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Abstract

Sand bluestem [Andropogon gerardii var. paucipilus (Nash)
Fern,] and prairie sandreed (Calamovilfa longifolia Hook.) are
native warm-season grasses used to revegetate cropland and
degraded rangeland on highly erodible sandy soils in the central
Great Plains. The objectives of this study were to compare estab-
lishment success of the 2 grasses and to determine if application of
atrazine at time of planting enhanced grass establishment. Eight
plantings, including ‘Goldstrike’ and ‘Garden’ sand bluestem and
‘Goshen’ and ‘Pronghorn’ prairie sandreed, were made from 1985
to 1987 atlocations in eastern, northcentral, and western Nebraska.
Three plantings were established under irrigation and § under
dryland conditions. Atrazine [6-chloro-N-ethy)l-N’-(1-methy-
lethyl)-1,3,5-triazine-2,4-diamine] was applied at a rate of 2.2 kg
a.i./ha at planting at 3 of the dryland sites. Grasses were planted at
a rate of 430 pure live seed/m? in clean tilled seedbeds. Establish-
ment of sand bluestem, as measured by herbage dry matter yield
and/or grass frequency, was generally superior to that of prairie
sandreed. Goshen prairie sandreed failed to establish adequate
stands in 6 of the 8 plantings. Atrazine, applied at time of planting,
increased sand bluestem stand frequency on sites with high weed
interference but did not affect that of prairie sandreed. Based on
these results, sand bluestem should be a dominant component in
seed mixtures used to revegetate and stabilize sandy soils in the
central Great Plains.

Key Words: Nebraska Sandhills, rangeland revegetation, reseed-
ing, sand bluestem, Andropogon gerardii var. paucipilus (Nash)
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Sand bluestem [Andropogon gerardii var. paucipilus (Nash)
Fern.] and prairie sandreed (Calamovilfa longifolia Hook.) are
native, sod-forming, warm-season, tallgrasses commonly found on
sandy rangeland sites throughout the central Great Plains. The
rhizomatous growth characteristic of these grasses enhances stabil-
ization of sandy soils. In the Nebraska Sandhills, these grasses are
recognized as key species in grazing programs because of their
abundance, yield potential, and complementary distribution of
herbage production during the growing season. Prairie sandreed
begins growth earlier in the spring, but sand bluestem provides
high quality forage longer during the growing season (Burzlaff
1971).

Early settlers in the Nebraska Sandhills found that following
cultivation the coarse textured soils soon became unproductive
and prone to erosion (Burzlaff 1962). Despite earlier failures,
conversion of rangeland to cropland in the Sandhills during the
1970’s was stimulated by high grain prices, prediction of increased
demand for grain, and plentiful groundwater that could be applied
with center pivot irrigation systems (Miller 1989). Presently, crop
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production on most of irrigated land in the Sandhills is not profit-
able. Much of the cropland in this region has been abandoned and
designated as highly erodible and suitable for enroliment in the
Conservation Reserve Program established by the 1985 Farm
Security Act. Consequently, this cropland is in need of revegeta-
tion with adapted perennial grasses.

Sand bluestem and prairie sandreed are among the few grasses
recommended to revegetate abandoned or highly erodible crop-
land on sandy soils in the central Great Plains (USDA 1980).
Grasses used to revegetate sandy sites must be adapted to the
environment and able to establish rapidly to minimize soil erosion.
The objectives of this study were to determine which grass was
superior for revegetation and stabilization of sandy sites and if
application of atrazine at planting enhanced grass establishment.

Materials and Methods
Eight plantings were made from 1985 to 1987 to compare sand
bluestem and prairie sandreed establishment at locations in east-

ern, northcentral, and western Nebraska (Fig. 1). These locations
were chosen to represent the wide diversity of site and climatic
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Fig. 1. Location of counties in Nebraska where sand bluestem and prairie
sandreed were planted.

conditions encountered in the central Great Plains. Three plant-
ings were established under irrigation and 5 under dryland condi-
tions. Three of the dryland plantings were made to determine the
influence of atrazine [6-chloro-N-ethyl-N’-(1-methylethyl)-1,3,5-
triazine-2,4-diamine], applied at planting, on grass establishment.
Each planting represented a separate experiment and was designed
as a randomized complete block. Grasses were planted at 430 pure
live seed/ m? in clean tilled seedbeds at a depth of less than 2 cm.
Precipitation occurring at each site during the experiments is
shown in Figure 2.

Establishment with Irrigation

Three experiments were conducted where sprinkler irrigation
was used during grass establishmen. (Table 1). Experiments 1 and
2 were conducted at the Rock and Brown County Research and
Demonstration Farm 7 km west of Bassett, Neb. The grasses in
experiment 1 were planted with a single row cone-drill in plots
composed of two, 4.6 m long rows spaced 30 cm apart. Plots were
mowed and treated with atrazine at 2.2 and 1.1 kg active ingredient
(a.i.)/ha on 21 May 1986 and 4 June 1987 to reduce weed interfer-
ence. Grasses evaluated in experiment 2 were planted in 4.6 X
1.2-m plots with a seven-row drill with an 18-cm spacing between
rows (Table 1). These plots were mowed then sprayed with 2.2 kg
a.i./ha of atrazine on 4 June 1987. Four replications of each
cultivar were planted on each date. Grass stands were irrigated by a
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Fig. 2. Monthly precipitation occurring near Bassett (Rock County), Mit-
chell (Scottsbluff County), and Mead (Saunders County), Nebraska.
Precipitation data shown for Bassett were obtained from the National
Weather Service Climatological Station in Ainsworth, Nebraska, 28 km
west of Bassett.

center pivot system May to September with 388, 300, and 338 mm
of water in 1985, 1986, and 1987, respectively. About 15 to 20 mm
of water was applied each week during this period each year.
Nitrogen fertilizer was applied on 20 May 1986 at 67 kg N/ha and
12 May 1987 at 78 kg N/ha to plots in experiments 1 and 2,
respectively.

Six replicates of each grass cultivar evaluated in experiment 3
were planted at the Panhandle Research and Extension Center
Farm 7 km east of Mitchell, Nebr., located in Scottsbluff County.
The grasses were planted in 4.6 X 1.2-m plots with a six-row drill
with a 22-cm spacing between rows (Table 1). The study site was
sprinkler irrigated every 2 weeks with 50 mm of water from 1 June
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to 31 August 1986 and 1987. Plots were weeded by hand during the
summer of 1986 and 1987 and mowed in the fall of both years to
remove standing herbage.

Dryland Establishment

Experiment 4 was conducted at an unirrigated site close to the
location of experiments 1 and 2 in Rock County (Table 1). Four
replications of each cultivar were planted with a seven-row drill in
4.6 X 1.2-m plots. The site was mowed and sprayed with a combi-
nation of 2.8 kg a.i./ ha metolachlor [2-chloro-N-(2-ethyl-6-methyl-
phenyl)-N-(2-methoxy-1-methylethyl) acetamide], 1.1 kg a.i./ha
2,4-D (2,4-dichlorophenoxyacetic acid), and 16 g a.i./ha chlorsul-
furon [2-chloro-N-(2,6-diethylphenyl)-N-(methoxymethyl)ace-
tamide] and chlorsulfuron [2-hloro-N-{[(4-methoxy-6-methyl-
1,3,5-triazin-2-yl)-amino}-carbonyl}-benzenesulfonamide] on 24
May 1988. On 12 May 1988, 78 kg N/ha was applied.

Experiment 5 was conducted at the University of Nebraska
Agricultural Research and Development Center 15 km south of
Mead, Nebr., in Saunders County (Table 1). Six replications of
each cultivar were planted with a seven-row drill in 4.6 X 1.2-m
plots. On 26 June 1986 2,4-D was applied atarateof 1.1 kga.i./ha
to control broadleaf weeds. On 8 May 1987 a combination of
alachlor was applied at rates of 2.2 kg a.i./ha and 9.0 g a.i./ha
preemergence, respectively, to reduce annual grass and broadleaf
weed interference. Nitrogen fertilizer was applied at 110 kg N/ha
on 30 April 1987.

Dryland Establishment with Atrazine

Experiment 6 and 7 were conducted near Bassett, Nebr., and
experiment 8 was conducted near Mead, Nebr. The grasses were
planted with a 7-row drill and plot sizes were 5.5 X 2.4 m and 6 X
2.4 m at sites near Bassett and Mead, respectively. Atrazine was
applied within 2 days after planting at a rate of 2.2 kga.i./ ha to half
the plots of each species. These experiments were designed as
randomized complete blocks arranged as split plots with 4 replica-
tions. Grasses were main plots and herbicide treatments were
subplots.

Plots planted in 1986 were mowed the spring of 1987 to remove
herbage standing crop from the previous year. Plots planted in
1987 were sprayed with a combination of 2.8 kg a.i./ ha metolach-
lor, 1.1kg/ha2,4-D,and 16 g/ ha chlorsulfuron on 24 May 1988 to
reduce weed interference. In each experiment, all plots were fertil-
ized with 110 kg N/ha in early May the year following planting.

Grass Establishment Determination

Establishment success was determined by measuring herbage
dry matter yield and frequency of occurrence of the seeded grasses.
With the exception of experiment 2, herbage yields were deter-
mined by harvesting after grasses had headed 1 or 2 years after
planting (Table 1). A sickle bar mower was used in experiments 1,
3,4, and §, to cut a 0.6-m wide swath the length of each plottoa 5
cm stubble height. Only the planted grasses were collected and
weighed. Herbage subsamples were weighed before and after oven
drying to determine dry matter content. In experiments 6, 7, and 8
herbage yields were determined by clipping the planted grassestoa
5-cm stubble height within two 0.25-m? quadrats placed over the
center 3 rows within each plot. Grasses were collected, oven-dried
at 60° C for 72 hr, and weighed.

Frequency of seeded grasses was determined once during the
period between late summer and early fall 1 or 2 years after
planting (Table 1). Frequency was measured because it integrates 2
attributes of vegetation, pattern and abundance, which were
important to evaluate when determining establishment of the
seeded grasses (Goldsmith and Harrison 1976). Frequency mea-
surements in experiments 1 through 5 were determined using a 75
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Table 1. Soil classification, cultivars planted, date of planting, and yesr vegetation was sampled at sites (counties) where sand bluestem and prairie

sandreed were planted in Nebraska.

Soils

) Planting Sampling
Experiment  Site Series Texture! Classification Cultivars? Date Year3
Established with irrigation

1 Rock Valentine [ Mixed, mesic, GS, GO, PN 6 June 1985 1987
Typic Ustipsamment
2 Rock Valentine s Mixed, mesic, GS, GA, GO, PN 21 May 1986 19874
Typic Ustipsamment
3 Scottsbluff Tripp sl Mixed, mesic, GS, GA, GO, PN 23 May 1986 1987
Typic Haplustoll
Dryland establishment
4 Rock Valentine s Mixed, mesic, GS, GA, GO, PN 4 June 1987 1988
Typic Ustipsamment
5 Saunders Ortello sl Mixed, mesic, GS, GA, GO, PN 15 May 1986 1987
Udic Haplustoll
Dryland establishment with atrazine
6 Rock Valentine s Mixed, mesic, GS, GO 21 May 1986 1987
Typic Ustipsamment
7 Rock Valentine s Mixed, mesic, GS, GO 4 June 1987 1988
Typic Ustipsamment
8 Saunders Sharpsburg sicl Fine, montmorillonitic GS, GO 13 May 1986 1987

Typic Argiudoll

1Soil textures are sand (s), sandy loam (sl), and silty clay loam (sicl).

2Cultivars planted were “Goldstrike’ sand bluestem (GS), ‘Garden’ sand bluestem (GA), ‘Goshen’ prairie sandreed (GO), and ‘Pronghorn’ prairie sandreed (PN).

3Year herbage dry matter yield and frequency of planted grasses were determined.
4Herbage dry matter yield not determined.

X 75-cm metal frame partitioned into twenty-five, 15 X 15-cm
portions (Vogel 1987). The metal frame was placed over the center
row at 2 locations within each plot and number of 15 X 15-cm
portions containing at least 1 seeded grass was recorded. In exper-
iments 6, 7, and 8 the occurrence of at least 1 of the seeded grasses
in 20, 5 cm long by 18 cm wide portions was recorded along 4
randomly selected 1-m row segments (Sampson and Moser 1982,
Griffin et al. 1988). Using a quadrat sub-divided into several units
measured local frequency (Kershaw and Looney 1985).

Herbage yield and grass frequency measurements taken 1 or 2
years after seeding were used to evaluate establishment of sand
bluestem and prairie sandreed. Since experiments 1 through 5 were
designed as separate experiments and location effects in experi-
ments 6, 7, and 8 were significant ( P<0.10), herbage yield and grass

frequency data from each experiment were analyzed separately
using the general linear model procedures within the Statistical
Analysis System (SAS) (SAS Institute Inc. 1985). Orthogonal
contrasts and F-tests were used to evaluate treatment effects and
Fischer’s protected LSD ( P<0.05) was used to compare treatments
means in experiments 6, 7, and 8.

Results and Discussion

Establishment with Irrigation

These studies were conducted because sprinkler irrigation sys-
tems often remain operable on abandoned or highly erodible cro-
pland sites until perennial grasses are established. Sand bluestem
established better stands than prairie sandreed at all irrigated sites
(Table 2). Launchbaugh (1966) and Launchbaugh and Owensby

Table 2. Mean herbage dry matter yield (YLD) and frequency (FREQ) of sand bluestem and prairie sandreed cultivars planted on irrigated sites in
Scottsbluff County Nebraska in 1986 and Rock County Nebraska in 1985 and 1986 and harvested in 1987.

Location and Year of Planting

Rock Co. Rock Co. Scottsbluff Co.
1985 1986 1986
Species Cultivars YLD FREQ! YLD FREQ YLD FREQ
-kg/ha- %~ -kg/ha- Y- -kg/ha- %%~

Sand bluestem (SDB)

‘Goldstrike’ (GS) 5075 82 NH2 33 3061 91

Garden’ (GA) NP3 NP NH 43 4009 91
Prairie sandreed (PSR)

‘Goshen’ (GO) NH 5 NH 6 2196 70

‘Pronghomn’ (PN) NH 11 NH 9 2905 58
Contrasts Analysis of variance F-test probabilities

SDB vs. PSR — 0.01 — 0.01 0.11 0.01

GS vs. GA — — — 0.36 0.23 0.97

GO vs. PN — 0.58 — 0.79 0.35 0.14

'A conservative estimate of the number of plants per square meter can be obtained by muitiplying stand percentage by 0.4.

2NH = not harvested.
3NP = not planted.
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Table 3. Mean herbage dry matter yield (YLD) and frequency (FREQ)
of sand bluestem and prairie sandreed cultivars planted on dryland sites
in Saunders County Nebraska in 1986 and Rock County Nebraska in
1987 are harvested in 1987 and 1988, respectively.

Location and Year of Planting

Saunders Co. Rock Co.
1986 1987
Species cultivars YLD FREQ' YLD FREQ
-kg/ha- % -kg/ha- %

Sand bluestem (SDB)

‘Goldstrike’ (GS) 2834 63 2224 98

Garden’ (GA) 3769 74 2423 100
Prairie sandreed (PSR)

‘Goshen’ (GO) 109 8 216 13
‘Pronghorn’ (PN) 1498 30 385 48
Contrasts Analysis of variance F-test probabilities
SDB vs. PSR 0.01 0.01 0.01 0.01
GS vs. GA 0.28 0.10 0.62 0.68
GO vs. PN 0.35 0.01 0.51 0.01

LA conservative estimate of the number of plants per square meter can be obtained by
multiplying stand percentage by 0.4.

(1970) reported that 10 to 20 plants/ m2, comparable with 25 to 50%
stands in these experiments, were needed for grass establishment to
be considered a success in the central Great Plains. Based upon
these criteria, all of the irrigated sand bluestem plantings were
successful, but prairie sandreed was only successfully established in
experiment 3. Weed interference and rust-induced reduction in
plant vigor may partially explain poor prairie sandreed stands and
yields in experiments 1 and 2. Frequent irrigation during the late
spring and summer of 1985, 1986, and 1987 promoted weed growth
and could have favored rust development. Irrigation probably
hindered rather than enhanced prairie sandreed establishment in
these experiments.

Dryland Establishment

Sand bluestem stands were better than prairie sandreed stands in
experiments 4 and 5, regardless of cultivar (Table 3). According to
grass stand establishment criteria developed by Launchbaugh
(1966), sand bluestem established successfully at both sites. Yield
of Pronghorn prairie sandreed was similar to Goldstrike sand
bluestem in Saunders County, but it was less than both sand

bluestem cultivars in Rock County. Low yield and poor stand
establishment of Goshen prairie sandreed probably resulted from
low plant vigor caused by rust infestation. Regardless of heavily
infested with rust than Goshen prairie sandreed on the dryland
sites as compared to Pronghorn prairie sandreed or the 2 sand
bluestem cultivars (data not shown). Pronghorn prairie sandreed
was found to be less susceptible to rust (Puccinia amphigea) infec-
tion than Goshen prairie sandreed (Anonymous 1988). Pronghorn
prairie sandreed plantings were successful, but yielded only 16 to
53% as much as the sand bluestem cultivars (Table 3).

Dryland Establishment with Atrazine

These studies were conducted because sand bluestem may be
tolerant to atrazine applied at time of planting. The herbicide
product label indicates that atrazine can be applied to big bluestem
(Andropogon gerardii Vitman var. gerardii Vitman), of which
sand bluestem is a botanical variety (Stubbendieck et al. 1985), at
time of planting. Atrazine reduces weed interference and enhances
establishment of tolerant warm-season perennial grasses (Martin
et al. 1982).

Sand bluestem frequency of occurrence was generally greater
than that of prairie sandreed in experiments 6, 7, and 8, (Table 4).
According to Launchbaugh’s (1966) criteria for successful grass
establishment, i.e., 10 to 20 plants/ m2, which is comparable to 20
to 40% stands in these experiments, all sand bluestem plantings
were successful, except for experiment 6 where atrazine was not
applied at planting. In contrast, acceptable stands of prairie sand-
reed were established only in experiment 7.

Herbage yield of sand bluestem exceeded prairie sandreed only
when atrazine was applied at planting in experiments 6 and 8.
However, sand bluestemn consistently established better stands and
yielded more than prairie sandreed in experiment 7 where grasses
were planted in 1987, regardless of atrazine treatment.

Establishment of prairie sandreed appeared to be unaffected by
atrazine application. Bahler et al. (1984) reported that prairie
sandreed survival decreased following applications of 1.1,2.2, and
3.4 kg a.i./ ha of atrazine the year of planting when compared to
untreated plants. They ranked prairie sandreed seedlings interme-
diate in tolerance to atrazine. In our study, the differential response
of sand bluestem and prairie sandreed to atrazine may have been
caused by inherent differences in seedling vigor and tolerance to
the herbicide.

Differences between yield and frequency of grasses planted in
experiments 6 and 7 probably resulted from different levels of weed

Table 4. Mean herbage dry matter yield (YLD) and frequency (FREQ) of ‘Goldstrike’ sand bluestem (SDB) and ‘Goshen’ prairie sandreed (PSR) planted
on dryland sites with and without preemergence atrazine application in Saunders County Nebraska in 1986 and Rock County Nebraska in 1986 and

1987 and harvested the year after planting.

Location and Year of Planting

Saunders Co. Rock Co. Rock Co
Atrazine 1986 1986 1987
Species Rate YLD FREQ! YLD FREQ YLD FREQ
-kg/ha -kg/ha- -%- -kg/ha- %~ -kg/ha- %~
SDB 0 1631 35 97 10 5107 50
SDB 22 10733 58 1908 43 4692 56
PSR 0 547 18 10 0 794 26
PSR 22 1148 10 17 3 1231 25
LSD (0.05)2 4331 NS 1251 9 NS NS
Treatment effects Analysis of Variance F-test probabilities
Species (S) 0.17 0.08 0.12 0.01 0.02 0.01
Herbicide Rate (HR) 0.05 0.01 0.09 0.01 0.17 0.50
S X HR 0.07 0.12 0.09 0.01 0.97 0.42
!A conservative estimate of the number of plants per square meter can be obtained by multiplying stand percentage by 0.5.
2Critical values for comparison of treatment means obtained using Fisher’s protected LSD where P=0.05 and 6 df.
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interference the year of seeding. The site planted in 1986 supported
a poor stand of low vigor alfalfa (Medicago sativa L.) and smooth
brome (Bromus inermis Leyss.) that was heavily infested with
annual broadleaf and grass weeds prior to seedbed preparation. In
contrast, the site planted in 1987 probably had less residual weed
seed than the site seed in 1986 because it previously supported a
native perennial grass community at a late seral stage with few
weeds. The effect of weed interference, resulting from residual
weed seed, on the establishment of sand bluestem and prairie
sandreed is apparent in the positive response of sand bluestem
stand to atrazine in 1986 but not in 1987.

Sand bluestem establishment, as measured by stand and/or
yield, was superior to that of prairie sandreed on several irrigated
and dryland sites in Nebraska. The wide diversity of sites used in
these experiments encompass most environmental conditions
encountered on sandy sites in the central Great Plains. Based on
these findings, sand bluestem should be the dominant component
in seed mixtures used to revegetate and stabilize sandy soils in the
central Great Plains. Despite poor establishment, prairie sandreed
should remain a minor component of seed mixtures planted on
these sites because upon establishment it effectively stabilizes
sandy soils and it is of ecological significance as a co-dominant in
sandy rangeland plant communities (Burzlaff 1962).

Atrazine can be applied when sand bluestem is planted if severe
weed interference is anticipated. Most sandy sites requiring revege-
tation will be abandoned or marginal cropland at an early seral
stage, so significant weed interference should be expected. This
research indicates that atrazine had no effect on prairie sandreed
establishment. Bahler et al. (1984) indicates that prairie sandreed
seedlings have an intermediate tolerance to atrazine so it may be of
use to reduce weed interference. However, research is needed to
determine appropriate rate(s) and time(s) of application. Based on
current information, atrazine should not be applied at time of

planting when prairie sandreed is a component of the seed mixture
to be planted.
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