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fallout than did the grass (Table 1). 
Although some of the twig material 
harvested was at least one year old, 
the leaves of ninebark had been ex- 
posed for much less time than were 
grass leaves. 

Long-lived radionuclides such as 
cesium-137 and strontium-90 have 
the potential of cycling with other 
minerals in ecological systems. Only 
a small amount of radiocesium may 
be expected to enter plants from soil 
(Frere et al., 1963). Other modes of 
entry may be through foliar sur- 
faces with subsequent translocation 
and storage in persistent tissues. Re- 
gardless of the mode of fallout ac- 
cumulation, knowledge of plant fea- 
tures in conjunction with radio- 
chemical analyses can provide a 
means of comparing fallout accumu- 
lation in different plant communi- 
ties. 

Summary 
Fallout accumulation by above- 

ground plant parts was related to 
differences in leaf and twig mor- 

RICKARD 

phology and the amount of time 
plant organs were exposed to the 
atmosphere. The presence of trees 
appeared to lessen fallout accumu- 
lation by understory shrubs. 

LITERATURE CITED 
BUECHNER, H. K. 1952. Winter-range 

utilization by elk and mule deer 
in southeastern Washington. J. 
Range Manage. 5: 76-80. 

DAUBENMIRE, R. F. 1942. An ecologi- 
cal study of the vegetation of 
southeastern Washington and ad- 
j acent Idaho. Ecol. Monogr. 12: 
53-79. 

DAUBENMIRE, R. 1952. Forest vegeta- 
tion of northern Idaho and adja- 
cent Washington, and its bearings 
on concepts of vegetation classifi- 
cation. Ecol. Monogr. 22: 301-330. 

DAVIS, J. J., D. G. WATSON AND W. C. 
HANSON. 1963. Some effects of en- 
vironmental factors upon accumu- 
lation of worldwide fallout in 
natural populations. In Radio- 
ecology. V. Schultz and A. W. 
Klement, Jr. (eds.), Reinhold 
Publ. Corp., N. Y., and A. I. B. S., 
Washington, D. C., p. 35-38. 

FRERE, M. H., R. G. MENZEL, K. H. 
LARSON, R. OVERSTREET AND R. F. 
REITEMEIER. 1963. The behavior of 
radioactive fallout in soils and 
plants. Nat. Acad. Sci.-Nat. Res. 
Council, Publication 1092. Wash- 
ington, D. C. 32 p. 

GORHAM, E. 1959. A comparison of 
lower and higher plants as ac- 
cumulators of radioactive fallout. 
Can. J. Botany 37:327-329. 

OSBURN, W. S. 1963. The dynamics of 
fallout distribution in a Colorado 
alpine tundra snow accumulation 
ecosystem. In Radioecology, V. 
Schultz and A. W. Klement, Jr. 
(eds.) , Reinhold Publ. Corp., N. Y. 
and A. I. B. S., Washington, D. C., 
p. 51-71. 

ROMNEY, E. M., R. A. LINDBERG, H. A. 
HAWTHORNE, B. A. BYSTROM AND 
K. H. LARSON. 1963. Contamination 
of plant foliage with radioactive 
fallout. Ecology 44: 343-349. 

RUSSELL, R. S. 1958. Deposition of 
strontium-90 and its content in 
vegetation and in human diet in 
the United Kingdom. Nature 182: 
834-839. 

Effects of Herbicides, Burning, ‘and 
Seeding Date in Reseeding an Arid Range’ 

W. C. ROBOCKER, DILLARD II. GATES, AND 
HAROLD D. KERR 
Research Agronomist, Crops Research Division, Agri- 
cultural Research Service, U.S.D.A., Pullman, Washing- 
ton; Range Management Specialist, Oregon State 
University, Corvallis, Oregon (formerly Crops Research 
Division, Agricultural Research Service, U.S.D.A., PuZZ- 
man, Washington) and Research Agronomist, Crops 
Research Division, Agricultural Research Service, 
U.S.D.A., Beltsville, Maryland (formerly of Pullman, 
Washington). 

Highlight 
In a former sagebrush-bluebunch 

wheafglrass siie at Ephraia, Washing- 
ton, neither application of herbicides 
nor burning for control of downy 
brome and Sandberg’s bluegrass be- 
fore planting wheatgrasses were 
effective in increasing stands of 
wheafgrass seedlings. In this area 
of dry summers and approximately 
8 inches annual precipitation, severe 
climatic stresses were primarily re- 
sponsible in determining the esfab- 
lishment or failure of seedlings. 

Over seven million acres of 
eastern Washington are grazing 
lands. Vegetative cover on two 

million acres or more of this 
land is in poor condition. Im- 
proper grazing and uncontrolled 
burning have nearly eliminated 
bluebunch wheatgrass (Agro- 
pyron spicatum (Pursh) Scribn. 
and Smith) from much of the 
depleted range. Such ranges are 
now occupied by downy brome 
(also called “cheatgrass” and 
“downy chess”) (Bromus tector- 
urn L.) with an understory of 
Sandberg’s bluegrass (Poa se- 
cunda Presl). On many ranges, 
downy brome is rapidly being 

replaced by medusahead (Ely- 
mus caput-medusae L., or as pre- 
ferred by some researchers, 
Taeniatherum asperum (Simk.) 
Nevski) . Grazing management 
alone would improve these de- 
teriorated ranges slowly if at all. 
Much of this land is not suitable 
for reseeding by conventional 
methods. Some areas are too 
steep, some have shallow soil, 
others are too rocky, and some 
have combinations of these un- 
desirable characteristics. 

Environmental conditions in 
the range area east of the Cas- 
cade Mountains often restrict the 
establishment of desirable for- 
age grass seedlings. Precipitation 
is low, especially during the hot 
summer months. Air tempera- 

1Cooperative investigations of the 
Crops Research Division, Agricul- 
tural Research Service, U. S. De- 
partment of Agriculture, and the 
Washington AgricuZturaZ Experi- 
ment Stations, Pullman, Washing- 
ton. Washington Agricultural Ex- 
periment Stations Scientific Paper 
No. 2479. 



tures reach extremes of 112” F. 
in the summer and -23” F. in 
the winter (U. S. Department of 
Agriculture, 1941.) Bare soil 
temperature at the l-inch depth 
often exceeds 130” F. during the 
summer. The adverse climatic 
conditions plus the competition 
from downy brome and Sand- 
berg’s bluegrass make establish- 
ment of perennial grass seed- 
lings difficult. 

The study reported herein was 
undertaken to further develop 
methods and procedures that 
would contribute to the success- 
ful revegetation of deteriorated 
rangelands. 

Review of Literature 
Downy brome is a winter 

annual under normal conditions, 
but it may also act as a summer 
annual if a cold period occurs 
after germination and stimulates 
flowering (Hulbert, 1955; Stein- 
bauer and Grigsby, 1957; Fin- 
nerty and Klingman, 1962). It 
produces seed even in dry years. 
Hulbert (1955) and Steinbauer 
and Grigsby (1957) found that 
almost all of the downy brome 
seed produced in the spring ger- 
minated in the following fall if 
moisture was adequate. These 
workers noted also that seed not 
germinating in the fall may ger- 
minate the following spring. 
Under favorable field conditions, 
germination of nearly all viable 
seed is likely to occur within a 
year after maturation, although 
enough usually remains unger- 
minated to produce a stand 
(Chepil, 1946). Some ungermi-. 
nated seeds may remain viable 
for 10 years or more (Hulbert, 
1955). 

Downy brome generally ma- 
tures in early June, and dried 
plants constitute a potential fire 
hazard during the entire sum- 
mer. The seeds drop to the 
ground soon after maturity, and 
most escape lethal injury from 
fast-moving grass fires. An ex- 
tremely “hot” fire is necessary 
to impair the viability of seed on 
the ground. Dense stands of 
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downy brome are maintained 
year after year on Washington 
rangelands that are frequently 
burned during the summer 
months. Pickford (1946) ob- 
served that the density of annual 
grasses such as downy brome in- 
creased on burned ranges. He 
noted also that most big sage- 
brush (Artemisia tridentata 
Nutt.) was destroyed by burn- 
ing. Furthermore, burning and 
heavy grazing reduced the stand 
of perennial grasses nearly 85 
per cent and the grazing capacity 
over 50 per cent. 

Hull and Stewart (1948) found 
in Idaho that burying downy 
brome seed by deep plowing and 
then drilling perennial grasses 
when moisture was adequate re- 
sulted in best grass stands. How- 
ever, the deep plowing was ex- 
pensive. Burning of the downy 
brome in June, soon after ma- 
turity, and drilling crested 
wheatgrass in the fall was an 
economical method of establish- 
ing the wheatgrass. Drilling 
crested wheatgrass directly into 
downy brome-infested range met 
with little success. 

Rummel (1946) found in a 
greenhouse study that downy 
brome seedlings competed criti- 
cally with wheatgrass seedlings, 
although downy brome was less 
competitive under conditions of 
moisture stress. 

Downy brome may be con- 
trolled with herbicides (Canode, 
et al., 1962; Klingman and Kerr, 
1956; and Finnerty and Kling- 
man, 1962)) but little is known 
about the effects of such her- 
bicides on establishment of pe- 
rennial grasses planted after 
herbicide treatments. 

Experimental Procedures 
The study was conducted in a 

sagebrush-bluebunch wheatgrass 
site approximately 9 miles south- 
east of Ephrata, Washington, in 
cooperation with Mr. Tom Drum- 
heller, Ephrata, who provided 
land, fence, machinery, and la- 
bor. The soil was a stony phase 
of Ephrata sandy loam. Long- 
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time average annual precipita- 
tion is approximately 8 inches 
at the nearby Ephrata Airport. 

An uncontrolled fire passed 
through the area during the 
summer of 1958. The fire line 
bisected the experimental area 
and provided an opportunity to 
compare the seeding and herbi- 
cide treatments on contiguous 
burned and unburned plots. No 
burning occurred after plots 
were established. 

Applications of the sodium 
salt of 2,2-dichloropropionic acid 
(dalapon) at 3 lb/A, an ester of 
dalapon at 3 lb/A, the sodium 
salt of 2,3,6-trichlorobenzoic acid 
(2,3,6-TBA) at 4 lb/A, and iso- 
propyl N- (3-chlorophenyl) car- 
bamate (CIPC) at 8 lb/A were 
compared with an untreated 
check. Three rows each of Nor- 
dan crested wheatgrass (Agro- 
pyron desertorum (Fisch. ex 
Link) Schult.) , Whitmar beard- 
less wheatgrass (A. inerme 
(Scribn. and Smith) Rydb.) , and 
Siberian wheatgrass (A. sibiri- 
cum (Willd.) Beauv.) were 
planted 18 inches apart and 
across each treatment. A Planet 
Jr. seeder with double-coulter 
openers, modified to function in 
the stony soil, was calibrated to 
plant approximately 25 live 
seeds per foot of row. 

In 1958-59, the herbicides were 
applied and the grasses were 
seeded as follows: 

Time of Time of 
herbicide grass 
treatment seeding 
Fall 1958 Fall 1958 
Fall 1958 Spring 1959 
Spring 1959 Spring 1959 
Spring 1959 Fall 1959 _ 

Herbicides were applied in the 
fall after sufficient precipitation 
had fallen to germinate some of 
the downy brome seed. When 
herbicide treatments and seed- 
ings were made the same season, 
the grasses were seeded 2 weeks 
after the herbicide applications. 

The experiment was repeated 
with slight modification in an 



116 

adjacent area in 1959-60. The 
season of herbicide application 
and grass seedings were identical 
to those in 1958-59. The herbi- 
cide treatments also were the 
same except that CIPC at 4 lb/A 
was substituted for the ester of 
dalapon, and CIPC at 6 lb/A 
was substituted for CIPC at 8 
lb/A. The burned area was that 
which was burned in 1958. All 
treatments were replicated three 
times on burned and unburned 
areas in both experiments. Plots 
were 10 by 20 feet. 

The effects of the herbicide 
treatments on vegetation were 
evaluated in 1959 and 1960 after 
spring growth had started but 
before heading of downy brome. 
A lo-foot steel tape was stretched 
diagonally across each plot and 
readings within a %-inch loop 
were made at 2-inch intervals 
with 60 readings (samples) thus 
obtained per plot. Presence of 
any part of a species within the 
loop was counted as a “hit.” 
Stands of planted grasses were 
evaluated by counting the seed- 
lings in the center 6 feet of the 
middle row of each plot in the 
spring prior to summer dor- 
mancy. The percentage of ground 
covered by broadleaf species was 
measured each spring by means 
of 10 samples per plot with a 
20- by 50-cm sampling frame. 

Results and Discussion 
Precipitation during the sum- 

mer months of the study was 
characteristically low for this 
area (Table 1). The fluctuation 
which occurred in stands .was 
associated with low soil moisture 
during periods of seedling estab- 
lishment . 

The responses of downy brome 
and Sandberg’s bluegrass to 

Table 1. Precipifafion in inches af 
Ephrafai Airporf, 1959-1961. 

Period 1958 1959 1960 1961 

Jan.-March 4.59 4.18 2.57 3.75 
April- June 1.84 0.68 2.58 1.86 
July-Sept. 0.44 1.46 0.86 0.33 
Oct.-Dec. 2.65 1.34 2.16 1.94 

Total 9.52 7.66 8.17 7.88 

ROBOCKER ET AL. 

herbicides showed seasonal as 
well as species variations (Table 
2). The sodium salt of dalapon 
caused little decrease in stand of 
downy brome when applied in 
the fall of 1958 or spring of 1959, 
but was effective in the fall of 
1959 and spring of 1960. Both 
formulations of dalapon gen- 
erally reduced Sandberg’s blue- 
grass. No consistent difference 
between time of application was 
evident, and no difference be- 
tween effects of formulations 
was noted. The following aver- 
ages show little if any interac- 
tion between season of treatment 
and effect of the sodium salt of 
dalapon: 

Hits per 
60 points, 
treated 

Treatment Fall Spring 
Check, 

downy brome 33 38 
Treated, 

downy brome 20 26 
Check, Sandberg’s 

bluegrass 21 22 
Treated, Sandberg’s 

bluegrass 18 20 

CIPC was not sufficiently ef- 
fective on downy brome at low 
rates to be considered for use 
on rangelands at present. The 

2,3,6-TBA at 4 lb/A was ineffec- 
tive. 

Inspection of the seasonal data 
(Table 3) shows little advantage 
from any of the herbicides used, 
either spring or fall, as an aid 
to increasing stands of planted 
grasses. If the possibility of de- 
stroying late germinating as well 
as fall germinating downy brome 
seeds is considered in addition 
to destruction of Sandberg’s 
bluegrass (Table 2)) it appears 
that an early spring application 
of dalapon would be the most 
promising herbicidal treatment. 

The data on stands of wheat- 
grasses as affected by interaction 
of season of herbicide application 
and season of planting are in 
Table 4, and that on effects of 
burning in Table 5. Because of 
variations encountered within 
treatments, differences were not 
evaluated on a basis of proba- 
bility. However, the individual 
species averages indicate a supe- 
riority of Nordan crested wheat- 
grass over the other two species. 
Burning was the most beneficial 
treatment in obtaining better 
stands of wheatgrasses. No indi- 
cation of differences in response 
among species of wheatgrasses 
to the herbicides was noted. 

In general, burning markedly 
reduced stands of downy brome, 

Table 2. Effecfs of herbicides and fime of applicafion on sfands of downy 
brome (DB) and Sandherg’s bluegrass (SB).r 

Herbicides applied in 

Fall 19582 Spring 19592 Fall 19593 Spring 1960s Avg. 

Herbicide DB SB DB SB DB SB DB SB DB SB 

Check 24 20 35 22 42 22 40 23 35 22 
Dalapon salt, 

3 lb/A 24 14 36 2 18 1 7 22 21 10 
Dalapon ester, 

3 lb/A 14 14 41 4 - - - - 28 9 
2,3,6-TBA, 

4 lb/A 21 20 26 26 26 33 40 26 28 26 
CIPC, 4 lb/A - - - - 30 28 26 26 28 27 
CIPC, 6 lb/A - - - - 22 26 22 26 22 26 
CIPC, 8 lb/A 1 12 10 30 - - - - 6 21 

Average, 
treated 15 15 28 16 24 22 24 25 22 20 

1 Average number of hits in 60 points per plot. 
2 Readings in spring 1959. 
s Readings in spring 1960. 
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but increased stands of Sand- 
berg’s bluegrass (Table 5). The 
effectiveness of the herbicides 
on Sandberg’s bluegrass or 
downy brome apparently was 
not greatly influenced by burn- 
ing. Removal of litter and de- 
struction of some seed probably 
reduced the downy brome on 
burned areas. In the Ephrata 
area, Sandberg’s bluegrass forms 
a sufficient cover to protect the 
soil surface after burning, and 
burning as a part of seedbed 
preparation would be feasible. 

Herbicide residues are un- 
predictable because the low 
amount of precipitation in the 
area is not conducive to rapid 
leaching or quick microbial 
breakdown. The minimal yearly 
precipitation, summer droughts, 
and grasshoppers adversely af- 
fect or further complicate estab- 
lishment of wheatgrass seed- 
lings. 

The changes in coverage of 

Table 5. Effect of burning on stands of downy brome, Sandberg’s blue- 
grass, and three species of wheafgrass.le 2 

Species 

Burned 1958, seeded Unburned, seeded 

1958-59 1959-60 Avg. 1958-59 1959-60 Avg. 

Downy brome 11 15 13 35 39 37 
Sandberg’s bluegrass 18 33 25 15 13 14 
-----_-------------- ----- 
Wheatgrasses: 

Beardless (Whitmar) 5 1 3 2 1 2 
Siberian 8 3 6 2 3 2 
Crested (Nordan) 8 8 8 2 7 4 

1 Average number of hits in 60 points per plot for downy brome and Sand- 
berg’s bluegrass; seedlings per 6 ft. of row for wheatgrasses. 

2Stand counts of downy brome and Sandberg’s bluegrass were for respective 
year of seeding (1959 and 1960); counts of wheatgrasses were 1 year after 
seeding (1960 and 1961). 

broadleaf species caused by 
herbicides and burning 2 years 
after treatment were generally 
negligible, possibly because the 
initial coverage of most species 
was only a trace, a large supply 
of seed remained in the soil, and 
the time of burning and applica- 
tion of herbicides were not opti- 
mum for killing susceptible 

Table 3. Effect of herbicides and time of application on average stand of 
three wheafgrasses per 6 ft. of row, 12 to 16 months after seeding. 

Herbicides applied in 

Herbicide and rate 
Fall Spring 
19581 19591 

Fall 
19592 

Spring 
19602 Average 

Check 2 7 6 5 5 
Dalapon salt, 3 lb/A 2 11 7 4 6 
Dalapon ester, 3 lb/A 3 9 - - 6 
2,3,6-TBA, 4 lb/A T 5 6 3 4 
CIPC, 4 lb/A - - 4 2 3 
CIPC, 6 lb/A - - 2 2 2 
CIPC, 8 lb/A 1 7 - - 4 

Average, treated 2 8 5 3 4 

1 Stand counts in spring 1960. 
2 Stand bcounts in spring 1961. 

Table 4. Effects of season of herbicide application and season of planting 
wheafgrasses 12 fo 18 months after seeding.1 

species. Burning appeared to 
have reduced the stands of tum- 
ble mustard (Sisymbrium altis- 
simum L.) , tansy-mustard (Des- 
curainia pinnata (Walt.) Britt.) , 
and whitlowwort (Draba verna 
L.). The herbicides without 
burning caused some reduction 
of whitlowwort, but the greatest 
reduction occurred as a result 
of both burning and herbicides. 
CIPC and 2,3,6-TBA accounted 
for practically all of the effects 
of herbicides on the broadleaf 
species. 

Summary 
A study was initiated in 

1958 in the sagebrush-bluebunch 
wheatgrass association near 
Ephrata, Washington, to deter- 
mine effectiveness both of burn- 
ing and of several herbicides for 
seedbed preparation when seed- 
ing perennial grasses. Dalapon, 
2,3,6-TBA, and CIPC were ap- 
plied in spring and fall. Whitmar 

on plank per 6 ft. of row of three 

Herbicide applied: Fall 1958 Spring 1959 Fall 1959 Spring 1960 

Seeded2 Seeded2 Seeded3 Seeded3 Avg. Avg. 

Species of Fall Spring Spring Fall Fall Spring Spring Fall fall spring Genl. 
wheatgrass 1958 1959 1959 1959 1959 1960 1960 1960 seed seed Av. 

Beardless (Whitmar) 2 1 7 4 T 1 T 3 2 2 2 
Siberian 2 1 15 4 9 3 T 3 4 5 5 
Crested (Nordan) 2 1 12 5 12 5 2 10 7 5 6 

Average 2 1 11 4 7 3 1 5 5 4 4 

1 Herbicide application preceded seeding the same season by 2 to 3 weeks. 
2 Readings in spring 1960. 
s Readings in spring 1961. 
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beardless, Siberian, and Nor- 
dan crested wheatgrasses were 
seeded in spring and fall over 
all other treatments. 

Responses of downy brome and 
Sandberg’s bluegrass to herbi- 
cides varied. Burning substan- 
tially reduced the amount of 
downy brome present on the 
plots the next year. However, 
neither herbicidal treatment nor 
burning were effective in in- 
creasing the stands of planted 
wheatgrasses. Nordan crested 
wheatgrass appeared to provide 
somewhat better stands than 
either Whitmar beardless or Si- 
berian wheatgrass. 

Climatic factors exerted a pro- 
found effect in determining suc- 
cess of the reseeding, regardless 
of other treatments imposed. 

ROBOCKER ET AL. 
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Highlight 
Sfockwaier development offers a 

good possibility for favorable re- 
turns on investment. By analyzing 
proposed development projects as 
described here, a rancher can make 
sounder economic decisions concern- 
ing range improvement practices. 

Ranchers and government land 
agencies have long recognized 
that good range management re- 
quires proper location of live- 
stock watering facilities. Many 
wells and springs have been de- 
veloped to improve range utili- 
zation. Ranchers contemplating 
such investments, however, must 
be able to determine whether the 
returns resulting from a water- 
development practice will exceed 
the costs of initiating and main- 

1 Utah Agricultural Experiment Sta- 
tion Journal Paper No. 426. Special 
thanks is given to Robert Max 
Nielson who contributed much to 
this project as a graduate student. 

taining the practice. This paper 
is concerned primarily with the 
economic decision a rancher has 
to make before he commits his 
own resources to a water project. 
It does not consider the many 
issues a public land administra- 
tor may have to face before he 
invests public funds. 

An economic study of spring 
and well development practices 
used by ranchers was conducted 
in Utah during 1962 and 1963. 
Physical data were obtained 
from ranchers and government 
agencies involved in water de- 
velopment. Prices for materials, 
labor, and other factors as well 
as for the marketable products 
were obtained from firms and 
agencies servicing ranchers. 
Physical requirements and costs 
of commonly observed spring 
and well-development practices 
were synthesized from all avail- 
able information for two types of 

spring and four types of stock- 
well developments. 

The physical features and costs 
of each practice are described, 
and the actual and probable ben- 
efits and returns resulting from 
each project are considered. Fi- 
nally, a method is suggested for 
deciding whether a proposed 
project is economically feasible. 

Spring Developmenf 
Small Springs-The potentials 

of small springs should not be 
underestimated. A trickle of 
water that amounts to no more 
than two quarts per minute can 
be harnessed and stored so it will 
supply enough water for 35 head 
of cattle (Waller, 1958). 

Developing a small spring 
commonly involves digging it 
back to a central source where 
a concrete collection box is con- 
structed. The water is usually di- 
rected to the collection box 
through pipe. Another carries 
the water from the box directly 
to a watering trough. Ranchers 
seem to prefer long, shallow 
troughs and special precautions 
are taken to locate the watering 
trough away from flood danger. 
Also, the spring area is generally 


