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Foothill deathcamas (ziga- 
denus paniculatus (Nutt.) S. 
Wats.), a poisonous plant for cat- 
tle and especially sheep (U.S. 
Forest Service, 1937, p. W209), 
has required the exclusion of 
spring grazing on certain ranges 
to prevent livestock losses. Such 
restrictions in range utilization 
and management might be allev- 
iated if herbicides could be used 
to eliminate the undesirable 
plants. Parker (Range Seeding 
Equipment Committee, 1959) 
summarized the available in- 
formation on the chemical con- 
trol of deathcamas species and 
advised that fair kills could be 
obtained with 2,4-D (2,4-dichlor- 
ophenoxyacetic acid) ester at 3.0 
lb/A. Bohmont (1952) reported 
that 2,4-D ester at 3.0 lb/A ap- 
plied at the bud to bloom stages 
of development killed virtually 
all old deathcamas plants and 
that 2,4,5-T (2,4,5-trichlorophen- 
oxyacetic acid) appeared to be 
less effective than 2,4-D. Blais- 
dell and Mueggler (1956) re- 
ported that foothill deathcamas 
was severely damaged by 2,4-D 
at 1.5 to 2.0 lb/A applied on 
large areas for controlling big 
sagebrush. Species differences 
and seasonal changes in the sus- 
ceptibility of deathcamas to fo- 
liage sprays may be important 
in control recommendations. 

The present paper includes 
data on mortality resulting from 
foliage sprays containing 2,4-D 
or 2,4,5-T applied to foothill 
deathcamas at various stages of 
vegetative and reproductive de- 
velopment. Strong seasonal 
changes in herbicidal effective- 
ness constitute new information 
that will be important to suc- 
cessful chemical control of this 
species. 

Procedure 

Two split-plot experiments 
were established with 4 replica- 
tions in each and 6 spraying 
dates randomized by whole plots. 
In the first experiment the treat- 
ments were applied on April 30, 
May 14, June 2, June 13, June 23, 
and July 9, 1958, and in the sec- 
ond experiment the plots were 
treated on April 28, May 6, May 
23, May 28, June 3, and June 10, 
1959. The intervals between 
spraying were shorter in 1959 
than in 1958 because the 1959 
season was much drier than nor- 
mal. Individual l/50-acre sub- 
plots were sprayed with 2,4-D or 
2,4,5-T propylene glycol butyl 
ether esters2 at 1.5 or 3.0 lb/A 
emulsified in water containing 
0.2 percent spreader” at a total 
spray volume of 10 gal/A. The 
spray emulsions were applied 
with a 4-nozzle (800067 tips), 4- 
foot, hand-held boom operated 
from a back-pack, compressed- 
air sprayer at 35 psi. 

Both experiments were estab- 
lished on a deep pumice-pebble 
deposit having a weakly devel- 
oped loamy-soil profile located 
about 2 miles west of Burns, Ore- 
gon, at an elevation of 4,300 feet 
in the foothills adjacent to the 
Ochoco National Forest. Precip- 
itation at Burns in crop-year pe- 
riods of September-June, inclu- 
sive, was 13.19 inches in 1957- 
1958 and 7.12 inches in 1958-1959 
as compared with a median 
amount of 11.6 inches. 

The vegetation on the experi- 
mental site included a shrub 
overstory of big sagebrush (Ar- 
temisia tridentutu Nutt) , bitter- 
brush (Purshiu tridentutu 
(Pursh) DC.), and occasional 
plants of Tetrudymiu cunescens 
DC. and Ribes cereum Dougl. 
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Juniperus occident&s Hook is 
common to the area, but is inter- 
mitten in distribution. The herb- 
aceous vegetation included Sand- 
berg bluegrass (Pou secundu 
Presl), Agropyron spicutum 
(Pursh) Scribn. & Smith, Stipu 
thurberiunu Piper, Festucu idu- 
hoensis Elmer, Situnion hystrix 
(Nutt.) J. G. Smith, and foothill 
deathcamas. 

The area was grazed by cattle 
during April, May, and June 
each year. All herbaceous plants 
including deathcamas were 
grazed closely by the end of 
June when the cattle were 
moved to higher elevation ranges 
within the Ochoco National For- 
est. Cattle poisoning was not 
evident, and deathcamas bulbs, 
which were located about 10 
inches below the surface of the 
pumice-pebble material, appar- 
ently were not pulled by grazing 
animals. 

The vegetative and reproduc- 
tive development of deathcamas 
and associated species were ob- 
served at each date of spraying. 
The deathcamas on 8- by 80-foot 
strips centered within each sub- 
plot were counted a year after 
spraying. The largest treatment- 
mean density per subplot each 
year (120 in 1958 and 61 in 1959) 
was arbitrarily assigned a stand 
value of 100, and mean densities 
for other treatments were ex- 
pressed in percentage comple- 
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Table 1. Mortality of foothill deafhcamas after spraying with 2,4-D or 
2,4,5-T. ~____~_ 

Mortality for indicated herbicides and acid rates (lb/A) 

Dates of 2,4-D 2,4,5-T 
Means by 
acid rates 

Means by 
herbicides Grand 

spraying 
1958 

~-- ______ ___ 
1.5 3.0 1.5 3.0 1.5-3.0 2,4-D 2,4,5-T mean 
- - - - - - - _ _ (Percent) - - - - - - - - _ 

April 30 
May 14 
June 2 
June 13 
June 23 
July 9 
1958 mean 

1959 
April 28 - 
May 6 
May 23 
May 28 
June 3 
June 10 
1959 mean 

. 96 98 80 89 88 93 97 85 l 90 94 68 75 79 
85 92 

911 
72 38 45 30 11 35 

28 42 
821 

21 31 
22 38 6 20 13 29 30 12 20 22 4 10 12 221 

16 21 8 14 
4 4 13 0 8 4 7 5 

45 50 33 34 39 422 482 34 41 

98 100 84 95 92 97 1 90 1 94 1 
100 100 80 90 90 95 1001 991 85 I 94 I 
85 94 48 34 67 64 41 66 76 89 20 16 8911 I 48 52 82 / 

18 51 
62 84 38 15 51 49 72 26 49 

41 52 0 7 20 30 48 
77 87 44 

/ / 3 25 
43 

1 
61 64 822 44 

I 
62 __. 

iData groups that include significant variation (95 percent) have non-signifi- 
cant means connected by vertical lines. 

2The difference between means by herbicides was highly significant (99 
percent) each year. 

ments and reported as mortality 
percentages. 

Results and Discussion 

Spraying dates and herbicides 
introduced highly significant dif- 
ferences in mortality each year, 
and the date by herbicide inter- 
action introduced highly signifi- 
cant differences in 1959. 

The mortality of foothill death- 
camas was higher after spraying 
with 2,4-D at 1.5 lb/A than after 
spraying with 2,4,5-T at 3.0 lb/A 
on each date of application 
(Table 1). N evertheless, time of 
spraying introduced the most im- 
portant differences in mortality. 
The date by herbicide interaction 
in 1959 data resulted from a 
more rapid seasonal decline in 
the effectiveness of 2,4,5-T as 
compared with that of 2,4-D. The 
effectiveness of both herbicides 
decreased to virtually zero in 
1958, when the spraying season 
was extended until the time of 
seed dissemination-one month 
later than in 1959. 

Foothill deathcamas was high- 
ly sensitive to 2,4-D in vegeta- 
tive-growth stages and became 
yellow and wilted within a week 

after spraying. The lack of sig- 
nificant difference between 
herbicide rates of 1.5 and 3.0 
lb/A emphasizes the dominant 
importance of proper timing. 
Mortality with 2,4-D remained 
above 90 percent until the flower 
buds appeared and decreased 
rapidly during reproductive de- 
velopment (Table 2). Applica- 
tions of 2,4-D at either 1.5 or 3.0 
lb/A in late April and early 
May, when foothill deathcamas 
had 3 to 6 leaves, killed all plants 
except a few protected from the 
spray by an overstory of shrubs. 

The high sensitivity of death- 
camas to 2,4-D during early veg- 
etative development as com- 
pared with relatively high tol- 
erance during reproductive 
stages of development is similar 
to the results obtained on Iow 
larkspur in previous trials 
(Hyder, Sneva, and Calvin, 
1956). A rate of 1.5 lb/A of 2,4-D 
ester applied before the appear- 
ance of flower buds is sufficient 
for the control of foothill death- 
camas. Since big sagebrush can 
be controlled effectively with 
2,4-D ester at 2.0 lb/A applied 
as early as the head-emergence 
stage of development on Sand- 
berg bluegrass (Hyder and 
Sneva, 1955)) big sagebrush and 
foothill deathcamas may be con- 
trolled simultaneously by spray- 
ing at that time. Many desirable 
forbs also appear to be highly 
susceptible to 2,4-D during veg- 
etative stages of growth; conse- 
quently, range areas need to be 
considered carefully before de- 
ciding whether and when to 
spray (Blaisdell and Mueggler, 
1956). 

The occurrence of complete 
grazing of foothill deathcamas 
without apparent pull-up of 
bulbs or poisoning symptoms in- 
dicates that deathcamas control 
might be unnecessary on the 
spring range selected for these 
experimental trials. 

Summary 
Spray applications of 2,4-D and 

growth of foofhill deafhcamas and Table 2. Developmenfal stages of 
Sandberg bluegrass in 1958 and 1959. 

Spraying dates Foothill deathcamas 

1958 
April 30 3 or 4 leaves 
May 14 5 or 6 leaves 
June 2 full bloom, partially grazed 
June 13 full pods, heavily grazed 
June 23 pods dry 
July 9 seed shattering 

1959 
April 28 4 to 6 leaves 
May 6 6 or 7 leaves 
May 23 flower buds 2-3 inches high 
May 28 early bloom, some grazed 
June 3 late bloom 
June 10 full pods, heavily grazed 

Sandberg bluegrass 

heads low in boot 
heads completely emerged 
late anthesis 
herbage curing 
herbage completely cured 
herbage completely cured 

heads in the boot 
heads completely emerged 
early anthesis 
full anthesis 
herbage curing 
herbage completely cured 



2,4,5-T at rates of 1.5 and 3.0 lb/A 
were made on 6 dates each dur- 
ing 1958 and 1959 to evaluate 
their effects on foothill death- 
camas at various stages of veg- 
etative and reproductive devel- 
opment. Applications of 2,4-D at 
1.5 lb/A were more effective 
than applications of 2,4,5-T at 
3.0 lb/A throughout the season. 
Foothill deathcamas was highly 
sensitive to 2,4-D during vegeta- 
tive development, in late April 
and early May. Effectiveness re- 
mained high during the 3- to 
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g-leaf stage of development but 
decreased rapidly after the 
flower buds appeared. 

LITERATURE CITED 

BLAISDELL, JAMES P. AND WALTER F. 
MUEGGLER. 1956. Effect of 2,4-D on 
forbs and shrubs associated with 
big sagebrush. Jour. Range Mangt. 
9: 38-40. 

BOHMONT, DALE W. 1952. Chemical 
control of deathcamas, silvery lu- 
pine, plains larkspur and loco- 
weed. Research Progress Report, 
Thirteenth Western Weed Control 
Conference, p, 22. 

HYDER, D. N. AND F. A. SNEVA. 1955. 

27 

Effect of form and rate of active 
ingredient, spraying season, solu- 
tion volume, and type of solvent 
on mortality of big sagebrush, Ar- 
termisia trident&a. Oregon Agri- 
cultural Experiment Station Tech. 
Bull. 35, p. 16. 

F. A. SNEVA, AND 
L. D. CAL&. 1956. Chemical con- 
trol of sagebrush larkspur. Jour. 
Range Mangt. 9: 184-6. 

RANGE SEEDING EQUIPMENT COMMIT- 
TEE. 1959. Chemical control of 
range weeds. U. S. Government 
Printing Office. 

U. S. FOREST SERVICE. 1937. Range 
plant handbook. U. S. Government 
Printing Office. 

Soil Fertility Investigations and Effects of 
Commercial Fertilizers on Reseeded Vegetation 
in West-Central Kansas1 

J. L. LAUNCHBAUGH 

Pasture Management Specialist, Fort Hays Branch, Kan- 
sas Agricultural Experiment Station, Hays, Knsas. 

Much of the native grass re- 
seeding in western Kansas is 
done on eroded cropland of low 
fertility. When moisture condi- 
tions are favorable, most sites 
may be revegetated successfully 
with native grasses, but subse- 
quent forage production often is 
low, especially where most of the 
topsoil has eroded away. Evalu- 
ation of soil fertility needs and 
the responses of vegetation to 
fertilization are problems as- 
sociated with management of 
many reseeded areas. 

This experiment was con- 
ducted to investigate the rela- 
tionships between a rapid soil- 
test. method and a greenhouse 
pot-test method to determine 
major element deficiencies in 
soils, and to study yield re- 
sponses of reseeded grasses fer- 
tilized with nitrogen and phos- 
phorus on two soils exhibiting 
nutrient deficiencies typical of 
many reseeded areas in west- 
central Kansas. 

Review of Literature 
Rapid soil-tests designed to 

measure available plant-nutrient 
supplies are used in many areas 

in an attempt to determine the 
fertilizer requirements of soils 
for various crops. Generally such 
tests are not considered entirely 
reliable in estimating fertilizer 
needs (Millar and Turk, 1943). 
To overcome the shortcomings of 
rapid soil-tests biological meth- 
ods have been developed using 
indicator plants in potted top soil 
under greenhouse conditions. 
Nutrients are added in various 
combinations, and yields relative 
to a standard full treatment of 
nitrogen, phosphorus, and potas- 
sium are interpreted as a meas- 
ure of the soil’s ability to supply 
a given element under the ex- 
perimental conditions that exist 
(Jenny, Vlamis, and Martin, 
1950). They showed that the 
lower the relative pot-test yield, 
the greater was the chance of 
securing a field crop response to 
added plant nutrients. 

Numerous field applications of 
fertilizers in various forms and 
combinations have been tested. 
In the drier areas much of the 
emphasis has been placed on in- 
creasing cultivated grain yields. 
During years when moisture con- 

ditions were favorable, grain 
crop yields generally were in- 
creased by adding nitrates and 
phosphates in Kansas (Throck- 
morton and Duley, 1935) ; in 
Oklahoma (Eck a n d Stewart, 
1954) ; in eastern Colorado (Greb 
and Whitney, 1953) ; in Nebraska 
(Lowry, Ehlers, and Pumphrey, 
1954); and in the Texas Pan 
Handle region (Box and Jones, 
1954). 

A number of fertilizer trials 
have been conducted on native 
range vegetation throughout the 
Great Plains region. Immediate 
and residual responses have re- 
sulted from the application’of 10 
to 12 tons of cattle manure per 
acre in southern Saskatchewan 
(Clark, Tisdale, and Skoglund, 
1943) and in northeastern Colo- 
rado (Klipple and Retzer, 1959) . 
Other trials on native range in- 
volving commercial forms of ni- 
trogen and phosphorus applied 
at rates up to 90 pounds of nitro- 
gen and 100 pounds of phos- 
phorus pentoxide per acre have 
shown that when nitrogen was 
included, yields generally were 
increased significantly, but not 
enough to make the fertilizer 
applications economical (Clark 
and Tisdale, 1945; Westin, Bunt- 
ley, and Brage, 1955; Klipple and 
Retzer, 1959; and Rogler and 
Lorenz, 1957). 

1 Contribution No. 160, Fort Hays, 
Branch, Kansas Agricultural Ex- 
periment Station, Nays, Kansas. 


