 2,4,5-T with s i lvex ,  dichlorprop, dicamba, picloram, 
and other  herbic idal  chemicals on woody p l a n t s  (Schubert 1962; Leonard 
and Harvey 1965; Stewart 1974a, 1974b). The two phenoxyacetic herbi-  
c ides  a r e  e f f e c t i v e  on most shrubs and weed t r e e s  t h a t  a r e  s i l v i c u l t u r a l  
problems on Pac i f i c  Northwest f o r e s t  land. I t  must a l s o  be s t r essed  
t h a t  2,4-D i s  not a s u i t a b l e  replacement f o r  2,4,5-T; nor i s  2,4,5-T an 
acceptable replacement f o r  2,4-D. Although the re  i s  some overlap i n  
e f f e c t  on many brush species ,  t h e  two herbicides complement r a t h e r  than 
replace each other  i n  s i l v i c u l t u r e .  

For s i t e  preparat ion on areas  occupied by deciduous woody p lan t s ,  
picloram can be a s a t i s f a c t o r y  s u b s t i t u t e  f o r  e i t h e r  2,4-D o r  2,4,5-T 
i n  the  f o r e s t  ecosystem. Picloram, however, i s  more p e r s i s t e n t  than 
the  phenoxyacetic herbicides and i s  not a s  e f f e c t i v e  on evergreen 
species.  Newer herbicides such a s  glyphosate, Krenite, and t r i c l o p y r  
should prove useful  f o r  con t ro l l ing  some species and f o r  p a r t i c u l a r  
s i l v i c u l t u r a l  problems a s  indicated i n  t h e  t e x t .  Tests  indica te ,  how- 
ever, t h a t  none of these  can completely replace e i t h e r  2,4-D o r  2,4,5-T 
i n  s i l v i c u l t u r e .  
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The mission of the PACIFIC NORTHWEST FOREST 
AND RANGE EXPERIMENT STATION is to provide the 
knowledge, technology, and alternatives for present and 
future protection, management, and use of forest, range, and 
related environments. 

Within this overall mission, the Station conducts and 
stimulates research to  facilitate and to accelerate progress 
toward the following goals: 

1. Providing safe and efficient technology for inventory, 
protection, and use of resources. 

2. Developing and evaluating alternative methods and 
levels of resource management. 

3. Achieving optimum sustained resource productivity 
consistent with maintaining a high quality forest 
environment. 

The area of research encompasses Oregon, Washington. 
Alaska, and, in some cases, California, Hawaii, the Western 
States, and the Nation. Results of the research are made 
available promptly. Project headquarters are at: 

Fairbanks, Alaska Portland, Oregon 
Juneau, Alaska Olympia, Washington 
Bend, Oregon Seattle, Washington 
Corvallis, Oregon Wenatchee, Washington 
La Grande, Oregon 

Mailing address: Pacific Northwest Forest and Range 
Experiment Station 

P.O. Box 3141 
Portland, Oregon 97208 
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