Factors Affecting Yield and Nutritional

Quality of Crested Wheatgrass

H. F. Mayland

ABSTRACT: This paper reviews the 1literature on
factors affecting the yield and nutritional value of
crested wheatgrass (Agropyron eristatum,
A. degertorum or A. fragile). The Agropvrons are
cool-season perennial bunch grasses that are grown
in the western United States and Canada where annual
precipitation ranges from 9 to 18 inches (230 to
460 mm) and forage yield ranges from %00 to 3000
pounds of dry matter per acre (450 to 3360 kg/ha).
Forage production in the northern Great Plains is
best correlated with April to June precipitation
whereas in the area west of the Rocky Mountains pro-
duction is best correlated with total autumn to
spring precipitation.

Yields are responsive to applications of 20 to
30 pounds of nitrogen per acre (22 to 34 kg/ha) in
areas receiving at least 12 inches of precipitation
(300 mm). Early forage growth 1s stimulated by
fertilizer nitrogen, thereby advancing the grazing
period by as much as two weeks. Yield responses to
phosphorus fertilization are frequently measured
when soil moisture and nitrogen are adequate.
Sulfur deficiencies occur in 3some soils in the
Pacific Northwest and yield responses to sulfur
fertilization may be obtained under conditions where
nitrogen and moisture are adequate for additional
plant growth.

Digestible nutrients in the forage are high and
adequate for growing yearlings, cow-~calf, and ewe-
lamb pairs during the green feed period, but decline
rapidly as the forage matures. Chemical curing at
flowering time, interseeding with 1legumes, or
supplementing the protein-energy requirements of
grazing 1livestock have been used to counter the
forage quality deficiencies in maturing crested
wheatgrass. Grazing systems that utilize crested
wheatgrass in spring, native range in summer, and
Russian wildrye grass (Psathvrostachvs _juncea) in
late summer and autumn have been successful in
maintaining high daily gains for beef production in
the northern Great Plains. Animal health problems
that are associated with, but not limited to grazing
crested wheatgrass include silicosis, white muscle
disease, grass tetany, and marginal zinc deficiency.
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INTRODUCTION

Created wheatgrass is composed of several cool-
season, perennial, bunchgrass species taxonomically
identified as Agropvron cristatum, A. desertorum or

A. fragile (Dewey 1983). It was successfully
introduced into North America in 1906 from Eurasia
{Westover et al. 1932, Dillman 1946, Richardson
et al. 1980 and Rogler and Lorenz 1983). It has

since been 3seeded on millions of acres in the
northern Great Plains, Intermountain, Great Basin,
Snake River, and Columbia Plateau regions of the
United States and the prairie provinces of Canada
(Reynolds and Springfield 1953). Smoliak et al.
(1981a) estimated that crested wheatgrass had been
seeded on 2.5 million acres 1in Canada and Dewey and
Asay (1975) estimated 12 million acres of seedings
in the western United States.

There are a number of reasons why crested
wheatgrass was planted so extensively. Land
managers discovered that the grass was an excellent
competitor with weeds when planted properly
(Pavlychenko 1942). For example, crested wheatgrass
was seeded in many areas to displace halogeton
(Halogeton glomeratus), a weed poisonous to sheep

(Frischknecht 1968a), and Russian thistle (Salsocla
kali), an alternate host to the sugar beet leaf-
hopper (Circylifer tenellus). This insect is a

carrier of the curly top virus that reduced produc-
tion of susceptible varieties of bean (Phaseolus
yulgaris), tomato (Lvcopersicon esculegtum) and
sugar beet (Beta vulgaria) (Douglass and Cook 1954).
Crested wheatgrass was also planted as an
alternative to cheatgrass (Bromus tectorum), a
winter annual that provides a very short green-feed
period and is very flammable when mature (Hull and

Stewart 1948). Crested wheatgrass was seeded in
areas denuded by fire (Piemeisel et al. 1951) to
protect the soil from wind and water erosion. 1In

fact, many acres of farmland in the United States
and Canada were abandoned because of drought during
the 1930's and were later seeded with crested wheat-
grass to increase soil stability (Hubbard 1949).

First and foremost, however, crested wheatgrass
was seeded to increase the forage resources avail-
able to grazing livestock. This review examines the
factors affecting the yield and nutritional quality
of crested wheatgrass for domestic livestock. The
taxonomic classification by Dewey (1983) 1is used
here. The genus Agropyron is confined to crested
wheatgrass. Most of the other former Agropvrons are
now classified in the Elytrigia, Elymus, or
Pascopyrum genera. The common names of plants used
in this review and their Latin binomials are listed
in the appendix. Values of annual precipitation are
drawn from the referenced sources, the 1941 Yearbook
of Agriculture (Kincer 1941), or World Weather
Records (U.S. Department of Commerce 1965).

FACTORS AFFECTING DRY MATTER YIELDS OF CRESTED
WHEATGRASS

Productivity Studies

Forage yield trials began within a few years
after crested wheatgrass was introduced to North
America. Results of early studies conducted on the
USDA Great Plains stations were summarized by
Westover et al. (1932) as listed in Table 1.

Table l.-~Average air dry forage yields of crested
wheatgrass for given aumber of years aad
precipitation at seven locations in the northern
Great Plains (Westover et al. 1932).

Location Yeara Rainfall Yield

Inches Pounds

per acre

Havre, MT . 10 13.1 1600
Moccasin, MT 9 15.5 1900
Sheridan, WY 6 15.1 1917
Mandan, ND 15 15.2 1940
Archer, WY 13 15.9 1460
Redf'ield, SD [ 18.7 2140
Ardmore, SD 10 15.8 1910

In the prairie region of western Canada,
Hubbard (1949) measured an average dry matter yield
of 352 pounds per acre near Manyberries, Alberta,
with an average annual precipitation of only
11.3 inches. On areas receiving run-on water, dry
matter yields were 1660 pounds per acre. Areas in
Alberta and Saskatchewan with greater precipitation
have yields similar to the latter amount. Agroovron
coristatum is better adapted to more moist condi-
tions, while A. desertorum grows best in drier areas
(Smoliak and Bjorge 1981).

Much farther south Reynolds and Springfield
(1953) reported that crested wheatgrass was adapted
to moderately moist sites in the big sagebrush,
pinyon- juniper, and ponderosa pine vegetational
types of northern New Mexico and Arizona, where it
produced 500 to 800 pounds per acre in pinyon
Jjuniper, 900 to 1500 in big sagebrush, and 1100 to
1200 in the ponderosa pine type. After 1950, the
production potential of crested wheatgrass was
evaluated in many areas of the western United States
and Canada and some of these results are shown in
Table 2. Average annual yields ranged from 400 up
to nearly 1900 pounds per acre in experiments that
were 3 to 13 years in length; the 13~year mean yield
in southeastern Idaho was 500 pounds.

The dry matter yields of crested wheatgrass are
related to rate of growth, which is dependent upon
soil and climate parameters. Williams and Post
(1941) reported that crested wheatgrass was a valu-
able grass in the northern Great Plains because it
furnished two to three weeks earlier grazing than
did either native or bromegrass pastures. Sharp

(1970) reported the daily rate of growth (air dry
pounds per acre per day) during 1967 at Point
Springs, Idaho as follows:
Late March -« Mid-April 3.6
Mid-april -~ Late april 6.8
Late April - Mid-May T.1
Mid-May - Late May 19.1
Late May « Mid-June 25.5
These rates when multiplied by 15 days per

interval give a mid-June dry matter yield of 930
pounds per acre, almost twice the 13-year mean yield
(Table 2) of 500 pounds. Precipitation during the
November through June period in 1967 was greater
than normal, 10.27 vs. 8.82 inches, explaining the
difference.



Five reports (Table 3) compared yields of
various cultivars within the Agroopvron genus. With
either Nordan or Standard used as a reference,
yields for the other cultivars ranged from 85 to
1444 of the reference varieties. The wide range in
yield within the genus could be exploited to produce
high yielding or high quality forage plants. Others
(Coulman and Knowles 1974, Murphy 1942, and Schaff
et al. 1962) have arrived at similar conclusions.
Lamb et al. (1984) and Vogel et al. (1984) screened
50 strains inoluding 38 accessions (PI lines). They
were ranked for yield and Jin yitro dry matter
digestibility (IVDMD) using the Nebraska Index (NI):

NI = s(yield) * s(IVDMD)

where X was the mean and s was the square root of
the error mean square in the F test for the
appropriate trait. Values of NI ranged from -4.0 to
+2.8, with the varieties Ruff (A. cristatum) and
Nordan (A. desertorum) scoring 2.49 and 2.08,
respectively. This indicates that good material is
already in use, but some opportunity may exist for
improvement. ’

Comparisons of crested wheatgrass yields with
smooth brome (Bromus inermis) and slender wheatgrass
(Elymus Ltrachvcaulus) were made by Reitz et al.
(1936) at Moccasin and Havre, Montana, with anaual
precipitation of 15.5 and 13.1 inches, respectively.
Average yilelds over the 15 years at Moccasin
(14 years at Havre) in pounds of air-dry forage per
acre were:

Moccazin  Havre

Crested wheatgrass 1860 1660
Smooth brome 1780 1190
Slender wheatgrass 1770 1740

The ability of crested wheatgrass to maintain a
productive stand throughout the 13-year period
encouraged these investigators and others to further
evaluate this promising forage resource. Hyder and
Sneva (1963b) compared the forage~yielding potential
of grasses grown in eastern Oregon in pounds of dry
matter per acre:

Standard crested wheatgrass 1650
P-27 Siberian wheatgrass 1450
Whitmar beardless wheatgrass 1350
Alkar tall wheatgrass 1260
Topar pubescent wheatgrass 1190

Sherman big bluegrass 1110

Hull and Johnson (1955) summarized forage pro-
duction data from 28 studies conducted at
20 locations in the Ponderosa pine zone of Colorado.
Crested wheatgrass was the best adapted species and
Russian wildrye (Psathvrostachva _uncea) also did
well. Average yields at six locations were
1060 pounds per acre for crested wheatgrass and
634 pounds per acre for Russian wildrye.

Cooper and Hyder (1958)
ylelds (12% moisture) of 11 grasses grown 1in a
6-year study at Squaw Butte, Oregon. These forage
yields are for eight crested wheatgrass cultivars
reported in pounds per acre.

reported the mean

A. fragile 1310
A. cristatum
Commercial 800
A=17T0 793
A. desertorun
Commercial 910
Mandan 571 950
Nebraska«10 970
Utah 42-1 900
5% LSD 360

Hull (1972) reported that in southerm Idaho
Fairway produced only 79 percent as much forage as
Standard. However, Failrway spread 112 percent
further and was grazed more uniformly than Standard.
He reported forage ylelds of Agropyron desertorum
and A, cristatum for 15 sites.

Row Spacing

The effect of row spacing on forage yield of
crested wheatgrass was studied in southern Idaho by

Hull (1948) and Hull and Holmgren (1964). Row
spacings of 6, 12, 18, and 24 inches produced
similar forage yields, but the 6« and 12-inch

spacings gave better proteotion against soil erosion
and weed i1nvasion, and produced a more palatable
forage.

Reitz et al. (1936) reported that 12-year
average forage ylelds were 1770 pounds per acre f{rom
rows spaced 36 inches apart, but only 1300 pounds
per acre from drilled rows 7 to 9 inches apart. The
36-inch rows were periodically cultivated which may
have stimulated production. During a S5-year study
at Squaw Butte, however, Hyder and Sneva (1963b) did
not measure any difference in yields when crested
wheatgrass was planted in rows spaced 6, 12, 24, 36,
48, or 60 inches apart. It is probable that these
plots were not tilled. Hubbard (1949) also found
that after 12 years different row spacings (6, 12,
or 24 inches) had no effect on plant density or

yield.

McGinnies (1970) seeded crested wheatgrass
during each of three years at 10, 20, or 30
seeds/foot in rows spaced 6, 12, 18, 24, and 30

Stand survival after 6 years was best
seeding rate. Forage yleld was not
seeding rate, but was highest in rows

inches apart.
at the highest
affected by

spaced 12 to 18 inches apart and lowest in 30-inch
rows, Invasion by other perennial grasses was also
greatest at the widest spacing. Forage yields in
pounds per acre were:
Spacing
6 850
12 - 1010
18 1000
24 900
30 760

The effect of row spacing on forage yi€ld was
also studied in southwestern Saskatchewan (Leyshon
et al. 1981). "Mayak"” Russian wildrye, "Summit"
crested wheatgrass, and “Drylander,” a creeping



Table 2.--Dry matter yleld responses of crested wheatgrass to fertilizer nitrogen and mixtures with legumes
at 19 locations in Canada and the United States.

. Total dry matter yields for Alfalfa +
8 Expt. Annual given levels of annually applied crested
Location Ref'erence years ppt. N fertilizepr, 1bs/a wheatgrass
o . 20 30 40~-60
Inoh Pounds per acre ceccccccccccme=
Pincher ALB  Lutwick 77 3 ;17.5 1870 - - 22510 3520
Mandan ND Rogler 69 10 15.4 1680 - - 2760 2440
Mandan ND Power 80 6 16.8 1000 - 1790 - -
Mandan ND Smika 60 7 16.8 470 - 1370 1890 -
Mandan ND Lorenz 62 12 16.8 530 - 1320 1990 1270
Alliance NE Sohultz 82 2 16.5 - - - - 1771
Holbrook D Hull 74 6 316.0 1220 - - - -
Manitou co McGinnies 68 6 15.7 630 1070 - 1280 -
Moocasin MT Stitt 58 8 15.5 1620 - - - 1860
Gillette wY Rauzi 82 8 15.1 1870 - - - 1930
Sidney MT Blaok 68 ) 1%.9 970 - - 14840 -
Archer wY Rauzi 75 3 3118.7 800 - - - 5=
Red Blurf MT Gomm 64 3 14.1 1330 - - - 2580
Swift Current SAS Kilcher 58 - ] 31u.o 700 1200 1400 2200 -
Goodwell oK Hurfine 59 ,‘3 13.4 T40 - - - -
Tintic 7 uT Havstad 83 3 31 3.0 680 - - - -
Point Springs ID Sharp 70 13 312.5 500 - - - -
Glorieta M Reynolds 53 5 12.3 420 - - - -
W. Central NV Eckert 61 P L} 12 490 - - 550 -
Squaw Butte OR Sneva T6 10 11.3 810 1200 1190 1280 -
Twin Falls ID Hull Th 6 9.3 670 - - - -
N. Central NV Eokert 61 ¥ 9 620 - - axo -
! gxclusive of August precipitation. : 5 Yellow sweet clover plus crested whestgrass.
Fertilizer applied only once. May 15 yield plus regrowth harvested Augusat 1.
Mean annual precipitation during the study. 7 Now the Lee A, Sharp Experimental Area,
Includes data from D.L. Scarnecchia. 8 Senior author and year of publication,

Table 3.--Forage yields (12% moisture) of Agropvron cultivars grown at different locations.

Susanvilles, Pericins, cmoneseBUrns, ORececceccan Sheridan and
Cultivar cal ox? A3 -t Gillette, WY>

Pounds per acre

Agropvron dessrtorum

Standard - b670 910 750( 1980) 2500
Nordan 1140 1070 - - 2530
Nebraska -10 1290 - 970 1000( 1710) -

Mandan ST1 - 910 950 870(1810) -

Summit - - - - 2480(2420)

Agropyrog cristatua .
Fairvay 1080 740 800 780(1930) 2220
A-1770 - 820 790 760(1630) -
Parkway - - - - 2340(1960)
Iragile :
P=2T Siberian i 1060 930 1310 850(2220) -

1 Meaan yields for 3 years at Black Mountain Experimental Station, 18.6 inches annual pracipitation (Cornelius
and Willisms 1961).
2 Mean yields for 2 years, 34.1 inches annual precipitation (Huffine et al, 1959).
Mean yields for 5 years at Squaw Butte Experiment Station, 11.3 inches annual precipitation (Cooper and
Hyder 1958).
4 Mean yields for 4 years at Squaw Butte. Values in parentheses are forage yilelds achieved with 30 pounds
nitrogen per acre applied annually (Hyder and Snsva 1961).
Mean yilelds for 5 years at Sheridan and 4 years at Gillette, 15.1 and l4.4 inches annual precipitation,
respectively (values in parentheses are for a second experiment (Richardson et al., 1980).
Mean yields for 2 years at Goodwell, OK, 17.0 inches amnual precipitation (Huffine et al. 1959). The value
shown here for Standard was identified as Commercial by this reference.
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Table 4.-=Mean annual forage yields over five years
and three row spacings (Leyshon et al. 1981).

Yield for spacing, inches

Forage 12 24 36
weeeee- POunds per acre =emee=
Summit 1250 1330 1480
Mayaic 570 1030 1640
Drylander 2250 2070 2180

alfalfa, were 3seeded at
spacings. elds W

12-, 24-, and 36-inch row

Dry patter vields were generally gregter
for the 12-inch spacing the first vear. By the

second year, both grasses had greater production on

the wider spacings. By the fifth vear, the vield

advaptage had shifted to the 36-inch rows {Table 4).

In the fourth vear, which received below normal pre-

cipitation, the dry matter yields were much greater
for the 36-inch spacing (Table 5). To explaim the

benefit of the wider spacing, the authors argued

that “there is only enough moisture and nutrients

available for a limited amount of dry matter produc-
tion by a limited number of plants.™ Apparently soll
water 13 used more efficiently under the 3J6-inch oW

than under closer spacing {Kilcher 1961).

This concept 1s supported by spacing and
seeding rate studies at Fort Valley in northern
Arizona (Lavin and Springfield 1955). The highest
forage yields were produced in the narrower spacings
during wet years and the wider spacings in dry
years.

Springfield (1965) conducted similar rate and
spacing studies near Tres Piedras, New Mexico. The
site was a medium textured, rocky, shallow soil at
8500 feet elevation having 13 inches annual precipi-

tation. The plots were seeded at 3 rates and 3 row
spacings in 1951, and grazed from 1953 until 1956.
The forage ylelds are shown 1in Table 6. These

yields reflect a period of low rainfall from October
1955 to May 1956 dry enough to restrict growth at
all row spacings. Thus, the 12- to 18=inch row
spacing still seems best.

Forage yield responsea to wider row spacings
have been noted in the northern Great Plains, but
not in the Great Basin, Snake River, or Columbia
Plateau regions (Sneva and Rittenhouse 1976, Sims
1969). Perhaps the summer rainfall pattern and
somewhat higher precipitation amounts in the
northern Great Plains develop the spacing response.

Sims (1969) examined the effect of stand
density on characteristics of wheatgrasses i1n Utah.
He found that dense stands of crested wheatgrass,
tall wheatgrass (Elvtrizia pontica), intermediate
wheatgrass Elvirigia intermedia), and pubescent
wheatgrass (E. intermedia ssp. barbulato) preoduced
more herbage per acre, had fewer and shorter seed
stalks, fewer viable seeds, narrower and shorter
leaves, and a lower stem/leaf ratio than open
stands. More research 1is needed to identify the
contrasting results of plant or row spacing between
the northern Great Plains and the Intermountain and
Snake River Plains.

Table 5.--Mean forage yield during year four at
three row spacings (Leyshon et al. 1981).

Yield fa; spacing, inches

Forage 12 24 36

eee=e=- Pounds per acre «eceecaa.
Summit 410 460 890
Mayak 150 460 1280
Drylander 560 870 1430
Stand Age

Crested wheatgrass has been frequently seeded
in fields that have been fallowed one or more
seasons. The accumulation of mineralized soil
nitrogen and soil water may have boosted forage pro-
duction the first couple of years after seeding.
After the plants adjusted to current precipitation
and available nitrogen levels, yilelds often declined
with age.

Some researchers in the northern Great Plains
found that yields of old stands could be increased

by land scarification or renovation (Black 1968,
Houston 1957, Lorenz and Rogler 1962, Lodge 1960,
and Stitt 1958) and nitrogen application. Smoliak

et al. (1967) examined 29- to 38-year old stands of
A. cristatum and found that they consistently out-
ylelded native mixed prairie vegetation by a ratio
ranging from 12.4 to 1.1. Soil analyses showed that
exhaustion of nitrogen was not a factor in the
persistence of stands. Crested wheatgrass had
become a permanent part of the vegetation and forage
yield was dependent mainly on current rainfall.

Lodge (1960) measured the effects of burning,
cultivation, and mowing on the yield of crested
wheatgrass grown near Swift Current, Saskatchewan.
He noted that all treatments reduced ylelds the
first year and spring burning even longer. In the
long run, however, basal area was not affected by
any of the treatments. Rauzi et al. (1971) measured
yields for 5 years after light discing or chiseling
on 16~ or 24-inch centers at Archer and Gillette.
Forage yields were depressed the first year after
renovation and were not different from untreated
plots after that.

Table 6.--Mean annual forage yilelds of cresated
wheatgrass planted in three row spacings (Lavin and
Springfield 1955).

Year October-May Yield for spacing, inches
precipitation 6 12 18

-=== Pounds per acre ewa=-

1956 33% of normal 50 55 53
1957 110% of normal 1090 1180 1210
1959 90% of normal 432 455 368
Mean 525 564 578




Hull and Klomp (1966) reported that crested
wheatgrass was well adapted to southern Idazho, and
that during 7 to 14 years of production, it could
maintain itself and even spread. Smoliak et al.
(1981b) reported that a stand seeded in 1928 at the
Manyberries Research Station was still productive
after 50 years. Many of the seedings in the prairie
region of Canada remained as monocultures for 15 to
20 years. Native plants then began to invade, but
seldom made up more than 10 percent of the plaat
density, and yield loss was negligible (Looman and
Heinrichs 1973). Dormaar et al. (1978) reported
that forage yilelds on 40 to 59 year-old stands still
out~yielded native range by l.l1 to 1.5 times.

Hubbard (1949) noted an average yield of 1675
pounds air-dry hay for 30 consecutive Yyears at
Mandan. Because of experiences there and at Havre
and Swift Current, he suggested that most stands
would yield well for 20 to 30 years. Others have
felt that crested wheatgrass stands would become
decadent with age and encroaching shrubs and weeds
would further reduce productivity. Scarifying the
soil surface has been used to stimulate wheatgrass
stands, but little evidence exists that a net
improvement in forage yield is produced by this
treatment (Black 1968, Stitt 1958, Lorenz and Rogler
1962, Smika et al. 1963). Weed and shrub control
may be necessary and nitrogen fertilizer application
may be helpful in stimulating forage production
(Stauber et al. 1974). Forage yield response to
nitrogen fertilizer may be greater for new stands
than for old stands. Sneva (1973b)} found that 16
pounds of forage were produced per pound of nitrogen
on new stands, but only 8 pounds on old stands.
These findings might explain why Seamands and Lang
(1960) found that the most efficient yield per unit
of nitrogen applied to an old stand was 7 pounds of
forage per pound of nitrogen.

Precipitation

Crested wheatgrass is grown in semiarid areas
of the United States and Canada. It is, therefore,
logical to assume that precipitation is the primary
factor limiting forage production (Sneva and Hyder
1962), and that production increases with additional
precipitation. However, the forage production data
for the 19 experimental sites of Tabée 2 are not
well correlated with precipitation (r“ = .2). This
is probably due to large differences in the seasonal
distribution or "quality"™ of precipitation, in
addition to variability in soil fertility, tempera-
ture, etc.

Figure 1 illustrates the relative amount of
annual precipitation occurring in any month,
expressed as a percentage of total precipitation,
for a number of locations where crested wheatgrass
is grown. Areas east of the Rocky Mountains such as
Mandan, North Dakota, receive a majority of their
rainfall as summer storms. This rainfall pattern
tends to extend the green-feed period compared to
areas west of the Rocky Mountains. It also may
increase the yield response to nitrogen fertilizer.
Precipitation in the Great Basin, Snake River
Plateau, and Columbia Plateau primarily occurs
during winter and spring followed by a relatively
dry summer and fall season. The subfigures for
Ritzville, Washington and Austin, Nevada are
examples of this seasonal pattern. Precipitation in
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~in New Mexico averaged 980 pounds

the Intermountain area may be evenly distributed
throughout the year as shown for the Benmore, Utah
site.

Experimental seedings of crested wheatgrass and
other grass and legume forages have been made at
Susanville, California (Cornelius and Talbot 1955,
Cornelius and Williams 1961). Although at the
extreme western periphery of the Great Basin, this
area has a mediterranean type climate with very dry,
warm summers. Long-term studies in this and similar
regions indicate that rhizomatous wheatgrass types
(pubescent and intermediate wheatgrass) out-spread
and out-persist the bunch-type wheatgrassas
(A. gristatum/desertorum and other non-rhizomatous
wheatgrass species now identified in the Elvtrigia
and Elymys genera). The dry summers apparently
limit seed formation and establishment of new
crested wheatgrass plants (Graves et al. 1984).

Experimental seedings
have also been made at Perkins,
et al. 1959). Forage yields were satisfactory the
first two years, but few plants remained in the
third and fourth year after establishment. The area
receives 34.1 inches of annual precipitation, but
average January (37°F. 3°c) and July (81°F, 27°%)
temperatures are about 10 Fahrenheit degrees higher
than areas where the Agropvrons persist. Warm
season grasses are more adapted to sites 1like this
and can outcompete the Agroovrons.

of crested wheatgrass
Oklahoma (Huffine

Forage yields of crested wheatgrass have been
predicted from soil moisture values or from precipi-
tation and temperature data. June forage production
per acre over four
years, and was best predicted as:

Y = 203X - 368, (r> = .99)

where X was the January through May precipitation in
inches (Gray and Springfield 1962). The wheatgrass
yield of 980 pounds per acre compared with a yield
of only 114 pounds on native range.

Sharp (1970) reported that 70 to 80 percent of
the variability in annual production of crested
wheatgrass at Point Springs, im south central Idaho,
could be attributed to variation in the April to
June precipitation. In eastern Oregon, Sneva (1977)
found that spring yields were best predicted from
mesn February temperature and March precipitation
(r° = .83). The best combination for predicting
mature. yield was July (of the previous year) through
May precipi&ation plus mean March through May tem~
perature (r° = .64).

Sneva and Hyder (1961, 1962) used an indexing
system to predict yield. They defined the yield
index (YI) for a given year as the actual yield
divided by the mean yield expressed as a percentage.
The precipitation index (PI) was defined in the same
way for the crop year (September 1 to June 30).
Regressing the YI values against2 the PI values

produced the prediction equation (r® = .77; s =
18.4 pounds per acre). e

YI = 1.11PI - 10.6
Sneva and Britton (1983) reassessed the yield

relationship within the sagebrush-bunchgrass zone in
Washington, Oregon, Idaho, Utah, Nevada, and
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1.--The quantity (inches/year) and distribution of precipitation for areas where crested
The bars from left to right represent relative January through December preci-

Major watersheds and primary (cross hatched) and secondary

(diagonal lines) areas of crested wheatgrass distribution are illustrated.

California.

record and extended the use of the precipitation
index (PI) and yield index (YI) to additional sites.

A more direct approach was used by Power (1970)
who reported that the
growth of crested wheatgrass at Mandan was linearly
related to availgble soil water (Fig. 2). The yleld

and Power and Alessi (1970)

was described (r° = .98) as:
Y = 190X - 990

where Y was yield in pounds
inches of available soil

per
water.,

increased from 8 to 14 inches.

Love and Hanson (1532) reported that most roots
of crested wheatgrass were above 3 feet, but that

some extended to 8 feet (Fig. 3).

This report increased the 1length of

acre and X was
4 threefold
increase in yield occurred as available soil water

However, Brown et al. (1982) reported that crested
wheatgrass used water from a 13-foot soil depth
compared with an average 20-foot depth for 10
alfalfa varieties. Soil conditions, plant
competition in mixed stands, and time when soil
water is being extracted are all factors that may
control water use and growth. Nevertheless, 2200 to
2500 pounds of dry matter per acre may be the yield
potential for the presently available 1lines of
crested wheatgrass.

Increasing soil water by snow-trapping or
run-on techniques has been used to increase forage
production. In the northern Great Plains, snow
moves laterally or horizontally, losing some of its
moisture by sublimation until it is finally trapped
in depressions, in standing vegetation, or on the
leeward side of snow barriers. Rauzi and Landers
(1982) evaluated 13 and 26~foot wide level benches
as snow catchment devices at Gillette, Wyoming. The
benches trapped more snow and increased soil water
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Figure 2.-~Forage yields of control- and nitrogen-
fertilized crested wheatgrass grown at Mandan, North
Dakota, as related to available soil water (Power
1970).
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Figure 3.=--The distribution of above and below
ground biomass of a flowering crested wheatgrass
plant growing on a deep friable silt loam soil with
16 inches annual precipitation. Data are primarily
drawn from Hull and Klomp (1974) with additional
information from Caldwell et al. (198l1), Richards
(1984), and the author. The length and depth
increments are in inches.
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by 12 to 20 inches when compared to control areas.
It is possible that this extra water percolated
below the root 2zone of crested wheatgrass plants
where it was available only to the deeply rooted
alfalfa. The average yields of the crops grown on
the two different benches were compared to those on
the control in pounds per acre:

Control  Level Bench

Alfalfa 2590 3230
Crested wheatgrass 2300 2240
Alfalfa plus crested

wheatgrass 2470 3310

Increasing the effectiveness of precipitation
is another way to improve forage production. Rauzi
(1968) compared yields on native undisturbed range-
land with areas that had been pitted, and with a
third area that was pitted and seeded. The areas
were grazed by sheep with the results shown in Table
7.

The review to this point has discussed the
relationship of dry matter yields of .crested wheat=
grass to precipitation or soil moisture. Robertson
et al. (1970a) extended the value of precipitation
regressions by relating steer-weight gains to pre-~
cipitation and temperature parameters of an area in
northeastern Nevada where annual precipitation was
16 inches. Animal gains were best predicteg by the
November through June precipitation (r° = .53).
Other precipitation periods or temperature data
reduced the correlation values.

Nitrogen Fertilization

Forage yield responses to fertilizer nitrogen
are limited to a large extent by available soil
water. Power (1980a, 1980b) showed that the forage
yield of crested wheatgrass grown at Mandan, North
Dakota was linearly related to available soil water

Table 7.-~Forage and lamp production on shortgrass
native range (control), pitted or pitted plus
interseeded with crested wheatgrass (Rauzi 1968).1

Parameter response for

— Riven treatment =
Pitted and
Parameter Control Pitted interseeded
1955-60
Forage production, 410 630 1050
lbs/acre
Sheep days/acre 42 59 72
Lamb gain, lbs/head 52 49 52
Lamb gain, lbs/acre 28 36 s
1961=65
Forage production, T20 1070 1350
lbs/acre
Sheep days/acre 46 61 66
Lamb gain, lbs/head 56 52 51
Lamb gain, lbs/acre 31 36 10

1Pitting removed a piece of soil 4 inches deep,

7 inches wide, and 5.5 feet long in every 8 feet.
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Figure A4.--Forage production of crested wheatgrass

with annual applications of ammonium nitrate at
Mandan, North Dakota (adapted from Power 1980a).

(Fig. 2), and that the yield response per increment
of water between 7 and 14 inches was greater when
nitrogen fertilizer was applied. Conversely, the
yield response per increment of nitrogen fertilizer
was greater at above-normal levels of soil water as
indicated by the yield of wunfertilized plots
(Fig. 4).

The magnitude of the response to nitrogen
fertilizer on perennial grasslands was site speci-
fic, integrated over the capacity of the soil to
immobilize nitrogen, the capacity of plants to take
up nitrogen, the nitrogen transformations active at
the site and, of course, the amount of available
soil water. These conclusions were supported by
cumulative yield responses of bromegrass, crested
wheatgrass, and native grasses to cumulative nitro-
gen applications over a 5- to 6-year period on
several sites (Power 1980a). The order of response
was least for native grasses, intermediate for
crested wheatgrass and greatest for bromegrass at

Mandan. The yield responses of crested wheatgrass
at two sites were predicted by:

Y = 12.95X - 0.0037X5 + 833 (r5 = .90) and

Y = 11.79X - 0.0037X° + 544 (r° = .72)

where Y was cumulative dry matter yield and X was

cumulative fertilizer nitrogen applied.

McGinnies (1968) reported yield data for the
Manitou Experimental Forest in Colorado, in response
to urea-nitrogen applied annually or biennially

(Fig. 5). The latter was twice the annual rate, but
was treated as an annual equivalent for the
regression analysis. The regressions were:

Y = 598 + 402 log N (rZ = .98)

Y = 532 + 367 log N (r° = .89)
for annual and biennial treatments, respectively.

About 80 percent of maximum forage production was
achieved by applying 20 pounds of nitrogen per acre.
Biennial application of nitrogen at twice the amount
was less efficient than the annual application
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Figure 5.--The forage yield of crested wheatgrass on
the Manitou Forest in Colorado in relation to annual
application of urea-nitrogen (adapted from McGinnies
1968).

(slopes are not equal, P = .12), even though the
same amount of nitrogen was applied in both treat-
ments.

Lang and Landers {1968) summarized 10 years of
Wyoming data and concluded that 20 pounds of nitro-
gen per acre was the most efficient 1level for
increasing crested wheatgrass forage production.
However, Fairbourn and Rauzi (1982) reported that 20
to 30 pounds of nitrogen per acre appeared too 1low
to effectively increase crested wheatgrass yields at
their site, and concluded that nitrogen was
immobilized in litter and soil.
(1984) followed nitrogen-15
recovery for five years after application as
ammponium nitrate to crested wheatgrass. Annual
forage yields varied as a function of available soil
water, and the nitrogen content was about 25 percent
greater than unfertilized plants. Cumulative
recovery of nitrogen~15 in tops increased with time;
12 to 52 percent being recovered the first year
af ter application. Af ter four seasons about 75
percent of the total initially applied nitrogean was
recovered. About 70 to 95 percent of the total was
accounted for in tops, roots, and soil.

Power and Legg

Wight (1976) noted that water use efficiency
was increased by nitrogen fertilization and that
annual applications of 30 to 50 pounds of nitrogen
per acre doubled forage production and subsequent
beef production in the northern Great Plains. These
findings are supported by those of Williams
et al. (1979) in Kamloops. Rogler and Lorenz (1969)
reported that over a 10-year period, crested wheat-
grass forage production was increased by annual
applications of 40 and 80 pounds of nitrogen per
acre (Fig. 6). Beef production was increased with
the application of 40 pounds, but was not further
increased with the 80-pound rate. A mixed planting
of crested wheatgrass and alfalfa produced as much
forage and beef as crested wheatgrass fertilized
with about 15 pounds of nitrogen per acre.
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Figure 6.~-Ten-year mean production of forage and
beef on crested wheatgrass fertilized annually with
nitrogen compared with a mixed seeding of crested
wheatgrass and Ladak alfalfa at Mandan, North Dakota
(adapted from Rogler and Lorenz 1969).

Bleak and Keller (19T4) reported that the
benefit of applying nitrogen fertilizer to crested
wheatgrass grown near Logan, Utah was nil. Sneva
et al. (1958), however, reported that 20 pounds of
nitrogen per acre returned 25 pounds of forage for
each pound of nitrogen applied at Squaw Butte,
Oregon. Perhaps more importantly, they found that
nitrogen-fertilized crested wheatgrass initiated
growth earlier in the season and that the relative
amount of growth occurring prior to June 1 (as
percent of total yield at maturity) was nitrogen -
rate (given in pounds per acre) dependent:

Fertilizer N  Ileld

0 4y
10 53
20 63
30 69
40 66

Miller (1960) reported that nitrogen-fertilized
plots near Fort Collins, Colorado were ready for
grazing 10 to 14 days sooner the first year, but
that there was no difference the second year.
Forage moisture concentrations were significantly
increased by nitrogen fertilizer at vegetative and
boot stages, but were unaffected at the dough stage.
Forage, seed yield, and crude protein concentration
were increased by nitrogen fertilization, but dates
of flowering and seed maturation were not affected.

In another fertilizer study near Fort Collins,
Hull et al. (1958) measured forage production
fertilized with 0 or 33 pounds per acre of nitrogen.
Air dry forage yields in pounds per acre were:
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oN 23N
Crested wheatgrass 2160 3050
Fairway wheatgrass 1700 3100
Pubescent wheatgrass 1400 2680
Tall wheatgrass 3360 4280
Smooth brome, northern strain 960 1840
Smooth brome, southern strain 1700 2400

MeCormick and Workman {(1975) conducted an
economic analysis of the early range readiness of
crested wheatgrass produced by 25 to 30 pounds per
acre of nitrogen fertilizer. The study was based on
the Curlew National Grassland located north of
Snowville, Utah, and on the Benmore seedings located
south of Vernon, Utah. Annual precipitation was 11
and 13 inches, respectively. They calculated that
in 1973 ranchers could have profitably substituted
nitrogen fertilizer for purchased hay. Their costs
included $0.12 per pound of nitrogen and $1.50 per
acre for application.

Sneva (1973a) showed that 30 pounds of nitrogen
per acre increased yields 375 pounds (583 lbs/acre
on control and 958 on fertilized). Costs were $8.00
and expected returns were $8.40. This was a very
simple analysis and did not consider proportion of
increased feed that might be loat to trampling, or
nutrient availability, or increased risk of grass
tetany. In 1984-1985, fertilizer nitrogen costs are
about $0.30 per pound and application costs are also
higher. Purchased feed costs are not greatly dif-
ferent. Expected profitability should be calculated
for each situation using figures appropriate for
that time and place.

Another economic analysis was conducted at
Hooper, Washington with applications of Q0 to 80
pounds of nitrogen per acre (Patterson and Youngman,

1960). They found that at this 13-inch precipita-
tion site the S~year mean yields in pounds per acre
and nitrogen use efficiency (1lbs/lb) were:
Fertilizer N @ Yield = =  Efficiency
0 1220
20 1490 13.5 .
40 2300 40.5
60 2730 21.5
80 2960 11.5

The most efficient yield response came with the 40
pound rate where 40.5 pounds of forage were produced
for each pound of nitrogen applied. However, most
of this extra herbage was cheatgrass, an early
competitor for nutrients and water, particularly in
the Snake River and Columbia River Plateau regions
where normal precipitation 1is often less than
13 inches and winters are relatively mild (Eckert
and Evans 1963).

Hyder and Sneva (1961) reported &4-year mean
yield responses of various Agropyron cultivars to
nitrogen fertilizer at 30 pounds per acre (Table 8).
Agropyron fragile (Siberian wheatgrass) produced
more dry matter per pound of nitrogen fertilizer
than the other Agropvrons. This may be a genetically
controlled trait or simply a site-specific response.



Schlatterer (1974) reviewed the use of
t S o __increase roduction on rangelands.
For the Great Basin and Shake River Plateau he_
concluded that:

1. Nitrogen consistently increased production, but
only in areas receiving more than 13 inches

annual precipitation.

2. Introduced grasses responded more to nitrogen
than did native species.

3. BResidual fertilizer effects are usually limited
to less than three years on grazed ranges.

4. Cheatgrass responds more guickly than perennial
grasses to nitrogen fertilizer.

5. The high costs of nitrogen and of application,

lack of consistent year-to-year production
increases, and lack of long term residual

effects under grazed conditions raise serious
questions as to the economic practicality of
using nitrogen fertilizer.

Crested wheatgrass is grown extensively in the
northern and central Great Plains where summer-type
precipitation occurs (Fig. 1), and most areas
receive in excess of 13 inches precipitation. Under
these conditions, nitrogen fertilization to increase
forage production is a viable management option.

Phosphorus, Sulfur, and Trace Element Fertilization

_ A3 noted before, available water 1s the factor
most limiting production. Available nitrogen may be
the =second most limiting factor and phosphorus may
be the third (Thomas and Osenbrug 1964). Available
soil phosphorus is generally adequate to support the
growth of crested wheatgrass in the absence of
fertilizer nitrogen. Power and Alessi (1970)
annually applied a series of nitrogen fertilizer
rates with and without fertilizer phosphorus to
crested wheatgrass grown at Mandan, North Dakota.
Over the Seyear period, dry matter yields averaged
380 pounds per acre for each inch of precipitation
in excess of 5 inches. A greater response, 490
pounds, was measured when phosphorus was also
applied.

Table 8.~~Forage yield and nitrogen use efficiency

for seven Agrogzron cultivars (Hyder and Sneva
1961).

"Table 9.--Spring and regrowth forage yields of
crested wheatgrass when fertilized with anitrogen or
nitrogen plus phosphorus (Segura 1962).

Fertilizer Spring growth Regrowth Total
eeccce=ws POunds per acre ececceca~s

ON + OP 1470 590 2060

45N + OP 2390 1360 3750

90N + OP 2200 1250 3450

90N + 18P 2390 1780 4170

1Nitrogen applied as ammonium nitrate and phosphorus
as treble superphosphate.

Phosphorus fertilizer has generally been
drilled 4into the soil. Yield increases of 340
pounds per acre have been attributed to the scari-
fying action of the disc openers on the drill {Black
1968, Smika et al. 1963). Nitrogen fertilizers are
more water soluble than phosphorus sources and
readily move into the rooting zone. Thus maximum
yield responses to nitrogen often occur the first
year after application and decrease in subsequent
years as fertilizer N is immobilized. Maximum yield
responses to phosphorus, in the presence of adequate
moisture and nitrogen, however, may not occur until
the second or third year after application because
of the delay in movement of phosphorus into the root
zone (Stitt et al. 1955).

In a Colorado study, Segura (1962) reported
that surface applications of nitrogen and phosphorus
increased yields of crested wheatgrass (Table 9).
Some of these values greatly exceed those reported
elsewhere in this review. Nevertheless they
illustrate that crested wheatgrass responded to the
first increment of nitrogen fertilizer (45 1lbs), but
not to the second (90 lbs) unless accompanied by
phosphorus.

Smoliak et al. (1981) summarized crested wheat~

grass production for a Se-year period after a single
application of nitrogen or phosphorus at
Manyberries, Alberta. Yields were not affected by
phosphorus. Nitrogen increased yields the first

year and less with each succeeding year (Table 10).

Table 10.--Forage ylelds of crested wheatgrass
following a single application of fertilizer
(Smoliak et al. 1981).

Yield when fertilized Nitrogen
at level of use First Second Five year
Cultivar ON 30N efficiency Fertilizer year Yéar total
Pounds per acre eemeeeee POunds per acre veececeoecee
Agropyron fragile 852 2223 46 Check 2480 240 1410
Azropvron desertorum 30p 240 250 1490
Standard 752 1982 41 30N 510 310 1890
Mandan S71 873 1806 31 30N + 30P 510 320 1910
Nebraska 10 1002 1708 24 60N 650 380 2180
Utah 42.1 874 1792 31 60N + 30P 640 : 390 2100
Agropyron cristatum
Fairway T80 1927 38
A=-17T0 756 1634 29
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At some sites crested wheatgrass yields did not
respond to phosphorus even when nitrogen was
applied. This suggests that resident soil
phosphorus was adequate to sustain growth under the
soil water and nitrogen levels present at these
sites (Kilcher 1958, Read and Winkleman 1982).

Soil moisture, nitrogen, and phosphorus may
affect forage quality in addition to yield. Thomas
and Osenbrug (1964) reported that forage nitrogen
concentrations increased with nitrogen fertilization
and decreased with precipitation. Smika et al.
(1960) demonstrated in a 7-year study how the
availability of soil nitrogen and phosphorus
affected quantity and quality of crested wheatgrass
(Fig. 7). Dry matter ylelds were increased with
each increase in fertilizer nitrogen up to the 90
pound per acre rate. Yields were only slightly
responsive to phosphorus fertilizer, but were
greater at the higher nitrogen rates. Crude protein
values increased with increasing fertilizer nitrogen
rates, but were not affected by fertilizer phos-
phorus levels. On the other hand, nitrogen promoted
growth, but not phosphorus uptake, thus diluting the
phosphorus concentration in the forage from a level
of .20 to .13 percent, which is low for some classes
of livestock. Phosphorus fertilization, while not
greatly affecting yield, did maintain the
concentration of phosphorus in the forage.

Many of the rangeland solls in the Pacific
Northwest were derived from volcanic materials.
Because selenium and sulfur are easily volatilized
it is common to encounter low concentrations of
these two elements in area forage crops, especially
legumes. Only sulfur is required by plants 1in
significant quantities and it is not unusual to find
sulfur responses in crops grown in this area,
especially when fertilized with non-sulfur nitrogen
sources (Westermann and Robbins 1974). Sneva and
Rittenhouse (1976) reported that adding sulfur to
nitrogen fertilizer caused spring yields of crested
wheatgrass to double when compared with yields from
unfertilized plots. Crested wheatgrass ylelds were
increased on some but not all sites, only in socme
years, and only when accompanied by nitrogen (Sneva
1978). The growth rate of crested wheatgrass 1is
dependent on soil factors, including the levels of
nitrogen and sulfur that must be mineralized from
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Figure 7.--Seven-year mean forage production and
concentration of crude protein and phosphorus in
crested wheatgrass fertilized annually with ammonium
nitrate (N) or N plus treble superphosphate (P20 )
at Mandan, North Dakota (adapted from Smika et a?.

1960) .

organic forms. Activity in these transformations is
site dependent and may explain why forage yields are
only sometimes responsive to nitrogen, phosphorus,
and sulfur fertilization.

Crested wheatgrass is grown 1in semiarid areas
where soils are largely calcisols which means that
they have a high proportion of exchangeable calcium
and perhaps even free lime, and an alkaline to
neutral pH. These sSoils generally have adequate
potassium and magnesium for plant growth. Trace
mineral levels in these soils are generally adequate
(Eckert et al., 1961) and no trace element deficien~
cies have been identified with the exception of
sulfur. There are many discussions of appropriate
plant tissue tests that can be conducted to
determine the adequacy of trace elements. Mayland
(1983) is only one of many that presents information
on critical nutrient ranges. Little directed
progress will be made in the evaluation of
fertilizer responses until investigators utilize
soll and tissue testing to determine the status of
nutrient availability in crested wheatgrass.

Forage Mixtures

In 1938, stitt (1958) seeded 14 grasses and two
forage mixtures at the Central Montana Branch Sta=-
tion at Moccasin. The seed mixtures contained the
following species and seed weights as pounds per
acre:

No. 1
Crested wheatgrass
Russian wildrye
Smooth brome
Ladak alfalfa

No. 2
Crested wheatgrass
Slender wheatgrass
Western wheatgrass
Smooth brome
Big bluestem
Side~-cats grama
Switchgrass
Ladak alfalfa

E_RVIRVIE N

A s maafn

These were planted in 7-inch rows and the next year
about half of the plants in alternate rows were
cultivated out. Good stands of blue grama, side-
oats grama, Sandberg bluegrass and western wheat-
grass were obtained the first year, but by 191
these stands had been invaded by crested wheatgrass.
Indian ricegrass was seeded, but not harvested,
because of thin stands. By 1941, the forage
resulting from the first mixture contained 15
percent alfalfa and 85 percent crested wheatgrass;
while that from the second mixture contained 45
percent alfalfa and 55 percent crested wheatgrass.
Mean forage yields in pounds per acre for the eight-
year perlod were:

Crested wheatgrass 1620

" - M24-3 1580

* * M24-17 1480
Fairway wheatgrass 1420
Beardless wheatgrass 1520
Smooth brome 1260
Russian wildrye 860
Big bluegrass 1600
Green needlegrass 1220
Mixture No. 1 1680
Mixture No. 2 2040

LSD 5 % 160



Table 11.-~Total forage yield and percent composition of Nordan crested wheatgrass (cwg) when seeded with
native grasses in a 25:75 mixture (cwg:other) of pure live seed (Schuman et al. 1982).

Green needle~

Slender + owg Ihickspike + GWE Hestern + cwg Zrass + CWE 4-patives + cwg
Year Yield cwg Yield cwg Yield cwg Yield cwg Yield cwg

Pounds Pounds Pounds Pounds Pounds

per acre Percent per acre Percent per acre Percent per acre Percent per acre Percent
1977 1260 30 1230 58 1000 78 880 78 980 38
1978 2090 61 2170 55 2360 T4 1640 67 2000 69
1979 3560 96 2830 91 3310 89 3540 T7 2890 79
1980 3420 97 1590 85 2130 85 3640 64 2150 96

Only the number 2 mixture produced more than crested

wheatgrass. Ladak alfalfa made up a larger portion
of the forage in mixture 2 than in mixture 1, even
though seeded at one-fourth the rate. :

In 1976, Schuman et al. (1982) seeded crested
wheatgrass with several other grasses at Cheyenne
where annual rainfall is nearly 16 inches. Crested

wheatgrass became a strong dominant in all mixtures
by 1980, even though seeded at one-fourth the rate.
When seeded with slender wheatgrass, the stand
became essentially a pure stand of crested wheat-
grass (Table 11). This was attributed to the
competitive nature of crested wheatgrass and the
short~lived nature of slender, even though the
latter is easily established and initially quite
productive.

Johnson and Nichols (1969) planted 11 grasses
in monoculture stands with 0 or 100 pounds of nitro-
gen applied annually or as a 50:50 mixture with
alfalfa. The 3studies were conducted at Newell,
South Dakota where annual precipitation was 15.5
inches. Forage was harvested at anthesis of the
grasses during the fourth and fifth year after

establishment. Crude protein concentrations in the
grass (Table 12) were least in the unfertilized
stands, and were not different in the grass

fertilized with nitrogen or grown with alfalfa
(P <.05). Forage ylelds of crested wheatgrass in
pounds per acre were:

Crested wheatgrass 2300
Crested + 100 1b N A 6200
Crested + alfalfa 6350

Kilcher and Heinrichs (1958) evaluated the
productivity of Fairway crested wheatgrass grown
alone in pure stands with 30 pounds of nitrogen per
acre and in a mixture or in alternate rows with

alfalfa. Dry matter yields (lbs/acre) of these
combinations when averaged over four years wera:
Fairway + 30N 3120
Mixed Fairway + alfalfa 3720
Rowed Fairway + alfalfa 4000

The increased yield of alternate row versus mixed
stand was attributed to a greater legume yield.

Schultz and Stubbendieck (1982) studied grass-
legume mixtures in a 16.5=inch precipitation area of
western Nebraska. Mixtures of Ruff crested
whea tgrass (Agropyron cristatum) and either alfalfa
or cicer milkvetch (Astragalus cicer) were
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fertilized with various combinations of nitrogen and
phosphorus. Yields at the June 26 harvest were
averaged across two years and all fertilizer treat-
ments in pounds per acre:

Alfalfa 1650
Cicer 1510
Alfalfa + Ruff 2250
Cicer + Ruff 1950

The grass-legume mixtures out-yielded the legumes
when the latter were grown alone.

Legume persistence is often limiting under some
rangeland conditions. McGinnies and Townsend (1983)
measured the persistence of sicklepod milkvetch,
Ladak 65 alfalfa, Eski sainfoin, and Penngift
crownvetch when seeded in alternate 12-inch rows
with either Nordan crested wheatgrass, Vinall
Russian wildrye, or Topar pubescent wheatgrass. The
study was conducted near Fort Collins over a T-year
period. Long term annual precipitation was 14.4
inches, but two droughty years occurred in the
middle of the study period. Crownvetch did not
survive the first winter and pubescent wheatgrass
gradually thinned out. Sainfoin declined and
disappeared by the aixth year. The authors
anticipated that pubescent wheatgrass would be
marginal, and concluded that sainfoin was probably a

Table 12.-=Crude protein concentrations in grass
fertilized with two levels of nitrogen or grown with
alfalfa at Newell, South Dakota (Johnson and
Nichols, 1969).

Alfalfa
Forage ON 100N + grass
camwmmmonne Percent e——w-eceoe-
Wheatgrass
Crested 10.8 cd 13.9 ¢ 12.8 ef
Tall 7.5 a 8.3 a 9.0 a
Intermediate 8.2 ab 10.0 bed 8.9 a
Slender 8.2 ab 8.5 ab 9.3 ab
Pubescent 8.7 ab 9.0 be 9.4 ab
Smooth brome 9.5 be 11.0 de 10.7 bed
Orchard grass 9.6 be 11.8 e 10.3 abe
Russian wildrye 11.2 d 16.5 g 15.0 £
Tall fescue 8.2 ab 11.1 de 10.7 bed
Meadow fescue 9.7 ¢ 12.1 e 12.0 de
Reed canarygrass 11.0 cd 10.4 cde 11.8 cde

1Heana within the same column not followed by the
same letter are different (P <.05).



short-lived species under rangeland conditions.
Alfalfa also declined because of drought and
depredation by pocket gophers except in the

pubescent wheatgrass stand, where it was able to
compete more effectively for available soil water.

The alternate-row planting of crested wheat-
grass and sicklepod milkvetch yielded well, as did
the Russian wildrye and sicklepod milkvetch
(Table 13).

Canadian researchers at Lethbridge compared the
productivity and persistence of Eski sainfoin and
Ladak alfalfa in pure and mixed stands subjected to
frequent clipping over five years (Hanna et

al. 1977). The legumes were grown alone or in
mixed- and alternate-row seedings with Nordan
crested wheatgrass, Sawki Russian wildrye, or

Greenleaf pubescent wheatgrass. Mixed-row seedings

out-yielded alternate~row seedings in sainfoin-
Russian wildrye, alfalfa-crested wheatgrass, and
alfalfa~pubescent wheatgrass associations as shown

in Table 14. Hanna and coworkers concluded that
sainfoin was a suitable alternative to alfalfa in

parts of the Canadian prairie region, but that
particular attention should be given to the
selection of companion species. Sainfoin longevity
there, in contrast to Fort Collins, must be
satisfactory.

Phosphorus fertilization often stimulates

legume yields while nitrogen fertilization stimu-
lates grass ylelds. However, fertilizer effects may
be different as shown below where a 450 pound per
acre yield response resulted when alfalfa was
fertilized with either 40 pounds of nitrogen or 20

pounds of phosphorus per acre (Schultz and
Stubbendieck 1982).
Alfalfa +
Alfalfa Rugsf
ON + OP 1380 1770
4ON + 20P 1570 2660
ON + 20P 1840 1980
30N + OP 1820 2610

Table l3.~-Relative leguee composition and ylalds of grass and grass:
legume mixtures growa at Ft. Collims (McGluuies and Townsead 1983).

—Forage vield
1972 1980

Legume in stand

Grass/legune 1972 1980

=== Parcent «-- Pounds per acre

Crasted wvheatgrass

Sicklepod milkverch 13 19 2290 3850
Alfalfa BT Q 1630 2800
Sainfoin u6 [\ 1520 2920
Grass ounly, 60-ca rows - 2350 2390
Grass only, 30-cm rows 2150 2150
Russian wildrye
Sickleped milkvetch 3% 18 1580 3140
Alfalfa T2 0 1730 3050
Sainfoin 7 0 1300 2300
Grase only, 60-cm rows 1210 1530
Grase oaly, 30-cm rows 1340 1470
Pubescent wheatgrasa
Sicklepod milkvetch 12 35 1950 1290
Alfalfa 48 53 T 1620 2330
Sainfoin 51 0 1ha0 1200
Grasa only, 50-ca rows 2200 1380
Grase only, 30-cm rowa 1660 TO
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Table l4.--Forage yields of legume and legume grass
forages grown in mixtures or alternate rows (Hanana
et al. 1977).

Yield
Alternate Row

Forage Mixed

== Pounds per acre ==
Sainfoin with:

Crested wheatgrass 4650 4710
Russian wildrye 5160 4770
Pubescent wheatgrass 4320 4710
Sainfoin alone 5630
Alfalfa with:
Crested wheatgrass 6160 5740
Russian wildrye 5690 5540
Pubescent wheatgrass 5950 5540
6330

Alfalfa alone

Applying nitrogen to grass-alfalfa mixtures often
favors the grass component with subsequent reductlon
in the legume portion. Maximum forage yield was
obtained with the grass-legume mixture fertilized
with 40 pounds of nitrogen and 20 pounds of
phosphorus per acre. Yield for the 40N + OP treat-
ment was not much different (2610 vs, 2660 lb/a).
Because the proportion of grass and legume in each
treatment was not reported, it is not possible to
determine the net effect of fertilization on each
component.

Another legume frequently seen with crested
wheatgrass, eapecially along roadsides, is sweet
clover. This legume will grow on calcareous soils
of low fertility, and 13 more tolerant of soil
salinity than alfalfa (U.S. Salinity Laboratory
Staff 1954). However, it is a biennial and may be
lost from the plant community during the third
growing season unless soil moisture is adequate for
reseeding. Even under good moisture conditions it
is difficult to get satisfactory stands.

Gomm (1964) grew sweet clover, alfalfa, and
crested wheatgrass singly, in mixture and in alter=-
nate rows at the Red Bluff Ranch west of Bozeman,
Montana. The annual precipitation was 14.5 inches
during the study. The two sweet clover varieties
produced 3000 to 4700 pounds the second year, but
none the third year (Table 15). Alternate rows of
Nordan crested wheatgrass and sweet clover also
produced well the first year, but yield was composed
primarily of crested wheatgrass the second year. As
expected, crude protein concentrations were much
higher in the legumes than in the grass. The crude
protein was also higher in the Nordan component when
grown i1in the grass-legume mixture than when grown
alone. This provides evidence that some
bilologically fixed nitrogen from the legume was
available to the wheatgrass.

McWilliams and Van Cleave (1960) examined
several pastures in southeastern Montana 1T years
after they were seeded with a mixture containing
crested wheatgrass (1 1lb), western wheatgrass (1
1b), green needlegrass (1 1lb), blue grama (1/2 1b),
and sandberg bluegrass (1/2 1b) per acre. Crested
wheatgrass was also planted singly at the &4-pound
rate. The area was abandoned cropland recelving 12
to 13 inches rainfall. A 40-acre block was S3eeded
to the crested wheatgrass alone and an adjacent



30-acre block was seeded to the mixture. These
seedings were moderately grazed season-long from 15
April to 15 December. In a nearby pasture 24-foot
wide strips of crested wheatgrass were alternated
with similar strips of the mixture. It was
moderately grazed during May and in winter.

Other forage species encroached upon both the
monoculture and mixed seedings reducing the
proportion of crested wheatgrass forage from its
place in the initial seeding mixture (Table 16).
Season-long grazing increased the presence of
needle-and=-thread, while spring and winter grazing
increased green needlegrass in the strips of crested
wheatgrass and mixed seedings alike. Seed mixtures
resulted in higher yields. Crested wheatgrass
provided early green feed and other species provided
quality feed later in the season.

Cultivating strips 6 to 18 inches wide in
native range and planting in the tilled area has
been evaluated in a number of areas. This practice
removes competition from low~producing native
species and increases the opportunity for
establishment of the seeded species. Early attempts
at interseeding met with varying success (Heinrichs
and Bolton 1950). In southern Saskatchewan, Fairway
wheatgrass was seeded into existing native range,
and made very large gains in basal cover especilally
where the original cover was low.

Lutwick and Smith (1977) measured the yield and
composition of Ladak alfalfa and Fairway crested
wheatgrass, grown singly and in a mixture. The
study was conducted near Pincher Creek in southern
Alberta where September through July precipitation
averaged 17.6 inchea. Nitrogen at 0, 40, 80, and
160 and phosphorus at 0 and 71 pounds per acre were
surface broadcast as single applications during
early spring in each of three Yyearas. Plots were
harveated when alfalfa was in midbloom. Yields of
alfalfa and crested wheatgrass were not affected by
phosphorus fertilization. Grass ylelds are seldom

Table 15.--Forege ytald and crude protein conceatration (1959 only)
of two leguses and Nordan crssted whestgrass grown aingly, ino
mixture, arid in alternete rows at Red Bluff, Montans (adapted from
Gonm 1964).

Crude
— - Forage yield ~____  oretein
Species or mixture 19592 1960° 19603 19592
~=w==== Pounda per aore® -ce—-= percent
Sweet clover
Madrid 3730 a [} 960 a 17.9 a
PI-L5T 2950 ¢ 0 660 a 17.7 a
Ladak alfalfa 2700 cd 310d - 4.1 ¢
Norden created whestgrass 1730 e 1300 a 980 a 6.5 e
Mixtures
Madrid + Nordan - - 1280 a 15.0 de
PI-L57 + Nordan - - 720 a 16.9 ad
Ladak + Nordan - - - 13.T ¢
Alternate rowe
Madrid & Nordan 5880 a 1610 e 1260 a -~
?I1-L57 & Nordan 3580 b 1480 ¢ 9AG a -
Ladak & Nordan 250 e 1820 a - .-

Nordan from Madrid + Nordan mixture 9
Nordan from PI-L57 + Nordan mixture 8.
7

Nordan from Ladak + Nordan mixture de

! Means in any column followed by a aimilar letter are not different

2 2 determined by Duncan's Multiple Range teat at P = .05,
3 Seeded in 1958.
Seeded 1n 1959,
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Table l6.--Herdbage production in 1957 on areas seeded 1n 1940 to
crested wheatgraas or a grass mixture {adepted froe McWilliaams aad
Van Cleave 1960).

Aleck Planting _AStedp Plaptiog
Forage Crested Mixture Crested Mixture

-~w= Parcent

Crested wheatgrass
Proportion in 1940

seed mixture 100 25 100 28
Proportion in 1957
herbage 83 1M 86 18
1957 yleld ————— - PQUOGS DOr ACTE —e~wememwas
Crested wheatgraas T80 170 1010 290
Green needlegrase [} 420 . 110 1020
Mx?mmm grass 20 580 0 10
Total 940 1510 1170 1640

! Total yield inoludes miscellansous grasses and forbs.

affected by phosphorus fertilization, but the
non=response by alfalfa in this study was a puzzle=-
ment even to the authors.

Mayland (1983) reported that the critical range
for phosphorus concentration in the upper 6-inch
portion of legumes was between .20 and .25 percent P
when in the bud to first bloom stage. Alfalfa ~
sampled in the Pincher Creek study contained an
average of .19 percent P, but this represented entire
top growth from more mature plants and could
therefore have been adequate. This is especially
true because the legume yleld was not increased by
phosphorus fertilization. Phosphorus percemntages in
the fertilized forage (71 lbs/acre) were:

QP 11p
Alfalfa .19 .23
Alfalfa in mixture A7 .20
Crested in mixture .16 .19
Crested .16 .23

Thus, forage phosphorus concentration, but not
ylelds, was increased when phosphorus fertilizer was
applied to the grass, legume, or grass-legume
mixture in this study.

Dry matter yields (lbs/acre) of crested wheat-
grass and the grass- legume mixture, but not of
alfalfa, were 1increased by the 40 pound nitrogen

treatment the first year after fertilization
(Lutwick and Smith 1977):
ON 40N
Alfalfa 3830 3870
Fairway 1260 2630

Alfalfa plus Fairway 3400 3930

The application of nitrogen to a grass-legume
mix, though not determined in this study, frequently
results in a reduction of the legume component. The
data from the Pincher Creek study, at first glance,
appears to follow this observation. The proportion
of alfalfa herbage in the alfalfa-crested wheatgrass
mixtures for each of three nitrogen fertilizer
levels is shown as a percentage of total yileld.



ON  LON 160N
Year 1 75 45 41
Year 2 73 65 61

Year 3 53 50 L6

Alfalfa was obviously dying out in the unfertilized
plots over the three~year period. Perhaps nitrogen
fertilizer promoted grass growth at an earlier
period, indirectly reducing soil water available to
the alfalfa. That does not, however, explain the
decline in alfalfa composition of the nonfertilized
plots.

Forage yield and quality of grasses are often
increased Dby nitrogen fertilization (Anonymous
1957). Growing the grass in a legume mixture may
achieve similar results as shown in Table 17. Crude
protein concentrations 1in crested wheatgrass grown
in the grass-~legume mixture were about three percent
higher under both fertilized and unfertilized treat-
ments.
Growth Regulators

The forage quality of immature grasses and
forbs is often quite high, but as growth continues
nutrient quality and digestibility decline as cell
wall, fiber and other non-digestible components
increase. The dry matter yield may continue to
increase up to flowering time, and then decline as
leaves fall off and seeds are shattered (Hyder and
Sneva 1963a).

Miller et al. (1984) observed that older leaves
of crested wheatgrass died and broke off from the
plant as new leaves formed (Fig. 8). Crested wheat-
grass plants seldom had more than three or four
photosynthetically active green leaves. As the
fourth leaf developed, the first died; and as the
fifth began to elongate, the second died. The dead
leaves lay on the ground and were unavailable to
grazing animals. When plants were in the boot
stage, the upper three leaves were green, but the
lower three were dead and unavailable. When the
plant reached full maturity, it consisted of a
reproductive stem with only two or three attached
leaves. More than 25 percent of the total material
produced was not available in the standing crop.

Preventing the leaf loss and even the
development of the reproductive tillers would
produce a higher quality forage. Researchers have
applied several growth regulator chemicals to grass,
hoping to improve forage quality. Sneva (1967,

Table 17.--Crude protein concentrations in alfalfa and crested wheat-
grass grown singly and In mixed standa that were not fertilized, or
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//// TOTAL
a X \\
(8] b
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Figure 8.--The percent of standing, dead and
unavailable, and total crested wheatgrass crop in

current biomass at Squaw Butte,
1984).

relation to total
Oregon (adapted from Miller et al.

1973c¢) reported that the application of paraquat (1,
{'=dimethyl-4, #'-bipyridinium di(methylsulphate))
on range grasses arrested growth and retained the
nutrient quality. This procedure allowed "curing on
the stump®" for later grazing. The effect of 0.2
pounds paraguat and 20 pounds nitrogen applied
singly or together on crested wheatgrass was
measured at flowering time (Table 18). Paraquat
reduced the standing dry matter but combined with
nitrogen increased the yield and crude protein
concentration.

Rainfall often reduces forage quality by
leaching soluble nutrients from the plant and poss-
ibly hastening leaf senescence. Forage treated with
paraquat retains its quality (Fig. 9) under those
conditions, but yields in subsequent years may be
reduced. The effectiveness of chemical curing was
also shown by the results of a 3-year grazing
experiment (Sneva et al. 1973), that showed the
average daily gain of yearling steers grazing
Paraquat-treated wheatgrass was 0.6 pounds per head
higher than that of animals grazing naturally cured
wheatgrass.

Table l8.--Forage yield and crude protein
concentration in crested wheatgrass as affected by
nitrogen and paraquat (Smeva 1967, 1973c).

fertilized once with 180 pounds of nfitrogen per acre 1, 2, or 3 years . T
prior to harvest (adapced from Lutwick acd Smith 1977), Treatment Yield Crude protein
Forage component oN Py ;2"” v Pounds per acre Percent
Control 3270b 38a 3.8a
seseeacesessesse POFCOAL ~ememcommeceemcee Paraquat 25308 61b T.6a
Alfalfa 18.4 18.8 18.0 18.7 Nitrogen 5880d 68b 3.6a
Alfalfa from mix 17.3 17.5 17,4 19.4 Paraquat + N 4590¢c 9lc 6.4b
Crested wheatgrass
from mix 11.3 16.1 1.2 10.8
Crested wheatgrass 8.0 13.6 8.4 7.6
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1Data within a given column not followed by the
same letter are different at the 5% probability
level.



Table 19.-~Effect of clipping date on forage regrowth production and characteristics at Archer, Wyoaming.
April to August precipitation was normal at 10.4 inches (adapted from Bedell 1973).

CP conc. in CP yield in DMD conc. in DMD yield in
_—Regrowth —regrowth ——regrowth = __ _regrowth r

Date DM yield June 29 Sept T June 29 Sept T June 29 Sept T June 29 Sept 7 June 29 Sept T
«w== Pounds per acre ==-oe ==~ Percent -a=- Pounds per acre ~== Percent -- Pounds per acre

None - ti970)  Tcws) 11t 217 161 64 52 1260 . T60
May 16 255 1370a 13152  13(24) 12 178(61) 158 62(79) 50 849(201) 658
May 26 645 885b 955b 16(20) 12 148(129) 115 T70(T5) 60 620(484) 573
June 2 663 610a 920b 17(18) 14 104(120) 129 68(72) S5 415(479) 506
June 9 oks 255d 575¢  20(16) 17 51(151) 98 69(71) 58 176(670) 334

TCharacteristic of initially clipped forage.

12r
a Paraquat cure
O Natural cure
b
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Figure 9.--Crude protein concentration in crested
wheatgrass naturally or chemically cured with
Paraquat during a dry and wet season at Squaw Butte,
Oregon (adapted from Sneva 1967).

2500r
Pt}
Ist. HARVEST

5 2000} . *'a REGROWTH

8 S~ el

n ~

2 \

a {S500F \

|

u

b

w 1000

[}

g

g

ot 51 T
T sook tst. HARVES
APRIL MAY JUNE T JULY T AUGUST

Figure 10.-=Standing crop yields of crested
wheatgrass, harvested at different dates, and
cumulative first harvest plus the regrowth. The
shaded area represents regrowth from new tillers at

Squaw Butte, (adapted from Miller et al.

1984).

Oregon
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Forage quality decreases as plants mature. The
appearance of reproductive tillers or stems ini-
tiates the decline in quality. Bedell (1973)

reported that as long as soil moisture was available
and the growing point was removed, then growth of
crested wheatgrass remained vegetative and highly
nutritious (Table 19). Removal of the growing point

can be accomplished by high-intensity, short-
duration grazing, but timing is very important.
Various «c¢lipping treatments  imposed in 1971

influenced the yield (lbs/acre) in 19T72:

1971 Clipping 1972 Yield

May 4 885
May 21 815
June 3 640
June 13 615
July 9 435
Sept 7 1030

The research team at the Squaw Butte Experiment
Station examined these relationships (Miller et
al. 1984 and Angell et al. 1984), and reported that
defoliating crested wheatgrass prior to mid-May had
little effect on total forage produced (Fig. 10).
Defoliating between mid-=May and early June removed
the reproductive stems, causing the plant to produce
a second group of vegetative tillers. More than 90
percent of the 1200 to 1400 pounds per are of forage
produced was leaf material. The reduction in total
forage produced was caused by the absence of
reproductive astems. Plants that were defoliated
prior to mid-May developed reproductive stems just
like those that were not clipped and contained 1less
than 30 percent leaf material. Defoliating the
plants during the mid-May to early-June period
maximizes the amount of leaf material available for
later grazing. The quality of this regrowth is also
higher because of the larger proportion of leaves in
the regrowth (Table 20).

White (1984) searched for means to reduce
heading 1in foxtail barley. Several growth
regulators and a desiccant were applied to the grass
when floral primordia first appeared, reducing
heading and dry matter yields that year and the year
following. The jin vivo dry matter digestibility and
crude protein concentrations were increased when
compared to the untreated grass. Moisture stress,
however, limited the effectiveness of the growth
regulators.



Table 20.--Crude protein concentration and digestible orgaaic martter
for crested wheatgrass firsc harvestad on given dares, or for
regrowth (adapted from Angell et al. 1984).

——Crude oroteda
1st harvest Regrowth

Date 13t harvest Regrowth
Percent
1-12~83 - 3.3 - S8
4-26-83 1.7 3.4 kg4 59
S=10~83 13.6 3.4 8o 58
S=28-~83 11.0 5.4 73 63
6-7-83 7.8 7.8 71 62
6-20-83 6.4 9.1 72 S8
7-5=83 5.9 8.9 65 S8
T-18-83 3.6 nR2 61 ¥R
8=2-83 3.3 NR 58 NR
8-16-83 3.1 NR S3 NR

; All regrowth data are for samples harveated 8-16-83.
NR is oo regrowth.

Haferkamp et al. (1984) reported that the
growth regulator Mefluidide [N=(2,4~dimethyl-
S«{[(trifluoromethyl)- sulfonyllamino]-phenyl) acet-
amide] inhibited reproductive shoot development in
crested wheatgrass when applied before or during
floral initiation. Mefluidide was applied at rates

of 0, .12, and .25 pounds per acre and July dry
matter yields were 890 and 700 pounds per acre for
the control and treated plots, respectively. The
treated forage had higher crude protein and

detergent fiber, and reproductive shoot numbers were
reduced by 64 to 90 percent. The use of growth
regulators to maintain highly nutritious vegetative
growth in grasses appears useful, but more research
needs to be conducted.

Seed Yield

Most of the immediate concern with crested
wheatgrass has centered on its yield of forage.
However, seed production is another aspect that is
of interest. During the mid-1930's, general
information on seeding, forage utilization, and seed
production of crested wheatgrass was made available
through state and federal publications (Westover
1934, Westover and Rogler 1947, and Jackman
et al. 1936).

The earliest document on crested wheatgrass

available to this reviewer was an English
translation of a Russian language report by
Konstantinov (1923). It was a summary of data and

observations, made during the period 1910 to 1920 on

the wide=spiked "Zitniak" (4. g;ia;a&yno and the
narrow-spiked "Zitniak" (A. desertorum). He

reported 7 year-mean seed Vyields per plant as 17.7
and 22.7 g and 8 year-mean seed yields per acre of

248 and 364 pounds, respectively. Westover et
al.(1932) noted that seed yields at the various
experiment stations in the northern Great Plains

ranged from a total failure in dry seasons to 600 to
800 pounds per acre in favorable years. The best
seed yields were obtained under conditions that also
produced the best forage yields. A good average
yield would be about 250 to 300 pounds per acre.
Double rows have yielded better than single rows,
which in turn have generally produced better than
rows spaced less than 12 inches apart. Birch and
Lang (1961) reported that the application of 50 or
100 pounds of nitrogen per acre in each of four
years increased Nordan seed yields in pounds per
acre only slightly:
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Fertilizer = = Seed yields
Check 143
50N 153
100N 150
These yields were obtained from the Archer

substation in southeastern Wyoming on the western
edge of the central Great Plains. Precipitation
averaged 14.4 inches during the 4-year period.

Reynolds and Springfield (1953) reported that
about 100 pounds of seed per acre were produced
normally by crested wheatgrass in northern New
Mexico, with a maximum of 350 pounds per acre in
some years.

Windle et al. (1966) measured seed yield at
Tetonia, Idaho (elevation 6000 feet and annual pre-
cipitation 11.3 inches) in 36-inch rows (Table 21).
Seed yields declined with increasing age of stand
even though annual precipitation was greatest during
the fourth and fifth years. During this same S5-year
period, crested wheatgrass seed yields were reduced
an average of 35 percent when planted in 6-inch rows
compared with 36=inch rows.

Buglass (1964) also noted that crested wheat-
grass initially produced several good crops of seed,
but then yields declined to a uniformly low level,
especially in close-row spacings. Ammonium nitrate
fertilizer applied in the fall or spring increased
seed yields in an established Fairway sod.

Four-year average meanh Seed yields in pounds per
acre were as follows:
Fall Spring
N rate =  fertilized  fertilized
0 40 40
20 180 100
40 320 170
60 350 140
80 510 260
This illustrated the benefits of nitrogen,

especially when applied in the fall. Results of a
similar 3-year study at Indian Head, Saskatchewan
(8.4 inches annual precipitation) were reported for
Summit crested wheatgrass planted in 12-inch rows
and fertilized with ammonium nitrate (Fig. 11).
There was no seed yield response to phosphorus
treatments that included nitrogen (Buglass 1964).

Table 2l.--Seed yields of three Agropyron species
grown at Tetonia, Idaho (Windle et al. 1966).

Year
after Precipi=- Siberian
seeding tation Fairway Nordan P-27
Inches ~=w—= Pounds per acre -e=--
18t 12.9 630 T40 690
2nd 12.2 360 440 500
3rd 11.5 130 250 280
4th 18.6 80 200 330
5th 17.0 70 120 210
Mean 13.9 250 350 400
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Figure ll.--Annual mean clean seed yield of Summit
crested wheatgrass planted in 12-inch rows,
fertilized annually and harvested during the third
through the sixth year after seeding at Indian Head,
Saska tchewan (adapted from Buglass 1964).

The effects of row spacing and nitrogen
fertilizer on seed yields were evaluated in another
4~year experiment using Summit crested wheatgrass
grown at Indian Head, Saskatchewan (Buglass 1964).
Rows were spaced 6, 12, and 36 inches apart, or 12
inches apart and grouped by 2, 3, or 4 rows with 36
inches between groups. Seed yields (lbs/acre)
obtained for plots receiving 0 or 68 pounds N per
acre were:

Row spacing oN 63N
6 90 210

12 120 230

36 220 220

2x12 140 190

3 x 12 130 180

4 x 12 120 190

Bennett et al., (1954) reported 4-year mean
clean~seed yields of crested wheatgrass grown at
Nephi, Utah were 50, 56, and 53 pounds per acre when
grown at solid, 30-inch or 48-inch row spacings. The
application of nitrogen fertilizer did not change
these yields (annual rainfall was 12.7 inches).
Yields as threshed were 313, 571, and 279 pound