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Control of Arizona Chaparral 
With 2,4,5-T and Silvex 

D. T. LILLIE 
Research Agronomist, Crops Research Division, Agricul- 
tural Research Service, U. S. Department of Agriculture, 
Tempe, Arizona 

Arizona chaparral has been 
described by Nichol (1937) who 
estimates that chaparral occurs 
on eight percent (about six mil- 
lion acres) of the land area of 
the state, mainly at 3000-5000- 
foot elevations. Extensive areas 
of chaparral vegetation are com- 
posed of shrubby species with 
only scattered associated grasses. 
The lack of herbaceous forage 
results in poor grazing condi- 
tions and low capacities, al- 
though the shrubs furnish some 
valuable browse, particulary in 
the winter months. 

There is evidence that re- 
moval of the shrub species and 
reseeding to grasses might re- 
duce erosion (Rich, 1961)) aug- 
ment water yield (Glendening, 
Pase, and Ingebo, 1961)) and in- 
crease forage (Schmutz and 
Whitham, 1962). The danger of 
costly and destructive wildfires 
would be greatly reduced due 
to elimination of the brush fuel. 

The chaparral is a complex of 
shrubs, often with one species 
forming the matrix which is in- 
terspersed with one to many 
associated species. The domi- 

nant species may vary with such 
factors as slope, rainfall, eleva- 
tion, soils, and exposure. Shrub 
live oak (Quercus turbinella 
Greene), one of the less desir- 
able species, is most often domi- 
nant and frequently comprises 
from 60 to 80 percent of the plant 
cover. 

The Arizona chaparral zone 
has two periods of expected pre- 
cipitation. These occur in the 
winter months November 
through February, and during 
the summer months of July, 
August and September. Thus, 
there are favorable moisture 
conditions for a flush of shrub 
growth in the spring of the year 
and another in the fall. The rate 
and extent of these growth 
flushes are normally limited by 
lack of soil moisture, although 
with exceptional late summer 
rains, temperature could become 
the factor limiting growth in the 
fall. 

Destruction, or killing of the 
aerial portions of shrub live oak 
by fire, mechanical methods, or 
chemical treatments results in 
rapid and prolific sprouting from 

the crown area of the plant 
(Cable, 1961; Lillie and Davis, 
1961; Lillie, 1962; Pond and 
Cable, 1960; Schmutz and 
Turner, 1957). Shrub live oak, 
and most other major chaparral 
species in Arizona, have proved 
to be persistent and difficult to 
eradicate due to their sprouting 
ability. Single foliage applica- 
tions of all herbicides tested to 
date have failed to kill an ap- 
preciable percentage of treated 
bushes. Among the numerous 
herbicides tested for control of 
shrub live oak, 2,4,5-trichloro- 
phenoxyacetic acid (2,4,5-T) and 
2 - (2,4, 5 - trichlorophenoxy) pro- 
pionic acid (silvex) were among 
the most active (Lillie, 1962; 
Schmutz and Turner, 1957). 

The studies discussed herein 
were initiated to compare 2,4,5-T 
with silvex when applied as 
three different formulations, and 
to determine the minimum ef- 
fective rate of application. 
Further objectives were to eval- 
uate the effect of timing and fre- 
quency of retreatment. Included 
are the results of an exploratory 
experiment which was initiated 
to determine if diesel oil and ad- 
ditional surfactants contributed 
to the activity of 2,4,5-T on shrub 
live oak. 

Materials And Methods 

Propylene glycol butyl ether 
(PGBE) esters of silvex and 
2,4,5-T1 were applied at zero, 
one, two, and four pounds per 
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acre on 25 x 50 foot plots con- 
taining mature chaparral. All 
treatments were applied at 20 
gpa in a 1: 7 diesel oil/water 
emulsion from a 25-foot boom 
mounted on a small crawler 
tractor. There were three repli- 
cations in a randomized block 
experimental design. All plots, 
except checks, were initially 
treated in the spring of 1959. 
There were four retreatment 
schedules which consisted of: 
(1) none; (2) September 1959; 
(3) May 1960; and (4) Septem- 
ber 1959, plus May 1960. The four 
treatments will be referred to 
as: Spring (S); Spring-Fall 
(SF) ; Spring-Spring (SS) ; and 
Spring-Fall-Spring (SFS) . 

Table 1. Apparent fopkill of shrub live oak on October 26, 1960 after freat- 
menf wiih various rates of PGBE esters of 2,4,5-T or silvex on May 1959, 
and/or May 1960. 

Rate, 
Herbicide Lb/A Spring 

2,4,5-T 

Mean 

----_-_ (Percent) - - - - - - - 
6 7 10 7 8 

15 25 15 35 25 
15 28 45 67 39 
17 53 77 90 59 
13 28 37 50 

Silvex 0 4 6 7 7 6 
1 18 30 58 75 45 
2 38 48 77 72 59 
4 15 70 82 82 62 

Mean 19 38 56 59 

During the winter of 1960- 
1961, a railroad track in the 
vicinity was re-routed through 
the experimental area. Two of 
the three replications were de- 
stroyed before data could be 
taken when growth of chaparral 
species resumed in the spring. 

In a second experiment zero, 
two, and four pounds per acre 
of 2,4,5-T and silvex were ap- 
plied as three formulations to 
25 x 50 foot chaparral plots in a 
randomized block design. The 
formulations applied were: 
(1) the PGBE esters in standard 
Kuron and Esteron formulation; 
(2) the alkanolamine salts of 
2,4,5-T and silvex; and (3) the 
PGBE esters of 2,4,5-T and silvex 
in Forron formulation. The in- 
itial treatments were made in 
May of 1959 and all plots were 
re-treated in May of 1960. The 
amine salt and “Forron” formu- 
lations were in 20 gpa of aqueous 
solution and emulsion, respec- 
tively. The Kuron and Esteron 
formulations were in 20 gpa of a 
1: 7 diesel oil/water emulsion. 

An exploratory experiment 
was included for the purpose of 
evaluating the effectiveness of 
various oil/water emulsion ratios 
with and without additional 
wetting agents. A common treat- 
ment of three pounds per acre of 
the PGBE ester of 2,4,5-T was 
applied to all plots (except check 
plots). This treatment was ap- 
plied in water emulsion and in 
oil/water emulsion ratios con- 
taining five, ten, 20, and 40 per- 
cent oil. These treatments were 
applied without additional sur- 
factants and with two ml/gallon 
of Colloidal X-772 and General 
Chemical Plyac3. The applica- 
tions were made October 14, 
1958 to four replications of 25 x 
40 foot chaparral plots in 20 gpa 
of total solution from a tractor- 
mounted boom. 

Table 2. Apparent fopkill of shrub live oak on May 5, 1961 after treatment 
wiih various raies of PGBE esters of 2,4,5-T or silvex on May 1959, 
September 1959, and/or May 1960 (data are from one replication only). 

Rate, Spring- Spring- Spring-Fall- 
Herbicide Lb/A Spring Fall Spring Spring Mean 

IHerbicides were provided for these 
experiments by the Dow Chemical 
Company. Trade names given do 
not constitute recommendation over 
comparable products. 

2BZended surfactant containing 
alkylarylpolyoxyethylene g 1 yco Is; 
free fatty acids and isopropanoZ. 

2,4,5-T 

Mean 
Silvex 0 3 1 2 2 2 

1 20 20 45 70 39 
2 35 45 65 70 54 
4 30 50 60 50 47 

Mean 22 29 43 48 

Time of Application 

Spring- 
Fall 

Spring- Spring-Fall- 
Spring Spring Mean 

Resuh And Discussion 
Response of Shrub Live Oak 

In these experiments essen- 
tially all shrub live oak bushes 
continued to send out new 
sprouts even on plants where the 
tops were killed. Treatments 
with the PGBE esters of 2,4,5-T 
and silvex resulted in rather 
rapid necrosis of leaves followed 
by defoliation of the bushes and 
varying amounts of peripheral 
stem killing. With few excep- 
tions, the sprayed oak bushes 
sprouted vigorously from crowns 
and the unkilled portions of the 
stems. Consequently, treatment 
effect data were recorded as 
visual estimates of apparent top- 
killing of bushes as evidenced by 
dead leaves or lack of leaves. 

The results of the re-treat- 

Time of Application 

-_----- (Percent) - - - - - - - 
5 2 2 1 2 
5 20 15 10 12 

15 25 20 35 21 
15 50 30 75 42 
10 24 17 30 
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are apparent in five of the photo5 and 
SFS 2,4,5-T plot. 

ment-timing experiment (Tables 
1 and 2, Figure 1) showed that 
the high rates of application 
were more effective than the. 
lower rates with a given re- 
treatment schedule. However, 
the frequency of application was 
more important than the total 
amount of herbicide applied, 
particularly with the silvex 
treatments. With either 2,4,5-T 
or silvex, there was a greater 
effect with one pound per acre 
applied three times than with 
four pounds applied only once. 
The silvex one pound SFS treat- 
ment, which totaled three 
pounds of herbicide, was equal 
to the four pound SS or SF 

were present in the four pounds per acre 

treatments which totaled eight 
pounds of herbicide. 

The single treatment had little 
effect at any rate of application 
averaging 13 percent for 2,4,5-T 
and 19 percent for silvex. The 
SS and SF treatments resulted 
in approximately twice as much 
killing of stems as the single ap- 
plications. Early observations 
(Table 1) indicated that the SS 
treatment was more effective 
than the SF treatment. This dif- 
ference was probably due to the 
time interval between treatment 
and observation. The last SS 
treatment was applied five 
months prior to evaluation 
whereas, 13 months had elapsed 
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since the last treatment to the 
SF plots. When the final ob- 
servations were made (Table 2), 
there was no longer any differ- 
ante between the SS and SF 
treatments. 

Observations were made on 
June 16, 1959 on the oil/water 
emulsion ratio-surfactant exper- 
iment . The experimental area 
was subjected to a fire the fol- 
lowing day so that no further 
data could be collected, The 
data taken consisted of a visual 
estimate of apparent topkilling 
of shrub live oak. The estimate 
was made independently by two 
evaluators. The data were trans- 
formed by the arcsin method and 
subjected to an analysis of vari- 
ance. 

It is apparent (Table 3) that in 
this experiment some oil in the 
emulsion resulted in more ef- 
fictive topkilling of shrub live 
oak by 2,4,5-T. Orthogonal com- 
parisons of the four degrees of 
f:-eedom contained in the oil/ 
water variance revealed that the 
no-oil vs. oil comparison con- 
tributed 98 percent of the total 
variance. Since there was no dif- 
ference between the five, ten, 
29, and 40 percent oil concentra- 
tions, it is possible that less than 
five percent oil would have re- 
sulted in activity equal to the 
five percent concentration. 

There was no significant ad- 
vantage gained by the addition 
of either of the surfactants to the 
spray mixture, at least not when 
any oil was present. The addition 
of surfactant doubled the ac- 
tivity of the no-oil, no-surfactant 
treatment; however, the addition 
of five percent oil to the spray 
mixture, with or without addi- 
tional surfactant, essentially 
tripled the activity. 

Results of the formulation test 
(Tables 4 and 5) indicated that 
both of the low-volatile esters 
were more effective in killing 

3 Blended surjactant containing A-c 
polyethylene 629; fatty acid-amine 
concentrate, and alkyl arylsuljono- 
nate. 
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Table 3. Apparent iopkilling of shrub live oak 
October, 1958 treatment with three pounds per 
of 2,4,5-T carried in various oil/wafer emulsion 
additional surfacfanfs. 

LILLIE 

eight months affer an 
acre of fhe PGBE esfer 
rafios wifh and wifhouf 

Percent Oil in Emulsion 

Surfactant 0 5 10 20 40 Mean 

------- (Percent) - - - - - - - 
None 21 73 69 72 55 59 
x-77 40 65 66 68 76 63 
Plyac 39 67 82 82 74 69 

Mean 33 69 72 74 69 

Table 4. Apparenf fopkilling of shrub live oak on May 18, 1981 affer freaf- 
menf wifh fhree rafes of fhree formulafions of 2,4,5-T or silvex on May 
20, 1959 and May 25, 1960. 

Formulation 

Rate, 
Herbicide Lb/A Standard’ Forrons Amines Mean 

-_----- (Percent) - - - - - - - 
2,4,5-T 0 2 5 2 3 

2 29 51 21 34 
4 56 70 34 53 

Silvex 0 6 4 7 6 
2 74 57 25 52 
4 61 65 44 57 

Mean 38 42 22 

1PGBE esters in Kuron and Esteron formulations in a 1:7 oil/water emulsion. 
2PGBE esters of 2,4,5-T and silvex as Forron formulations in aqueous emul- 
sion. 

sAlkanolamine salts of 2,4,5-T and silvex in aqueous solution. 

stems than the amine salt. Sta- 
tistical analysis showed that dif- 
ferences due to the formulation 
was highly significant. Orth- 
ogonal comparison of amine vs. 
the two low-volatile ester for- 
mulations was highly significant. 
The Foron vs. standard PGBE 
ester comparison was not sig- 
nificant. 

Because the Forron formula- 
tion requires no oil in the emul- 
sion, its use might offer a dis- 
tinct advantage in any general 
control effort directed toward 
Arizona chaparral species, de- 
pending on relative cost of the 
various formulations. This veg- 
etation type generally occurs on 
rough, steep mountain slopes 
where helicopters must be em- 
ployed if spraying is done. All 
spray materials must be hauled 
to remote heli-spots, where load- 
ing and mixing facilities are apt 
to be rather crude. Water would 

would necessarily be hauled a 
considerable distance over un- 
paved roads. 

In both experiments, silvex 
was consistently more effective 
than 2,4,5-T, and the analyses of 
variance showed that these dif- 

Observations were made on 
the reaction to herbicidal treat- 
ment of several chaparral species 
other than shrub live oak. None 
of these species was present in 
the plot areas with sufficient 
abundance to enable statistically 
valid comparisons. However, it 
was noted that treatments which 
were the most effective on oak 
resulted in near-complete top- 
killing of skunkbush sumac 
(Rhus trilobata Nutt.) and cat- 
claw mimosa (Mimosa biuncifera 
Benth.). Both of these species 
sprouted. Snakeweed (Gutier- 
rexia sarothrae (Pursh) Britt. & 
Rusby) was damaged and often 
killed, but recovery of some 
damaged plants coupled with 
widespread establishment of 
seedlings maintained the density 
of this species. Beargrass (No- 
lina microcarpa S. Wats.) was 
only slightly affected. Mountain- 

Table 5. Apparent fopkilling of shrub live oak on November 28, 1961 affer 

ferences were significant at the 
one percent level. While the 
difference between these two 
herbicides was slight, it is in 
agreement with other findings 
(Lillie and Davis, 1961; Schmutz 
and Turner, 1957; Schmutz and 
Whitham, 1962) and indicates 
that any further work with the 
phenoxy chemicals on shrub live 
oak might be concentrated on 
silvex. 

Response of Associated Shrubs 

freafmenf wifh rafes of three formulafions of 2,4,5-T or silvex on May 20. 
1959 and May 25, 1960. 

Formulation 

Rate, _ 
Herbicide Lb/A Standard’ Forron Amine” Mean 

-_----- (Percent) - - - - - - - 
2,4,5-T 0 2 4 2 3 

2 11 25 19 18 
4 27 45 20 31 

Silvex 0 4 3 5 4 
2 35 30 17 27 
4 47 54 21 42 

Mean 21 27 14 

1PGBE esters in Kuron and Esteron formulations in a 1:7 oil/water emulsion. 
2PGBE esters of 2,4,5-T and silvex as Forron formulations in aqueous emul- 
sion. 

be locally available, but oil often 3Alkanolamine salts of 2,4,5-T and silvex in aqueous solution. 
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mahogany (Cercocarpus mon- 
tanus Raf.) was generally killed. 

Summary 

Propylene glycol butyl ether 
(PGBE) esters of 2,4,5-T and 
silvex were applied to Arizona 
chaparal at zero, one, two and 
four pounds per acre in the 
spring, spring-fall (of the same 
year), spring-spring, and spring- 
fall-spring, beginning in May, 
1959. In a second experiment 
2,4,5-T and silvex were applied 
at zero, two and four pounds as 
the alkanolamine salt, as PGBE 
esters in Kuron and Esteron 
form, and as PGBE esters of 
2,4,5-T and silvex in Forron for- 
mulation in the spring of 1959 
and 1960. All tests were made on 
replicated 25’ x 50’ plots. 

The treatments resulted in 
varying degrees of topkilling of 
shrub live oak but most plants 
resprouted from the base, or live 
branches. Treatment effects 
were recorded in terms of visual 
estimates of damage to tops of 
oak bushes as evidenced by dead 
leaves or lack of leaves. Silvex 
was generally slightly superior 
to 2,4,5-T. 

The addition of five percent 
or more diesel oil emulsified in 

the water carrier increased effec- 
tiveness of 2,4,5-T in topkilling 
shrub live oak. When oil was in- 
cluded in the spray, there was no 
advantage in adding surfactant 
(above that in the formulated 
herbicide), but adding surfactant 
to sprays having no additional 
oil doubled the activity. 

For any given schedule of re- 
treatment, the higher application 
rates were more effective than 
the lower. However, the efficacy 
of the treatments was more re- 
lated to frequency of retreatment 
than to total amount of herbicide 
applied. At any rate of herbicide 
the effectiveness of the treat- 
ment increased with the number 
of applications made. When two 
treatments were applied, there 
was no difference between fall 
and spring retreatment. 

There was no difference be- 
tween PGBE esters of 2,4,5-T 
and silvex as Forron (in water) 
or standard (Kuron and Esteron 
in 1: 7 oil/water emulsion) for- 
mulations; however, both were 
superior to alkanolamine salts of 
2,4,5-T and silvex in aqueous 
solution. 
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Competition and Water Requirements of 
Cheaigrass and WheatgrassA in the Greenhouse1 

A. C. HULL, JR. 

Range Conservationist, Crops Research Division Agri- 
cultural Research Service, U. S. Department of Agricul- 
ture, Logan, Utah 

Cheatgrass (Bromus tectorum 
L.), a vigorous, introduced 
annual, covers millions of acres 
of abandoned cropland and de- 
pleted rangeland. Although 
cheatgrass provides considerable 
livestock feed, it varies greatly 
in production, dries up early, 
and is a fire hazard (Hull and 
Stewart, 1948). Plant hosts of 
the beet leafhopper such as 
Russian thistle (SaZsoZa kali L. 
var. tenuifoliu Tausch) occupy 

cheatgrass areas following me- 
chanical or biological disturb- 
ances and fire (Piemeisel, 1938) . 
Stewart and Hull (1949) stated 
that crested wheatgrass (Agro- 
pyron desertorum (Fisch.) 
Schult.) once established, re- 
stricted cheatgrass growth. Be- 
cause cheatgrass competes with 
perennial grass seedlings it must 
be reduced for successful range 
seedings. 

Dillman (1931) determined the 

water requirement of crested 
wheatgrass and many other spe- 
cies in North Dakota. The 
weighted mean water require- 
ment of crested wheatgrass was 
853. Some other species for com- 
parison were Russian thistle 224, 
smooth brome (Bromus inermis 
Leyss.) 784, and western wheat- 
grass (Agropyron smithii Rydb.) 
1,183. 

Hunt (1962) obtained signifi- 
cant differences in water re- 
quirements of genotypes of in- 

1Cooperative with Crops Research 
Division, Agricultural Research 
Service, U. S. Department of Agri- 
culture and the Utah Agricultural 
Experiment Station, Logan, Utah. 
Thanks to Francis McAllister, jor- 
mer student, for greenhouse work. 
Utah Agric. Expt. Sta. Journal 
Paper 284. 


