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Table 4. Utilization (5%) of the different species growing 
in the research pasture. 

Species 

Forbsr 
Silver bluestem 
Sideoats grama 
Western wheatgrass 
Sand dropseed 
Red threeawn 
Tumble windmillgrass 

0 ther grasses 

1 Primarily kochia. 

Utilization 

58.9 
49.4 
46.9 
45.1 
38.7 
28.6 
28.0 

16.3 

Utilization of Major Species 

The degree of utilization varied considerably 
among the different species (Table 4). Both silver 
bluestem and forbs (mostly Kochia scoparia (L.) 
Schrad.) were utilized more heavily than sideoats 
grama while western wheatgrass received similar 
use. The other grasses were used less, indicating 
lower preference by the grazing animals. 

The cattle showed a definite preference for 
kochia when they first were introduced into the 
pasture. As kochia started to mature in July, 
grazing changed to sideoats grama and sand drop- 
seed through July and to the middle of August. 
Preference was shown for sideoats grama, western 
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Highlight 

Five grass species were fall seeded on dryland under 
three cultural treatments-summer fallow, tilled stubble, 
and standing stubble-in 1966, 1967, and 1968. Seedling 
emergence was recorded the following spring on each of 
the seedbeds. Significant differences in emergence were 
found among the grasses and the seedbeds with the sum- 
mer fallow treatment generally producing more seedlings. 
For practical purposes of stand establishment and area 
occupancy, however, all cultural treatments produced ade- 
quate stands. Interactions among years, seedbeds, and 
grass species were too great to permit predictions of con- 
sistency for any one cultural treatment. Dramatic sup- 

l Received May 27, 1970; accepted for publication Septem- Successful establishment of grasses on difficult 
ber 17, 1970. sites varies widely in spite of the application of 
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wheatgrass and silver bluestem during the latter 
part of the growing season. Use was made on red 
threeawn, tumble windmillgrass and other minor 
grasses only in the early part of the grazing season. 
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pression of rhizome extension of western wheatgrass oc- 
curred under the crop residue treatments. This suppression 
was too severe to be attributed entirely to nitrogen de- 
ficiency. Phytotoxicity of the plant residue is suspected 
as a contributing factor. 

Seeding grasses on abandoned cropland, or 
land converted from cash crops into permanent 
pasture, is a common practice in submarginal dry- 
land areas of the Great Plains. Cultural methods 
and seedbed preparation techniques are well es- 
tablished with summer fallow, tilled grain stubble, 
and standing <grain stubble the three most recom- 
mended and used (Anderson et al., 1957; Barnes 
et al., 1952; Clark and Heinrichs, 1941; Douglas 
et al., 1960; Launchbaugh, 1966; Parker, 1961; 
Sittler, 1958; Stark et al., 1946; Staten, 1943). Their 
primary purpose is the conservation of soil mois- 
ture for germination and growth of the seedlings. 
The added advantage of wind or water erosion 
control is achieved with the tilled stubble and 
standing stubble techniques. 



GRASS SEEDLING EMERGENCE 227 

Table 1. Numbers of seedlings emerging from five grasses 
seeded at a rate of 10 PLS per row foot across three 
cultural treatments. Seeded October 1966, emergence re- 
corded June 1967. Averages of three replications. Octo- 
ber through June precipitation was 10.09 inches. 

Cultural treatments 

Summer Tilled Standing 
Grass species fallow stubble stubble Average 

Green needlegrass 11.4 8.9 8.3 9.5a* 
Western wheatgrass 6.1 4.3 3.8 4.7b 
Switchgrass 4.5 4.4 3.9 4.3b 
Thickspike wheatgrass 4.8 5.3 4.4 4.8b 
Prairie sandreed 2.4 1.3 1.7 1.8~ 

Average 5.8 4.8 4.4 5.0 

x” Y Y 

* Duncan’s Multiple Range Test @ P = .Ol, values with the same 
letters following are not significantly different. 

these cultural methods. Failures are most often 
attributed to adverse weather conditions even 
though these methods supposedly reduce the effects 
of weather (Launchbaugh, 1966). Occasionally a 
study of cultural methods shows an adverse effect 
of seeding in small grain stubble. Douglas et al. 
(1960) found that seeding grasses into wheat stubble 
produced good stands but plant development was 
retarded. Five years were required for the grass 
to reach full production, as compared to three 
years for seedings on fallowed land. 

The purpose of this study was to evaluate emer- 
gence of range grasses under summer fallow, tilled 
stubble, and standing stubble cultural methods 
under the very dry conditions of southern Mon- 
tana, and to determine the most consistently suc- 
cessful method over a period of years. 

Methods and Materials 

The three cultural methods of summer fallow, tilled 
stubble, and standing stubble were applied on a Heldt 
silty clay loam soil at Bridger, Montana, during 1966, 
1967, and 1968. This was a dryland site with a 50-year 
mean annual precipitation of 10.35 inches. Each of the 
study areas had been sown to spring wheat the year prior 
to treatment. In the treatment year each study area was 
spring plowed and one-third of the area summer fallowed 
throughout the season as needed to prevent weed growth. 
Two-thirds were replanted to spring wheat and mowed to an 
8-inch stubble height at the post-bloom stage with the cut 
material left on the site. One-half of the wheat area was 
then incorporated into the surface 4 inches of soil and the 
other half left standing. These three treatments were re- 
peated on separate areas for each of the three years indicated. 

In October of each year that the cultural treatments were 
established, five grass species were seeded across the three 
seedbeds: thickspike wheatgrass (Agropyron dasystachyum), 
western wheatgrass (A. smithii), prairie sandreed (Cala- 
movilfa Zongifolia), switchgrass (Panicum virgu turn), and 
green needlegrass (Stipu viridulu). The grasses were seeded 

Table 2. Numbers of seedlings emerging from five grasses 
seeded at a rate of 10 PLS per row foot across three cul- 
tural treatments. Seeded October 1967, emergence re- 
corded June 1968. Averages of three replications. Octo- 
ber through June precipitation was 12.20 inches. 

Cultural treatments 

Summer Tilled Standing 
Grass species fallow stubble stubble Average 

Green needlegrass 10.5 9.2 16.2 12.0a* 
Western wheatgrass 6.5 3.9 5.0 5.lb 
Switchgrass 6.4 4.0 7.8 6.lb 
Thickspike wheatgrass 3.4 2.8 2.9 3.oc 
Prairie sandreed 0.3 0.2 0.3 0.3d 

Average 5.4 4.0 6.4 5.3 

x* Y x 

* Duncan’s Multiple Range Test @ P = .Ol, values with the same 
letters following are not significantly different. 

with a grain drill at a calibrated rate of 10 pure live seed 
(PLS) per foot of row in 7-inch row spacings . The seeding 
rates were calibrated on the basis of laboratory germination 
tests. The experimental design used for each planting was 
randomized split-block with three replications using the 
grass species as main blocks and the cultural treatments 
as split blocks. The split-block was 8 by 70 feet. No fertil- 
izer was used in this study. 

In late June following each fall planting the number of 
seedlings emerged per row foot were counted. Ten 3-foot 
samples from each split-block were taken, averaged, and 
reduced to the number of seedlings per row foot. The 
I966 and 1968 plantings were plowed in the fall of the same 
year the seedlings emerged. The 1967 planting was allowed 
to grow through the second (1969) season. 

Results and Discussion 

The cultural treatments showed highly signifi- 
cant differences in the numbers of seedlings emerg- 
ing per row foot each year (Tables 1, 2, and 3). 

Table 3. Numbers of seedlings emerging from five grasses 
seeded at a rate of 10 PLS per row foot across three cul- 
tural treatments. Seeded October 1968, emergence re- 
corded June 1969. Averages of three replications. Octo- 
ber through June precipitation was 11.25 inches. 

Cultural treatments 

Summer Tilled Standing 
Grass species fallow stubble stubble Average 

Green needlegrass 12.0 9.6 6.8 9.5a* 
Western wheatgrass 2.5 1.8 1.3 1.9b 
Swi t&grass 0.8 0.8 0.5 0.7cd 
Thickspike wheatgrass 2.5 1.6 0.8 1.6bc 
Prairie sandreed 0.9 0.4 0.5 0.6d 

Average 3.7 2.8 2.0 2.9 

x” Y Z 

* Duncan’s Multiple Range Test @ P = .Ol, values with the same 
letters following are not significantly different. 
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Table 4. October through June monthly precipitation Table 5. Three-year average emergence of seedlings from 
(inches) at Bridger, Montana.1 five grasses seeded at a rate of 10 PLS per row foot across 

three cultural treatments. Seeded October 1966, 1967, 
Precipitation in inches and 1968; emergence recorded June 1967, 1968, and 

Month l!X6-67 1967-68 1968-69 1969, respectively. Averages of three replications. 

October .89 1.05 .33 Cultural treatments 

November .52 .91 
December .84 1.72 

.48 Summer Tilled Standing 

.57 Grass species fallow stubble stubble Average 

January 
February 
March 

April 

May 
June 

.86 1.61 1.27 Green needlegrass 

.66 .23 .03 Western wheatgrass 

.55 .61 .57 Swi tchgrass 

11.3 9.2 10.4 10.3a” 
5.0 3.3 3.4 3.9b 
3.9 3.1 4.1 3.7b 

1.55 .51 .96 Thickspike wheatgrass 3.6 3.2 2.7 
.79 1.74 1.54 Prairie sandreed 1.2 0.6 0.8 

3.43 3.82 5.50 Average 

3.2b 
0.9c 

5.0 3.9 4.3 4.4 

Total 10.09 12.20 11.25 x* Y XY 

l From precipitation records maintained at the SCS Plant Ma- * Duncan’s Multiple Range Test @I P = .Ol, values with the same 
terials Center, Bridger, Montana. letters following are not significantly different. 

The summer fallow treatment was highest in seed- 
ling emergence two of the three year< The stand- 
ing stubble treatment was lowest in seedling emer- 
gence two of the three years. The average planting 
emergence and the individual treatment emer- 
gences within each planting were not related to 
October through June precipitation. Rainfall 
patterns by months were essentially the same for 
all three periods as seen in Table 4. Capture and 
retention of snow by the standing stubble in the 
1968-69 planting did little to increase seedling 
emergence under that treatment the following 
spring. No snow was captured by this treatment 
during the other two winters. Apparently soil 
moisture was not the prime limiting factor in 
affecting differences in seedling emergence among 
cultural treatments or among years. 

Green needlegrass produced the highest number 
of seedlings in each of the three years, and ex- 
ceeded the calibrated seeding rate of 10 PLS 
under the summer fallow treatment each year and 
the standing stubble treatment in 1968 (Tables 
1, 2, and 3). This was due to the inherent embryo 
dormancy of the seeds, some of which is normally 
broken during the winter cold temperature period 
following planting. 

The western and thickspike wheatgTasses and 
the switchgrass emergence in 1967 and 1968 was 
approximately half of the pure live seed planted. 
No explanation for the poor emergence in 1969 
is available. 

The performance of prairie sandreed was very 
poor under all cultural treatments and in all years. 
We thought that fall seeding of this warm-season 
grass caused a loss of seed viability and subsequent 
poor emergence, but other spring seedings and a 

variety of other soils and climates have shown 
the same poor emergence.2 

The interaction of cultural treatments and spe- 
cies was not significant in 1967 but was highly 
significant (P = .Ol) in 1968 and 1969. Never- 
theless, all species generally emerged better under 
the summer fallow treatment. 

Summer fallow resulted in the greatest number 
of seedlings per row foot over the three-year period 
(Table 5). The treatment producing the least 
seedlings was tilled stubble. The additional mois- 
ture that might be expected to be available under 
the crop residue treatments did not provide better 
stands of grass over the summer fallow treatment. 
The tilled stubble was, in fact, a statistically dis- 
tinct detriment. We did not determine if this 
detriment was due to a phytotoxicity of the crop 
residue, lower soil temperatures, shading, or some 
other factor. 

For practical purposes of forage production and 
erosion control, on the other hand, all treatments 
achieved acceptable levels of seedling stands in 
this study. Stands of four to five plants per row 
foot, or seven to nine plants per square foot, were 
achieved with seeding rates one-third to one-half 
lower than those usually recommended for this 
type seeding. Since all interaction combinations 
of years, species, and cultural treatments were 
highly significant (P = .Ol), a single approach to 
seeding grasses on dryland sites that will assure 
the greatest success appears impractical. 

Growth Suppression 

The fall 1967 seedin g was allowed to grow 
through the seedling year (1968) and into the sec- 

2 Unpublished data, Soil Conservation Service, Plant Ma- 
terials Center, Bridger, Montana. 
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ond growing season (1969). A good stand of wst- 
em wheatgrass was adjacent to a poor stand of 
prairie sandreed. During both the seedling and 
second growing seasons rhizomes of the western 
wheatgrass extended vig.orously into the essentially 
empty area of the prame sandreed. By the begin- 
ning of the second season these rhizomes had ex- 
tended seven feet under the mummer fallor\, treat- 
ment but only 1% to 2 feet under the tilled stubble 
and standing stubble treatments (Figs. 1 and 2). 
Rhizome extension was measured from the center 
of the row adjacent to the empty area. This dra- 
matic suppression of growth is attributed to the 
presence of the wheat straw residue. A deficiency 
of available nitrogen under the crop residue treat- 
ments may account in part for the poor rhizome 
spread, as well as the possibility of phytotoxicity 
from the residues. 

Considerable evidence is available to show that 
many crop residues have a toxic effect on germina- 
tion and growth of seedlings of crops that follow. 
The toxicity is caused partly by soil microor~ga 
nisms which require certain plant residues as a 
substrate to elaborate toxic compounds (Behmer 
and McCalla, 1963; Norstadt and McCalla, 1968). 
Soluble substances in the plant residues can also 
cause poor seedling performance without the pres- 
ence of microorganisms (Guenzi and McCalla, 
1962; Guenzi et al., 1967; Behmer and McCalla, 
1963). The most obvious phytotoxic symptoms are 
lower germination, loss of root geotropism, short- 
ened first internode, stunting of the seedling, and 
general unthriftiness (Guenzi and McCalla, 1962; 
M&alla and Dudley, 1950; Norstadt and McCalla, 
1968; Patrick and Koch, 195X; Behmer and Mc- 
Calla, 1963). Phytotoxicity is most active during 

moist weather, or under the moist conditions 
promoted by the crop residue itself. 

Growth suppression under crop residues was 
noted in one species in only one year of this study. 
No measurements ~vere made on the four other 
speaes. We suggest further study of this phe- 
nomenon is needed. 

Summary and Conclusions 
The results of this investigation show that 

mummer fallow culture will provide consistently 
better grass stands; but, for practical purposes, ade- 
quate grass stands can be established under any of 
the three cultural methods presently recommended; 
that a dramatic suppression of growth can occur 
under a crop residue culture; and that the partic- 
ular soil, land condition, previous crop, moisture 
availability, and wind or water erosion hazard 
mut be considered in rhe decision to use any one 
cultural treatment. 
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Highlight 

Four 50 )( 50 foot plots were sprayed 
with 2 lb./acre 2,4-D in 1959, 1960, 
1965 and 1969 to kill fleshy-rooted, 
spring-growing plants and annuals. 
These plants are the major source of 
food for pocket gophers. Averaging 
the IO-year period, 1960-69, spraying 
reduced gopher mounds by 93% and 
winter casts by 94% when compared to 
the unsprayed areas. 

Most investigators have found 
that fleshy roots and underground 

l Cooperative investigations of Crops 
Research Division, Agricultural Re- 
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Department of Agriculture; and Utah 
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Utah Agricultural Experiment Sta- 
tion Journal Paper 985. Received 
March 21, 1970; accepted for pub- 
lication September 25, 1970. 
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ments on the manuscript. Special 
thanks are due to Wesley and Arvel 
Bitters and Bernard Thurston, who 
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stems are the main food of pocket 
gophers (Moore and Reid, 195 1; 
Garrison and Moore, 1956; Ward 
and Keith, 1962; Hansen and 
Ward, 1966). During the growing 
season, however, gophers prefer the 
above-ground parts of plants (Ward 
and Keith, 1962; Hansen and 
Ward, 1966). 

Julander et al. (1969) suggest that 
reducing the food supply by herbi- 
tidal spraying may be a good 
method of reducing the number of 
pocket gophers. Keith et al. (1959), 
the Colorado Gopher Project 
(1960), and Hansen and Ward 
(1966) found that spraying a peren- 
nial forb range with 2,4-D in Colo- 
rado reduced the gopher popula- 
tion by 87% the year after spraying. 
They attributed the gopher de- 
crease to a decrease in forbs which 
were their main source of food. 
Spraying temporarily increased 
grass production. In succeeding 
years as forbs increased and grass 
decreased on the sprayed area, the 
gophers increased. Reduced gopher 

numbers on sprayed areas was not 
from the toxicity of the herbicides, 
but the reduced food supply made 
treated areas unattractive to go- 
phers. 

Garrison and Moore (1956) found 
that good seedbed preparation 
which destroys broad-leaved herbs, 
renders new seeding sites unattrac- 
tive to gophers. If this is also true 
on other range areas, then good 
seedbed preparation will not only 
help control gophers but will help 
insure successful range seedings by 
killing competing plants. 

Gopher damage has often been 
severe on experimental seedings at 
Franklin Basin (Hull and Cox, 
1968). Many experimental methods 
of seedbed preparation did not kill 
all fleshy-rooted plants and enough 
remained to induce gophers to re- 
main on the seeded areas. This 
present study was to determine go- 
pher activity over a lo-year period 
on areas where fleshy-rooted peren- 
nial plants were controlled with 
2,4-D. 

Procedures 

The experiment was conducted 
on an opening dominated by an- 
nual plants in the spruce-fir type 
in Franklin Basin in southeastern 
Idaho. The area is at 8,400 feet 
elevation and the annual precipita- 
tion averages 46 inches. Snow 
reaches a depth of 7 to 10 feet 


