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Abstract

A 3-year field study with 5 species and 11 seeding dates per
year was conducted to determine which dates resulted in success-
ful stands when directly seeded into wheat stubble at each seed-
ing date at Mandan, N.D. There was considerable range in the
monthly highs and lows for many of the environmental parame-
ters collected during this study. Significant seeding date X year
interactions occurred due to changes in environmental conditions
at each repeated seeding date. This indicates that while certain
seeding dates during the year can be expected to provide good
grass establishment because of cooler temperatures and more
precipitation, failures can also occur at any seeding date when
the expected favorable weather conditions fail to materialize,
Stands were successful when the stems m? were equal to or
greater than the stems expected from 11 plants m?. Successful
stands occurred 64, 58, 61, 52, and 45% of the time for smooth
bromegrass (Bromus inermis Leyss., ‘Lincoln’), western wheat-
grass [Agropyron smithii Rydb., ‘Rodan’; syn.=Pascopyron
smithii (Rydb.) Love], crested wheatgrass [Agropyron desertorum
(Fisch.) Schult., ‘Nordan’], sideoats grama [Bouteloua curtipen-
dula (Michx.) Torr., ‘Pierre’], and blue grama (Bouteloua gracilis
(H. B. K\) Lag ex Steud., native collection], respectively. The sig-
nificant seeding date X year interaction indicated established
seedling stems m? varied greatly at the same seeding date in dif-
ferent years. This interaction explains why individuals faver dif-
ferent seeding dates based on their past experience. Successful
seeding dates are summarized, but failures can occur at any spe-
cific date in a given year.

Key Words: smooth bremegrass, sideoats grama, western wheat-
grass, blue grama, crested wheatgrass.

Moser and Newman (1988) support the premise that the best
time to seed dryland grasses is immediately prior to a long wet
spell. There is no validated method for predicting the onset of a
long wet spell in the Great Plains. Most research concerning
seeding dates has been done on a date of month or season basis.
Hull (1948) found seeding grass in the fall was more successful
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than spring seedings in Idaho for cool-season grass species, but
March seedings were successful if the area had a long spring
growing season.

McWilliams (1955) reported the results from a 7-year seeding
date study where seedings were made into a uniform 20 to 25 cm
(8-10 in) wheat stubble seedbed in North Dakota several times
each year. Cool-season grasses established best when seeded in
September or October. Warm-season grasses established best
when seeded in April or May when no fall seeding dates were
included in the study.

McGinnies (1960) found that satisfactory stands of crested
wheatgrass and smooth bromegrass could be obtained by planting
during any month from April to November. Only 1 April plantings
gave consistently acceptable stands. All other dates resulted in
failure or a poor stand in at least 1 year of the 4 year study period.
In southern Saskatchewan, intermediate wheatgrass [Agropyron
intermedium (Host) Beauv.; syn.=Thinopyrum intermedium (Host)
Barkworth D.R. Dewey]; and Russian wildrye [Elymus junceus
Fisch.; syn.= Psathyrostachys juncea (Fischer) Nevski] gave bet-
ter results from spring seedings with some success from late fall
seeding (Kilcher 1961). Crested wheatgrass and green needlegrass
(Stipa viridula Trin.) displayed better seedling stands from fall
plantings. Streambank wheatgrass [Agropyron riparium Scribn.
and Smith; syn.=Elymus lanceolatus (Scribner J.G. Smith) Gould]
had the widest range of successful seeding dates.

Lodge and Schipp (1993) recently reported that the most suc-
cessful field establishments of wallaby grasses (Danthonia
richardsonii Cashmore and Danthonia linkii Kunth) in Australia
occurred from surface sowing in April and May. Sowing in the
spring in Australia may also be possible if mean maximum soil
temperatures exceed 23°C, and seedlings can establish before the
onset of hot, dry conditions in summer.

McGinnies (1973) noted that the same seeding date did not
establish the same stand each year because of great environmen-
tal variations from year-to-year. This indicates a significant seed-
ing date X year interaction; but, it was not graphically presented
or evaluated. Little information or data are available in the litera-
ture evaluating seeding date X year interactions; however, under-
standing this interaction may explain why great variation in grass
stand success from similar seeding dates in different years can
and will occur.

The present study was conducted to evaluate the establishment
of 5 forage grass species over a wide range of seeding dates dur-
ing a 3-year period using the same seeding practices for all seed-
ing dates and to answer the following questions: 1) How much do
environmental conditions vary from year to year and what effect
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does this have on grass establishment; 2) What establishment
level can be expected for various grass species across years; and
3) What is the best seeding date for a certain species across
years?

Study Area and Methods

This study was conducted at the Northern Great Plains
Research Laboratory, Mandan, N.D. Soils of the study area are a
Parshall fine sandy loam (coarse-loamy, mixed Pachic
Haploborolls). Spring wheat was grown in 17.8-cm rows and har-
vested each year prior to seeding grass. Grass was seeded in 15-
cm rows directly into 35 to 40 cm tall stubble perpendicular to
the stubble rows with a cone seeder (Barker et al. 1976). A cone
seeder with double disk openers, depth bands, and packer wheels
was used to seed all species at a rate of 9 kg ha™ pure live seed at
a depth of about 13 mm. Seeding years were 1986-87, 1987-88,
and 1988-89. Eleven seeding dates were used each year; 15
August, 4 and 24 September, 9 October, 1 November, 1 and 21
April, 9 and 26 May, 10 June, and 1 July.

Five forage grass species were seeded at each seeding date.
These included 3 cool-season grasses; smooth bromegrass, west-
ern and crested wheatgrass, and 2 warm-season grasses; sideoats
and blue grama. Broadleaf weeds were controlled with Brominal,
Buctril and LV4 2, 4-D! after the grass seedlings were mature
enough,

Plots (3 m wide and 7.6 m long) were arranged in a randomized
complete block design, split/split plot in time with 3 replications.
Whole plots were years, the first split was species and the final
split was seeding date,

Environmental conditions during the study were monitored by
a weather station located on the study areas following National
Weather Bureau standards. Parameters measured included air
temperature at 2 m above the soil, soil temperature at 16 mm-soil
depth, precipitation, and free water evaporation from a Class A
pan. Soil water in the top 7.6 cm of soil was measured gravimet-
rically. Whole profile soil water was measured with soil neutron
meters through access tubes to a depth of 1.8 m. Weather data
were summarized monthly.

Since species did not respond the same, data were analyzed by
species. Years and seedling dates were analyzed by Analysis of
Variance (SAS Institute 1990). Because of a significant seeding
date X year interaction, data were analyzed and interpreted within
years. Significant mean differences in seeding date stem density
were separated within each seeding year by Tukey’s HSD test at
P<0.05 using Tukey’s HSD based on 3 years. To visnalize the
seeding date X year interactions, stem density means for each
species were graphed for each seeding date over the 3 year study.
To evaluate seeding dates for each species, we compared stem
density expected from 11 plants m? considered as a measure of a
successful grass stand by the Great Plains Council (1966).

Results and Discussion

Weather and soil environmental data collected during this study
show considerable variation in observed monthly highs and lows
(Tables 1-3). The highest mean air temperature occurred in June
of 1988 (Table 1). Spring seeding date temperatures were gener-
ally higher than the long-term average. Mean soil temperatures at
a depth of 16 mm exceeded the mean air temperatures with about

Table 1. Mean air and soil temperatures during seeding date study, 1986-1991,

Month Mean Air Temp. at 2m Mean Soil Temp. at 16 mm

‘86 ‘87 ‘88 ‘89 ‘90 ‘91 LTA' ‘86 ‘87 ‘88 89 ‘90 ‘91 AVG?

................................................. L T
Aug. 18.1 175 205 20.6 21.6 — 204 204 20.6 233 24.8 25.8 —_ 232
Sep. 11.2 144 13.1 144 16.2 — 140 124 17.0 158 16.7 18.5 — 16.1
Oct. 6.7 54 6.7 7.2 6.8 — 78 71 6.7 7.9 8.8 1.6 — 7.6
Nov. -4.5 1.6 -0.9 -1.4 -0.1 — -1.8 12 1.9 0.1 -0.7 0.1 — 05
Dec. -4.9 4.4 -6.3 -11.9 -10.6 — 92 21 3.6 -4.8 9.2 -10 — -5.3
Jan. — -52 -11.6 -1.7 -4.7 -10.9 -141 — -4.2 -84 4.5 4.8 9.1 -6.2
Feb. — 23 -8.8 -13.5 -6.1 2.1 -102 — -0.9 -54 -15 -5.5 -1.5 4.2
Mar. —_ 23 -1.2 -33 14 1.2 -39 — -0.7 0.8 -0.5 33 23 1.0
Apr. — 10.5 7.8 6.4 6.3 7.8 53 — 11.8 11.2 9.2 10.0 9.4 10.3
May —_ 13.3 16.0 13.7 132 14.5 125 — 18.0 189 17.0 17.0 16.4 17.5
Jun. — 19.7 24.9 17.8 18.5 194 178 — 23.8 303 20.8 21.7 21.8 23.7
Jul. — 214 229 243 20.8 21.6 212 — 23.7 27.0 29.2 24.2 23.7 25.6

lLTA:lm'lg term average—78 years.
ive year average.

Grass stands were clipped to a 25 cm stubble height each fall
and to a stubble height of 5-7 cm in the spring prior to initiation
of growth to reduce seasonal carryover litter. Grass stands were
sampled during the summer 2 years after seeding at near peak
biomass accumulation. At this time the stem density (stems m®)
was counted on 5 randomly located 30.5 by 30.5 cm plots for
each species and seeding date.

TUse of trade names does not signify endorsement of these herbicides.
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the same range in values for each month. The amount of precipi-
tation and free-water evaporation varied greatly throughout the 3-
years of study (Table 2). Soil water content at seeding depth
(13-25 mm) was the highest and lowest during the 198687 seed-
ing year (Table 3). These differences in the weather and soil con-
ditions at each repeated seeding date in different years is believed
to have resulted in a significant seeding date X year interaction
(Figs. 1-5).
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Fig. 1. Grass stand densities at 2 years after seeding show significant
seeding date X year interaction for smooth bromegrass.

Stem densities fluctuated greatly for any given seeding date in
any seeding year. This indicates that while a certain seeding date
during the year can be expected to provide for good grass estab-
lishment because weather conditions are usually favorable, fail-
ures can also be expected at any seeding date when the expected
favorable weather conditions fail to materialize. The important
factor to successful seeding is not the date as much as the actual
weather and soil conditions that occur after seeding.

The stem density expected for 11 plants of smooth bromegrass
was 304 m? (Great Plains Council 1966). Twenty-one stands out
of 33 (64%) had the expected stem densities or more at 2 years
after seeding. At least 3 stands had 304 or more stems m? each
seeding year. The 1988-89 seeding year had 10 dates equal to or
above this standard. The 15 August and 4 September seeding
dates produced stands with the standard density all 3 years (Fig.
1).

Western wheatgrass had an expected stem density of 476 m?
for 11 plants (Great Plains Council 1966). During the 1988-89
seeding year, 9 seeding dates had 476 or more stems. Overall, 19
of the 33 seedings (58%) of western wheatgrass were 476 stems
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Fig. 2. Grass stand densities at 2 years after seeding showing signifi-
cant seeding date X year interaction for western wheatgrass.

m? or above. The 15 August and 1 November seeding dates had
476 stems m™ or above for all 3 years of the study (Fig. 2).

Crested wheatgrass had the greatest expected numerical stem
density (590 stems m™? 2 years after seeding) for 11 plants (Great
Plains Council 1966). Three seeding dates had 590 stems m? or
above during the 1987-88 seeding year, while 1988-89 had 9
seeding dates producing stands with 590 stems m? or more.
Crested wheatgrass established stands with 590 stems m or more
a total of 20 seeding dates out of the 33 (61%). When seeded on
15 August and 4 September, crested wheatgrass stands had 590
stems m? or more established all 3 years (Fig. 3). McWilliams
(1955) reported crested wheatgrass stands seeded in September
produced the best stands and he did not study a 15 August date.

Sideoats grama stands had an expected 201 stems m? for 11
plants (Great Plains Council 1966). Seventeen seeding dates out
of the 33 (52%) resulted in stands with the success standard stem
densities. At least 4 seeding dates in each seeding year produced
201 or more stems m? and in the 1986-87 seeding year, 7 seed-
ing dates produced 201 or more stems. Sideoats grama stands
with 201 or more stems occurred 3 out of the 3 years at 1 April
and 9 May seeding dates (Fig. 4).

Table 2. Mean precipitation and free water pan evaporation during seeding date study, 1986-1991.

Month Precipitation Free Water Pan Evaporation
‘86 ‘87 ‘88 ‘89 ‘00 ‘91 LTA® ‘86 ‘87 ‘88 ‘89 ‘90 ‘9] LTA?
----------------------------------------------- (11011} R e i L T P
Aug, 48 99 69 38 48 — 50 164 115 190 211 231 — 24
Sep. 108 1 14 27 41 — 40 80 110 135 152 154 — 133
Oct. 5 0 4 3 6 — 21 — — — — — — —
Nov. 71 0 10 10 0 — 11 — — - —_ — — —
Dec. 1 0 15 6 0 — 8 — — — — — — —
Jan. —_ 2 0 13 6 2 10 — — — — — — —
Feb. — 3 0 2 3 3 8 — — — — — — —
Mar. —_ 36 7 3 8 8 13 — — — — —_ — —
Apr. 0 0 58 4 48 39 — 163 174 112 135 112 98
May - 88 20 46 85 67 57 — 163 131 154 185 155 173
Jun. — 27 4 18 112 98 89 — 210 282 196 191 186 191
Jul. —_ 95 39 33 34 21 57 —_ 164 266 287 224 247 230

lI.TA:lcmg term average—78 years,
LTA=long term average—20 years.
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Table 3. Mean soil water content during grass seeding date study, 1986-1991.

Mean Soil Water Content
Month At 13-25 mm Soil Depth At 0-305 mm Soil Depth
‘86 ‘87 ‘88 ‘89 ‘90 ‘91 Avg.l ‘86 ‘87 ‘88 ‘89 ‘90 ‘91 Avg.1
----------------------------------------------- (i) R e bt
Aug. 21 26 1.9 0.6 0.7 — 1.6 61.4 582 34.8 17.2 19.7 — 383
Sep. 3.1 1.3 0.9 0.7 15 — 1.5 71.2 44.1 24.8 24.7 248 — 379
Oct. 3.6 1.0 1.1 0.6 13 — 1.5 66.8 395 243 212 24.8 — 353
Nov. — — — — — —_ — —_ — — —_ — —
Dec. — — — — — — — — —_ — —_ — — —_
Jan, — — — —_ — — — — — — —
Feb. — — — —_ — — — — — — — - —_
Mar. —_ —_ —_ — - — — — — — — —
Apr., — 2.2 1.7 1.7 1.2 1.6 1.7 732 520 46.0 26.6 361 46.8
May — 24 1.0 2.1 1.1 2.1 1.7 — 65.8 49.3 44.1 30.2 428 464
Jun. —_ 0.4 0.6 14 1.7 22 1.3 — 529 36.6 30.6 42.3 399 406
Jul, — 0.7 22 0.8 1.7 1.2 1.3 — 4.6 344 20.6 343 196 307
!Five year average.

Eleven blue grama plants had an expected stem density of 429
m? (Great Plains Council 1966). Fifteen out of 33 (45%) of the
seeding dates resulted in blue grama stands with 429 stems m? or
more. Four seeding dates had the standard or more stems in
1988-89 and 6 dates had 429 or more stems in 1986-87. Seeding
dates of 1 November, 21 April, and 9 May produced stands with
429 or more stems in all 3 years (Fig. 5). McWilliams (1955)
found blue grama stands seeded 20 April and 10 May produced
the most successful stands and he did not try to seed warm-season
grasses in the fall.

Conclusions

Environmental conditions varied greatly throughout the study
(Tables 1-3). The monthly weather data presented needs to be on
a shorter time frame to better relate to specific seeding date out-
comes. Seeding dates when temperatures are near average and
precipitation is average or above are most likely to be successful.
While a certain seeding date can be expected to be best for seed-
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Fig. 3. Grass stand densities at 2 years after seeding showing signifi-
cant seeding date X year interaction for crested wheatgrass.
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ing because of expected favorable environmental conditions, e.g.,
lower temperatures and more precipitation, failures at the same
date can be expected when environmental conditions favorable to
grass establishment do not materialize. Actual weather and soil
conditions that develop after a grass seeding are more important
than the seeding date. Differing environmental conditions at the
same seeding date in different seeding years are the most likely
cause of the significant seeding date X year interaction.

Stands with the number of stems m? expected from 11 plants

m? (Great Plains Council 1966) (successful stands) occurred 64,
58, 61, 52, and 45% of the time for smooth bromegrass, western
wheatgrass, crested wheatgrass, sideoats grama, and blue grama,
respectively. The stem densities observed in the study varied
greatly (Figs. 1-5).

The most significant finding of the study is the significant seed-
ing date X year interaction. This interaction presented graphically
in Figs. 1-5 shows greatly different seedling numbers from the
same seeding date in different seeding years. In other words, the
successful seeding dates were not consistent across the years.
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Fig. 5. Grass stand densities at 2 years after seeding showing signifi-
cant seeding date X year interaction for blue grama.

Like reports of past seeding date studies, the most successful
seeding dates can be identified (Figs. 1-5): however, failures in
establishment of these species can be expected at any of these
dates periodically.

A summary of the most successful seeding dates shows 15
August was successful for establishing smooth bromegrass, west-
ern wheatgrass, and crested wheatgrass all 3 years of the study.
Little previous data concerning the use of an August date for
seeding grasses in the northern Great Plains can be found in the
literature. Western wheatgrass was also successfully established
each year of the study when seeded 1 November. Successful
stands of smooth bromegrass and crested wheatgrass were estab-
lished by seeding on 4 September each year of the study and
McWilliams (1955) reported similar results. Successful seeding
dates observed for sideoats in the study were 1 April and 9 May
all 3 years of the study. Successful stands of blue grama were
produced 3 out of 3 years when seeded 1 November, 21 April,
and 9 May. McWilliams (1955) did not seed sideoats and blue
grama in the fall and reported that 20 April and 10 May produced
the best stands of these species from his study. Results of this
study fit well with the conventional experience of grass seedings
in that cool-season species established best in fall and warm-sea-
son species established best in late winter to mid-spring. These
dates can be used when planning for the best time to seed smooth
bromegrass, western wheatgrass, crested wheatgrass, sideoats
grama, and blue grama; however, failures in establishing these
species at these dates in any specific year can occur because of
unfavorable environmental conditions.
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