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Hative grassland is composed of many grass, sedge, and ford
species, each with a different characteristic growth pattern. The
seasonal development of the grassland from beginning of growth in
spring through rapid early-season leaf growth, then stalk development
and flowering, fruiting, and finally drying of leaves and stems and
shedding of mature seed is a matter of common observation., However,
very little is actually known of the behavior of the individual species
and the part that their characteristie growth patterns play in the
development of the oversll growth pattern for the grassland as a whole,
However, a knowledge of the growth pattern of the grassland as a whole
and of the growth patterns of the major individual species that make
up the grassland is essential to planning a sound program of range
management, The stature, vigor, and persistence of the range plants
are often dependent on the time and degree to which they are utilised
by grazing animals. The establishment of proper times and degree of
use of major forage species is one of the fundamental problems of
scientific range management. All too often range management plans are
developed on a rule-of-thumb basis without any essential knowledge of
the growth requirements of the plants concerned.

Actually, very little information is available regarding the
specific growth patterns of the most important species of the mixed
prairie. Very few studies of even the simpler phases of the life
histories of the major forage plants of the type have been made, Jlata
on the actual seasonal progress in height growth of leaves and stalks



of these species seem to be almost entirely lacking. Yet this grass-
land type is the basic resource for the range grasing industry of
western Nerth Dakota,

This study was initiated to secure quantitative data on growth
characteristics of the major species in the mixed grass prairie of
western North Dakota; to determine the extent and range in yearly
variations in growth patterns of the species and of the type as a
whole; to assess the general influence of climate as a cause for
seasonal and yearly variations in growth patterns; and to interpret
the data obtained in terms of their possible application to the
practical grasing management of these grasslands,.
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REVIEW OF LITERATURE

Phenology, the study of periodic events or developmental steps
in an organism, had its beginning as a science in the early or mid
1800's, when it was applied extensively by D, N. Kaigaroff in the
Soviet Union (Schmidt, 1926). Schmidt (1926) states that phenological
studies are of greater importance in predicting events relating to
plant adaptation to a certain area, or to the behavior of animals and
insects. Huberman (194l) reports that Linnaeus first proposed the
recording of epochal happenings in plants in 1751, and that Stillingfelt
in England kept records of the return of birde as early as 1791. The
observations of Linnaeus and Stillingfelt on the appearance of insects
and animals, leafing and blossoming of plants, and thermometer readings
raised the study of phenology to the status of a science.

Stevens (1956) published a nearly 50-year record of phenological
observations on a wide wariety of plant species in sastern NHorth Dakota.
The average flowering dates, together with the range of dates of obser-
vation in different years, are giwen. lie states that individual plants
vary in time of flowering for reasons which usually are not evident,
this being especially true of midsummer plants. He concluded that where
several years' data are available differences of more than three days in
flovering date from a previous calculation, based on a l0-year average,
are seldom evident. This conclusion is in accordance with the view of
Leopold and Jones (1947) who said that the prediction of contemporary
events is possible when flowering or phenological phenomena can be
translated into actual calendar dates and applied to practical situ=
ations.



Observations of flowering dates of plants and correlation of
these dates with bird migrations were reported by lLeopold and Jones
(1947) in a phenological record for Sauk and Dane counties, Wisconsin.
Data taken over the Seyear period 1881-1885 were compared with data
taken for the decade 1935-19i5. Spring events were found to be two
weeks earlier during the decade 1935-1945 than the events recorded
during 1861-1885. Appreciable differences in flowering dates were
observed when comparisons between a cool, dry June and a hot, wet June
were made. In a dry or near-drought condition observed during July,
the duration of the flowering period was shortened. An effort was
made to compile a composite phenological record for the wild plants,
birds, and mammals of the region,

Phenological data concerned with insect contrel hawe been
collected extensively, Morris, et al. (1956) measured the anmal
shoot growth of balsam fir at various latitudes, longitudes, and
elevations in order to correlate these observations with the develop-
ment of the spruce~budeworm larvee. He found initiation of growth and
stage of growth closely related to phase of development of the larva,
making control possible. Fenfound, Hall, and hess (1945) correlated
the flowering dates of woody species of plants in and around reservoirs
in northern Alabama with possible inauguration of mosquito breeding.
These observations were made in relation to malaria control studies.

A S0-year record of flowering dates of plants usually recognized
as field or pasture weeds of North Dakota has been compiled and
published by Stevens (1956). He found that dates of flowering for
numerous plants vary widely from year to year and may be influenced by
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a combination of weather, growth conditions, and opportunity for obser-
vation.

Numerous phemological observations of woody species have been
made in the United States in recent years. FPhenological responses of
19 native tree species in northeastern Minnesota were recorded for
five years by Anlgren (1957). The responses cbserved were bud swell,
leafing, flowering, pollination, seed fall, leaf-color change, leaf
fall, and stem expansion. In the species studied, no cbvious corre-
lation appeared between current temperature lewels and the beginning
of either flowering or leafing. Dates of some phenological responses
varied as much as one month from one yesr to the next.

Herman (1956) studied a pinyon-juniper woodland neer Walmut
Canyon, 10 miles southeast of Flagstaff, Arisona, at an elevation of
6,500 fest. Elongation of branches was studied for two years with
neasurements taken at intervals of one to two weeks. A close corre-
lation between rainfall and growth was observed. Hate of elongation
increased as temperature increased (from 60° F) until the moisture was
depleted. Toward the end of the season growth became negligible when-
over the temperature fell below 50° F, even though sufficient moisture
was available.

Keinhols (19k1) studied the seasomal course of height growth in
hardwoods in Comnecticut, Growth in height of trees starte in early
spring, reaches a pesk, and then falls off, ceasing in midsummer wihile
the days are still long. Baldwin (1931) studied the period of height
growth in some nortasastern conifers under warious conditions. ledght
growth is important in tree seedlinge as it may determine whether or



not the seedling can survive and outstrip competitors of the same or
other species. The times of begimning and ending of growth may also
be significant in the cholce of seed of local races for plamting in a
different region. Fully 90 per cemt of the growth took place during
a period of about six weeks. Urowth was slow at firet, then rose to a
maximum, and sank again rapidly.

Mo¥illan and Pagel (1958) studied 12 distinet clones of
Symphoricarpus ogeidentalds mear Lincoln, Nebraska. Stems rom each
clone were transplanted to & Lincoln garden, and both the plants in
the garden and plants growing under native conditions were observed.
Appearance of flower buds, conditions of leaf buds, and development of
frult were recorded. It was shown that ocertain clones were character-
istically early in their behavior patterns and others were late. The
site variable was less important than genetiec differences in determining
the phenological wariation during any one year.

Ureenhouse studies to determine variations within populations of
the same species have been carried out. MeWillan (1956b) compared five
grassland commnity sites over a broad habitat gradient in Nebraska and
& sixth in Iowa. Clones of several species of tall grasses were removed
from each of the sites and transplanted both imto a uniform garden and
into the greenhouse under controlled light periods at Limcoln, Nebraska.
All eastern clones showed a distinet numwber of hours required for
flowering, while the western clones were somswhat less specific.
Generally one to two hours leseway was comwon. The eastern species
began growth early and flowered late. The western clomes were the
latest to begin growth in the spring but the earlisst to flower.



The importance of light as affecting the growth and development
of a plant, especially of the flower, has been demonstrated by Garner
(1933). Other investigations of the influence of daylength on growth
and flowering were carried out by Hoberts and Struskmeyer (1939),
Allard (1942), Svans and Wilsie (1946), Call (1947), and Hiesey (1953).

Olastead (1944) studied photoperiodic responses in 12 geographic
strains of side-cats grama origimating over a latitudinal range of
approximately 17 degrees from San Antonio, Texas, to Cannomball, North
Dakota. Plants were subjected to (hicago natural daylight and to 9=,
13«, 16«, and 20-hour photoperiods. Southern strains all flowered on
short photoperiods and northern species on long photoperieds, indicating
that plants grown in certain areas camnot satisfactorily be transplanted
to regions removed from their peints of origin,

Larsen (1947) tested the sensitivity of little bluestem to
photoperied. Flants obtained from northern states were transplanted to
the south and southern plants to the north under artificisl daylight.
The northera strains again clearly were long-day plants and the southern
species short-day plants., Urowth and development was hampered whersver
light conditions different from the originating area wers approached.
Cormelius (1947) cautions againet use of little bluestem seed for
revegetation purposes obtained from different sources representing
different ecotypes. Adaptation and growth of these plants would
probably end in failure if the plants were transplanted far enough
distant from their native origin,

The phenology and development of native grasslands hes been
studied by seweral inwestigators., Orowth and floral development of



five tall grass specles in central Oklahoma were investigated by Rice
(1950) during the growing season of 1948, Plots on a ridge-top, south~
ecast slope, and northwest slope were fenced and culms collected from
cach plot each week to determine if inflorescences had formed. All
species started growth within a week, little blustem (Andropogon
scoparius) and side-osts grama (boutelous curtineduls) being the
earliest. Comsiderable variation in floral initiation and maturity
existed between the different species and slope exposures,

Ahshapanek (1962) reports information on the life activities of
important and characteristic species of a native tall grass prairie in
central Oklahoma. Data on phenology and aspeetation were collected for
approximately one year. Various vegetative and reproductive stages of
15 characteristic grassland species were depicted monthly on & pheno-
logical chart. A correlation existed between the phenological
activities of the plants and temperature and precipitation. The
leyear period was divided into four distinct periods--the hismal
season, characteriszed by the initiastion of new growth by seeds or
perennating structures; the vernal season, characterised by pronounced
vegetative growth; the aestival period having the greatest nuwber of
flowering species; and the autumnal period, marked by meximum vege-
tative development, anthesis, formation of fruits and seeds, and die~
semination for the major species.

Sampson (1918) pointed out that climate is one of the most
important envirommental factors affecting plant growth and development.
He carried out one of the earlier inwestigations of the influence of
clinate upon range vegetation in the vicinity of the Great Basin Forest



and Range Experiment Station, located in the Wasatch Mountains in
central Utah, Here, three distinet plant assocliations, going from
foothills to the highest elevations (6,500-11,000), were studied.
“san annual temperature decreased gradually from the lowest to the
highest wegetation, with a gradual decrease in tie length of the period
of growth with increase in elevation. Evaporation was highest at the
lower elevations and precipitation highest in the middle some, Vind
movement was 1l per cent greater in the uppermost type than in the
lowest type. Correlation was found between leaf length, total dry
weight, and total evaporation., The high evaporation some produced the
shortest leaves and least dry matter per unit area. Stem elongation
was greatest in the lowest type and least in the highest type, indi-
cating that temperature was more important in control of this factor
than was evaporation.

Lindsay and Newsan (1956) used official weather data in a
springtime temperature analysis of an Indiana phenological record.
Fifty-one species, ineluding both woody and herbaceous plants, were
observed and for each year departures from normals in flowering date,
daily mean temperature, and spring precipitation were compared. The
temperature data correlated strikingly with flowering data, indicating
a sufficiently close correlation existing between the official
meteorological records and temperatures actually influencing the plant
for such records to be scologically useful when interpreted by a
suitable method.

Rogler and Haas (1947) studied the relatiomship between range
production, soil moisture, and precipitation on the Northern Ureat
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Plains. Highly significant correlations were found between the amount
of fall soil moisture in the surface 3 feet and surface 6 feet and
native forage production in the following season. When soil moisture
was above or below average, forage showed a positive relationship of
being above or below average.

The effects of climate and grasing practices on shortgrass
prairie wegetation was inwestigated in southern Alberta and south-
western Saskatchewan by Clark, Tisdale, and Skoglund (1943). Studies
of the relation of climate to plant growth rewealed that soil moisture
is the principal limiting factor, with alr and soil temperasture being
of prime importance for only a short interval in the spring. The
vegetation nomally completes its seasonal development prior to the
beginning of the regular midswmmer drought., A rather close relation-
ship between the seasonal ratio of precipitation to ewaporation and
annual forage ylelds was found. Droughts generally reduced the basal
area of all dominant grasses with the exception of Poa segunda.

Costello and Price (1939) studied the growth and development of
the prineipal forage plants at different altitudinal sones at Hphraim
Canyon, Utah, Mean temperature and precipitation varied widely over a
relatively short distance going from lower to a higher elewvation.
This is an important fector in plant dewelopment and subsequent grasing
pragtices which are based on time and rete of plant development. They
coneluded that a knowledge of the plant's date of mature height,
flowering, and range readiness is indispensable to proper range manage-
ment practices. Data gethered from the investigation could be used in
determining the time when the various altitudinal sones are ready for
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grasing under normal conditioms, Variations in time when grasses start
sctive growth in the spring varies as much as IS days from year 5o year
and must be considered when applying range management practices.

Budd and Campbell (1959) studied the locsl grassland flore near
the Swift Current Experiment Station, Saskatchewan, along a 2-mlle
transect. Weekly records were maintained of all species for dates of
first flowering, length of flowering season, and dates of latest bloom,
Native plants were found to bloom over a period of 135-140 days and
most species will bloom at or near the sane date svery year and for a
period of from 20-40 days. They conmcluded that the date of range
readiness in any year can be forecast by observing the date at whiech
the crocus anemone (Angmone patens) blooms, and then protecting the
range for an additional seven weeks or until Wood's rose commsnces
flowering.

Blaisdell (1958) studied the seasonal development and yield of
native plants on the Upper Smake River Flains near Dubois, Idaho, in
relstion to climatic factors, especilally precipitstion and temperature.
Vegetation was composed of roughly 50 per cent shrudbs and 25 per cent
each of grasses and forbs. The most abundant species were Artemisia
tripartita, Agropyron splostum, and Salsamornisa sagittata. FPhasie
development was gensrally early in forbs, intermediate in grasses, and
late in shrubs; however, development of individual species within a
particular group was wriable, Differences between spscies were
greatest among the shrubs and least among the graesses. In general,
height growth of both grasses and forbs followed the sigmoid pattern,
being relatively slow at the beginning and end of the season and rapid



during the intermediate period. Orowth rates of grass and flower
stalks were similar, but lesaves of forbs grew proportionately faster
than leaves of grass.

Blaisdell used correlation analysis to relate plant development
and yleld %o climatic factors. In general, early phasic development
of grasses and forbs was associated with high temperatures, low precipi-
tation, and clear skies. Conversely, late development was associated
with low temperatures, high precipitation, and cloudy skies. There was
no apparent relation between phasic development and wind, With the
exception of Balsamorhizs flower stalks, height was positively corre-
lated with precipitation, especially that of the March-May period.
Correlations of height with mean temperature of the growing season were
negative.

Shert and Woolfolk (1956) employed plant vigor as a criterion of
range condition., Bluestem wheatgrass (Agropyron smituii) plants
growing within and outside of pricklypear clumps were studied on ranges
in poor and good condition for a period of three years at Miles City,
liontana, Data gathered during the study period indicate that plant
vigor, as expressed by bluesten wheatgrass heights, varied with range
condition with protection afforded by pricklypear and with yearly
precipitation. They stated that vigor can be easily determined on the
lorthern Oreat Plains ranges simply by utilizing the natural protection
provided by plains pricklypear and comparing unprotected and protected
plante. The wide fluctuations of weather from above normal precipi-
tation to severe drought did not alter the established height between
unprotected and protected plants., These findings demonstrate the
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soundness of the vigor concept and show how it can be used at almest
any time durding the year on Northern Ureat Plains ranges to indicate

current range condition. Primarily, the study established the useful-
aess of vigor, as reflected by plant height, as a eriterion for the

appraisal or estimation of range conditions.

Evanko and Peterson (1955) made a study in the comparisons of
protected and unprotected grased mountaln rangelands in southwestern
Hontana., They found a wegetational change associated with heavy
grasing and that apparent plant vigor was associated closely with
varying degrees of grasing. Estimation by observation and actual
measurements of plants, by way of comparison of these sites rather than
cover estimstion, was suggested for range condition estimation. The
data indicate an appreciable difference in leaf height and flowering
stalk maximum heights attained.

Bredemeier (1958) studied thoroughly the phenological develop-
ment of a number of range grasses throughout an entire year at North
Platte, Nebraska, Range species were measured at weekly interwals in
1955 and 1956, Measurements also were made throughout the winter but
at irregular intervals as weather permitted., Total elongation,
residual length, and green length were recorded.

The most important grasses in the study were western wheatgrass
(Agropyron smithii), side-oats grana (Boutelous gurtipendula), little
bluestem (Andropogon seoperius), needle-snd-thread (Stipa gomata), and
prairie sandreed (Calamovilfa longifolia). It was concluded from this
study that western wheatgrass and needle-snd~thread, which start new
growth in the fall, are in a state of pseudodormancy through the winter,
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The time of begimning of the grand period of growth is essentially the
same for five phenologically different but major grasses on the site.
Little bluestem had the longest grand period of growth, which was three
months,

Maximum elongation was attained by all five species at
essentially the same time, the end of August in 1956, Differences in
the time and amount of precipitation im 1955 and 1956 had little
influence on the grand period of growth. The major percentage of
forage was produced in essentially the same relatively short period of
40 to 50 days in both years,

Summary

A review of the literature pertinent to this study reweals that
there has been very little close study of growth of the Northern Great
Plains grassland species under natural conditions., Most studies have
been primarily concerned with plant flowering and the use of this
knowledge in correlations with happenings related to wildlife or insect
activities. Climatic factors have been studied in relation to plant
growth and development in some more recent investigations, which had
as thelr primary objectiwes the correlation of plant growth with
preeipitation and temperature.

Studies concernsd with phenological development of the native
range species and their subsequent application %0 range management
problems have been begun more recently. Data have been published from
only a few such studies., These studies attempt to characterisze the
growth and development of the native grasses and forbs so that this
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information may be of valus to the range manager in determining
grasing walues of forage species and times of grasing. The use of
plant heights as a measure of plant vigor on the range has been sug-
gested by sewveral investigators, but only a very few actual studies of
range plant growth as measured by leaf and stalk heights have been
made.
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THE STUDY AREA

Location and Soils

This study was conducted on a plece of native mixed-grass range,
approximately 4O acres in sise, located om the Dickinson Ixperiment
Station near the city of Dickinson in southwestern North Dakota, The
study area is situated on a gentls, west-facing slope at an elevation
of approximately 2,500 feet above sea level. An intricate soil pattern
is developed throughout the area as a result of erosional forces which
have exposed stratified sands, silts, and occasionally clays. The soil
in the study-area ic classified as Vebar-lforton, with a topsoil too
sandy for Morton and a subsoil too silty for a typical Vebar series.
The Bainville series, thin phase, is represented on the tops of two
small hills on the area. The solls of the area, with the exception of
these two broken slopes, is deep, light-textured, and moderately
permeable., The horison is a dark-brown to gray-brown sandy loam with
fine-crumb to single-grain structure. The B horison is brown to gray-
brown, friable sandy loam with weak prismatic structure. Generally, a
prominent Co, horison extends from the 30- to GO-inch lewsl.

The Morton and Vebar series and the Morton-Vebar combinations
are rather common in southwestern North Dakota. The more level areas
are often cultivated, while the steep slopes are primarily used for
pasture. On the relatively gentle slopes below the native-grass study
are contoured fields on which alternate erops of small grain and corn
are grown. late in the fall, after the crops have been harvested,
cattle are allowed to grasze over the entire area of both cropland and
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rangeland., During this period the native grass commonly receives
rather heavy utiliszation. The grassland vegetation has received this
heavy late~fall grasing use for the past 10 years.

Two small exclosures have been fenced out of the native grass
area. One of these exclosures has been fenced since 1958 and one was
fenced in the fall of 1961, Data on growth and development of major
grass and ford species were taken from both these exclosures, as well
as from the general area outside the exclosures, during the course of

the study.

Climatic Conditions

The Northern Ureat Plains region, in general, is characterised
as having a semi-arid climate with long, cold winters and short, hot
summers. The 7O-year weather records at the Dickinson dxperiment
Station show an average precipitation of 15.50 inches, of which 9,08
inches is receiwved from April through July., Two seasons of near
drought conditions were experienced during the 8-year study period.
The 1956 season was dry to the end of June before any appreciable
amount of precipitation was received, and the 1961 season remained dry
throughout the summer until September, when 3.05 inches of precipi-
tation was received (Table 1), Associated with the low rainfall during
these years were high maximum swsmer temperatures (Table 2) which
resulted in a high rate of evaporation, causing additional stress to
the plants.

A large variation existed in amounts of precipitation received
and in seasonal distribution of precipitation during the eight years



TASLE 1., PRECIPITATION AT THE DICKINSON EXPEXIMENT STATION DURING THE PERIOD 1955-1962 COMPARED WITH THE
TO-IEAR AVERACE FOR THE AREA

Year Jan. Feb., March dpril Hay June July Aug. Sept. Oct., lov. Dec. Anmual July

1955 0.29 0.70 0.15 190 2.5 LJ70 1.08 o080 1.53 0.18 0.72 0.13 k.65 10.1h

1956 O.kh 0.12 0.57 0.22 2.9 1.17 3.00 2.55 0.76 tﬁ 0.50 0.03 12.70 7.30

:g 051 0.21 0,32 2.59 2.10 661 3.6 1.9 1.9 0.88 0.6 22,15 14,76
.13 1,00 0.6 0.57 045 3.26 3.86 0,57 0,06 0.6 1.35 0.1 12.18 8.1,

1959 0.2 o0.85 011 0,16 1.9 3,08 0,97 054 LSk 0.33 0,52 0.8 1345 6.15

1960 0.13 0.12 0,58 0.35 2.23 3.06 058 2,16 o0 0,02 0,72 0.1h 10.23 6.22

1961 0.06 0.59 0.50 1.89 1.h4 2.82 166 1.8 3056 o1 T %.11 13.9 7.51

1962 0,3k 0,15 0.99 1.1! 6.18 2,07 2.9 1.19 0.82* %368 121

B-year

Ave. _

1962 0.26 047 0.42 1.0 2,46 3,35 2.20 1.37 1.6 052 0.718 0.12 15.08 9.10

T0=-year

Ave,

1961 Ok 03 0.75 1.25 2.19 3.8 2,36 1.79 1l.22 0.85 054 040 15.50 9.08
85 25-day record.

ST



mz.“:mnn-. AINIMUM, AND MEAN ¥ONTHLY TEMPERATURES AT THE ODICKINSON EXPERIMENT STATION,
1955-1

“ean

oF oy oy ofF oF oy oF oF oF b 4 oF oF
1955 27.6 3.9 1.8 20.7 0.8 10,0 3.6 10.1 22,4 60.1 2.9 bS5
1957 Tkt 3.6 26.6 3.0 k8 393 7.2 28,3 9.0 27.2 381
36.5 n.y 2.2 27.3 3.8 .6 R 15.2 23.7 3.5
1960 22.h =l.3 10.6 240 .8 1hh  30.9 7.9 19.h 5h.6 28.9 .8
1961  28.7 7.5 181 35.7 n.2 23.5 5.0 22,9 340 93 2h.7 37.0

1962 21.6 9.5 L.l .2 2.1 13.6 33.2 0.6 21.9 56.8 29.6 3.3
Ave. 2.9 5. 12,6 25.5 9.0 165 3.2 1S.1 261 533 2.6

N
\

;
g
£
g
£

6T



1960 66,9 38.6 528 725 A9 6.2 87.9 55.0 68.3
196 651 9.9 52.5 8,5 520 68.3 Bhh  55.7 89.1 55.9 725
1962 61,7 k2.1 519 7h9 50.6 628 TI.7 53.2 83.6 53.9 68.7
ive. 667 W06 S3.7 760 K98 62,9 829 537 8.2 53.8 69.6

- 53.1 61.4 69.8 67.1

02



oy oy

W2 5.5

5.3 20.5

§1.6 21.3

40.5 17.8

W.8 55.0 12.0
1960 2.3 15.0 -
1961 63.5 38.9 51.2 57.9 29.9 3.9 k2.5 16.2 29.h 2k.h 10.1
1962 65,64 1.2 G5h.98 '
Ave. 0.1 M1 556 S9.1 301 M7 37.6 153 265 29.8 18.6
_ 56,4 k.8 27.9 17.5

T2
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of the study. The amount of precipitation received during the actiwe
growth period (AprileJuly) varied from a high of 14,76 inches in 1957
to a low of 6,15 inches during the 1959 growing season. Abundant
precipitation during the April-July period was received during the
years 1955, 1957, and 1962,

Variations in mean monthly temperatures were equally grest
during the Seyear period. The 1955 season was characterised by higher
than average early spring temperatures, and the 1962 season remained
relatiwly cool throughout the growing season. Average maximum
temperatures during April ranged from 49.0° during 1957 to 60.1° in
1955. The 1956 and 1961 seasons indicate high aversge maximun temper-
atures of 83.6° and 84.5°, respsctively, during the month of June.
The average temperatures during Juns for these two years were 6§,2°
and 68.3°%, considerably abowe the TO-year average of 61.4°, The
fluctuations in the temperatures are apprecisble and show wide vari-
ations, which are of significance in the growth and dewelopment of
plants,

The native range vegetation of the Northern Ureat Plains is
classified by Weever and Clements (1938) as "mixed prairie”. Although
the vegetation of the mixed prairie is highly variable, a few prineipal
species maintain their dominance throughout the range of the type.
This association owes its name to the fact that both mid grasses, snort
grasses, and sedges ocowr in mixture throughout the climax. On the
study area, the two most common mid grasses were western wheatgrass
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(Agropyron smithii) and needle-and-thread (Stips comsta). One other
mid grass, plains reedgrass (Calamagrostis montanensis), oceurs
frequently.

Blue grama (Bouteloua gracilis) was the abundant short grass
throughout the study area. Needleleaf sedge (Carex eleocharis) was
not nesrly as abundant as blue grama, but it wes nearly as well
dispersed, Pemnsylvania sedge (Carex pennsylvanica) is present but
occurs infrequently and was not considered an important species in
this study. Three species of bunch growth habit--Sandberg bluegrass
(Poa secunda), prairie Junegrass (Kosleria gristata), and tareadleaf
sedge (Carex filifolia)--are of limited importance in the immediate
study area, but are of considerable importance turoughout the type.

Other bunchgrass species of minor importance in this mixed
prairie study area are big needlegrass (Stipa spartes), red tureeawn
(Artstids longiseta), stonyhills manly (Muhlenbergia cuspidata), and
little bluestem (Andropogon scoparius). Two sod-forming tall gresses
also are represented in this grassland type but are of minor importance.
These are big bluestem (Andropogon gerardi) and plains sandreed
(Calamovilfa longifolia). Approximately 95 species of forbs, composed
mainly of pereanials, were identified in this grassland type.
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Plant heights were determined by measuring leaves and stems of
an average of 10 plants of each species to the nearest 1 cm at approxi-
mate 7~ %o lO-day intervals during the growing sesson. In all years of
the study, measurements were begun by early May and cerried through
until late August or early September of each season. The interval of
ssasurement was more regular after mid-May and during the months of
June, July, and August than it was early in the season.

For species in which the leaves and stalks were distinetly
separate, leaf heights were measured from ground level to the tips of
the extended leaves. In the case of single-stalked species, such as
western wheatgrass and plains reedgrass where the leaves are attached
%o a culm, height measurements were made by extending the leaves
upward in a vertical position and measuring from ground level to the
apex of the uppermost leaf. The fruiting stalk measurements were begun
immediately following evidence of thickening of culms, and stalk heights
were measured from ground level to the tip of the stalk or to the tip of
the inflorescence after it had developed.

In addition to leaf-height and fruiting-stalk measurements,
records of all phenological phenomena of the grass and sedge species
were recorded. Included for each species were date of fruiting-stalk
initiation, anthesis, seed development, seed maturity, earliest
observed date of seed shedding, and estimation of percentage of leaf
dry in relation to total leaf area. This was carried out in detail for
eight growing seasons on the native grass study area, For the forbs, only
height measurements and dates of flowering were recorded.
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A study of yield increase in grasses in relation to the advance
of seasonal growth was made. Two of the more important grasses of this
rangs type were studied--western wheatgrass and blue grama gress. The
study was made inside an exclosure situsted in the study area. This
exclosure was constructed in 1958 and the vegetation protected from
graging for fiwe years. Three l-square~foot plots located in
relatively pure stands of each of the two species were clipped at
ground level at 15-day intervals beginning in May and continuing until
the end of August. Ocoasional later clippings were made up to Sep-
tember 15, The plants inside the square-foot plots were measured for
leaf height and fruiting-stalk height before clipping. Separations of
the species of grasses and forbs found within the square-foot plots
were made while olipping. The yields were placed in separate paper
bags, oven dried and weighed, Stalk counts were made in the western
wheatgrass plots, and the results were reported on the basis of grams
dry weight per 100 stalks. The blue grama grass yields were reported
on the basis of grems per square~foot area of grass.

An exclosure fenced in 1961 was incorporated into the growth
study in the spring of 1962, Heasurements of the major grasses and
sedges were made in this exclosure for comparison with the fallegrased
study area and the S-year protected axclosure. Leaf growth and
fruiting-stalk growth data for western wheatgrass, blue grama grass,
needleleaf sedge, and needle~and-thread were compared from these three
treatments,

Common and scientific plant names used in the text follow
Stevens (1950), except where no common names were given. In these



cases, common names from Kelsey and Dayton (1942) were used.
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RESULT3

Jeneral Orowth Patterns of Crasses

The 8-year average individual leaf heights at approximate 7- to
10=day intervals throughout the growing season of the 13 species of
perennial grasses and the two sedges studied are given in Tabls 3.
Data on stalk heights are given in Table L. Soms adjustments have been
nade in order to eliminate irregularities in average heights attained
by the grasses and sedges. The actual measurements taken each season
for all species are given in Appendix Tables 1 through 15,

Irregularities in average heights for a given species at a
certain date arise from the fact that the growth pattern for a grass,
although similar in general from year to year, does show substantial
differences in actual heights and time at which maximum heights are
attained., As a result of this natural wariation, an Beyear average
height for a given date may be either more or less than the awerage
height for the next subsequent date. The adjusted table inwlves small
changes to smooth the curves of growth for the grasses and sedges in
order to clarify the general pictwre of growth for each species.

In Tables 5 and 6, the average O-year leaf and stalk heights at
each date hawe been conwverted to a percentage-of-growth-attained
figure, based on the average maximum leaf and stalk heights of the
species. The tables siow the average percentage of growth attained by
each specles at approximate 7- to lO-day intervals throughout the
season, \
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TABLE 3., ADJUSTED B-YEAR AVERAGE LEAFP HEICHTS IN om OF GRASSES AND SEDGES AT APPROXIMATE 7« 70 10-DAY INTERVALS DURING THE GROWING SEASON (1955-1962)
-~ —— - —— — - — ===3
Maximum
April June Ju A % Average
T e T T T ® T T ® T T T T T m. ()
2.0 L0 6.0 6.7 7.5 10,3 12.8 15.9 16.3 18.7 19.0 19.2 20.6 22.0 22.0 22.0 22.1 2.2 23.8 23%.8
85 L0 L2 L6 5.0 7.0 Bk 12.3 13.0 15.3 162 17.0 18.6 20.2 20.9 20.9
1.0 1.5 2.0 2.0 2 3.6 L8 5 73 T 74 B 8.8 94 9.8 104 10,5 10.7 10.7
15 25 3.0 5.2 6.0 6.8 7.0 8.7 8.8 9.1 9L 9.5 97 9.7 9.8 9.8
1.5 z'.o z.o 5.5 6.3 7.0 8.2 8.9 10,1 10,3 10,4 10.4 10.6 10.6
2.0 0 LO L9 5.9 6.2 8.0 8.8 8.8
160 LS S6 6.7 6.8 6.8 8.8 10,0 103 10,5 10.6 10.8 10.9 11.5 11.7 12.0 12,1 12.2 12.3 12.3
LeO 7.0 B.7 10,0 12,0 13.5 16.0 20.3 22.3 22.3 25.6 32.0 34.0 3.0
1.0 8.5 9.8 11.0 11.8 12,8 1he3 15.3 16.3 18.0 18.5 19.0 19.6 19.8 19.9 20,0 20.2 20.5 20.9 20.9
LeO L0 Le2 51 6,0 20,0 11.0 12.6 12.8 147 19 15.2 15.3 15.3
3.0 T7e3 9.0 17.5 20.3 25.0 304 3.9 39.0 LO0.O0 42.0 42.5 L2.8 LL.O Lh.sS Ll .5
3,0 7¢3 T3 11.0 1. 157 16.5 18.0 18.h 18.6 19.3 £0.0 20.6 20.6
165 15 25 Le9 LoD 8.5 9.0 948 11.5 13,0 13.2 132 13,9 15,0 15.5 16,0 16.3 164k 16.5 16.5
5.0 6. 7.2 845 9.7 11.0 138 15.5 15.6 15.8 15.8

2.5 3.1 L0 Le8 5.0 9.5 104 1.0 11.5 15.0 19.5 23.3 25.3 26.3 30.0 30.0




TABIE L. ADJUSTED 8~YEAR AVERACE STALK HEIGHTS IN om OF GRASSES AND SEDOGES AT APPROXIMATE 7~ TO 10-DAY INTERVALS DURING THE CROWING SEASON (1955-1962)

——— ——— = — e — —
Maxd mum
Species Average "e
T T f"'ﬁtr-r ¥ ?tr'\-—-r—%'—r——a--rf *E’r-wm.(..
Western wheatgrass - - ‘ 23.9 32.0 L0 L2.2 L3k LkeO Lbe5 LLe9 bl =
Nee dle~and~thread 17.7 19,0 25.1 30.4 36,6 3B.2 428 U5.1 45.1
Blue greama : : 16,0 16,0 1645 17.0 18.8 21.0 2.0 2%.5 235 §
Needle leaf “’ Bou 6o9 007 Q.3 ‘001 10.6 1.3 11.3 11.7 12.0 12.3 2.
Sandberg bluegress : uuo 15.4 16,8 2.0 22.7 25.8 25.8
Prairie Junegrass - 10.0 11.5 W0 15.0 20.8 21.9 27.1 - 271
Green needlegrass 25,7 26,0 28.5 37.4 U5.0 56.5 56.5
Prairie sandreed 60,0 @@y 6Ue7 7040 T75.0 773 79.0 79.9 799
Iig bluestem 150 15.0 29.7 359 L2.1 h" o7 %00 &‘05 ﬂI.O 67.0
Stonyhills muhly » ' ‘13.0 17.1 18.8 20.2 21.7 22.0 22.0 @23.1 23%.1
Red threeawn : 16,0 20.0 21.0 21.5 22.0 22.8 22.8 23.0 2340
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TABIE 5. AINUSTED LEAF GROWIH AS MEASURED BY PERCENTAGE OF MAXIMUM IEAF HEIOGHT AT APPROXIMATE 7- TO 10~DAY INTERVALS DURING THE 1955-1962 PERIOD |
—
Specie “ |
pecies June A A &
L T TN E T T R W T T w T T BT w m ()
1 .
Western wheatgrass 8 17 25 e 32 L3 S & 6 79 60 & & ¢ % % 9 9 10 25.8 |
Needle ~and ~thread NR . ® B K B . 9 B8 ' W AN W 20.9
Blue grama L SRR TREE . AW SN SRR NN PR AR RR R RS B R R Ag BERR 10.7
Needle leaf sedge :z[ 26 RN 535 61 & 71 O 9 93 9% 97 9 10 9.8 |
leaf sedge ( 28 28 5 5 6 78 8, 9 97 9% 98 100 106 |
~ Sendberg bluegrass 8 b M % & N 9NN W 8.8
Prairie Junegrass a’ 3 L6 S 55 55 72 81 64 85 86 B8 89 93 95 98 98 99 100 12.3 |
Green needle grass m 1 B 33 LO Ly 60 66 66 95 o4 100 3440
Plains reedgrass (SRR O T O SR GRRE  WERH S A, NS B B M R BT O RR OB N AEe 20.9
Little bluestem | 26 26 20 3, 1w 65 72 @8 @84 9% 9% 9 100 15.3
Prairie sandreed 7 1% 22 39 L6 5 68 76 8 9 o 95 96 9 100 I
Big bluestem | 15 35 3% 52 S & ® B »® % % 9 1w 20.6 |
Stonyhills muhly J 9 9 M 3 3 = % 60 70 79 60 8 68 9N S 9O H» B 110 16.5 |
Red threeawn K 2 » L& 5 & 70 87 8 9 W 15.8 |
Big needlegrass S 13 SO AN REES SYa 38 S50 65 78 84 8 100 300 |
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TABIE 6. ADJUSTED STALK GROWTH AS MEASURED BY PERCENTACE OF MAXIMUM STALK HEIGHT AT APPROXIMATE T« T0 10=DAY INTERVALS DURING THE 1955-1962 PERIOD

laxinn
Species

T“T—A‘B—T"‘WT T.ﬁiWT“‘T“%T‘“T—'TBLTTT"f e e M, ()

Western '.I"n. 53¢ 71.3 90.9 93.9 “07 97 .9 99.1 100.0 Mu9
Needle -and ~thread 39.2 L2.1 55.7 67.4 81.2 847 9L.2 100.0 L45.1
Blue grama 68.1 68.1 70.2 72.3 B80.0 89 93.6 100.0 23.5
Needleleaf sedge iy LOB 55.8 T0.7 75.6 82.1 86.3 91.9 91.9 95.1 97.3 100.0 12.3
Threadleaf sedge 17 27.8 L5.1 61.1 81.3 81.9 8L.9 90.3 93.1 100.0 ey
Prairie Junegrass 369 L2y 51.7 S5. 76.8 80.8 100.0 27.
Green needlegrass LS.Lh L6.O 505 66.2 79.6 100.0 56.5
Plains reedgrass 63.7 89.8 9L.9 100.0 25.6
Little bluestem U465 U193 193 9.5 9.9 73.2 80.5 87.9 100.0 36.5
Prairie sandreed 751 78.1 81.0 ‘706 9’.9 96.8 98.9 100.0 79.9
Big bluestem 2. 2Ry L3 53.6 @9 T71.2 836 96.3 100.0 67.0
Stonyhills muhly 563 TheO Bluly 87.h 93.9 95.2 95.2 100.0 23.1

Big needle grass L7 LS L6.O 56.5 82,5 87.8 100.0 L9.2
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The data indicate that the growth patterns of the species
fall into four distinot groups. The two sedges, needleleaf sedge and
threadleaf sedge, and Sandberg bluegrass form & group of very early
growing cool-season species. These specles generally have completed
their growth cycles by late May or early June (Tables S and 6 and
Figure 1), Sandberg bluegrass appears to grow the most rapidly,
attaining an average of 23 per cent of ite mature leafl height during
early April (Table 5) and 5L.3 per cent of its stalk height by mid-
May. The sedges studied are slightly later, generally having attained
only about 15 per cent of their average leaf height by early April, at
which time Sandberg bluegrass attains about 23 per cent of its mature
leal height. Yost of the overall growth of Sandberg bluegrass is
completed by May 15 and the sedges complete their growth by aboud
June 8, over 20 days later.

The second group contains the grasses which reach maximum height
later than the early growing cool-season zroup, but before midsummer
when the shortgrass, blue grama, is reaching its maximum height. The
species in this group begin growth early, but growth progresses more
slowly than in the first group (Figure 1), Included in this group are
NMMWM\M.WW.M
Junegrass, green needlegress, plains reedgrass, and big needlegrass.
These species begin growth during early April and attain maximum mature
height by early July (Tables 3 and 4). By May 1 the species of group 2
have attained on the average about 36 per cent of their leaf growth,
while the species of group L have attained over 60 per cemt of their
growth (Figure 1), By June 1 the group 2 species have made over
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Figure 1, Eight-year average per cent of leaf growth attained at dates indicated for four groups of
grass and sedge species, Group l--needleleaf sedge, threadleaf sedge, and Sandberg bluegrass;
Group 2--western wheatgrass, needle-and-thread, prairie Junegrass, green needlegrass, plains reed-
grass, and big needlegrass: Group 3--blue grama: Group L--little bluestem, prairie sandreed, big eg
bluestem, stonyhills muhly, and red threeawn.
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70 per cent of their leaf growth, but group 1 species have attained
97 per cent of their growth. Oroup 2 species did not reach 97 per
cent of their leaf growth until after July 1.

Orowth of blue grama grass, the only warm-season shortgrass on
the area, is shown by itself on Figure 1. This species shows an
appreciably later growth than is shown by the species of groups 1 and
2, Blue grama has made about 19 per cent of its growth by May 1, in
contrast to an average of 3€ per cent for group 2 and over (0 per cent
for group 1. This species achieved about 97 per cent of its leafl
growth by July 15, 15 days later than group 2 for the same degree of
leaf growth and 45 days later than the species of group 1.

The late~growing warm season grasses--little bluestem, big
blusstem, prairie sandreed, red threeawn, and stonyhills muhlye-
constitute group L. Hed threeawn is somewhat earliesr than the other
species in this group, bubt its gensral growth behavior is siwilar
enough to that of the other speciss to warrant inclusion in this
section. The species of group L begin leaf growth later than the
species in the other groups and sttain their maximum mature height
later. The group has made only 5 per cent of its mature growth by
May 1, 28 per ocent by May 15, L7 per cent by June 1, and 70 per cent
by June 15. Mature leaf height is reached approximately by July 25--
56 days after group 1, 25 days after group 2, and 10 days after the
leaves of blue grama attain their maximum growth (Figure 1).

Stalk height, expressed as a percentage of growth at a given
time, follows closely the leaf growth pattern of the gresses and the
sedges as indicated in Figure 2. The species in group 1 show the most
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Figure 2. Eight-year average per cent of stalk growth attained at dates indicated for four groups of
grass and sedge species, Group l--needleleaf sedge, threadleaf sedge, and Sandberg bluegrass;
Group 2--western wheatgrass, needle-and-thread, prairie Junegrass, green needlegrass, plains reed- W
grass, and big needlegrass; Group 3--blue grama; Group L--littles bluestem, prairie sandreed big “a
bluestem, stonyhills muhly, and red threeawn.
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rapid stalk growth by a considerable degree, attaining maximum stalk
height by approximately June 22. The species in group 2 attain their
naximum mature height by July 12, about 20 days after group 1. Blue
grama grass was treated separately, since it was the only warm-season
shortgrass and had a growth pattern different from that of the other
warn-geason grasses studied. This species attained mature stalk
height by August 1, about 38 days after group 1 and 19 days after
group 2,

The species in group L were the latest to attain stalk maturity,
reaching their mature height by approximately August 20--about 58 days
after group 1, 39 days after group 2, and 20 days after blue grams.

Learly Orowth Varistions

The 8«ysar average leaf and stalk heights of the grasses and
sedges in Figures 3 and 4 indicate a rather contimuous progression in
height growth by the major species over the entire period. The actual
mmmnwwuutmmnuu-su_-m
heights attained by any given spedies during & season's growth (Table 7).
Certain species are markedly affected by the seasonal climatic con-
ditions, and these species show departures of considerable magnitude
from the normal year's growth. The lack of sufficient early spring
noisture frequently results in reduced height growth of the major
species.

The 1961 growing season was a near-drought year and the height
growth of all grasses was greatly reduced. liowever, the two sedges,
needleloaf sedge and threadleafl sedge, and the very-early-growing
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Figure 3. Average course of leaf growth by 2-week intervals for major grass and sedge
species on the study area for the 8-ysar period, 1955-1962.
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Figure L. Average course of stalk growth by ?-week intervals for major grass and sedge
species on the study area for the 8-year period, 1955-1962. The X marks on the curves
indicate the average flowering dates for the species,
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TABLE 7. MAXIMUM MATURE HEIGHTS OF LEAVES AND STALES IN em OF GRASSES A ND SEDGES FOR EACH YEAR OF THE B«YEAR STUDY PERIOD (1955-1%)

———— o= e bttt
Species Average Hel
Emo IE!E r:a‘-". ==I= m hﬁ ﬁ’ﬁaﬁ' m ks ﬁ gﬂ m %tm m §=!E ﬁ ETA'!E
Viestern “‘w. ”Oo 51.0 "oo QS.O 5-0 23.0 51.0 20.0 ,5.0 ”-0 ”oo 22.0 ; 26.0 52.0 250‘ u;.9

Needle =and~thread 23.0 LB.0 26,0 R‘O 2L.0 70.0 19.0 51.0 19.0 39.0 17.0 5.0 16.0 30.0 23.0 3.0 20.9 LS.1
Blue grama 11.0 20.0 16.0 ®.0 5000 1.0 87.0 9.0 20.0 8.0 20.0 70 :7.0 11 5 29.0 10.7 23.5
Needleleaf sedge 8.0 11.0 12.0 10.0 10.0 2.0 16,0 9.0 2.0 9.0 2.0 9.0 11.0 12.0 9.8 m:z
Sandberg bluegrass 11.0 33.0 10.0 87.0 10.0 25.0 9.0 16,0 7.0 27.0 7.0 23.0 8.0 24,0 8.0 3.0 6.8 25.8

Prairie Junegrass 18,0 370 W0 2%3.0 13%0 35.0 12.0 28,0 11.0 19.0 8.0 28.0 11.0 16.0 11.0 31.0 12,3 27.1
Green meedlegrass 35,0 60.0 36,0 36,0 32.0 T70.0 35.0 60.0 35.0 LB.0 O 65.0 25.0 LOoO OO  T73.0  34.0 96.

Plains m‘” 27.0 0.0 19.0 19.0 22.0 ’oo 21.0 21.0 18.0 13.0 18.0 29.0 18.0 24.0 350 80,9 25.6
Prairie sandreed M.O 09.0 ’ «0 7040 3340 .500 “ 0 l'I.O hﬁ.o 66.0 50.0 Q.O )6.0 70.0 66.0 101.0 u‘os 79.9
Big bluestem 21.0 0.0 18,0 29.0 91.0 3.0 630 15.0 18.0 15,0 10.0 53.0. 19.0 90.0 20.6 67.0
Stonyhills muhly 12.0 23.0 2.0 23.0 13.0 26,0 16.0 28.0 18.0 21.0 15.0 18.0 15.0 22.0 19.0 24.0 16.5 23.1
Red threeawn 17.0 20.0 16,0 20,0 13,0 25.0 17.0 27.0 15.8 23.0

Big needlegrass 30,0 6,0 26,0 [0.0 . 3.0 53.0 0.0  L5.0 32.0  Lh.0 30.0 L9.2
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Sandberg bluegrass were not greatly affected by the drought, mainly
because thelr very early growth enabled them to complete their growth
cyecles during the period when & sufficient amount of moisture was
still available. These species were further benefited by cooler
tenperatures prevailing during this period. In contrast to the dry
season of 1961, the 1962 growing season was characterised by rela-
tively cool temperatures and ample moisture throughout the entire
growing period (Table 7). In this year, practically all species
attained heights well above their normal average height.

Seed stalk production in most species is greastly affected by
drought conditions such as were experiemced during the 1961 growing
season and, to a limited degree, during other years of the study--
notably in 1956, Three species failed to produce seed stalks on the
study area in 196l--western wheatgrass, needlelsaf sedge, and plains
reedgrass--and numerous other species produced only a few fruiting
stalks., In 1956, which was dry until late June, very few fruiting
stalks were produced, although maximum leaf and stalk heights were
near average as the result of remewed growth following the rains
(Table 7).

A knowledge of the approximate dates when a forage species ean
be expected to attain sufficient height to provide grasing for live-
stock 1s of great importance. Tables 8 and 9 show the number of days
beyond April 15 when the grass and sedge species reached leaf heights
of 5 em and 10 em, respectively. The most significant height from the
standpoint of time to begin gresing is the 5-cm height. The data of
Table 8 show that wide differences existed from year %o year in the
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time at which the major species reached this critical height. For
instance, western wheatgrass required 24 days to reach the S-cm height
during the 1961 season, but did attain the S-em height by April 15
during four years out of the eight years of the study. Needle-and-
thread did not attain the S-om height until 26 days after April 15 in
1961, and in only one year of the eight was the S5-om height attained
prior to April 15.

Another of the forage species, needleleaf sedge, reached the
Secm height by April 15 in only one of the eight years--1962, For the
most part, the leaves of this species did not reach the S-em height
until well into May. Threadleaf sedge did not reach the S-em height
in any of the eight years by April 15. However, in four out of the
eight years this sedge had attained this height by May 1.

Blue grama grass did not attain the S-cm height in any of the
eight years of the study by April 15, In most years, more than a
month was required after April 15 for this species to reach the S-em
leaf height. The great variation in time required for this species to
reach 5~ca height is illustrated by the fact that in 1957 the species
reached this critical height 28 days after April 15, but 52 days were
required in 1959 for the grass to reach 5 enm.

Similar interesting variations in time to reach the S-cm height
are shown by the other species. Surprisingly, prairie sandreed and red
threeawn, species which complete their growth cycles late in the year,
show early attainment of the S-em height, while Sandberg bluegrass, one
of the earliest species to complete its growth cycle, is appreciably
later in attaining this eritical height. Ilittle bluestem, big bluestenm,
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and stonyhills muhly show great yearly variations in number of days
after April 15 to reach the 5-am height.

If the S-cm height is accepted as a critical time for beginning
grasing on this type, it would sppear as though a date somewhere between
May 1 and May 15 would be the general time of range readiness for this
type of vegetation. However, other factors would have to be considered
also, especially the degree of clump-fill in the bunchgrasses and the
number of shoote near average height for the sod-formers. Conserwative
range use, which would perhaps envision allowing the taller-growing
range species to reach 10 e¢m in height, would of course involwe a much
later time of begimning grasing. The data of Table 9 show that this
height, in the species which normally reach this or greater height,
would, on the average, not be attained until about June 1. Again the
number of days after April 15 for the species to reach the 1l0-cm height
varies greatly from year to year,

Urowth Patterns of Individual Urasses
Western Wheatgrass

Western wheatgrass (Figure 5), ome of the dominant cool-season
grasses studied, normally begins leaf growth in early April and
continues active leaf growth to mid-July, when an average leafl height
of 23,8 cm was attained (Table 3). The period of most active leaf
growth was from early April to late June, after which growth became
progressively slower until maximum leaf height was reached in mid-July.
Fluctuations in leaf height measurements beyond mid<July may be due to
changes in the moisture status of the soil causing some renewed or late



Figare 5. VWestern wheatgress, a single-
stalked, rhizomatous, cool-season mid
grass, began growth in early April and
attained an average mature leaf height
of 23.8 cm by mid-July.
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growth during certain years. Maximum mature leaf heights for this
species varied from a high of 27,0 em during 1956 to a low of 19,0 em
during 1960 (Table 7).

The stalk growth became evident about Jume 15, and the stalk
attained an average maximum mature hed ght of LL.9 om by approximately
July 25, GStalk growth was rapid from Jume 15 to mid-July, after which
it becane slower until the mature height was reached. The yearly
variation in meximum height is appreciable and rather vividly reflacts
the two years of drought (1956 and 1961) experienced during this study.
In 1956, a maximum flowerstalk height of 34.0 ea was attained, but no
stalks were produced during 1961 (Table 7).

Keedle-and-Thread

Needle-and-thread (Figure 6), another important cool-season mid
grass, appears to make more rapid early leaf growth than western wheat-
grass (Pigure 3). Growth begins in early April and an average maximam
leaf height of 20,9 cm was attained by June 25 (Table 3). Crowth was
rapid from early April until the mature leaf height was attained. This
gress completed its leaf growth approximately 15 days ahead of western
wheatgrass. Yearly maximum leaf heights vary consideradly as in all
other species (Table 7). The greatest mature leaf height, 26.0 em, was
recorded in 1956 and the least, 16,0 cm, in 1961, The leaves of this
bunchgrass at maximum height are shorter than those of western wheat-
grass, but each individual clump of grass contains numerous leaves,
which results in a high over-all wolume of foliage. The flower stalks
become evident in late May and reach an average mature height of L5.1 cm
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Heedls-and-thread, a cool-

Figure 6.

in early April and attained an

season bunchgrass, began leaf growth

average mature leaf height of 20.9 om

by early July.
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by late June or early July (Table L). Orowth is rapid from initiation
of the stalk to matwrity and is generally accomplished ower a period
of approximately 35-40 days. Yearly variations in maximum heights
attained are great (Table 7). The greatest mature stalk height of
70.0 em was attained in 1957, m.i the shortest mature height, 30.0 cm,
osccurring in 1961,

Blue Urama

Blue grama (Figure 7) is the only important warn-season short-
grass on the study area and is the main shortgrass in the mixed grass
prairie. On the site it began its growth in mid-April, which is cone
siderably later than either western wheatgrass or needle-and-tiread.
An average maximum mature leaf height of 10.7 om was attained by
approximately July 25 (Table 3). Leaf growth is slow early in the
season but becomes rather rapid in early June (Figure 3), and the
leaves continue active growth to mid-July when an abrupt reduction in
rate of growth is noticeable. This grass responds rather quickly to
increases in soil moisture if such increases ogaur after a dry period,
and it may continmue its leaf growth even after having reached apparent
dormancy. This is true, to a lesser extent, in both western wheatgrass
and needle-and-thread. Yearly variations in maximum leaf height
attained are considerable. The maximum mature leaf height attained by
this species during the study period was 16,0 em in 1956, and the
minimum mature height was 7.0 em in 1961 (Table 7).

Fruiting stalks became evident in mid to late June and attained
a maximum mature height of 23.5 cm by late July (Table L). The rate of
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stalk growth is relatively steady with no observable periods of rapid
growth such as ogcur so prominently in some of the mid grasses
(Figure 4). The anmual variation in maximum stalk height attained was
from a high of 29.0 em in 1962 to a low of 17.0 em in 1961,

The sedges--nsedleleafl sedge and threadleaf sedge--are the two
most important sedges in this range type (Figure 8). Needleleaf sedge
is the more common of the two and constitutes a considerable portion
of the total volume of forage early in the season. The sedges
generally are considered as the ecological equivalent of shortgrasses.

Needleleaf sedge began growth in early April and reached an
average mature leaf height of 9.8 em by early to mid-June (Table 3).
Growth is rapid during early and mid-day, but gradually becomes slower
until the mature height is attained. The yearly variastion of maximum
mature leaf heights was from a high of 12,0 om during 1956 to a low of
8.0 om during 1955 (Table 7). The stalks appeared in late April and
reached an average maximum mature height of 12.3 om in late Juns. The
yearly variation of mature fruiting stalk heights was from 16.0 em
during 1958 to 10.0 em in 1957. No flower stalks were produced during
the 1961 season.

Threadleaf sedge began growth in early April and attained an
average mature maximum leaf height of 10,6 cm by mid-June, at approxi-
mately the same time as needleleaf sedge attained maximum leaf height
(Migure 3). Rate of growth was quite uniform throughout the active
growing period. The yearly variations in maximum lsaf heights are not
as grest as in the other important species, a high of 13.0 om being
recorded in 1958 and a low of 8.0 om in 1960 (Table 3). Flower stalks
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Figure 8, Threadleaf sedge, a very early, cool-season,
clump-forming scdge species, began leaf growth by
late Mareh or early April and reached an average
mature leaf height of 10.6 cm by late May or early
June,
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were apparent in late April and attained an average mature height of
Uil em by early June (Table k). The yearly varistions in stalk
heights were not great, ranging from a high of 16,0 em adtained in
1957 and 1962 to a low of 13.0 em attained during the years 1959 and
1960 (Table 7).

Stalk production is normally low in both species, and very few
were produced during a large percentage of the years of the study.
The relative sbundance of threadleaf sedge is low in relation to other
grass and sedge species on the study area, and it contributes little
to the forage volume, Both sedges complete their growth cycles sarly
in the season, and by early to mide<June severe drying is commonplace.
Onee drying has begun in the sedges, normally it will advance steadily
until the plant dries completely.

Sandberg Bluegrass

Sandberg bluegrass is a short, early-growing, perennial bunch-
grass, which attained an average maximum mature leafl height of 6.8 om
by late May. Orowth normally begins in early April, and maturity is
reached ahead of all other grasses or sedges on the study area. On a
percentage basis of maximum height attained at a given date, this grass
completed approximately 80 per cent of its growth by late April, well
ahead of the sedges and prairie Junegrass (Table 5). The mature height
of the lsawes of Sgndberg bluegrass is less than that of any of the
other grasses and sedges studied (Table 3). Drying of leaves is rapid
in this species and takes plage over a relatiwly short period of time.
mmumoomu"m“unuv.mmnomsh
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base of the gress clump remains as the growing season advances. The
yearly variations in maximum leaf height were not great, ranging from
a high of 11,0 em during 1955 %0 & low of 7.0 om during 1959 and 1960
(Table 7).

Pruiting stalks of this species grow tall in proportion to the
leaves and reech an avereage maximum mature height of 25.8 em by late
mid-June (Table ). Stalk growth continues for an appreeciable period
after the leawes have reached maturity, but elongation of the need
stalks, however important for the propagation of the speclies, has no
real valus in terms of usable forage. Yearly variations in maximum
mature stalk heights ranged from a high of 33,0 em, reached during
1955, to a low of 16,0 em attained during 1958,

Prairie Junegrass

Prairie Junegrass (Figure 9) is a cool-season bunchgrass
normally beginning growth in early April and reaching maturity by early
July. The average maximum leaf height attained was 12,3 em (Table 3).
Growth was rather steady from early spring to maturity and no period of
obvious rapid growth was noticeable. The yearly variations in maximum
mature height recorded are considerabls, ranging from a high of 16,0 em
in 1955 to a low of 8.0 om in 1960 (Tabls 7). The leawes of this
species are not very palatable and it is not a particularly desirable
forage species. The leaves are extremely resistant to drying and,
although their growth may be nearly complete by the end of Juns, they
may remain green for almost the entire seasonm.

Pruiting stalks reached their average maximum height of 27.1 om
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Figure 9. Prairie Junegrass, a coole
season bunchgrass, began leaf growth
by early April and attained an
average mature leaf height of 12.3
em by the end of June.
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by the end of July (Table 4). Yearly variations in maximum height
attained are considerable, ranging from a high of 37.0 en during 1955
to a low of 16.0 em during 1961.

Ureen Needlegrass

Green needlegrass (Figure 10) is a fairly palatable coole-season
bunechgrass of this region., It occurs somewhat sparingly in native
Northern Great Plains rangeland under grasing and, therefore, does not
constitute a large percentage of the total forage volume. This species
begins its growth at approximately the seame time in early spring as
does needle-and-thread, the recorded average leaf-height reaching 3L.0
on by the end of June or early July. The ysarly weriations in meximum
mature leaf height attained ranged from a low of 25.0 om during 1961
to a high of 40.0 ea in 1962 (Table 7).

The average maximum fruiting-stalk height of 56.5 cm was
generally attained by the end of June, but fluctuations in available
soil moisture affects stalk growth considerably. The yearly maximum
mature height varied from 36,0 om in 1956 to 73.0 em in 1962 (Table 7).
This species may be severely injured by heavy grasing, and under this
treatment it soon becomes a minor species in the grassland association.

Plains ieedgrass

Plains reedgrass (Figure 1l1) is a cooleseason, single-stalked
species beginning its zrowth in early April at approximstely the same
time as most of the other mid grasses found in this grassland. The
average maximum mature leaf height of 20.9 em was generally attained
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by approximately July 20 (Table 3). Yearly variations in maximum
mature leaf height were rather great, ranging from a high of 27.0 em
during 1955 to a low of 18,0 om during 1959, 1960, and 1961 (Table 7).
The average maximum mature leaf height of plains reedgrass is near to
that of western wheatgrass. The leawves of plains reedgrass are some-
what narrower and appear somewhat lighter in color as compared to
vestern wheatgrass. They acquire a reddish tinge on the margins as
seasonal growth advanges.

Frulting stalks are seldom numerous and are not much taller on
the average than are the leaws. The average maximum height of stalks
was 25.6 em, attained in late June (Table 4). Yearly wariations in
maximum mature height ranged from 35.0 em during the 1962 season to
13.0 em during 1959. No stalks were produced on the study area during
the 1961 season (Table 7).

idttle Bluestem

Iittle bluestem (Figure 12) is a warm-season bunchgrass, begin-
ning growth in early May and completing its growth by early to mid~
August, Average maximum leaf height for the 8-year period was 15.3 em
(Table 3). Orowth was rapid from mid-May to mid-June, then much slower
until maturity was reached. The yearly variations in maximum mature
leaf height during the study period were not great, ranging from a high
of 18,0 en during 1959 to a low mature leaf height of 12.0 em during
1956 (Table 7).

The leaves and stalks have a reddish tinge early in the season,
which becomes progressively darker and more widespread on the plant



Figure 12, little bluestem, a warm-
season bunchgrass, began leaf growth
in early May and reached a mature
leaf height of 15.3 em by early to
m‘l‘.‘o
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as the seasonmal growth advances., The grass clumps normally hawe only
a few leawes early in the season but fill out rapidly as the season
progresses. This gress is not considered an important species in this
type of range grassland because of its relatiwely low sbundance and
apparent low palatability to liwestock. This grass was restricted to
the soils in the upper portions of the broken slopes in the study area.

Prairie Sandreed

Prairie sandreed (Figure 13) is a warm-season, rhisomatous, tall
grass which forms an open sod. It began its leaf growth in mid-May and
attained a maximum leaf height of LL.5 cm by late July (Table 3).
Yearly variations of the average maximum mature leaf height attained
ranged from a high of 66,0 em during 1962 to a low of 33.0 em during
the 1956 season (Tabls 7). Crowth, once begun, is rapid until maturity
is reached. The species is of limited importance in the study area as
& forage grass, and is not very palatable because of the fibrous mature
of its leawes. This grass is fairly abundant in sandy soils and may be
of great importance locally. It has a distinet yellow-green appearance
which makes it rather conspicuous on the range.

The flower stalks appeared in early July and attained an average
maximum height of 79.9 em by approximately mid-August. Elongation of
stalks was rapid during the period following their appearance until
maturity was reached. Yearly variations in the average maximum mature
stalk heights ranged from 101.0 em during 1962 to 65.0 em during the

1960 season.
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Big Bluestem

Big bluesten is a warme-season, tall grass normally found in
this area only on sites having better than average soil and moisture
conditions., The species is not of any great importance in the mative
grassland of this region. The lsaves attained an average maximum
mature height of 20,6 em by late July (Table 3). The maximum mature
leaf heights ranged from 29.0 em in 1957 to 10,0 om during the 1961
season (Table 7). Leaf growth began in late Hay, and the leaves
reached their maximum height by approximately mid-Jduly.

The fruiting stalks appeared in early to mid-July and attained
an average mature height of 67,0 oa by mid-dugust. The yearly varie
ations in maximum stalk height ranged from a high of 91.0 em during the
1957 season to a low of 15.0 en during 1960, Stalks are produced in
great numbers during a climatically favorable season, but then may be
entirely absent during seasons of unfavorable conditions (Table 7).
The leaves are apparently a delicacy for livestock, and the grass is
gensrally sought after and grased heavily.

Stonyhills Muhly

Stonyhills muhly (Figure 1) is a cool-season bunchgrass normally
found on broken slopes and shallow soils on the study area. Leal growtn
began in late April, and an average maximum height of 16.5 cm was
attained by mid to late July (Table 3). Leaf growth in this specise is
rather slow but the rate is relatively steady from imitiation to
maturity. The yearly variation of maximum leaf heights ranged from
19.0 en in the 1962 season to 12,0 om during the years 1955 and 1956



Figure 14, Stonyhills muhly, a coole
season bunchgress, begen growth in
early to mid-April and attained an
average mature leaf height of 16,5
on by early July,
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(Table 7). Flower stalks began to appear by early July, and an
average maximum height of 23.1 cm was attained by mid-August (Table 4).
Annual variations of maximum mature stalk heights ranged from s high
of 26,0 em during the 1952 season to a low of 18,0 em during 1960
(Table 7).

The leaves, which are very narrow, are somewhat yellowishe
green and appear fibrous. The inflorescence cheracteristically
develops prominent orange~colored galls in the florets early in the
season. These galls are caused by an insect. Stonyhills muhly is of
minor importance as a forage plant and is seldom eaten by livestock.

Hed Threeawn

Red threeawn (Figure 15) is a warmeseason bunchgrass ocourring
sparingly on hillsides in the renge grassland, Leaf growth in this
species generally began during early May and reached an average mature
height of 15.8 om by mid-June, Leaf growth is rapid and maximum height
is attained owr a relatively short period of time (Table 3). The
yearly variations in the average maximum leaf heights attained ranged
from 17.0 om during 1959 to 13.0 em in the 1961 growing season (Table 7).
Chservations were made on this graess only for the last four years of the
study.

The flower stelks began to appear by mid-June and attained an
average maximus height of 23.0 en by mid to late July (Table k).
Average maximum mature stalk height ranged from 27.0 cm attained
during the 1959 and 1960 seasons (Table 7). The species is easily
recognised by its close bunch habit and characteristically narrow,
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pointed leaves which have reddish tips. The fruit is a needle~like
grain with a curled three~pronged aun, which gives it 1ts name. In
the early stages of seed development, the tips of the awn are reddish
or near scarlet in color, but this fades as the plant matures, It is
a minor species of low palatability, and is of no great importance as
a forage plant in this area.

Big Needlegrass

Big needlegrass or porcupine grass is a cool-season bunchgrase
ocourring only rarely on hillsides in the study area. Leafl growth
began in late March or early April, and an average maximum leaf height
of 30,0 em was attained by early July (Table 3). Yearly variations in
maximum leaf heights ranged from 32.0 em during the 1960 and 1962
seasons to 26,0 em in the 1959 season (Table 7). The lsaves are longer,
generally less rolled, lighter in color, and considerably wider than
the leaves of needle-and-thread.

Fruiting stalks appeared by late May and attained an average
maximum height of 49.2 em by late June (Table 4). The yearly variations
of the average maximum mature stalk heights ranged from a high of 64.0
em in the 1958 season to a low of LO.0 em during the 1959 growing season
(Table 7). The species is moderately palatable but, due to ite very low
sbundance, it cannot be classed as an important forage plant in this

range type.



Forage Production and Height Growth

It would be expected that the total dry weight of vegetation
would inecrease as the height of the species that composed the vege~
tation inoreased with the progress of seasonal growth., In order to
get a measure of the increase in yield with the seasonmal progression
of growth, square-foot plots of two of the most important grasses were
elipped at 15-day intervals from May 15 to September 1. The two
grasses clipped were blue grama grass and western wheatgrass.

A small exelosure was established in 1958, and three l-ft.?
plots of each species were clipped at ground lavel in the exclosure
at each date of clipping. The blue grama plots were located in an
area in the exclosure where & nearly pure stand of blue grama occurred,
and the data given in Table 10 are the average yields per square foot
of all the vegetation ocourring in these plots. 5Small amounts of
other speciss were present in the plots and the actual composition of
the yields is given in Appendix Tables 16 and 17. No areas of pure
western wheatgrass occurred in the exclosure, and the yields of this
species were converted to yields per 100 stalks, so that ylelds at
each of the clipping dates would be on a comparable basis. These
converted yields are given in Table 13, page 73. The compesition of
the total yields from these plots is given in Appendix Tables 18 and 19,

The yields of blue grama per square foot at 1l5-day intervals, as
given in Table 10, show a fairly steady progression as the season
advances up to early July. The average yields on each date as percent-
age of the maximum yield produced by the species are given in Table 11,



TABIE 10, FIVE-YEAR (1958-1962) AVERAGE PRODUCTION OF BLUE GRAMA GRASS FER SQUARE-FOOT
AT SUCCESSIVE 2-WEEK INTERVALS

1960 5.0 5.1 9.h 1.8 1.2

1962 h.9 9.4 15.9 19.2 23.7 29.4
Ave,
Yield h.3* 5.7 8.5 1.0 12.9 12.7 .6 12.h

2Three-yoar average due to variation in earliness of growth initiationm.
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TABLE 11, FIVE-YEAR (1958-1962) AVERAGE PER CENT PRODUCTION OF BLUE GRA“A GRASS PER
SQUARE-FOOT AT SUCCESSIVE 2-WEEK INTERVALS

Year Gy 15 June 1 June 15 ml August 15 Oeptember 1
per_cent of yield

1958 22.9 $5.0 65.8 63.6 80.0 90.3 100.0
1959 5.0 5.3 60.4  100.0 69.3 88.0 9.0
1960  33.7 3k.5 63.2 100,0 5.7 7h.8 85.h 51.9
1961 31.3 $3.7 60.5 100.0 69.4 97.h 9%.3
1962 16.8 3.9 She2 65.3 80,8 9.2 100,90 83.5
Ave,

Yield 29.5% 39.0 58.2 75.3 88.4 87.0 100.0 8h.9

M.mmummumumummmm
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An even better picture of the curwe of production based on average
values for the Seyear period is given in Figure 16.

As would be expected, great variations occurred from year to
year in total production of the species and in time at which maximum
production was reached., In 1958 the maximum production of 12.4 gn/
£6.2 uas not reached until September 1. In 1959 a maximum production
of 11.4 gn/ft.2 was reacned on July 15, while in the following year
(1960) the peak production of 1.3 gn/ft.2 was attained by July 1.
In 1961, a drought year, maximum production of 9.4 grams was reached
on July 15 and in 1962, an especially faworable year, a production of
29.h g9/7t.2 was attained by August 15. The greatest production
during the S-year period of the clipping trial was thus over three
times that of the lowest production and over twice that of production
in the next most favorable year, 1960,

Blue grama is a relatiwely late growing species, and in two out
of the fiw years of the trial this species had not made sufficient
growth by May 15 to justify clipping (Table 10). Disregarding the
faect that wide variations in actual production will ocour from year to
year at any given date, on the average LO per cent of the total yield
of blue grama was produced by June 1, approximately 60 per cent by
June 15, 75 per cent by July 1, and nearly 90 per cent by July 15.
Additional production after July 15 could come from both leaf growth
and stalk growth, since maximum heights of leaves and stalks of this
species are not usually attained until August (Table 12).

Although, on the average, 90 per cent of the total yield is
reached by July 15, 96.2 per cent of the height growth of leaves is
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Figure 16. Average leaf height and square-foot yields of blue grama grass as related to
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TABLE 12, PER CEST OF TOTAL LEAF HEIGHT ATTATHED BY BLUE GRAMA GRASS AT 2-WEBK INTERVALS DURING

e at— ——
v tr——— e

learly
Cent Cent Cent Cent Cent  Cent Cent Cent in en
1958 72.3 Th.2 88.1 3.2 100.0 90.h 8.3 8.3
1959 6.2 69.0 76.3 9.7 100.0 88.9 66,7 12.0
1960 55.1 63.0 78.7 91.9 84.0 57.5 76.1 100,0 12.7
1961 $2.6 100.0 75.2 80.5 7.4 60.2 52.6 13.3
1962 32.0 k7.1 60.3 8h.7 92.3 100.0 97.9 97.9 17.7
averaye
Per Cent P
of Height
Growth 53.2* 69.4 87.h 955 98.2 100,0 95.5 93.7 12.8

SThree~year average dus to variation in earliness of growth initiatiom.

| 24
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already completed (Table 12). The yield appears not to correspond
directly with the height growth but rather lags behind the height
growth approximately 15 days (Figure 16), The increase in stalk
growth later in the season apparently does not appreciably affeet the
total yield of the grass (Pigure 16). The added weight from the
stalks seems to be largely offset by loss of weight from leaf-breakage
or other causes.

The data of Table 10 show that serious losses of dry matter
oocur in blus grama after maximum production is reached. In all but
one year (1958) substantial losses in yield were recorded after the
maximum yield was reached., Losses of total dry matter could be
attributed to breakage of brittle leaves and stalks, to shedding of
mature seed, to insect activity, or possibly ewen to translocation of
food materials from leaves to crowns and roots, The data show that
under most conditions these losses may be initiated as early as the
end of July or the first part of August,

Tields of western wheatgrass in grams per 100 stalks at the
2-week clipping intervals are given in Table 13, and the yields at each
clipping in terms of per cemt of the season's maximum yield are giwven
in Table 1h, A better picture of the relationship between height growth
and increase in yield as an average over the S-year period is given in
Figure 17.

Western wheatgrass showed wide yearly variations in time of
attaining a given percentage of yield, In 1958 and 1959, maximum
yields of 16,5 and 12,6 grams per 100 stalks, respectively, were not
reached until September 1. Maximum production during the 1961 and 1962



TABLE 13, FIVE~IEAR (1958-1962) AVERAGE PRODUCTION OF WESTEAN WHEATGRASS PER 100 STALKS
AT SUCCESSIVE 2-WiEK INTERVALS

1960 8.2 9.1 10.8 17.1 18.8 18.6 15.6 18.1
1961 6.3 6.9 8.5 9.0 1.6 10.0 8.2
1962 7.1 1.3 19.3 27.1 30,2 30.2 32.9 30.7
Ave,

Tield 7.4° 8.2 10,6 1.6 16.0 15.6 16,5 17.2

S rhree-year average due to variation in earliness of growth imitiation.
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TABLE 1h, PFIVE-YEAR (1958-1962) AVERAGE PERCENTACE PRODUCTION OF WESTERN uilcanas PER

100 STALKS AT SUCCESSIVE 2-WEEK INTERVALS

r T TST ST R RS T T B ST
per cent of yleld

1958 k1.9 k5.1 67.3 72.9 62.3 86.h 100.0
1959 9.3 69.h 5.0  BL2 90.1 72.2 100.0
1960 W3.h L8.h 57.2 9.9 100.0 99.1 82.9 96.4
1961 62.2 69.0 85.1 89.6 76.4 100,0 81.5
1962 21.6 3h.h 58.7 2.4 9.9 9.9 100.0 3.4
hve,

Yield 3.0 47.7

8h.9

93.0

90.7

9.9

100.0

&Three-year average due to variation in earlimess of growth initiation.

1 42
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Figure 17. Average leaf neight and yield per 100 stalks of western wheatgrass as related to
seasonal growth pattern for the S-year period, 1958-1962.

Yield ingm

e



76

seasons was reached by August 15, with yields of 8.2 gn in 1961 and
30,7 gn during 1962, Apparently drought during the 1961 season, while
reducing yields, did not grestly influence the length of the growing
period for western wheatgrass. Maximum production of 18.8 gm was
reached by July 15 during the growing season of 1960, A difference of
approximately L5 days exists between the earliest date when maximum
production was reached (July 15, 1960) and the latest dates (Sep-
tember 1, 1958 and 1959).

Data on percentage of maximum production reached at a given
date by western wheatgrass are givem in Table 1. As stated sarlier,
an appreciables variation in yearly production is apparent, but the
Seyear averages show the approximate per cent of yileld at a given time
during the growing season., Almost 62 per cent of the total yield is
reached by June 15 and 96 per cent by August 15. It would be justified
to state that for all practical purposes production by this species is
nearly complete before the end of July. Yearly wariations in actual
time when maximum heights were attained were quite great., During 1959
and 1961, the maximum leaf height was reached by June 15, during 1960
and 1962 by August 15, and in 1958 by September 1 (Table 15). While
time of attaining maximum leaf height and time of maximum production
are closely related in this species during some of the years, the
relation is not absolute. Continued stalk growth no doubt affected
total yield more in some years than in other years. On the average,
the relation between leaf height and stalk growth is quite close as
shown in Figure 17,



TABLE 15. PER CENT OF TOTAL LEAF HEIGHT ATTAIN:D BY WESTERN #EHEATORASS AT 2-WEEK INTERVALS

1958 57.8 57.8 83.9 9.6 97.0 90.8 100.0 23.0
1959 68.6 100,90 95.7 86.7 91.2 88.2 88.2 22.3
1960 62.4 84.6 8.8 92.9 91.9 96.6 100.0 100.0 28.3
1961 92.1 100.0 100.0 96.0 90.9 80.2 72.3 25.3
1962 33.6 57.6 83.9 89.5 9.2 9.1 100.0 99.0 hi.7
Average
Per Cent
of Height
Growth 57.3* 82.8 91.6 98.9 99.6 100.0 100.0 99.6 28.1

‘mqa-mmummumumxmmm
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Losses in dry matter in western wheatgrass after having reached
maximum production were appreciable in some years. The losses in dry
matter could be attridbuted to the same factors as indicated for the
loss of dry matter in blue grama; that is, breakage of brittle leaves
and stalks, shedding of mature seed, insect activity, and possibly
even translocation of food materials from leaves to crowns and roots,

Phenological henomena in the rasses

Phenological events other than the actual march of growth of
the grasses were observed and recorded on the study area over the
8-year period. These observations included first appearance of
fruiting stalk, date of head emergence, time of anthesis, time of
beginning of leaf-tip drying, various percentages of dry-leaf area,
date of approximate seed maturity, and observable beginning of seed
shedding, The average dates of these phenomena over the B-year period
are given in Table 16, In Table 16 the grass and sedge species are
arranged in the order of similarity in phenoclogical behavior,

The grasses and sedges studied on this native range grassland
may be grouped into four rather distinet groups by observing the
phenological phenomena of each species. These groups are the same as
the groups referred to in the section on growth patterns. The first
group, including needleleaf sedge, tireadleaf sedge, and Sandberg
bluegrass, contains species which complete their growth cycles considere
ably sooner than any of the other species studied.

The second group comprises six species, two of which are of
major importance--western wheatgrass and needls-and-tnread. This



TABLE 16, EIGHT-YEAR AVERAGE DATE OF FIRST OBOERVATION OF SIGNIFICANT PHENOLOGICAL KVENTS IN GRASSES AN
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8ictual date of flowering not determined, but apparently this event took place in July.
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entire group is somewhat later than the first group but earlier than
the warm-season grasses. Other species in this group are prairie
Junegrass, green needlegrass, plains reedgrass, and big needlegrass.

Blue grama is considered separately because it is the only warm-
season shortgrass on the study area and because of its importance as
one of the dominant grasses in this range type. The early phenological
events in this species closely parallsl those of the other warm-season
species, but drying of leaf tips is somewhat earlier.

The last group of grasses includes little bluestem, stonyhills
muhly, prairie sandreed, red threeawn, and big bluestem, Urowth of
leaves of all these species begins in early to mid-May and maturity is
generally considerably later than for the coole-season grasses.

It becomes apparent from the data of Table 16 that the species
vary markedly from each other in time of oeccurrence of specific events.
Differences in actual overall growth and drying periocds; for instance,
between the three major grass species and the early spring upland
sedges and Sandberg bluegrass, are appreciable. Sandberg bluegrass
normally begins leaf growth by early April at approximately the same
time as the sedges (Table 3), but it grows and develops more rapidly
than the sedges (Table 16). Flowering stalks appear in Sandberg blue-
grass by May 1k, which is slightly later than in the sedges. However,
in all other events, Sandberg bluegrass is far ahead of all other
species in its phenological sequence. By June 25, 2550 per cent of
its leaf area is already dry. The other grasses do not reach this
degree of drying until mid to late August. The sedges are somewhat
similar to Sandberg bluegrass reaching 25+50 per cent dry-leaf area
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by mide-duly (Table 16). Heedleleaf sedge and threadleaf sedge are the
earliest flowering species on the study area. Both species flower at
approximately the same time, May 5 to May 12. Sandberg bluegrass
flowers approximately 30 days later, the average flowering date being
June 11 although its leaves are already nearing mature growth (Table 3).

Western wheatgrass, prairie Junegrass, plains reedgrase, and the
three species of the genus Stipa--needle-and-thread, green needlegrass,
and big needlegrass--may be considered as a group later than the sedges
or Sandberg bluegrass but earlier than the bluestems, stomyhills muhly,
prairie sandreed, and red threeaun,

Flower stalks of western wheatgrass were initiated on the
average by June 19 (Table 16). The spike generally emerges by the end
of June and anthesis follows approximately two weeks later (Table 16).
The flowering stalks of needle-and-thread, by way of comparisen,
appeared on the average by lay 29, approximately two wecks earlier than
western wheatgress; the panicle emerged by June 9, 20 days ahead of
western wheatgrass and the average date of anthesis was June 23, 21 days
earlier than the wheatgrass. The leaves of western wheatgrass showed
25 per cent dry-leaf ares by July 25, while needle-and-thread did not
reach the 25 per cent level until August 17 (Table 16). Ability of a
species to maintain green foliage during the grasing season is an
important factor in assessing the relative value of a range grass.

The fruits of needle-and-thread mature more rapidly and are
generally shed a full month ahead of the begimning of seed-shed in
western wheatgrass. The average beginning-of-shedding date for western
wheatgrass is August 16, and that for needle~and-thread is approximately
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July 1, VWestern wheatgrass sheds its seed slowly, requiring air
movement and possible effects from other climatic factors; while
nsedls~and-thread sheds its seed rapidly, the seed being loosely
concentrated in the upper portion of the panicle. The other members
of this group--prairie Junegrass, plains reedgrass, green needle;rass,
and big meedlegreas--have a sequence of events similar in time of
ogcurrence to needle-and~thread; that is, slightly earlier than western
wheatgrass in all events, with the exception of leaf-tip @rying which
follows more closely the drying pattern of western wheatgrass

(Table 16). On the average, prairie Junegrass begins to show signs of
leaf-tip drying by July 15, which is approximately 20 days later than
the other species in this group but 15 days earlier than nsedle-and-
thread (Table 16).

Blue grama is the only warm-season short grass of any reasl
importance in the grassland type. Leaf growth begins in this species
by approximately April 15, about 15 days later than in the coole-season
grasses (Table 3). The phenological sequence of blue grams remains
approximately 10-15 days slower than the sequence in the cool-season
grasses of group 2, Flower stalks emerge by June 26, which is approxi-
mately 25 days later than in the group 2 species. This same relation~
ship holds true for the two other phenclogical dates of head emergence
and date of anthesis. An exeception to this is western wheatgrass,
which has a later date of events than other species in group 2, but
averages approximately eight days earlier than blue grama (Table 16).
Evidence of leaf-tip drying becomes apparent quite early in blue grama,
generally by Juns 25, and follows the same general leaf-drying pattern
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as in the cool-season grasses,

Five additional grasses studied may be grouped &3 warm-season
species being the latest to begin growth and to attain maturity
(Table 3). The five species ranked according to their relatiwe
importance are little bluestem, prairie sandreed, big bluestem, stony-
hills muhly, and red threeawn, Little bluestem, prairie sandreed,
stonyhills muhly, and red tareeawn have essentially the same sequence
of phenological events occurring at approximately the same dates or
within 8-10 days of each other. The average appearance of fruiting
stalks is approximately June 20, with little bluestem slightly later
at June 30, Head emergence is gemerally during esrly July for the
four species, and the earliest observable date when leaf-tip drying
becomes apparent is approximstely July 15 (Table 16).

Big bluesten is a member of the warm-season group, but is later
than the other speclies in this group on an average by approximately
15«18 days. The fruiting stalks are apparent about July 17. FHead
emergence of big bluestem is approximstely 10 days later than the
average date of emergence for the other species of the group. However,
maturetion of the inflorescence is rapid and flowering begins at about
the same date as in the other species of this group, the average date
being approximately August b (Table 16). In this area, leaf drying
proceeds rapidly in big bluestem and reaches 25 per cent by July 20,
approximately 30 days ahead of the other species in this group.

The phenological phenomena reported in Table 16 may be summarised
in the following manner. During the month of April, only one sedgs shous
visible evidence of stalk formation; during May, five grass species show
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stalk formation; seven species begin to produce stalks in June, and one
in July. Head or inflorescence emergence is observable in two species
during May, seven species in June, and five in July. This indicates &
considerable difference in length of time required for some species to
begin stalk growth and emergence of tihe head or inflorescence,

Flowering dates for the grass and sedge epecies wary to an even
greater degree. Two of the 15 species flower during May, six during
June, four during July, and three during the month of August. The
sedges and Sandberg bluegrass are earliest and bloom during the month
of May. WNearly all of the cool-season grasses bloom during June, while
the warm-season grasses continue into late July and early August. A
record of the flowering of red thresawn is unavailable.

Slightly over 50 per cent (8 out of 15 species) of all grasses
and sedges studied show leaf-tip drying to begin about June 15, and all
species studied indicate wvarying degrees of dryness by late July. For
the greater percentage of the species studied, 25-50 per cent of the
leaf area is dry by late August. Date when seed maturity is reached
appears to follow closely the phenological sequence of sach individual
species., That is, in general, early growing and msturing specles in
all other phenological events have an early seed maturity date. This,
however, is not the case in the seed shedding procesa, Ho definite
pattern appsars to exist for this process; rather the date of shedding
is greatly influenced by the structure and constitution of the inflo-
rescence and floral parts.

The anmal records indicate that wide yearly variations in all
phenological events are prevalent in all species. Vestern wheatgrass,
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for instance, shows a range of 27 days over which fruiting stalk
initiation became evident, 16 days during which head emergence was
observed, and 37 days during which flowering was observed. The vari-
ations in dates for head emergence of blus grama ranged over a peried
of 26 days, and the dates of flowering over a period of 21 days. leedle-
and-thread, as one of the major species, also shows a variation in
phenological events, but this variation is appreciably less than in
some of the other species. For needle-and-thread, the dates of observa-
ble fruiting stalk initiation ranged over a period of 26 days; dates
when heads first became observabls, over nine days; and the dates of
flowering, over a period of nine days. Variations in time of pheno-
logical phenomena are equally as great in the other species on the
study area as in the three major species discussed.

Gresed and Protected Flant Neights

Plant vigor, as a criterion of range condition based upon height
growth measurements comparing grased and ungrased sites, was applied to
Northern Ureat Plains ranges at Miles City, Montana, by Short and
Woolfolk (1956). Bluestem wheatgrass (Agropyron smithii) plants
growing within and outside of pricklypear clumps on ranges in good and
poor condition were observed., Their data show that plant vigor, as
expressed by bluestem wheatgrass heights, varied with range condition,
with protection afforded by the pricklypear, and with yearly precipi-
tation. Primarily, the study established the usefulness of plant
height as a vigor criterion for the appraisal of range condition, Wide
fluctuations of weather conditions from above normal precipitation to
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severe drought did not alter the established relation between unpro-
tected plants,

In the present study, comparisons were made of the maximum leaf
heights attained by the four species of major importance inside the
Seyear exclosure and on the fallegrased range (Table 17). Comparisons
of the maximum leaf and stalk heights attained during the 1962 growing
season of the major species in the S-year exclosure, the l-year
exclosure, and the fallegrased range were also made (Tables 18 and 19).

The data from tie S-year exclosure indicate that the leaf heights
vere greater inside the exclosure than outside on the grased rangeland
(Table 17). This was true for the four major gress and sedge species
compared during the Seyear period. In the first season immediately
following the establishment of the exclosure (1958), there was no
consistent positive height advantage for the species in the exclosure
over those on the grased range. After 1958, the species in the
exclosure reached greater mature leafl heights than did the grazed
species, with some years showing considerable difference in leaf heights
between the species inside and outside the exclosure. This was true for
all the species studied, irrespective of the moisture conditions during
the growing season.

Western wheatgrass was abundant both inside and outside the
Seyear exclosure. The leawes of western wheatgrass attained a S-year
average maximum height of 28.1 em inside the exclosure and 22,0 em out-
side the exclosure during the study period (Table 17). In the faworable
moisture season of 1962, leaves of western wieatgrass averaged Ll.7 om
inside the exclosure and only 26.0 om outside. The shortest growth



TABLE 17. YEARLY MAXTMUM LiAF HEIGHTS ATTAINZD BY THE MAJOR SPECIES STUDIED OUTSIDE AND INSIDE THE S-YEaR
EXCLOSURE DURING THE FIVE SEASOSS, 1958-1962

1958 1959 1960 196L 1962 ri_um_u_n_
verage Average

Outside Inside Outside Inside Outside Inside Outside Inside Outside Inside Helight Hed gt
Outside Inside

23.0 23.0 20.0 22.3 19.0 28.3 2.0 5.3 26,0 .7 22,0 28.1

19,0 1.3 19.0 20.0 17.0 165 16.0 18.6 23.0 25.0 18.8 19.h
11.0 6.3 9.0 12,0 8.0 12.7 7.0 13.3 1.5 17.7 9.3 12.8

| 1

12.0 €.0 9.0 10.7 9.0 8.7 9.0 13.3 1n.0 163 10.0 11.0

28



TABIE 18, COMPARISONS OF THE MAXIMUM MATURE LEAF HEIGHDS ATTAIN:D BY THE FOUR MAJOR SPECIES
DURING THE 1962 GROWING SEASON ON THE PALL-GRAZED RANOGE, THE l-YEAR EXCLOSURE, AND THE
S-IEAR EXCLOSURE

Speciss :
(height in em) (height in cm) (height in cm)
Western wheatgrass 26.0 3%.0 .7
Needle-and-thread 23.0 27.0 29.5
Blue grama 11.5 17.0 25.0
Needleleal sedge 11.0 13.0 16.3
Average 17.8 2h.0 28.1

88



TABLE 19, COMPARISONS OF THE MAXIMUM MATURE STALK HEIGHTS ATTAINED BY THE FOUR MAJOR SPECIES
DURLNG THE 1962 GROWING SEASON ON THE FALL-UGRAZED RANGE, THE 1-YEAR EXCLOSURE, AND THE

ieedleleaf sedge 13,0 16.0 20,0

68
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inside the exclosure occurred in the 1959 season when western wheat-
grass leaves aweraged 22,3 em. In this season, leaf heights of western
wheatgrass outside the exclosure averaged 20.0 cm. Shortest growta
outside th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>