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Differences Among Butyl, Ethyl, and Isopropyl Ester
Formulations of 2,4-D, 2,4,5—T, and MCPA
in the Control of Big Sagebrush'

D. N. Hyper, W. R. FurTick, and F. A. S5NEVAZ?

T has been difficult to accept as conclusive the indications that
butyl ester forms of 2,4-D are more effective in the control of

big sagebrush (Artemisia tridentata) than are isopropyl ester forms
(2, 8, 5). Such indications may have been due to the manner of
formulating the materials, and to the additives contained, rather
than to differences between the esters. Additional information is
necessary to prevent bias in the choice among ester forms.

Previous work has shown that the difference between 2,4-D
(2,4-dichlorophenoxyacetic acid) and 2,4,5-T (2,4,5-trichlorophe-
noxyacetic acid) increased in favor of 2,4,5-T as acid rate decreased
(6). This indicates the possibility that sufficient control can be ob-
tained with 2,4,5-T at rates below 1 1b/A, and thus justify its choice
over 2,4-D when cost considerations are involved.

MCPA has shown promising effectiveness on big sagebrush, and
deserved further consideration.

This paper presents data from an experiment designed to obtain
information helpful in the choice among ester forms, herbicides,
and acid equivalent rates.

PROCEDURE

Butyl, isopropyl, and ethyl ester forms of 2,4-D, 2,4,5—-T and
MCPA (2-methyl-4—chlorophenoxyacetic acid) were formulated for
this experiment in a standardized manner at an acid concentration
of 4 1b/gal.® They were emulsifiable in water, but contained no
wetting additives. The materials were prepared for spraying at acid
equivalent rates of 0.5, 1.0, and 1.5 1b/A by emulsifying in water at
6 gal /A with a wetting agent? at 0.5 percent by volume.

The treatment selections for the experiment consisted ofa 3x3x §
complete factorial of 3 ester forms, 3 herbicides, and 3 acid rates. A
partially confounded incomplete block design was used in which a
component of the second order interaction for 2 degrees of freedom
was confounded in each replication. The block size was thus 9 plots,
and the experiment was replicated 3 times.

1A contribution from Squaw Butte-Harney Experiment Station, Burns, Oregon
and Oregon Agricultural Experiment Station, Corvallis, Oregon. Squaw Butte-
Harney Experiment Station is jointly operated and financed by the Crops Research
Division, A.R.S., US.D.A. and Oregon Agricultural Experiment Station. (Former-
Iy jointly operated and financed by the Bureau of Land Management, U.S.D.L
and Oregon Agricultural Experiment Station.) This report is published as Tech-
nical Paper No. 1072, Oregon Agricultural Experiment Station.

*Range Conservationist, Crops Research Division, A.R.S., US.D.A,; Research
Assistant, Oregon Agricultural Experiment Station; and Range Conservationist,
Crops Research Division, A.R.S.,, USD.A,, respectively.

sExperimental compounds used in this study were prepared by the American
Chemical Paint Company, Ambler, Pa.

‘The wetting agent was “Santomerse”, Monsanto Chemical Co.
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Individual plots were 1/5, acre measuring 88 feet long and 9.9
feet wide. All live sagebrush, on an area 80 feet long and 8 feet wide
centered within each plot, were counted prior to spraying and again
one year after spraying. Percentage-kill data were subjected to analy-
sis of variance.

Spraying was accomplished with a compressed-air sprayer at 35 psi
employing a single 8001 nozzle which was moved to obtain a uniform
broadcast of solution. Replication I was sprayed on May 1, 1956,
replication IT was sprayed on May 9, 1956, and replication III was
sprayed on May 14, 1956. This timing was in the period of vegetative
development when sagebrush susceptibility to the herbicides began
in previous years (4, 5, 6). On May 1 sandberg bluegrass (Poa
secunda) was in the boot stage of development, on May 9 was head-
ing, and on May 14 was fully headed. Such timing gave some oppor-
tunity to consider differences in effectiveness between 2,4-D and
2,4,6=T in the period when 2,4,5-T has shown its greatest advantage
(6).
The data were analyzed by standard analysis of variance tech-
niques, and treatment means were adjusted for block effects as de-
scribed by Cochran and Cox (1).

REsuLTS AND DISCUSSION

Differences were found among the main effects for ester form,
herbicide, and acid rate as evident by the corresponding significant
mean squares; however, all interaction mean squares were non-
significant and small. In previous experiments the primary sources
of significant interactions were those involving dates of spraying
(4, 6). Since replications in the present experiment involved date
differences, an interaction component resulting from the interaction
of dates by treatments is likely present in experimental error. Thus,
tests of significance for main effects and interactions are perhaps
conservative.

Mean kills by ester forms were 46, 53, and 53 percent respectively
for isopropyl, butyl, and ethyl esters (Table 1). Butyl and ethyl
esters were equally effective, but the isopropyl esters gave kills which
were significantly less at a probability level of 1 percent. In the
absence of herbicide by ester interaction it is logically assumed that
the ester differences were quite uniform with all 3 herbicides; how-
ever, it may be observed from the data that the differences among
esters were greatest with 2,4-D and least with MCPA. The difference
due to ester forms appeared to increase with each successive date of
application (Table 2). These data lead one to suspect that the ester
differences did not involve MCPA in this experiment, but were
concentrated with 2,4-D and 2,4,5-T. On May 14 (a satisfactory tim-
ing in practical applications) the isopropyl esters of 2,4-D and
2,4,5-T averaged 11 percent less effective than the mean of the butyl
and ethyl esters of these herbicides. However, the deficiency of the
isopropyl esters was less apparent at the higher acid rates, which
must be used to obtain satisfactory sagebrush control. The practical
importance of the difference among ester forms is thus minor, and
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Table 7. Big sagebrush mortality following applications of 3 herbicides in 3
ester forms at 3 acid equivalent rates.

Mortality percentages using various
Herbicide Acid rate ester forms
b
Butyl Isopropyl Ethyl Average
0.5 37 11 42 300
1.0 46 53 49 49
1.5 72 59 60 64
0.5 - 61 51 55, 55
1.0 79 60 i T 73
1.5 86 84 B7 B6
0.5 17 21 26 21
1.0 42 33 a7 37
1.5 33 39 49 40
Average 520 41 - 50 48b
Average 75 67 72 71
Average 31 31 37 33
0.5 38 28 40 35b
Ty e o e b it 1.0 56 50 54 53
Y i A Al i ey 155 64 60 65 63
TR b n Lo s ae 0ot o 0d et Bl Average 53b 46 53 51

sInteractions were not significant.
BLSD at 1 pet. level is 7 percent.

mixtures of the various ester forms as prepared by some chemical
companies presumably would have essentially the same effectiveness
as straight butyl or ethyl forms.

Replications, which involved a weekly time interval in spraying,
were found to be different. Mean kills were 41, 49, and 63 percent
respectively on May 1, May 9, and May 14 (Table 2). These data
support a previous conclusion that the onset of susceptibility in big
sagebrush coincides with the observation of heading on sandberg

Table 2. Big sagebrush mortality following applications of 3 herbicides in 3

ester forms on 3 dates.

Mortality percentages on three dates
Herbicide Ester form of spraying in 1956
May 1 May 9 May 14 Average

I B e Butyl 32 53 70 52
P DI R R i A Isopropyl 30 43 50 41
A o ) Ethyl 42 48 61 50
s T e e e e Butyl 60 75 91 75
A Bl A e o eam g st g Gl Isopropyl 59 63 79 67
I s S s S e e R Ethyl 63 73 80 7.2
1 Te N e e L S Butyl 23 a4 45 31
LB N e e e e e Isopropyl 28 23 42 31
MER AT N S i Ethyl 28 38 46 37
e eyttt et Average 35 48 60 48a
A L s e e Average 61 70 a3 i
NLEP A R e e P Average 26 28 44 33
P b sy i et e e i s s BORG A Butyl 38 51 69 53a
AVerafrea s e e e Isopropyl 39 43 57 46
T T S i B s e 8 0 e e Ethyl 45 53 62 53
AV A s I i e p e r i i et Average 41s 49 63 51

aLSD at the 5 pet. level is 5 percent.
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bluegrass (6). Nearly full susceptibiilty had apparently developed
by May 14 when 2,4-D at 1.5 1b/A and 2,4,5-T at 1.0 1b/A killed 78
and 87 percent of the sagebrush respectively (Table ).

Mean kills by herbicides were 33, 48, and 71 percent respectively
for MCPA, 2,4-D, and 2,4,5-T. The superiority of 2,4,5-T was
evident throughout the data, and one may note’ that 0.5 Ib/A of
2,4,5-T was more cffective than 1.0 1b/A of 24-D under the
conditions of this experiment.

Table 3. Big sagebrush mortality following applications of 2,4-D and 2,4,5-T
at 3 acid equivalent rates on 3 dates.

Mortality percentages on three dates
Herbicide Acid rate of spraying in 1956
/A =
May 1 May 9 May 14 Average

T A oy 0.5 13 34 43 30
B e A e A S S 1.0 37 51 59 49
AT v S e I o T 1.5 54 59 78 64
AN SR e el A B I 0.5 43 52 70 55
e W R L 1.0 63 70 87 73
B T b et o v o A e 1.5 76 89 23 86
B e e e et Average 35 48 60 488
B = BT o e N Average 61 T0 83 VA
AVErase R ol SV Average 488 59 72 60

SLED at the 5 per. level is 5 percent,

CONCLUSIONS

Isopropyl ester forms of 2,4-D and 2,4,5-T were less effective on
big sagebrush than were butyl or ethyl ester forms. However, the
deficiency of the isopropyl esters was less apparent at acid rates high
enough to obtain satisfactory sagebrush control. Butyl and ethyl
forms might be used with slightly greater confidence, but were not
clearly superior to isopropyl forms at practical rates of acid.

‘The indications are that esters of 2,4,5-T at 1.0 Ib/A, or of 2,4-D
at 1.5 Ib/A, will give kills in excess of 75 percent if applied after
sandberg bluegrass is fully headed.

MCPA is not sufficiently effective to compete with the other two
herbicides.
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