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Highlight 

Common broomweed (Gutierrezia dracunculoides (DC.) 
Blake) were effectively controlled with 24-D at 0.125, 0.25 
or 0.5 lb./acre applied during stem elongation around May 
15. The same rates of 24-D were less effective when applied 
in early April prior to complete emergence of the common 
broomweed seedlings or in mid- June after initiation of 
floral branches. Picloram combined with 24-D at 0.063, 
0.125 or 0.25 lb./ acre of each herbicide controlled 94 to 
100% of the common broomweed population regardless of 
application date. Dicamba was more effective when ap- 
plied in early spring than were equal rates of 2,4-D. Con- 
trol of common broomweed from applications of picloram 
or dicamba in early April was attributed to residual herbi- 
cide activity on seedlings germinated subsequent to treat- 
ment. However, no treatment prevented germination and 
establishment of common broomweed in the fall following 
application of herbicides in the spring. 

Common broomweed (Gutierrezia dracuncu- 
Zoides (DC.) Blake), an annual composite, occurs 
in grasslands from northern Kansas to the Gulf 
Coast and from western New Mexico to central 

l Published with approval of the Director, Texas Agricul- 
tural Experiment Station as TA-8803. Received October 
24, 1970; accepted for publication January 26, 1971. 

2 The authors appreciate the cooperation of Mr. J. B. Dunn, 
Robertson County, Texas, in making areas available on 
his ranch for a portion of this research. 

Iowa (Anonymous, 1970). Common broomweed 
reproduces from pubescent achenes, 1 to 1.5 mm 
long and 0.25 to 0.5 mm at their widest point. The 
upper half of the single-stemmed plant is much- 
branched and produces 5 to 10 small, yellow ray 
flowers per branch. Depending on site conditions 
common broomweed may grow from 5 to 10 dm 
tall. It is not toxic to livestock and is grazed by 
sheep and goats. However, cattle apparently do not 
utilize it to a great extent. 

Common broomweed can become a serious prob- 
lem where overgrazing or drought reduces the 
grass cover on ranges. It invades most Texas range- 
lands with no observable preferences as to soil type. 
Efforts to control common broomweed with her- 
bicides on semiarid rangelands have met with 
varying degrees of success. Since data on common 
broomweed have not been available, most control 
methods have evolved from ranchers’ experience. 
Research on other herbaceous broadleaved weeds 
in grasslands such as musk thistle (Carduus nutans 
L.) (Feldman et al., 1968) and scotch thistle (Ono- 
pordum acanthium L.) (Young and Evans, 1969) 
has shown that the stage of plant development 
influences susceptibility to herbicides. Little data 
are available on phenology of common broomweed 
and the interrelation of growth stage with its sus- 
ceptibility to herbicides. The objective of this 
study was to investigate the possible interaction of 
phenological development with susceptibility of 
common broomweed to several herbicides. 

Materials and Methods 
Experiments were established in 1969 on a tobosagrass 

(Hilaria mutica (Buckl.) Benth.)-buffalograss (Buchloe dac- 
tyloides (Nutt.) Engelm.) range near Spur, Texas to evaluate 
several herbicides and herbicide combinations for the control 
of common broomweed. An upland site was selected near 
College Station for similar studies in 1970. The range was 
occupied by scattered little bluestem (Andropogon scoparius 
Michx.) plants, but most of the cover was composed of an- 
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nual grasses such as annual dropseed (Sporobolus neglectus 
Nash) and little barley (Hordeum pusillum Nutt.). A dense, 
uniform stand of common broomweed existed at both 
locations. 

Herbicides were applied to overwintered seedlings during 
stem elongation or after the common broomweed initiated 
formation of floral branches. The herbicides were applied 
to 7 by 25-ft plots with hand sprayers at Spur and each 
treatment was replicated 4 times. The treatments were ap- 
plied in triplicate to 17 by 75-ft plots with a truck sprayer 
near College Station. 

The studies were designed as randomized complete blocks 
arranged in split plots. Dates of treatment, corresponding 
to the various phenological stages of common broomweed, 
served as main plots and herbicide treatment as subplots. 
Herbicides and rates applied in 10 gpa water at both loca- 
tions were (2,4-dichlorophenoxy)acetic acid (2,4-D) at 0.125, 
0.25 and 0.5 lb./acre, 4-amino-3,5,6-trichloropicolinic acid 
(picloram) combined with 2,4-D at 0.125 and 0.25 lb./acre 
of each herbicide and 3,6-dichloro-o-anisic acid (dicamba) at 
0.125, 0.25 and 0.5 lb./acre. Additional treatments at Spur 
included (2,4,5-trichlorophenoxy)acetic acid (2,4,5-T) at 0.125, 
0.25 and 0.5 lb./acre, 2,4,5-T combined with picloram at 
0.125, 0.25 and 0.5 lb./acre of each herbicide and 2,4,5-T 
combined with dicamba at 0.25 lb./acre of each herbicide. 
Additional treatments at College Station included 2,4-D at 
1 lb./acre, picloram at 0.125, 0.25 and 0.5 lb./acre, picloram 
combined with 2,4-D at 0.063 lb./acre of each herbicide and 
dicamba combined with 2,4-D at 0.063, 0.125 and 0.25 lb./ 
acre of each herbicide. 

The experiments were evaluated on July 1, 1969 and on 
August 28, 1970 at Spur and on August 24, 1970 at College 
Station by recording the number of live common broom- 
weed plants in two, 2 by 4-ft sampling areas per plot. The 
plots at both locations were observed in late September or 
early October for emergence of common broomweed seed- 
lings following fall rains. 

Analyses of variance were conducted after adding 1 to 
the density in each sample and converting each sum to its 
logarithm. This transformation is suggested by Steel and 
Torrie (1960) for analysis of positive integers which cover 
a wide numerical range. The data are presented as percent 
reduction in number of live plants in the treated plots as 
compared to the appropriate untreated plots. 

Common broomweed in untreated plots and outside the 
experimental area were used for phenological measurements. 
At approximately two week intervals, phenological stage, 
height and number of leaves were recorded for common 
broomweed in these areas. Similar observations were re- 
corded periodically across Texas from Spur to College 
Station from 1968 to 1970 to substantiate data from the 
experimental areas. 

Results and Discussion 

Average dates for sequential phenological stages 
were surprisingly similar between the research 
locations during the study period. Differences in 
growth rate or phenological development of com- 
mon broomweed were not noted in the subhumid 
area as compared to the semiarid site near Spur. 
By mid-March, common broomweed seedlings had 
emerged at both study locations (Fig. 1). Most 
seedlings were found in protected areas such as at 
the base of established grass plants. Rate of seed- 
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FIG. 1. Ceneralized height growth curve and phenological activ- 
ities for common broomweed from March to October during 
1968 to 1970 from College Station to Spur, Texas. 

ling emergence began to decline by mid-May at 
both locations. Also present in early March were 
overwintered plants, about .1 dm in height, with 
2 to 3 true leaves. These plants occurred as the 
result of fall germination. Since a rosette is defined 
as a “basal cluster of leaves produced on a very short 
stem” (Porter, 1959), the overwintering stage of 
common broomweed is often referred to as the 
rosette. However, since a central stem with dis- 
cernible internodes was readily apparent, common 
broomweed germinated in the fall will be referred 
to as “overwintered seedlings” in this paper. By 
April 1, the stems of some plants were rapidly 
elongating but most were still in the seedling stage. 
The few plants with stem growth were .15 to .3 dm 
tall and had 4 to 6 well expanded leaves. Stem 
elongation was initiated in the entire population 
by May 1, and growth was rapid to the last week 
in May. On May 15, the common broomweed 
were 1 to 1.5 dm tall and were readily visible in 
the associated vegetation. Floral branches were 
evident near the stem terminal by June 1. The 
plants ranged from 3 to 5 dm tall. On most plants, 
all floral branches were formed by June 15. Floral 
buds were fully formed by the first week in July. 
Some flowering occurred from July 15 to Septem- 
ber 1, but peak flower production occurred in 
September and October. 

There was not a significant difference between 
study locations or years in the reaction of common 
broomweed to herbicides in this study. Common 
broomweed were most susceptible to herbicides 
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Table 1. Average reduction (%) in number of live com- 
mon broomweed plants after treatment at various stages 
of growth with several herbicides and herbicide combina- 
tions near Spur and College Station, Texas in 1969 and 
1970, respective1y.l 

Time of treatment Study location” 

Phenological College 
stage Date Spur Station 

Seedling April 1 80 ab 83 a 

Stem elongation May 15 92 a 90 a 

Floral branching June 15 72 b 50 b 

1 Plots were evaluated in late August at both locations. 
2 Means within a location followed by the same letter are not 

significantly different at the 5% level. 

during stem elongation at both locations (Table 1). 
The average reduction in number of live plants by 
herbicides was less after the onset of floral branch- 
ing. In most cases, spraying older plants caused 
typical reactions to herbicides such as epinasty but 
did not prevent achene production. 

No reduction in common broomweed stand in 
late summer and fall resulted from spraying with 
0.125 lb./acre of 2,4-D on April 1 (Table 2). This 
was due to germination subsequent to 2,4-D ap- 
plication. Increasing the 2,4-D rate from 0.125 to 
0.25 or 0.5 lb./ acre increased the percentage of 
common broomweed seedlings controlled. Regard- 
less of 2,4-D rate, there was a trend towards increas- 
ing the control of common broomweed at initiation 
and elongation of the central stem. However, there 
was a reduction in percentage of common broom- 
weed killed at all rates of 2,4-D if treatment was 
delayed until formation of floral branches. Control 
levels of common broomweed from applications of 
2,4,5-T near Spur were similar to those obtained 
with equal rates of 2,4-D at the same dates. 

Applications of dicamba at 0.125, 0.25 or 0.5 lb./ 
acre on April 1 resulted in reductions of 99 to 100% 
in the number of live common broomweed (Table 
3). As compared to the results from early 2,4-D 

Table 2. Average reduction (%) in number of live com- 
mon broomweed plants after treatment at various growth 
stages with three rates (lb./acre) of 24-D near Spur, Texas 
in 1969 and near College Station in 197O.l 

Time of treatment 

Phenological 
2,4-D rate’ 

stage Date 0.125 0.25 0.5 

Seedling April 1 Oa 51 c 84 de 

Stem elongation May 15 77 d 90 ef 98 f 

Floral branching June 15 37 b 53 c 50 c 

l Plots were evaluated in late August at both locations. 
2 Means followed by the same letter are not significantly different 

at the 5% level. Means for control plots are “0 a.” 

Table 3. Average reduction (%) in number of live com- 
mon broomweed plants after treatment at various stages 
with three rates (lb./acre) of dicamba near Spur, Texas 
in 1969 and near College Station in 197O.l 

Time of treatment 

Phenological 
stage Date 

Dicamba rate’ 

0.125 0.25 0.5 

Seedling April 1 100e 99 e 100 e 

Stem elongation May 15 84 d 94 de 98 e 

Floral branching June 15 33 b 49 c 95 e 

1 Plots were evaluated in late August at both locations. 
* Means followed by the same letter are not significantly different 

at the 5% level. Means for control plots are “0 a.” 

applications, residual dicamba evidently attributed 
to increased effectiveness by controlling seedlings 
germinated after treatment. However, there was a 
trend for reduced control with plant age using 
dicamba except where 0.5 lb./acre was applied. A 
combination of dicamba at 0.25 lb./acre with 0.25 
lb./acre of 2,4,5-T or with 0.25 lb./acre of 2,4-D 
did not significantly increase common broomweed 
control regardless of stage of growth as compared 
to 0.5 lb./acre of dicamba applied alone. A com- 
bination of 0.063 lb./ acre of dicamba with 0.063 lb. / 
acre of 2,4-D was not significantly different from 
0.125 lb./acre of 2,4-D applied alone to common 
broomweed in the various growth stages. 

Combinations of picloram with 2,4-D controlled 
94 to 100% of the common broomweed regardless 
of herbicide rate or stage of plant growth when 
treated (Table 4). At Spur, 0.125 lb./acre of 2,4-D 
J+S 0.125 lb./ acre of picloram applied April 1 
reduced the number of live plants 88% by the time 
of evaluation in late summer as compared to un- 
treated plots. However, complete control was ob- 
tained with a mixture of 0.25 lb./acre of each 
herbicide at all stages of common broomweed 
growth near Spur. The same rates of 2,4-D and 
picloram in combination gave 100% common 

Table 4. Average reduction (%) in number of live com- 
mon broomweed plants after treatment with 2,4-D plus 
picloram at 0.125 or 0.25 lb./acre of each herbicide after 
application to various growth stages near Spur, Texas in 
1969 and near College Station in 1970. 

Phenological stage when sprayed* 

Herbicide Seedling 
rate’ (April 1) 

Stem 
elongation 

(May 15) 

Floral 
branching 
(June 15) 

0.25 94 b 1ooc 1ooc 

0.5 100 c 1OOc 1ooc 

1 Represents a 1: 1 mixture of 2,4-D plus picloram. Plots were 
evaluated in late August at both locations. 

* Means followed by the same letter are not significantly different 
at the 5% level. Means for control plots are “0 a.” 



UTAH JUNIPER REMOVAL 373 

broomweed control at College Station except where 
sprays were applied to plants during initiation of 
floral branching. The control from early applica- 
tion of picloram, as with dicamba, was possibly 
the result of root uptake as well as foliar absorption. 

Picloram applied alone at 0.125, 0.25 and 0.5 
lb./acre was no more effective than equal rates of 
picloram combined with 2,4-D or 2,4,5-T at a 1: 1 
ratio. Picloram applied alone gave complete com- 
mon broomweed control except in plots treated 
April 1 where 0.125 lb./ acre reduced the popula- 
tion to 75% of untreated plots. 

Much of the spraying for brush control on range- 
lands is accomplished from May 15 to June 15. 
When herbicides such as 2,4-D and 2,4,5-T are 
utilized at the earlier date, these data indicate that 
control of common broomweed could be expected 

as concomitant benefit. Herbicides with residual 
activity may be used effectively if the common 
broomweed population is not completely emerged. 
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Effects of Utah Juniper Removal on 
Herbage Yields from Springerville Soils1 
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Highlight 

Yields of understory vegetation in- 
creased from 223 lb./acre, including 
50 lb. of perennial grasses, to 981 lb., 
including 193 lb. of perennial grasses, 
after juniper overstory was removed in 
northern Arizona. Successional trends 
did not follow a smooth sequence; 
many areas remained in an annual 
forb-half-shrub stage for several years. 

Thickening of established 
pinyon-juniper stands, and inva- 
sions of new stands into former 
grasslands, have reduced the 
amount of available forage in cen- 
tral and northern Arizona. The 
average yields of herbage vary from 
620 lb./acre with no pinyon-juniper 
to about 40 lb./acre with an 80% 
canopy intercept (Arnold, Jameson, 
and Reid, 1964). This reduction 

l Received September 16, 1970. 
2 Forest Service, U. S. Department of 

Agriculture, with central headquarters 
maintained at Fort Collins in co- 
operation with Colorado State Univer- 
sity; author is located at Flagstaff in 
cooperation with Northern Arizona 
University. 

of herbage yield due to overstory is 
more pronounced on heavy clay 
soils such as the Springerville series 
(Jameson and Dodd, 1969). Dense 
stands of Utah juniper,3 the most 
common juniper in Arizona wood- 
lands, can so dominate a site that 
the soil surface is nearly barren of 
understory grasses and forbs. 

Interest has been widespread in 
removing pinyon-juniper overstory 
to improve the range forage supply 
and increase overland water yields. 
The advisability of juniper conver- 
sion on Springerville soils has been 
questioned, however, because of the 
difficulty in subsequently establish- 
ing forage grasses. 

In this study we examined (1) the 
relationships of herbage production 
on Springerville soils to Utah juni- 
per overstory, and (2) the response 
of understory plant yields to the 
cabling of Utah juniper and the 
seeding of forage species. 

Arnold et al. (1964) reported 
that mechanical juniper control 

3 Common and botanical names of 
plants mentioned are listed in Table 1. 

abruptly released suppressed half- 
shrubs, mainly broom snakeweed. 
Mid-grasses increased slowly after 
juniper control, short-grasses in- 
creased at least up through the fifth 
year, and perennial forbs showed 
no marked response. Annuals in- 
creased during the first two grow- 
ing seasons after juniper removal, 
and declined after the fifth season 
as they were displaced by peren- 
nials. Total herbage production 
reached a peak approximately 10 
years after juniper control. 

In an Arizona study on limestone 
soils, perennial grass yields on 
droughty sites had not increased 
4 to 5 years after removal of 
pinyon-juniper. On sites with 
higher rainfall, perennial grasses 
had increased two to four times 
(O’Rourke and Ogden, 1969). 

Study Area and Methods 
The study was made in the Utah 

juniper subtype of the pinyon- 
juniper woodland at an elevational 
range of 5,200 to 5,800 ft, on the 
Beaver Creek Pilot Watershed 
(Worley, 1965), approximately 40 
miles south of Flagstaff. 

Precipitation falls in two distinct 
periods-as rain in July and Au- 
gust, and as snow or rain from De- 
cember to March. Mean annual 
precipitation for the period of the 
study (1959 to 1969) was 18 inches. 

The principal soil type is Spring- 
erville very stony clay. Basalt stones 


