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GRANT A. HARRIS
Highlight: Roots of plants express phenology significant to
competitive relationships, as do aerial parts. The following developmental stages of root phenology are proposed: (1) germination,
(2) initial root growth, (3) rapid extension of root-soil contact, (4)
dormancy, and (5) death. Examples of root phenological development in seedlings of three grass species are given to demonstrate
effects on competition.

readily invade and become established on disturbed sites.
Favorable root phenology is one of the adaptive strategies
allowing this superiorcompetitive ability. (Perhapsthe same
principles apply to annualand perennialforbs.) The following
discussion relatesprimarilyto competitionbetweenseedlingsof
annual and perennialgrasses.

Range plants universally compete with each other for the
limited resources (light, water, nutrients,soil, air) of theirecosystem. Lacking humanor biological interference,competition
is a majorfactor in the determinationof compositionin a given
plant community. Plants have many adaptations(morphological, anatomical, physiological, and phenological)suitingthem
to a place in the ecosystem. Among these is a characteristic
phenology or response to seasonal change. Timing of the
developmentalstages of aerialplantparts(vegetative,reproducfive, and dormant)has significantsurvivalvalue in competition
situations;timing of phenologicaldevelopmentin roots, though
less obvious, similarly has importantsurvival value. A recent
literaturesearch failed to disclose any reference to studies of
root phenology, or to the development of theories of the
function of variations in root phenology in plant competition.
The authorhas conducted a line of researchover the years,
aimed at discovering the controlling factors in competition
between seedlings of importantnative and introducedperennial
and annualgrassesof intermountainwest rangelands.This work
has led to investigationsof rootinghabits, includingphenology,
which have significance in understandingplant competition.
Published results of sele%ed experimentsare recountedhere in
the development of conclusions regardingroot phenology as a
principle of plant competition.
Stands of perennial grasses have a natural competitive
advantage over annualgrasses. It is not necessary for them to
begin from seed following each Qonnantperiod.However, once
mature plants are removed, and reestablishmentfrom seed
required,perennialsareat a disadvantage.Seedlings of annuals

Experimental Evidence
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Plant species used were from the semiaridrangelandsof southeast
Washington but occur over much of the westernUnited Stateshaving
similarenvironments. Field soils are generallyof mediumtexture,pH
7 to 7.5 (nonsaline, nonalkaline), shallow, rocky, and often on steep
topography. Precipitation is of the winter pattern, averaging 25 to
45 cm per year. Temperaturesvaryfrom a maximumof about35?Cin
the warmestmonths (occasionally 40?C)to a minimumof about - 5C
in the coldest months (occasionally to -30?C). Relative humidities
average about 15% during the hot months. The ecosystem studied
included bluebunch wheatgrass/little bluegrass and big sagebrush/
bluebunch wheatgrasscommunities (AgropyronspicatumlPoa sandbergii Vasey and the Artemisia tridentataNutt.lAgropyronspicatum
habitat types).
Bluebunch wheatgrass [Agropyron spicatum (Pursh) Scrib. and
Smith], a native perennial grass commonly of caespitose habit,
historically dominated much of the rangeland area. Farming and
ranching activities of Europeansettlersin the late 19thand early20th
centuries modified vast areas of the native vegetation.
Cheatgrass(BromustectorumL.), a winterannualgrass introduced
to the western United States from Europe in the late 19th century,
largely replaced bluebunch wheatgrassin noncultivatedareas wherever it had been destroyed. Once established, cheatgrasseffectively
delayed the reestablishmentof bluebunchwheatgrass.
Medusahead[Taeniatherumasperum(Simonkai)Nevski], a winter
annualgrass introducedfromthe Mediterraneanregion in the late 19th
century, did not spreadrapidlyuntil the 1950's, but is now displacing
cheatgrasson the more mesic sites. It is less desirableas a rangeplant
than cheatgrass, itself a plant of low forage value except for a short
period in spring.
Crested wheatgrass [Agropyrondesertorum (Fisch.) Schult] is a
perennialcool-season grass introducedfromRussiaandwidely used in
rangelandseeding. It is droughtresistant,withstandsgrazinguse well,
and is productive, nutritious, and palatable, especially for spring
grazing use.
A laboratoryexperimenttested germinationresponsesof bluebunch
wheatgrass, cheatgrass, and medusaheadseeds to a rangeof temperatures and water potentials (Table 1). Although medusaheadgermination was delayed by low temperatureand low water potential, it
occurred more rapidly than in the other species. In general, germination increasedwith increases in temperatureand in waterpotential.
Cheatgrass germination was much slower than medusahead but
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Table 1. Influenceof temperature(--C andwaterpotential(bars)onearlygermination(%)of bluebunchwheatgrass,cheatgrass,andmedusaheadseeds.
Germination
4 days

6days

BluebunchBuenc

Water

emperaturewheatgrass
10
20
30
10
20
30
10
20
30

potential
0
-6.2
-11.4

Cheatgrass
1
36
26
0
20
11
0
4
3

0
33
31
0
14
16
0
1
0

slightly faster than bluebunch wheatgrass. Cheatgrass gennination
decreased at the highest temperature.These data indicate the advantage medusaheadhas over the other species in early faIl establishment.
Rates of primaryroot elongation of bluebunchwheatgrass, cheatgrass, and medusahead were compared in a field study by Harris
(1967). It is characteristicof bluebunch wheatgrassprimaryroots to
branch near the surface, while cheatgrass and medusaheadprimary
roots grow rapidly to 18 to 20 cm before branching.
Primaryroot growth rates differed considerablybetween the annuals and bluebunch wheatgrass (Fig. 1). Bluebunch wheatgrassroots
grew slowly from October 11 until mid-November, when growth
practicallyceased. Soil temperatureat the averagedepthof bluebunch
wheatgrass root tips was 0?C on December 13 and remained near
freezing until late March, during which time the average maximum
root length increased only about 5 cm.
Cheatgrassand medusaheadseedling roots began post-germination
growth at a more rapid rate than bluebunchwheatgrassand continued
thus all winter. At growing root tip depths, soil temperatureswere 2 to
3?Chigherfor cheatgrassand up to 40Chigherfor medusaheadthanfor
bluebunch wheatgrass. Medusahead roots grew slightly faster than
cheatgrass roots. Primary root growth of cheatgrass had practically
stopped by late March, with little additionalgrowthin April andearly
May. Many medusahead roots had reached the lower ends of the
growth medium by February9.
Primary roots of cheatgrass and medusaheadgrew mostly during
winter when leaves showed little growth. However, primaryroots of
bluebunch wheatgrass grew most rapidlyduringthe summermonths,
when adventitiousroot and stem growthwas occurringin thatspecies.
Dense stands of the annualgrasses exhaustedavailablesoil waterat
shallow depths where bluebunchwheatgrassroots were growingwhen
soils warmed up after winter (Harris 1967). This was demonstratedin
the laboratory by growing bluebunch wheatgrass and cheatgrass
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seedlings in boxes. Seedlings were arrangedon a 1-cm grid so that
each of 49 bluebunchwheatgrassseedlings was surroundedby several
of the 244 cheatgrass seedlings.
Cheatgrass roots grew deeper than the bluebunchwheatgrassroots
and reduced soil waterto potentialsless than -15 barsin the uppersoil
levels where bluebunch wheatgrass roots were growing (Fig. 2).
Cheatgrassroot tips were growing at depths where soil waterpotential
was less than -1 bar, and readily available.
A similar experiment included medusaheadand crested wheatgrass
(Harrisand Wilson 1970). The earlierresults were confirmed, and in
addition it was shown that (a) medusahead behaved similarly to
cheatgrass in reducingsurfacelayer soil water, and (b) the growthrate
of primaryroots of crestedwheatgrasswas similarto thatof the annual
grasses at 20Cand would probablybe a successful competitorif seeded
in the fall (Fig. 3).
Excavations of roots anddetertninationof soil waterin the field confirmed that bluebunch wheatgrassseedlings failed to live throughthe
first summer because of soil waterdepletion by winter-growingcheat-

105TE~~~~~~~~~~~~~~
b0

0

Q so25

Cheatgrass
23
51
33
12
37
14
0
11
6

wbeatgrass
2
66
50
0
44
30
0
14
2

70 b-

Btuebunch Wheatgrass
*

Medusahead
39
78
85
3
81
73
0
41
45

May

June

July

+

Sail moist.ure tension
15 at
ama0S.
atmos
S
L6.-IS
0-I1atmos

Fig. 1 Seasonal leaf and root growth of bluebunchwheatgrass, cheatgrass.
and medusaheadin glass tubes in thefeld (1963-64). Leaf heights represent Fig. 2. Development of bluebunch wheatgrass and cheatgrass seedlings in
relation to available soil water. Two replications of each run at room
tallest leaf; root depths represent longest visible primary root tip. Used by
temperature and winter temperaturein high density cheatgrass. (Used by
permission of the Ecological Society of America;fromHarris, 1967, medusapermission of the Ecological Society of America; from Harris, 1967.)
head added.)
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representative of selected dates throughout the growing season
showing phenological response to the environmentare presentedin
Table 2.
Adventitious root development was first recordedin cheatgrasson
October 18, in medusahead on November 8, and in bluebunch
wheatgrasson November 29. Bluebunchwheatgrassresponsewas not
only late, but the rate of growth was slow comparedwith that of the
annuals. By January1 adventitiousroots of cheatgrassandof medusahead were more than five and six times as deep as those of bluebunch
wheatgrass, respectively. This difference increasedfurtherbefore the
soil began to warm in the spring. With the higherspringtemperatures,
bluebunch wheatgrassroot growth increasedandby July 1 the average
number of adventitious roots was comparable with the number
produced by the annuals.
Microscopic examinationof seedling root cross sectionsrevealsthat
bluebunch wheatgrass roots are twice the diameterof, and their cell
walls many times thicker than those of cheatgrass(Harris 1967). In
size and thickening of cell walls, medusahead primary roots are
intermediate.Cheatgrassprobablygoes into dormancyearly because
its root system is poorly protectedagainstdroughtysoils (Fig. 4). The
endodermal layer is thin and the root poorly adapted to translocate
water through the dry, hot upper soil layer in summer conditions.

Taos

-6

-4

-4

-3

-

1o5

Fig. 3. Root growth at low temperatureof bluebunchwheatgrassand crested
wheatgrass (broken lines) growing in competition with cheatgrass (solid
lines). Only exposed roots of cheatgrass were traced. Roots of perennial
grasses growing near the side of the box were excavatedand then traced in
approximately their original positions. Soil water potentials (in bars) are
indicatedat appropriatedepths. (Used bypermissionof Ecological Societyof
America;from Harris and Wilson, 1970.)

grass seedlings (Harris 1967). The winter response of bluebunch
wheatgrassseedling primaryroots is to practicallycease growthwhile
those of cheatgrass and medusaheadcontinue.
Bluebunch wheatgrassis known to varygreatlythroughoutits range
in western North America. Response of primaryroots of ecotypes
from 52 sites, Arizona to Alaska, to temperaturesnear freezing was
examined by DeWitt (1969). Primary roots of a collection from
Morgan, Utah, (source 15) grew 10 times as fast at 2?Cas a collection
from Moscow, Ida. (source 30). Nevertheless, the fastest growing
bluebunch wheatgrass roots grew at only about one-fifth the rate of
cheatgrass in these tests.
In the "glass tube" experimentof Harris(1967), the initiationand
growth of adventitiousroots was also recorded. Since the plants were
growing singly in separate tubes, competition was avoided. Data

Root Phenology and Competition
Among plants, competition occurs when growth and reproduction of one is hamperedby the presenceof another,or, when
the resources of a site requiredby one plant are reduced by
another. Except in early stages of invasion on bare areas,
competition is practicallyalways presentin naturalstands. The
variability in root phenology outlined in the precedingexperiments is reflected in the ability of those plantspecies to compete
with each other for site resources.
For purposes of this discussion, it is proposedthat the steps
through which these roots developed be classified into five
characteristicstages, namely (1) germination,(2) initialgrowth,
(3) rapid extension, (4) dormancy, and (5) death. Seasonal
variables directly controlling root phenology include available
soil water, temperature,andnutrientlevel. In addition,rootsare
indirectlyaffected by light intensity, day length, fire, andother
factors which directly affect phenology above ground.
Germination generally occurs most dependablyslightly below the soil surface and is the beginning of acive life historyin
annuals, being crucial to population maintenance. On the
other hand, perennials may reproduceby tillering (as in bluebunch wheatgrassand crested wheatgrass)or by rhizomes. But
where there are no established mature plants, germinationis
required in these species also.

Table 2. Leaf and stem development in three grass species (planted Oct. 4) during fall, winter, and spring, growing in glass tubes.
Species
Bluebunch wheatgrass
Length of primaryroot (mm)
Number of stems
Number of roots
Length of adventitious roots (mm)
Cheatgrass
Length of primaryroot (mm)
Number of stems
Number of roots
Length of adventitious roots (mm)
Medusahead
Length of primaryroot (mm)
Number of stems
Number of roots
Length of adventitious roots (mm)
not availablefor variousreasons.
'Measurement

Oct.25

Nov. 15

Dec. 13

Jan. 3

May 19

July 1

93.0
1.0
0.6
0;0

112.0
1.0
0.8
0.0

108.0
1
1.3
55.0

118.0
1.2
1.4
80.0

504.0
3.2
6.6

1,071.0
9.0
23.4

242.0
1.1
1.1
22.0

403.0
2.4
3.2
70.0

582.0
3.8
392.0

648.0
3.1
3.9
420.0

1,050.0
6.6
15.6

288.0
1.0
1.0
0.0

516.0
3.2
3.5
210.0

788.0
1
3.7
450.0

879.0
3.7
3.7
523.0

1

1
2

20.3

1

1

2

2

11.3
15.7

1
27.0
1

-'Rootlength exceeded depth of growth medium (1,100 mm).
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4. Photomicrographic
Fig.temperature
comparisonof endodermis(E) developmentin root
is adatgos
sections of bluebunch wheatgrass (A), cheatgrass (B), and medusahead(C)
(not to scale).

Rate and amountof germinationare importantin competition
on disturbedareasbecause earlyestablishmentin largenumbers
often confers site dominanance. The species studied normally
in the fall in this
is
region, fastdermi
germinate
althoughand
germination
Medusahea
significantly
meeormen
cnomPomirgermiatsc
sometimes
weather
until
delayed cheatgrass
by unusualor)
spring(or winter).
pleelythanso
bleitnhe
bleuccheatgrass
()anmeundherd(C
Early fall rains are usually light in amount, and frequently
repeated during a storm period. Soil water potential changes

these conditions (Table 1). Evidence of germinationin medusahead may be observed as early as 8 to 10 hoursaftermoistening
and shows surprisingenergy at low temperatures(10?C) and
droughty conditions (-11.4 bars water tension). Even in the
best situations, the differences in germinationshown for these
two annuals is highly importantfor their survival, with the
advantage going to medusahead.Cheatgrasshas a smaller but
measurableadvantageover bluebunchwheatgrassin thisregard.
Seed dormancy is a mechanism to reduce the chances of
germinationat a time when subsequentsurvivalis unlikely. This
mechanism is present in all three species. Nelson and Wilson
( 1969) have demonstratedthatseed dormancyin medusaheadis
relative to inhibitory substances in the awns of fresh seed.
Three-year-old seed germinatedwell. Cheatgrassseed germinates poorly at high temperatures, and, like medusahead,
contains biological inhibitorswhich must "decay" beforerapid
germination can proceed. In both of these annuals, inhibitory
effects have disappearedby early fall. In bluebunchwheatgrass,
germination is so slow that it does not usually occur until a
dependable source of water is available.
Overall, speed and energy of germination strongly favors
medusaheadin competitionwith cheatgrass,andbothannualsin
competition with bluebunch wheatgrass. Large numbers of
vigorous, rapidlygerminatingseedlings place a heavy stresson
available resources, thus reducingthe opportunityfor survival,
especially for late germinating, slow growing species such as
bluebunch wheatgrass.
Initial growth describes an elongation process of the hypocotyl in newly germinatedseedlings, or a breakingof summer
dormancy in establishedperennialplants. Ratesof primaryroot
growth in grass species aredeterminedgenetically(Pavlychenko
1942). Rapid elongation of the primaryroot is critical at the
beginning of the fall growth period when water potentials
fluctuatewidely at the soil surface. This growth, combinedwith
initiation of adventitious roots, prepares the plant to exert
dominance on the site. After fall rains begin, dependablesoil
water is generally available at a depth of 3 to 10 cm, but the
surface can dry rapidly. Seedlings of species developingadventitious root primordia,or seminalroots (Esau 1953, p. 473), and
would more quickly produce adventitiousroots.
Low fall and winter soil temperaturesfollowing germination
greatly handicappedinitial bluebunchwheatgrassroot development. Normally slow root growth, (even at optimal fall temperatures) practically ceased in bluebunch wheatgrass at soil
temperaturesapproachingfreezing. Roots of the annualgrasses
continued to grow throughoutwintereven at low temperatures
(see Fig. 1).
Rapid extension of roots occurs in a period of favorable
growth, and includes both the primaryand adventitioussystems
in seedlings (perennial and annual), as well as reactivationof
root tip growth in established perennial plants. Competitive
advantage is gained by exploiting a greatervolume of soil and
capturingthe resourcescontainedtherein,to the disadvantageof
competing plants. The full potentialfor productionof adventitious roots can only be demonstratedwhereecosystem resources
are in excess of. plant requirements. Established perennials
respond similarly to phenological stimuli by extending overwintering dormant roots to provide new thin-walled root surfaces and root hairs for efficient soil-plant interchange.
Rapid rootextension beganduringlate fall andearly winterin
the annual grasses, but was delayed by low temperaturesuntil
late spring and early summerin bluebunchwheatgrass.Figure 1
shows growthratesin primaryrootsystems underfield tempera-
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tures, without competition, confirmingthe above statement.In
the same experiment, it was demonstratedthat in the annuals,
length and numbersof adventitiousroots also increasedduring
the winter at a much faster rate than in bluebunchwheatgrass
(Table 2).
Cheatgrass and medusahead roots, growing faster and in
greater numbers than bluebunch wheatgrass, effectively removed available soil water at depths where bluebunchwheatgrass roots were growing. Soil moisturecontentat depthswhere
bluebunch wheatgrass roots were growing was raised to tensions in excess of -15 bars in laboratorygrowthboxes held at
21 to 27?C (boxes 3 and4, grown 58 days, Fig. 2). At the same
time, cheatgrass roots had access to adequate deep water
supplies at tensions less than -1 bar. At 80 to 10?C, plants
grown in competition demonstratedeven greater differences
between cheatgrassandbluebunchwheatgrassrootgrowthrates
(boxes 13 and 34, Fig. 2). Here cheatgrassexhaustedavailable
soil waterto the bottomof the boxes. It is interestingto note that
both species were still surviving at these low temperaturesand
resultantlow transpirationrates.
Figure 3 shows that crested wheatgrassseedling roots were
able to grow and compete with cheatgrassroots at 20C, while
bluebunch wheatgrassseedling roots lacked this ability (Harris
and Wilson 1970). This difference in root phenology between
bluebunch and crested wheatgrassesundoubtedlyexplains the
greater success obtained in crested wheatgrassseedings where
cheatgrass is present.
Dormancy is a physiologic reaction of plants to normal
seasonal extremes, not severe enough to cause death but too
difficult for active growth. Annualplantsnormallyare adapted
through phenologic responses to avoid seasonal extremes.
Cheatgrass and medusahead germinate in the fall, develop
extensive root systems duringthe winter, andquicklyreproduce
duringspring, the season most conducive to growth. They pass
their dormantperiod in the seed stage.
Leaves and upperstems of establishedbluebunchwheatgrass
seedlings die in early August, while stem bases and roots
become dormant. Prior to this, leaf and stem primordiahave
developed in buds on the lower stem nodes. Few first-year
seedlings of bluebunchwheatgrassproduceseed undernatural
conditions; and because of unfavorablecompetition with the
annuals in earlier phenological stages, bluebunchwheatgrass
seedlings frequently die without the opportunityof summer
dormancy.
All the species studiedarewinterhardyandonly occasionally
die as a result of low temperatures. As discussed above,
medusaheadand cheatgrassroots increasequiteactively during
winter, but bluebunchwheatgrassroots and stems are dormant.
This winter-dormantreaction in bluebunch wheatgrassseedlings is an importantcause of failure to compete by establishment in stands of the annual grasses.
Summer dormancy and death are responses to decreasing
water availabilityand increasingtemperaturestress. Cheatgrass
enterssummerdormancy(seed stage) about2 weeks earlierthan
medusahead and 5 to 7 weeks earlier than bluebunchwheatgrass. This response appears to be related to differences in
anatomical structureof roots of the three species (Fig. 4). On
days with high temperatures,leaf waterpotentialsdroprapidly,
and apparentlycheatgrassroots cannotmove waterfast enough
(from deep soil layers where it is available) to keep the leaves
from becoming dessicated. Cheatgrassroots have a relatively
poorly developed endodermislayer to insulateagainsthot, dry
surface soils. On the otherhand, if summersoil waterconditions
176

remainfavorable, cheatgrassplantsdo not enterdormancy,but
live through the summer and may continue through at least
another winter (Harris 1967).
Medusahead not only germinates and grows earlier than
cheatgrass, but its root anatomyadaptsit for a laterphenology
(Fig. 4). Medusaheadis also adaptedto highertemperatures,as
indicated by germinationand root growth reactions. This later
phenology is not a disadvantagein competitionwith cheatgrass
as is true for bluebunchwheatgrass.Medusaheadprimaryand
adventitiousroot phenology is comparablewith or earlierthan
that of cheatgrass, so medusaheadseedlings compete successfully with cheatgrass seedlings. Bluebunch wheatgrass root
anatomy is well adaptedfor summergrowth, but initiationand
growth of the primarysystem and extension of secondaryroots
aretoo slow in cold seasons for successful competitionwith the
annuals.
Death results from extreme environmentalconditions or
from other physiologic causes. By definition, the behaviorof
perennial plants differs from annuals in regardto longevity.
Death of annuals is a phenologic phenomenon, with life
preserved through the stressful season in the form of seeds.
Death is evaded in herbaceousperennialsby survivalof roots
and crowns in a dormant state. This adaptationprovides a
competitive advantage to established perennials. They are
alreadyin controlof a site before annualsgerminateandstartto
grow.
However, seedlings of perennialsgenerally die in competition with heavy stands of vigorous annualplants. Death for a
perennial grass seedling has a greatersignificance than for an
annual grass seedling: the perennial grass seedling has not
reproduceditself, so deathbecomes terminal.The seedlingmust
endure throughthe first summerto become perennial.Lacking
this, interspecific competition ceases, unless a continuing
source of perennial plant seeds is available.
Conclusions
Root phenology, though not recognized in the literature,
plays a highly significant part in plant competition. In many
situations it is not possible to understandcompetitiverelationships without root studies. At times, root phenology is evident
from observationsof vegetativephenology, but at othertimes it
is markedlydifferent. Phenologicaldevelopmentof roots may
be classified in the following recognizable stages: (1) germination, (2) initial growth, (3) rapid extension, (4) dormancy,
and (5) death.
Root phenology characteristicsof cheatgrassand medusahead seedlings adapt them to out-compete seedlings of bluebunch wheatgrass. Seeds of annualgrasses germinateearlierin
the fall, under drier and colder conditions than do bluebunch
wheatgrass seeds. Once germinated,roots of the annualsgrow
faster, not only underconditions of favorablefall temperature
and moisture, but at near-freezingsoil temperaturestypical of
winter in this region. The annualsalso are adaptedto increase
numberand length of roots duringwinterso thatby springthey
are in control of the site. The annual grasses exhaust upper
profile availablemoisturesuppliesto depthsbeyondthereachof
developing bluebunch wheatgrassroots. Consequently,bluebunch wheatgrass seedlings succumb to drought, underthese
conditions, before producingseeds. The annualsalso die, but
not before reproduction.If a bluebunchwheatgrassseedling
does survive the summer,its root phenologypatternchangesto
include a period of summer dormancy, which provides a
competitive advantageover annuals. Successful establishment
JOURNAL OF RANGE MANAGEMENT
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of bluebunch wheatgrass requirescontrol of annuals through
recognitionof weaknesses revealedby studyof theirphenologic
responses.
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CHRISTOPHERD. ALLISON, REX D. PIEPER, GARY B.
DONART, AND JOE D. WALLACE
Highlight:Botanicalcompositionof cattledietson fertilizedand
unfertilizedblue gramarangelandwas evaluatedduringdrought
by microhistologicalexamination. Seventy-twopercent of all
speciesavailablewere foundin the diets. Grasscomprised62%of
theyearlydietson the fertilizedpasturecomparedwith73%on the
unfertilizedpasture.Annualforbsmadeup 18%of the dietson the
fertilizedpastureand 8%on the unfertilizedpasture.Therewere
no differencesin perennialforbcompositionof thedietsamongthe
two pastures. Total grass consumptiondid not vary among
seasons, but compositionof individualspecies did. Blue grama
provided the bulk of grass in summer and fall diets with mat
muhly furnishingthe majorityof grassin dietsduringwinterand
spring. Perennialforbswereimportantin winterandspringdiets.
Annualforbsweremajorcomponentsof dietsduringsummerand
fall. Cattle consistentlyexhibiteda greaterpreferencefor fertilized blue grama than for unfertilizedblue grama. Preference
trends for other plants were inconsistentand were influenced
mostly by availability.

data were collected for only one year, they do show the
influence of droughton cattle diets.
Experimental Procedures

The study was conductedon the Fort StantonExperimentalRanch,
in the foothills between SierraBlanca and the CapitanMountainsin
southern Lincoln County, New Mexico. The climate of the area is
generally mild with some extreme weather occurring during the
winter. The mean annualtemperatureis 29?C with a mean maximum
temperatureof 36?C and a mean minimum temperatureof 20?C.
Average annual precipitation for a 79-year period is 35 cm. The
average precipitationfor the growing season of June, July, August,
and Septemberis 23 cm or 65% of the total (Table 1). Rainfallduring
June, July, and August, 1974, was 41% below average.
The study area was divided into two comparable pastures of
bottomland, upland, and hillside sites. One pasture (56 ha) had
received nitrogenfertilizationat a rateof 44 kg/ha in the formof urea
(45% nitrogen)for 7 years (1968 through1974). The otherpasture(61
ha) was not fertilized. This study was confined to bottomlandsites in
Nitrogen fertilizationincreases forage productionin certain both pastures.
The major forage species is blue grama, which is dominantor coareas, including New Mexico (Banner 1969; Schickedanz dominanton both
sites. Sand dropseed(Sporobolus
1970). Little is known, however, about the effect of nitrogen mat muhly (Muhlenbergia richardsonis ) are othercryptandrus)and
importantgrass

fertilizationon diet compositionor preferenceof grazingcattle.
Knowledge of plants preferredby livestock is necessaryfor
the development and implementationof grazing schemes and
range supplementationprograms(Harriset al. 1952; Bohman
and Lesperance 1967). This is a report on the botanical
composition of cattle diets on nitrogen-fertilizedand unfertilized blue grama (Bouteloua gracilis) range at various seasons
and on cattle preferencesfor differentforage species. Although

Table 1. Monthlyand seasonalprecipitation(cm)for FortStanton,1974,
and for 79 years of continuousrecordbetween1895and 1973.
Average for

Departure

79 years

fromnormal

Month

1974

January

2.52

1.45

February
March

+1.07

1.57
0.84

1.24
1.50

+0.33
-0.66

-

1.40
2.26

-1.40
-2.26

0.91
4.57
5.21
8.31

3.21
7.87
6.86
4.70

-2.30
-3.30
-1.65
+3.61

5.13
2.74

1.93
0.66
1.75

+3.20
-0.66
+0.99

31.80

34.83

-3.03

April
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