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Highlight 

The objective of this work was to evaluate problems of 
broadcast seeding perennial grasses on steep or rocky 
rangelands that cannot be seeded by conventional methods. 
Depredation of seeds by rodents and birds limited the 
effectiveness of broadcast seedings but not of drilled seed- 
ings. Drilled seeds remained in relatively constant and 
favorable soil moisture, and carried on metabolic processes 
rapidly and without interruption. Broadcast seeds were 
exposed to rapidly fluctuating moisture conditions which 
resulted in the frequent starting and stopping of germina- 
tion processes. In drilled seedings, seven perennial grasses 
gave good seedling stands. In broadcast seedings, Sherman 
big bluegrass (Pea ampZu) gave the best seedling stands. 
Ineffectiveness in controlling cheatgrass (Bromus tectorum) 
and other competing species was the main obstacle to 
seedling establishment. Successful establishment of seeded 
grasses appeared to be related to rate of penetration of 
seedling roots. 

Millions of acres of semiarid grassland in the 
United States remain in a depleted condition. Be- 
cause the natural reestablishment of perennial 

l Cooperative investigations of the College of Agriculture, 
Washington State University; and Crops Research Division, 
Agricultural Research Service, U.S. Department of Agri- 
culture. College of Agriculture scientific paper number 
3277. This work was supported in part by the Bureau of 
Land Management, U.S. Department of Interior, the Dow 
Chemical Company, and the Chevron Chemical Company. 
The technical assistance of Patrick Cates and Dale Wonder- 
check is gratefully acknowledged. Seed was provided by 
the Plant Materials Center, Soil Conservation Service, Pull- 
man, Washington. The staff of the Plant Materials Center 
gave many valuable suggestions in this work. The co- 
operation of Mr. Carl Ausman, on whose ranch this study 
was conducted, is gratefully acknowledged. Manuscript 
received July 22, 1969; accepted for publication October 
10, 1969. 

grasses on these areas is often too slow to be eco- 
nomically feasible, suitable methods of seeding 
must be developed. Conventional tilling and seed- 
ing methods are often impractical because of steep 
or rocky terrain. On such sites the only recourse 
is to seed by broadcasting. Broadcast seeding of 
semiarid rangelands, however, has rarely been suc- 
cessful (Pearse et al., 1948; Stoddard and Smith, 
1955; Bleak and Hull, 1958; Cook, 1958; Hull et 
al., 1963). 

One of the least recognized problems in broad- 
cast seeding is the depredation of seeds by rodents 
and birds. This problem has been of concern to 
foresters and wildlife managers. Poisons and re- 
pellents have been tested on forest lands (Thomp- 
son, 1953; Spencer et al., 1954; Spencer, 1955, 1958; 
Kverno et al., 1965). On burned brushland in 
California, rodent and bird depredation of broad- 
cast grass seeds is a serious problem (Howard, 
1950). Depredation of seeds could also contribute 
to failure of broadcast seedings on semiarid range- 
lands. 

Environments to which broadcast seeds are ex- 
posed have seldom been characterized, and the rea- 
sons for failure of seeds to germinate are poorly 
understood. Measurements of physiological changes 
in seeds, as influenced by rangeland environments, 
are needed for a better understanding of the failure 
or success of germination of broadcast seeds. 

Finally, germinated seeds fail to become estab- 
lished in stands of competing vegetation (Evans, 
1961; Harris, 1967). On steep or rocky terrain, 
spraying with herbicides may be the only method 
of controlling competing species. However, con- 
trol of competition is seldom complete because 
annual species germinate at different times and 
differ in their sensitivity to herbicides. Better con- 
trol methods and an increased understanding of 
competitive relationships are needed. 

This study included diverse experimental ap- 
proaches to document and define more clearly 
these problems. Drilling of seeds was included, 
primarily as a control treatment, to understand 
better the critical problems in broadcast seeding. 

Study Area and Methods 

The study was conducted on a 25% north-sloping bench 
in the Snake River breaks near Asotin in southeastern 
Washington. A more severe relief is typical of the Snake 
River breaks (Fig. 1). However, a site that was suitable for 
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FIT.. 1. “icw Of breaks of the Snake River, Asotin county, Wash- 

ington, typica, Of depleted rangckmls where broadcast seeding 
may be *,x2 only means of rrlrahilitation. 

conventional seeding methods, as well as for non-tillage 
methods, was desirable. The soil is a shallow Asotin silt- 
loam, 24 to 26 inches deep, over fragmented basalt. Eleva- 
tion of the site is 1,800 feet. Average annual precipitation 
is approximately 13 inches. 

The vegetation of the area is dominated by annual grasses, 
principally cheatgrass, with an understory of Sandbag blue- 
grass (Pea secunda), and scattered bluebunch wheatgrass 
(Agropyron +catum) and rubber rabbitbrush (Chysotham- 
nus nauseosus). The vegetation, before depletion, was the 
Agro$yyron-Pm association (Daubenmire, 1942). 

Drilled and Broadcast Seedings 
A multiple split-plot field design was used for comparing 

(1) fall vs. spring seeding time: (2) rodents controlled YS. 
rodents not controlled; (3) mechanical vs. chemical vs. no 
seedbed preparation; (4) drilled vs. broadcast seeding; and 
(5) seven perennial grass species. Each treatment was repli- 
cated four times. 

Rodents were controlled by broadcasting zinc phosphide 
treated wheat (10 lb/acre) 1 week prior to seeding. Birds 
were excluded by placing Y&inch bardware cloth cages, 3 
feet square and 2 feet high, in the center of each of 14 
broadcast seeded plots that were poisoned against rodents. 
Seven cages (one for each seeded species) were located on 
mechanically prepared seedbeds and seven were located on 
chemically prepared seedbeds. 

Depredation was determined for the fall seeding by count- 
ing the remaining seeds in a 1- by 5-foot area within each 
broadcast plot. Counts were made on December 18 and 
March 29, about 6 and 21 weeks after seeding. Heavy weed 
growth and surface soil weathering made similar counts for 
the spring seeding impractical. 

Seedbeds were prepared mechanically by plowing, disking, 
and packing. Seedbeds were prepared chemically by spray- 
ing with % lb/acre of paraquat (l,l’-dimethyl-4.4’.bipyridi- 
nium salt), with 0.2% v/x, X-77 aurfactant (Evans et al., 
1965; 1967) in 25 gallons of water at a pressure of 30 psi. 
Seeding rates were 8 lb/acre for six wheatgrass species: 
Nordan crested (Agropyron desertorum), Greenar inteme- 
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diate (A. intermedium), Luna pubescent (A. trichophorum), 
Whitmar beardless (A. inerme), thickspike (A. dasyystachum), 
and western (A. smithii). Sherman big bluegrass (Pea amp&z) 
was seeded at a rate of 6 lb/acre. Seeds were planted in 
late October, 1967, and in early March, 1968, within 2 to 
3 days after seedbed preparation. A five-row rangeland drill 
was used for both drilled and broadcast seeds. The discs 
and drags were raised for broadcasting. Plot size was 5 by 
30 feet, with drill rows I:! inches apart. Nothing was done 
to cover broadcast seeds, because the objective was to deter- 
mine the fate of seeds where covering would not be possible. 

Seedling counts of perennial grasses were made in July, 
1968, after annual plants had matured and dried, and again 
in November, 1968, after the summer drought and fall rains. 
All perennial grass seedlings were counted in the center 
30~foot drill row of each drilled plot and in a 1. by 30~foot 
strip lengthwise through the center of broadcast plots. 
Abundance estimates were also made of all weed species in 
each plot. 

Seed Germination and Metabolism 
Concentrations of adenosine triphosphate, an important 

intermediate in the synthesis of new cell materials, were 
measured as an index of germination processes that occurred 
under rang-eland environments. The objective was to under- 
stand better the reasons for failure of broadcast seeds to 
germinate. Crested wheatgrass seeds (8 g dry weight) were 
coated with 40 mg of thiram (tetramethylthiuram disulfidc) 
to inhibit microbial growth. Seed samples, in flat 12. by 
18.inch nylon screen bags, were placed at a depth of 1 inch 
to simulate drilling of seeds or on the soil surface to simu- 
late broadcasting of seeds. The soil was rototilled prior to 
planting. Each treatment was replicated twice. Seeds were 
planted in the fall and spring at the times of drilling and 
broadcasting with the rangeland drill. 

After 2, 8, 16, and 32 days, seeds were taken from the 
soil and quickly frozen in powdered dry ice to stop meta- 
bolic processes. Procedures for extracting phosphate esters 
with trichloroacetic acid solutions and separating them by 
ion exchange chromatopraphy have been described (Wilson 
and Harris, 1966). Net synthesis of adenosine triphosphate 
was detected by measuring total phosphate in fractions of 
effluent from the ion exchange column (Bartlett, 1959). 

Air and soil temperatures, precipitation, and relative hu- 
midity at the experimental site were recorded. Moisture 
samples were taken of the %-inch of soil immediately below 
the seed samples on each sampling day. Soil water poten- 
tials were measured in the laboratory with a thermocouple 
psychrometer (Campbell et al., 1966; Wilson and Harris, 
1968). 

Root Growth 
Comparative root development of the seven grass species 

was studied during the spring of 1968. Seedlings were 
grown as described by Harris (1967) in 5- by 120cm pyrex 
glass tubes filled with silt-loam soil. Tubes were buried at 
a 15.degree angle. Aluminum sheaths surrounding the tubes 
permitted easy removal of tubes from the soil during mea- 
surements of root growth. Six replications of each species 
were used. 

Several seeds were planted in each tube about the same 
rime as the spring field plantings (March 1). Alter germina- 
tion, all but the largest seedling in each tube were removed. 
Depth of seedling root growth was measured at approvi~ 
marely weekly intervals until July I. 
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Mechanically Prepared 

Seedbeds 

Chemically Prepared 
Seedbeds 

December, 1967 March, 1968 
Seed Counts Seed Counts 

FIG. 2. Rodent and bird depredation of broadcast wheatgrass 
seeds on mechanically and chemically prepared seedbeds. Zinc 
phosphide treated wheat was broadcast on poisoned plots. 
Values are averages of six wheatgrass species. 

Results 

Depredation of Seeds by Rodents and Birds 

Soon after the fall seeding, it became apparent 
that rodents, particularly the deer mouse (Pero- 
rn! yscus maniculatus), would cause considerable 
seed depredation. Within 6 weeks after fall seed- 
ing, rodents had caused 980/, depredation of all 
broadcast wheatgrass seeds in plowed plots not 
protected by poisoned grain (Fig. 2). Little or no 
depredation was observed on poisoned plots. Birds, 
particularly chukar partridges (A Zectoris graeca), 
moved into the area in late December, and by 
spring had caused 93% depredation of broadcast 
wheatgrass seeds on plowed plots that had been 
protected against rodents. The combined depreda- 
tion by rodents and birds, therefore, nearly elimi- 
nated broadcast wheatgrass seeds in these plots be- 
fore germination. 

Seeds in chemically prepared seedbeds fared bet- 
ter than those in mechanically prepared seedbeds. 
By spring, rodents and birds had removed 52oi’, of 
broadcast wheatgrass seeds from unprotected plots. 
Birds had eaten 21 y. of broadcast wheatgrass seeds 
on plots protected against rodents. No detectable 
depredation of Sherman big bluegrass seeds oc- 
curred. 

Seedbed Preparation and Control of Competition 

Both mechanical and chemical 
tion were nearly 100% effective 

seedbed prepara- 
in killing weeds 

that had germinated prior to fall and spring treat- 
ments. Competition with seeded grasses, therefore, 
mainly resulted from cheatgrass and other annuals 
that germinated following seedbed preparation. 

About 50% of cheatgrass seeds had not germi- 
nated at the time of fall seedbed preparation. 
These seeds germinated in November and period- 

Table 1. Percent basal 
density (plants/ftz) of 
plots with and without 
preparation. 

area of perennial grasses and 
other species in July, 1968, in 
mechanical or chemical seedbed 

Species 

No 
seed- Seedbeds prepared 

bed Fall Spring 
prepa- 
ration Mech. Chem. Mech. Chem. 

Perennial grasses: 
Sandberg bluegrass 6 
Others 0.5 

Perennial forbs & shrubs T1 

Annual grasses: 
Brome species 68 
Six-weeks fescue T 

Annual & biennial forbs: 
Annual sunflower T 
Big goatsbeard 3 
China lettuce 2 
Annual mustards’ T 

Percent basal area 
0 6 0 1 
0.5 0.5 0.5 0.5 

Density 

T T T T 

15 31 2 25 
T T T 3 

1 T 1 1 
T 7 1 T 
T T T T 

34 35 T T 

1T = trace (less than 0.5 plants per square foot). 
2Principally Lepidium perfoEiatum. 

ically throughout the winter. When seeded grasses 
emerged in February, cheatgrass plants were al- 
ready well established. Mechanical seedbed prepa- 
ration reduced cheatgrass competition by 78yo in 
the fall and 97yo in the spring (Table 1). Chemical 
seedbed preparation reduced cheatgrass competi- 
tion by 54yo in the fall and 72yo in the spring. 

Sandberg bluegrass was dormant in the fall and 
was controlled by mechanical but not chemical 
seedbed preparation. In the spring, however, Sand- 
berg bluegrass was actively growing and was effec- 
tively controlled by both treatments. 

Chemical removal of cheatgrass in the spring 
increased the density of other annual grasses, par- 
ticularly ripgut brome (Bromus rigidus), soft chess 
(B. mollis), and sixweeks fescue (Festuca octoflora). 

Annual mustards, principally Lepidium perfolia- 
turn, germinated in mid-February. They averaged 
over 30 plants per square foot in fall prepared seed- 
beds, but probably did not compete with seeded 
grasses as seriously as cheatgrass and other annual 
grasses. 

Large taprooted annuals and biennials, such as 
annual sunflower (Helianthus annuus) and large 
goatsbeard (Tragopogon du bius), increased in den- 
sity after various seedbed preparations, but were 
not abundant enough to provide serious competi- 
tion to the seeded grasses. 

Effects of Environment on Seed 
Germination and Metabolism 

Soil temperatures during the 32-day experi- 
mental periods were low (Table 2), but within the 
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Table 2. Effects of temperature (OF at l-inch depth), relative humidity (%), precipitation (inches), and soil water po- 
tentiall (atmospheres) on adenosine triphosphatel synthesis and breakdown (mpmoles per gram dry weight) in crested 
wheatgrass seeds planted in October, 1967 and March, 1968, on the soil surface or at a depth of 1 inch. 

Experimental 
period 

Average daily Average daily 
relative humidity soil temperature 

Max. Min. Max. Min. 

Soil surface l-inch depth 

H,O H,O 
Precipitation potential ATP potential ATP 

Fall: 

0 to 2 days 
3 to 8 days 
9 to 16 days 

17 to 32 days 

Spring: 

0 to 2 days 
3 to 8 days 
9 to 16 days 

17 to 32 days 

- - 56 
100 50 53 

86 41 54 
98 67 50 

86 44 56 39 0 -300 0 -5 45 
88 35 60 32 0.31 -500 0 -4 110 
86 40 60 40 0.23 -1 60 -2 220 
81 32 64 39 0.28 -800 16 -8 - 

46 0 -300 0 -70 8 
39 0.17 -200 33 -12 77 
32 0 -400 8 -21 72 
38 0.48 -1 62 -1 130 

IWater potentials and adenosine triphosphate (ATP) concentrations were measured on the final day of each experimental period. 

range in which wheatgrass seeds germinate (Ellern 
and Tadmore, 1967). Soil temperatures were 
slightly higher and more favorable for germina- 
tion in the spring than in the fall. In contrast 
with fairly uniform soil temperatures, soil mois- 
ture fluctuated greatly from day to day, particu- 
larly on the soil surface. For this reason, differ- 
ences in seed germination and metabolism were 
considered to be due primarily to differences in 
moisture. 

Low minimum relative humidities indicate that 
seeds on the soil surface were often exposed to 
severe drying conditions (Table 2). Even though 
100% relative humidity was maintained for much 
of the time, its duration without interruption was 
short when compared with the time needed for 
seeds to germinate. 

Seeds planted at a depth of 1 inch, where mois- 
ture was relatively constant and favorable, syn- 
thesized adenosine triphosphate (ATP) rapidly and 
with minimum interruption (Table 2). ATP was 
not detected in mature seeds, but within 32 days 
in the fall and within 16 days in the spring, when 
half of the seeds had germinated, the concentra- 
tion of ATP had increased to 130 and 220 mpmoles 
per gram dry weight, respectively. Seeds on the 
soil surface were exposed to rapidly fluctuating 
moisture conditions that resulted in frequent start- 
ing and stopping of germination processes. The 
concentration of ATP in these seeds increased to 
33 mpmoles per gram dry weight in one storm and 
to 60 in two other storms. During subsequent dry 
periods, when the surface soil dried to a water 
potential of -400 to -800 atmospheres, 75% of the 
ATP was broken down. A more detailed report 
of the effects of rangeland environments on phos- 
phate ester metabolism will be given elsewhere 
(Wilson et al., unpublished). 

Moisture conditions at the l-inch depth re- 
mained favorable during the winter months, but 
low temperatures during December and January 
delayed until February the emergence of seedlings 
that had germinated in November. Only 1% of 
the crested wheatgrass seeds planted on the soil 
surface in the fall had germinated by the following 
March. 

Crested wheatgrass seeds planted in the spring 
at a depth of 1 inch germinated within 16 days, 
and seedlings emerged within 32 days. None of 
the seeds planted on the soil surface in the spring 
germinated. 

Table 3. Actual and expected monthly precipitation 
(inches), and average daily minimum and maximum air 
temperatures (OF) for the 1967-1968 crop year at the 
Asotin study area. 

Precipitation Air temperature2 

Month Actual Expected1 Min. Max. 

Sept. 0.25 0.88 - - 

Oct. 0.21 1.18 41 59 
Nov. 0.61 1.21 37 50 
Dec. 1.08 1.34 32 42 
Jan. 0.13 1.08 31 42 
Feb. 1.04 0.95 38 50 
March 0.66 1.16 38 57 
April 0.59 1.12 39 58 
May 1.21 1.52 47 70 
June 1.84 1.72 54 78 
July 0.41 0.42 62 943 
Aug. 1.35 0.42 43 96 

Total 9.38 13.00 

‘Based on long-term average precipitation pattern at Lewiston 
Airport (U.S. Weather Bureau, 1968). 

2Recording of temperatures began October 23, 1967, and con- 
tinued through August 6, 1968. 

3Includes 15 davs over 9.5 F and IO davs over 100 F. 
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Table 4. Plant counts made in July, 1968 of seven grasses, seeded in fall or spring by drilling or broadcasting into 
three types of seedbed. 

Fall seeding (October, 1967) Spring seeding (March, 1968) 

Mechanical Chemical None Mechanical Chemical None 

Drill Broad. Drill Broad. Drill Broad. Drill Broad. Drill Broad. Drill Broad. 

Wheatgrasses: 
Greenar 557 3 120 10 81 11 287 53 101 1 123 1 
Luna 145 2 69 12 47 11 287 37 84 1 77 0 
Nordan 258 20 55 24 25 9 281 127 69 1 77 1 
Thickspike 137 6 26 4 15 1 151 33 33 0 39 0 
Western 199 6 50 4 32 1 285 9 84 0 24 0 
Whitmar 86 1 63 17 22 1 230 43 95 2 58 0 

Sherman big bluegrass 883 955 415 241 121 107 298 51 69 2 29 3 

lValues are number of seedlings/30 ft in drilled rows or per 30 ft2 in broadcast plots, based on four replications. 

Drilled and Broadcast Seedings 

Germination .-The pattern of germination and 
emergence of the seven seeded species was similar 
to that of crested wheatgrass in the seed metabolism 
experiment. Seeds broadcast in fall did not germi- 
nate until mid-February. Fall-drilled seeds began 
germination in November, but did not emerge 
until mid-February, when surface soil warmed to 
about 45 F. Drilled seeds appeared to germinate 
at a faster rate in mechanically prepared seedbeds 
than in the other seedbeds. Broadcast seeds ap- 
peared to germinate more rapidly in litter than 
on bare ground. 

Spring-drilled seeds germinated readily in mid- 
March, about 2 to 3 weeks after seeding. Little 
germination of seeds broadcast in spring was ob- 
served except on mechanically prepared seedbeds. 
These plants developed from seeds that (1) survived 
depredation; (2) were covered by weathering of 
the soil surface; and (3) germinated during wet 
periods in May and June (Table 3). 

Seedling stands .-Plant counts made in June and 
July, 1968, showed that drilling in either fall or 

spring resulted in fair to excellent seedling stands 
of all species (Table 4). Broadcasting wheatgrasses 
gave poor seedling stands, except on seedbeds pre- 
pared mechanically in the spring. Broadcasting 
Sherman big bluegrass seeds resulted in good seed- 
ling stands in all seedbeds in the fall, but only on 
mechanically prepared seedbeds in the spring. 

Seedling establishment.-The number of seeded 
grass plants per 30 feet of row in November, 1968, 
was taken as a measure of seedling establishment. 
Drilling of wheatgrasses in seedbeds prepared me- 
chanically in the fall or spring, or chemically in 
the spring, generally resulted in satisfactory seed- 
ling establishment (Table 5). Broadcasting of 
wheatgrasses was generally unsuccessful except on 
seedbeds prepared mechanically in the spring. 

Drilling and broadcasting of Sherman big blue- 
grass resulted in satisfactory establishment on me- 
chanically prepared seedbeds. 

Competition for soil moisture appeared to be 
the most important factor affecting establishment 
of the seeded grasses. Precipitation was below nor- 
mal during winter and early spring (Table 3). Soil 

Table 5. Plant counts made in November, 1968 of seven grasses, seeded in fall or spring by drilling or broadcasting into 
three types of seedbed. 

Species 

Fall seeding (October, 1967) Spring seeding (March, 1968) 

Mechanical Chemical None Mechanical Chemical None 

Drill Broad. Drill Broad. Drill Broad. Drill Broad. Drill Broad. Drill Broad. 

Wheatgrasses: 
Greenar 68 0 14 0 12 0 92 20 34 0 8 0 
Luna 56 0 8 0 4 0 96 12 28 0 5 0 
Nordan 84 11 0 0 0 0 100 32 19 0 1 0 
Thickspike 41 0 2 0 1 0 71 8 5 0 1 0 
Western 31 2 3 0 0 0 104 4 4 0 0 0 
Whitmar 24 0 6 0 3 0 63 14 14 0 2 0 

Sherman big bluegrass 123 44 4 1 0 0 91 14 3 0 0 0 

IValues are number of seedlings/30 ft in drilled rows or per 30 ft2 in broadcast plots, based on four replications. 
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FIG. 3. Establishment of drilled wheatgrasses and Sherman big 
bluegrass, as influenced by annual bromegrass density and 
seedbed preparation. 

below a depth of 18 inches remained dry through- 
out the 1967-1968 crop year. The dry year, fol- 
lowed by high temperatures in July and August, 
resulted in the death of many seedlings. 

Seedlings from broadcast seed never appeared 
well-anchored, particularly those of Sherman big 
bluegrass, until after growth resumed in the fall 
of their second growing season. Short portions of 
the roots of these seedlings were exposed to the 
dessicating action of sun and wind. Wind might 
have caused some root breakage at the ground 
level. 

The density of cheatgrass and other annual 
brome species, as measured in early summer, was 
inversely related to seedling survival through the 
summer drought (Fig. 3). The critical competition 
level appeared to be between 15 and 25 annual 
bromegrass plants per square foot. Where the 
density of annual bromegrasses was greater than 
25, the establishment of seeded grasses was poor. 
Establishment of wheatgrass seedlings appeared to 
be inversely related to bromegrass densities, re- 
gardless of time of seedbed preparation and seed- 
ing. Fall seeding appeared to favor bluegrass seed- 
ling establishment. 

Root Growth 

In the study of root growth in glass tubes, inter- 
mediate and pubescent wheatgrasses developed the 
deepest seedling root systems of the seven peren- 
nial grasses tested (Fig. 4). They reached an aver- 
age depth of 98 cm by July 1, prior to the begin- 
ning of summer drought. Roots of Sherman big 
bluegrass had penetrated to a depth of 43 cm, the 
shallowest root system of the species tested. Dif- 

0 

25 

A Sherman 
0 Whitmar 
0 Western 
x Thickspike 
A Nordan 
n Luna 
l Greenar 

100 I I I I 1 
20 27 3 IO 17 24 

May June JAI y 

FIG. 4. Seedling root growth of grasses planted March 1, 1968, . 
in buried glass tubes near the Asotin study area. 

ferences in depth of root development appear to 
correlate with seedling survival. For example, in- 
termediate and pubescent wheatgrasses developed 
the deepest root systems and had the highest record 
of survival when drilled into weedy seedbeds. Sher- 
man big bluegrass, with its shallow seedling root 
system, had poor survival, even when broadcast 
onto mechanically prepared seedbeds in the spring. 

Discussion and Conclusions 

Depredation 

Bird and rodent depredation seriously reduced 
the effectiveness of broadcast seeding wheatgrasses 
in this study, particularly on mechanically prepared 
seedbeds. However, it is unlikely that depredation 
would be as important on large-scale broadcast 
seedings where cover has been plowed under. 

Rodent depredation in chemically prepared seed- 
beds was probably similar to, if not less than, that 
which could actually occur in large-scale seedings. 
Fall rodent density on the study area was less than 
20 mice per acre, compared with an average esti- 
mate of 150 to 200 per acre in this habitat type 
(Buss, I. 0.; unpublished data, Wash. State Univ., 
Pullman). It appears, therefore, that broadcast 
seedings will require some form of rodent control, 
such as large-scale poisoning or treating seeds with 
rodent repellent. 

There also appeared to be a trend toward higher 
seedling establishment in plots protected from 
rodents. Rodent grazing of seedlings might have 
been a more serious problem, had the rodent pop- 



BROADCAST SEEDING 169 

ulation been higher. Howard and Kay (1957) re- 
ported that rodent depredation of seedlings was an 
important factor in seedling establishment in Cali- 
fornia rangeland seeding trials. 

Birds, being sight-feeders, may not be a serious 
problem where there is sufficient litter to hide the 
seed. Where birds are a problem, dyeing seeds may 
be a practical means of controlling depredation. 
Howard (1950) reported that birds will avoid ab- 
normally colored seeds, even when they are near 
starvation. 

Germination and Establishment 

The main deterrent to germination of broadcast 
seeds was the rapid drying of surface soil after brief 
periods of precipitation and high humidity. Mea- 
suring the synthesis and breakdown of adenosine 
triphosphate was a useful means of evaluating the 
effects of environment on seeds during the weeks 
prior to germination. 

The following are suggested as possible methods 
of improving the germination of broadcast seeds: 
(1) broadcast into litter where surface moisture is 
often more favorable than on bare soil; (2) cover 
seeds by trampling; (3) select species or strains that 
will germinate rapidly during brief periods of fa- 
vorable moisture; (4) pretreat seeds to obtain rapid 
germination (Keller and Bleak, 1968); (5) select 
species or strains that can germinate at low tem- 
peratures (favorable moisture often coincides with 
periods of low temperature); and (6) select species 
or strains that can germinate under relatively dry 
conditions. 

Ineffectiveness of controlling competing species, 
particularly cheatgrass, appeared to be the major 
obstacle to seedling establishment. In broadcast 
seeding of steep or rocky sites, spraying with herbi- 
cides may be the only method available for con- 
trolling competition. A chemical fallow, in the 
growing season prior to broadcast seeding, may be 
a more effective means of controlling competition 
than spraying when many weed seeds remain un- 
germinated. 

Better germination on the soil surface of Sher- 
man big bluegrass than of the wheatgrasses was 
probably due to its small seed size and good con- 
tact with the soil. Thus, from the standpoint of 
germination and low depredation loss, Sherman 
big bluegrass was the best adapted species for 
broadcast seeding. However, because of slow root 
development, it required a high degree of weed 
control. 

Species with rapidly elongating roots, such as 
Greenar intermediate and Luna pubescent wheat- 
grasses, were best adapted for competing with 
weeds for available moisture, and required least 
weed control for establishment. 

Future of Broadcast Seeding 

Where lands can be tilled, mechanical seedbed 
preparation and drilling are the practical and eco- 
nomical methods of seeding. Although broadcast 
seeding has not been very successful on semiarid 
rangelands, it still may be the only means by which 
steep or rocky rangelands can be rehabilitated in 
many areas. This study helps to define some of 
the problems in broadcast seeding, and suggests 
that, as these problems are overcome, successful 
broadcast seeding may become a practical manage- 
ment tool. 
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Highlight 

12 
In the wind tunnel, Styrofoam ridges 2 inches high and 

inches apart reduced wind velocities as much as 90% 
below the free wind velocity. In the field, ridging of a 
sandy loam soil by packing with a heavy packer wheel 
prevented wind erosion from the modified seedbed. High- 
intensity rain and hail can eliminate the ridges. 

During several periods between 1880 and 1940, 
attempts were made to convert the grassland re- 
gion of eastern Colorado into a dryland farming 
economy. Most attempts were unsuccessful; conse- 
quently, many thousands of acres were abandoned 
after 1 to 3 years of successive crop failures. Un- 
fortunately, even though the land has lain idle for 
3 or 4 decades, many fields have not reverted to 
the native blue grama (Routeloua gracilis (HBK) 
Lag. ex Steud.) sod. The vegetation on these fields 
consists primarily of weedy species of grass and 
broadleaf plants (Fig. 1). 

Over the years, a number of techniques for 
seeding these abandoned fields back to grass were 
tested (Bement et al., 1965). Seeding trials at the 
Central Plains Experimental Range generally were 
unsuccessful, due to the combination of low rain- 
fall and strong winds in this region. Numerous 
strong winds cause severe erosion and prevent grass 

1 This paper is the result of cooperative research by Colo- 
rado State University and the Crops Research Division. 
Published with the approval of the Director, Colorado 
Agricultural Experiment Station, as Scientific Series Paper 
No. 1443. Received June 14, 1969; accepted for publica- 
tion November 21, 1969. 
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seedling establishment. The removal of several 
inches of soil by wind from unprotected seedbeds 
is not uncommon. 

The erodibility of bare soil by wind is a func- 
tion of wind velocity and turbulence, soil texture 
and structure, roughness of the soil surface, mois- 
ture content of the surface soil, and the size of the 
bare soil area. Reduction of wind velocity at the 
soil surface is one of the main principles in the 
control of wind erosion, because the force of the 
wind varies as the square of its velocity (Chepil, 
1957). Therefore, even a slight reduction in wind 
velocity near the surface provides a marked reduc- 
tion in erosion potential. 

One of the most effective methods for reducing 
wind velocity at the soil surface is to prepare the 
seedbed so that the surface has a maximum rough- 
ness. A rough ground surface is more resistant to 
wind erosion than a smooth one because the rough 
surface reduces the wind velocity and traps dis- 
lodged particles before they attain enough velocity 
to become abrasive (Chepil, 1957). Maximum 
roughness often is obtained by deep plowing. The 
effectiveness of deep plowing is determined by its 
success in reducing the erodibility of surface soil 
particles (Chepil et al., 1962). Rough plowed soils 
are seldom good seedbeds, however, due to poor 
moisture holding capacity of the exposed clods. 
Deep plowing stops wind erosion, at least tempo- 
rarily, if the subsoil turned up to the surface is 
cloddy and contains more than 12% clay (Hobbs, 
1957). With a soil containing less than about 15% 
clay, additional treatments designed to increase 
surface roughness and bulk density are needed. 
Therefore, we theorized that resistance to wind 
erosion can be increased by packing ridges in 
freshly-plowed sandy soils. 

A technique for modifying the surface of sandy 
soils to reduce the amount of wind erosion was 
developed in 1965 (Hyder and Bement, 1969). This 
technique consists of plowing when the soil is moist 
and packing with a heavy packer wheel. The first 
model of the roller was designed to make flat bot- 
tom furrows 4 inches wide separated by ridges 2.25 
inches high. The packed ridges had a top angle 


