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Experiment Station, Berkeley, California, for the 
collection of clones of the nonimproved strain of 
Idaho fescue from Grass Valley, Lassen County, 
California. Seed of the improved strain of Idaho 
fescue (Elmer Idaho fescue) was furnished by the 
Plant Materials Center, Soil Conservation Service, 
Pullman, Washington. 
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Highlight 

Low sagebrush species were effectively controlled with 
low volatile esters of 24-D at 2 lb/acre applied from May 
1 to May 15 on sites with early phenology and May 15 to 
June 1 on sites with late phenology. Sandberg bluegrass 
phenology ranged from late boot to fully headed but pre- 
anthesis. Green rabbitbrush in mixed stands with low 
sagebrush was effectively controlled with 2,4-D at 3 lb/acre 
applied near the end of the treatment period for low sage- 
brush. A combination of picloram plus 2,4-D was also 
evaluated for green rabbitbrush control. 

Low sagebrush (Artemisia arbuscula Nutt.) and 
alkali sagebrush (A. Zongiloba (Osterhout) Beetle) 
characteristically grow on soils with a fine-textured 
B horizon. Some of the physical and chemical 
properties of these soils have been discussed by 
Eckert (1957), Passey and Hugie (1962), Tueller 
(1962), and Robertson et al. (1966). In this paper, 
the term “low sagebrush” refers to both brush 
species. 

In the Intermountain States, a poor to excellent 
stand of grass may dominate the understory in a 
low sagebrush type. Perennial species include: 
bluebunch wheatgrass (Agropyron spicatum (Pursh) 

l Contribution from the Crops Research Division, Agricul- 
tural Research Service, U. S. D. A., and the Nevada Agri- 
cultural Experiment Station, University of Nevada, Jour- 
nal Series No. 76. The authors gratefully acknowledge the 
cooperation of the Bureau of Land Management, U. S. 
Department of the Interior. 

Scribn. 8c Smith), Idaho fescue (Festuca idahoensis 
Elmer), Sandberg bluegrass (Poa secunda Presl.), 
squirreltail (Sitanion hystrix (Nutt.) J. G. Smith), 
and Thurber needlegrass (Stipa thurberiana Piper). 
Annual species include: downy brome (Bromus 
tectorum L.) and 6-weeks fescue (Festuca octoflora 
Walt.). Site potential and range condition deter- 
mine the dominant species and species composi- 
tion. Many sites with an understory of desirable 
perennial grasses have a potential for increased 
forage production if brush were killed and grass 
released from competition. 

This study has two phases: (1) chemical control 
of low sagebrush and associated green rabbitbrush 
(Chrysothamnus viscidiflorus (Hook.) Nutt.); and 
(2) response of understory species. Chemical con- 
trol is discussed here. Previous research on control 
of low sagebrush was by Cornelius and Graham 
(1951, 1958) on forest ranges in northeastern Cali- 
fornia. 

Methods and Materials 
Studies were conducted at 9 locations during the period 

1963 through 1965. Low sagebrush cover ranged from 6 to 
25%; density ranged from 28 to 88 shrubs/400 ft.2 Green 
rabbitbrush was present on 3 sites with a range in cover of 
from 0.2 to 5%, and a density range of from 8 to 22 shrubs/ 
400 ft.2 During the study, precipitation on the most xeric 
site ranged from 8 to 10 inches, and on the most mesic site 
from 13 to 21 inches. 

In the spring of 1962 and 1963 on 2 sites, we evaluated 
propylene glycol butyl ether esters of 2,4-dichlorophenoxy- 
acetic acid (2,4-D); of 2,4,5_trichlorophenoxyacetic acid 
(2,4,5-T); and of 2-(2,4,5_trichlorophenoxy) propionic acid 
(silvex) for control of low sagebrush. All were applied at 
rates of 1, 2, and 3 lb/acre on four dates: 5/l, 5/15, 6/l, 
and 6/15. Based upon results from these treatments, 2,4-D 
at 1 and 2 lb/acre, applied on three dates, were uniform 
treatments for seven sites in 1963 and 1964. Additional 
treatments were added in 1964 and 1965 to evaluate a 
mixture of triisopropanolamine salt of 4-amino-3,5,6-trichlo- 
ropicolinic acid (picloram2) and triisopropanolamine salt 
of 2,4-D, and 3 and 4 lb/acre of 2,4-D ester for simultaneous 

2 Picloram is not registered for use on grazing lands. 
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control of low sagebrush and green rabbitbrush. Two rates 
of picloram + 2,4-D were used: 0.27 lb/acre picloram plus 
1 lb/acre of 2,4-D (low rate) and 0.54 lb/acre picloram plus 
2 lb/acre 2,4-D (high rate). Treatment dates for 2,4-D 
treatments in 1963 and 1964 were 5/l, 5/15, and 6/l on 
sites with early phenology, and 5/15, 6/l, and 6/15 on sites 
with later phenology. Picloram + 2,4-D was applied on 
6/l/64 and 5/15, 6/l, and 6/15 in 1965. 

Herbicides were applied in water at 10 gpa with a back- 
pack sprayer. All herbicide-water mixtures contained the 
surfactant X-77 at 0.1% v/v. Treatment plots were 20 x 20 
ft with 3 or 4 replications. Phenology and environmental 
conditions were recorded for each date of application. We 
evaluated brush control by the density of living shrubs the 
year after treatment. 

Gypsum soil moisture blocks were installed at five loca- 
tions in the spring of 1964. Block depth varied with location 
except that all locations had one block at 6 inches. ,411 
locations had one block in the Bz horizon (approximately 
12 inches) and one block in the BS horizon immediately 
above the C horizon (17 to 34 inches). Blocks were placed 
in the check plot and in a treated plot of each replication. 
Readings were made during the spring and summer of 1964 
and 1965. 

Results and Discussion 
Control of Low Sagebrush 

Neither application dates, nor rates of 2,4-D, 
2,4,5-T, or silvex, gave significant variation in 
brush control in the initial trials. Control averaged 
94% and ranged from 71% to 100%. However, both 
date of application and rate of 2,4-D resulted in 
significant variation in control of low sagebrush 
in 1963, 1964, and 1965 at other locations (Table 
1). Date of application was the more important 
variable. In 1963, treatments on the middle and 
late dates of application at three of five locations 
were 98% effective as compared to 88% on the early 
date. In 1964, treatments on the early and middle 
dates at three of seven locations were 96% effective 
as compared to 85% on the late date. In 1965, 
treatments on the early and middle dates at one of 
four locations killed more low sagebrush (91%) 
than on the late date (80%). Over the 3-year 
period, average control was 96% on the better 
date(s) and 84% on the poorer date(s) of applica- 
tion. 

We measured significant differences in brush 
control between 1 and 2 lb/acre of 2,4-D at two of 
five locations in 1963, at four of six locations in 
1964, and at two of three locations in 1965. In all 
instances control was better with the 2 lb/acre rate. 
Over the 3-year period, average control with 2 lb/ 
acre was 98% as compared to 90% with 1 lb/acre. 

The date x rate interaction was significant in 
all years on at least one site. In 1963 at one loca- 
tion 1 lb/acre of 2,4-D applied on S/l5 gave 84% 
control while the other 2,4-D x date combinations 
gave 99% control. In 1964 at two locations, the 
1 lb/acre rate applied on S/l5 resulted in 75% 
control, compared to 98% with other 2,4-D x date 

Table 1. An evaluation of 1 (D1) and 2 (Dz) lb/acre of 
2,4-D treatments (Tr.) applied on 3 dates, and average 
percent control (Con.) obtained by the best treatment(s). 

1963 1964 1965 

Location Tr. Con. Tr. Con. Tr. Con. 

Date comparisons 
Lower Silver Cr. NS 100 NS 98 NS 94 

Upper Silver Cr. NS 100 NS 5/l * 91 
loo 5/15 

Dobe Summit 

Bishop Flat 

Carroll Summit 

6/l ** gg 5/15**gs _ _ 
6115 611 
6/l ** 98 5115 6115 6,1 ““98 - - 

6/l * 
6/15 96 NS 97 - - 

Lower Duck Cr. 

Upper Duck Cr. 

Rate comparisons 
Lower Silver Cr. 
Upper Silver Cr. 
Dobe Summit 
Bishop Flat 
Carroll Summit 
Lower Duck Cr. 
Upper Duck Cr. 

- - 5115 * 
611 

93 NS 100 
- - NS 95 NS 100 

NS 100 D2” 100 D2”” 97 
NS 100 NS 100 D2”” 96 
D2*:” 100 D2** 98 - - 
NS 93 D2”” 98 - - 
D2” 96 D2” 99 - - 
- - - - - - 
- - NS 95 NS 100 

NS No significant differences between or among treatments. 
* Date(s) or rate comparisons listed significantly better (.05) 

than the unlisted date or rate. 
*+ Date(s) or rate comparisons listed significantly better (.Olj 

than the unlisted date or rate. 
- Comparisons not made. 

combinations. In 1965 at one location, control 
with 1 lb/acre applied on 5/15 and 6/l (last two 
dates on sites with early phenology) was 86%, and 
when applied on 5/l control was 97%. Each in- 
stance of poor control with the 1 lb/acre rate was 
related to extremely early phenology at time of 
spraying, to rain or hail after spraying, or to vegeta- 
tion wet from precipitation several hours prior to 
spraying. The 1 lb/acre rate of 2,4-D is evidently 
near the minimum herbicide concentration neces- 
sary for adequate low sagebrush control when 
environmental conditions are not optimum. The 
2 lb/acre rate resulted in excellent control even 
under relatively adverse conditions. 

Higher rates of 2,4-D ester, and picloram + 2,4-D 
were used on sites with green rabbitbrush, there- 
fore, we were able to measure the effect of these 
treatments on both species. 

Low sagebrush control with 3 and 4 lb/acre 
rates of 2,4-D averaged 99% on the dates used, and 
did not differ significantly from the 2 lb/acre rate. 

A comparison of 2,4-D and picloram + 2,4-D for 
control of low sagebrush indicated: (1) All rates 
of 2,4-D ester controlled low sagebrush significantly 
better (99%) on the 5/ 15 and S/l5 dates than did 
the low rate of picloram + 2,4-D (7 l%), however, 
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on the 6/l date the two materials gave similar 
results; (2) The 2, 3, and 4 lb/acre rates of 2,4-D 
ester all controlled better (99%) on the 6/15 date 
than did the high rate of picloram + 2,4-D (67%); 
(3) In 1965 average control of 99% with 2 lb/acre 
of 2,4-D was significantly greater than with either 
the high or low rate of picloram + 2,4-D (86% and 
74%); (4) In 1964 the high rate of picloram + 2,4-D 
controlled better (94%) than did the low rate of 
this material (83%), h owever, in 1965 control was 
similar with both rates; (5) Control with both rates 
of picloram + 2,4-D was significantly less (55%) on 
the 6/15 date than on the other two dates in 1965 
(93%). 

For control of low sagebrush picloram + 2,4-D 
was less effective than 2,4-D, perhaps because 2,4-D 
was a salt in the former mixture and an ester in 
the latter. Tueller and Evans (1965) also indicate 
that picloram was not as effective as 2,4-D ester 
for control of big sagebrush (Artemisia tridentata 
Nutt.). 

Control of Green Rabbitbrush 

Control of green rabbitbrush with 1 and 2 lb/ 
acre of 2,4-D ester averaged 53% and ranged from 
8% to 92%. The heavier rate of 2,4-D and later 
dates of application resulted in significantly better 
control, however, the percent and consistency of 
control were inadequate. 

Treatment with picloram + 2,4-D salt increased 
rabbitbrush control as compared to 2,4-D ester at 
1 and 2 lb/acre. At two locations control with the 
high rate of picloram + 2,4-D was significantly 
better (98%) than with 2 lb/acre of 2,4-D ester 
(68%). At one location, control with the high and 
low rates of picloram + 2,4-D applied on 6/ 1 was 
similar and averaged 94%. Results from another 
location also suggest that although both rates of 
picloram + 2,4-D gave similar results when applied 
on 6/ 1, the heavier rate was superior on the 5 / 15 
or 6,/15 dates. At this location the two rates ap- 
plied on 6/l controlled 100%. Control with the 
lower rate applied on 5/15 and 6/15 averaged 56%, 
while control with the higher rate applied on the 
same dates was significantly higher at 98%. Also 
on the 6/l date, control with 3 lb/acre of 2,4-D 
ester was 100%. Rabbitbrush control from the 
heavier rate of picloram + 2,4-D and the 3 and 4 
lb/acre of 2,4-D ester applied on 6/15, averaged 
96% compared to 51% with 2 lb/acre of 2,4-D ester 
applied on the same date. 

In 3 year’s work at nine locations, control of low 
sagebrush was best with 2 lb/acre of low volatile 
ester of 2,4-D plus X-77 at 0.1% v/v applied from 
May 1 to May 15 on sites with early phenology and 
May 15 to June 1 on sites with late phenolo,gy. 
During this period low sagebrush had from 1 to 2 
inches of new twig growth and Sandberg bluegrass 

phenology was from late boot to fully headed but 
pre-anthesis. 

In 1964 and 1965, soil moisture tensions during 
the spray period ranged from 0.3 to 30 bars at the 
6-inch depth, from 0.3 to 5.5 bars at the 12-inch 
depth, and 0.2 to 20 bars at depths of 17 to 34 
inches. The high reading of 20 bars was obtained 
on 6/ 15 /64 at one location. This high tension was 
related to significantly reduced brush control on 
this date. Excluding this location, tensions at 17 
to 34 inches ranged from 0.2 to 2.0 bars at all other 
locations. 

A low density of rabbitbrush is characteristic of 
the shrub overstory on the more mesic and higher 
elevation low sagebrush sites in good condition. 
Control of sparse rabbitbrush is not an important 
consideration in a low sagebrush control project. 
Application of 2 lb/acre of 2,4-D near the end of 
the effective spraying season for low sagebrush will 
kill some of the rabbitbrush, and the released 
understory species will compete vigorously with 
the surviving rabbitbrush. 

On sites in poor condition, control of rabbit- 
brush is important to prevent domination of the 
stand by this species within a few years after control 
of low sagebrush. IJnder these conditions, 3 lbj 
acre of 2,4-D applied near the end of the spraying 
season for low sagebrush, has controlled both spe- 
cies adequately. Hyder et al. (1958) also reported 
similar methods and results for simultaneous con- 
trol of green rabbitbrush and big sagebrush in 
mixed stands. 

Areas within the low sagebrush type are used 
by sage grouse (Cen trocercus urophasianus (Bona- 
parte) for strutting grounds, nesting, roosting, rest- 
ing, and escape cover. In addition, sage grouse are 
dependent upon sagebrush species and associated 
forbs for a major portion of their diet. Chemical 
control of low sagebrush will destroy their habitat. 
Therefore a large-scale low sagebrush control 
project should be a joint venture between the 
action agency and wildlife interests, to select sites 
in need of treatment but not sage grouse habitat. 
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Dilution Mixtures1,2 
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Highlight 

Twelve diluent treatments were 
compared for their effectiveness in 
preventing separation of small seed 
from dilution mixtures. Rice hulls in 
combination with methyl cellulose 
sticker was the best of the diluents 
tested. Simple, practical procedures 
for field use of this modified rice hull 
dilution method were developed. 

Small seed such as lovegrass (Era- 
grostis spp.) can not be accurately 
dispensed with conventional farm 
drills. To overcome this difficulty the 
seed is usually diluted with some other 
material. Sand, sawdust, wheat shorts, 
and other materials have been used as 
diluents. Lemmon and Hafenrichter 
(1947) tested several kinds of cracked 
cereals. Cracked and screened barley 
proved most satisfactory. Southworth 

l Contribution from the Crops Re- 
search Division, Agricultural Research 
Service, U. S. D. A., in cooperation 
with the Rocky Mountain Forest and 
Range Experiment Station and the 
University of Arizona Agricultural 
Experiment Station. 

2 Acknowledgments are made to Louis 
P. Hamilton, formerly Manager, 
S. C. S. Plant Materials Center at 
Tucson, Arizona and to Robert W. 
Owen, Chief Chemist, WestAg Divi- 
sion, Arizona Agrochemical Corp., 
Phoenix, Arizona for their advice and 
assistance; also to the Cortez Chem- 
icals Division, Arizona Agrochemical 
Corp., for supplying the methyl cel- 
lulose and the commercial sticker 
solution. 

(1949) described how Hogland devel- 
oped the use of rice hulls and proved 
them superior to the other commonly 
used seed diluents. 

Nord and Knowles (1958) used rice 
hulls as a seed diluent for planting 
bitterbrush with a standard grain drill. 
There was some separation of the 
bitterbrush seed from the rice hulls 
during drilling operations. Ratio of 
seed to hulls, however, remained suf- 
ficiently constant to give satisfactory 
seeding rates, providing agitators were 
not used in the seedbox. 

Personal experience with lovegrass 
and dropseed (Sporobolus spp.) indi- 
cated that these seeds separated from 
rice hull mixtures even with minimum 
handling or shaking. This separation 
resulted in erratic ratios of seeds to 
hulls and unsatisfactory seed distribu- 
tion. 

Various diluents and diluent-sticker 
combinations were compared for their 
effectiveness in preventing separation 
of small seed from dilution mixtures. 
Based on these results the rice hull 
dilution method as described by South- 
worth (1949) was improved and simple, 
practical procedures for field use were 
developed. 

Materials and Methods 
Laboratory Procedures.-Preliminary 

laboratory tests were made with rice 
hulls and with ground barley. Rice- 
hull seed mixtures were tested both 
with and without stickers but stickers 
were not used with the barley seed 
mixtures. 

Barley was ground to four textures 
in an electric coffee grinder at the 
four marked settings (very coarse, 
coarse, medium, and fine). Then, each 
texture was mixed separately with 
Boer lovegrass (Eragrostis chloromelas 
Steud.) seed. Amounts used were 7.3 g 
of seed with 234 g of barley. This is 
the same proportion as 3 lb seed to 
92 lb barley. Lemmon and Hafen- 

richter (1947) recommended a volume 
of material with a weight of 95 lb as 
the optimum amount per acre when 
planted with a fluted-feed type grain 
drill. 

Seven stickers were tested with rice- 
hull seed mixtures. Sticker treatments 
consisted of condensed milk; condensed 
milk diluted to half strength with 
water; commercial liquid laundry 
starch diluted to half strength with 
water; 7 g gelatin dissolved in 227 ml 
water; 14, 28, and 42 g methyl cellulose 
(MC) dissolved in 3,785 ml water; and 
the control without sticker. 

Components used for the rice hull 
dilution treatments were 9.4 g of Boer 
lovegrass seed, 50 g of rice hulls, and 
25 ml of sticker solution. These 
amounts are proportionate to 3 lb of 
seed mixed with 16 lb of hulls and 
3.5 quarts of sticker solution. Miller 
(1959) recommended use of 16 lb rice 
hulls as the standard amount per acre 
together with the required amount of 
seed. 

Seed and rice hulls were thoroughly 
mixed. Then, separate lots of this 
mixture were treated with each of the 
different stickers. Sticker was applied 
by sprinkling the sticker solution over 
the surface of the dry rice-hull seed 
mixture, a small amount at a time, 
and mixing it in after each application. 
After all the sticker solution had been 
applied mixing was continued until 
the rice hulls did not cling together. 
Finally the mixture was spread in a 
thin layer on paper and dried in a 
mechanical convection oven at 95 F. 

Tests for seed separation from the 
diluent mixtures were made by agitat- 
ing each mixture in a plastic bag. The 
plastic bag partially filled with the test 
mixture was agitated by dropping to 
the surface of a table from a height of 
3 inches, at the rate of once a second 
for five minutes. Several samples were 
taken from various depths of each 


