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ABSTRACT: This paper reviews the literature on
factors affecting the yield and nutritional value of
erested wheatzrass (Agropyron sriatatum,
4. dasertorum or A. fragile). The Agropyrons are
cool-ssascn persnnial bunch grasaes that are grown
in the weatern United States and Canada where annual
precipitation ranges from 9 to 18 inches {230 to
560 mm} and forage yield ranges from 400 to 3000
pounds of dry matter per acrs (850 to 3360 kg/ba).
Forage production in the northern Gresat Plains is
best correlated with April to June precipitation
whereas in the ares west of the Rocky Mountains pro-
duction {3 beat correlated with total autumn to
spring precipitation.

Yields are responsive to applications of 20 to
30 pounds of mnitrogen per acre (22 to 38 kg/ba) in
aresas recelving at least 12 inches of precipitation
{300 om). Early forage growth 1is stimulated by
fertilizer nitrogen, thereby advancing the grazing
pericd by as much as twc ueeks. Yield reaponses to
phosphorus fertilization are [frequently weasupred
when a0il moisture and nitrogen are adequate.
Sulfur deficienciss ocour in some 3soila in the
Pacific Northweat and yisld reaponses to 3ulfur
fertilization nay be cbtained uader conditions whers
ritrogen and meisturs are adequate for additiomal
plant growth,

Digestible nutrients in ths forage are high and
adequate for growing yearlings, ocow-calf, and ewe=
lamb pairs during the green feed period, but decline
rapidly as the forage wmatures. Chemical curing at
flowering time, interseeding with legumss, or
supplemanting the protein=energy requiresenta of
grasing liveatock have been used to oountar the
forage quality deficienaies in wmaturing created
wheatgraas. Grazing syatems that utilize orested
wheatgrass in apring, sative range in sugpmer, and
Russian wildrye grass (RPaathyrqstachys Jupcea) in
late summer and autumn have Dbeen successful 1o
maintaining high daily gains for beef production in
tha northarn Great Plaine. Animal health problems
that are associatad with, but not limited to grazing
crestad wheatgrass include silicoais, white muacle
diseass, graes tetacy, and marginal zinc deficiency.

Ly, Hnyhna is a Ressarch Soil Scisntise, USDA
Agricultyral Rasearch Sarvice, Snake River Conserva-~
tiocn Resaarch Centsr, Kimberly, Idaho.
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INTRODUCTION

Crested wheatgrass is composed of saveral cool-
season, perennial, bunchgrass apecies taxonomically
identified am igrogyrop cristatum, A. deasrkorum or
A. fragile {(Dewey 1983). It was sucosssfully
introduced into North America in 1906 from Eurasia
{Westover et al. 1932, Dillmaa 1936, Richardaon
ot al. 1980 and Fogler and Lorenz 17983). It bhas
since been seeded on milliona of acres in the
northern Great Plains, Intermountain, Great Basin,
Snake River, and Columbia Plateau regions of the
United Statea and the prairie provinces of Canada
{Reynolds and Springfield 1953). 3Smoliak et al.
(1981a) eatimated that crested wheatgrass had been
seeded on 2.5 million aores in Canada and Dewey and
Asay (1975) estimated 12 million acrea of seedings
in the western Unitad Statea.

There are a number of reasons why created
whsatgrass wam Dplanted sc extensively. Land
managers diacovered that the grasa was an excellent
competitor with wesds when planted properly
{Pavlychenko 1982). For example, crested wheatgrass
was sesded in many areas to diaplace halogeton
(Halogeton glomeratus), a wesd polsoncus to sheep
(Frischknecht 1968a), and Rusaian thistls (Salagla
kalil), an alternate hoat to the asugar beet leaf-
hopper (Clrculifer tagellua). This insact 1a a
carrier of the curly top virus that reducsd produc-
tion of susceptible varieties of bean (Fhazaglus
yulgaria), tomato {(Lycoparsicon and
sugar beet {Pata vulgaria) (Douglasa and Cock 1954).
Crested wheatgrass was also planted as an
alternative to cheatgrass (Bromus tectorum}), a
winter annual that providesa a vary short green-Cead
period and is very (lammable when maturs (Hull and
Stewart 1948). Crested wheatgrasz was seeded in
areas denuded by fire (Plemeisel st al. 1951) to
protect the 3so0il from wind and water erosion. In
fact, many aocres of farmland in the United States
and Canada were abandoned becauss of drought during
the 1930's and were later seeded with arested wheat-
grass to incrsass scil atability (Hubbard 1949).

Firast and foremcat, howaver, crested wheatgrass
vas seeded to increass the forage resources avail-
able to grazing livestock. This review axaminas the
factors affecting the yisld and nutriticnal quality
of c¢reasted wheatgrasa for domsstio livestook. The
taxonomic claassification by Dewey {1983} 4s unsed
here. The genua Agraoyron ia confined to orested
wheatgrasa, Moat of the other former AGropyrops are
now  classified in the Elvtrigia, Elvaus, or
Paagopyrum genera. The common names of plants used
in this review and their Latin binomials are listad
in the appemiix. Values of annual precipitation are
drawn from the referenced sources, the 1981 Yearbook
of Agricalture (Eincer 1941), or World Weather
Records (U.S. Department of Coomerce 1965},

FACTORE AFFECTING DRY
WHEATGRASS

MATTER YIELDS OF CRESTED

Productivity Studias

Forage yiald trials began within a faw yeara
after oreatad wheatgrass was introduced to North
America. Remults of early studies conducted on the
USDA Great Flains stations wers summarized by
Weatover et al. (1932) am listed in Table 1.
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Table l.=<Average air dry forage yielda of crested
wheatgrasa for given number of years and
precipitacion at seven locstions io the northera
Great Plaina (Weatover et al. 1932).

Location Years Rainfall Tield
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
Redrield, 3D 6 t8.7 2140
Ardmore, SD 10 15.8 1910
In the prairie region of western Canada,

Hubbard {1649) measured an average dry oatter ylald
of 352 pounds per acre near Manyberries, Albarta,
with an average annusl precipitation of only
11.3 inches. On areas recaiving run-on watey, dry
matter yields were 1660 pourds per acre. Areas in
Alberta amd Ssskatchewan with grester precipitation
have yislds similar to the latter amount. Agrqovron
aristatum is better adapted to more noist condi-
tions, while A. dasertorum srows best in drier areas
(Smoliak and Bjlorge 1981),

Much farther south BReynolds and Springfisld
(1953) reported that crested wheatgrass wvas adapted
to moderately moist sites in the big sagsbrush,
pinyon=juniper, and ponderons pine vegetational
types of northern New Maxico and Arizona, where it
produced 500 to 800 pounds per acre in pinyon
Juniper, 900 to 1500 in big sagebrush, and 1100 to
1200 in the ponderosa pine type. After 1950, the
production potential of orested wheatgrass wax
evaluated in sany aveas of the westarn United States
and Canada and somse of these results are shown in
Table 2. Average annusl yisids ranged from 400 up
to pearly 1900 pounds per acre in expsrimeants that
wers 3 to 13 years in length; the 13-year mean yield
in scutheastern Idaho was 500 pounds.

The dry matter ylelda of created wheatgraas are
related to rate of growth, which is dependsat upon
s0il and c¢lisate paramaters. Williamas and Poat
{1981) reported that orested wheatgraas was a valu-
able grass in the northern Great Flains becauss it
furnished two to three weeks earlier grazing than
did either pative or browegrass pastures. Sharp

{1970) raported the daily rate of growth (air dry
pounds per acre per day) during 71967 at Point
Springa, Idaho as followa:

Late Mapch - 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 ratea when pultiplised by 15 days per
interval give a mid-June dry matter yleld of 930
pounds per acre, almoat twice the 13=year aesan yieid
{Table 2) of 500 pounds, Precipitation during the
November through June period in 1967 was greatar
than normal, 10.27 wvs. 8.82 inchea, explaining the
dirfarencs.



Five reporta (Table 3} compared yjelds of
various cultivars within the Agropyron genus. With
sither MNordan or Standard used as a referance,
ylelds for the other cultivars ranged from 85 to
144% of the referenca varietiea. The wide range in
yield within the geous oculd be exploited to produce
high yielding or high quality forage planta. Others
{Coulman and Knowles 1974, Murphy 1942, and Sohaff
st al. 1962) have arrived at similar conclusiona.
Lamb et al, (1984) and Vogel et al. (1984) soreensd
50 strains inoluding 38 accesaions (PI lines). They
were ranked for yield and in yitro dry matter
digestibility (IVDMD)} using the Nebraska Index (NI}:

* a(IVDMD)

L a(yield)

where X was the mean and s was the square root of
the arror psan squars in the F teat for the
appropriate trait. Values of NI ranged from =4.0 to
+2.8, with the varieties Ruff (A, cristatum) and

Nordan (4. scoring 2.49 amd 2.08,
respectively. This indicates that good matarial 1is
already in use, but some opportunity say sxiat for
improvement.

Comparisons of craated vheatgrass yislds with
smooth brome (Aromus loscmis) and alender vheatgrass
(Elysus frachycaulua) wers nade by FHReitz et al.
{1936) at Moccasin and Havre, Montans, with anoual
precipitation of 15.5 and 13.1 inches, respsctively.
Average yields over the 15 years at Moccasin
{14 yeara at Havre) in pounds of air-dry forage per
acrea wera:

Moccagsin

Haxrn
Created wheatgraass 1860 1660
Sacoth brome 1780 1190
3lander wheatgraea 1770 1740

The ability of crested wheatgrasa to maintain a
productive stand throughout the 1R=ysar pericd
sncouraged thase ilnvestigators and othara to further
avaluate this promizing forage resource. Hyder and
Sneva (1963b) compared the forage-yielding potential
of grasses grown in saatern Oregon in pounds of dry
matter per acre:

Standard crested wheatgrasa 1650
P=27 Siberian wheatgrass 1450
Whitmar beardless whaatgrass 1350
Alkar tall wheatzrass 1260
Topar pubsscent whesatgrass 1190
Sherusn big blusgrass 110

Hull and Johnson {1955) summarized forage pro=
duction data from 20 studissa conducted at
20 locations in the Pondercsa pine zone of Colorado.
Crested wheatgraas wvas the best adapted apecies and
Russian wildrye (Paathyvroatachys junces) alsoe did
well. Average yislda at aix locationa were
1060 pounds per acre for crested whesatgrass and
634 pounds per acre for Rusaian wildrye.

Cooper and Hyder (1953)
yields (121 moisturs) of 11 grasses grown 1k a
S=year atudy at Squaw Butte, Oregon. Thess forage
Yislds ara for eight created wheatgrass cultivars
reported in pounds per acrs.

reported tLhe mean
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A, fragila 1310
A« sristatum
Commercial 800
A=1770 793
A. dasertorug
Coamercial 910
Mandan 5T1 950
Heabrasia-10 970
Otal %42-1 9040
5% LD 360

Bull {1972) reported that in southern Idahe
Fairway produced only 79 parcent as much forage as
Standard, However, Fairvay spread 112 percent
further and was grazed more uniformly than Standard.
He reported forage yields of Agropyron desertorua
and A. cristatum for 15 sitea,

Row Spacing

The effect of row spacing on forages yield of-
created wheatgrasa wvas studied in southern Idaho by

Hull (1948} and Hull and Holmgren (1964). Row
spacings of 6, 12, 18, and 2% ipchea produced
aimilar forage yialds, but the 6- and 12-inch

apacings gave better protection against soil srocaion
and weed invaaion, and produced a more palatable
foraga.

Reitz et al, (1936) reported that 12-ywar
average forage yields were 1770 pounda per acre from
rows apaced 36 inches apart, but only 1300 pounds
par acre from drilled rowa 7 to @ inches apart. The
36~inoh rows were pariodically cultivated which may
have atimulated production. During a S-year study
at Squaw Butte, however, Hyder and Speva (1963b) did
oot messure any difference in yields when crested
vasatgrasa was planted in rows spaced 6, 12, 28, 36,
48, or &0 inches apart. It is probable that these
plots were not tilled. Hubbard (1949} alsc found
that after 12 years different row spacings (6, 12,
or 24 inches) had no effesct on plant -density or

yield.

MoGinnies (1970) aseeded crested wheatgrasa
during each of thres years at 10, 20, or 30
seeda/foot in rowa aspaced 6, 12, 18, 24, and 30

inghes apart. 3tand survival after & years was best
at the highest seading rate. Forage yisld was not
affected by seeding rate, but was highest in rows
apaced 12 to 18 inches apart and lowest in 30=i{nch
rows. Invaaion by othar perennial grasses was also
greatest at the widest apacing. Forage yieldsa in
pounds per aare wers:

Spacing -
6 850
t2 1010
18 1000
24 900
30 760

The sffect of row apacing on forage yield waa
alsc studied in southwestsrn Saskatchewan (Leyshon
et al. 1981). “"Mayak* Husaian wildrye, "Summit®
crastad wheatgrass, aad "Drylander,” a crsepiag



Table 2.-=Dry matter yleld responses cf creatad vhestgrass to fertilizer nitrogen and mizturss with legumes
at 19 locations in Caoada aod the United Stataes.

Total dry matter yislds for Alfalfa +
8 Expt. Annual given levela of anoually applied arested
Loaation Refarenca yeara PPt. N tartilizapr, 1b/a wheatgrans
0 20 30 40-50
Inches Pounds par aors

?inoher LB Lutwick 77 3 ;17.5 1870 - - 22510 3520
Mandan ND Rogler 69 - 10 15.8% 1680 - - 2760 2840
HMandan ND Power 80 [ 16.8 1000 - 1790 - -
Mandan .11} Suilw 60 T 15.8 ¥T0 - 1370 1890 -
Mandan .} Loreng 62 12 16.8 530 - 1320 1990 1270
illianos ) 4 Sohultx 82 2 316 5 - - - - 1
Holbrook ID Hull Th 6 16.0 1220 - - - -
Manitou co MoGinnies 68 & 15.7 630 1070 - 1280 -
Mocasain MT Stitt 58 a 15.5 1620 - - - 1860
Gillstte wY Rausi g2 8 15.1 1870 - - - 1930
Sidney MT Blaok 68 ] t8.9 970 - - 1840 -
Archer wr Rauzi - 3 31!.'( 8co - - - 5 =
Red Blurr MT Gomm 1) 3 15.1 1330 - - - 2580
Swirft Current SAS Iilcher 58 - | ) 31 4.0 T00 1200 1400 2200 -
Goodwell or fuffine 59 ‘3 13.% T80 - - - -
Tintia 1 ur Havatad 83 3 3 13.0 680 - - - -
Point Springs ID Sharp 10 13 312.5 500 - - - -
GClorieta ™ Reynclds 53 5 12.3 20 - - - -
¥, Central Ny Eokert 61 6 L} 12 490 - - 550 -
3quawv Butie ox Sneva 76 10 1.3 a10 1200 1190 1280 -
Twin Falls ID Hull ™ [ 1 9.3 6T0 - - - -
. Central w Bokert 81 | ] g 620 - - ax0 -

1 Exclusive of August precipitsticn. : Yallow sweat clover plus crestsd wheatgraas,
Fartilizer applisd only onca. May 15 yield plus regrowth hmrvastad Auguet 1.
Mean sonual precipitation during the study. ; Now the Lae A, Sharp Expsrimental Area.

4 Includes cata from D.L. Scarnecchis. Senior suthor and year of publication.

Table 3.—Forage yislda (12§ msoisture} of Jjgropyran cultivara grown at different loomtfons.

Susanville, Paricina, cnnnnes BUPrNS, OReeees—— Sheridan and
Cultivar ca! ok? 8 " 0illette, WY

Pounds per acre

Agropyran dasschorum 6
Standard - 670 910 750(1980) 2500
Napdan 1180 1070 - - 2530
Hebrasika -10 1290 - 970 1000(1710) -
Mandsn 571 - 910 950 870(1810) -
Summit - - - - 2880( 2820)
Asgrcoyron oriatatum
Fairvay 1080 67!0 800 780(1930) 2220
A=1770 - 820 790 T60(1630) -
Parkvay - - - - 2340( 1960)
fragila
P-27 Stberian 1060 930 1310 850( 2220) -

l Mean yilalds for 3 yssars at Black Mountain Experimentsl Station, 18,6 inches annual precipitatics {Corneliue
and Villiams 1961),
Mean yields for 2 ysars, 4.l inches annual precipitation (Huffine et al. 1959).
uc;ndyintggagor 5yaars at Squaw Butta Experiment Station, 11.] inches annual precipitstion {Cooper and
ydar .
Mean yialds for & years at Squav Bucte. Values in psrenchases are forage ylelds achieved with 30 pounds
P aitrogen par scrs applied sunually (Hyder and Soevs 1961).
Mean yialds for 35 years at Shariden and & years at Gillaette, 15.1 and 14.4 inches snnual precipication,
6 respactivaly (valuss in pareathases are for a sacond exparimeant {(Richardsou at al. 1980).
Maan yields for 2 years at Goodwall, OK, 17.0 faches annual pracipitstion {Huffine et al. 1959). Tha vslue
shown bare for Standesrd was identified as Commerciazl by this refersnes.
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Tahle 4.--Msan annual forage yields over five years
and three row spacings (Leyshon at al. 1981).

Yield for spaciog, inches

Forage v 12 2h 36
enwmee POUDdS DAY 205G ===cw—
Summit 1250 1330 1480
Hayai 570 1030 1640
Drylander 2250 2070 2180

alfalfa, were 3sseded at 12-, 28-, and 36-inch row
apacingsa. Dry matter ylelds were generally grester
for the 12-inch spacing the fipat year. By the
sscond year, both grasses had greater production on
the wider aspacings. By the fifth year, the yield
advantage had shifted to the 36=1inch rowa (Table 4}.
In the fourth year, vhich received below normal pre-
cipitation, the dry mattar ylelds were muck greater
for the 36-inch spacing (Table 5). To explain the
benafit of the wider spacing, the authors argued
that “"there ia only snough moisture and nutrients
available for a limited amount of dry mattsr produo-
tion by a limited number of plants.® Apparently soil
vatar is used more efficiently under the 36-inch row
than under closer spacing {Kiloher 1961).

This concept 1is supported by apacing and
seeding rate studies at Fort Valley in northern
Arizona (Lavin and Springfisld 1955). The highsat
forage ¥ielda were produced in the narrower apacings
during vat years and the wider spacings in dry
y.m-

Springfield (1965) conduoted similar rate and
spacing studiea near Tres Piedras, New Maxico, The
site was a medium textured, rooky, shallow zoil at
8500 feet elevation having 13 inches annual precipi-
tation. The plots ware aseded at 3 rates and 3 row
spaaings 1in 1951, and grazed from 1953 until 19356,
The forsge Ylalds are shown in Table §. These
yields refleot a period of low rainfall from October
1955 to May 1956 dry encugh to restrict growth at
all rov oapacings, Thus, the 12- to 18-inch row
spaging 3till seems best.

Forage yisld responsaa %o wider row spacinga
have besn noted in the northert Great Plaina, but
not in the GCreat Basin, Snake River, or Columbia
Platesu regions (Snava and Rittenhouse 1976, 3ims
1969), Parhaps the summer rainfall pattern and
somevhat  higher preocipitation amounta in the
northern Oreat Plaina develop the spacing responss.

Sims  (1969) ezamined the effect of stand
density on characteristica of wheatgrassea Iin (tah.
e found that dense stands of crested vheatgrass,
tall wheatgrasa (Elytrigia pDontica), intermediate
wheatgrass  Elvirigla intarmedia), and pubescent
wheatgrasa (E. intarmadia ssp. barbulato) produced
mors herbage per acre, had fewer and shorter seed
atalks, fCawar viable seeds, narrowsr and shorter
leaves, and a lower stea/leaf ratico than open
atands. More ressarch ia nesaded to ldentify the
contrasting results of plant or row apacing between
the porthern Great Plaina and the Intermountain and
Soake River Plainas,
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Table 5.,--Mean forage ylald during year four at
three row spacings {(Leyshou et al, 1981).

Yiald f;)} spacing, inches

Forage 12 28 36
wnwe-e POUnds per ACre -—=sesew

Summit 410 460 290
Mayak 140 L1.74) 1280
Drylandar 560 870 1430
Stand Age

Crested wheatgrass has deen {requently seeded
in fielda that have been fallowed one or more
ssasona, The acoumulation of mineralized soil

pitrogen and 3oil water may have boosted foraga pro—
duction the first qouple of yeara after seeding.
Aftar the plants adjusted to current precipitation
and available nitrogen levels, yislds of'ten declined
with age.

Some ressarchers in the northern Great Plaina
fournd that yields of old stands could ba incressed
by land scarification or rencovation {Black 1968,
Houston 1957, Lorans and Rogler 1962, Lodge 1960,
and 3Stitt 1958) and nitrogen appiication. Smoliak
ot al. (1967) examined 29- to 38-ysar old stands of
A. gristatum and found that they conajistently out-
yislded native mixed prairie vegetation by 2 ratlo
ranging from 12.4 to 1.1. Soil analyses showed that
exhaustion of nitrogen was not a factor in the
paraistance of astanda. Crested wheatgrass had
beccme a permanent part of the vegetation and forage
yield waa dependent mainly on curreant rainfall.

Lodge (1960} measured the effecta of burning,
cultivation, and mowing on the yield of cprested
wheatgrass grown near Swift Current, Saakatchewan.
fle noted that all treatmentz reduced yielda the
firat ysar and spring burning even longer. In the
long run, howsvar, basal ares was not affeoted by
any of the treatmenta, Rauzi et al. {1971} measured
yields for 5 years after light discing or chiseling
ot 16= or 24-inch centers at Archer and Gillstte.
forage ylelds wers depressed the firat year after
rencvation and were not different from untreated
plota after that.

Table 6.--Hean annual forage yields of c:estad-
whea tgrass planted in three row spacings (Lavin and
Springfiald 1955).

Yesar Cotober-Hay Yield for spacing, inches
precipitation 6 12 18

wme= Pounds per acre ———

1956 33% of normal 50 55 53
1957 1108 of normal 1090 1180 1210
1959 903 of normal 32 iss5 h6d
Mean 525 564 5T8




Hull and Klomp (1966) reported that created
wheatgrass wan well adapted to southern Idaho, and
that during T to 14 years of production, it could
maintain itself and even spraad. 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 monoculturea for 15 to
20 years. Native plants then bagan to invade, but
seldom made up more tham 10 percant of the plant
density, and yisld loss was negligibla {Loomsn and
Heinrichs 1973). Dormaar et al, (1978) reported
that forage ylelds on 40 to 59 year—old atands still
out-ylalded native range by 1.1 to 1.5 timas.

Hubbard (1949} noted an average yleld of 1675
pounds air-dry bhay for 30 oonseoutive years at
Mandan. Becauss of experiences there and at Bavre
and Swift Current, he suggested that moat stands
would yiald well for 20 to 30 years. Others have
felt that corested wheatgrasa standa would become
decadent with age and encroaching shruba and weeda
would further reduce productivity. Secarifying the
soil surface has been uszed to stimulate wheatgrass
atands, but little evidence exista that a et
improvement in forage yisld is produced by this
treatment {Black 1968, Stitt 1958, Lorenz and Rogler
1962, Smika st al. 1963). VWeed and shrub control
say be necessary and nitrogen fertilizer application
may be helpful in stimpulating forage production
{Stauber et al. 19748). Porage yield response to
nitrogen fertilizer may be greater for new stands
than for old stands. Sneva (1973b)} found that 16
pounda of forage were produced per pound of nitrogen
on new standas, but only 8 pounds on old stands.
Thess findings might explain why Seamands and Lang
(1960) found that the most efficient yield per unit
of nitrogen applied to an old stand was T pounda of
forage per pound of nitrogen.

Precipitation

Created vheatgrass is grown in asemiarid areas
of the (nited States and Canada. It i{a, thersfore,
logical to asaume that precipitation 13 the primary
fastor limiting forage production (Sneva and Hyder
1962), and that production increases with additional
precipitation. Howevar, the forage production data
for the 19 axperimental sites of Tabie 2 are not
well correlated with precipitation (r” = .2). This
is probably due to large differences in the asasonal
distributicon or “quality" of precipitation, in
addition to variability in soil fertility, teapera-
ture, stc.

Figure 1 {llustrateas the relative amount of
annual precipitation occurring iIn any month,
expreased a3 a percentaga of total preciplitation,
for a humber of loocations where crested wheatgrasa
is grown. Areas sast of the Rooky Mountains such as
Mandan, North Dakota, receive a majority of their
rainfall as summer storas. This rainfall pattern
tends to extend the green-fsed pericd compared to
areas west of the Rocky Mountaina. It alao may
increass the yield response to nitrogen fertilizer,
Precipitation in the Great Basin, Snake River
Plateau, and Columbia Plateau primarily ocours
duping winter and spring followsd by a relatively
dry summer and fall season. The subfigures for
Ritzville, Washington and Austin, Nevada ape
exanplea of this asasonal pattern. Precipitation in
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the Intermountain ares may be evenly diatributed
throughout the year as ahown for the Bemmore, Utah
aite.

Experimental seedings of crested wheatgrass and
other grasa and legume forages have baen made at
Susanville, California (Cornelius and Talbot 1955,
Cornelius and Williams 1961). Although at the
extreme weateran periphery of the Great Basin, thia
area has a mediterranean type climate with very dry,
wara sumpersa. Long-term studies in this and similar
regiona indicate that rhizomatous wheatgrasa types
(pubsscent and intermediate wheatgrasa) out-apread
and oute-persist the bunch-typs wheatgrasses
(A. goristatum/desertorus and other non-rhizcwatous
wheatgraass species now identified in the Elvtrigia
and Elvmus genera). The dry sumzers apparently
limit seed formation and establishment of naw
crested wheatgrasa plants (Graves et al. 1984),

Expsrimental sesdings of crested wheatgrass
have alsc been made at Perkins, Oklahoma (Huffine
st al. 1959}, Forage yielda were satisfactory the
first two years, but few plants remained in the
third and fourth year after satabliahment. The aresa
receives 34,1 inches of snnual precipitation, but
average January {37°F, 3°C) and July (81°r, 27%)
temperatures are about 10 Fahrenhait degrees higher
than areans where the JAgropyrons persist. Wara
season grassas are more adapted to sitea like thia
and can outcompete the Agropyrons.

Forage ylelds of crested wheatgrass have bean
predicted from soil moisture values or from precipi-
tation and temperature data, Jure forage produotion
in Hew Mexico averaged 980 pounds per acre over four
years, and was beat predicted as:

Y = 203X - 368, (r° « .99)

where I was the January through May precipitation in
inches {Gray and Spriegfield 1962}, The wheatgrass
yield of 980 pounds per acre compared with a yield
of only 11% pounds on native rangs.

Sharp (1970) reportad that 70 to A0 percent of
the variability {n annual production of crested
wheatgrass at Point Springs, in south cantral Idaho,
could be attributed to variacion in the April to
June precipitation. In eastern Oregon, Sneva (1977)
rfound that spring yields were best predicted from
mean February temparaturs and March precipitation
{r® = .63). The best coambination for predicting
mature yiald was July (of the previocus ysar) through
May pree:l.p:l'z'ation plus mean March through May tes~
perature {r- = .64),

Sneva and Hyder (1961, 1962) used an indexing
system to opredict 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) wam defined in the same
way for the crop year (Seaptember 1 to June 30).
Regresaing the YI values nglinatz the PI wvalues
produced the prediction equation {r“ = .7T7; s x
18.% pounds per acre). y.x

I = 1.11PI - 10.6
Speva and Britton (1983) reassessed the yield

relationship within the sagebrush-bunchgrasa zone in
Washingtoun, Oregon, Idaho, Utah, Nevada, and
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Figure 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-

wheatgrass is grown.

pitation, as a percentage of the total, Major watersheds and primary {oross hatched) and secondary
{diagonal lines) aresa of crested wheatgrass distribution are illustrated.

California. This report inorssssed the length of
record and extended the uss of the precipitation
index {PI) and yield index {YI) to additicnal sites.

A more diregt approach was used by Power (1970)
and Power and Alessi (1970) who reported that the
growth of created wheatgrass at Mapdan was linearly
related to avulsblo soil water {Fig. 2). The yield
wan deacribed (r° = .98) aa:

T = 190X - 990

whare Y was yisld in pounds per acre and X was
inches of avallable soil water. A threefold
increase Iin yield occurred as available sclil water
increased from B to 14 inches,

Love and Ranson (1432) reported that most roots
of arested wheatgrass were above 3 fest, but that
scome sxtended to 8 feet (Fig. 3).
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However, Brown et al. (1982} reported that crested
wheatgrass used water from a 13=-foot s0i]l depth
comparsd with an average 20=foot dapth for 10
alfalfa varietias, S0il conditiona, plant
competition in mixed standa, and time when aoil
water is being extracted ares all factoras that may
control water use and growth, Neverthaless, 2200 to
2%00 pounds of dry matter per acre may be the yiald
potantial for the presently available lines of
crested vheatgrasa.

Inoreasing soil water by snow-trapping or
run~on techniques haa been used to inoresse forage
production., In the northern OGreat Plains, anow
novas laterally or horizontally, loaing some of its
moisture by sublimation until it is finally trapped
ia depressions, in standing vegetation, or on the
leoward ajde of asnow barriera. Rauzl and Landers
{1982} evaluated 13 and 26-foot wide level benches
as snow ocatchment devices at Gillette, Wyoming. The
benches trappad mors snow and increassd soil water
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Figure 3.--The distribution of above and below
ground bilomass of a flowsring crested wheatgrass
plant growing on a deep friable 3ilt loam s30il with
16 ipches annual prseipitation. Data are primarily
drawn from Hull and Klomp (1974) with additional
inforaation from Caldwall at al. (1981), Richards
{(1984), and the author. The length and depth
increments ars in inchaes.
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by 12 to 20 inches when compared to control aress.
It 1is possible that thiz extra watsr jpercolatad
below the root zome of ecrested wheatgrass plants
where it was available only to ths deeply rooted
alfalfa. The average yields of the crops grown on
the two different benches wers compared to those on
the control in pounds per acre:

Lontrol  Lavel Bapch

Alfalra 2590 3230
Created wheatgrass 2300 22480
Alfalfa plus crested

wheatgrass 2870 3310

Inoreaasing the effectiveness of precipitation
ia another wvay to improve forage production., Rauzi
{1968) compared yields on native undisturbed range-
land with areas that had been pitted, and with a
third ares that waa pitted and seeded. Tha areas
were grazed by sheep with the results shown in Table
7'

The review to this point has diacusaed the
relationship of dry matter ylelds of created wheat-
grasa to precipitation or aoil soisture. fHobartaon
ot al. {(1970a) extsnded the value of precipitation
regresaions by relating steer-weight gains to pre-
aipitation and temperaturs parameters of an arsea in
northeastern HNevada where annual precipitation waa

16 inches. Anisal gaina were best prodictog by the
November through June precipitation (r© = .53).
Other precipitation pericds or temperature data

reduced the corrslation values.
Nitrogen Fertilization

Forage yleld reaponses to fertilizer nitrogen
are limited to a large extent by available scil
water. Power (1980a, 1980b) showed that the forage
yield of created whesatgrass grown at Mandan, North
Dakota was linesrly reiated to available soil wvater

Table 7.-=Forage and lamp production on shortgrass
vative range (control), pltted or pittad p]lus
intarseaded with crested wheatgrass (Rauzi 1963).

Parameter response for

Pitted and
Paraaetar Control Pitted Aintarseeded
1955-60
Forage production, 310 630 1050
lba/acra
Sheep days/acrs 42 s9 T2
Lamb gain, 1ba/head 52 &9 82
Lamb gain, lbs/acre 28 36 is5
196 1=65
Forage praduction, T20 1070 1350
lba/acre
Sheep days/aore 46 61 66
Lamd gain, iba/head 56 52 51
Lagbt gain, lba/aors 31 36 LLi|

1Pitt1ng removed a piece of soll 4 inches deep,

T inchea wide, and 5.5 feet long in svery 8 feat.
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Pigure U.--Foragas production of crested wheatgraas
with annual applications of ammonium nitrate at
Mardan, Worth Dakota (adapted from Power 1980a).

(Fig. 2}, and that the yield response per inorement
of water betwean 7 and 1% inches was graater when
nitrogen fertilizer was applied. Conversaly, ths
yiald responss per increment of nitrogen fertilizer
was grester at above-normal levels of 301l water as

indicated by the yield of unfertilized plots
(Fig. &).
The onsagnitudea of the responss to nitrogen

fertilizer on perennial grasslands was aits speci-
fio, integrated over the capacity of the s0il to
immobilize nitrogen, the capacity of plants to take
up nitrogen, the nitrogen tranaformations active at
the site and, of course, the amcunt of available
aoil water. Thesa oonclusaions were supportsd Dby
cumulative yleld responsss of bromegrass, oreated
wheatgrass, and native graases to oumulative aitro-
gen applications over a 5= t0 Ge-year period on
saveral sites {Power 1980a). The order of responass
was least for native graasea, Iintermsdiate for
crested wheatgrass and greateat for bromegrass at
Mandan. The yield responses of crested wheatgraas
at two sitea wers predicted by:

T : 12.95% - 0.003112 + 833 (rg 2 .90) and
Y = 11.79X - 0.0037X% + 544 (r® a .72}

vhere Y wvas cumulative dry mpatter yield and X waa
cumulative fertilizer nitrogen applied.

MoGinnies (1968} repaorted yield data for the
Manitou Experimental Foraat in Colorado, in response
to urea-nitrogen applied annually or biennially

(Fig. 5). The latter was twice the annual rate, but
wad tresated a3 an annual egquivalent for the
regresaion analysis. The regreasions were:

T = 598 + 402 log N (r2 = .98)

Y = 532 + 367 log N (r® = .89}
for annual and biennial tresatmenta, respectively.

About 80 percent of maximum forage production was
achiaved by applying 20 pounds of nitrogen par scre.
Bieonial application of aitrogen at twice the amount
was less efficient thac the annual application
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Figure 5.=--The forage yield of c¢rested wheatgrasas on
the Manitou Forest in Colorade in relation to annual
application of ures-nitrogen (adapted from MeGinnies
1968).

{slopea 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 conoluded that 20 pounds of nitro-
gen per aore was the most efficient level for
inorsasing created wheatgrasa forags production.
Howsaver, Fairbourn and Hauzi (1982) reported that 20
to 30 pounds of nitrogen per acre appeared too low
to effeotively inorsase created wheatgrasa ylelds at
their sasite, and concluded that aoitrogen was
immobilized in litter and soil.

Power and Legg (198%)
recovery for [ive years after application as
ammonium nitrate tc coprested wheatgrasa, Annual
forage Yields varied aa a function of available soil
watar, and the nitrogsn contect was sbout 25 percant
grester than vafertilized planta. Cumulative
recovery of nitrogen—i5 in tops incraased with cime;
iZ to 52 percent being recovarad the first year
after application, After four seasons about 75
parcant of the total infitvially applied olirogen was
racoverad. Abgut 70 to 95 parcent of the total was
accounted for In tops, roots, and soil.

followed nitrogen-15

Wight {1976) notad that water use efficlency
wvas increased by nitrogen fertilization and that
anmial applications of 30 to 50 pounda of nitrogen
per acre doubled forage production and subasquent
besf production in the porthern Great Flaina, Theas
findings are supported by those of Williams
ot al. (1979) in Kamlocopa. Rogler and Lorenz {1969)
reported that over a 10=year pariod, orested wheat-
grass forage production waa increased by annual
applicationa of 40 and 80 pounds of nitrogen per
acre (Fig. 6), Beal’ productiocn was increased with
the application of 40 pounds, but was ot further
increased with the 80-pound rate. i aixed planting
of carested wheatgrass and alfalfa produced as much
forage and beer as crested wheatgrass fertilized
with about 15 pounda of nitrogen per acre.
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Figure 6.-=Ten-~year mnean produotion of forage and
baef on created wheatgrasa fertilized snnumlly with
nitrogen compared with a mixed sseding of created
wheatgrass and Ladeik alfalfa at Mandan, North Dakota
(adapted from Rogler and Lorens 1969).

Bleak amdt EKeller (197T4%) reported that the
benefit of applying nitrogen fertilizer to arested
wheatgrass grown npear Logan, Utah waa nil, Sneva
et al. (1953}, however, reported that 20 pounds of
nitrogen per sore returned 25 pounda of forage for
each pound of aitrogen applisd at 3quaw Butte,
Oregon. Ferhaps aors importantly, thay found that
pitrogen=-fartilized oreated wheatgrasa ipitiated
growth sarlier in the asascon and that the relative
amount of growth ocourring prior to June 1 {aa
percent of total yield at maturity) was nitrogen -
rate {given in pounds per acre) dependsnt:

Fertilizer ¥ = Ileld

a L1}
10 53
20 63
30 69
ko 66

Miller (1960} reaported that nitrogen-fartilized
plota nsar Fort Collins, Colorado weare ready for
grazing 10 to 14 daya sooner the firast year, but
that there was no difference the second year.
Forage wmolatures concentrationa wers significantly
increased by nitrogen fertilizer at vegetative and
boot stages, but were unaffected at the dough atage.
Forage, seed yield, and crude protein concentration
wera inoreassad by nitrogen feptilisation, but dates
of flowering and sesd maturation were not affectad.

In another fertilizer atudy near Fort Collins,
Hull et al. (1958) wmeasured forage production
fartilized with 0 or 33 pounds per acre of aitrogen,
Alr dry forage yislds in pourkis per acrs werse:
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oN i3k
Crested wheatgrass 2160 3050
Fairvay wheatgrass 1700 3100
Pubeacant wheatgrass 1400 2630
Tall wheatgrass 3360 h28a
Smooth brome, northern strain ... 960 1820
Smooth brome, southern atrain 1700 2400

MaCormiok and VWorimen (71975) oonducted an
sconomic analysis of the esarly range readinesa of
orested wheatgrasa produced by 25 to 30 pounds per
aore of nitrogen fertilizar. The atudy was basad on
the Curlew National Grassland located north of
Soowville, Dtah, and on the Benmore sesdings looated
south of Vernon, Utah., Annua) preciplitation was 11
and 13 {nches, reapsotively. They caloculated that
in 1973 ranchers could have profitably substitutad
nitrogen fertilizar for purahased hay. Their coaste
included $0.12 per pound of nitrogen and $1.50 par
acrea for application.

Speva {1973a) showed that 30 pounda of nitrogen
per sore Increased yields 375 pounds (583 lbs/acre
on control and 953 on fertilized). Coata wers $5.00
and sxpectad returns were $8.30. This was a very
simple analysis and did oot consider proportion of
inorsased feed that might be loat to trampling, or
nutrisnt availability, or incresased risk of grass
tetany. In 1984=198%, fertilizer nitrogen costa are
about $0.30 per pound and application coats are also
higher. Purchased fasd coats are not greatly dif-
farent. Expectad profitability should be calculatsd
for each situation using figures appropriate for
that time and place,

Another economic analysis was conducted at
Hoopar, Washington with applications of 0 to 80
pounds of nitrogen per sare (Patteraon and Youngman,
1960}, They found that at this 13=inch precipita-
tion aite the S-year mean yieldsa in pounds per acre
and nltrogen uas sfficiency (lba/lb) wers:

Fertilizar N lisld Afficiency
] 1220
20 1590 13.5 .
L 0] 2300 40.5
60 2730 21.5
a0 2960 11.5

The mast efficient yield response cams with the 40
pound rate where 40.5 pounds cf forage wers produced
for each pound of nitrogen applied. However, most
of this axtra herbage was cheatgraas, an asarly
compatitor for nufrients and water, particularly in
thae Snake River and Columbia River Plateau regions
where norsal precipitation 13 often leas than
13 inches and wintera are relatively mild {Eckert
and Evanas 1%3).

Hyder and Sneva {1961} reported &{-year mean
yisld reaponssa of various Agraopyron oultivars to
nitrogen fartilizer at 30 pounds per acre {Table 8).
Agropyron fragile (Siberian wheatgrass) produced
more dry matter par pound of nitrogea fertilizer
than the other Agropyrops. Thix may be a genetically
coatrolled trait or sisply a aite-apecilic reaponss.

i
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Sohlatterer (1973} reviewed the use of
fartilizers to incresse production on rangelands.
For the OGreat Basin and Snake River Plateau bhe
conaluded that:

1. Nitrogen conaiatently inoreased production, but
ooly in areas recsiving more than 13  inchea
annual precipitation.

2. Introduced grasses responded mors to nitrogen
than did native speclea.

3. Residual fertilizer effscts are usually limited
to leas than thres years on grared ranges.

4, Cheatgrass reaponda mors quickly than perennial
grasass to nitrogen fertilizer.

5. The high costs of nitrogen and of application,
lack of consiatent year-to-year production
inoreases, and lack of long term realdual
sffects under grazed comditions raise serious
queations as to the egonomic practicality of
using nitrogen fertilizer.

Crasted wheatgrass is grown extenaively in the
northern and ceatral Great Flaina whers summer-typs
precipitation ocours (Fig. 1}, and most areas
receive 1in exceas of 13 inches precipitation. Under
these conditions, nitrogen fertilizatioan to inorease
forage production is a viable management option.

Phosphorus, Sulfur, and Trace Element Fertilization

43 noted bLefore, available water 18 the faotor
most limiting producticn. Available nitrogen may be
the sscond moat limiting factor and phosphorus may
be the third {Thosss and Osenbrug 1964). Available
»0il phosphorus is generally adequate to support the
growth of crested wheatgrass in the abasnce of
fortilizer nitrogen. Power and Alessi (1970)
anpually applied a meries of nitrogen rertilizer
rates with and without [fertilizer phosphorus to
arested wheatgrasa grown at Mandan, North Dakota.
Over the S-year period, dry matter yields averaged
380 pounda per acre for sach inch of precipitation
in exceans of 5 inches. A greater rsasponas, 490
pounds, was seasursd when phosphorus was  also
lp]}li.d.

Table B.,——Forage yleld and nitrogen use afficiancy
for seven A;rogzron cyltivars (Hyder and Sneva
1961).

Table 9.--35pring and regrowth forage yields of
crasted whestgrass when fertilized with nitrogean or
nitrogan plus phosphorus (Segura 1962).

Fertilizer Spring growth Regrowth Total
ameee-ee Pounds per acre -

O « OF 1470 £90 2060
ASK + OP 2390 1360 3750
90N + QP 2200 1250 3450
90K + 18P 2390 1780 8170

1lj.troson applied as agmonium nitrate and phoaphorus

as treble superphosphats.

Phosphorua  fartilizer has generally been
drilled into the aocil. Tield inoreases of 340
pounds per acre have been attributed to the acari-
fying action of the diac opensrs on the drill {Black
1968, Smika et al. 1963). Nitrogen fertilizers are
more water asoluble than phosphorus scurces and
readlly move into the rooting zone. Thus maxisum
yield responses to nitrogen often occur the firat
year after application and decresae in subsaquent
years aa fertilizer N ia immobilized, Maximum yield
responses to phoaphorus, in the pressnce of adequate
moisture and nitrogen, howsver, may not occur until
the assocond or third ysar after application bacauss
of the dalay in movewment of phosphorus intc the root
zone (Stitt et al. 1955).

In a Colorado atudy, Segura (1962} reported
that surface applications of nitrogen and phosphorua
increased yields of orestad wheatgrass (Table 9).
Some of thess values greatly exceed tbose reported
alsewhere in thiszs review. Havertheleasz they
11luatrate that crested wheatgrasa responded to ths
firat inoremsnt of nitrogen fartilizer (45 1bs), but
pot to the ascond {90 lba) unlesa asccoapanied by
phosphorus.

Smoliak et al. {1981} summarized created wheat-
grass production for a S-year pariod after a aingle

application of nitrogsn or phosphorua at
Manybarries, Alberta, Yislds were not affected by
phoaphorus. Hitrogsn inoressed yieldas tha firat

yeur and leas with each sucoseding year (Table 10}.

Tabla 10.-~Forage yields of crested whestgrass
following a2 single applicacion of fartilizaer
{Smoliak ec al, 1981},

YTield when fertilized HNitrogen
at laysl of uss Firat Second Five year
Cultivar OoN 30K afficiency Feartilizesr yoar Yaar total
Pounda per acre —=sssa== Pounds per acre - -—
Agropyrop fragile 852 2223 86 Check 240 240 15810
Agropyron dassrtorum 3ap 240 250 1490
Standard 782 t982 [} 308 510 310 1890
Mandan ST1 873 1806 31 30M + 30P s1¢ 320 1910
Nebrasks 10 1002 1708 24 60N 650 3 3% 2180
Otah 2.1 arh 1792 n GON + 30P 680 390 2100
Asropyran criatatum
Fairvay 780 1927 38
=1770 756 1634 29
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At some sites crested wheatgrasa yislda did not
raspond to phoaphorus even when nitrogen was
applied. This suggeats that  reaident soil
phoaphorua was adequats to sustain growth under the
spil water and nitrogen. levels pressnt at theas
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 forags nitrogen
concentrationa increased with nitrogen fertilization
and decreased with precipitation. Smikas et al.,
(1960} demonatrated in a 7-year atudy how the
availability of scoil  nitrogen and phaaphorus
affected quantity and quality of crested wheatgrasa
{Fig. 7). Dry matter yields were increased with
sach increase in fertilizer nunitrogen up to the 90
pound per acre rate, Yields were only slightly
responsive to phoaphorua fertilizer, but were
greater at the higher nitrogen ratea. Cprude protein
values increased with increasing fertilizer nitrogen
rates, but ware not affeocted by fertilizer phos-
phorus levels. On the other band, nitrogen promoted
growth, but not phosphorus uptake, thus diluting the
phoaphorus concentration in the forage {rom a level
of .20 to .13 percent, which is low for mome classes
of liveatock. Phosphorus fertilizatica, while not
greatly affecting yield, did msaintain the
concentration of phoasphorua in the forage.

Many of the rangeland aoils in the Pacific
Northwest were derived from volcanio materials.
Because selenium and sulfur are easily volatilized
it is common to encounter 1low concentrationa of
these two elements in area forage crops, especially
legumes. Only sulfur is required by plants in
significant quantities and it ia not unusual to find
sulfur responsea in crops grown in this ares,
eapacially when fertilized with non=sulfur nitrogen
sources (Westermann and Robbina 1974). Sneva and
Rittenhouse (1976) reported that adding sulfur to
pitrogean fertilizer caused spring yielda of cresated
wheatgrass to double when comparewd with yields froa
unfertilized plots. Crested wheatgrasa ylelda werse
increased on some but not all sites, only in some
years, and only when accompanied by nitrogen (Sneva
1978). The growth rate of crested wheatgrass is
depandent on soil factors, including the levala of
oitrogen and sulfur that must ba miparalizad from
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Figurs T.-=3even-ysar mean forage produotion and
goncentration of corude protein and phoaphorus in
crested wheatgrasa fertilized annually with amsonium
nitrate (N) or N plua treble superphcaphate (P,0.)
at Mandan, North Dakota (adapted from Smika et a§
1960) .
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organic foras. Aativity in these tranaformations ia
site dependent and may explain why forage ylelda are
only sometimea responsive to nitrogen, phosphorus,
and sulfur fertilization,

Created wheatgrass is grown 1in samiarid areas
whers snils are largely caleisols which means that
they have a high proportion of exchangeable calcoiun
and perhaps even fres lime, and an alkaline to
neutral pH. These 3cils gensrally have adequats
potassium and magneaium for plant growth. Trace
aineral levels in these solils are generally adequats
{Eckert et al, 1961) and no trace element deficien-
cies bave besn identified withk the exception of
sulfur. Thers are many diacuasions of appropriats
plant tissue tests that can be conducted to
determine the adequacy of trace elementa, Mayland
(1983) is only one of many that presents information
o  eritical nutrient ranges. Little direated
progresa will be made in the evaluation of
fertilizer responssa until iovestigatorz utilize
a0il and tissue testing to determine the status of
nutrisnt availability in crested wheatgrasa.

Forage Mixtures

In 1938, Stitt (1958) yeedad 1% grasses and two
forage uixtures at the Central Montana Branch Sta=-
tion at Moccasin. The seed mixtures contained the
following species and seed welghts as pounds per
acre:

Ho. 1
Crested wheatgrasa
Ruasian wildrye
Smooth brome
Ladak alfalfa

Ho, 2
Crested wheatgrass
Slender wheatgrasa
Western wheatgrass
Smooth brome
Big bluestem
Side=cats grama
Switchgrass
Lacak aifalfa

EZW N
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Thess wers planted in T-inch rows and the next year
about half of the plants in alternate rows wers

cultivated out. Good stands of blue grama, side-
oata grama, Sandberg blusgrasa and weatern wheat-
grass wers cbtained the first yesr, but by 1981

thess atands had been invaded by crested wheatgrasas.
Indian ricegrass was sesdad, but not harvested,
because of thin  standa. By 1541, the Tforage
regulting from che firat mixture coutailped 15
percent alfalfa and 85 percent crested wheatgrass;
while that from the second mixture containad 45
percent alfalfa and 55 pearcent crestad wheatgrass.
Yean forage yields in pounds per acrs for the sight-
year pariod wara:

Crastad wheatgraas 1620
- - M24-3 1530

- " M24-17 1430
fairway whaatgraass 1420
Beardless wheatgrass 1520
Smocth brome 1260
Russaian wildrye 380
Big bluagrass 1600
Green nesdlegrasa 1220
Mixture Ne, 1 16380
Mixturs No. 2 2040
LSD 5 % 160



Table 11.--Total forage yleld and percent composition of Nordan crested whestgrass (cwg) when seeded with
aptive grasses in a 25:75 mixture (cwg:other} of purs live zeed (Schuman at al, 1982).

Gresn nesdla-

Tield

Year Yield g Yield owg Yield oug Tield oWE owg
Pounda Pounds Founds Pounda Pounda
per agre Fercent per acre Percent per acre Psrcent per acrs Percent per acre Percent
1977 1260 30 1230 58 1000 78 880 78 980 38
1978 2090 61 2170 55 2360 " 1640 67 2000 69
1979 3560 96 2830 g1 j31o 89 3580 T 2890 79
1980 3420 97 1590 8% 2130 85 36480 64 2150 96

Only the rmumber 2 mixturs produced more than crested
wheatgrosa, Ladak alfalfa meade 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 st al. (1982) seeded orested
vheatgrass with several other grassea at Cheyenne
where annual rainfall 13 nearly 16 inches, Crested
wheatgrasa becams a strong dominant in all wmixturea
by 1980, even though seeded at cne=fourth the rate.
When seedad with alender wvheatgrass, the atand
became easentially & pure stand of crested wheat-
graas (Table 11). This was attributed to the
competitive npature of crested wheatgrass and the
short=lived npature of slender, sven though the
latter is sasily established and initislly quite
productive.

Johnson amd Nichols (1969) planted 11 grassea
in monoculturs stands with 0 or 100 pounds of nitro-
gon applied annuslly or as a 50:50 aixture with
alfalfa, The studies were conducted at Newell,
South Dakota whers annual precipitation was 15.5
inches. Forage vas harvested at anthesis of the
grasses during the fourth and fifth year arter
eatablishment. Crude protein concsntrations in the
grass (Table 12) wers lemat in the unfertilized
standa, and were not different in tha grass
fertilized with nitrogen or grown with alfalfa

(P <.05}. Forage yields of orested wheatgrass in
pounda psr acre were:

Created wheatgrass 2300

Crested + 100 1b N A 6200

Crested + alfalfa 6350

Eilcher and Heinricha (1953} evaluated the
productivity of Fairway created wheatgrasa grown
alone in pure stands with 30 pounds of nitrogen per
acre and in a aixture or in altermate rows with
alfslfa. Dry matter yields (lba/acre) of theae
combinations when averaged over four ysars were:

3120
3720
3000

Fairway + 308
Mixed Fairway + alfalfa
fowsd Fairway + alfalfa

The inoreased yisld of altsrnate row versus wmixaed
stand was attributed to a greater legume yiald.

Schults and Stubbendieck (1982} studied grass-
legume nixtures ip a 16,.5-inch precipitation area of
vestart Nebraska, Mixtures of Quff creatad

vbes tgrass (Agropyron cristatum) and eithar sifalfa
or cicer milkvetch Hstragalus cicer) were
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fertilized with various combinations of nitrogen and
phosphorus. Yielda at the June 26 lharvest were
averaged across two years and all fertilizer treat-
meunts in pounds per acre:

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

The grass-legume amixtures ocut-yielded the lagumes
when the latter wers grown alone.

Lsgums persisteance is often limiting under some
rangeland conditions. MoGinnies and Townseand (1983)
asasured the persistence of sicklepod =milkvetch,

Ladak 65 alfalfa, Eski sainfoin, and Penngift
orownvetch when seeded in alternate 12-inch rowa
with aeither HNordan corested vwheatgrass, Vinall

Rusaian wildrye, cr Topar pubsacent whestgrasa. The
study waa conducted near Fort Collins over a T-year
period. {ong tarm annual precipitation was 1.4
inches, but two droughty years ocourred in the
mniddle of the study period. Crownvetch did oot
survive the firat winter and pubascent wheatgraasa
gradually thinned out. Sainfoin declined and
disappearsd Dby the aixth vyear. Tha authors
anticipated that pubsscent wheatgrass would be
marginal, and concluded that sainfoin was probably a

Table 12.--Cruds proteian concantrations in grasa
fertilizad with two levals of nitrogen or grown with
alfalfa st Nafnll, South Dakota (Joknson and
¥ichols, 1969).

Alfalfa

Forags o 1000 + Erass
cnmmmanan—s FAPCENt ~rescsae—-

Wheatgrass

Created 10.8 od 13.9r 12.8 of

Tall 7.5 a B.3 a 9.0 a

Intermediate 8.2 ab 13.0 bed 8.9 a
Slender 8.2 ab 8.5 ab 9.3 ab
Pubeacent 8.7 ab 9.0 be 9.4 ab
Smooth brome %.5 be 11.0 de 10.7 bed
Orchard grass 9.6 be 1.8 a 10.3 abes

Ruasian wildrye 1.2 4d 16.5 g 13.0 ¢
Tall fescue 8.2 ab 11.1 de 10.7 bad
Meadow fescus 9.7 o 2.1 @ 12.0 de
Reed canarysrass 11.0 od 10.4 ode 11.8 cde

TMeans within the same column not followed by the

same letter are different (P <.05).



short=lived a3spscies under rangeland conditions.
AMfalfa also deoclined becauss of drought and
depredation by pocket gophers sxcept in the
pubescent wheatgrass atand, whers 1t was able to
compete more effectively for availlable szcil water.

The alternate-row planting of crested wheat=
grass and sicklspod adlkvetch yielded well, as did
the FRussian wildrys and sicklepod milkvetceh
(Table 13),

Canadian reasarchers at Lethbridge compared the
productivity and persistence of Eski sainfoin and
Ladak alfalfa in pure and aixed stands subjectsd to
fraquent clipping over five years (Hanna et

al. 1977). The legumes were grown alome or in
mixed~ and altertate-row sesdings with Hordan
orasted wheatgrass, Sawki Russian wildrye, or

Grasnleal pubescent wheatgrass, Mixed-row seedings
out=yielded ailternate-row seedings in ssiafoin-
Russian wildrye, alfalfa-orested wheatgrass, and
alfalfa-pubescent wheatgrasa asscciations as shown
in Table 14, HRanna and coworkers conoluded that
sainfoin was a 3suitable alternative to alfalfa in
parta of the Canadian prairie region, but that
particular attention should be given to the
sslecticn of companion apecies. Sainfoin longevity
there, in contrast to Fort Collins, must be
satisfactory.

Fhosphorua fertilization often atimulates
legume yields while nitrogen fertilization stimu-
lates grass yields. FHowever, fertilizer affects may
be different as shown below where a 450 pound per
acre yield reaponse resulted when alfalfa was
fertilized with aither 850 pounds of nitrogen or 20

pounds of phosphorus per aore (Schultz and
Stubbendieck 1982).
Alfalfs +
Alfalra Burs
O + OP 1380 770
A0N + 20P 1570 2660
ON + 20F 1840 1980
hON « OP 1820 26140

Tabla 13,~-Rslativa lagume conposition and yilalds of grass snd graas:
lageme mixtures grova at P Coilins (McGionies snd Townesod 1983).

Laxuss 1o atand
Graan/leguie 19T2 1980 1972 1900
=== Forosot -— founds per acre
Created vheatgraaa
Sicklepod milkvetch 13 14 229 38%0
Alfalfs AT ¢ 1630 2800
Jainfoin S 4] 1520 2920
Gruas only, §U«ca rous 2350 23%0
Grass oaly, 30-om rows 2150 2150
Tusgian wildeye
Sioklepad milkvetch kL 13 1580 3
Alralfs T2 Q 1730 3050
Sainfoin T & 1300 2300
Grass oaly, 60-am rows 1210 1540
Gruss enly, J0-an rove 1380 1876
Fubesosnt whestgrass
Sinklepod milkveton 12 13 1950 1290
Adfulfn L1 3 1620 2130
Aainfoin Ll 1] 1MAG 1200
Graas oaly, 60-ca rows 2200 1380
Grass only, 10-om rowa 1660 Ta
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Table l4—Forage yields of lagume and legume grass
foragas grown Iin mixturss or alternate rowa (Haona
et al. 1977),

Iiald
Alternate Row

Forage Mived

w= Pounda per acre ==
Sainfoin with:

Crasted wheatgrass 3650 4710
Busaian wildrye 5160 770
Pubsscent wheatgrass 3320 4710
Sainfoin alone 5630
Alfalfa with:
Crested wheatgrass 6160 5T
Rusaian wildrys 5690 5540
Pubescent wheatgrasa 5950 5540
4lfalfs alone 6330

Applying nitrogen to grass-alfalfa nixtures often
favora the grasa component with aubssquent reduction
in the lsgume portion. Maximum forage yield was
obtained with the grass-legume wmixture fertilized
with A0 pounds of nitrogen and 20 pounds of
phosphorus per acre. Yield for the 4ON + OF treat-
sent was not much different (2610 va. 2660 lb/a).
Becauss the proportion of grass and lsgume in sach
treatment was not reported, it iz not posaible to
determine the met effact of fertilization on each
component.,

Ancther lesgume frequently seen with orested
wheatgrasa, especially along roadaidea, {3 sweet
alover. Thin legume will grow on calcarscus asoils
of low fartility, and i3 more tolerant of soil
salinity than alfalfa (U0.S. Salinity Laboratory
Staff 1954), However, it ia a biennial and oay be
loat from the plant community during the third
growing ssason unleas soill moisture ia adequate for
resesding., Even under good moisturs conditiona it
ia difficult to get satisfactory standa.

Comm (1968) grew asweet clover, alifalfa, and
created wheatgrasa aingly, in mixture and in ailter=-
nats rows at the Red Bluff Ranch west of Bozeman,
Montans. The annual precipitation was 13.5 inches
during ths atudy. The two sweet clovar varietiea
produced 3000 to 8700 pounda the sscond year, but
none the third year (Table 15). Altsrnate rows of
Nordan crested wheatgrasa and aswest clover alaso
produced well the firat year, but yleld was composed
primarily of arested wheatgrass the second year. As
sxpected, cruds protein conocsntrations were much
higher in the legumes than in the grasa. The crude
protein was also higher in the N¥ordan component when
grown in the grass-lsgume mixture than when grown
alone. Thia provides evidence that some
biologically {fixed nitrogen from the legume wan
available to the wheatgrass.

MaWilliama and Van Cleave (1960) examined
ssvaral pasturesa in southeastern Montana 17 yeara
after they were sseded with a mixture containing
erasted wheatgrass {1 1b), weastern wheatgrass (1
1b), gresn needlegrass (1 1b), blue grama {1/2 1b),
and sandberg blusgrass {(1/2 1b) per acre. Crested
wheatgraas was also planted aingly at the H-pound
rate. Ths area was abandoned cropland receiving 12
to 13 inches railofall. & U0=-gare block was seoded
to the crested wheatgrass alone and an adjacent



j0-acre blook was aseded to the mixturs. Thesa
ssadings vers moderately grazed assason=long from 15
April to 15 December., In a nearby pasture 24-foot
wide atripa of crested wheatgrass were alternated
with aimilar stripa of the uixture. It was
soderataly grazed during May and in wintar.

Other forage apscies sncroached vupon both the
monoculture and mixed seadinga reducing the
proportion of crested wheatgrasa forage from its
place in the initial seeding mixture (Table 16).
Ssason-long grazing increasasd the preasnce of
needle-and-thread, while spring and winter grazing
increased green nesdlegrass in the atrips of oreated
wheatgrase apd mixed seedings alike. Seed mixturss
resulted in higher yields., Crested wheatgrasa
provided early gresn feed and other spsciss provided
quality feed later in the season.

Cultivating stripa 6 to 18 inches wide in
native range and planting in the tilled area has
besz evaluated in a number of areaa, This practice
removes ocompatition from  low-producing nxtive
species and increassa the  opportuanity for
establiasbment of the seeded species. Early attampts
at intersesding met with varying succeas (Heinrichs
and Boltom 1950). In southern Saskatchewan, Fairmmay
vheatgrass was seeded into existing native range,
and made very large gains in basal cover aespecially
whare the original cover was low.

Lutwiok and Smith (1977) measured the yield and
composition of Ladak alfalfs and Fairway created
vheatgrass, grown aingly and in a mixture. The
study was conducted near Pinchar Cresk in scuthern
Albarta whers Septsmber through July precipitaticn
averaged 17.6 inches. Hitrogen at 0, A0, 30, and
160 and phosphorus at 0 and 71 pounds per aore vers
surface broadcast as single applications during
oarly spring in sach of thres years. Plots were
harvested when alfaifa was in midbloom. Yielda of
alfallfa and crested wheatgrasa wvere not affectsd by
phosphoruas fertilization, Grass yields are ssldom

Table 15.,~=Facage yiald and ¢rude procsin coucentration (1939 oniy)
of two lagumes and Hordan creaated whaacgcasa grows eiangly, io
alxtura, .T’ ip altarnace cowa at kad Bluff, Xonctunas (adapted from
Comn 1964},

Crude
———rocats Yiald _  arotadn
$paoies or mixture 19992 19604 19403 198562
wneew—s Pounds DAF AP =wmwen percent
Swest alover
Madrid T30 a 9 %40 a 7.9 a
PI-L5T 2050 o 1] 680 a 7.7 a
Ladak alfalfs 2700 ed 10 o - e
Nordan orestad wbeatgraas 1730 = 1300 = 980 a 5.5 @
Mixtures
Nadrid « Bordan -_— - 1280 a 15.0 bo
FI-L5T + Bordan - — 720 2 15.9 ab
Ladak + Sordan - — - 13.7 ¢
Atersats rows
Madeid & Nordaa ARG a 1610 a 1260 a
FI-L5T & Nordan 3580 b 1480 o 90 a
Ladak & Nordan 2250 » 1820 » -—

Nordan from Medrid + Wordan mirture 9.
Werdan rem FI-LST + Bordss wixture s
Nordan frem Ladak + Nordan mixturs T

1“nmau_m1udh!llm1“wmmwhmt
2 _ A8 detarmined by Dumcan's Muliiple Ratge test et P = .09.
38“1.195!.

Seaded in 1959,
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Tabls L&.--Herbage prodoction in 19357 on aress ssadad Lo 1940 to
crasted whestytass or & grass uixturas (adaptad from MHcWillisas and
Van Clssva 1960

—Alogk Flanting —abel 2laoting
Forage Created Mizturs Crested Mixture

Faroant

Crested whestgrans
Proportion in 198G
seed aixture 100 L] 100 25

Proportion in 1957
harbage LX) " ] 14

1957 riald r POUOAS DT WOFE
Crested vhesigress T8 170 10%0 2%
Green Deedlagrass 9 L}.] . 110 1020
lnu'nltm s 20 550 0 ]
Total (21 1510 1170 1680

'TMMGMMMIMMMM.

affected Dby phosphorus fertilization, but the
non=responss by alfalfa in thia atudy sas a puzzle-
sant sven to the authors.

Mayland (1983} reported that the critical range
for phosphorus coaceotration fn the upper &-inch
portion of lagusas was batween ,20 and .25 percent P
when fn tha bud to first bloom scage. Alfalfa
saupled in tha Pincher Cresk astudy contained an
average of .19 percent P, but thia repressnted encire
top growth from more mature plants aad could
therefore bave bean adequate. This is aapacially
trus bacause the legume yield was not increasasd by
phosphorus fartilizatiom. Phosphorua psrcentages in
the fartilized forage (71 lbs/acre) were:

v) 3 k)4
Alfalfa .19 .23
Alfalfa in mirturse AT 20
Crasted in mixture .16 19
Created .16 .23

Thuas, rforage phosphorus conceatration, but not
yields, was increassd vhen phoaphorus fertilizer was
applied to the grass, legume, or grass=lasgume
mixture in this study.

Dry mattar yields {(lbs/acre] of crested wheat-
grass and the grass- legume mixture, but oot of |
alfalfa, wers inoreased by the 40 pound nitrogen

treatment the first year after fertilization
{Lutwick and Smith 1977):
i+ | 500
Alfalfa 3830 3870
Fairwey 1260 2630

Alfalfas plus Fairway 3400 3930

The application of nitrogen to a grass-legume
alx, though not determined in this study, frequently
resulta in a reduction of the legume comporeat. The
data from the Pincher Creek study, at first glanoe,
appears to follow this obaervation. The proportion
of alfa)fa herbage in the alfalla-crested wheatgrasa
aixturss for sach of three nitrogen fertilizer
lavels is shown as a psroentage of total yleld.
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Year 1 75 ks a1
Year 2 73 65 61
Year 3 53 50 &6

Alfalfa was obviously dying out in the unfertilized
plots over the thres-year pericod. Perhapa nitrogsn
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 ccaposition of the nonfertilized
plots.

Forage yield and quality of grasasa are often
increased by nunitrogen fertilization (Anonymous
1957). Growing the grass in & legume mixture may
achieve similar results as shown in Table 17. Crude
protein concentrations in created wheatgrass grown
in the grass-legume mixturs vere about thres psrcent
higher under both fertilized and unfertilized treat-
mants.

Growth Regulators

The forage quality of immature grasses and
forbs is often quite high, but a8 growth continues
nutrient quality and digeatibility decline as cell
wall, fiber and other non-digestible components
inorease. The dry matter yield may continuwe to
increass up to flowering time, and then decllne as
leaves fall off and seeda are shattersd (Hyder and
Sneva 1963a).

Miller et al. (1984) obasrved that clder lsaves
of crested wheatgrass died and broke off from the
plant as new leaves formed (Fig. 8). Crested wheat-
grass planta asldom had more than thres or four
photoasynthetically active gresn leaves, As the
fourth leal developed, the [irst died; and as the
fifth began to slongats, the second died. The dead
leaves lay on the ground and were unavailable to
grazing anipals, When plants were in the boot
stage, the upper three leaves wers gresn, but tha
lower three wers dead and unavailable. When the
plant reached full maturity, it conalated of a
reproductive stem with only two or three attached
leaves., More than 25 percent of the total material
producad was not available in the standing crop.

Preventing the lealf locas and even the
development of the reproductive tillers would
produce a higher quality forage. Researchera have
applied several growth regulator chemicals to graas,
hoping to improve forage quality. Sneva (1967,

Table 1l7,—Cryde protain concentrationa io alfsifs and crested vhest-
gtaan grown siogly and in mixad atanda char ware oot fercilizad, or
fartilizad ooce with 18¢ poynda of gitrogen par acem L, 2, orf ] yaars
prior to harvenc {(adapted frowm Lotwick and Ssich 1977).
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Figure B8,-=The percent of standing, dead and
unavailable, and total crested wheatgrass orop in
relation to total current biomass at Squaw Butte,
Oregon (adapted from Miller et al. 1988).

1973c) reported that the application of parsquat (1,
1'=dimethyl-4, At=bipyridinivm 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 paraquat and 20 pounds nitrogen applied
aingly or together on orested 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 oftas reduces forage quality by
lesching soluble nutrienta from the plant and poss-
ibly hastening leaf senescence. Forage treated with
paraquat retains ita quality {Pig. 9) under those
conditiona, but ylelds 1in subssquent yeara may be
reduced, The effesctivensss of chemical curing wvas
alao ahown by the results of a 3=year grazing
axperimeat (Snava et al. 1973), that showed the
average daily gain of yearling steers grazing
Paraquat-treated wheatgrass was 0.6 pounds per hesd
highsr than that of animals grazing naturally cured
wheatgrasa,

Table 18.~~Forage yield and ecrude protein
concentration in creatad wheatgraszs as affected by
nitrogen and paraquat (Sneva 1967, 1973e).

1] 180%
Forage coRponant 1at yr nd yr ird yr
= Ferqent

ilfelra 13.4 1.4 18.0 .7
Alfalfs from wix 17.3 7.8 .. 19.3
Cremtad whentgrass

from mix 11,13 16.1 1.2 10.8
Crested vheatgrass LR 13.6 8.4 1.4

Treatment Yield Crude protein’
Pounds per acre Parcent
Control 3270b 3i8a 3.%a
Paraquat 2530a 61b 7.6a
Witrogen - 58804 68b 3.6a
Paraquat + N h590e LT 6.48b

Tpata within a given column not followed by the
same letter are different at the 5% probability



Table 19,~-Effect of clipping date on forage regrowth production and characteristica at Archar, Wyoming.
April to August pracipitation was normsl at 10.4 inches (adapted from Bedell 1973},

CP conc, in CP yield in DMD conc. in DMD yield in

—Ragrawth ragrouth ragrowth regrowth —regrowth

Date DM yleld June 29 Sept 7 June 29 Sept 7 June 29 Sept T June 29 Sept T June 29 Sept T
=——= POUnNiS DOF ACT'® ——a==  ew= Porcent === Pounds per acre =-- Percent -- Pounda per acre

Yone - e e 1 217 163 6h . 52 1260 760
May 16 255 1370a 13158 13(2%) 12 178(61) 158 62(T9) 50 859201} 658
May 26 645 865y 9556  16{20) 12 148(129) 115 T0(75) 60 620(388) 573
June 2 663 610a 9206 17(18) 13 108(120} 129 68(72) 55 415(479} 506
June 9 95 255d 575c  20(16) 17 51( 151) 98 69(71) 58 1T6(670) 33N

ICharacteristic of {nitially clipped forage.
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Pigurs ¢.--Crude protein concentration in crested
vheatgrasa naturally or chemically cursd with
Paraquat during a dry and wet ssason at 3Squaw Butte,
Oregon (adapted from Sneva 1967).
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Figure 10.--3Stamiing crop yields of crested
wheatgrass, harvested at different dates, and

cumulative first bharveat plus the regrowth. The
shaded aresa represents regrowth from new tillers at
Squaw Butts, Oregon (adapted from Miller et al.
198M),
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© nutritious (Table 19).

Forage quality decreases as plants pature. The
appearance of reproductive tillers or stems ini-
tiates the decline in quality. Bedall (1973)
reported that as long as soil moistura waa available
and the growing point was removed, then growth of
crested wheatgrass resained vegetative and highly
Removal of ths growing point
can ba acoocaplished Dby bhigh-iantensity, short-
duration graging, but timing iz very important.
Varioua clipping treatments impoasd in 1971
influenced the yield (1bs/acre) in 1972:

1971 Ciipping 1972 Yield
May 4 Bas
May 21 815
June 3 640
June 13 615
July 9 435
Sept 7 14930

The ressarch team at the Squaw Butte Experiment
Station examined thess relationaships (Millar et
al. 1984 and Angell et al, 1984), and reported that
defoliating crested wheatgraas prior to mid-May had
little effect on total forage produced (Fig., 10).
Defoliating betwean aid-May and early June removed
the reaproductive stems, cauaing the plant to produce
a second group of vegetative tillers. Mors chan 90
parcent of the 1200 to 1400 pounds per are of forage
producad was leaf matarial. The rsducticn ioc total
forage produced was caused by the absence of
reproductive ateas. Planta that were dafoliated
prior to mid-May developed reproductive atems just
like thoae that were not clipped and contained leaa
than 30 percent leaf matarial., Dafoliating the
planta during tha mid-May to early-June paerlod
aaximizas the amount of leaf material available for
latar grazing. Tha qualicy of this regrowth is also
higher because of the larger proportion of leavas in
the ragrowth (Table 20).

White (1984} asearched for wmeana to reduce
heading in foxtail  barley. Ssveral growth
regulatora and a deaiccant were applied to the grasa
whan floral primordia fiprat appeared, reducing
heading and dry matter yields that year and the year
following. The {p vivg dry matter digestibility and
crude protein concentrations were increased when
comparad to the untrsated grasa. Moiature stress,
however, limited the effectiveness of the growth
regulators.



Table 2Q,—~Crude protein concantratioa and digestible organic matrar
for crestad whastgrass [icat heacvested on given detes, or for
regrovth (adepead from Angall et al. 1984),1

Date 1st harvest HRegrowih 1at harvest Regrowth
Bercent
[ 1L - 3.3 - L1
4=26-33 LU 3.4 T 59
5=10-53 13.6 3.4 %0 58
$-20-13 11.0 5.4 3 83
G783 T.4 T.8 kg L+]
Ga20-83 §.4 9.1 72 54
T+583 ny L% 1 54
1-18-83 1.6 e 81 "
Ba=d3 3.3 L} 1] n
A 1683 3.1 m 3 L]

laa regrowth data ars for sumples barvested 9-16-43,

2lll.lllor||rwth.

Raferkamp ot al, {1988) reported that the
growth regulator Mefluidide [N-(2,8-dimethyl=-
§-{[{trifluopomethyl)~ sulfonyllawinel-phenyl) acet-
amide] inhibited reproductive ahoot development in
crasted wheatgrase when applied beforse or during
floral initiation. Msfluidide was applied at rates
of 0, .12, and .25 pounda per aore and July dary
patter yields were 890 and TOO pounds per asore for
the countrol and treated plots, reapectively. The
treated forage had highar orude protein and
detergent friber, and reproductive shoot nuabers wers
reduced by 63 to 90 percent. The use of growth
regulators to maintain highly nutritious vagetative
growth in grassea appsars useful, but mors ressarch
oeeda to be conducted.

Seed Tield

Moat of the immediate oonocern with created
wheatgrass has centersd on ita yield of forage.
Hosever, seed production i3 another aspeot that ia
of intereat. Duping the mid=-1930's, general
information on seeding, forage utilization, and seed
production of created wheatgrass wvas made available
through stats and feaderal publications (Westover
1938, TWestover and Rogler 1947, and Jackman
ot al, 1936).

The earliest documsnt on crestsd wheatgrasa

available to thia reviewer was an English
tranajlation of a Russian language report by
Konatantinov (1923). It was a sumsary of data and

observations, made during the pericd 1910 to 1920 on
the wide-apiked *Zitniak"™ (A. W and the
narrow-aspiked *Zitniak" (A- deasrtorum). He
reportad T year-mean sasd yielda per plant as 17.7
and 22.7 g and 8 year-mean 3eed yields per acre of
248 and 363 pounds, respectively. VWeatover et
al,(1932) noted that seed yielda at the various
expariment astations in the northers Gdreat Plains
ranged from a total fallure in dry seascns to 600 to
800 pounds per ascre in favorable yeara., The best
ssed yielda were obtained under conditions that alao
produced the baat forage ylelda. 4 good average
yield would ba about 250 to 300 pounda per aors.
Double rows have yielded better than aingle rows,
which in turn have generally produced batter than
rows apaced less than 12 inchea apart, Birch and
Lang (1961) reportad that the application of 50 or
100 pounds of nitrogen per acre 1in esch of four
yearas increasad Nordan ssed yislds in pounda per
acre only slightly:
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Eartilizer Saed ylelds
Check 143
S50H 153
100N 150
Thease yielda were obtained from  the Archer

aubatation in southeaatarn Wyoming on the western
edge of the central Great Plains. Precipitation
averaged 4.4 inches during the 4-year periocd.

Reynolda and Springrisld (1953) reported that
about 100 pounds of sesd per acre wers produced
normally by created wheatgrass in northern New
Maxioco, with a maxjmum of 350 pounda per acre in
SOMS Yeurs.,

Windle et al. (1966} measured sead yiald at
Tetonla, Idaho {elevation 6000 feet and annual pre-
cipitation 11.3 inches) in 36-inch rows (Table 21).
Sead yields declined with increasing age of stand
oven though annual! precipitation was greatsat during
the fourth and rirth yeara. During thia same S—ysar
period, crested wheatgrass seed ylelda were reduced
an average of 35 perceant when planted in 6-fuch rows
compared with 36=inch rows.

Buglass (1964) alaso noted that orested whest-
grass initially produced savaral good crops of seed,
but then ylelds declined tc a uniformly low level,
eapsoially in close=row apacings. Aissonium nitrats
fertilizer applied in tha fall or apring increased

swed yields in an eatablished Fairway aod.
Four-year average mean seed yields in pounda per
acre were as followa:
Fall Spring
H rate Laptilized Lartilizad
0 o 40
20 180 100
40 320 170
60 350 140
80 510 260
This illustrated the Dbenefits of noitrogen,
especially when applied in the fall., Results of a

almilar J=year study at Indian Head, Saskatchewan
(8.4 inches anrual precipitation) were reported for
Susmit oreasted wheatgrass plaoted in 12-inch rows
and fertilized with ammonium nitrate {Fig. 11).
There wes no saed ylald response to phosphorus
treatments that included nitrogen (Buglase 1364).

Table 2l.-=Seed yialda of three Agropyron species
1 59535

grown at Tetconia, Idaho (Windle at al, .
Yoar
after Precipi- Siberian
sesding tation Fairway Nordan P=27
Inches anses POUunds per acre ———
1st 12.9 630 THO 690
2nd 12.2 360 480 500
ird 11.5 130 250 280
ith 18.6 8o 200 330
5th 17.0 70 120 210
Mean 13.9 260 350 400
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CLEAN SEED YIELD, Ibs/acre
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Pigure 1l.--Aonual mean clean seed yisld of Sumsmit
crested wheatgrase planted in 12-inch rowe,
fartilized annually and harvestad duricg the third
through tha sixth year sitsr seeding at Indian Hasd,
Saskstehavan (adapted from Buglass 1964).

The effects of row apacing and altrogen
fartilizer onm sead yields were evaluated in anothar
4=yaar expariment usiog Sumait crested whea tgrass
grown at Indian Head, Saskatchewan (Buglaas 1964).
lows vete spaced 6, 12, and 36 inches aparte, or 12
inches apact and grouped by 2, 3, or & rows with 36
inches betwesn groups. Seed ylelds (lbs/acre)
obtained for plots recelving O or 68 pounds N par
scre were:

Row spacing ON _68_“
6 90 210

12 120 230

36 220 220

2x 12 140 190
3x 12 130 180

4 x 12 120 1%0

Bennett at al. (1954) reported 4-ysar mean
clesu~sasd ylalds of crestad wheatgrass grown at
Nephi, Utah were 50, 54, and 53 pounds per acre when
grown at solid, 30=inch or 48-ianch row spacings. The
application of nitrogen fertilizar did not change
thase yields {(anoual rainfall was 12.7 inches),
Yields sa threshed wera 313, 571, and 279 pounds per
scre during 1937, 1938, and 1940, respsctively.

Schaff et al. {1962) neasurad seed yields for 8
to 42 entries (including a wide range of crested
vbea tgrass genatic saterials) astablishad annuaily
over an li-year period, Seed ylelds were 513, 420,
and 308 pounds per acre during the first, second, and
third years, raspectively. Seed weights wars 0.536,
0.53, and 0.53 g/200 saeds, respectively.

McGinnies (1971) published the only informatioa
aveilable on components of crested wheatgrass seead
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Table 22.-=-Sead yield components for crested
whea tgrass (McGinnies 1971).

Yield for spacing, inchas

Parame tar & 12 18 24
Clean seed, lbs/acre 107 131 146 181
Seedheads/ft of cow 13 2?7 37 51
Seadhaads/ft 25 27 24 25
Weight, g/100 sesdheads 4,5 5.7 7.1 8.5
Waight, g/200 aseds 32 L34 «34 <36

yield in relation to row spacing. This study vas
conducted over a S-year psriod west of Fort Collins
whan the average rainfall was 14.7 inchas, The mean
data values found for clean seed ara given in Table
22. During years of averaga precipitaticao, only
plants of the 18- and 24-inch spacings produced
anough to warrant harvesting. Seed yields ranged
from 1 to 266 pounds per acre, with the highest
yialdse at wider spacings in dry years and closar
spacings in wat years, McGinnies opted for an 18-
ineh apacicg and recommendad that fields be
cul tivatad,

Klagen and Stark {1949) raported creasted
whea tgrass seed production at Moscow and Abesrdaen,
Idaho, They noted that 4=year mean yields ware on
the order of solid staud ¢ solid atand + N <
cultivated rows < cultivated rows + N, Seed yield
in relation to age of saeding was year 2 > year 3 >
year 4 = yaar 5. The fartility of culms in ralation
to age of seeding vas on the order of year Z > year
3> year 4 > year 5, PFertility of culms in relation
to row spacing was solid staad < solid atand + N <
cultivated row < cultivatad row + N,

Kaowles and Kilchar (1983) reported relative
seed yields (lbs/acre) of four varietias of crestad
vheatgrass grown in western Canads during 1976 to
1979:

Ralative Balative
Varisty saed yield hay vield
Fairway 100 100
Parkvay 124 104
Summit 98 110
Berdan 102 102

In ganaral, the maximum yielda of clean seed
baving a high germination will be obtained in young
standa that are planted on 12- to 1l3-inch row
spacings, fertilixzed with about 40 pounds N per
acre, and cultivated.

Shrub Competition

Saeding of crested whaatgrass has continued for
the past five decades on westarn rangelands.
Historically, few seedings have remained free of
shrub invaaion for an extended pariod of time
(Blaisdell 1949), Cowpetition betwean big sagebrush



and created wheatgrasa depressed yields of graas
(Frischknecht 1963, Robertson 1947), The decisien
on when to control sagebrush depanda largely on the
rate of reinvasion by the shrub and the level of
supprassed forage production.

Rittenhouss and Sceva (1976) summarized data
from several locations. They reportad that the
production {lba/acre) of crestad wheatgrass declinad
} to 5 parcent of its potential with sach 1 percent
increase in sagsbrush crown cover from Q0 to 22
percent. The average grass yield was ralated to
crown cover in the relation:

Tiald = 1030 - 32 (% crown cover of sagebrush)

The standard error of the eatimate was 128 pounds
per acre. Thess data are in general agreement with
thoss of Gobena (1984) in Utah (Table 23), Assuming
30=inoch diameter crown cover for the shrubs, tha
regresaion of forage yleld on cover was:

Y = 1230 - 73 (% cover), r = - ,95

This equation pradicta a 6 percent reduction in
forage ylelds for each 1 percent increase io
sagebrush canopy cover,

Friachknecht (1963) contrasted the effects of
big aagedbrush and rubber rabbitbrush on the
production of oraated wheatgrasa grown at Bermore.
Active growth periodas of big sagsbrush and created
wheatgrasa coincide, whereaaa the growth of
rabbitbruah ocours later. The deprassed yields of
grasa around big sagebrush planta were associated
with highly developed lateral brush roots 4in the
grass-root  zone. In ocontrast, relatively few
lateral roots of prubber rabbitbrush oocur in thia
zZone.

Caldwell and Richards (1986) hava atudied the
graatar competitiveneas of crested wheatgrass
compared with bluebunch wheatgrasa when growing with
big sagebrush. They reported that while the root
bicaass of crestsad wheatgrass was similar to that of
bluebunch (6.9 v8 7.0 oz or 196 va. 199 g on the
average), crested wheatgrass had mors fine roocta and
greater length (11.3 wva 7.33 miles/plant or 18.2 va
11.8 kw/plant}. These characteristica, together
with a greater rooting depth by created wheatgrass
{> 30 va 35 inchea or 100 vs 90 cm for conditions at
Green Canyon near Logan}, undoubtedly wmade crested
wheatgrass a bettar acavenger of nutrients and soil
water. They provided a very intersating diagram
fllustrating root distributions of the two grasses
and ope abrub.

Tatle 23.-=Harbage production for four densities of big asgebrush in
cantral Utah (adapted Mrom Oobena 1984).

Spgebrush Squars Faat lwx Produgticn. lkaecrs  Percent
Plants Fant Batween Crested Cover
wre~!  Maat™! Plants Sagebrush  Vheatgrasa
[ - - 0 1180 (]
0.5 1076 a5 12 1160 4.5
28 &0 8 200 50 8.2
1242 £k} 3 3716 90 M

‘Cmr is caloylated on an assumed 0=inoh diametsr shrub,
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Other papers presenting similar information on
the affact of competition between big sagebrush and
crested wheatgrass include those of Frischiknecht and
Bleak {1957), Hull and Klomp (1974}, Johnson and
Payns {1968), and Rebertson (1969, 1972).

FACTORS AFFECTING QUALITY OF CRESTED WHEATGRASS

The first requirement in developing a range
livestock management program iz a quantjtative and
qualitative inventory of forage resources (Raleigh
1970}. Many of the factors affecting the
quantitative production of crested wheatgrass have
alraady Dbeen diacuased. This section reviews
factors affecting the quality of cresated wheatgrasa,

Forage quality 13 a many-faceted term. It
includes digestible organic matter, crude protain,
readily fsrmentable carbohydratea, and available
vitanins and minerals. Quality may also relate to
the eathstic appearance, mmell, tasts, or touch of
the forage to the graging animal. This discussion
deals primarily with in yitro and laboratory
aasessmant of quality, even when used to explain
graging-animal behavior, .

Sita Effects

Some quality characteristics of field-grown
materials may vary more bDetween sitea than between
cultivara. This was true for the two A. gristatum
and three A. Jdassrtorum cultivars tested by Junk and

Austesnaon {1971) in western Canada. Loocation
differencea were found for all characteristics
measured except iron and molybdenmm. Varietal

differences were in vitro dry matter digsstidility
{IVDMD), fat, crude fiber (CF), and stem diamater.
The organic quality constituents, phosphorus and
potasaium, wers associated with leafiness,

Rangeland sites may be described by climatic
characteristica inoluding temperature, solar
radiation and precipitation, anmnd by edaphic
charactaristios inoluding soil struoture, fertility,
waterholding coapacity, salinity, and alkalinity.
These factora may also affect forage quality. Cook
(1959) noted that cattle bad a high prefarence for
crested wheatgrass and several other grasaea growing
on unfavorable sitas, located on low productive
ikncba previoualy dominated by Juniper. Ho furtber
description was provided, but the aocils on these
knoba may have been 3lightly hydrophobic, incremaing
the runoff and aaking them pore droughty.
Otilization on the unfavorable aite was
approximately twice that on the favorable sits
(Table 2%). The preferred plants were mors leafy
and had lower stem/leaf ratioca than the undesirable
planta. Forage from thes unfavorable aite had
slightly higher concentrations of corude protein and
ash, but lower concentrationa of 1lignin, celluiosas,
and ether extrsct (Table 25).

Droughty aspots may occur bscause of gravelly
subsoils or on knolla having low water holding
capacity. This ©phenomencn alac ocoura where
solodized=-solenstz soils (Natra argid soila),
coxmonly called »slick-apots, are intermingled with
pormal soils. The slick apot haa a sodium saturated
B=horizon with very low water infiltration
characteristics, making it a droughty =moil. Thia
soll complax occurs throughout the sortharn Great



flains, ou the lower end of the Snake River Plateau,
and slsewhere. Obaervations of animal preferanca
for plants grmq.n.; 1o 10=- to S0=foot diameter arsas
have baen noted, but not well documented. Soil
conditions like the above result in a patterned
droughtineas and subasquent patterned grazing
behavior by animals.

Wurater et al. (1971b) deascribed the quality of
four grasses growm on a 3illty clay loam interapersed
with areas of droughty soil in South Dekota. Forags
samples wers taken from samooth broaegrasa amd
intersadiate, crested, and Siberlian wheatgrass at
6-day intervals from 23 Hay to 15 Auguat. The
forsge grown on the droughty soils had higher
digestibility and acid detergent fiber (ADF) valuea
than did forage grown on moister scils. The higher
digestibility of forage grown on the droughty soil
was oost pronounced in the early saturing crested
wheatgrass, and may be related to slower developwent
of structural saterial under suboptisum conditions.
Dry matter yields were significantly lower on ths
droughty ares for all species saxcept intermedlate
vheatgrass.

Ssasomal Effecta

The =morphological development of a grasa
progreases from the appearancs of vegetative tillers
and sucoculent leaves to leafl maturation and
aenescence. Reproductive tillera will develop and
the plant will flower, sst sesd, and upon further
curing will shed seed. Thiaz process is genetically
controlled and carried out under restrainta of the
sovircnment. Hyder and Sneva (1953a) noted that
crested wheatgrasa, like other grasass, continues to
accupuiate dry matter until flowering time when dry
matter yields will level off for a while and then
decline as leaves are loat and seed is shed (Fig. 7),

Table Zé.==Flant characraristics and aninal uctlizacion of threa
vhas tgransen at the wad of the spring grasisg seasca om adjsceat
L bla wod ual ble aites im Utmb (Cook 1939).

’ Sten/ Laat Baight of
Alte ami apacies

ratlo soad culs  Teilisekion
Lookes Parosot
Favorable
Crasted vbeatgrass 2.4 F 18
b diste ub T 1.18 o 83
Tall vheatgruss 112 33 n
Tufavorable .
Crested wheatgrass 1.67 20 ]
. Interesdiate wtEraen . T 28 o%
Tall watsress .45 28 56

Tabls 25,«eMean chemical charssteristics of thres whestgrasses grown
on adjstent favorabls and unfavorabls aites in Utah (Cook 1959, Caok
ot al. 1958},

Site Plant Ethar
conditions part sxtraot Mrotein  dsh  Ligndn Calluloss
Farcant
Favarable Leaves T 12.1 1.5 5.4 T
Stema 1.8 [N T4 6.9 1.8
Whale plant 2.8 9.6 9.7 6.% .2
Onfavorable
Laaves 3.3 12.% 18.3 5.5 5.9
Stess 1.5 LR 1.8 6.5 32.2
Waols plant 2.6 t0.8 1.4 6.0 28.7
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Figure 12,--Two-year memn yield and nutritiomal
component values of crested whesatgrass grown at
Swift Current, Sasiatchewan with zero or 180 iba N
per acre (200 kg N/ha) and irpigated with 10 inches
(26 cm)} of supplemsntal water annually (adapted from
Lawrence and Enipfel 1981).

If fall regrowth ocours then dry matter yields may
continue to increass as shown in Figure 12.

During morphological development photosynthetic
products are oycled through soluble sugars having a
highly digestible organic matter (DOM) to other
materials having low solubility and low DOM {Cook
ot al. 1958). Crested wvheatgrasa forage that has
70 parcent DOM in early spriong may decline to 50 to
55 parcent DON at flowaring and aven lesa by
sidsumner (Fig. 12). The amcunt of DOM increses up
to flowering time. It may then decresse {f either
parceat DOM or yiald decreases, or may increase if
fall ragrowth occurs, Fertilizer nitrogen incresased
tha amount of DOM by 35 percent when comparsd with
the control. Crude protain coocentration, shown am
paercant nitrogean, wasz slavated about thres
parcantage units (0.5 parceat N x 6.24). Even
though oicrogen may change tha amplitude of thasa
response curvesa, the shape of tha curve {5 not
groatly diffserent from that of the control rasponsa.

Senagonal changes in forage quality paramestera
are also available for a 9=-ipnch precipitaticn area
in south central Idaho (Murray et al. 1978}. Like
the results froa Swift Current (Fig. 12), data from
the Idaho location show curvilinear decreasas in
total digestible dry satter (TDDM), orude protein
{showm as % N) and digestible oell wall (DCW)
pressented on an organio mpatter basis (Fig. 13).

IR.B. Murray, Dubois, Idaho, paraocal communication,



Willms et al, (9980) used polynomial regresaion
analyses to describe tha change in chemical
constituent concentrationa in A. dassrtorung and four
cother grasses sampled between 14 February and 31 May
1974 in south central Britiah Columbia. Forage
quality was high initially, but declined aa the
grasses matured. There were few differences in
quality when new growth on fall-grazed paaturss was
compared with new growth on fall-deferred pastures.

Forage quality may have varicus definitions to
ressarchers and producers. Aa a consequancs, there
is a variety of information in the litarature.
Rauzi (197S) reported the yleld, crude protsin and
levels of several gminerals in created wheatgraas
grown at Archer, Wyouing (Table 26). Dry matter
yield ocontinued to Iipcrease up to the time of
anthesis or flowering. The quality parazetars,
however, declined as the plants matured.

Patton and Gieseker {19%2) monitored changes on
two quality parametera in Agropyron and
A. desartorum grown in central Moantana (Table 27).
A general increase in cellulose and lignin ocourred
in both species as the plants matured. The
A+« desartorum plants were of lower forage quality
than A. gristatus at the ssed-ripe and seed-shed
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stages, becauae of higher celluloas and lignin
contents.
90}' * " NTDOM « 32 + 53830/ % KNOF = =19 + 066X - QO0I#xE
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Figure 13.-~3even-years of forage quality data

regresasd againat Julian date (x-axia) for crested
wheatgrasa grown at Saylor Creek in south central
Idaho. Abbreviations are total digestible dry
matter (TDDM)}, total nitrogen (NK), phosphorus (P),
nitrogen/sulfur ratio {N/S), neutral detergent fibar
(¥DF), digeatidble cell wall on an organic matter
basis (DCW), potassium (E) and zinc {Zn) (adapted
from Murray et al. 1978).
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Table 26.-=Three=year-mssan of chepical constituents in orssted whest-
grass for r:l.q phennlogical stagss of growth in asutheastern Wyoming
{Raugi 1975}, )

Early Late Ssed head Sarly-full
Compunent Tof. e, Boot -margped bloam
Fercent
Crude proteid 23a o] 16e 134 100
Calafum «37a «158b 31 2% 234
Phosphorous 26 2 23 420 19
Potansium 2.0Ta 1.3% 1,784 1,7% 1.35¢

Yaluss Ffor given compooedt with the aame latter are not differesat at
P £,05.

Tabla 27,--Hamn callulose and lignin concentrsticn iz “I“E*“"
dasarctorum and A. crigestum ot five watyrity stugen (adaptad fram

Tatwon sud Glesskai 1532).

Stage of Sampling
Haturity date i, de. . ar, k. de. 1. or.
Peraent

Tagetative 5716 20.2 22.% 5.3 5.7
Beading LTE) 5.2 25.5 T.2 T.%
Flowering 6/12 2T.6 1.9 4.9 9.3
Sewd ripa 6726 k-1 | 29.1 13.2 1.6
Sead ahed 97N A0 6.9 15.6 4.1

In another atudy (Sotola 1940), crested wheat-
grass forage samples wers taken at two week
intervala during ths May through September period.
Ash, crude fiber, amd nitrogen free aextract (NFE)
incrassed with nmaturity. Crude protein decreased
markedly at first and then changed veary little after
sarly susmer.

Enowledge of the seasonal guality differences
ia helpful in prascribing grazing programs.
Heinrichs and Carson {1956) barvested forage from
nipne grasses, inoluding Fairvay and Summit crested
wheatgrass, at six stages of maturity. The samplea
were amalyzed for proximate conatitusnts, crude
protein, crude fiber, calcium, phoaphorus and ash,
Nitrogen free extract was calculated. After they
had sxamined the data, they recosmended that crested
and intermediate wheatgrass be used for spring and
early sumeer grazing, suooth brome and green
nesdlegrass for summer, and Ruasian wildrye and
stresmbank wheatgrass for fall and possibly winter
grazing. ’

Wight et al. (1983} reported that created
wheatgrass and Rusaian wildrye wers more resistant
to damage f'rom early spring grazing than were woat
native species in the nporthern Great Plaina. They
alao noted that PRuasian wildrys remained quite
palatable after dormancy, making it particularly
valuable for late summer and fall grazing.

A similar set of quality factors in
A, gristatus was monitored over a 13-year paricd at
Manyberries and Swirt Current (Clarke and Tiadale
19485). These factora also demonatrated a reduction
in forage quality as the wheatgrass satured (Table
23}0



Tabls 28.--Mean chemical compoaition of Agropyron cristatum plants sampled at various atages of maturicy

from 1927 to 1940 at Manyberries and Swift Current, Alberta (adaptad from Clarke and Tisdale 19435).

Nitrogen
Stage of Sampling Crude Crude &ther free Tatal
Maturity date protein fibar axtract sxtract ash Caleium Phoaphorus
Parcant
Yegetative 5/10 22.7 19.9 2.7 45.8 8.95 A2 .27
Heading 6/8 13.9 29.2 1.6 58,0 T.45 29 24
Flowering 6729 11.7 33.1 1.8 56,3 T.12 .32 .19
Seed ripe 7730 8.5 32.5 1.9 51.1 5.92 .33 .14
Seed shed 10/21 4.5 3.7 1.9 52.1 6.95 «30 .05

The Canadians harveat mature crested wheatgrasa
for winter feeding programs. Agropyron gristatum
harvested in late August was hasmermilled through a
.25 soresen and pelleted. It was then compared with
other sheep dieta composed of wheat straw and hay
procesaad in a similar way (Knipfel 1977). The
strav=alfalfs aixtures wers adequate for the
pragoant ewe, but the wheatgrass diet waa deficient
in erude protein. 4 previocus atudy (Beacon
ot al. 1973} reported that pelleting of wvarious
ratios of aorssted wheatgrasa to concentrate aixtures
inoreased dry matter intake, weight gain, and foad
efficiency by 15, 37, and 23 percent, respectively,
when fed to growing lambs. The crested wheatgrasa
served as a good roughage in this diet.

Plant Parts

Leaves have higher concentrations of orude
protein, ash and ether extract than stems, and lower
concentrationa of lignin and cellulose (Table 25).
Laaves initially make up woat of the standing
biomass of crested wheatgrass. iz the plant
matures, however, this proportion declines to almcat
zaro aa first the sheath and then the stem makes up
an i{mportant part of the sbove ground bdicmass
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Figure 14.--Mean seasonal trenda in the relative dry
satter proportions (dotted lines) and ip yitpo dry
mtter digestibility (IVDMD) of those plant parts
(solid lines} for P27 and HNordan crested wheatgrass
grown at Brookings, South Dakota {adapted from
Wurater et al. 1971a). .
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{Wuprster et al. 1971a). Figure 1% illustratea the
portions of leaf, sheath, and stem inflorescencs,
and the IVDMD of the plant parta of two Agropyrons
grount in the fleld at Brookings, South Dakota. The
IVDMD of each part, i1ncluding the leaves, declines
becauss o©f the formation of strongly bonded
structural omateriels that are used for enlarging
cells and thickening cell walls.

Seven wheatgraases inoluding thres Agropyrons
(Fairway, Nordsn and Siberian) were grown on a
caleiorthid soil near Kimberly, Idaho. Whols plant
aamples wers harvested at anthesis and separated
into leaf, stem, and head components. The chemizal
composition of each 4is shown in Table 29. Of the
three plant parts, stema had the higheat dry matter
and highest nitrate nitrogsn, as expected. The
heads had the highest scluble nitrogen, phoaphorua,
copper, and zinc oonocentrationa, alszo as expected.
Additional data on the mnitrogen content of
reproductive argana of crested wheatgrass are given
by Snsva (1933). Thess mineral data illuatrate the
differences that ogour in the ccaposition of plant
parts, The avallability of thesa nutrienta to
grazing animals, however, may ba different from
their concentration in the plant part.

Tables 29.-~Hean chmmicsl composition of saven wheatgrasses grown at
I[imberly, Idaho, and harvestsd at aotheafs., (Mayland uopublished).

Lesvas Stens Haads
Farcant -

Dry wattar 2 s 18 LL O 9 29
K 2.9 2 .M 2.10 ¢ .21 1.60 ¢ .15
Mg A8 2 Dt L7 2 .0 .09 2 .0
Ca 50 = .12 L8 & W03 A8 2 0%
P 95 2 00 33 2 .03 21 2 .03
cl g7 2 T B2 2 .12 29 x 06
) | M o N 1.30 ¢ .33 2.7 + .35

Soi. M 9% 2 .18 BT 2 .15 1.43 2 .26
t=aconitaté t.8o ¢ .8 26 & .32 20 & 8

Parts por illion ~eeaaa
uoa - N w00 £ 110 THO + 120 180 + 100
[T 350 £ 130 50 3 250 300 » W
fa 130 & 50 60 » 30 76 s 5
L] T s+ 30 o 2 9 30+ 10
Zn 1% 2 12 ¢ 2 a3 2
Cu 5 z 1 6 & 3j 9 1
Parts per billiom
EN 83 » 2% 9 2 19 126 &+ §0
Co 80 2 20 0 2 20 100 2 %0
Ho 870 1 WSO 330 3z 260 630 <« 3%
milliequivalents per kilogram

Ash alk. ™A » & me x 50 330 2 15
ArA T2 2 1 1o M 56 3+ A




Minaral Concentrations

Only a few atudies on winerals in forages deal
apscifically with crested wheatgrasa, Such reports
aay be catsgerizad under one of two haadinga: those
that discuss aineral concentrations in relation to
animal health, and those that provide baseline data
on mineral coacentrations in prelation to geoches-
i=try of top soll or spoil material. Allway (1975)
and Kubota and Allaway (1972) disouss the elementa
essential to animals and their role in the
soll=plant-animal cycls.

Forage minerals and animal health.-=Crested
wheatgrass samples from various areas in northern
Nevada (Dys 1962, Blincos and Lambert 1972)
contained the following minerasl concentrations in

parta per million:

Ranga Moan
Cobalt 0.56 to 23 12
Copper 0.3% to 5.4 2
Iron 180 to 802 17
Manganese 19 to 59 29
Molybdenus 0.8 to 3.4 2.4
Zine 8 to 2% 13

The coobalt concentrations were unusually high when

compared with valusa from other planta (Lambert and
Blincos 1671), but the findings were verified by
asveral diffsrent analytical procedurss. The
authors concluded that orested wheatgrass was a
potential accumulator of ecobslt, IS 1a posasible
that their samples wers contaminated with ocobalt
during collection, transportation, or processing.
Analysis of separate samples taken from the 3an
Jacintc seeding (an area also sampled by Blincos and
Lambert 1972), produced vaiues of about 0.1 part per
million {(H. F. Mayland, unpublished), ocomparable
with data from other sources.

Mupray st al. (1978, 1979) sampled crested
whestgrasa forage for mineral concentrations between
Maroh and Decembar over a period of seven Yyears
(Fig. 13). The slements in crested wheatgrasa in
order of their being or becoming deficient for
animals during the grazing asesscon are as follows:
Nitrogen {crude protein) > phosaphorus > zipo >
potasaium. Magneaium deficiency often occura 1in
animals grazing crested wheatgrass. Howsver, thia
aacurs because of other factors that reduce ita
availability to ruminants,

Forage minerals and geochemiatry.—Crested
wheatgrass is common to many areas of the Western
Energy Belt where spoila from coal and uranium mines
are revegetated. Creasted wheatgrasa 13 used as a
biological indicator of the sclubllity or avail-
ability of wminerals 1in top s0il and spoil. A
nineral profile of ths forage sample providea
information about the slementa that are sntering the
food chain.

Contamination of the forage by dust or ascoil
splash must be considered in determining the
selection, forage sampling, and chemical analyais of
forages (Hayland and S3peva 1983). High iron
oconcentrations (grester than 100 pg/g) are often
associated with scil contamination, but some effects
may be explained by differences in soil pH.

238

Ebana and Shacklette (1982} provided suamary
statistiea for 59 elements contained in mineral and
biological materiala from 25 study arsas.
Cultivated cereals and native grassas and shrubs are
among the biological materials ineluded i1in the
study. Crested wheatgrass is identified for socme
ajtes, Thia refersnce is a useful source of
elemantal-concentraticns expscted in scils and plant
materials and the natural error asscolated with such
values.

Fairway created wheatgrasa was salected as the
biclogical subject to monitor mineral aolubilitiea
in a topsoil and spoil area in east-central Wyoming
(Erdman and Ebens 1979). Tha conceatration of 26
alements 13 reported for forage samples obtained at
the zeed ripe atage from a reclaimed-cosl spocil and
a topsoiled area (Table 30). Forage grown on the
spoil contained higher concentrationa of cadaium,
cobalt, fluorine, manganesa, uranium, vanadivm, and
zine, but a lower concantraticn of phosphorue than
forage grown on the topaoiled area. The data pro-
vide a valuable rsference for thoss wishing to
compare elemental-concentration data.

In another study, forage aapplesa were collected
in June and August from thres reclaimed mine sitas
and adjacent undisturbad pative aitea in south
central Montana and eastern Wyoming (Stanley
et al. 1952). The plant material was analyzed for
14 elements by ICF {(induotively coupled plasma
atomic emission spectromsetry) which, along with
poasible soil contamination of samples, may explain
some of the variations. Selenium and crude protein
eoncentrations weares also determined. Nitrogen and
nickel ware tha only elamenta not alac reported by

Table 30.--Geomatric mssn concencracions and cosarved renges of
slesents in crawced vheatgrass from topsoil borrow aress and from
reclained wpoil areas 1o esatern ¥yoming (Erdman wnd Sbans 1979).0

Elament Keun Range Hoan Range
msamsssesess Parts per th d
il .59 JJ0=2.7 . S1=3.7
Ca 2.4 2.2-3.0 2.3 1.6=3,.%
4 1 g=18 12 1.2=1§
% 1.2 JBetl7 1.1 1.7
* 1.3 =19 54 =17
3,total 1.T 1.0=2.T 1.8 .9=3.3
in 12 T=19 9.8 N.A=19
Farts per willicn
B 15 11=28 17 11-48
2 12 §=22 10 622
su 05k D16=.15% N W38, 15
Ca 059 <.0%=.13 099 L. .
or 2T 11=.60 Rl RITA ]
zcn 2.8 1,660 3.2 1.6=5.9
¥ w5 3§ 6.2 3=10
e 199 81-13%0 Fed ] 120=-TAO
Ag N1l 01=.02 o1t 01,02
3% 8z 29=1,8 1.3 S840
1% 5.6-36 39 23-180
Mo kL] Culla 58 ;] [T 1 )
] 4.4 3.6=22 1t 1.5=21
LT n 10=,60 It J10=.T0
3 25 18-39 25 18-41
zn 16 3-30 2% 11=7%
z'El 021 0.2=.06T 062 0355
3: 63 .5=.98 .82 £aT=1.5
L] 20 13-28 % 18=32

1Ihu are based om 10 ssmples and their ammlytiosl duplicates rram

sach ares; conoestrations Are srpresssd o & 4r¥ basia.
Meass ars sionifiosntly differsat at the P<0.0S level.
Maats wre significantly differest at the P<D.01 level.



Table 3l.~=Chemical composition and apparent digestibility of crested whaatgraas tissue esten by sheep during

spring and suamer (after Cook and Harris 1968).

~—Apparsgt digeatibility
Growth Ether Total Phoa- Total Matabolizable
atage axtract protein Lignin Cellulose phorus Protein nutriants energy
Parcant Ecal/lb
FAfth leaf 1.3 20 3.3 19 .27 16.2 T6 1325
5-9=53
Early head 2.3 13 T8 31 23 6.6 S1 683
6=-8-53 .
Antbhesis 2.5 11 7.3 31 .18 5.9 52 51
6=16=54
Hard seed 3.6 9 T.3 28 .18 5.5 57 91k
T=10-54 :

Brdman and Ebens (1979). Stanley et al. (1982}
reported that copper valusa rangad from 20 to 40 ppm
which sssma high by a factor of 10I when compared
with other data, Zianc valuea ranged from 30 to 50
parts ppm and sssm high by a factor of 2X,

Element profiles for plants growing on the
reclaimed areas provide bassline data for the long
term studies. In addition, these profiles are
useful 1in dJdetermining the forage quality and
suitability for animal consumption, and in deter-
aining the succesa of top-soiling the reclaimed
ArSAN .,

Wielson and Peterson {1973) evaluated the
ability of 54 species including grasses and legumes
to grow on copper mine tailings. Hothing grew on
untreated tailings. Agropyron apecies were among
tha 16 that were eatablished on lesached tailings
fertilized with nitrogen, phosphoruas, and trace
minerals. Grasass were more tolerant of salinity
and high copper than were legusas.

Digentible Hutrients

Forage quality can be def'ined in many waya, but
usually is related to some animal response, such as
fesd intake, weight gain, reproduotion, or produc-
tion of wmilk or wool {(Murray et al, 1978},
Sometimes forages are fed directly to animalas to
determine apparent or true digeatibility and thase
values may be compared with information obtained
through indirect methods. Cook and Harris (1968)
using sheep sxamined both the chemical compoaition
and the apparsnt digestibility of crested wheatgrass
at four differsnt growth stagea (Table 31},
Parameters like ather extract, orude protein (CP =
$H x 6.24), phoaphorus, wetabolizable energy, and
total nutrients are faotora that relate positively
to quality. Parameters like lignin and celluloae
may contribute negatively to overall quality,

Sosulaki et al. (1960} reported the lignin
soncentrations in five JAgropyron speciesa grown in
the fisld in southemstsrn Washington. The lignin
percantages at five growth stages were:

Early vegetative 4.0
Boot 4,7
Pl‘.h.ldm & L] 3
Heading T.1
Flowering T.7
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These values ware conasistently higher than the
concentrations ir bromegrass and orchardgrasa.
Differences in 1lignin concentrations batwean
Agropyran cultivara were as great or greater at
flowering than ssarlier. The lignin percentages for
whole planta sampled at the flowering stage of
maturity wers: :

Fairvay T.6
Siberian 7.6
A 1770 8.0
Nordan 8.3
Commercial 8.3
Nebraska 10 8.4

Sims and Cook (1970) evaluated the digest-
ibility of four wheatgrusass harvested betwesn 20
June and 22 July, and reported that csellulose
digeatibility was higher in planta grown in dense
atands, perhapa relating to the retarding of plant
maturation., Celluloss digestibility was slso higher
in leaves than in stams. Dry matter digestibility
{(4) waa not affectesd by stand desnaity, but was
realated to cultivaps:

DMp
A- srlatatum 52
Intermadiate 50
Pubeacant a9
Tall 87

The forage quality of seven grasasa was
deterained at antheais in a T-year astudy conducted
in eastern Montana (Table 32).

Forage quality generally declines aa crude
protein values decline with plant progression froa
vegetative to seed-ripe stages. The lavels can also
be affected bY cultural practices. For exaapls,
crested wheatgrass can be fertilized (Fiz., 7),
trested with growth regulatora {Fig. 9) or planted
in mixtures with a legume. Schultz and Stubbendieck
(1983) showed the effect of fertilizer nitrogen and
phoapherus on the corude protein percentages of
alfalfa or a mixtura of aifalfa add A. criatatunm:



Alfaifa +

Alfalfa  A. cordstatum
O8 + OF 15.6 10.3
USN + OF 13.9 10.8
458 + 22P 4.3 1.2
ON + 22P 15.0 11.0

In the asame study a small difference in IVDMD
between alfalfa and the alfalfa-grass mix was
reaported, but no difference relating to fertilizer
treatment.

Alfalfs «
Alfalfa Ao cristatua
oN » QP 63 61
usH + OP 64 62
LsH » 22P 65 61
ON + 22P 64 61

Some of the older atudies on forage quality
raported data for parameters liks ether extract
{Tables 25 and 28) and digestible organic aatter
{Fig. 10, Table 16}, Data oo the negative aspects
of forage quality are provided by nitrogen free
extract (NFE), orude fiber (CF), aellulose and
lignin (Tables 25, 27, and 28). Each of thess
parametars provides wevidence that as the plant
develops morphologically it becomea increasingly
lasa mutritioua for the grazing animal.,

A newer method of weasuring forage quality
deteraines cell wall residuss (total of lignin,
calluloss and hemicelluloas) and replaces crude
fiber analysis (Van Soeat 1966). The residues are
aonsidered to ba chemical cowponents that cannot ba
completely digested, ssparated into componenta that
are (1) inscluble in a neutral detergent soclution
(NDF), (2) soluble in an acid detergent sclution
(hemicellulose}, and (3) insoluble in the same
asolution {acid detergent fiber (ADF) {ncluding
cellulose, lignin, lignified nitrogen compounds, and
silica). The osll contents are soluble in neutral
detergent solution. The method sepurates the highly
digestible from tha partially digeatible and
indigestible acmponents of forage.

Table 32,--Forage yields, estimated in vive dry
nattar digestibility (IVDMD}, and crude protein (CP)

concentrations in grassaes grown at Slidosy, Montana
(Whita and Wighc 1984).
Species Yield IvDMD cP
Pounds

par acre === Parcent ===
Altail wildrye 3000 62 12
Bussian wildrye 2900 61 10
Created wheatgraas 2900 60 9
Gresn needlegrasa 2700 60 10
Pubsscent wheatgrasa 2700 60 8
Moadow bromegrass 2100 63 9
Reed canarygrass 1600 65 15
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The method of Van Soeat (Goering and Yan Sceat
1970) was used to satimats the dry natter digest-
1bility of seven graszes grown In south central
Idaho over a ssven-ysar period (Murray et al., 1978}.
The NDF {a measurs of total fiber) data for crested
wheatzrass are given in Figure 11, The values begin
at about 25 percent in early Harch and incresss to
about 60 percent by early July, raflecting the
saturation of the planta. The digestible cell wall
(Fig. 13) is given cn an ash frea hasia and as such
is not axactly the inverse of the NDF curve, but {t
does have the inverse shape, The true dry mattar
digestibility (TDMD) corractad for ash is also shown
in Figure 13. Oa an ash-frea basis, the TDND values
decline from 90 percent early in the season to 60 to
65 parcant during midaunmer,

White and Wight (1981) uaing another approach
estimated the in ¥ivg digeatibility of saven grasses
plus alfalfa and cicer milkvetch grown in eastern
Montana. The samples were subjeoted to a modified
Tilley and Terry two=-stage procedurs as wers thres
forage samplea whose trus dry matter digestibility
was known from previcus animal studiaes, Regrasaion
analyses wera employed to calculate the eatimated 1n
xiyn digeatible valuea for ocrested wheatgraas and
two wildrye apecies (Fig. 15). Digeatibility of all
apeciea declined with incressing maturity. The
wildrye sapecies were more digestible during late
summer and autuan than crested wheatgrasa. Thia
relationship was alzc verified by anizmal reaponss
data and leads to the recommendation that created
wheatgrasa bDe used in early spring and wildrye in
late summer and autuma.

Coulman and KEnowles {1974) reported significant
differences 1in IVDMD betwean plants of the diploid
A. oristatum and those of the tetrapleoid
A. deasrtorum strains, The values were  highly
correlatad with proportion of leaves in the sample.
Tha A. gristatum strains were more palatable and
superior in IVDMD. Like others, Coulman and Knowlesa
neagurad a sharp decline in IVDMD between heading
and the end of anthesis with 1little subsaquent
changs thereaftar.
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Figure 15.=-~Estimated in vivo digeatibility of three
grasses grown at Sidney, Montana (adapted rrom White
and Wight 1981).



Lawrence (1978} published an evaluation of the
yield and quality characteristics of thirty grasses
grown in southwestarn Saskatchawan. Data on forage
yield, nitrogen, phosphorus, and digestible organic
matter wers provided for samples taken during
spring, aummer, late summer, fall, and late winter.
The favorable amd unfavorable characteristics were
shown by an alpha-cods in a summary tabla. A4 more
quantitative approach would have been desiprable.

Index valusa are oftan ussd in prograns
involving aslection for two or wmore traits. Vogel
ot al. (1984) calculated an index (NI} based on
forage yield and IVDMD for 38 ocrested wheatgrass
iatroductions and experimental atraina. Strains
with high positive XI values usually had both high
yield and high IVDMD values. The opposite was true
for atrains with nagative NI wvalues. The index,
when caloulated for two yeara and twe looations in
Nebraska, ranged from -4.00 to 2.80. The varieties
Ruff (4. cristatum) and Nordon (A. dessrtoruzm) were
among the top six selections. Strains with the
highest rirst-cut yields also had high second-cut
yielda and were taller but earlier in aaturity than
the low ylelding straina., Later maturing strains
tended to bes higher in  IVDMD. Most of the
diffsrences wers probably due to factors other than
saturity, because most of the strains headed within
the same week.

Using the above approach, the four Agropyrand
desoribad by Lawrence (1978) were indexed for yleld
and digeatibility traits:

A. dessrtorum 1.18

A. gr. x A, da. B2

A, selatatum - .25

A. sibsricum - 1.3%
The above indices were bassd equally on yield and
digestibility. If desired, factora can be

¢ifferentially weighted and mors than two factors
can be used. The index is a simple tool by which
entriea can be mmerically ranked, remembering that
some quality faotors are not easlly quantified.

Ssoliak and Bezeau {1967) determined the
chemical composition and ip yitro digeatibility of
crested vheatgrass, Ruasian wildrye and pubescent
wheatgrass relative to a standard of eariy-cut,
chopped, dehydrated legume hay (Pig. 16). The
nutritive value of orested whoatgrass was batween
that of the other grasses prior to the sof't dough
stage while PRussian wildryes waz supericer fo the
other grasses after curing.
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Figure 16.-~Mutritive value index for three grasses
compared to legume hay at Manyberries, Alberta
(Smoliak and Bezeau 1967).

Feeding studies and chemical analyses are the
two most common methods used to eatimate gquality.
Feeding studies are labor intansive and costly,
therefors not frequently uaed. Laboratory methoda
that predict forage valus bazed on chemical
composition and in vitrg digestibility are alac
expensive and time consuming. An ajternative may be
ths infrared reflectance (IR) technique that has
potential for rapid, routine analysesa and prediction
of a wide varisty of forage quality characteristics
and animal reaponses to forages.

Park et al. (1983} evaluated the IR technique
on forage samples of A. criatatua, A. desectorus,
A+ aibaricum, and A. gristatum x A. dasackorum. The
instrument responses to sach of 80 samples were
regrassed againat forage quality data for several
nitrogen and fibrous fractiona in the laboratory.
Valuss for thess fractions were naxt predicted Dby
the IR technique for 30 additional samples. The
predicted values were then compared with laboratory
results (Table 33). The IR techuique can be used to
predict some chemical values with aoccuracy and
precision asimilar to conventional wet-chemiatry
mathods. FHRowever, the IR technique requires a large
mmber of reapreasentative samples upon which to
develop and test the predictive equationa.

Table 33,--Actual values of nitrogen and fibar fractions deatermined by wat chamistry comparad with those

values determined by IR for 30 samples of
A, dasertorum (adspted from Park et al, 1983).

EFrourm cristatum, A. desertorum, A. sibiricumw, and A. cristatum x

Mean Standard Deviation Std. error of 2
Component Aotual Fredicted Actual Predicted differsnce o
Parcant
Total nitrogea (¥) 1.01 1.00 .18 .16 .04 .96
N soluble in NaCl .33 .40 .08 07 .08 .76
Neutral detergent fiber 64.1 64,0 2.8 2.5 .96 .86
Aoid detergent fiber 36.2 36.0 2.2 1.8 1.01 .83
Acid detergent lignin 5.2% 5.19 .66 .53 .53 .38
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The mathods of forage chemical analyses ars
chosen to provide satimstes of animal response in
terma of preference, intake, digestibility, etc.
Handl and Rittenhouae (1975) compared three methods
of eatimating digestibility for the purposs of
pradicting dry matter intake by cattle grazing
crested wheatgrasa range., Digestibility waa
determined by (a) the Aipn yitro msthod of Tillesy and
Terry uaing a 48=hour pepain digeation, (b) the
lignin ratio, and (¢} the method of Van Sosst for
solubla asll wall constituents. Forage
digaatibility averaged 61, 63, and 72 percent for
tha three msthods, respectively. Bacauesa the forage
was highly digestible, variation among mathoda was
small and each responded aimilarly within dates.
Estimates of dry matter intake derived from {a)} and
(b} did not differ significantly, but both werse
groater than eatimates derived frowm (¢}, which were
lower than expected, perhapa because of the
difficulty in eatimating cell wall constituents in
feacal samplea.

Troelasn {1971) estimated the
digestible energy by sheep from the conocsantrations
of in yityg digestibla energy, cell wall
constituents, and crude fiber in ocoarss roughage.
Four grasses, inoluding A. oriatatum and alfalfa
were harveated annually at four to saven growth
atages over a pariod of four years and fed to sheap.
The concentration of Jin yitpp digesatible anergy,
¢ell wall and orude fiber ware esach related to
intake of digestible energy. For grass hays, in
3itrp digeatible energy gave the beat prediction of
conaumed digeatible energy with a coeffioisnt of
variantion of 18 percent comparsad with 24 parcemt for
other fiber measures.

consumption of

Biological factors affecting rorage quality
include disease and insecta. Karn and Krupinsky
(1983) round field grown intermediate wheatgrass
planta naturally iofested with atea rust bad lower
IVDOM and higher NDF, ADF and lignin than saut-free
plants. Intermediate vheatgrans planta infected
with leal apot dissases had lower IVDOM and higher
NDF than healthy planta.

Clipping and Sampling

Factors affecting the proportion of leaves on
the plant will have a major impact on forage
quality. Cook et al. (1958) found that frequent
clipping of crestad wheatgrasas jincreased forage
quality, This was probably a result of incressed
vegetative growth and higher leaf to stem ratioa.
The frequent clipping, howavar, reaulted in
decreased dry matter yislds, More recent ressarch
at Squaw Butte haa shown that clipping crested
wheatgrasa during late May removed tha apilcal

saristem, 1increassad regrowth and incrsased the
proportion of leaf tiassue {Miller et al. 1984),
Clipping at that time, however, decreased the

overall yisld becauae reproductive tillers wers not
forned.

Shesp, and perbaps cattle alsc, will
disopriminate againat plants bhaving .reproductive
tillera and will be attracted to those having only
vagetative tillars (Murray 1984). Becauas animals
grazs quite asieatively, choosing scme plants and
plant parts while refusing others, it may be very
igportant that harbage sampling mimic the same
aslectivity exhibited by the animals.
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Hart et al. (1983a) checked their ability teo
manually sample created wheatgrass forage against
asophageal collections at Cheyenns, Wycming.
Created wheatgrassa samples wers collected over the
15 May to 30 June pariod and analyzed for corude
protein, lignin, ADF and IVDMD ({Pig. 17). They
found that aa the asamon advanced there were linear
increases in 1lignin and ADF fyactions and linear
decreasss in crude protein and IVDMD. Quality data
for the manually-collected assmples did not mimic
well the data frow the esophagesl-collectad samplea.
igresment can be achieved only after careful
obasrvations of grazing selectivity folliowed by
careful sampling. Another acuras of arror i1s that
differences between grazing animails may be as great
as differences batween collsction techniques.

FACTORS AFFECTING THE ANIMAL RESPONSE TO CRESTED
WHEATGRASS

Many intaracting factors influence animal
response to grazing corested wheatgraas. Thaae
iaclude not only what they aat, but the quantity and
quality of thw ingested forage.

Grazing Prefereances

It is probable that animals ingest greater
quantities of a preferred species, increasing their
performance in terma of wmilk or wool produstion, or
live weight gain. The lesas-preferred plants gay
have lower protesin, magnesium, moiature, or
carbohydrate concentrations, or higher ailica
lavals,

Saoiiak (1968) made daily observations of the
grazing habits of' yearling ewes having daily access
to orsated wheatgrass, HRuasian wildrys and oative
rangs at Manyberries, Alberta. Ewea preferred
created wheatgrass from initiation of grazing (late
April = early May) until the third week of June.
They then grazed Buasiac wildrye for about three
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Figure 17.-=Lignin, crude protein (CP), acid
detergent fiber (ADF) and ip yitro dry matter
disappearance (IVDMD} values for alipped or
esophageal (diet) sanples for one seascn at

Chayenne, Wyoming (adapted from Hart et al. 1983a).



Table 34,~—FPorage production and ralative animal preference for asix

from Gesshe and Waltom 1980, 1931).

grasses ai three growth stages (adapted

—_— Productdon

—_ Preference Ratingl

Heading or Sead Heading or Seed

Forage Vegatative flowaring ripe Yegetative flovaring ripe
wamssssss POUnds par ACrS se~vewee-

Bromegrasa 207¢ 5080 S480 1.2 1.0 1.2
Cresping red fescue 2550 580 2630 1.1 .6 .0
Crasted wheatgrass 1380 2800 3720 .8 .2 .0
Intermediate wheatgrass 2560 5490 5140 1,2 .2 .0
Red top 1120 3640 5650 +9 1.1 1.5
Russian wildrye 580 700 1310 1.2 1.9 1.7

L Values greater than 1.0 indicated praference, valuea less than 1.0 indicated avoidance.

weeks, shifted to native range from aid-July until
mid=August, =and then grazed the Rusaian wildrye
again until late October. Toward the end of the
grasing season awea preferred crested wvheatgrass
during periods of deep snow and <¢old westher, The
prefersnce for a certain typs of herbage was
influenged not only by its palatability, but alsc
its seasonal availsbility and accessibility. (See
section on 'Winter Uae’).

A  study evaluating cattle prefersnos for
ssveral forages, Iincluding crested wheatgraas, was
conducted at Kinsella, Albarta {annusl tainfall 16.0
inchas}(Gesshe and Walton 1980, 1981). Six grasses,
thres lsgumes and a forage mixturs were sesded into
thres seta of pastures, each having four
reaplicaticns of esch forage. The forages ware
grazed at three atages of omatuprity and grazing
praferences were assigned (Table 34). Valuea
greater than 1.0 indicated praference, less than 1.0
avoidancs., Rusaian wildrye had the highest overall
rating, but lowest dry matter yleld of the grassea,
attributed to wide row spacing (14 inohea), and slow
establishment. Created wheatgrasa had the lowest
prefarsnce rating of the six grasses. The rating
was higheat at the vegetative satage, decrsasing with
advancing maturity to zero at the ssed rips atage.

Gesahe and Walton (1980) noted that sach of the
forages tested on tha Univeraity of Adlberta fara
wers all common pasture spesocies, any one of which
would be readily utilized by oattle if no
alternatives were offerad. The relatively high
quality of all species in tha early vegetative stage
ancouraged mora randos  grazing. During later
grazing periods forage quality differsnces bacame
suoch grester and the multiple regresaion equation
acceounted for 94 parcent of the variation in the
animal preference ratinga.

T=-4.2+ .0#!2 » .0728 - .1219 - 07X, - .1217

where ¥ 3z inimal prefersnce rating
x, = § moiature
X, = 5 leaves {(W/W)
I, = § crude protein in leaves
17 = § orude protein in stem
xB 2 § arude fiber in stem
19 = £ acid pspain DM disappearance in stea
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The moisture content of the forage was the major
pogitive influense on the prefersnos rating
(R = .77) in the seed=ripe stage where

Yz 2.82 + .15!1 = «15Xg + .0112

Many ranchers on semiarid rangeland know tha
value of moisturs to 'softea up' pature forage aml
inorease ita palatability. It iz also not
surprising that crude protein, digestibility and
ocrude fiber components appear in the regression
squations indicating their importance in determining
animal preference ratings.

Preference rankings are incrsazsed by soge
charactaristios and decreased by othera as shown
below.

Poaitive factors
Succulent forage
High leaf:stea ratio
High crude protein
High digestibility

Bagative factors
Seed stalka present
Eigh lignin concentration
High dry satter concentration
Low leaf:stem ratio

Prefersnce rankings of orested wheatgrass depend
upon stags of growth. The Agropyrons are 'at their
beat® in early spring, but lcoas quality with
advanoing maturity. The dry matter intake of cattle
reatricted to matura crested wheatgrass will average
1.25 percent of body weight (Havstad et al, 1983)
aven whean the organic matter digestibility averages
only 33 to 43 percent. This lavel is not sufficient
to maintain weight gains achievaed earlier in the
grazing season (Fig. 18). Under such circumstances
cattle, 1f given a choice, would graze other species
that wara mors palatable and nutritious,
Palatability of created wheatgrass can Dbe
manipulated to some extent by applying nitrogen
fertilizer. Thomas at al. (1963) applied nitrogen
to a crested wheatgrass pasture in the Black Hilla.
The nitrogen increased yields, corude protein,
phoaphorus and oalcium  concentrations. Daer
preferred ths nitrogen-fartilized grasa bacauas of
its increased putritional value and succulenca,
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FPigures 18.--Digestible nitrogen (DN, Fig. a) and
digestible energy (DE, Fig. b) required for
maintenance plus 0.5 or 1.0 kg (1.1 or 2.2 1b) daily
gain by 250 kg (550 ib) yearling steers, the amount
of DN (Pig. a) and DE (Fig. b) they will get from
the range forage at Squaw Butte, Orsgon, and the
average daily gain (Fig. e). The DN (Pig. 4}
required by a cow-calf pair or cow alone, the DE
(Fig. e) required by the cow-calf pair, the amount
of DN (Fig, d) and DB (Fig. o) they will get from
the range forage at Squaw Butte, and the avarage
daily gain (Fig. f) dy the suckling ocalf (adapted
from Raleigh 1970).

Roberta (1977) noted cattle prefersnce for nitrogen
fartilized crested wheatgrass when they broke into
an sxclosures at Banmore, Utah and seleatively grazed
the fertilized plots.

Thers may ba other factors that affect animal
prefarencea for given foragea. Chewing insscts may
have amino acid receptors that help salect their
host planta. Grasshoppers and locusta detected and
preferentially fad on grassea treated with the amino
gcida proline and wvaline (Haglund 1980)}. Thense
amino acids commonly increase in plants during
drought atreaa. Thia may explain why ohewing
insects asek out drought-stresasd plants, or it may
be simply the higher leaf/stem ratio (Table 24) im
the atresasd plants. Cattle may néao sslect forage
that may be slightly water streassed .

Springfield and Reynolda {1951) also evaluated

the grazing prefersnces of cattle for certain
grasasa. The grasses had been seeded into
one=quarter acrs plots, in three replicationa. Four

years later it was grazed during the period 21
August through 12 September by 25 cowa, 6 calves and
1 bull. This experisent waa conducted in the
Popderosa pine type near Valleoitos, Kew Mexico
where the annual precipitation averaged 22 inches.
Utilization waa determined by clipping the forage at
the beginning, aidpoint, and end of study.

25.B. Murray, Dubois, Idaho, personal communication.
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. forage is mainly astems and seed heads.

Ttilization psrcentage at the end of the first week
of grazing waa:

Orchardgrassa 26
Smooth brome 24
Slender whsatgraas 21

Crested wheatgraas g
Kentucky bluegrass g
Tall catgraas 9
Wastern wheatgrass 1
Big bluegraas 1

As grazing continued and remcoved the more palatable
forage the leas palatable spscies became more
important. By the second week dry matier intake of
big bluegrass was 43 percent and that of archard~
grass vas only 1 percemt. Succulence strongly
influenced prefersuce and dietary composition was
relatad to forage moisture ccoacentration (r = .69).
Thers was less discrimination when mature forage was
wat from rain or heavy dew,

Cattle preferances for cured herbage of 3ix
grasses grown at Sguaw Butte were avaluated by Hyder
and Sneva (1963b), Relative palatability or cattle
prefersnce was evaluated in the firat two weeks
during August 1959-196%, Percent utilization of the
oured forage was:

Big bluegrasa 69
Tall ocatgrasa 65
Beardless wheatgrasa 4
Pubeacent wheatgrass 42
Siberian vheatgrass 17
_ Crested wheatgrass 15

Sheep at Swift Current (Heiwricha 1959) ranked
the palatability of grasasa in the following ordar:
Rusaian wildrye > Summit crested wheatgrasa >
bromsgrass = Fairway oreasted wheatgrass, In
Septembar and October cattle and sheap gained weight
on Ruasian wildrye, but not on the other species,
It should be noted that A. dassrtorum ranked over

A. aristatum when indexed fop yield and
digestibility traits (see asction Digestible
Nutrients).

Fourtesn grass accesajons, inoluding nine

Afropyrona, wers aevaluated for yisld, nutrient
quality and palatability to sheep at Dubois, Idaho
{Murray 1984)., The results show a atrong preference

for the FRusaian wildrye cultivars and a low
preference for the Agrapyrona, espacially in
nidaummer (Table 35). Murray noted that when

prefersnce was considered in the absence of seed
stalks, then all cultivars were asimilarly praferrsd
by sheep. FPrefersncs decrsased as numbsrs of sesed
stalks increassd.

Animal Performance

Crested wheatgrzas initiatea growth in sarly
spring. Dry matter continues to increase until
anthesis and then may remain astatic for several
waeks priocr to decrsasing (Fig. 8). Throughout this
period the leaf/atem ratioc and forage quality
decline until late summer or fall when standing
Ab axception
to this deoline occurs when fall moisturs is
pdequate for regrowth. A second exception occurs
when sarly grazing removes the raproductive point



Table 35.--Nutrienot quality and palatability characteristics of 14 grassea at the Dubois, Idaho Sheep

Experiment Station (adaptad from Murray 1984),

L

———Balativa yalue K Sheep une
Acceasion Leafinnsa' Crude Prota:lnz (Ca+Mg) 3 5/14 T/ 9/15 Ind.x5 Rank
mm=== Papcent -—=-a

Busaian wildrve

Bozolaky 100 100 1.99 7.0 T.9 9.6 295 1

RWR-V13 99 85 1.81 7.5 8.7 9.6 284 2

HWR=128 98 az 1.85 7.2 8.7 9.7 279 3
Iall faascus 93 72 2.23 5.1 8.3 9.1 252 3
Blupbupch X

auackgrass 50 61 2.86 3.6 5.7 6.2 175 5

Fairway-128 33 T4 1.67 2.7 1.3 3.0 134 6

CWG=-163 36 T 1.%0 1.8 1.8 2.9 132 B

Fairway 38 T2 1.17 1.9 1.1 1.7 128 9

CWG-R 30 T 1.09 2.2 1.6 1.4 125 10
Agropyron deasrtorum

Nordan 32 79 1.35 4.3 -5 1.2 134 T

CWG(M3A-38) 36 ki 1.32 2.0 .9 1.8 128 11

WG (V6=T) 22 79 1.38 2.2 .3 1.6 17 13
Agropyron fraglls 33 67 1.2% 2.2 .9 1.5 118 12
A. gristatun X

A. dessrtoruz 28 66 1.58 2.1 .8 1.1 110 14

1
2

3mrmod on a chamical squivalency baais.

This {5 on a scale of 0 to 10 with 10 being maximum use.

Leafiness, as psrcent of bilomass during late August, relative to Bogolsky Rusaian wildrye.
The sum of crude protain valuas for biomass reistive to Bozoisky Russlan wildrye.

5'1']1. index is the sum of the leafiness oa 3 July relative to maximum plus the sum of crude protsin concentra-
tions on 30 Jurnae and 15 Septsaber relative to maximum, plus the sum of the sheep use values on the three
dates relative to maximum. All valuea were initially expresasd on a percentage basis for a possible 300

point saximum.

(apical meristem) and the plant produces mostly
leaves and few ased atalks.

Nutrient levela during the green-feed period
are adequate for grazing livestock (Springfield
1963, Watkins and FKearns 1956, and Woolfolk 1951).
There may be 30me exceptions to thia, Dbecause
heavily l&uutinca cows can lose welight on green
orested wheatgrass~. Perhapa thess animals were not
able to eat enough dry matter becauss high moisturse
linited dry matter in the vegetative material.
After anthesia, weight gains of yearlings and calves
begin to decline.

Raleigh (1970) showed that the decline in
animal performance was associated with a decline in
digestible nitrogen and digeatible energy in tha
forage at Squaw Butte. Forage quality of orested
wheatgrass wmay be maintained for longer perioda on
higher elavation ranges or whers suEmer
precipitation sncourages continued growth or
regrowth in the fall.

3 p.Cc. Adams, Miles City, Montana, psrsonal
comsunication.
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Cattle and sheep have been used to assess the
nutritive valus of crested wheatgraas and other
grasses and legumes on Utah foothill rangss (Cook
and Stoddart 1961, Cook and Harris 1968, Houston and
Urick 1972). Weight gaina produced by ewss, lasbs,
cows, and calves during early spring grazing are
given in Table 36. Waight gaina during late spring
began to decline as forage progressad toward
anthasis.

Table 36.—~Weight gains by sheep and cattle graziag
crested wheatgrass on Utah foocthills during aarly
and late spring (aftar Cook and Harris 1968).

Dallv gain
Paricd Ewes Lambs Cows Calvea
e e s e e A ol Pom FEEESaERS—
Early spring .37 .56 1.5 2.3
Late spring - 25 .39 .3 1.6




Hart ot al. (1983b) mensured animal-grazing
performance on created wheatgrasa grown at Cheyenne.
The pastures were grazed by steers during three
spring periods and calves during two autumn periods
at each of two stocking intensities (Table 37}).
Steers grazing the highly nutritious spring growth
gained about 2.3 pounds per animal-day. Calves
grazing muoch lower quality forage during the autumn
period gsined only about 20 percent of the ateaer
rate. In addition, calves gained only 12 pounds per
1000 pounds of forage, while stasrs gained &4 to 5
timas mors efficiently.

In a 12-year study conduoted on seedad pastures
in central Colorado (Currie and Smith 1970),
yearling heifers grazed four forage grassss plus a
mixture of crested wheatgrass, yellow sweef clovar,
amooth brome and intermediate wheatgrasa. Welght
gains per acre and on a daily animal basis werse:

Gain/acrs Gain/dav
Smcoth brome 0.2 1.52
Crestead wheatgraas 59.2 1.67
Intermediate wheatgrass 82.3 1.92
Mixture T1.6 1.81
Russian wildrye 48.8 1.53

The forage mixture produced the greatest gains over
the entire periocd even though it tended to become
dominated by created wheatgrass. Perbapa the
resulting aixture wmaintained a quality greso=leed
period longer than the monocultures. Or perhaps the
heifers had a high preference for some of the feed,
ata mors, and performed better. The poasaible animal
preferanca for apacies other than orested wheatgrass
might explain why it began to dominate the atand.

Stocking Inteénsity

msasured the effects of
11ght (50%), woderate {(65%), and heavy (80%
utilization} stocking rates with cattls on
A. gpistatum in a Utah study. Spring grazing at the
sodarate rate produced significantly groater
individual gainas than grazing at the heary rate.
Yialds of rabbitbrueh declined 53, 40, and 23
percant under light, moderate, and heavy graziog
while yields of big sagebrush {ncreased 6, 32, and
79 perceunt, respectively.

Harris ot al. (1958)

Table 37.~-Bsef producticn in spring by steercs and
autumn by calves at two stocking rates on crested
wheatgrass at Cheyenne, Wyoming (Hart at al. 1983b).

Paraneter 590 1b ateers 425 lb calveas

Stocking rate

Animals/acre . 46 .64 .96 1.26

Daysa/acre 22 30 54 60

Daya/1000 lba forage 23 32 24 3
Anizal gain

Lba/day 2,38 2.4 .58 41

Lba/acre a5 TS 28 26

Lba/1000 1lbs forage 48 68 12 12
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The longterm animal responss to stooking
intensity will depend in part on ths effect such
stoecking ratea have on plant vigoer. Horton and
Weissart {1970} astudied plant vigor on three sites
in the ocakbrush-sagebrush type of central Utah that
had been grazed at 15 to 25, 60 to 70, and 85 to %0
percent utilizaticn for eight years. At the and of
that time vigor was masurad by average haight of the
tallast saed stalk, dry waelght per square inch of
basal covar, number of seed stalks per square foot,
and percentags ground cover. Vigor was highast with
the 60 to 70 percant utilization lavel,

Reynolds and Springfield (1953) messured weight
gains by cattle in northern New Mexico stocked at
light (15 to 35%), moderate (36 to 55%), heavy (56
to 75%), and very heavy (75% utilization). Daily
weight gains wers 1.7, 1.8, 1.5, and 1.1 pounds per
apimal with the 36 to 55 percent utilization rate
producing tha most gain,

Weight gain responses were neasured in another
New Maxico atudy for l-month perioda in sarly spring
(Springrfield and Reid 1967). Cow-calf pairs in an
8-year study and yearlings 1in a J-year study were
grazed on both crested wheatgraas and native range.
Average daily gains (lba/day) were:

Created Native
Mhoatgrasa Hange
Cows 3.23 1.21
Calves 2.18 1.16
Yearlings 1.98 1.50
Weight gain by cows was largely compensatory gain,
but nevartheleaz the data illustrate the
availability amd nutrition of the crestsd
wheatgrass. The poorsr performance on osative range

way have resulted from inadequate dry matter intake.

Orazing atudies on crested wheatgrass wers
conducted as early as 1933 at Mandan, North Dakota
(Sarvia 1941). Two-year old steers garazed crested
wheatgrass at an average intensity of 52 animal days
per acre (range of 14 to B6) for eight years.
Graging occurred from mid-May through July and
cccasionally in August. Daily weight gains ia
pounds were:

15 days io May 3.92
30 days in June 2.24
27 days in July 1.63
18 days in August 1.30

Johnson (1959) reported the results of a
grazing intensity astudy on crested wheatgrass,
saooth brome, intermediate vheatgrass, Russian
wildrye, and a sweet clover-crested
wheatgrass-smooth brage mirture in central Colerado.
Grazing occurred from April or May to October on a
put-and-take approach. Cattle expressad a higher
prefersnce for smooth brome than crested wheatgrass
in the nmixture by grazing it to a shorter stubble
height. The mixture produced significantly sore
herbage than aither species alone (Table 38) largely
because of the presence of swest clover. The
biennial life oyecles of this clover was not
discussad. Yields decreased under all intensities
of grazing, perhaps due to decressed rainfall.
Grazing smooth brome and intermsdiate wheatgrasa to
2=-inch satubble height reduced the atand, but graxing
Ruasian wildrye to 1.5-inch stubble had 1little
affect on forage yvield. #Animal gains per day were
graatast on the intermediate vheatgrass. Gainas per




Table 38.-—-Mean aunual forage and yesrling helfer production undar a five-pasture grazing syatem of four

grassas and a mixture (adapted fros Jolmson 1959).

Creasted

wheatgrass Brooe

Smooth

Sweet clover,
Crested + Broos

Intermediate
whaatgrassa

Rusasian
Wildrye

L M H L M

E L M ® L M H L M u'!

Forage production,lb/acre 1200 820 990 T30 T3¢ 580 1320 1310 1080 910 1090 650 910 8k0 790
Otilization, percent 31 46 & N 1 6 35 | he 65 33 ar 63 11 20 M
Yearling, days/zore 2T 32 M 19 28 29 31 3T hr 29 38 32 31 3} A
Teariing gaina, lbs/day cnme 1,70 cmee ———e 1,70 wwee cmee 1,3 aweee  cmem 2,05 wesme aee—m 1,62 w—ae
Yearling gains, lba/besd 60 L1 70 56 50
Tearling geaina, lbs/acre 5% 37 60 St 50

1 Orazing intensities: Light (L), Moderats

2 inches, respectively. S3tubble heights

animal and gaina per asre, however, were graatest
for the forage mixture.

Graging intenajity studies werse also conduoted
on a crested wheatgrasas stand in central Celorsdo
{Curris and Smith 1970}. The intenaity waa judged
by a stubble height of 6, &, 2, and 1 inoh which
corresporded to a utilization of 31, 4§, &7, and
81 percent, respactively. Forage productiom over
tha 13-yaar study averagsd 1300, 1300, and 1200
pounda per acre for the 31, 46, and 67 parcent
utilization treatments. The authors concluded that
the 2=-inch stubble haight appssred to be an optimum
intensity of grazing.

Intenaity data were alao obtained from a atudy
oconducted in a northeastern Hevada area of about
16 inchesa annual precipitation ( Robertaon
st al, 1970b). The 480-acre arsa was olesared of big
sagabrush and seeded with a mixture containing
Fairway, Standard and westsrn vheatgrasa, and
bulbous blusgrass in 1944, Crested vheatgrasa scon
became the dominaat species with small amounts of
Sandberg bluagrass, bulbous bluegrass, and
atreanbank wheatgrasa {ranked in decreasing
frequencyl. Forage yleld during a 3-year period
avearsged 1130 pounds per aocre. Responses measured
on moderats and heavy intensity treatsents wera:

Heayy
Th

2.1

30.8

Forage utilization, %
Steer gains, lba/day
Stesr gaina, 1lba/ acre

54
2.2
23.5

Gray and Springfield (1962) studied the
psrformance of ewe-lamb pairs at four stocking rates
on crested wheatgrass in northern New Mexico. The
3-ysar atudy provided the following resulta for May
and June use:

Light Heayy
Forage utilization, % 39 an
Shesp daya per acre T5 150
Lamb gains, 1ba 76 73

Created wheatgrass on theas paaturas produced 280
pounds dpy satter per acre compared with only 110
pounda per acrs on mative range.

(M), and Heavy (H) corresponding
for Ruassian wildrye were 4.5, 3,

to atubble heighta of 6, 4, and
and 1.5 inches, reapactively.

Another grazing intensity astudy on crested
wheatgrasa was conducted on foothill rangs in
central Utah at 5600 faat slevation (Bleak and
Flumser 1954). Bwe-lamdb paira were stocked at three
intenaity levels (light, moderate, and heavy} for
asven yearas (Table 39). 3heep were placed on the
pastura again in the fall at an intenaity that
providad a total of 151, 158, and 167 ahesp days par
scre for spring and fall on the light, moderats, and
heavy use treatments, respeotively. Crested
wheatgrass saintained equally good production under
light (59%) and moderate (713) use during the T-yesar
pariod, but dJdeclined on the heavy uses pasturs
baoause many of the plants died and those that - were
alive ware mmall. The rate of lamb gains was
alightly highar on the light versus modarats use

Table 39.-=Sheap rasponses to grazing crestad
wheatgrasa at three intensitiss for ssven years in
central Utah (Bleak and Plummer 1954).

Parsmeter Light Moderata Heavy
Otilization, percent 59 T 88
Spring grazing

Shesp duys/ecre "7 134 149

Lamb gains, lulaer? 28.2 32.0 35.41

Ewe gains, lbasacre 4.2 15.7 5.6

Lamb gmina, lhs.!t‘.lly1 1) .58 +58

Ewe gaina, lba/day 18 .30 .08
Autumn gruinsz

Shesp days/acre 34 34 18

Shesp gain, lba/acre 10.7 T.5 2.4

Sheep gain, lba/day .32 AT .18
; Large year o year variation.

These same pastures wers grazed in the spring.
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pasture, but gaina per acre wera higher on the
moderate paature. There were no differencea in
vegetation production between light and moderate use
pasturss. However, during the last year of ths
study Russian thistle produced 80, 67, and 364
pounda dry satter per acrs on the light, moderata,
and heavy use pastures.

Orazing experiments have been conducted at the
Les A. Sharp Experimental Area in southcentral Idaho
since 1957. Stocking rate and animal pesrformance
data wers available for 1960 througk 1965 (Sharp
1970) and are given in Table 30. Utilization rates
were 50, 65, and 80 percent at stocking ratas of 12,
12,5, and 14,3 animal days par acre, which doss not
provide a very wide spread., It does illustrute the
reduced performance by individual animals with a net
inoreass 1in ovarall production at the higher
atocking ratea during spring aand fall. Animais
gained 125 pounds in =apring and 32 pounds in fall
whils the weight gains per acre were #0 and 8

pounds, respectively. Weight gains by yearling
cattle averaged 2.05, .95, and .56 pounds per
animal-day during spring (May-June), summer
(July=-Auguat ) and fall (Saptember-October),
raspactively.

Sharp (1970) concluded that 15 ysara of heavy
apring grazing had not destiroyed the atand or gruss,
but forage production and atand deasity bhad
declined., Plant vigor and production of the heavily

grazed pasturea were restored by two years of
deferred grazing during the green-feed period.

A grazing system and intensity study was
conducted by Frischknecht and Harris (1968) and
Frischknecht et al. {1953) on the Bemmore
Experipental Ares in northern Utah, at an elevation
of 5800 feet and annual precipitation of 12 to 13
inches. They determined cow and calf weight-gain

Tabla 40.,--Yearling cattle rasponaaa to grazing
crestad wheatgrass at three intensicles for six
years in southern Idaho (adapted from Sharp 1970).

Parameter Light Moderate Heavy
Otilization, percent 50 65 80
Stoaking rate

heres (AUM) 2.5 2.4 2.1

Apimal days/acre 12 12.5 14.3
Spring gruim‘

Gain per animal, lba, 122 17 11

Gain per acre, 1lbs, a8 50 53
Fall grazing®

GCain per animal, lbas. 26 25 25

Gain per acre, lba. 9 10 14

; Spring grazing waa primarily May amd June.
Fall grazing was primarily September and October.
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Table 41.-=Crested wheatgrass utilization and animal
parforzance (Frischknecht and Harris 1968)

Variable Light Moderates  Heavy
Dtilization, percent 50 65 80
Cow days/acre 10 13 17

AY
Weight gain, 1bs/day’
Cown 3.03a 2.90a 2.21b
Calves 1.87a 1.87a 1.78b
Waight gain, lbs/acre
Cowa 29b 36a - 35a

lDtta within a given row oot followed by the same
lattar are different at the 5% probability level.

responses to four grazing aethods, sach at three
grazing intensities for four years (Tabla 41}, They
concluded that the m=oderate grazing rate was the
baat for long term productivity of forage and beaf.

Grazing Systsas

Currie (1970} examined the influsnce of apring,
fall, and spring-fall grazing on crested wheatgrass
grown on the Manitou Experimental Forest. He
reported that grazing crested wheatgrass to a 1-inch
stubble haight for 10 years had little effeot on the
vagetative characteriatioa of the stand. Invasion
by other speciea was greatest under spring and
apring-fall use. Spring-fall uwse was mosat
productive (177 lbs beef/acre) and fall grazing
lemat for yearling heifar gains (lbs/day):

Spring 1.10
Spring=fall 0.80
Fall 0.10

Animal performance on crasted wheatgrassa
utilized at 60 to 70 perceat reflects both the
palatability and quality of the foragea, Harria at
al. (1963) measured substantial weight gains by
yearlings during all sessocas except late fall om the
Banmore Exparimental Arsa. Weight gaina by

yearlinga, cows and calves for the various grazing
periods in pounds par day averaged:

25 April to 24 May 2.7%

2% May to 21 June 1.48

21 June to 8 August +99

8 August to 16 September 49

16 Septembar tc 31 Ootober .59

31 October to T Decembar -1.08

Lang and Landers (1960) avaluated a grazing
ayatem on orested wheatgrass in the early season
(Period I}, intermediate wheatgrass during mid
season (Period II) and Rusalan wildrye during late
semson (Period III} in scutheastern Wyoming. Thess
gains ware compared with those on native shortgrass

vegetation. The S-year means 1n pounda per day
ware:
Sasdad Hative
I 2.22 2.13
II 1.90 1.9
II1 1.03 1.18



Tabla 42,--Mean annual forage and animal production for three grazing systems evalusted 2t Manybarries,
Alberta (Smoliak 1968, Smoliak and Slem 1974),

—_— Contingous Rotation Fras cholce
Creasted Crested Created
wheat= Hative B'ussim1 wheat- HNative FRussian wheat- HNative RuaaianT
Paramoter Erans wildrye grass wildryas grass wildrye
Yearling sheep study, 10 years

Forage productiom, lbafacre 832 393 646 813 hs3 617 821 35% 600

Utilization, psrcent 40 7 63 46 49 65 32 62 63

Sheep days/acre 118 39 118 118 a2 116 79

Sheep gaina, lba/day .18 w21 .23 .21 .23
Spring, 58 days .38 .35 .35 .35 .38
Summer, 53 days .19 .26 .26 .18 .24
Fall, 36 daya .05 .08 .13 +13 .13

Sheep gains, lba/head 36.0 .7 L5.6 h1.8 h6.1

Shesp gaina, lba/acre 21.7 8.3 26.3 16.5 18.5

Lbs forags/lb gain 15.3 22.3 15,5 53 45

Tearling steer study, 6 years

Forage produotion, lba/acre 310 1120 705 300 515 800 3058 k50

Otilization, percent 66 81 Th 1] 82 60 T2 Eib|

Stesr days/acre 9 52 27 ) 25 17,

Stear gaina, lbs/day 1.T4 1.85 1.45 1.56
Spring, 65 dayas 2.21 2. 2.02 2.18
Summer, 31 days 2.01 2.05% 1.86 2.06
Fall, 65 days 1.10 1.18 0.63 0.62

Steer gaina, lbs/head 298ab 317a 249¢ 26Tbe

Steer gains, lba/acre 16.00 9% .2» 24,8b 26 .6b

Lba forage/lb gain 19 12 a6 LD

l3ussian wildrye was seeded on 18-inch row spacing iz the pasture continuously grazed by yearling steers, and
on 6-inch row spacing in all otheras.

Stocking intenaity was &

sseded pasturea,

times greater on

Beef gains par acre weras 60 lbs on

Sessonal gains during spring wera
whsatgrass amd free

continucus cres

tad

greatest on
cholce

seeded pastures, but only 20 1bs on native range. pastures. During summer loweat gaina wers on
contibucualy grazed crested wheatgrass and the
Crested wheatgrass on three diasinmilar sites in native pasturs grazed in rotation. For fall

Nevada was grazed by cattle on seven achedules ovar
a 10-year study (Robertacn et al, 1970). Quick
utilization was achieved by heavy stocking.
Altsrnats year or continucus protecticn from grazing
favored pocket gophars. Barly grasing genarally
resulted in an uvpward trend measured by moat
indicators. Time of grazing exerted major effects,
Forage yields were not measurad.

Swoliak (1968) evaluated weight gaina of
yearling sewesa on three different grazing systeas
(continuous, rotation, free cholce) st Hanyberries,
Alberta. Each involved created wheatgraas, Rusaian
wildrye amd native ranges. For the rotational aystem
wwes started on creasted wheatgrass in spring, moved
to native in summer and then finished on Bussian
wildrye in fall. Forage production, utilization and
eve parforsance for the t0-year study are shown in
Table 42. Ths grazing period lasted about six
aonths beginnipg in late April or early May and
acntinuing through Ootobar. Ews live weight gaina
were higheat on the fres choice pasture (36.1 lb)
and continuously grased Rusajan wildrye (45.6 1b)
and lowsat on the continuously grazed crested
wheatgrasa (36.0 1b). Daily gains declined with
advancing sesason of uase which was attributed to
dacreasing nurritive valne of all foraga spacieas,
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grazing, systems containing Rusaian wildrye produced
the greatest welght gain. Gains par acra wers
highest on the continuoualy grazed Ruasian wildrya
and lowast on the native rangs.

After coapletion of the 10«year sheep study,
the grazing systams were resvaluated uaing yearling
steers (Smoliak and Slen 1974}, except that the
continuously- grazed created wheatgrass treatment
wvas omjitted. Steer gains ware greatest with
gontinuous graging on Russian wildrye, but this =ay
bhe due to 1its inorsased production when seeded in
18-inch row spacinga (1120 1lb/a} compared to 6=inch
apacings (U480 lb/a). 3heep and steers on the free
cholce system utilized Rusaian wildrye ooat and
crested wheatgrass leasat. It was unfortunate that
atear performance on continuously grazed crested
wheatgrass was not included in the study. Reasulta
may be blased Dbecause of the difference in row
apacing and yleld of Fusaian wildrye. The basal
area of the grasses on the three asyatems did not
vary greatly between 1966 and 1973, except on the
rotation crested wheatgrass whare s 30 parcent
raduction occurred. Thase results led Smoliak and
Bjorge (1981} to recommand a grazing caleundar
illustrating the best use of various pasture typaa
in the Northern Great Plains (Fig. 19).



GRAZING CALENDAR

CRESTED
WHEATGRASS

GRASS~-ALFALFA
MIXTURE

NATIVE RANGE

PUBESCENT
WHEATGRASS

RUSSIAN
WILDRYE

Figure 19.--Crazing calendar showing periceda of high
and low forage availability for pasture or rangeland
forags types in Alberta (adapted from Smolisk and
Bjorge 1981).

Lodge (1963) measured steer responae to four
grazing asysteas on the =2andhills of the northern
Great Plains. The aystoms were:

1. HRotation - crested wheatgrasa from May
to mid-June followed by native range
until September.

2, Frea choice - fres accesa to equal
areas of crested wheatgrasa and native
range froa mid-Juns until Ssptsaber.

3. Coaplimentary - crested wvheatgrass froa

May to add-June followed by access to

an eaqual >sized area of native rangs

unti) September.

Native - n@ative range from May until

September.

1.

Tha grazing aeason averaged 137 days and produced
the results ahown in Table 43,

A three-pasture asystem was avaluated using
yaarling steers in a five year study at Dickenson,
North Dakota (¥yren et al. 1983}. It ocompared
spring grazing of corested wheatgrasa, summer grazing
of oative rangeland, and fall grazing of Rusaian
wildrye {(Tabls 544), One set of the created and
native pastures wvas fartilized with nitrogan that
increased forage productiom by 42 and 50 percent and
beaf production by 70 and 52 percent, respectivaly,
Dtilizacion of Russian wildrye was similar to thac
shown in Tabla 37 (79 ve. 81%), but the daily weight
gain was conaidarably leas (.77 vs. 1.76 1lb/day).

Table 43.==3teer perforsance on four grazing systems
in northern Great Plaina (Lodge 1963).

Syatem
1 2 3 |
Gain, lba/head 2n 233 283 185
Gain, lba/acre 34,7 38.7 34.9 20.1
inimal days/acre 22.5 22.8 16.7 14.9
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Table 44.—M4ean anmnuali forage and animal productiom
from a three pasture system involving crested
wheatgrass, native range, and Ruseian wildrye in
North Dakota (adaptad from Myren et al. 1983).

Crested fussian

wheat- wild=
Paramster grass Native rye
Forage production,lba/aocre 2110 2680 -
Utilization, percent -1} 40 -
Animsl days/acra 31 38 -
Beef gains, lba/day 1.63 1.63 -
Beef gains, lba/acre 67 63 -
Lbs forage/lb bael 17 7 -

1

Forage production, iba/a 3000 4g10 1740
Utilization, psrcent 61 45 79
Animal days/acre 83 ST B&
Beal gaina, lba/day 1.39 1.65 .13
Beaf gaina, lba/acre 112 96 34
Lbs forage/lb. beel 16 19 40

11.1.1 Russian wildrye pastures wvere fertilized with

50 to 150 1lba N/acre plus 13 lbs F/acre.

Whitaan et a). (1963} compared weight gains of
stesra grazing alfalfa plus crested wheatgrass with
those grazing crested wheatgrass alone. Two of four
crested wheatgrass pastures were sesded with
3 pounds of Ladak alfalfa and later grazed for T
yoars during May and June. Forage and Ddeel
praoductivity at the Dickinson, North Dakota atudy
ware: :

Crested +

Alfalfa
Forage yield, lbsg/acra 9520 1170
Utilization, percant 81 82
Steer daya/acrs 43 56
Steer gain, lbs/day 2.07 2.08
Steer gain, lbs/acre 88 17
Lb forage/lb gain 8.5 8.2

The grass-legume forage contained about 15 percent
alfalfa with a higher yield and crude protein
concentration which allowad a higher stocking
intensity. Fead conversion ratios of & pounds of
forage per pound of gain are oftan one=half or lsas
than thoss calculatad i{n Table 37, 42 or 44.

Another study conducted in the Northern Great
Plains avaluated the benafits of fertilizing created
wheatgrass or growing it in a grass-legume mnmixture
{Rogler and Lorenz 1969}, Forage yield, stooking
rate and beef production per acdre were increased
when nitrogen was applied to orested wheatgrass
{Table 45). Forage yield and besf production from
the grass-legume mixture were sach increased about
30 psrcent compared wicth the unfertilized grass.

Yearling steera were used to compare continuous
versua short duration grazing on crasted wheatgrasa
at Squaw Butte {Daugherty et al. 1982). On short
duration grazing, animals were moved Lo naw pasture
when 30 psrceant of the forage was utilized. The
study vas conductad for two seasons and illustrated
a small increased weight gain by atesera on the short



Table 45.~—Mean aanuval forage aand besf production ca
crested wheatgraass fertilized or grown imn mixture
with Ladak alfalia at Mandan, North Dakota {(Rogler
and Lorensz 1969).

duration pasturs when compared with continucus
grazing (Fig. 20). Thia ‘cream' type grazing (30%
utilization) would uase the more nutritious plant
parts for maintensnce and welght gain whersas the

renaining {orage aight be used by livestock whers
only maintenance was required (Ralefigh 1970)}. This
would work bast under a fall-calving program.

Responses on pasturea treated with
Paraneter ON LI} | 80N Mixture

Sheep were used by Campbell (1961) at Swift
Cuprsnt to evaluate continuoua and rotation grazed
grass-leguse mixtures (Table 35). Forage yilealds,
utflization and atocking rates were higher hers than
reported for the sheep astudy 1in Table #2,
Continuously graged Russian wildrye with or without
alfalfa outperformed crestad wheatgrass (Tables ¥2
and 46).

Forage yield,lba/acre 1780a 2760c 3t20d  22M0b
Utilization, percent 52 60 60 63
Steer days/aore 38 &6 k4| LT}
Steer gains, lbs/day 2.66 2.63 2.53 2,82
Steer gaina,lbs/acre 101a 169 176 1356
Lba forage/lb beef 9.1 9.8 0.4 10.3

Frischknecht ot al. (1953} npeasured cow/calf
performance over four years on crested whsatgrass at
Banmors. Animals were atocked at light (50%),
moderate (65%), and  |heavy (803 utilization)
intenaity. Superimposad on stocking rates wers four
methods of spring graging. The treatments included
(1) rotation, with cattle shifted periodically among
threes sections of the pasture 230 as to grase sach
asotion twice during a §0-day season; (2}
continuous; (3) 10=day defarred where grazing
atarted 10 days late; (4) 10~day short whers grazing
terminated 10 days sarly. Paatures in the firat two
groups were grazed ror about 60 days in the spring
while thoas iz the lattar two groupa were grazed for
about S0 days. The animal gaina in pounds were as
- ahown 1in Table AT, The four msthoda had little
influence on calf gains and trends did not follow
those of the cowa. Early removal resulted in higher
waight gains by cows becauss of higher forage
quality early in the apring.

1Honna on a given line followed by the same letter
do not differ at P=z.05.

'S
]

N
T
3]

! I L )
5/1 &/1 I 8/l
DATE

RATE OF GAIN, Ibs/day

inimal Grazing with- Supplemsntation

Reproduction, weight gain, and ailk or wool
produotion are traita controlled by genstics and
influenced bLY envirommant. The latter includes
temparature and aveilability and quality of both
drinking watsr and forage. Vhen the forage diet ia
inadequate for a deaired level of production, it may
be supplementesd to correct the defiolency (Raleigh
1970).  Supplements include salt (NaCl), ocrude
protein, energy, and other minerals and vitamina,
Suppiemsntation say be provided orally via inorganic
sourceas such as sodius chloride, biuret (aooprotein

Figure 20.-=Daily weight gainz by ateersa grazing
crasted wheatgrass om short duration (s) or
continuous (c) systemz in sastern Oregon {adapted
fros Daugherty et al. 1982).

Table 46.,—Mean annual forage and yearling ewe productica for coutinuous and rotation grazing systems ou thras
grasses plus alfslfa at Swift Current, Saskatchewan (adapted from Campbell 1961).

Crested Intarmediate Wildrys Crestead Itermadiate Wildrye Season
Faraneter +ulfalfa +alfaifa +alfalfa +alfalfa «alfalfa +alfalfa Long
6/85-T/T T/8=8/20 8/21=10/15

Forage production, lba/acre 1160 1120 1210 1560 1350 1145 1350
Jtilization, percent 86 T9 50 85 19 82 82
XShesp days/acre : 358 32s 361 hoo 398 32z 373
Sheep gains, lba/day .10 .11 .14 I8 .08 .12 .1
Sheep gains, lbs/head 1% 14 25 5 3 3 13
Sheep gains, lba/acre 35 36 50 55 32 a0 a2
Lbs forage per lb gain 26 24 21 24 313 23 26
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Table 47.~-The effect of four systems ou gaians of
animals, grazing spring growth of crested
whea tgrass, (Frischknecht et al. 1953).

——Saln/oay. Salo/acre
Cowa’ Calves cows
wmmcecccer= FOUNGS ——eocmcece-—
Rotation 2.53a 1.79 S8
Con%inuous 2.70a 1.87 33
10«Dey daferred 2.68a 1.82 3a
10=Day short 2.95b 1.83 33

Means not followed by simdlar letters are different
at P <.05.

nitrogen), wonoscdium phosphate, magneaium oxide,
and various Jiodine salts, Injectable forms of
occpper and aslenium are used to mneet an‘mal

requireasnts or pellets, bullets, or wirea ~onpobed
o oobalt, copper, magnesium, or selenium can De
placed ir the rumen-reticulum to supplement dietary
availability of these elements. The latter method
haa Lad varying degrees cf success.

Protein may be provided as alfalfa hay or aa
meal from soybsan, cottcnssed, rape, or other high
nitrogen seeds. Energy ia often provided as barley
or corn. Energy supplementation can scmetimes ba
detrimental to performance of cattle grazirg poor
quality forage (Harris et al., 1968 and EKartohder
1981). To make the most profitable deocisiona it is
important to know wbat the animal needs for a
desired lavel of production, wbat the animal 1a
pieasensly getting in the diet, and taern -hat
aunp.ement is needec to make uw the deficiendy Af
ons odccurs (Raleigh 1270).

Wollace ot al. (1963) measaured the weight cain
responss of yearling cattle on crested wheatgrasa at
Squaw Butte to energy (barley), protein (octtonaesed
wealj, and salc (YaCl) scpplements. Cattle grazed a
crmmon fasturs “rom aid-May Lhrough August and were
panned to receive their assigned asupplemant., The
barley was fed. at two pounds per aniaal day and
cottonseed meal at a ra’e to assurs that overadl
protain intaks was about 10 percent of tha diat,
The least-squares zean values for daily welght gain
(P<.05) wara combined for simplification:

1. Snergy-supplemented animela gained mors
(1.83 va 1.70 lb/day) thar controls.

2. Frotsin-supplemented animal=z gained
mora {1.83 wvs 1,69 ib/day) tusn
controls.

3., Salt-supplexented animals gajoed the

aame {1.78 lbz/day) as ountrols.

“he affecta of additions) energy appeared morn
favorabie when forage -ms limited or when dry aatter
concentrations were low. The bansfit of protein
suppiementation cccurred during the latter part cf
the season when protein levels in ‘“he foraze wers
low.
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Another approach to supplementation is to
increase the diversivy of the forage base that Ls
inherent in native rangelands and to some sxtent in
grass-legume aixtures. In both oases succulent
forage having a relatively high fead walue is
available f{orr a longer pericd of time thap in
scnoculture grass, sspecially crested wheatgrsss.

Apnother approach iz the intersseding of grass
standa with palatable shruba, Springfield (1960}
observed sheep making comparatively heavy use of big
sagebrush, allver sagebrush, rubber rabbitbrush, and
Douglus rabbitbprush in northern New Mexico. Otsyins
et al. (1962) reported that shruba were consistently
higher in both total and digeatible protein thas
crested wheatgrass. Pregnant ewes grazing sature
crasted wherigrass and supplemsncting their diets
with sahrubs sould have to consume 56 percest
fourwiag saltbush or A9 percant wianterfat to west
their requirements., Mountain big sagebrush and
rubber rabbitbruah were lower in digestible provein
and therefore could not be used alome or with
crested whaatgrass if che pregnant ewe was to
recaive adequate protein,

Wirtar Cas

¥illiama ot al. (1942} deteruined the
parformance of lcag-yearling ateers when winte~ed oa
creasted wheatgrasa either a3 cay or standing gss
at Judith Basin., Steera receiving average grality
crested wheatgrasa hay plus 1 1b/day of a supplemsst
containing cottonseed, molasses and beat pulp gaimed
1 1b/day wolle thoae receiving 3 lbs of swpplesest
gajlaed 1.2 ib/day, 3imilar sieers paatured on cwwd
crested wheatgrass gained O ibs if given 1 156 of
supplement cr 1.34 lbs 1 given 3 lbs of supplement.
Steera f'ad preblsom Feirway plua 3 lbs of asuprismwest
gained 1.5. lb/day. The authors aoted thatl grazirg
steers preferrad Fairwey to Standard when Dot
covercd with snow.

Sheep were used to comapara diet aslecxion fyroa
a stind of crested wheatgrasa or a mimed
anrub=arested wheatgrass field during sarly, mid i
late January (G.de and Provenza, In Presa). Siees
g1azing grass pascure constaed diets that were sty
35 percent pature grass and 43 percery grees
vegetative growth during cthe firat tw< periods. Ia
la*e Janucry green feed was nc longer availabls
becsuse of trumpliog and snow cover amdé sheep
cousumed diets coutaining 93 percznt maLnm A,
Sheep grazing the grasa-shrub paetures conswssd
about S0 psrcent skrub and 50 parcent zrass Zocisng
all thrce seviods. Sheep o1 the mixed pestyres
conpumad diets that were higher in crude proteis
than those gra:ing only gcars during the esrly (B3
va. 5.8% CP), mid (7.3 vs. 6.6% CP) and lase parisd
(7.9 vs., 4.6% TP}, The im vitro orgaasic matter
diges=ibilities of the Jiits were higher zm Tie
nixed pasture during the early (48 ves. 45I), mid (4§
wn. 292%) and late period (32 vs. 24%). Utilfizatiga
of shrubs was vinterfac (100%) fourwing saktburs
v79%), bitte-bruah (52%). forage Kochia (34%:,
srgebrish {29%) and rubbar rabbitbush (17%).




intiquality Factors

Same forbs amd ahruba contain organiec or
inorganic compounds that poss health hazaprds to
grazing livestcook. Even soae graases contaln toxinas
produced either by their own eetabelisa or that of
emdopbytic organisma asagciated with the plant.
Crested wheatgrase does not contain asignificant
mounts of any of thess toxic compounds, except for
occeasiopally high levels of ceartain slementa,
oitrates, or trans-aconitic acid. The latter =may
retduce magnesium avaliability to livestock.

The literature containa some information on the
accvmaistion of wireral elements in  created
wheatgrass. It is hnhot uncommon for spring and well
water in semiarid areas to be high in flucrines (F).
For exampls, high levels of fluorine are {resent in
thermal aprings throughout the Great Basin and Soske
River Plains; concentrations frequently *ange from 2
to 17T ppm while the concentration in plants rangss
fram 0.1 to over 220 ppm depending on the ajeclas
and solils. Fluorosis of animals is attributed to
the fiuorins in forage and drinking water. ZXubota
ot al. {1982) collected over 300 plact samples in
the Great Basin and identified the following
flvorine levela {ppm):

Median HRange

Grasaes 2.3 - T0

Sedges T.0 .8 - N2

Rushas 4.7 2 - 223
Desart shrub

Leaves 1.3 .1« 12

Stomas 1.1 JGA- T

Fluorine concentrations decreased
diatance to the fluorips sourcs or

with increasing
spring.

Faliout from ors smelters may be a source of
large amounts of fluorine. Severson and Gough
(1976} publispwed dsta on slements in soil arnd plant
material in relation to distance from the phosaphorus
seeiter at Pocatsllo, Idaho. Fiuorosis was obasrved
in a dairy berd located several wilia dowmwind frem
the mmelter (Mayland, unpubliched). In genaral,
bowever, bigh-fluorine levels wlll not be Jound in
erested vheatgraas.

Baugi and Landers (1979) evaluated crestad
vhestgrass forage production along Interstace
Higoway 90 in northesatsrn Wyoming. They concluided
that grass grown in the asdianz and borrow areas wvas
a valusble scurce of quality hay. The areas
recaived run-op water and forage generally contained
aeguate orude protein, c<caleium, phoaphorua and
magaesium for saintenance. The lead content ranged
from 3.9 to 5.3 ppm which was not toxic.

Both sulfur {S) and selenium {Se) are required
for animal heslth, High mulfar levels smight ocour
ar fallout from ore smelters and power-generaticg
plants that burn coal. Another, but fortunatsly
infrequent, source was the ash rallout from the

Mr. 3t. Helen avuption (Mshler 1984, Sneva
at al. 1982). Sulfur way ©not oocur in toxie
sonosstrations in itaself, but may reduce the
avalladility of selenium to 3lanta and animals

(Miichunas et al. 1983). In othar situations,
agropomic prasctices that suddenly increase ornp
yieids say reduce or dilute the  selenium
coacentraticns in forage (Vest:rmann aud Robbina
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19¢74), If this oocurs whera forage seleniunm
concentrations are marginal, then aslenium
deficisncies may appear in livestock, indicated by
the occourrence of "White Muscle Dissasze® in calves,
lamts, and otker young animals. This problem has
ocaurred many times in the Snake HRiver and Columbia
Plateau regiona and is of great izmportance to
livestock producers. However, the sulfur:selenium
interaction occura moat often on irrigated landa and
therefores 1a not a problem assoclated with orested
vieatgrass.

30ila derived from ssdimentary onaterials may
have high selenium levels. Cropa grown on theas
soils will contain corresponding levels of sslenium.
Created wheacgrass grown in Lyman County, South
iakota, had 2 ppm Se in forage and T ppm Se in the
heada (VWillians ec al. 1981). Theae values ars
probably similar %o thoas of other grasses grown on
the same scils., Sach concentrations of selenium are
aarginally toxic to animals.

Lambert and Blincoe
woeatgrars fron 11

(1971} collected orested
2ites ip northern Nevcdm and
found them to contain 9.f to 23 ppm cobalt with &
moar of 6.9, They ware able to confirm these
unusually aigh concencrations in tha wheaigrass
samples by asveral anslytical sethodsa. While theae
cobalt concenzrations may ot be high anough to be
toxic %o liveatock, they could intaract with other
alsmenta., The authors suggested that the Agropyrons
aay aocugulate cobalt. Mayland {unpubliahed)
samplad crested wheatgrass from two of the 11 szices
and mezsured concentrations of lesa than .2 ppm,
which appear normal compared with other farages.

Fertapa the 137! samples wers contaminated somatime
becwaen harvest and analyais.

Ipteractiona betwesan alementz may gresably
affect the availabilily of each. For eiample

molybdenus, sulirur, ard possibly uanganess reduoce
copper avallability to the grazing anigpal. Yea-linog
heifsra wvere Zed tall f{escne or quackgrasa with the

following elemental profile iIin ppm  (Stoszek
et al. 1979)
Jall Zsscue Quackegrans
Cofper o.6 k.6
¥nlybdanumn 2.3 1.2
Sul tur 3nc.o 160.0
Manganess 3.0 38.0

The animals on the tall feacue had rapidly deeclining
lavels of liver and frlasmae copper, whereas those on
the quackgrass mainteined normal copper levela,

High nitratae levels in herbage can be found in
rapidly growing, nitrogeo=fertilized grass or in
plants that become droughty while growing or fartile
s0il. Forags containing 1000 to 2200 prm NO_-X {0.5
to 1.0% nitrate) i» safe for mosAt an a, but
bhigner levals of nitrate say produce hacmoglobinuria
and death 1n livestock. Lawrence ot al. (1981)
war's able to inorease uit-ate nilrogan lsvels to
more than 2000 opm in crested whea'grase by
irrigation and fertilizing with 350 pounds of
“itrogen. out levels declined with inoreasing
paturity. Nitrate toxicity 1s not a likely prooiems
in creatad wheactgrass grown witkou! irrigation and
only modeat amounts of nitrogen fartiliver.



Grasses contain silica (S10,) in concentratiors
approaching 10 percent on a dry mnatter Dbasis
(Mayland, wunpublished}, but forbs seldom hLave
greatar than .5 percent 310,. Some of the milica o
grasa {3 distributed as opaline silica bodies in the
lsaves. Their shape and color are unique for genara
apnd can be used to identify the grassland types of a
alts even thousands of yeara after its disappsarance
{3lackman 1971).

Silica reducesa the digeatibility of herbage by
about three percentage unita for sach unit of silica
{Mayland, unpublished). Tha mechanism is not known,
cut may realate to tha silica acting as a varnizh en
the cell +wall, or to its precipitation with scmae
trace pineral, limiting its availability to rmen

fiora. Another wechanias may entail the
insctivation of some enzvmatic reaction durding
umination.

Silica 13 also responsible for the development
of silica urolithiasis (water belly) 1n livestouok,
ssrecially castrated males (Pailey 1981). The
probiem is particularly acute ia the northern Great
Plainy., Ag eight-year survey was copducted in iwo
areas, one with a low incidence and the other with a
high incidence of urolithiasis in grazing anirals
Bezeau et 1l. 1966). Sillca concantrations were
not different beatween the two areas, but wers higner
in grasses and sedges than in forbs and shrubs. It
was apparent that reduced water Intake by the
livestook was as much of a problem as silice in the
forage in inducing urolithiasis. A combination of
low water intake with a forage 2silica content
greatar than two percent could be eaxpected to Induce
the condition,

80il ingestion car alao affect animal health,
The 30il might be a source of zmall amounts of some
trace elwmenta. On the other hand, asoils a=ight
absord sooe alsmenta. For axampls, some 3oils have
tie capacicy to absorb phosphorua and ingestion by
the animal could inorease the distary requirement.
Mayland at al. (1977) measured aoil ingastionm of 1.6
to 2.2 pounds par day by helfers grazing crested
vheatgracs during June and Auzust 1ia southcentral
Idabo. Scil lapasotion of the gastrointesticsl t.act
can be ratal, especinliy In lsads and horsss. Most
inportently, soll ingestion can incrsass the rate of
tooth wear and reduce produotive lifetioe of
breeding 1n‘mals. The author ia aware of esight-year
old oowa from one area ‘that have worn teeth
reseabling those of 12-year old cows (rom ancther
area. Looal cattle buyers are known to take this
into conaideration.

Grasa Tetany

Graas tetany (hypomagnesesia) ia probably the
most important antiquality factor associated with
crested wheatgrassa, Magnesium daficilency has
produced large numbera of deaths and produation
losaes in cattle and sheep. Marlard (umpublishud)
astimates that in the United States 30 nercent of
these loasus occurred on nrestad wheatgress, 0
percant on tsll fescus, ind tha resaicing 30 percent
c¢a personial ryegrass, c=real grain foragas, otber
cool season grasses, fodders, and hays (including
alfalfa, Bokaan at al. 1977).
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Grass tetany fis a deficiency cof magneaium to
the ruminant. The problea can result from a aimple
deficiency of magnesium in tre Jiet, but more oftan
from reduced availabilitr of forage magnesium to the
Zrazing animal. This reduc.ior i3 attributed to a
awmber of factors (Pig. 21).

Spring tetany oocours most often in older,
lactating cows Treosntly turned onto  orested
wheatgrass seedinga. Forage grovth preceding the
cocurreace of grasa tetany is limited by couol or dry
conditions. Rapid charges in weatherr cocditiona
resulting in a flush of growth and the developsent
of "washy” feed (low dry matter content} are often
rollowed by grass tetany (Mayland and Grunes 197Lk).
The rapidly growing created wheatgraza forage will
contain high concentrationsr of traas-aconitic acid
(Stout ~t al. 1967, Stuart et al. 1973, idayland and
Gruaes 1979). It has |seen assumed that
trans-aconitic and ovher ordanic acids are in some
way associsted with u reductioa in magnesium
availability. The field observationa ocade by
Mayland and ooworkers were conducted on seedings of
s;andard arested whsatirasd. Nordan and standard
aocugpulate aconitie aeld whereas Fairwar corested

wheaigrass accupulates malic acid as shown in  the
parertages below {Prior et al. 1573).
Nordan Ealriay

Fumsrete T T
Forzate 1 1
Acetatae 3 L]
Accnitate 25 S
Malate 64 82
Citrate 6 3

It is not known “he thear tiere is a greater risk to
tetany from grazing hfordan than Fafruny.

REuzsall and Van Soest (1984) reported that an i{n
vitro fersentation of trauns-sccaitic scid by mixed
ruman bacteria led to the formation of tricarbal-
lvylic acid that sppears asz an end product of
acositic acid metabolism. Evidence exista® that It
mey block porTtions of the citric i1cid cyecla,
Obviously. much {s yet to e learned about the rola
of organic acids 1o maghesfum tecany,

Eievatea concentrationa of highor fatty acids
{HFA) occour ‘n orested whuatgrass coincident to the
tetany (Stuart et ai. 1973}. UJosaturated HFA forms
water=2nsoluble 3soaps with maghesium and c¢alcium
which are than ezoreted in the fecea (Mayland and
Grunes 1779). Nitrogen fertilization of zrass
pastures incecsea the totany hazard and was shown
by Mayland et 21. (1976) to incresse tha HFA
conoentration in created wheaigrass (Fig. 22),

Mitrogen concentrations in crested wheacgrass
parallsl thLe concentrations of total inorgaaic
acids, aconitic acid, and HFA., Thus, forage
nitrogen valuss are elevited when grass tetany
occurs, Mraob of *this nitrogen exircs as non=-protaln
n.trogen (NPN), which after ingestion ia resdily

4 J. B. Rusasl,
cosmunication.

Ithaca, New York, personal



Energy

deticiency
-~
Increaasd | Reduced VFA and pC0O2
lipolysis and mcreased pH in rumen
| Redyuced
3 teed intake N

Mg from axtra to A Reduced Mg !

intraceluiar fluida | absorption |
> : (i

HYPOMAGNESEMIA

Blood serum Mg «< 1.8mg/ 100mI

STRESS Uring Mg « 1. 8mg/ 100m IN RUMEN
G8F Mg « 1.8mg/ 100m)
Fasting Low - sanergy
Lactation Py Low - Mg NasK
Transportation / Low ~ cruce hoer
Cold. wet weather Mg = K. MY, HFA

DIET

righ = HFA, K/(Ca ¢+ M)

High - K. N, orgamc acide
Low =~ Mg, dry matter, crude tiber
Low ~ Nonstructyural carbohydrates

o

FORAGE

Primardy grass
Rapid vegeiative gowth

o)

Low lemoersture | Low solar radiation

SoiL

High ~ K, K/Mg, At
Low - Mg, pH, eall 02
Wigh = N & K fert@ization

Pigure 21.--Btiology of grass ‘tetany.
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avallable to the rumen flora. Total water ascluble
carbohydrate {TWSC) concentrations in the wheatgrass
are particularly low at this timse, because the plant
used this energy source for rapid growth. Mayland
ot al. {1974¢, 1975) reported that the N/TUSC values
in creatad wheatgrasa peaked with the osccurrence of
grazs tetany on the San Jacinto ssedings south of
Jackpot, Nevada (Fig, 23). The authors hypotheaized
that high NPN and low TWSC resulted in exocess
ammonia (NH,), inoreased pH, and reduced magnesium
availability. Later work by House and Mayland
(1976} and Madsen et al. (1976) verified the
hypothesia that elevated H/TWSC fn the diet resulted
in reduced magnesium availability.

The eleaentsal cation concentrations in the
forage also relate to the tetany hazard. Increased
levels of potassium in the forage reduce the amount
of magnesium absorbed by the animsl (Fontenot 1979).
Researchers related the chemical equivalency ratio
of potasajum (magnesium and oalcium) in forage to
the incidence of grass tetany (Mayland and Grunes

HIGHER FATTY ACIDS, mmol COOH/I100g

b 1 i |
o) 2 4 [
NITROGEN, %

Figure 22.--Higher fatty aocid concentrations in
relation to the total herbage nitrogen in Nordan
crested wheatgrass and cersal wheat (adapted from
Mayland et al. 1976).
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1979, Thill and George 1975). Animal death loss
increasea exponentially with an inorease in the
ratic and, at a value of 2.2, may reach I psrceat.
At a ratio of 3.0, loases may exceed l{ percent.

A second approach, now identified aa the Duteh
nomegraph (Mayland and Grunes 1979), uses
information on forage nitrogen, nmagnesium, and
potasaium to predict the potential tetany bazard of
the forage.

Fartilizing pastures or dusting forage with
various magnesium salts has helpsd to reduce the
incidence of grasas tetany oa acid soils in humid
regions (Wilkinson and Stusdemann 1979). Crested
wheatgrass ia grown in the semiarid areas of the
vestern United States and Canada where soila are
generally calcareous and contain abundant levels of
caleium and sagnesium. Under these conditions, the
applioation of magnesium is pot a practical nethed
of increasing aagnesium in forage (Mayland and
Grunes 19TMal}.

8¢
6r N FERT.
@
2 at
-
2 |
2
: GRASS TETANY
0 | b 4 OCCURRED

APRIL MAY JUNE

Figurs 23.--The ratio of total aitrogen to total
water soluble carbohydrates {N/TWSC) in crested
vheatgrass as affected by ¥ fertilization and its
relation to the . ocacurrence of grasa tetany in
northeastern Nevada (Mayland et al. 1975).



Controlling grass tetany on large pastures of
created wheatgrass coan be accompliahed by one or
more of the following practicea (Grunes and Mayland
1975). :

1. Feed a supplement that will provide
1/2 oz of Magpesium per animal each
d.?t

2. Magnesium sulfate as Epsom salt can be
given in the drinking water Af animals
water only from clossd water systema.

3. Anisals that inour grass tetany may be
given injections of magnesium sulfate
or calcium-magnesium gluoonats.

k., Use of native pastursa or deferred
sesded pastures i3 somewhat helprul,
but animals are able to selesctivaly
graze the pew growth which is the cauae
of the problem,

CONCLUSIONS

Croaated whestgrass is a valuable (forage
resource on semiarid rangeland in the vestera United
States and Canada. It is tolerant of ogomaional
drought or overgrasing. It provides fesd several
waeks sarlisr 1in the apring than mative range, and
yialds are conaistently greatar than on npative
range. Forage ylelds within given areas ars
gensrally proportional to annual precipitation. The
gensrally higher amounts and susmer frequencies of
rainfall in the Northern Crsat Plains comparsd with
the Great Basin, Snake River, and Columbia Platsau
regions favors higher forage ylelds, Overall yleld
and forage quality of the whestgrass grown in the
Northern Grest Plains are often increased by
planting alternate prows of cresping-rooted alfalfas
with the grass. Wider row apacings, up to 24 inches
apart, favor long-term yiaelds of crested wheatgrass
in the Northern Great Plaina. However, information
frow areas west of the Rocky Mountains doss ot
confirm this relationsbip.

Tha use of chemicals to prevant the davelopment
of reproductive floreta or olipping and graxing
nanagement that removes the floret will result in a
larger proportion of leavas. Dry wmatter yield
reductions attributed to the sbsence of seed atalka
can be accepted psriodically in favor of the high
quality lealy materiazl. More - research ca these
relationshipa is deairable.

Yield evaluations generally show  similar
productivity ranges for A. deasrtorum and A.
griatatus, but lower ranges for 4. fragilas.
Breeading and selection programas indicate that a

braoad bass of zenetic material is available through
which progresa can bs made for improved atand
establishment, forage yield, and forags quality.
Animal responses to these new materiala wmust be
carefully evaluatad.
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dheatgrasoes

Beardless Elytrigia apicata (Pursh}
wheatgrasa R. D. Dewey, pravicualy

Ansarms (Seribn and Smith) Rydb,
Bluebunch Elytrigia spicata previously
wheatgrass A. Apicata.
Created Agropyron deasrtoruym (Fisch. ax
wheatgrass Link) Schult. A. gristatus (L.)

Gasrtn.
Intermediate Elvtrigia interxedia (Host)
wheatgrasa Nevaki, previously A. intertgsdium
(Hoat} Beauv.

Pubescent Elytrigia intermedia subsp.

wheatgrasa varbulate (3chur) A. L&ve,
previocusiy A. frichouhorum {Link)
Richt.

Quackgrass  Elytrigis repans (L.) Nevski,
previously A. repags. (L.) Beauv.

Siberian A. fragils (Roth} Candargy,

vheatgrass previously A. sibiricum (Willd.)
Beauv.,

Slender Blymua trachvcaulug {Link) Gould

wheatgrasa 8x Shinners subap. trachycaulus,

previcusly A. tragvcaulum (Link}
Malte.



Streambank Elvous lanceclatua, previcusly A. Othera
wheatgrasa riparium Scribn. and Saith.
Alfalfa Madicago zativa L.
Tall Elytrigia pontica {Podp.) Holub, Madicago aadia Pera. "Drylander®
wheatgrass previcusly A. alongatum {(Host) also M sativa subap. varia (Martyn)
Bsauv. Are.
Thickapike Elynus lanceplatus {Scribn, and Smith) Bean, dry Fhassolus yulgaris.
wheatgrass Gould, previously A. daayatachyum cultivated
(Hook. ) Scribda.
Big Actemisia fridentata Rutt.
Weatern Paacopyrum smithii (Rydb.) A. LBve, sagebrush
whentgrass previously A. smithij Rydb.
Bitterbruah Purahia tridantata.
. Qther Grasses
Cicer Aatragalua giger L.
Altai Leymua aoguatus (Trin.) Pilger, milkvetch
wildrye previcusly Elvous apgustua Trin,
not nmative to North America. Cotton Goasyoium hicsutum.
Big Poa smpla Merr. Crowoveteh  Coropills yaria.
bluagrass
Douglas Shryackhamnua yisldiflorua.
Big Androvogon gerardi (Vitman). rabbitbrush
bluesten
Forage Eochis proatrata.
Blue Boutelova gracilis (H.B.K.} Lag. kochia
grans ex Staud.
Fourwing Atriplex cansacepa.
Bromegrass Broous ipsrmia Leyss. sattbrush
Bulbous Poa bulbosa L. Halogston  Halogaton glomeratus.
bluegraas
Pinyon- Pinya adulla Engelm., alao
Cheatgrass  Bromus tectorum L. Juniper 2. monophvlla: Juoiperua
nonoaparas (Engslm.) Sarg., alac
Creeping red Festuca rubra L. subsp. rubra. J. gateqaparma.
fescue
Pondarcaa Pinus popndsrosa Lawaon,
Foxtail Hordeum jubatum L. pine
barley
Rubber Lhryaothanoua Dauagoaus.
Grasn Stipa yiridula Trin, rabbitbrush
needlagrana
Russian Salsola kald.
Gresn Stipa viridula Trin. thistls
stipagraas
Sainfoin Onobrychis yiciasfolla Scop.
Indian Oryzopais hyesnoides (Rosm. and
ricegraas Schult.} Ricker, Sicklepod Astragalus falcatus.
ailkyatch
Kantucky Foa pratenaia.
bluegrasa Soybaan Glycine max.
Orchard Dactylis glomsraa. Sugar beet EBata yulgaris (L.).
Ass
& Sweet Malilotus officinalis (L.)
Rad top Agroatia alba L. clover Lanm.
Ruasian Paathyroatachys juncea, previoualy Tomato Lycoparaicon saculeatum.
wildrye Elymus Jjungeus Fisch.
Saltbrush Atriplex capnsacens (Pursh Nutt.).
Sandberg Poa ssounds Presal.
bluegrass S3ilver Actsmisla gana.
sagebrush
Side~cata Boutelcoua gurtipendula (Michx.)
grama Torr. ¥interfat  Ceratoides lanata (Purah, Howell).
Switchgrass Panicum virgafuz L.
Tall Acrhepatharum slatus.
oatgrasa

In; Jobnson, K. L. {ed.). 1986,

Crastead wheatgrass: its valuas, problama

and myths; symposium proceedings. Utah Stace Univ., Logan.
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