
Journdl of Volume 18, Number 2 
March, 1965 

RANGE MANAGEMENT 

Seeding of 
the Central 

>- ‘ 

1 Abandoned Croplands in 
Great Plains’ 
R. E. BEMENT, R. D. BARMINGTON, A. C. EVERSON, 

L. 0. HYLTON, JR., AND E. E. REMMENGA 
Research Range Conservationist, Associate Agricultural 
Engineer, Range Conservationist, Research Range Con- 
servationist, and Statistician, respectively. First and 
fourth authors are affiliated with the Crops Research 
Division, Agricultural Research Service, U.S. Depart- 
ment of Agriculture, and other authors are affiliated 
with Colorado Agricultural Experiment Station, CoZo- 
rado State University, Fort Collins. 

Highlight 
Crested wheafgrass and Russian 

wildrye were successfully esiab- 
lished by late-summer planting in 
summer-fallowed strips using a dou- 
ble-disc depth-band drill. Crested 
wheafgrass was also established by 
spring planting. Blue grama and 
side-oafs grama were not esfab- 
lished. 

Extensive acreages of aban- 
doned cropland in the Central 
Great Plains produce only a 
fraction of their potential as 
rangeland. Seeding, as a method 
of realizing this potential, has 
been generally expensive and 
subject to frequent failures. The 
risk of failure in the lo- to 15- 
inch precipitation zone has de- 
terred seeding on many areas 
which are in low stages of pro- 
ductivity. It is estimated that 5 

1A contribution of the Central 
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Research Division, Agricultural 
Research Service, U.S. Department 
of Agriculture, and Colorado Agri- 
cultural Experiment Station, CoZo- 
rado State University, Fort Collins, 
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proval of the Director of the CoZo- 
rado Agricultural Experiment Sta- 

tion as Scientific Paper No. 943. 

million acres of stabilized, aban- 
doned croplands in the lower 
precipitation zones of the Cen- 
tral Great Plains would be re- 
vegetated if dependable and eco- 
nomically feasible methods of 
stand establishment were 
known. 

In 1956 a study was initiated 
at the Central Plains Experi- 
mental Range 38 miles northeast 
of Fort Collins, Colorado, to de- 
termine the cultural practices 
required to establish stands of 
crested wheatgrass (Agropyron 
desertorum (Fisch.) Schult.) , 
Russian wildrye (Elymus jun- 
ceus Fisch.) , blue grama (Boute- 
low gracilis (H.B.K.) Lag.), and 
side-oats grama (Bouteloua cur- 
tipendula (Michx.) Torr.) . 

Methods 
The experiment was conducted on 

a half-section of land described by 
Klipple and Retzer (1959) as belong- 
ing to the Ascalon series. The sandy- 
loam soil was cultivated for bean 
production for several years, severe- 
ly eroded by wind, and subsequently 
abandoned in 1935. In 1956, twenty 
years after abandonment, this land 
was in the Aristida-stage of sec- 
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ondary succession (Costello, 1944). 
The stand of low-value perennial 
vegetation protected the soil from 
blowing. 

The 20-year (1939-1958) average 
annual precipitation at the experi- 
mental site was 11.84 inches with 
an average of 8.51 inches during the 
period May 1 to September 30. Av- 
erage annual wind velocity was 6.1 
miles per hour. The highest average 
wind velocity recorded for a 24-hour 
period was 21.1 miles per hour. The 
mean high and low temperatures 
during the growing season were 
78” F. and 47” F., respectively. The 
average frost-free period was 133 
days. 

The study evaluated three dates 
of planting, three methods of seed- 
bed preparation, five kinds of drills 
with various row spacings, and four 
species as outlined in Table 1. Plant- 
ings were made during three succes- 
sive years to test results under the 
highly variable year-to-year climatic 
conditions. Treatments were repli- 
cated twice in each of three year- 
blocks. 

Seedbed Preparation. - The three 
methods of seedbed preparation 
were summer fallow, spring cultiva- 
tion, and direct seeding. Cultural 
methods to be practical for this area 
must provide features that are ef- 
fective in combating wind erosion. 
Therefore, summer-fallowed and 
spring-cultivated seedbeds were con- 
fined to narrow strips approximately 
two rods wide leaving undisturbed 
strips of equal width between the 
cleared ones. 

The most intensive method of 
seedbed preparation was summer 
fallow. Fallowed strips were culti- 
vated initially in May, using 15-inch 
sweep blades mounted on a tractor 
tool bar. The strips were cultivated 
twice more during the summer, 
usually in June and July, depending 
upon weed growth. These operations 
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Table 1. Treatment combinaiions showing planting time, seedbed preparation, drills, and species used. 

Plfmti$g 
Spring Late Summer- Fall 

Seedbed 
preparation sY+%Er 

Spring 
cultivated Direct %ET Direct -_ 

_ .*. Depth Single Hoe Lister Sweep 
Urill 

ya;;fi Single ,Hoe 
aisc type 

ya$\~ Single .Hoe l?epth Single Hoe Depth Single Hoe Lister 
alsc type band alsc type band disc type type band disc type type type 

Species:1 
Agde x2 x x x x x x x 
Elju x x x x x x x x ,” ,” ,” x” x” ,” ,” x” x” x” 
Bogr x x x x x x x x x 
Bocu x x x x x x x x x 

1Agde = crested wheatgrass 
Elju = Russian wildrye 
Bogr = blue grama 
Bocu = side-oats grama 

2x indicates that the species was used in the treatment. 

left the strips in the rough condition 
shown in Figure 1. Just prior to 
planting, the seedbed was prepared 
with a spike-toothed harrow and a 
cultipacker. The resulting seedbed 
is shown in Figure 2, top. 

The second most intensive method 
of seedbed preparation was spring 
cultivation. The strips were culti- 
vated initially with sweeps followed 
by the harrow and cultipacker. Til- 
lage was also confined to narrow 
strips in this method of preparation. 
All tillage operations in the spring 
cultivation method took place just 
before planting. 

The least intensive method of land 
preparation was direct seeding. In 
this method a narrow band of the 
native vegetation was removed with 
either a lister or sweep blade. The 
seed was drilled directly behind the 
blades. 

The three types of land prepara- 
tion were set up in adjacent strips. 
Fallow and spring-cultivated strips 
were always flanked by direct-seed- 
ing strips. 

Drills.-The five drills used were 
a double-disc depth-band, a single- 
disc, a hoe-type, a lister-type, and a 
sweep-type drill. The most precise 
planting was done with a special 
grass drill equipped with cotton 
hoppers, double-disc furrow openers 
with depth bands, and nacker wheels _.~~~~ ~_ ..~~~__ 
(Figure 2, top). This depth-band 
drill which placed the seed at a l- 
inch depth was developed by the 
Agricultural Engineering Section of 
the Colorado Agricultural Experi- 
ment Station. An ordinary single- 
disc grain drill without depth bands 
and a hoe-type or deep-furrow 
wheat drill were also used. In this 

obtain a planting depth of approxi- 
mately one inch with each drill. 
When the depth-band, single-disc, or 
hoe-type drills were used in direct- 
seeding plots, a properly spaced 
band of vegetation was first re- 
moved with sweeps mounted on a 
tractor tool bar. 

Two machines were designed to 
plant with no prior seedbed prepa- 
ration. One was a lister-type ex- 
perimental grass planter developed 
by the Colorado Agricultural Exper- 
iment Station (Davis and Barming- 
ton 1957). It had listers to clear the 
weedy vegetation and press wheels 
to firm the soil over the seed after 
it had been placed in the bottom of 
the furrow (Figure 2, bottom). The 
second machine was a sweep-type 
drill equipped with 18-inch sweeps 
to clear the vegetation. It planted 
the cnna 0LG;u irk thn nnntnr =f 8 fin+ CA16 LCZII CFL J.IcA b, 
cleared band and covered the seed 
by drag chains. 

Row spacings in inches were as 
follows: 

Prepared Direct 
Drill Seedbed Seeding 
Depth-band 12, 24* 12, 24 
Single-disc 7, 14, 28* 14, 28 
Hoe-type 14, 28* 14, 28 
Lister-type 24 
Sweep- type 34 

Spacings with asterisks were not 
used in spring plantings. 

Dates of Seeding.-Spring plant- 
ings with blue grama, side-oats 
grama, crested wheatgrass, and Rus- 
sian wildrye were made between 
March 18 and April 15 in each of the 
three successive years-1956, 1957, 
and 1958. Summer-fallowed strips 
planted in the spring had been fal- 

light soil an attempt was made to lowed since May of the previous 

FIGURE 1. Summer-fallowed strip prior to 
seedbed preparation. 

FIGURE 2. Top-The double-disc depth- 
band drill on a prepared seedbed. Bot- 
tom-The lister-type grass planter on a 
direct-seeding plot. 

year. Crested wheatgrass and Rus- 
sian wildrye were planted in late 
summer in strips that had been fal- 
lowed approximately four months. 
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Late-summer planting was done be- 
tween August 27 and September 10 
in each of the three years. Fall seed- 
ings of crested wheatgrass and Rus- 
sian wildrye were made only in 
direct-seeding plots between Octo- 
ber 14 and 18 each year, after the 
competing warm-season vegetation 
had become dormant. 

Rates of Seeding. - Seeding rate 
adjustments were made on each drill 
to give the desired number of pure 
live seed per foot of row. These re- 
sulted in approximately 16 pure live 
crested wheatgrass seeds, 15 Russian 
wildrye, 32 blue grama, and 45 side- 
oats grama seeds per foot of seeded 
row. 

Measurements and Data Analysis. 
-Counts of the number of plants 
per foot of seeded row were made 
in July of each year from 1956 
through 1960. In 1961 sample plots 
were clipped in each strip to deter- 
mine herbage ‘production of the 
seeded species. Analyses of variance 
of the number of plants per foot of 
seeded row two years after seeding 
and of herbage production in 1961 
were performed to evaluate the ob- 
served differences. Duncan’s Multi- 
ple Range Test was applied to spe- 
cific interesting comparisons. 

Results 
A planting was considered suc- 

cessful if one or more plants 
were established per two feet of 
row two years after the date of 
seeding. Blue grama and side- 
oats grama were not established 
successfully with any seeding 
method. Direct seeding was un- 
successful at all times and with 
all species. 

Seedbed Preparation. - Seed- 
ling establishment improved as 
control of the competing vegeta- 
tion increased. In spring plant- 
ings summer fallow gave the 
best control followed by spring 
cultivation and direct seeding. 
The average numbers of plants 
per foot of row established with 
spring planting on summer-fal- 
low, spring-cultivated, and di- 
rect-seeding plots are signifi- 
cantly different from one an- 
other at the 5 percent level 
(Table 2). 

Summer-fallowed strips used 
for late-summer plantings were 

Table 2. Average number of seeded grass plank established per fooi of 
row wifh spring planting in 1956, 1957, and 1958, using fhree methods 
of seedbed preparation. Counts made fwo years after planting. 

Preparation 

Summer Spring 
Species fallow cultivated Direct Mean 

----__ (Numberr) - - - - - - 
Crested wheatgrass 0.78 0.52 0.17 0.49” 
Russian wildrye 0.40 0.22 0.92 0.21b 
Blue grama 0.12 0.11 0.09 O.llb 
Side-oats grama 0.16 0.04 0.03 0.08b 
Mean 0.36” 0.22b 0.08” 0.22 

IValues are averages of three drills. Border means with different super- 
scripts are diffrent at the 5% level. 

Table 3. Russian wildrye and crested wheaigrass plants established per 
foot of row, seeded on summer-fallowed land. 

Time Drill used 
Mean 

omitting 
of depth single hoe lister lister 

Species planting band disc type type type 
-_-- (Numberr) - - - - 

Russian wildrye spring 0.64 0.30 0.26 - 0.40b 
late summer 1.32 0.44 0.45 0.23 0.74” 

Crested wheatgrass spring 1.16 0.72 0.47 - 0.78” 
late summer 1.00 0.55 0.58 0.27 0.71” 

Mean 1.03” 0.50b o.44b 0.66 
IValues are averages of three years. Counts were made two years after 
planting. Border means with different superscripts are different at the 5% 
level. 

as effective as those used for 
spring plantings when crested 
wheatgrass planted with 3 drills 
common to both dates of seeding 
was considered. Fallowed strips 
planted in the spring with the 
depth-band, single-disc, and hoe- 
type drills produced an average 
of 0.78 plants per foot of row. 
Fallowed strips planted in late 
summer with the same machin- 
ery produced an average of 0.71 
plants per foot of row (Table 3). 

Even in summer-fallowed 
strips the edge effect of the com- 
petition was apparent for two to 
three feet into the fallowed area 
where stands were thin and 
seedling establishment poor. 
This is an indication of the ex- 
tent to which competition op- 
erated against seedlings when 
the lister and sweep-type drills 
were used in direct seeding. 

In addition to better competi- 
tion control, the fallowed seed- 
beds made more moisture avail- 
able for seedling establishment. 

Seedlings often emerged in all 
plots after a rain and then died 
as the soil moisture was depleted 
and no additional rain fell. Seed- 
lings in the fallowed plots were 
able to survive longer between 
rains. 

Drills.-The depth-band drill 
was the only machine to give an 
accurate depth of planting under 
all conditions. The uniform 
depth of planting by the depth- 
band drill produced uniform 
seedling emergence. Seedling 
emergence with the other drills 
was usually patchy. 

Spring plantings with all four 
species resulted in 0.32 plants 
per foot of row for the depth- 
band drill as compared to 0.21 
for the single-disc drill and only 
0.14 for the hoe-type (Table 4). 
The depth-band drill was sig- 
nificantly better than the disc 
drill, and the disc drill was sig- 
nificantly better than the hoe 
drill. 

Late-summer planting results 
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Table 4. Average number of seeded grass plants established per foot of row 
in 1956, 1957, and 1958 with spring planting using three drills. 

Drill 

Depth Single Hoe 
Species band disc type Mean 

-_---- (Numberr) - - - - - - 
Crested wheatgrass 0.67 0.51 0.29 0.49” 
Russian wildrye 0.41 0.13 0.10 0.21b 
Blue grama 0.09 0.16 0.07 O.llb 
Side-oats grama 0.10 0.06 0.08 0.08b 
Mean 0.32” 0.21b -- 0.14’ 0.22 _____ 
IValues are averages of three methods of seedbed preparation. Counts were 

made two years after planting. Border means with different superscripts 
are different at the 5% level. 

on summer-fallowed ground also 
showed the depth-band drill to 
be most effective. The single- 
disc drill and the hoe-type drill 
produced about equal stands, 
while the lister-type planter was 
least effective (Table 3). In late- 
summer plantings the depth- 
band drill was significantly bet- 
ter than the single-disc and hoe- 
type drills, and they were sig- 
nificantly better than the lister- 
type planter. With the lister- 
type planter it was possible to 
place the seed at the desired 
depth, but subsequent erosion of 
the furrow walls usually covered 
the seed too deeply. The sweep- 
type drill, used only in direct 
seeding, did not give successful 
stands. 

Date of Seeding. - Date of 
seeding influenced the amount 
of competing vegetation in the 
plowed strips. When either a 
spring-cultivated or summer-f al- 
lowed seedbed was prepared for 
spring planting, many Russian 
thistle (Salsola kali var. tenui- 
folia Tausch.) , sunflower (He- 
ZiunHms spp.) , lambsquarter 
(Chenopodium album L.) , plains 
bahia (Bahia oppositifolia 
(Nutt.) DC.), and sand dropseed 
(Sporobolus cryptundrus (Torr.) 
A. Gray) seedlings appeared at 
about the same time as the 
seeded species. When a fallowed 
seedbed was prepared for late- 
summer planting, the cool-sea- 
son species planted were the 
only ones to appear on the plots 
until the following spring. 

For Russian wildrye, late-sum- 
mer planting was significantly 
better than spring planting 
(Table 3). The spring plantings 
of Russian wildrye resulted in a 
greater loss of seedlings than the 
late-summer plantings. With 
spring planting, while soil mois- 
ture was still available, many 
Russian wildrye seedlings died 
where they were located in un- 
shaded areas. Surviving seed- 
lings were found where they 
were shaded by weeds. This was 
observed in July of each year 
when seedlings had two or three 
leaves and were between two 
and three inches tall. On July 
15, 1957 at 1:00 P.M. soil temper- 
atures at the l-inch depth aver- 
aged 106” F. in the unshaded 
areas where seedlings were dead, 
and 98” F. in the shaded areas 
where seedlings were alive. A 
paired comparison t-test of tem- 
perature differences between 
shaded and unshaded spots 
showed the difference to be 
highly significant. This type of 
seedling loss of Russian wildrye 
was not observed in the late- 
summer plantings. Many of the 
spring-planted seedlings that 
survived in the shade of the 
weeds, died later in the summer 
as the soil moisture was de- 
pleted by the weeds. 

There was no significant dif- 
ference between spring plant- 
ings and late-summer plantings 
of crested wheatgrass on sum- 
mer-fallowed strips (Table 3). 

Years.-The pressure of com- 

peting vegetation on the seeded 
species was influenced by the 
year in which the planting was 
made. Total annual and May 1 
to September 30 precipitation 
for the three years of planting 
are compared with 20-year av- 
erages in Table 5. Considering 
all four species and all treat- 
ments spring planted in each of 
the three years, an average of 
0.33 plants per foot of row estab- 
lished in 1957 was significantly 
better than 0.14 established in 
1956 and 0.19 established in 1958. 

In late-summer planting with 
crested wheatgrass there was no 
significant difference due to 
years. This was not the case 
with Russian wildrye planted in 
late summer. Late-summer 
plantings with all machines 
made in 1956 resulted in an aver- 
age of 1.11 Russian wildrye 
plants per foot of seeded row. 
This was significantly better 
than the 0.55 made in 1957, which 
in turn was significantly better 
than the 0.18 plants per foot of 
row established in 1958. 

Some spring-planted treat- 
ment combinations that pro- 
duced failures in 1956 and 1958 
produced successful stands in 
the wet year 1957. The addi- 
tional moisture in 1957 elimi- 
nated the difference between 
spring cultivation and summer 
fallow observed in 1956 and 1958 
when the single-disc drill was 
used in spring planting. In 1957, 
considering an average of all 
four species, 0.49 plants per foot 
of row were established with the 
single-disc drill in spring-culti- 
vated ground, and 0.48 plants 
were established in fallowed 
ground with the same drill. In 
1956 and 1958, 0.22 and 0.32 

Table 5. Seasonal (May I-Sepfem- 
ber 30) and annual precipitation in 
inches. 

Year(s) Seasonal Annual 
1956 7.2 9.7 
1957 12.0 16.6 
1958 8.8 13.3 
1939-58 8.5 11.8 



plants, respectively, per foot of 
row were established in the fal- 
lowed ground with the singie- 
disc drill as compared to only 
0.08 and 0.16 established in the 
spring-cultivated ground. This 
difference was particularly ob- 
vious in 1962 as one observed 
spring-planted crested wheat- 
grass plots of the study. In the 
1956 and 1958 plantings, seeded 
plants were apparent only on the 
summer-fallowed plots planted 
with the depth-band drill. In 
the 1957 planting, seeded plants 
were apparent on both summer- 
fallowed and spring-cultivated 
plots planted with depth-band, 
single-disc, and hoe-type drills. 
The additional moisture in 1957, 
however, was not sufficient to 
overcome the effects of the com- 
petition in the direct-seeding 
plots where there were no 
crested wheatgrass plants. 

Interactions.LRussian wildrye 
plantings were best when made 
in late summer with the depth- 
band drill on summer-fallow& 
strips (Table 3). Late-summer 
planting was significantly better 
than spring planting, and results 
with the depth-band drill were 
significantly better than those 
with either the single-disc or 
hoe-type drills, 

Crested wheatgrass was the 
only species to be successfully 
established in all three years. 
Considering means of both 
spring and late-summer planting 
times, the depth-band drill was 
significantly better than the sin: 
gle-disc drill, and the single-disc 
drill was significantly better 
than the hoe-type drill (Table 3). 
Spring planting in summer-fal- 
lr\vyr\rJ m+r;nc. T.r;+h +hn Aav\+h_hrrnrI IVWCU 3b~~p3 vvlb~~ ~LAC ucpm~-ual~u 

drill, and late-summer planting 
in fallowed strips with both the 
depth-band and single-disc drills 
consistently resulted in success- 
ful stands of crested wheatgrass. 
Although stands obtained with 
the single-disc and hoe-type 
drills in spring planting a;&- 
aged above or near the 0.50 
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FIGURE 3. Crested wheatgrass planted August 27, 1956 in a 
the depth-band drill and a 12-inch row spacing. Picture 

summer-fallowed 
taken September 

plot with 
1959. 

n1ont.2 nnr -Fnnt nf VATIT rAr*11;vnrJ plUlllr%J FLL I""b "I I"vv Icyullcu 

for a successful stand, the re- 
sults were erratic, with stands 
higher than 0.50 occurring only 
in 1957. Late-summer planting 
with the hoe-type drill was also 
erratic with results varying 
from 0.17 to 1.04 plants per foot 
of seeded row. Figure 3 taken 
in 1959 shows crested wheatgrass 
planted August 27, 1956 in a 
summer-fallowed strip with the 
depth-band drill and a la-inch 
row spacing. 

Row Spacing and Yield.-Row 
spacing was evaluated in terms 
of pounds of air-dry herbage of 
the reseeded sppcips produced 
per acre in 1961 when the stands 
were 3, 4, and 5 years old. Row 
spacing was evaluated for 
crested wheatgrass using data 
from the late summer planting 
on fallowed plots with the sin- 
gle-disc drill. The growth form 
of the crested wheatgrass dif- 
fered with row spacing. Plants 
in the p!CtS ,,.:+L +a, 7 :-AL s._--- WllJl Lilt: I -111c11 IUW 

spacing were smaller and more 
numerous than those in the plots 
with wider row spacings. Mean 
yields per acre across all ages 
for 7-, 14-, and 28-inch row spac- 
ings were 1604, 1300, and 1320 
pounds per acre respectively. Al- 
though yields from the ‘I-inch 
spacing seem much higher, the 

Row spacing was evaluated for 
Russian wildrye using data from 
the late-summer planting on fal- 
lowed plots with the depth-band 
drill. Air-dry herbage yield of 
Russian wildrye from the plots 
with 12-inch row spacing was 
464 pounds per acre, which was 
not significantly different from 
the mean yield of 624 pounds 
from the plots with 24-inch row 
spacing. 

The yield of crested wheat- 
grass was significantly higher 
than that of Russian wildrye at 
the 5 percent level. However, 
the xral11f3 ef the hxrn cnm+fx vu*sAr ".I " YybbIb" 

should not be determined on 
yield alone. Crested wheatgrass 
yields included many seed heads 
and culms, while the Russian 
wildrye yields were predomi- 
nantly from leaves. In prelimi- 
nary grazing trials conducted at 
Central Plains Experimental 
Range, cattle have made much 
--- --q- ---i- mole ‘use of Russiaii -~iidrye 
than crested wheatgrass. Cattle 
grazed Russian wildrye through- 
out the May-October season 
when they had free access to 
native range and seeded plots. 
Crested wheatgrass was grazed 
mainly during the early and late 
portions of the summer grazing 
season.- 
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.- Discussion 

The selection of a species with 
enough seedling vigor to become 
established under extreme con- 
ditions is important in reducing 
the risk of failure in seeding 
abandoned cropland in this area. 
In seeding trials conducted at 
Central Plains Experimental 
Range and reported by McGin- 
nies et al. (1963), side-oats grama 
was the only one of 20 species 
to persist and improve in stand 
rating from planting time in 
May 1944 through 1958. Although 
blue grama is a native species 
and therefore adapted to the site, 
crested wheatgrass and Russian 
wildrye were the only species 
successfully established u n d e r 
the conditions of the study re- 
ported here. Additional work on 
requirements for germination 
and plant establishment for blue 
grama is required. Bement et al. 
(1961) reported that blue grama 
shallowly planted under an as- 
phalt-emulsion mulch in late 
June, developed rapidly. This 
same rapid development of June 
plantings of blue grama has 
been noted without the mulch 
on recent date of seeding trials 
conducted at the Central Plains 
Experimental Range. 

Clean summer fallow solved 
the problem presented by com- 
peting vegetation. Barnes et al. 
(1952), Franzke and Hume (1942), 
Getty (1934), Hull et al. (1958), 
and many others advise against 
the use of clean summer fallow 
on the plains because of the high 
wind erosion hazard. Most rec- 
ommendations call for weed 
control from May until late June 
when Sudan grass, sorghum, or 
millet is planted to provide a 
stubble for soil protection and 
subsequent grass seeding. This 
type of preparation was success- 
fully done primarily in areas 
receiving 17 to 24 inches of an- 
nual precipitation. With an av- 
erage annual precipitation of less 
than 12 inches, it was decided 
that a cover crop would not be 
used in the summer-fallow plots 
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of this study, and that narrow 
strips would be used to provide 
protection from wind erosion. 

Prepared seedbeds in this 
study were cultipacked only 
once. McGinnies (1962) con- 
ducted seedbed-f irming studies 
with crested wheatgrass at Cen- 
tral Plains Experimental Range 
and concluded that packing more 
than once on the sandy soil had 
little effect on the number of 
seedlings established. 

Conclusions 

Recommendations for reseed- 
ing abandoned cropland under 
conditions similar to those in this 
study can be made for crested 
wheatgrass and Russian wildrye. 
The 
both 

I) 

2) 

3) 

risk of failure in seeding 
species can be reduced by: 
planting in narrow sum- 
mer-fallowed strips when 
stored moisture is avail- 
able, 
using a double-disc, depth- 
band drill equipped with 
packer wheels and set to 
plant approximately a l- 
inch depth, and 
planting during the last 
week in August or the first 
week in September. 
Chances for success in seed- 
ing crested wheatgrass are 
equally good if the planting 
is made in the spring dur- 
ing the last two weeks of 
March or the first two 
weeks of April. 

Summary 

Cultural practices required to 
establish crested wheatgrass, 
Russian wildrye, blue grama, 
and side-oats grama on aban- 
doned plowed lands were in- 
vestigated at the Central Plains 
Experimental Range near Nunn, 
Colorado. The four species were 
spring planted in 1956, 1957, and 
1958 on strips of ground that had 
been summer fallowed, spring 
cultivated, or had received no 
preparation. 
species were 
summer in 

The cool-season 
also planted in late 
summer-fallowed 

plots and in the fall in unpre- 
pared seedbeds. Five pieces of 
equipment used for planting 
were a double-disc depth-band 
drill, a single-disc drill, a hoe- 
type drill, a lister-type planter, 
and a sweep-type drill. Row 
spacings used were 7, 12, 14, 24, 
28, and 34 inches. 

Blue grama and side-oats 
grama were not successfully es- 
tablished. C rested wheatgrass 
and Russian wildrye were suc- 
cessfully established by late- 
summer planting in summer-fal- 
lowed strips using the double- 
disc depth-band drill. Crested 
wheatgrass was also successfully 
established by spring planting in 
summer-f allowed s t r i p s using 
the depth-band drill. Row spac- 
ings between 7 and 28 inches had 
little effect on forage production. 
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Highlight 
Vasi axeas of the arid shadscale 

zone have been rehabilitaied through 
managemeni, but direct plantings of 
both naiive and introduced species 
usually have failed. Future success 
will likely be with native plants, 
including shrubs, adapted io fhe par- 
ticular site. 

Attempts to revegetate the 
Great Basin sagebrush zone have 
been relatively successful, espec- 
ially where annual precipitation 
exceeds 10 inches (Stoddart 
1946; Plummer et al. 1955). Arti- 
ficial seeding attempts in the 
drier shadscale zone generally 
have failed. Revegetation is 
needed to increase forage, to re- 
duce erosion, and to control poi- 
sonous or noxious plants. This 
paper results from seeding trials 
and problems in revegetation of 
the arid shadscale zone. 

Native vegetation.-The shadscale 
vegetation zone, also called salt des- 
ert shrub, covers over 40 million 
acres mainly in the southern and 
southwestern parts of the Inter- 
mountain region: Clements (1920) ; 
Graham (1937) ; Fautin (1946) ; 
Price et al. (1948) ; and Billings 
(1949). Isolated islands of the zone 
extend into eastern Oregon, south- 
ern Idaho, and southwestern Wy- 
oming. 

Included in the shadscale zone are 

1 Approved as Journal paper No. 364, 
Utah Agricultural Experiment Sta- 
tion. 

a number of communities dominated 
by widely spaced shrubs. Shadscale 
(Atriplex confertifolia (Torr. & 
Frem.) S. Wats.) is the most exten- 
sive plant throughout the zone. 
Other common shrubs occurring in 
pure or mixed stands include: bud- 
sage (Artemisia spinescens D. C. Ea- 
ton), black sagebrush (A. nova A. 
Nels.), fourwing saltbush (Altriplex 
canescens (Pursh) Nutt.) , Nuttall 
saltbush (A. nuttallii S. Wats.), mat 
saltbush (A. corrugata S. Wats.), 
small rabbitbrush (Chrysothamnus 
stenophyllus (A. Gray) Greene), 
winterfat (Eurotia Zanata (Pursh) 
Moq.), spiny hopsage (Grayia spi- 
nosa (Hook.) Moq.) , summer-cy- 
press (Kochia vestita (S. Wats.) A. 
Nels.) , and greasewood (Sarcobatus 
vermiculatus (Hook.) Torr.) , Low 
forms of big sagebrush (Artemisia 
tridentata Nutt.) are common on less 
xeric sites. Shrub ground cover is 
usually less than 10 percent. Inter- 
spaces are frequently bare or cov- 
ered with a rock pavement. 

Perennial grasses including Indian 
ricegrass (Oryzopsis h ymenoid es 
(Roem. & Schult.) Ricker), galleta 
(Hilaria jamesii (Torr.) Benth.) , 
squirreltail (Sitanion hystrix (Nutt.) 
J. G. Smith), dropseed (Sporobolus 
sp.) 9 needle-and-thread (Stipa co- 
mata Trin. & Rupr.) , and blue grama 
(Bouteloua gracilis (H.B.K.) Lag. ex 
Steud), are usually sparse; however, 
the first two occasionally occur in 
nearly pure stands. Native perennial 
forbs, such as globemallow, (Sphae- 
ralcea sp.) and similar drought-en- 
during plants, occasionally occur in 
the various communities. 

Native annuals such as eriogonum 
(Eriogonum sp.) are frequently 
abundant. On some areas, the native 
perennial vegetation has been re- 
placed by halogeton (Halogeton 
glomeratus (M. Bieb.) C. A. Mey). 
Other important introduced annuals 
include cheatgrass (Bromus tecto- 
rum L.) and Russian-thistle (SaZsoZa 
kali var. tenufolia Tausch). 

Precipitation.-The mean precipita- 
tion regime varied considerably from 
western Nevada to eastern Utah. 
Billings (1949) using data from 
Sager (1932, 1941) reported that 
mean annual precipitation for the 
shadscale zone at 11 stations in west- 
ern Nevada and eastern California 
ranged from 3.08 to 5.68 inches with 
an average of 4.15 inches and winter 
precipitation maximum as snow. In 
western Utah, Fautin (1946) re- 
ported that the mean annual pre- 
cipitation for 6 shadscale stations 
averaged 7.95 inches. Precipitation 
was fairly well distributed through- 
out the year. In eastern Utah, Alter 
(1941) showed that the mean annual 
precipitation at 6 shadscale stations 
was 7.54 inches. Precipitation was 
relatively low in April, May, and 
June; however, over half of the 
mean total came in July, August, 
and September from convectional 
storms. Summer droughts are com- 
mon and prolonged throughout the 
zone. 

Soil. - Within the shadscale zone, 
soils are often heterogeneous even 
within short distances, but are gen- 
erally of the Gray Desert group: 
Soils may or may not have a promi- 
nent hardpan; however, carbonates 
usually accumulate near the surface: 
Kearney et al. (1914) ; Shantz and 
Piemeisel (1940) ; and Stewart, Cot- 
tam, and Hutchings (1940). Parent 
material, degree of leaching, and 
drainage may account for the pres- 
ence or absence of salt accumulation. 
Many vegetational types within the 
shadscale zone have been recognized 
and described with particular refer- 
ence to their soil relation: Kearney 
et al. (1914) ; Shantz (1925) ; Shantz 
and Piemeisel (1940) ; Flowers 
(1934); Shreve (1942); Billings 
(1945, 1949) ; Fautin (1946) ; and 
Gates, Stoddart, and Cook (1956). 


