
Effect on Blue Oak (Quercus douglassi) of 2,4-D
and 2,4,5-T Concentrates applied to Cuts in Trunks

Item Type Article; text

Authors Leonard, Oliver A.

Citation Leonard, O. A. (1956). Effect on blue oak (Quercus douglassi) of
2,4-d and 2,4,5-T concentrates applied to cuts in trunks. Journal
of Range Management, 9(1), 15-19.

DOI 10.2307/3894644

Publisher Society for Range Management

Journal Journal of Range Management

Rights Copyright © Society for Range Management.

Download date 24/05/2023 20:27:00

Item License http://rightsstatements.org/vocab/InC/1.0/

Version Final published version

Link to Item http://hdl.handle.net/10150/650076

http://dx.doi.org/10.2307/3894644
http://rightsstatements.org/vocab/InC/1.0/
http://hdl.handle.net/10150/650076


Effect on Blue Oak (Quercua douglasii) of 
2,4-D and 2,4,5-T Concentrates 
Applied to Cuts in Trunks 

OLIVER A. LEONARD 
Associate Botanist, University of California, Davis, 
California 

The blue oak (Quercus douglasii) 
is a common deciduous tree in the 
Sierra Nevada foothills and on the 
inner Coast Ranges of California. 
It is the main woody species on 
several million acres of land. 
Stands of blue oak may vary in 
density but generally consist of 
50 to 200 trees per acre. The ma- 
ture trees are 20 to 60 feet high. 
Trees sprout basally when cut, ex- 
cept during the late summer and 
early fall, when only a few will 
sprout. 

Trees on ranch land may be dis- 
advantageous in several ways. The 
forage developing beneath these 
trees is generally considered to be 
less desirable than that developing 
in the open. When cattle consume 
too many acorns they may lose 
weight ; feeding of concentrates 
may then be necessary. The pres- 
ence of an abundance of trees in- 
creases the difficulty of locating 
cattle. Removing trees may in- 
crease the flow of water from 
springs. For these or other rea- 
sons, ranchers often desire to re- 
duce the number of trees on the 
land. 

This paper reports the results of 
tests with 2,4-D and 2,4,5-T con- 
centrates applied to cuts in stand- 
ing trees. Exploratory tests con- 
ducted by Swezey (1953) on wil- 
low observed in 1950 stimulated 
interest in making a more detailed 
study using concentrates for kill- 
ing trees. A number of factors had 
to be investigated in order to learn 
the limitations of this method; 
therefore, with very little back- 
ground information to go on, the 
following studies were conducted. 
The use of concentrates had an ob- 
vious appeal for use in the oak 

woodland areas. A small volume 
of material that could be carried 
on horseback would be enough to 
last a worker an entire day. 

Studies to be reported are on 
the blue oak, although some on the 
interior live oak (Quercus wisli- 
xenii) were conducted at the same 
time. The results on the latter 
species will be published at a later 
date. 

Materials anId Methods 
Most of the tests reported in this 

paper were conducted in 1951 on 
the L. J. Gamble ranch in Napa 
County. Annual rainfall averages 
about 20 inches, mostly falling be- 
tween November 1 and May 1. 

The trees varied in diameter 
from 6 to 24 inches. Chemicals 
were introduced into the trees 
through cuts which were made in 
the trunks. The cuts were made 
with a shingle hatchet, having a 
blade 2 inches wide. A 5 ml. vet- 
erinary hypodermic syringe was 
used for making the applications 
of undiluted commercial formula- 
tions of 2,4-D and 2,4,5-T con- 
centrates. Liquid formulations of 
the amines and esters of 2,4-D and 
2,4,5-T, and the amine salt of MCP 
were used in the testsl. All formu- 
lations contained 4 pounds of acid 
equivalent per gallon and were 
used without dilution with water or 
oil (except in one experiment). Ten 
trees were used per treatment. 

IThe esters of 2,4-D and $4,5-T (mixed 
propylene glycol butyl ether esters) and 
the? amine salt of MCP (triethanolamine) 
were supplied by the Dow Chemical Com- 
pany. The amine of 6,4-D (triethanola- 
mine) was supplied by American Chemi- 
cal Paint Company and the amine of 
d,4,5-T (triethylamine) by E. I. Du Pont 
de Nemours and Company. 
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The trees were numbered using 
aluminum tags nailed loosely to 
the trunks about 6 feet above the 
ground. Tags within 4 or 5 feet of 
the ground were often eaten by 
deer. Tags nailed tightly to the 
trees are sometimes lost because of 
cambial activity forcing the tags 
over the heads of the nails. 

Results 
Experiments were conducted to 

determine factors which might in- 
fluence the results with this method 
of application of chemicals. 

Spacing of Cuts 

Data presented in Table 1 indi- 
cate the effect of various spacings 
of cuts on kill. Cuts spaced every 
4 inches around the circumference 
of the tree were clearly more ef- 
fective than cuts spread farther 
apart. Less material was necessary 
to effect a high percentage of kill 
at this spacing than in wider spac- 
ings. With B-inch spacing, 8 ml. of 
2,4,5-T were necessary to effect a 
100 percent kill. Although fewer 
cuts were necessary than with the 
4-inch spacing, the time necessary 
to apply 8 ml. per cut was consid- 
erably increased, since the cuts 
hold only 2 or 3 ml. at any one 
time. 

The tissues below and above the 
cuts are the first to die, while the 

Table 1. Effect of spacing of cuts on 
the kill of blue oak with 2,4-D and 

2.4.5-T amine.* 

Spacing” * Vol. of Trees Dead 

chemical -2,4-D 2,4,5-T 
applied amine amine 

in. ml./cut O/O % 

4 1 100 70 
4 2, 100 100 
4 4 100 100 
6 2 60 70 
6 4 100 100 
8 2 50 - 
8 4 90 - 
8 8 100 - 

12 2 30 - 
12 4 50 - 
12 8 60 - 

*Unless otherwise stated, the data in each 
table are based on 10 trees per treatment. 
Treatments were applied in August, 1951 
and final readings were measured three years 
laFa;,n August 1954 unless otherwise in- 

**Spacing indicates the distance from the 
center of one cut to the center of the next 
cut. 
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Table 2 Effectiveness of cut-surface treatment with 2,4-D and 2,4,5+T amines as 
redated to height of cut. 

2,4-D amine” 2,4,5-T amine 
Height of Plant Basally Sprouting Plant Basally Sproutiug 

cut Eill in 1953** Kill in 1953 
in. % % -% % 
0 100 0 100 0 
6 100 0 90 0 

12 70 10 100 10 
24 60 50 80 10 
36 60 20 100 50 
48 60 20 90 50 

*Volume of amine per cut was 2 ml. 
**All sprouts were dead in 1954. 

bark between the cuts may remain 
alive much longer. The broader the 
strip of uncut bark, the less likely 
it is to die. Frilling is the most 
certain method for killing trees, 
especially on vigorous sprouting 
species. Frilling has resulted in a 
kill of all blue oaks treated with 
2,4-D and 2,4,5-T amines. 

Height of Cut 

Tests made in August 1951 to 
determine the effect of various 
heights of cuts treated with 2,4-D 
and 2,4,5-T amine are reported in 
Table 2. 

Treatments with 2,4-D amine in 
cuts made close to the ground were 
more effective than those made 
higher on the trunks. In treat- 
ments with 2,4,5-T amine, height 
of cut made less difference on ef- 
fectiveness. 

An important advantage in mak- 
ing low cuts is that there is much 
less sprouting from the stumps. 
This sprouting does not appear to 
be important with the blue oaks, 
since the sprouts present the sec- 
ond year after the tests were made 
had all died by the end of the third 
year; however, in species which 
have hardier sprouts, low cutting 
would be necessary, since many of 
such sprouts would not die. 

Similar tests with the ester for- 
mulations gave poorer results than 
with the amines. For all heights, 
13 percent kill was obtained with 
2,4-D ester and 41 percent with 
2,4,5-T ester. 

Depth of Application 

The effects of various depths of 
application were studied in holes 

made at a 30” angle with a one- 
inch machine drill. Data in Table 
3 present the results obtained 
with 2,4-D and 2,4,5-T amines. 

Applications made 8 to 22 mm. 
into the wood appeared to be satis- 
factory with 2,4,5-T, while appli- 
cations made 16 mm. and deeper 
appeared to be best with the 2,4-D 

Table 3. Effect of depth of apfplic&ion 
of 2,4-D and 2,4,5-T amines on killing 

of blue oak trees.* 
Depth of hole’ Plant Kill 

Total Depth 2,4-D 2,4,5-T 
Depth in w00a amine** amine 

- 
,mm. mm. % % 
11 2 0 10 
16 8 40 100 
24 16 80 60 
32 22 100 100 
51 42 100 40 
76 67 80 10 

*Five trees were used per treatment. 
**Volume of amine used per cut was 2 ml. 

amine. The 2,4,5-T amine was 
absorbed by the wood much faster 
than was the 2,4-D amine which 
was probably a factor causing its 
greater effectiveness at the shal- 
lower depths. At the greater 
depths. the penetration of the 2,4,- 
5-T into dry wood probably re- 
sulted in loss, making it less effec- 
tive than the 2,4-D amine. Differ- 
ences in the amine formulations 
may have been responsible for the 
results. The triethyl amine of 
2,4,5-T is more oil-like than the 
alkanolamine of 2,4-D, a factor 
favoring penetration into wood. 

The average kill obtained with 
the esters was much poorer than 
with the amines. The 2,4,5-T ester 
gave an average kill of 35 percent 
for all depths of application, while 

the 2,4-D ester had an average kill 
of only 7 percent. 

The importance of depth of ap- 
plication has been corroborated in 
field trials by various individuals 
in California; with shallow cuts, 
the kills have been erratic. 

Dilution with Water 
It was of interest to determine 

whether concentrates of, 2,4-D 
amine were more or less effective 
than were the same quantities of 
2,4-D applied diluted with water. 
Table 4 summariz& an experiment 
conducted in 1951. 

The results suggest an advantage 
in diluting the amine of 2,4-D 
when small amounts are applied to 
cuts; however, when the quantity 
of 2,4-D applied to cuts is increased 
to a level necessary to kill an ap- 
preciable percentage of the trees, 
the advantage of diluting the 2,4-D 
with water completely disappears. 
Since the use of more than 2 ml. of 
solution per cut requires extra 
time for application, no advantage 
is obtained by dilution of the 
amine with water. 

Chemical Tests 
The effectiveness of the amine 

and ester forms of 2,4-D and 2,4,5- 
T and the amine of MCP in a test 
made in August 1951 is shown in 
Table 5. 

All chemicals except MCP were 
effective when used at the rate of 
4 ml. per cut. Amine forms were 
clearly superior to esters at appli- 
cation volumes of 1 ml. per cut. 

Table 4. Effect on plant kill of dilu- 
tion with water of 2,4-D amine ap- 

plied to cuts. 
Concentration Vol. applied Plant 

of 2,4-D per cut Kill 
lbs./gal. ml. % 

4 0.25 0 
4 0.5 0 
4 1.0 50 
4 2.0 80 
2 0.5 10 
2 * 1.0 30 
2 2.0 50 
2 4.0 70 
1 1.0 20 
1 2.0 40 
1 4.0 40 
1 8.0 80 
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Table 5. Effects of different rates of 
2,4-D, 2,4,5-T and MCP applied in cuts 

on plant kill.* 
Volume applied 

Chemical per cut (ml.) 
0.25 0.5 1.0 2.0 4.0 

percent leill 
2,4-D ester 0 0 0 20 90 
2,4-D amine 0 0 70 70 90 
2,4,5-T ester 0 0 10 60 90 
2,4,5-T amine 0 20 50 60 100 
MCP amine 0 0 0 10 40 
*The chemicals were applied to cuts with a 

6-inch spacing at 6 to 12 inches above the 
ground. 

Amines of 2,4-D and 2,4,5-T had 
comparable effects, but the ester of 
2,4,5-T was appreciably more effec- 
tive than 2,4-D. MCP was almost 
without effects except at the high- 
est rate of application used. Appli- 
cations less than 1 ml. per cut were 
ineffective. The check treatments, 
where no chemical had been ap- 
plied, were entirely healed over 
three years later. 

Seasonal Differences in Sensitivity 
To 2,4-D and 2,4,5-T 

The effects of season of treat- 
ment of blue oak with the amines 
of 2,4-D and 2,4,5-T are presented 
in Table 6. The most pronounced 
change in sensitivity took place be- 
tween August 8 and November 4. 
These changes are probably related 
to variations in soil moisture and to 
air and soil temperatures. The 
average monthly temperature and 
total rainfall in 1951 at Winters, 
California (the nearest point for 
which weather records are avail- 
able) was 75.4” F. and a trace of 
rain in August, 73.4” F. and 0.03 
inches of rain in September, 62.2’ 
F. and 1.07 inches of rain in Octo- 
ber, 53.3” F. and 2.63 inches of 
rain in November. Total rainfall 
at the experimental area was prob- 
ably 50 percent higher. The favor- 
able soil moisture and reduced 
transpiration in November would 
favor root growth. Herbicidal ef- 
fectiveness of 2,4-D and 2,4-51’ has 
been found to be related to active 
plant growth. Soil moisture re- 
mained favorable throughout the 
winter and spring months, and the 
trees remained quite sensitive 
throughout this period. 

Trees killed by the cut-surface 
method may develop sprouts but 

virtually all of these die. Sprout- 
ing is thus not an important prob- 
lem. Most sprouting took place 
in late spring and decreased as the 
quantity of 2,4-D was increased. 
The amount of sprouting was sim- 
ilar with comparable treatments of 
2,4-D and 2,4,5-T. 

Discussions and Conclusions 

Cut-surf ace treatment with 2,4- 
D and 2,4,5-T concentrates appears 
to be an effective and economical 
method for killing blue oak. 2,4-D 
amine should be used as it is 
cheaper and produces as goold a 
kill as other chemicals studied. 

dard, 1954; Peevy, 1954; Arend 
and Coulter, 1953; McCully and 
Darrow, 1952). The use of concen- 
trates (mainly amines) in cuts has 
been reported to be effective on 
digger pine by Emrick (1953), and 
on interior live oak by Leonard 
(1952). 

It was found that spacing of the 
cuts was of considerable impor- 
tance in determining effectiveness. 
For example, spacings every 4 
inches around the trees were more 
effective than when the cuts were 
spaced 6 inches apart (center to 
center of the cuts). A frill was 
always effective and resulted in a 

Table 6. Effect of season of treatment on top kill and sprouting of blue oaks 
treated with theI asnines od 2$4-D and 2,4,5-T. 

2,4,5-T amine 2,4-D amine 

Date of Width 1 ml./cut 0.5 ml/cut 1 ml./cut 2 ml./cut 
treatment of cut Top Sprout- Top Sprout- Top Sprout- Top Sprout 

kill ing kill ing kill ing kill ing 

in. % % % % 
8/ 8/51 2 50 0 0 0 70 0 60 0 

lO/ 6/51 2 40 10 30 10 70 0 100 10 
ll/ 4/51 2 90 0 90 0 100 0 100 0 
12/16/51 2 100 0 80 0 100 0 100 0 

2/12/52 2 70 0 100 0 100 0 100 0 
3/12/52 3% 100 0 80 20 100 0 100 0 
4/28/52 3% 100 0 100 0 100 0 100 0 
6/ 6/52 3% 100 5iI 90 40 100 40 100 10 
7/ 8/52 3% 80 9 70 10 80 10 80 0 

Average - 81 7 61 9 89 6 93 2 

In actual practice, 2,4-D amine 
solution is applied by means of a 
pump oil-can into cuts made with 
a hatchet or ax. Fig. 1 shows a 
blue oak tree in the process of being 
treated, while Fig. 2 shows a tree 
three years after treatment. It is 
generally possible to work an entire 
day and still not use more than 
one or two gallons of 2,4-D amine. 
One gallon of chemical should be 
adequate to treat 300 trees one 
foot in diamet’er. The small volume 
of material to be carried is advan- 
tageous. This method has also been 
used successfully on interior live 
oak, digger pine (Pinus sabiniana) , 
willow (S&%x sp.) and other 
species. 

Most experimental work on the 
effects of 2,4-D and 2,4,5-T (mainly 
esters) in frills in stems has been 
conducted with dilute solutions or 
emulsions in water or in oil (God- 

kill of all trees treated in this 
manner. However, frills are not 
necessary for killing blue oak, but 
cuts should be placed close to- 
gether. Frills have been best to 
use on vigorous sprouting species, 
such as interior live oak. Roberts 
(1954) reports that the use of 
frills is necessary to obtain com- 
plete topkill on several southern 
species. 

Height above the ground at 
which cuts are made is a factor in 
control of sprouting, but does not 
appear to be an important factor 
influencing top kill. Sprouting of 
blue oak did not detract from the 
effectiveness of the method since 
all sprouts died within three years 
after treatment. In similar tests 
on interior live oak, some, but not 
all, of the sprouts had died within 
three years after treatment, and it 
is apparent that every effort should 
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plied with a pump oil-can to cuts in a 
blue oak tree. 

be taken to avoid their being 
formed in the first place. 

Dilution of 24-D and 245-T 
formulations with water has some- 
times been practiced to allow treat- 
ment of more trees with a given 
quantity of chemical. The tests 
show that a certain minimum dos- 
age of concentrate is required to 
kill the trees and dilution merely 
increases the difficulty of adding 
the required quantity of chemical. 
Dilution is apt to be a wasteful 
procedure, since the cuts may be 
quickly filled with the chemical, 
the excess draining down the out- 
side of the bark and lost. 

Depth of application studies and 
subsequent experience emphasize 
that the chemicals must be applied 
to the sapwood if good kills are to 
result. 

Studies on the effect of amine 
and ester forms of 2,4-D and 2,4,5- 
T clearly showed the marked supe- 
riority of the amines over the esters 
This superiority is understandable, 
for the greater water solubility of 
amines becomes an important fac- 
tor (since the major movement ap- 
pears to be in the xylem). The 
superiority of the amines was em- 
phasized by the results obtained 
with the depth of application stud- 
ies with 2,4-D. The amine resulted 
in an average kill of 67 percent, 
while the ester resulted in only a 
7 percent kill. The amines of 2,4-D 
and 2,4,5-T were equally effective ; 
however, the ester of 2,4,5-T was 
superior to the ester of 2,4-D. 

The seasonal study revealed that 

the trees became more sensitive in 
the fall of the year. This change 
from relative resistance (with 0.5 
ml. 2,4-D amine per cut) in Octo- 
ber to a sensitive response in No- 
vember occurred under conditions 
when there was a complete absence 
of growth in the tops of the trees. 
Similar results were obtained with 
interior live oak at the same loca- 
tion. The increase in sensitivity 
took place after an estimated 1.5 
inches of rain had fallen and while 
the air temperatures were becoming 
lower, thus decreasing transpira- 
tion. It is probable that roots 
started growing soon after the ap- 
plications were made, and this 
made them relatively sensitive to 
the treatment. Root growth during 
the winter is common on woody 

FIGURE 2. Blue oak tree three years 
after being treated with 2,4-D amine. 
Five cuts were made in the lo-inch stem, 
each receiving 2 ml. of amine, for a total 

of 10 ml. for the tree. 

plants as has been shown to be 
true with apples and filberts by 
Harris (1926). The November ap- 
plications showed no effect on 
leaves which were present at this 
time. With live oak, no effect on 
the leaves was shown until growth 
started in the spring. The marked 
effect of foliage sprays applied 
in the fall of the year toi live oak 
sprouts has been reported by 
Emrick and Leonard (1954). These 
authors considered that the marked 
sensitivity of interior live oak in 
the fall of the year was due to the 
factors considered above. In addi- 
tion toi the factors already men- 
tioned, the lower temperatures 
would decrease the rate of bio- 

chemical breakdown of the 2,4-D 
and 2,4,5-T in the plant tissues. 
Weintraub et al. (1954) have re- 
ported that 2,4-D broke down more 
slowly in cherry seedlings when 
the applications were made in No- 
vember than when the applications 
were made in September. 

Under some conditioas and with 
some species the root pressures in 
the sapwood may be about neutral 
or positive. Under these conditions, 
very little amine would be drawn 
back into the roots and considerable 
sprouting would result. 

The rate of dying of the tops 
varies with the time of the year 
when the applications are made. 
Applications made just before the 
new leaves develop in the spring 
result in the most rapid effect, 
while applications made in the fall 
result in no visible effect until 
growth starts the following spring. 

Summrary 

The effects of cut-surface ap- 
plications of 2,4-D and 2,4,5-T 
concentrates on blue oak were 
studied in relation to spacing, 
height, and depth of cuts, 
form and dilution of herbi- 
cide, and seasonal differences 
in sensitivity. 
Four-inch spacing of the cuts 
gave the best kills with the 
least volume of chemical. 
Cuts made close to the ground 
were slightly more effective 
than cuts made higher on the 
trunk in killing the tops, but 
were much more effective in 
preventing sprouting from the 
base; however, the sprouts 
eventually died, so the forma- 
tion of sprouts was of no im- 
portance. 
Amines of 2,4-D and 2,4,5-T 
were much more effective 
when applied to the sapwood 
than when they were applied 
to the bark. 
Amines were considerably 
more effective than the esters, 
especially at the lo,wer dosages 
used. The 2,4,5-T amine was 
equal to the amine of 2,4-D, 
while the amine of MCP was 
much less effective. The ester 
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Ecology of California Grasslands 

H. H. BISWELL 

Professor of Forestry, University of 
California 

Catliforaia, Berkeley, 

West of the Sierra Nevada Di- 
vide in California are 17.5 million 
acres which contribute 80 percent 
of the forage for domestic live- 
stock grazing on the State’s wild- 
lands. The area includes two vege- 
tational types-the grass of 10 mil- 
lion acres and the woodland-grass 
of 7.5 million acres (Fig. 1). An- 
other 25 million acres or so of wild- 
lands in California are also grazed 
by livestock, but comprise only 20 
percent of the forage. These acres 
include the chapparal type, coastal 
sagebrush, woodland, timber and 
meadow types of the mountains, 
portions of the desert, and the 
Great Basin sagebrush type east 
of the Sierra Nevada Divide. In 
addition to the wildlands, Califor- 
nia has about l,OOO,OOO acres of ir- 
rigated pastures with high grazing 
capacity-up to three animal units 
per acre per mcmth for seven 
months of the year. 

Grass and woodland-grass ranges 
are used primarily for domestic 
livestock production, and problems 
in management center around this 
activity. A majority of the other 
wildlands, however, have other pri- 
mary values, such as watershed, 
wildlife and other recreation, or 
timber production. The grass and 
woodland-grass ranges usually can 
be managed to the maximum for 
livestock, but on the other lands 
proper consideration must be given 
to the various uses, and problems 
in grazing are often complex and 
difficult ( Tal hot and Sampson, 
1948). 

The grass and woodland-grass 
ranges occur mainly in the plains 
and foothills of the San Joaquin 
and Sacramento valleys (Fig. 2). 
The grass type adjoins the valleys 
and is surrounded by the wood- 
land-grass (Wieslander and Jen- 
sen, 1946). West of the grasslands 

are the Coast Range Mountains 
and the Pacific Ocean, and on the 
east are the Sierra Nevada Moun- 
tains. In a few places the grass 
type adjoins the ocean. 

Climate 

The climate of this area is the 
Mediterranean type, characterized 
by wet, mild winters and long, hot, 
dry summers (Fig. 3). It is di- 
verse, being affected by the Coast 
Range Mountains which influence 
the air and cloud movements, and 
by the Pacific Ocean which has 
moderating effects in certain areas. 

Precipitation usually begins in 
October or November and ends in 
April or early May, with about 
two-thirds falling from December 
through March. It varies in 
amount from about 6 inches, in the 
foothills surrounding the southern 
tip of the San Joaquin Valley and 
along its west side, to ab,out 40 
inches in certain portions near the 
Coast. From May through Sep- 
tember there may be little or no 
precipitation, a desirable state of 
affairs from the stockman’s view- 
point. At that time the forage is 
dry and might be leached of its 
soluble nutrients even by light 


