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CHAPTER I
INTRODUCTION

Presently the terrestrial biosphere is undergoing
rapid change due to an increase in demand for land for
more industrial development and expansion of cultivated
land. These changes cause transformation of ecosystems,
the consequences of which are unpredictable. In order to
minimize the unfavorable consequences, it is necessary to
undertake large-scale research on the structure and func-
tion of these naturally occurring ecosystems (Eckardt,
'1968); In view of the large area of the world occupied by
\’grasslands (approximately,44%vof the earth's surface
according to Lewis [1969]) and their importance to man,
the study of their primary productivity and factors
limiting this are of.prime importance (Milner et al.,
1969). |

The grassland ecos&stem_is valuable to man for
food and human habitat, for forage and feed for wild and
domestic herbivores, for watérshed values and scenic
beauty, for the opportunities it affords for recreation
‘and the scientific study of natural and semi—naturél eco-

systems, as a source of medicinal and industrial products,



2
and as a source of germ plasm fof use in domestication or
in genetic improvement of cultivated species (Lewis, 1970).
Efficient and sustained use of grésSland ecosystems
demands careful management based on a knoWiedge of their
structure and function.

On many of Montana's mountain range lands, rough

fescue (Festuca scabrella Torr.) is the dominant species

in the fescue grassland type. Rough fescue is generally
associated with a mesic grassland environment character-
ized by soils with dark surface horizons (of the Chernozem
or Chestnut Great Soil Groups), annual precipitation of
approximately 14 or more inches, and a cool; short growing
season. In the southérn, more zeric parts of its range,
rough fescue ténds to be confined to the cooler and more,
moist exposures (Stipkney, 1961).

-Eough fescue is desirable to maintain as a domi- -
‘nant species because it produces abundant forage palatable
to cattle, horses, and elk and possesses an extensive
fibrous root system excellent for providing soil stability.
- By understandiﬁg the structure and function of such an
ecosystem through a study of its primary productivity, the
efficient and sustained use of this grassland-type might
be achieved.

The National Bison Range provides a suitable loca-
tion for such a study. The vegetation and soils are repre-

sentative of western Montana rough fescue grasslands.



Climatically and physiographically, these rough fescue
stands are a southwest extension of the Fescue Grasslands
as described by Coupland and:Bradshaw (1953). In addition,
the area is protected from outside influences and has a
controlled number of grazing animals.

The objectives. of this study are (1) to estimate
the net priméry productivity of two rough fescue ecosystens,
one that has-been heévily'grazed and one in an ungrazedcecon-
dition; (2) to estimate other qualities, such as biomass,
associated with net primary prbdﬁctivity; and (3) to
evaluate environmental conditions which are most closely
asSociétéd with functioning'of the eéosystem in relation

to net primary production.



CHAPTER II
"REVIEW OF LITERATURE

The primary producers sf a grassland ecosystem
include the entire gamut of autotrophic plants that form
the basis of all food chains (LeWis,‘1970).‘

In any ecological study, terminology tends to be
a major problem in commﬁnicating'what is being described
or evaluated. The study of primary productiVity involves
twq basic concepts'thét must not be confused: production
or productivity and biomass. |

Primary production is commonly expressed as the
amount of energy bound or plant matter incorporated into
‘the ecosystem dufing a specified time interval (Milner,
1970; Whittaker, 1970; Kormondy, 1969)."It is commonly
‘designated as g/mg/yr.,~Kg/ha/yr,, or pounds/acre/year.
Whittaker‘(1970) has further defined primary productivity
as the rate atrwhich enérgy is bound ér organic matter
created by photosynthesis per unit area, per unit of time
(i.e., g/mz/year or cal/cmz/year). Biomass, however,‘is
generally considered as that amount of organic matter
present at a given time per unit of area (Whittaker, 1970)
(i.e., g/m2 or pounds/acre).

Primary production must be further defined as

4



falling into two categories: net primary'production and
gross primary production. Green plants use for their own
respiration part of the organic matter they create. The
total energy bound or organié'matter éreated by green
plants per unit surface and time is their gross primary
production. The amount of energy bound or organic matter
‘created per unit surface and time that is left after plant
respiration is termed their nét'primary'productiqn
(Whittaker, 1970; Milner, 1970).

The general terminqlogy as defined above will be
utilized throughout this discussion.

Much research has been done on primary productivity
of terrestrial)yegetaticn. Working with cultivated crops
was the beginning of studies in primary productivition.
One 6f the first such studies in 1926*was conducted by
Edward Transeau in estimaﬁing the accumulation of energy
of a midwestern cornfield. He calculated the net produc-
tivity and; byiestablishing'certain premises, he was able
to estimate‘grosé productivity.

Due to the difficulties in harvesting underground
plant parts many early studies were based only on above~
ground primaryvproduction. Larson and Whitman (1942) found

that at the end of the growing season grassland mesas of

' 1
South Dakota produced 138.0, 177.5, and 199.0 g/m2 for

1See Appendix, p. 114, for abbreviations and
symbols used. '
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heavy, medium, and light grazing conditions. Odum (:1960)
estimated seasonal productivity of an old field in Michigan
to vary from 1 to 5 g/mz/day over the six-month growing
‘season, with the‘highest productivity from July to Sep-
tember. These figures apprbximate the world average for
corn, wheat, or native prairie, indicating that producti-
vity does not necessarilj change with species or increase
with succession as is often assumed. In the tall grass
p;airie of North Dakota, Hadley (1967) estimated'the peak
green herbage produétion tdjbe'between 109 and 353 g/mz.

Ovington et al. (1963) in a central Minnesota
prairie, Pearson (1965 and 1966) studying a desert grass-
land-shrub community, and Chew énd Chew (1965) in a desert
shrub commﬁnity concluded that an estimate of both roots
and shoots was necessary to evaluate the primary produc-
tion.of plant communities. In all cases, there were more
roots than shoots produced, with rdots averaging 271£o 64%
of the total net primary production.

Many of the'enVironmental factors which influence
plant growth and development have been studied. Gates
(1965) concludes that light and temperature are the most
important factors affecting productivity of green plants.
Bray et él.'(1959) show that the efficiency of organic
matter accumulation ranges from 0.04 to 0.53% depending on
the stage of succession of a Minnesota plant community.

‘Kucera et al. (1967), also comparing .available solar energy



with net primary production, estimatedvthe average con-
version to be 1.21% for a fall grass prairie community in
Missouri. Botkin et al. (1968) estimated 10% efficiency
for a'one~year—old-field in the New Jersey Piedmont.
Whitman (1969) and Whitman and Wolters (1967) provide the
most conclusive studies, which attempted‘to relate all
factors of the grassland microenvironment to Spepific piant
functions (leaf turgidity, etc.) and they developed a for-
mula for the balance of energy within the microenvironment.

A limited number of studies have been qonduoted
which deal with primary productivity of grasslands and the
relationship of environment to primary productivity.
Blaisdell (1958), in a 23—year study.on the Upper Snake
River Plains of eastern idaho, concluded from vegetation
and climatic records that both height and weight generally
followed the common sigmoid pattern; being relatively slow
at the beginning and end of the growing season and rapid
during the intermediate period. Precipitation, particularly
precipitation prior to the growing season, was most highly
correiated to forage weights of grasses, forbs, and shrubs.
Plant growth in general was found to be apparently regu-
_1ated by weather, particularly temperature, with early
kgrowth being caused mainly by high temperatures. Height
was directly related to precipitation and inversely related
to mean temperature.

Smoliak (1956) studied grass productivity and
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various climatic data in an attempt to derive a regression
equation for predicting range production. He concluded
that May and June precipitation was most highly correlated
with grass production.  Seasonal mean temperafure, hours
of bfight sunlight, and wind speed were all significantly
correlated with forage production. Se&Sonal evaporation
and férage production were the most poorly. correlated.

Rogler and Hass (1947), working in the northern
Great Plains rangelands, concluded that there was a high
correlationvbetween the preceding fall sbil moisture and
April to July precipitation, with range productivity. A
much higher correlation was obtained when these two factors

were added than when they were used separately.



CHAPTER III

DESCRIPTION OF THE STUDY AREA---

LOCATION

The National Biéon_Rahge is the area for the study.

The Bison Range is essentially a low group of mountains
covered with a variety of habitat types including fdfest,
grassland, and mixed shrub-tree types along the major
drainages. It is located in Lake county about 20 miles
south of Ronan, Montana. The area includes the'apprpxi~
mately 18,000 acres which are managed_by the Bureau of
Spdrt Fisheries and Wildlife as a wildlife refuge and to
perpetuate the plains bison. The general location of the

study area is shown in Figure 1.
STUDY SITE SELECTION

"While it would have been desirable to have had the
two treatments adjacent to each other, this was impossible
due to the historical use of'the area and the previous lack
of cross-fencing. The two 1.62 hectare sites werevselected
as near to eéch other as possible. In addition, each site
was selected to be as similar as possible to the other with

respect to aspect, slope and elevation, and inner uniformity.
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RELIEF AND ASPECT

The ungrazed treatment, a 121.8 x 121.8 meter
exclosure, is located on an absolute north (OO) exposure.
The slope varies'frOm'ZO% to 60% with an average slope of
55%; Its elevation is 963 meters.’

The grazed treatment is a 182.8 x 76.2 meter
exclosure located on an aspect of N34°W. The slofe varies
from 13% to 20%, with an average of 17%. The elevatidn of

“this site is 945 meters.
CLIMATE

Climatological'data which would best characterize
this study area are available from the weather station at
the National Bison Range Headquarters. This station is
slightly lower in elevation than the study sites, but
receives the general weather patterns which affect the
study sites.

The 21 years of temperature records (1950-1970)
show a mean annual temperature for the station of 7.5%
(Weather Records, National Bison Range). dJanuary is the
coldest month with an average temperature of —4.000, while .
July is the warmest mohth with an average'temperaturé of
19.4°C. The average frost-free period of 112 days extends
from May 26 to September 16.

The mean annual precipitation for the National
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Bison Range is 382.19 mm. Normally about 38% of the annual
precipitation falls during the months of April, Méy, and
June. August usually is the driest month with an average
of 1% ofﬂprecipitatidn for the year.

Table 1 shows the 21-year mean monthly and annual
’preéipitation and temperature and the monthly and annual
precipitation and temperature for January 1968 to
January 1970 as an average of the daily precipitation and
maximum and minimum temperatures of the National Bison Range. -

The general weather during 1970 deviated from fhe
average in several ways. The precipitation was 58.32 mm
above normal during 1968-1969 and 30{80 mm above normal in
1969-1970. The annual average temperature for the 1969~

1970 year period was 0.300 below normal.
SOILS

The soils under these grasslands are Typic haplo-
boroll (Morris1) or the Chernozem great soil group.
Table 19, ,p. 110, gives the classification by depth of soil
as to Munsell color rating, texture, ~15 bar soil meisture
retention, and bulk density of the soils studied. They
are characterized by fairly deep silt loam with very dark
surface horizons. The soil series on the ungrazed treat-
ment is Rattle Cobbly S3ilt Loam. Based on the information

given in Table 19, the grazed treatment would also fall

I . .
Personal communication. .
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Table 1. Meén monthly and annual precipitation and
temperature for 1968-1970 and the 21-year average (1950-
1970) based on weather records of the National Bison Range.

Precipitation in Millimeters

Month 1968-69 1969-70 ‘Average
Sept. 72.05 17.43 27.43
Oct. 16.15 25.13 25.38
Nov. 15.13 2.82 21.02
Dec. 28.21 9.74 21.28
Jan. 64 .62 39.49 26.15
Feb. 4.10 22.56 15.13
Mar. 7.69 26.92 16.67
Apr. 13.08 34.87 28.72-
May 31.28 58.46 42 .05
June 136.92 54.10 59.92
July 1.79 65.13 24.62
Aug. 0.00 5.88 2.33
Average 391.02 - 362.50 331.70

Temperature in Centigrade Degrees

Month 1968-69 : 1969-70 ~ Average
Sept. 12.6 13.4 13.5
Oct. 6.4 5.4 7.4
Nov.. 3.0 1.3 1.2
Dec. -4.6 5.4 =2.1
Jan. * -3.1 -4 .0
Feb. * 0.9 -0.6
Mar. -2.6 1.8 1.3
Apr. 8.7 1.7 6.7
May 11.6 11.6 11.6
June 14.7 18.3 15.7
July 18.3 20.1 19.4
Aug. 15.6 19.2 18.1
Average - 7.7 4

*
Missing data.
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into this series. These soils are derived from weathered
limestones and range from exposed surface bedrock to

1.5 meters in depth.
VEGETATION

The vegetation of the study area is characterized
by open grasslands; stands of ponderosa pine (Pinus

ponderosa) and Douglas fir (Pseudotsuga menziesii) at the

higher and more moist locations, and stands of snowberry

(Symphorcarpos albus) and hawthorn (Crategous douglasii)

in the draws and drainages at lower elevations. On rocky

hillsides, chokecherry (Prunus virginiana) -also occurs

(Morris and Schwartz, 1957).
The grasslands upon which the study sites are
located are of the Palouse Prairie type described by

Daubenmire (1943). The dominant plant species on the un-

grazed treatment is rough fescue (Festuca scabrella).
, -
Lupine (Lupinus serecius) was the second highest producer

on the ungrazed treatment. Idaho fescue (Festuca idahoensis)

and bluebunch wheatgrass (Agropyron spicatum) share domi-
nance on the grazed treatment. 4Rough fescue is considered
to be the climax dominant on both sites. The dominance
of Idaho fescue and bluebunch wheatgrass on the grazed
treatmenﬁ'is most likely a seral stage of the rough fescue

type created by past heavy grazing.
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PAST GRAZING HISTORY

The ungrazed treatment has had very litfle past
'grazing. The primary use seemed to be by elk (Cervus

canadensis). The drainage bottom of this north-facing |

slope was used heavily as a salting ground for bison

(Bison bison), but this had little effect on vegetation

of this study site. It remains a relatively pristine

stand of Féstuca scabrella.

The grazed treatment has been subjected t0 heavy
past gfazing. Prior to‘créss—fenoing,.it was one of the
major drivewgys to the slaughter house during the annual
bison roundup. Also, from observations during the past
field season, it seems to be a preferred feeding and loafing.
area for the bison when they are in this pasture on the
rotation system.

Evidence that this area is a seral stagé'of a
rough fescue ecosystem is that the botanical composition
is quite similar, and that the remaining rough fescue
plants are primarily small portions of larger clumps which
are now dead. These clﬁmps are quite evident throughout

the grazed treatment.
PRESTUDY CONSTRUCTION

During the month of March, exclosures were con-
structed to preclude grazing by wild ungulates during the

1970 study period. These exclosures were built to standard
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fehce dimensions as to post and pole spacings.. In addition,
the fence was eight feet high and constructed entirely of
woven wire (sheep fence). Corners were reihforced to pre-
vent damage by bison.

The iny‘structuresfwithin thése exclosures. were
weather instrument shelters constructed to approximate-
U.S. Weather Bureau standérds, and plant-drying racks used

to<airedry plant material before laboratory processing.



CHAPTER IV
METHODS AND PROCEDURES
BIOTIC STUDIES

Plant nomenclature follows Booth and Wright (1966)
for dicotyledons and Booth (195O)Ffor monocotyledons except.
for grasses which follow Hitchcock (1950).

In estimating abovegrOUnd net primary production,
an error is introduced when sampling the peék standing
crop and using this as the production estimate. The error
is that not all species reach'their peaks'at the same time.
It is valid to use an estimate of ngtlprimary shoot pro-
duction based dn»community peak standing crop only when
the dominant species have simiiar phenologies. Otherwise
the séparate péaks of the dominant species must be used
(Malbne, 19683 Wiegert and Evans,»1964). To facilitate |
Athe detefmination of primary productivity of these sites,
periodic measurements of abovegrouﬁd plant biomass were
made. To further understand net primary production, plant
moisture content .and plant height growth of certéin plant

species were measured.

17.
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Aboveground Measurements

CProducfion and biomass. The estimation of net

primary production was by the harvest method. It has been
described by Kormondy (1969)»and'Whittaker (1970) as one
of the oldest and most reliable methods of. determining
plant production. Random plot lines were established on
each tréatment by harvest date. The sampie pldts were
located systematically on these lines.' Figures 2 and 3
show the location of plot lines by harvest date within
each treatment. - By désign, some lines contain more than
one harvest date. The study sites are divided into repli-
cates and secfions to facilitate statistical analysis. In
addition, each section is divided into three equal areas
‘to corfespond.to the proposed three~yéar USIBP Grass-
‘lands Biome Study. Only data from the 1970 sections were
utilized for this study. Plots were located equidistant
along the line, with the first plot at one meter below the
beéinning of the line.

The area of each plot was one-half square meter.
To remove the effect of slope, each plot frame was leveled
with a hand ievel and the corrected corners established.
All live vegetation that contributed to more than 5% of
the total plot weight (oven dried) was clipped and placed
>in paper bags by species. Those species comprising less
than 5% were lumped into a miscellaneous category. Rough

fescue, Idaho fescue, bluebunch'wheétgrass,‘lupine,
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~arnica (Arnica fulgens), agoseris (Agoseris,glauca),

~yarrow (Achillea millifolium), and death camas (Zigadenus

~panicuiétus)4were always separated regardless of percent

of the plot contributed.

Moss (Eﬁachythecium albicaus) was harvested at

‘only one date, which approximatéd the peak of the growth
periqd.

Dead plant material was field separated into
standing dead and litter categories. Litter and previous
year's standing dead were placed,in'paper‘bags, Standing
dead from 1970 wés clipped with the live vegetation and a
percent estimate of live to dead vegetation was made in the
fieldvat the time of clipping. These estimates were then
used  to calculate'the 1970 standing dead p1ant material.

:All aboveground'plant material was brought to the
laboratory, allowed to air dry for one to three days, and
then oven'dried at 65 C for 24 hours or until a moisture
equilibrium was reached. The oven-dry material was then
weighed and recorded as grams per square meter (g/mz).
Sub samples of moss and litter were placed in an ashing
oven at 600 C for four to eight hours to separate plant
material from the intermixed soil.,

It is realized that some aboveground biomass_was
removed by rodents and insects. .Both rodenf:and insect
activity were observed during the study, but the amount

of plant material utilized in this manner was not measured.
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Tt is felt that it comprised no major reduction in plant

‘biomass or production.

Plant moisture content. Plant moisture content:

was detefmined by clipping the 1970 abovegroundvplant
produbtion; Rough fescue, Idaho fescue, agd bluebunch
wheatgrass were clipped by species at fwo—Week intervals.
The clippings were placed‘invairtight plastic bags in the
field. In the-laboratory, the plants were weighed before
and after oven drying. The percent of moiéfure was deter~
mined by the formula:

% H,0 = green weight - oven dry weight
A ‘ x 100

~oven dry weight

Plant height growth. Plant height growth was

studied by measuring thg longest‘vegetatiVe part of rough-
fescue, Idaho fescue, and bluebunch wheatgrass. Approxi--
mately 50-100 plants were measured in an undisturbed por-
.tion of each exclosure. Measurements were made at two-week

intervals to the nearest whole centimeter.

Belowgrohnd Measurements

Root material was sampled at the time of peak above-
ground production. This single sample was due to the dif-
ficulty of sampling extremely stony soil where a soil
sampling core is not functional. To obtain fhe root samples
a pit was dug and 10 x 10 cm squares were removed (intact

as much as possible) in 5 to 10 cm intervals in the vertical
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profile. The roots were soaked in a mild solﬁtion of
water and sodium hexametaphosphate (Calgon) for one %o
three hours and.wasged on 2 mm screens’'to remove the
remaining soil from the root material. When all visible
soil was removed, the roots were weighed; ashed, and re-
weighed in .2 similar fashion as the moss and litter to

_separate the plant material from any remaining soil.
ABIOTIC STUDIES

Abiotic studies include the measurement of several
environmentaijfactors at both study sites. These data .are
used to show relationships between these faétors and net
primary production or other biotic,meaéurements. In
addition, the measurement of these factors is of value in
revealing environmental differences or similarities of the
two treatments. 'All.measureménts were made at both treat-

ments unless otherwise specified.

Precipitation

Precipitation was measured with a standard U.S.
Weather Bureau rain gauge. Weekly measurements of precipi=-
tation were totaled for given harvest periods. A "t" test
was used to determine if a significant difference in total

rainfall existed at the two sites for the study period.
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Soil Moisture -

-Soil moisture was measured gravimetrically at
biweekly intervals throughout the soil profile at each
studj site. Soil samples were secured at 0-5 cm, 5-10 cm,
and thereafter at 10 cm intervals throughout vertical soil
profile to 100 em. Soil moisture was calculated by the

"formulas

% H,O = fresh soil weight = oven dry soil weight % 100

oven dry soil weight
The soil was dried at an oven temperaturelof 100°C for
approximately 24 hours.

Soil analysis ineluded texture analysis, bulk
density, and =15 bar moisture retention percentage. These
analyses were méde for soil profiles at the same intervals
that soil moisture was determined. The soil texture
analyéis was made by the hydrometer method. The ~15 bar

‘determinations were made with a pressuré plate apparatus.

Temperature

Temperature was measured at five levels; three in
the soil (at 2.5, 25, and 75 cms) and two in the air (at.
2;5Aand 160 cm). Temperature was measured in several ways.
Chromel-alumel thermocouples were placed at all five levels
and measured at weekly intervals to detect trends in grow-
ing seaéons. Continuous recording hygrothermographs were

maintained throughout the growing season at the 100 cm air
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level. At the ungrazed. treatment site, a three-point
thermograph maintained continuous‘temperature.records at
the 2.5 cm air temperature level and at the 2.5 and 25 cm
soil températuré level. Continuous records of temperature
‘were summarized fér daily, weekly, and monthly means for
descriptive‘and comparative purposes. For comparison of
continuous and interval recofds (i.e., chart vs. thermo-
coupleﬁ.between sités; the temperature for the given time
was taken from the chart and compared to‘interval tempera~
ture. Allﬂinstruments and thermocouples were checked at
weeklylintervals by use of a maximum-minimum thermometer

installed on the site.

Relative Humidity

. Relative humidity was measured and recorded by
continuous recordihg of a hygrothérmograph. Daily, weekly,
and monthly means were calculated for descriptive and

comparative purposes.

Wind Speed

Wind speed was measured at 100 cm only in the
ungrazed exclosure with a three-cup anemometer. Wind
velocity was calculated in méters per second (m/sec) by

weekly intervals.

Solar Radiatiéh
Solar radiation, which is the driving force of the

ecdsystem and related directly to primary production, could



26
not be measured due to lack of equipment. However, U.S.
Weather Bureau records from Great Féll§, Montanég of total
incoming solar radiatiqn were averaged 1o approximate the
solar radiation recéived. When solar radiation is compared
to the netvprimary production, an energy efficiency ratio
is established} Energy efficiency ratios are very impor-

tant in comparing pfimary production of different ecosystems.



CHAPTER V
RESULTS
BIOTIC STUDIES

Abovéground-Biomass

Aboveground plant biomass is classified as:
(1) 1969 standing dead; (2) 1970 standing live; (3) 1970
standing dead; and (4) litter. The results of the study
of aboveground biomass will be described in terms of
herbage dynamics (changes in the class of plant biomass),
maximum production, plant moisture content,‘plant height

growth, and botanical composition.

Herbage dynamics. The dynamics of the aboveground

herbage are graphically represeﬁted in Figures‘4 and 5.

On the ungrazéd treatment at the first.clipping date
(4/15/70) the 1969 standing dead crop comprised 45.5% of
the abovegréund plant biomass; 1970 live productign 2.5%;3
and litter 52.0% of the total aboveground biomass present.
At the peak of production harvest (7/3/70) the 1969
standing dead chp was 19.1%3 1970 live production 39.9%:
and litter 39.9% of the total aboveground biomass. The
remaining 1.7% was confributed<by dead plant material from

1970. At the last harvest date (10/31/70), the 1969

27
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stahdiﬁg dead crop was less than 1%s 1970 live pfoductibn
‘ 6.6%; 1970 standing dead was 31.7%; and litteffwas 61.7%
of the total aboveground biomass.

On the grazed treatment at the first clipping date
(4/15/70) the 1969 standing dead was 54.7%; 1970 live pro-
duction was 6.8%; and litter 38.5% of the total aboveground
biomass. At the peak production harvest (7/3/70) 1969
standing dead crop contributed 18.7%; 1970 live production
48.9%; 1970 standihg dead 6.3%; and litter 26.1% to the
total aboveground biomass. At the last clipping date
(10/31/70) .the 1969 standing dead contributed less than
1% to the tofal aboveground biomass° The 1970 live produc-
tidn was 8.8%; 1970 standing dead was 32.4%; and litter was
58.8% of the remaining aboveground biomass.

- Since the 197@ plant production was harvested by
species, a comparison of the changes in grass aﬁdvforb
pfoduction at each clipping can be easily illustratedﬁ
Initially (4/15/70), grasses contributed 87.5%A6f the
aboveground biomass on the ungrazed tfeatment and 79.7% on.
the grazed treatment. By the peak of the grbwing season
(7/3/70) . grasses contributed 69.4% and 58.1% on the un-
grazed and‘grazed treatments respectivély; At the'end of
thé'growing season (based on 10/31/70 clipping) grasses
made}up 77°8% and 72.2% on the ungrazed and grazed areas
respectively. TFigures 6 and 7 show the'g/fn2 of 1970

standing live herbage production harvest dates.



250

GRASSES
[_] Fores

200
o3
£
~
ol
Z 150
=
@]
—
o
[ &)
jow]
a
Q
Y
100
2
=
]
o
ja¥
£
2
50
0

ahs  s/z  sis  5/30 /17

716  8/4
HARVEST DATES

FIGURE 6 . Ungrazed treatment. Standing herbage production for 1970.




- GRASSES

DO S A N S A SO MMM Y

. OO0

.
etate et

0

OO0

_ — I - "
o o ~ 0 &
. N ﬂ ©

2U/3 NI NOILONUO¥d AMVWIMA LaN

s5/i6 5/30 617 7/3 7/i16 8/4a 8/25 9/26 10/3I

5/2

4/15

HARVEST DATES

FIGURE 7 . Grazed treatment. Standing herbage production for 1970.



( 33
To more fully understand the dynamic nature of
the aboveground 1970 produétion, Figures 8 and 9 illus-
trate thé»change in mean production throughout the growing
season, inclﬁding the standard errors of the‘meaps for
the ungrazed and grazedrtreatments respectively. Tables.

12 and 13, pp. 99 and 101, présen% a complete assessment

of dynamics and production of’aboveground‘biomass for 1970.

Maximum.production° Maximum-production may be

viewed in two ways: as the point of highest production of
the treatment as a whﬁlé during the growing season, or as
the sum of the maximum production of the primary species
during the growiﬂg season. kAs will be seen in a later
section, this is one of the most'important decisions in
computing the net primary productién and site efficiency.
For the purpose of this studyy_both types will be discussed.
In terms of maximum treatment production, the un-
grazed treatment produced 228.12 g/rﬁ2 and the gfazed treat—
ment produced 108.18 g/mg. The ungraéed treatment pro-
duced 2.1 times gsAmuch'plant material as the grazed
treatment. u?hesé peaks in 1970:§rodpction are based on
the‘7/3/70.clipﬁing'in both treétments° Table 2 shows the
cohtfibution of the major species to the peak community
production. 4The sum of these primary species does not
equal the total because minor species and miscellaneous

category figures are not included.
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When the sum of the peak productions of indivi-
dual species is considered as the maximum production of a
community, a higher figure is derived. On the ungrazed
treatment, 250.41 g/m2 was produced, and on the grazed
treatment 156;57 g/mz. In this case, the ungrazed treat-
ment produced 1.6 times as much as the grazéd treatment.
These figures were arrived at by taking the maximum
species production figures.from Tables 12 and 13 and
summing. h
Table 2. Production of.primary species measured at the

peak-of treatment production (7/3/70) in grams per square
meter.

Species . Ungrazed Treatment * Grazed Tréatment
Fesc 140.71 . 3,29
Feid 10.26 25.85
Agsp 3.08 26.25
Luse 34.26 20.72
Acmi 7.78 6.34
Aggl 4.03 3.32
Arfu 1:56 1.14
TOTAL | 228.12 108.18

Table 3 shows the contribution of the primary

species to the maximum production based on the peak of

w3 A e e ol ey
A B e

individual production. Again, the total presented is not
a sum of the individual species since the miscellaneous
categories and minor species are not shown..

A éomparis6n of maximum production between the

ungrazed and grazed treatments is also illustrated in
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Figures 10 and 11. Figure 10 compares grass production,
and Figure 11 compares forb production. Rough fescue on
the ungrazed treatment produced more plant material than
any other species. It was the top producing grass on the
ungrazed treatment, but was overshadowed by Idaho fescue
and bluebunch wheatgrass on the grazed treatment. ILupine
was the highest producing forb on both treatments, but
produced nearly twice as much plant material on the un-
grazed treatment. Yarrow was the next highest consistent

producer being similar on both treatments. Lithospermum

ruderale became a fairly high producer late in the season,
but only on the ungrazed treatment. Moss was sampled only
once during the study period and only on the ungrazed
treatment. Some moss did grow on the grazed treatment, but
was in very small quantity; On 7/16/709 the average moss

production was 90.75 g/m2'after ashing.

Table 3. Production of primary species as they contribute
to maximum production based on peaks of individual species
in grams per square meter.

., Species Ungrazed Treatment Grazed Treatment
Fesc 140.71 10.18
Feid 10.26 25.85
Agsp 3.08 26 .25
Luse 41,30 20.72
Acmi T7.78 9.04
Aggl 4.75 4.86
Arfu 4.66 . 4.77

TOTAL 250.41 -  156.57
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Plant moisture content. Plant moiéture content was

measured for. the primary grass species on each treatment.
The results are illustrated in Figures,12 and 13 for the
ungrazed and grazed'treatments respectively. As expected,
the moisture content was very high in the beginning of
growth during the period of rapid grthh.' As the plants
matured the moisture'content decreased raﬁidly and a final
equilibrium was reached on about 8/27/70 for both treat-
ments. The drop in moisture was not a gradual or an‘equal
phenomenon for all species. In the ungrazed treatment
both rough fescue and Idaho fescue had.approximately‘40%
decréases‘in'moisture cdnfént between 7/30 and 8/7/70.

In the grazed tfeatment rough fescue showed a similar
sudden decline in moisture between 8/20 and 8/27/70
(approximately 35%). Idaho fescue and bluebunch wheatgrass
inrfhe grazed treatment show more~gradnalgdecreases~in,

; moiSture\contenﬁ. A1l species in both treatments showed
large decreases in moisture between 4/15 and 5/2/70.
TaEle.15, p. 104, summarizes plant moisture content for

both treatments.

Plant height growth. ©Plant height growth was

measured for the primary grass species occurring on each
treatment. TFigures 14"and 15-illustrate the change in
plant height on the ungrazed and grazed treatments. The
maximum leaf length of rough fescue was 47.4 cm on the

ungrazed treatment and 43.9 cm on the grazed treatment.
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‘Idaho fescue's maximum leaf length was 23.3 cm and 20.7 cm
on the ungrazed and grazed treatments respectively. Blue-
bunch wheatgrass, measured oniy on the grazed treétmentg
was 43.8 cm at its maximum height. Both rough fescue and
Idaho feséuevappeared to héve reached maximum height by
the 6/15/70 sample date on the ungrazed treatmént. On the
grazéd treatment, rough fescue and Idaho fescue again
appeared to have‘reachedAtheir‘highestippints by 6/15/70.
Blueﬁunch wheatg?qss,;hpwgver; continued‘growth until
7/1/710.

Maximum.height growth and dates of maximum height
growth ére only estimatés based on the samples taken.
Fluctuations in sample means which occurred after the
dates cited as maximum height growth are consideréd as
due to sampling error. As the rate of growth becomes
slower towards the end of‘plantAgrowth,.measurements by
the technique used become less able to distinguish gréwtho
This is especially obvious when negative growth patterns
are seen after peak height growth is reached.

Plant height grthh was bompared to production of
the dominant grasses on each treatment. Figure 16 ié a
scatter diagram with functional lines fitted by inspection.
It ié_apparent that height and weight are féiated, and
that the measurement of height as the longest leaf length
is a functional description of production to the point

~

where the longest leaf matures and ceases elongation.
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From this point, -until prodﬁction reaches its peak, in-
creases in weight are due tO‘elongatién=of immature
leaves, symthesis of carbohydrates, or tillering. The
iattef is all but_eliminated since very little tillering

was noted on any.spécies_during the study period.

Botanical composition. Botanical composition;, as

used here, is the percentage that each species contributes
to maximum.het primary production. It provides a good
'measﬁre fér vegetative comparison of the two treétmentsa
‘Pable 4 shows the maximum production of each species and
fhe’péfcent fhat it contributes to the total. Rough fescue
comprlses 56% of the productlon on the ungrazed treatment.
Bluebunch wheatgrassland Idaho fescue shared domlnance on
the grazed tfeatmen§ veing -37% of the total production.
Annual and perenniai graés»Qeré 15% higher on the grazed
treatment. | |

. On both treatments, Lupinus sericeus was the

highest. produ01ng forb and, along with Achillea mllllfollumg

Agoséeris glauca, and Arnlca fulgens, produced almost

onenfogrth of the total vegetatlon. The prlmary vegetative

differénces wére? the presence of Lithospermum ruderale

and Geum triflorum on the ungrazed treatment and their

absence bn the grazed treatment; and the presence of

Antennaria'rosea and Aster falcatus on the grazed treatment

and absence on the ungraéed treatment. I suspect that
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Table 4. Botanical composition of the ungrazed and grazed
treatments based on the percent of maximum production of
each species.

|

Ungrazed - - - Grazed. -
Treatment . Treatment
Species Sy — 5
Grams/m~ DPercent Grams/m“ Percent
Festuca ‘

scabrella ] 140.71 56.03 10.18 6.20
F. idahoensis 10.83 4.31 32.35 19.70
Agropyron }

spicatum 3.08 1.22 28.54 17.38
Misc. Per.

Grasses 2.74 1.09 20.88 12.72.
Misc. Ann.

Grasses 6.30 2.50 9.06 5.52
TOTAL GRASSES 163.66 65.15 101.01 61.52
Lupinus sericeus 41.30 16.45 - 20.72 12.62
Achillea ‘ 4

millifolium 7.78 3.09 9.04 5.50
Agoseris glauca 4.75 1.89 4 .86 2.96
Arnica fulgens 4.66 1.85 4.77 2.91
Lithospermum

ruderale 9.59 3.85 - —
Geum triflorum 5.60 2.24 . —
Castellea

sulphurea 1.82 0.73 2.86 1.76
Zigadenus 4 )

paniculatus 0.47 0.18 3.02 1.84
Antennaria rosea —— - 2.10 1.28
Aster falcatus - - 5.22 3.19
Misc. Forbs 11.47 4.57 10.53 6.42 -
TOTAL FORBS 87.44 34.85 63.12 . 38.48

TOTAL 251,10 | 164.13
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these differences are due primarily to the slight differ-
ences in slope and aspect of the two treatment areas.
However, this difference could be caused by past grazing
histories._.

In general, the composition of species seems to
be quite similar. The percentages of-gfasses and forbs is
remarkably uniform. Only the quantity ef vegetation is
significantly different.

To statistically test the difference between the
two. treatments at maximum aboveground primary production,
aeoneéway analysis of variance was done. The following-
table of analysis Qf variance shows-the significaﬁée level
of the difference between the two treatments.

Table 5. Analysis of variance comparing net primary
production between. the ungrazed and grazed treatments.

So@rce of Variation af SS ‘Variance F
Total | © 39 53712.85 —
Between Treatments "1 35348.97 35348.97 73.152

Within Treatments 38 18363.88 483.26

8Significant at thie .01 probability level.

These data show the significance~of past grazing
histeries on nef primary production. Production was sig-
nifieantly reduced on the grazed treatmeht when compared

to the uhgrazed treatment.
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Belowgroundeiomass

Belowground biomass was measured in a single
samplelon 8/18/70 consistiﬁg of two subsamples at each
stﬁdy site. Figuré 17 iliustrates the means in grams per
square mgterwof‘the*two sﬁbsamples for given soil depths.
The nﬂmbefs in parehthesis.are the percent of the total
in that depth. In the ungrazed treétment, 93.3% of the
roots_are in the first 50‘cm of the soil profile.‘ Approkiw
mately 98.6% of the roots were in the first 50 cm on the
grazed treatment. The ungrazed treatment had a mean of
2540 g/mziwhereas‘the grazed treatment had 147O]g/m2,

| These measprements were téken past the péak of
vegetative production. Due to the dryness of the soil,
and hence:-low microbial activity, it is felt that deteri-
oration of root material was not significant.

As 1970 root production could nofﬂbe separated
from that poftion of the root system remaining from previous
years, an estimate of 1970 production was made based on
the studies of Dahlman and Kucera (1965 and 1968). They
found, based on pre- and post—growihg season root measure-
ments and the use of 140 for labeling prairie grasses, that
approximately 25% of the réot system is replaced each yearw
With this estimate as"ahguide, Table 6, the 1970 produc-

tion of root material, is presented.



TREATMENT
Soil _ : T S
Depth. Ungrazed Grazed.
in. cm S o

v

02" 1070 (42.1) 950 (64.6)

5-10 - | 650 (25.6) | | 240 (16.3)

340 | 160
(13.4) ‘ (10.8) .-

6.7) : (2.0)

140 30 .
(5.5). _ (2.0)

40 - 40 -
(1.6) . s 2.1y

60 : 20

70

60-70 (2.8)

Total * 2540 1470

FIGURE 17 .Maximum root'weights for 1970 onfﬁngfazed:and
grazed treatments. Top number is g/m2 ; bottom number in
() is th percent of total weight.. SR
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Table 6. Estimated 1970 production of root materlal in
g/me based on 25 percent annual turnover.

in cm Ungrazed Treatment Grazed Treatment
0-5 ©298.0. 237.5
5-10 162.5 60.0
30-40 35.0 7.5
40-50 10.0 10.0
50-60 15.0 Y 5.0
60-70 7.5 . ——
TOTAL 635.0 - 367.5
ABIOTIC STUDIES
‘Precipitation

Precipitétibn was measured in ﬁillimetérs at:
weekly_intervals thrbughout the study period. Precipi-
tation differences between the two sites were minimal
throughout the study period. A "t" test of the mean weekly
precipitation was not significant.

Table 7 shows the precipitation on the ungrazed
and grazed treatments. Also, for comparison, the 1967,
1968, 1969, and 1970 prgcipitations and the four-—year mean
for thé'same‘time,interval are presented. Approximatély
60% of the groWing season precipitation falls from 4/15
to 7/3. From 7/3 to 9/3 only about 10% fell. The remain-
ing 30% falls between 9/3 and 10/31. The four-&ear mean,
226.67 mm, is.slightlybhigher than the 205.13 mm and

219.23 mm for the ungrazed and grazed treatments respectively.



Table 7. Precipitation in millimeters on the ungrazed and grazed treatments for
the 1970 study period. For comparison, the 1967 to 1970 precipitation and four-
year mean from the National Bison Range Headguarters are given.

Bison Range Headquarters
: Ungrazed Grazed
. Four-year Treatment Treatment
Period 1967 1968 1969 1970 Mean 1970 1970
4/15-4/25 12.56 7.18 11,54 9.49 10.26 8.97 9.49
4/26-5/3 32.31 3.33 6.92 5.38 12.05 3.59 2.82
5/4-5/10 22.31 3.59  12.31  13.33 9.74 18.72 17.18
5/11-5/17 3.59 2.05 0.00 36.67 13.59 22.05 37.95
5/18-5/22 0.00 8.97 5.64 6.41 5.38 4.87 5.38
5/23-3/30 18.21 5.64 6.41 2.05 8.21 0.00 0.00
6/1-6/5 17.95 3.08  0.00 1.03 5.64 17.95 0.77
6/6-6/12 7.95 28.21 69.49 22.82 32.05 25.38 17.95
6/13-6/19 0.77 4.36 1.79 9.23 4.10 11.79 11.79
6/20=6/25 41.28 7.44  35.64 0.00 21.03 0.00 0.00
6/26~7/3 ‘0.00 5.89 31.54 21.03 14.62 13.59 16 .41
7/4=7/10 0.00 0.00 0.26 0.00 0.07 0.00 0.00
7/11-7/16 0.26 0.00 0.00 19.74 5.13 0.00 "13.33
7/17-7/23 1.03 0.77 0.00 17.18 4.62 0.00 4.36
7/24-7/30 0.00 0.00 0.00 25.89 " 6.41 14.10 17.69
7/31;§/6 0.00 1.03 0.00° 5.89 1.79 4.62 3.33
8/7-8/13 0.00 3.59 0.00 0.00 1.03 0.00 0.00
8/14-8/18 0.00  39.49 0.00 0.00 10.00 0.00 - 0.00
8/19-8/25 0.00 2.05 0.00 0.00 0.51 0.00 0.00
8/26~-8/27 0.00 6.15 0.00 0.00 1.54 0.00 0.00
8/28-9/3 0.00 29.49 0.00 0.00 7.44 0.51 0.77
9/4-9/10 2.31 0.00 2.56  16.41 5.38 14 .87 11.79

€S



Table 7 (continued)

Bison Range Headguarters

- -Ungrazed Grazed
Co Four-year | Treatment Treatment

Period 1967 1968 1969 1970 Mean 1970 1970
9/11-9/17 6.15  18.97 0.00 1.54 6.67 0.00 0.00
9/18=9/24 0.00 23.59 10.25 3.08 9.74 4.62 6.92
9/25-10/1 7.44 0.00 4.62 0.00 3.08 0.00 - 0.26
10/2-10/16 10.51 15.38 8.72  37.44 20.26 37.44 37.44
10/17-10/31 20.00 0.77 . 16.15 2.56 10.00 2.05 3.58
TOTAL ' 204 .62

221.03 223.85 257.18

e sme e
— e —e——

226.67 |

205.

219.23

14°
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Soil Moisture

For the ﬂ970 study period, the soil moisture means
were not significantly different between the two treatments.
A "t" test of mean biweekly soil moisture percents as an
average of O to 50 cm samples proved nonsignificant.1 The
permanent wilting percent, estimated at the moisture per-
cent refained at -15 bars of moisture stress, were similar
between treatments, but varied from 26.9 t0. 4.6% moisture
within a 100 cm soil profile. The -15 bar moiéture percent
was feached by bbth treatments at most soil depths between
7/3 and. 7/16. After reaching this point, soil moisture
continued to gradually decline and level off at 3 to 6% on
8/27,? Fall rain showers between 8/28 and 10/16 totalled
59.49 mm and 60.76 mm on the ungrazed and‘grazed treatments
respectively, and brought the soil moisture of the upper
five cms up to 25 to 28% by 10/22.

Figures 18 and 19 iliuStrate the percent soil
moisture change within a profile from 4/12 to 10/22/70

for the ungrazed and grazed treatments respectively.

Temperature

Temperature measurements were made throughout the

study period at five levels:.100 cm and 2.5 cm air

Tsee Tavle 20, p. 111.

°See Tables 17 and 18, pp. 106 and 108, for all
soil moisture values for the study period and values at
15 bars of moisture stress.
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temperatures and 2.5 cm, 25 cm, and 75 cm soil tempera-
tures. The means of the 100.cm air temperature are a
daily summary of bihourly temperatures recorded,continug
ously on a hygrothermograph. The means of the other four
levels are averages of a 10:00 a.m. reading made weekly
at the grazed treatméﬂt, and the 10:00 a.m. thermograph
recording on the ungrazed treatment which cbrresponds to
the readihg time and date at the grazed treatment. This
method was followed to aliow for comparison of the means.

Figures'ZO and 21.iilustrate the 1970 seasonal
trends of temperature for the ungrazed and grazed treat-
ments. A comparison of each level was made by a "t" test.
The test indicated that all soil temperature means and the
100 cm air tempereture means were not significantly dif-
ferent at the .05 level. However, a "t" test of the 2.5 cm
air temperature means indicated that the two treatments .
were very significantly different (t.01)- This is also.
quite evident. from Figures 20 and 21.

‘The temperature trends for all levels Were’generally
bell-shaped through the study period. 'The~aifrtemperatures
" showed the widest fluctuations, while soil temperatures
were more subdued, but still followed the general air
temperature fluctuations. As expected, the 75 cm soil
temperature had the smoethest curve and had the warmest
temperatures for the end of thevstudy‘period. Freezing

temperatures were noted at the 2.5 cm soil level on the
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ungrazed treatment at the end of the study period.

'While seasonal trends are of general interest in
the study of vegetation, they are averages, and they subdue
the magnitude. of temperature éhange which plants must
endure during the growing season. Utilizing a combination
of a hygrothefmograph and a three-point thermograph on the

~ungrazed treatment, daily temperature fluctuations at

100 cm;air; 2.5 cm-air, 2.5 cmasoil;_and 25 cm-soil were
measured . ‘Figuré;22 gives a 72-hour section from 7/4,
7/5, and 776. The tremendous change of 34 C at the 2.5 cm
air level is the most pronounced. The»é.5 cm—-so0il level
also showsva_largeAmagnitudé of temperature change. The
100 cm air level shows a constant, but smaller amounts of
temperatufe change ‘than the\2.5 cm air. The 25 cm soil

shows quite small changes compared to the other;three.

Relative Humidity

The biweekly averages of percent relative humidity
are presented for both treatments in Figure 23. Both
treatments showed‘extremely similar percentages for all
measurement periods. A "t" test used to compare the
seasonal ﬁeans showed no significant difference at the .05
ievel; Relative humidity ranged from.an average low of
46 .6% to-an average high of 80.7% for both treatments.

The lowest levels being from 8/4 to 8/25 and the'highest
during 9/26 to 10/31.
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As with tempefatures, seasonal trends in relative
humidity are of general interest, but the magnitude of
fluctuations in relative'hgmidity in which végetation must
grow and survive was exaﬁined. To provide some continuity,
the daily change'in relative humidity in the ungfézed
treatment for 7/4, 7/5, and 7/6/70 are shown in Figure 24.
The range from almost 100% during the night fo 40% during
the day exemplifies the magnitude of change endured by

plants during the peak of production.

Wind'Velocity

Wind velocity was measured at the ungrazed treat-
ment only. Average wind velocity pattern during the study
period is given in Figure 25 Veloéity ranged from 0.75
.to 1.202 m/se_c,1 Lowest velocity was during the 6/17]tp;
7/3 interval, and the;highést was during the 8/25 to 9/26

interval.

Solar Radiation

Solar radiation was not measured on site, and
U.S. Weather Bureau data for 1970 were not availaﬁle.
However, a 17-year average for Great Falls,_Montana, the
leSegt measuring station, is shown grqphically,in Figure 26;.

Mean monthly averages from April to October show July as the

1m/s_ec x 2.237 = miles per hour.
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highest month with an average of 627 1angleys1 per day,
and October the lowest forlthefsfudy peridd. Amounts of
solar radiation rise to aﬁd fall rapidly from the July

zenith.
NET PRIMARY PRODUCTION

Net primary production is that amount of plant
matter incorporated or energy bound into the ecosystem
during a specified time interval. The time intervalA
.cbnsidered here is the growing season.

Primary prbducfion'can be based on the peak of
production for the ecosystem, or as the sum of the indi-
vidual species' peaks of production. Table 8 shows net
primary production as the peak of the treatment production.

Table 9 presents net primary production as the sum
of the individual species' peaks of production.

" It is apparent from Tables 8 énd 9 that consider-
ably higher production figures are derived by presenting
net pfimary production as the sum of the individual.
species’ péak production. The ungrazed treatmeéent is
22.29 g/m2 (2.5%) higher, and the grazed treatment is
48.39 g/m2 (9.2%) higher in net primary produ6£ion when

this method is used.

1A langley 1s equivalent to one gram-calorie per
square centimeter of irradiated surface.

~
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Table 8. ©Net primary production in'g/m2 based on peak

treatment production for 1970.

Tréatment'

Category of Plant
Naterial Ungrazed Grazed
. Aboveground ' 228.12 "108.18
Belowground 635.00 367.50
TOTAL  958.87 475 .68
475 .68

TOTAL w/o moss | 863.12

Table 9. Net primary production‘in g/m2 based on the sum
of individual plant species peak production for 1970.

‘Treatment

Category of Plant
Naterial Ungrazed- Grazed
Aboveground 250.41 156 .57
Belowground 635.00 367.50
‘Moss , . 90.75 —_—
TOTAL , 976.16 - 524.07
 TOTAL w/o moss  ~ 885.41

524.07

Tables 12 and 13, pp. 99 and 101 of the Appendix,

reveal that the difference between the two sites is due to

the larger number of species (with inherently different

peaks of production) which are major contributors to pro-

duction on the grazed treatment as opposed to the rela-

tively few species (rough fescue contributed 56%) which are

major contributors to maximum production on the ungrazed
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treatment. The writer feels that the sum of the peak
produétion of individual species constitutes a more
accurate method of measuring net primary productivity,
and all subsequent calculations of productivity and effi-
ciency will be based upon these data.

.The amount of moss which contributes—to net primary
produétion is unknovn for this study, and the literature
'gives ne indication of annual moss productioh. 'For_this
reason, -and since the small amount of moss on the grazed
treatmént was not harvested, all production figures which
follow will not include moss.

‘The difference in net primary productiqn between
the ungrazed and grazed treatments (Table 9) is 361¢3§ g/mz;
The ungrazed treatment produced 37.5% more abovegrouna |
‘plant material and 42.?% mofe beiowground plant material
than the. grazed treatment in 1970. Overall, the ungrazed
treatment produced 40.9% moré plant material than the

gréﬁed‘treatment.

Produetivity

| Another aspect of net primary production is pro-
ductivity. Productivity, according to Kormondy (1969), is
the amount of energy bound by the ecpsystem. A review of
literature has found no reference to the caloric content
of the species studied. However, Liéth (1968) and Golley

(1961) found that prairie grasses have approximately
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4.1 kecal per gram, forbs have 4.2 kcal per gram, and réot
material has 4.0 kcal per gram.

From these data, the caloric content of the study
area plant species’was estimated. Table 10 shows the
productivityvin kcal/mg of the two treatments. The un-
grazed treatﬁent incorporated orvbound agproximately 41%
more energy into the ecosystem than the. grazed treatment.

Table 10. Productivity in kcal/m;2 on the ungrazed and
grazed treatments for 1970.

Category of Plant Treatment.

Materlal Ungrazed Grazed
Grass 671.00 414.14
Forb . 295.55 256 .28
Root 2540.00 1470.00
TOTAL 3506.55 ' 2140.42

Efficiency

Efficiency of each treatment is defined in .terms
of energy and water utilization. Energy efficiency is a
blratib of the amount of incoming solar radiation received
by the ecosystem during the growing season to the amount
of energy bound into the ecosystem in net primafy produc-
tion. Water efficienCy is the ratio of the amount of
water used for the production of plant growth to the amount
of plaﬁt material produced. A most imbortant consideration

in determining efficiency is the length of the growing
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season. For the purposes of this study, the growing
season is considered to extend from 1 April to 30 September.

Solar radiation, as received by the earth‘s.sur-
face, consists mostly of visible radiation or light, infra-
red or thermal radiation, and ultraviolet gadiation~-the
relative quantities being in that order.

fheﬁU;S. Weather Bureau at Great Falls, Montana
(the closest recording station), reports that 92,377
langleys (923,77O‘kca1/m2)»is the average total solar radi-
ation for fhe(study period (1 A?ril to 30 September). .
Energybefficiency based on the total iﬁcbming solar radi-

ation is calculated as follows:

Ungrazed Treatment:

3506.55 kcal/fn2 (productivity)

| , = 0.38%
923,770 kcal/m? (total solar radiation)
Grazed Treatment:
' 2 .
2140.42 kcal/m“ (productivity) - 0.23%

923,770 Kcal/mz (total solar radiation)
'"”fﬁjLiéﬂf‘isvthe raaiation with wavelengths between 400
and 760 millimicrons. Light also is the effective radiation

in photosynthesis and makes up almost half of the solar
radiation reachihg the earth's;surface. Effiqiency of
energy use based on the 501ar'rangexof radiation utilized
in photosynphesis; 400 to 760 millimicrons, is Qefined for

the two {treatments as:‘
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Ungrazed Treatment:-

2 .
3506.55 kecal/m ~(productivity) . = 0.95%

369508 kcal/m2 (solar radiation -~ 400 to 760
millimicrons)

Grazed Treatment:

2140.42 keal/m® (productivity) = 0.58%

369508 ‘kcal/m® (solar radiation - 400 to 760
millimicrons)

While this latter method is now most éommonly used to
measure 'energy efficiency, other studies have used total
radiation. For this reason, both methods have been
described and utilized.

In a most recent study-described by Whitman (1969)
energy efficiency in a mixed-grass prairie was 1.0% and
0.6% for two consecutive years (1965 and 1966). These are
-based on a 60-day growing season from 20 May to 20 July
and the visible spectrum of solar radiation (400 to 760
millimicrons). Although the growing season is consider-
ably shorter, the efficiencies are comparable to those
found for this study.

Water efficiency is based on water used in evapo-
transpiration comparéd‘to‘the amount of net primary
production. Total water used during the growing season is
determined by add%pg-the amount of precipitation to the
quantity of soil water used in evapotranspiration. Soil

moisture in percent was converted to centimeters of water
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by using the average soil.bulk density. On the unérazed
treatment 16.4 cm ofupreCipitatidﬁ plus the net loss of
36.3% soil moisture during the gering season amounted to
’166,960 grams of water used in evépotranspiration. 'When
compared to the net primary producfion of 976.16 grams,
it is found that 171.05 grams of water were required to .
produce one gram of net primary production.

On the grazed treatment, 17.6 cm of precipitation
plus the net loss of 20.4% soil moisture amountéd to
177,861 grams of water used in evapotranspiration. When
compared to 524.07 grams'df net primary production,

339.39 grams of Water.wére required to produce one.gram'ofj
net primary production. This shows that the ungrazed
treatment was 49.6% more efficient in water use than the
grazed treatment.
RELATIONSHIPS BETWEEN NET PRIMARY
PRODUCTION AND ABIOTIC FACTORS

"It is generally acknowledged that plants have
three "cardinal temperatures for growth; a minimum, an
optimum, and a maximﬁm," and that these so-called cardinal
points vary greatly between species (Meyer et al., 1960).
In general, however, most species of temperate zone origin
do not grow appreciably at temperatures beibwv 5 C. _Their
optimum growth usually occurs between 20 C andujo C, and

the maximum temperature at which growth continues is about
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35 to 40 C. Some of the grass'Spécies which are found on
this study have been"bbéérved to grow-at temperatures well
below 5 C.1

Another. generally accepted implication is that
‘many- plants appear to cease growth when the percent soil
moisture diopS'beldw that percent.soil moisture retained
at =15 bars of soil @oiSture stress.‘{This is by no means
an absolute value for all soil typesbér ali plant épecies,
but does pfovide a referehcq point for study of plant
growth and‘responSes'to sdil moisture changes.

Figures 27'and 28 illustrate the changes in 1970
production and standing crop and the associaﬁéd changes
in temperature, soil moisture, and relative humidity for
the ungrazed and grazed treatments throughout the study
period. A very obvious conclusion from Figures 27 and 28
is that relative humidity remained at a fairly constant
level throughout‘the study and appears to have very little
effect on production. Simple coefficients of determina-
tion, r?, for rate of production in g/hz/day and relative
humidity were 0.13 and 0.15 for the ungrazed and grazed
treatments respectively. This indicates that only about
13 to 15% of the variation. in the rate of production can
be accounted for by relative hﬁmidity assuming that a

linear relationship exists. Also obvious from Figures 27

1Pei‘sonal'communication with Dr. Lee E. Eddleman.



250

Temp.

% Rel.Hum.
% Soil M.

200 80
™
£
~
©o ) »
=z
f
8 150 50
£
0
=
5
&
a,
z |
g 100 40
= 0
g
n.“ .......................
£
o8]
=

50+ 20

15 bars stress soil moisture pereeqy
Ot— T T T T | T T T 0
4/15. 5/2 5/16 5/30 6/17 7/3 7/16 8/4 - 8/25 9/26 10/31

HARVEST DATES - 1970

FIGURE 27 . Ungrazed Treatment. Seasonal trends .in air temperature(100 cm) ® , relative humidity O,

and soil moisture & in relation to the 1970 standing crop




125 -
% Rel.Hum,
% Soil M. Temp. C

100 80 — 20
o
=
~
(o]
Z
[
=
S
= 75 60 — 15
O .
=)
a
S
=
o,
>
&
=
5 50 40 — 10
e~
o
o
L&)
=z

25 . 20—~ 5

15 bars stress soil mbisture'percent‘:
O 1T T T T T T T ‘ 06 =0
4/15 5/2 5/16 5/30 6/17 7/3 7/16 8/4 8/25 9/26 10/3L

A HARVEST DATES -1970
FIGURE 28 . Grazed treatment. Seasonal trends in air temperature(100 cm) @ , relative humidity o ,

and soil moisture &4 in relation to the 1970 standing CroOp s .



78
and 28 are the corresponding trends of ambient air tempera-
ture and soil moisture to increases in aboveground prodﬁcn
tion. Generally, as temperatures rise, production in=-
creases., With this increase in production, soil moisture
decreases. The slight increase in soil moisture near the

beginning of the study period is due to precipitation.

However, coefficients of determination, r2

’ measgring the
impact of temperature on the rate of prodﬁction were .659
and .0005 for the ungrazed and grazed treétmentsc For soil
moisture and rate of production‘the r2's were .375 and .229.
On the ungrazed treatment r2 of wind speed and prpduction

was .241. Since the range for r-2

is O to 1, it seems that
little of the variation in production rate is caused by
any‘of these factors. This can be explained by the fact
that during the active production peried temperatures
fluctuafed.withih the optimum range of temperatures for
plant growth and, therefore, caused little'correspohding
change in the rate of growth. Also, during thg active
growth period soil moisture was adequate for plant growth.
Decreases in soil moisture caused no Qvert?reduction in
planf growth rate during the activé growth pgriqd,

It is apparent that if either tempeféturg,or
- availability of soil moisture :is beyond the range of
plant metabolism,hplént growth will ﬁot occur. .This.was
the phenomenon that occurred on both treatments at the

beginning and the cessation of production; At the
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beginning of the growing season, soil moisture was high
and not a limiting factor; however, temperatures ranged
~from 3.9 to 5.0 C and, due %o thesé lower temperatures,
‘growth proceeded at a very slow rate. By 5/15, tempera-
tures averaged 9.4 to 13.9 C, and growth rate increased
rapidly. This high growth rate was maintained until
7/3. when the average temperatures were 17.8 to 20.0 C.
From this point, measurable growth ceased, and 1970
standing dead plant material increased. The highest
periodic rate of growth was from 5/16 to 5/30 for both
treatments. It is apparent that temperatures less than
3.9 to 5.0 C suppressed plant grdwth,.and that temperatures
about 9.4 to 13.9 C were optimum for plant growth and
production in these two ecosystems. Maximum temperature
‘for growth was not attained.

Soil moisture content throughout the growth period
shows a general decline. This decrease is a funétion of
plant growth and soil surface evaporation (evapotranspira-
tion). The»largest periodic decrease in soil moisture
‘corresponds with the highest periodic rate of plant growth.
This is particularly noticeable on the ungrazed treafment.
At some date between 7/3 and 7/16 soil moeisture decreased
below the -15 bar moisture retention percentage. Cessa-
tion of plant growth and the decrease of soil moisture
below the =15 bér soil moisture retention percentage

appeared highly correlated in time of occurrence.
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Tt is apparent that these ecosystems function-
primarily thréugh temperature and soil moisture avail-
ability. Temperature is the controlling factor for the
initiation of growth, and availability of soil moisture
controls the cessation of.growfh.

A quantifative evaluation of temperature change,
soil moisture, and solar energy utilized to produce one’
gram per square meter of plant material is summariied'in
Table 11. The values for solar energy are very high and
account for the very low efficiencies of each treatment.
Tﬁe grazed treatment utilized almost three times as much

solar energy to produce one gram of plant material.

Table 11. Temperature change, soil moisture, and solar
energy utilized to produce one gram per square meter of
plant material from 5/15 to 7/3/70:

Factor Ungrazed Treatment - Grazed Treatment
Temperature. 003 C ; ©.007 C
Soil Moisture .003 cm 5 010 cm 5
Solar Energy - 1.286 x 107 cal 2.312 x 107 cal

The use of.soil.moisture.represents not- only the change in
soil moisture during the period, but also accounts for the
amount of precipitation received. Evaporation is included
in the soil moisture use figures as it could nottﬁe sepa-—
‘rated from evapotranspiraﬁion. There was 7,18 cm and

5.10 cm of precipitation with decreases of 16.6% and 12.0%

'soil moisture on the ungrazed and grazed treatments
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respectively. This amounts to 7.31 cm and 6.10 cm ef
water used for‘plant growth as evapotranspiration.

The temperature change at 100 cm aboveground was
6.1 C and 7.8 C on the ungrazed and grazed treatments
respectively for this period (5/15 to 7/3/70),

The figures in Table 11 indicate that during the
period of maximum growth, rate (5/15 to 7/3/70) the ungrazed
treafment utilized apprOXimately one-third as much mois-
ture and heat (temperature) and one-half as much soler
energy in the production of plant material. This does
not indicate that more of any of these factors was-requifedA
for unit increases in plant growth. It is Very probable
that; on the grazed treatment, plants could be more
efficient as individuals due to a decrease in plant num-
bers which results in decreased competition. However,
per unit area ﬁhis is not true. The differences in
temperature and solar energy utilization could account
for the large-differences in mean air temperature at
2,5‘em.‘ These‘twe factors are lost into the atmesphe:e as
heat and reflected radiation from exposed soil,; which has

‘a higher percentage on the grazed treatment.



CHAPTER VI

DISCUSSION

That a large amount of.variation'is more often the
rule rather than the exception in biological phenomena is
generally aéceptsd. Spesies, as well as individuals within
a species, respond to environmental factors in a variety
of Ways manifested in adaptation and‘survival. In addi-
tion, factual evidence concerning many biological phenomena
which, due to the infinite variety encountered in nature,
holds true only in a very limited number of circumstances
With these thoughts as guidelines, the following.discus—
sion is presented°

It is desirable to examine the relationships that
exist between the two treatments. What are the abiotic
similarities and differences between these two treatments?
What is the relationship betwéen the differences of net
primary production on these two treatments? What are the
relationships between production and the abiotic factors?
In a study of this type,'the total ecology of each eco-
system, not to mentipn each species, and of all the inter-
related factors cannot be explained. However, estimates
of net primary production of these ecosystems and the

"general relationships of production to certain abiotic

82
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factors‘maylbe obtained.

When "t" tests were applied to compare the abiotic
féctors for differences between the two treatments, all
differences were found not to beAsignificant except the
2.5 cm air temperatures. This difference can be explained
as being the furiction of several factors. The two sites,
as mentioned, were selected to be similar in all respects.
However, the grazed treatment had less percent slope and
a more westerly aspect, and therefore it Would"be:assumed
to receive more direct radiant energy. It must be real-
ized, also, that differences'in amount of plant coVerg
type of plant cover, and Soil color all'play an important
trole4in the amount of reflection or albedo of radiant
‘energy from the earth's surface. There is approximately
half as much plant material per square meter on the grazed
treatment as on the ungrazed treatﬁent. In addition,
rough fescue, the main plant sPecies on the ungrazed.
treatment, is in very low abundance on the grazed treat-
ment. The absorbent, transmittant, and reflectant quali-
ties of these main species must be studied to factually
account for the differences in temperature at the 2.5 cm
level., It is felt that this difference is more a function
of differences in vegetative cover and species composition
than differences in ﬁhysiography.

It can be concluded that while these two locations

are not precisély the same in terms of abiotic factors,
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they are similar enough to be considered és having equal
potential for plant production.

A comparison of the SPecies' presence reveals
remarkable similarities. This,vcoupled with the fact
that there is evidence of a previous stand of rough fescue
on the grazed treatment, lends strong evidence to the
conclusion that'thé‘lower net primary production of the
grazed treatment is the manifestation of past heavy
grazing and removal of rough fescue as the preferred forage
plant.

@dditionally, in view of the large differences in
net primary production betweén the two treatments, it can
be concluded that,fin_this case, produCtion does increase
considerably when moving from a serai to a climax stageo
This is contrary to one of the conclusions of Odum (1960).
' He found that in a Michigan old field the production of
this successional stage was edual to native prairie of
the same region.

One of the most difficult aspects of this study
was the determination of the relationship of production
and the abiotic factors. It would seem obvious, since
the trends in temperature and soil moisture are apparent,
that there wéuld be a high correlation between them and
the trend in plant production. However, this does not
explain any ﬁhysiological response of plants to their

. ‘ 2 . .
environments. 'The r~ values which were determined were
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an attempt to reléte rate of production and the abiotic
factors. It was shown that there was no relationship for
the time~period'observed. This was due to one primary
event: all measurements of production were made during a
time interval when’the abiotic factors were at an optimum
state. Cbnsequéntly, fluctuations in abiotic factors
within this optimum range had little effect on production. .
The only apparent response of plant growth to an abiotic
factor was the time period when soil moisture dropped
pelow the —-15 bar soil moisture retention percentage.
‘:which-correspondedfto cessation of produétibn and perma-
nent wilt of the grasses. Since;temperafufe and relative
humidity shoWed no major'chanéesland remained within the
apparent tolerance limits of these plants, it must<bevcpn~
cludednthat?soil moisture was the limiting factor in the
cessation of growth. Additionally, it can be hypothesized
that at the beginning of the growing season temperature
operates to control growth since soil moisture is abundant
at this time. This particular relation could be. substanti-
ated by earlier harvest and earlier seasonal abiotic
records. To get more reliable and more meaningful rela-
tionships between_production and abiotic factors, more
samples by harvest must be made during the initial and
terminal stages of production. In addition, the abiotic
phase should be sampled more thoroughly to determine

exactly which attributes of the environment are most
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closely associated with production.

The results found in this study concerning net
'primary_prdductiOn compare favorably with those reviewed
in the literature. However, due to differences in végem=
tation it seems more realistic to compare efficiency or
other relative values rather than production.

Information obtained in this study seems to point
out the amount of variability in a natural ecosystem.

The study results illustrate the need for more intensive
observation of planf reactions at points of environmental
stress rather than during optimum cohditions for growth.
Also, these points of environmental stress must be
analyzed and quantified. To separate these interrelating
factors is a challenge for all stﬁdents of the science.

Since good management of grasslands must be inte-
grated with a knowledge of the structure and function of
grassland ecosystems, several management—oriented prin-
ciples are evident from this study. The limitation is
realized that, because of the natural variation mentioned
earlier, implications drawn from these study"data must be
applied only to areas of similar soil and other environ-
menta1 factors as those found on the study area. Impli-
cations made are those based on one study conducted during
One growing season. Keeping these limitations in mind,
some possible management implications will be presented.

When the maximum amount of standing crop production
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is considered, the advantage of maintaining a.fesgue
grassland at or near climax is obvious. In a’ climax
condition, the ungrazed treatment produced an average of
250.41 g7m2 (2226.25 pounds per acre) while the grazed
treatment yielded 156.57 g/m2 (1394.47 pounds per acre).
Based on a proper use of 60%, there is apprbximately‘

58.4 g/mzzor'5OQ pounds per acre more on the climax site.
This increase in f@ragé availability makes practicél the
,maintenaﬁce of climax conditions.

Since availabiiity,of soil moisture seems to cause:
growth cessation at about mid-summer, it seems that where
feasible irrigation could sustain this grassland;?ypé in
ajﬁroductivé staté. To Substantiate‘fhis possibiiityg
research should be conducted as to the feasibility and
practicability,of such an undertaking.

The main point of this discussion is net primary
production and its relationship to the ‘abiotic factors
studied. It must be understood, however, that the plants "
in these ecosystems have evolved and adapted within the
framework of the existing abiotic conditions. In doing
so, they have been genetically selected to complete life-
cyéles and survive. Thﬁs, the plant processes which"
appear to be strongly related to certain‘environmental
factors respond to these factors not due to the factor
alone, but to an entire host of interrelated biotic and

abiotic factors not dealt with in this study.
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It is felt that this study and the méthods‘employed'
can be used to"déféfmine net primary productivity. How=-
ever, each phase of the study must be iﬁtensifiedvto obtain
better and more quantified data. The most hindering
aspect of the study area is the inability to obtain below-

ground information needed due to the sfoniness of the soil.



CHAPTER VII
SUMMARY AND CONCLUSIONS

During the period from April to October 1970,
field data were collected on two rough fescue (Fest?ca
scabrella)-ecosystems: one with a history of heavynf
moderate grazing, and the other with 1itt1§ or no grazing
histofy. The object was to measure the nef primary pro-=
duction and several other concluding factors, and to
attempt to relate the éffe¢ts of abiotic factors on net
primary production. Comparisons of .the two treatments
for abiotic similarities or differences and for biotic
similarities or differences were also made.

The study area is located on‘the National Bison
Range which is approximately 50 miles northwest of:
Missoula, Montana. The two study treatments are located
on'apprdximately north aspects at an elevation of
950 meters. A Rattle Cobbly Silt Loam soil ranges from
exposed bedrock to 1.5 meters deep. The climate is
gharacterized by a mean annual temperature of 7.5 C and an
annual precipitation of 382.19 mm.

Vegetation was harvested on 20 O.5rm2.quadrats on
each treatment at approximately two-week intervals. It

was separated in the field into individual species,

89
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1969 standing dead, or litter. Estimates of 1970 standing
dead were‘made‘arid're'c'éj:‘déd'Ef‘bi"each'Species° All above-
ground biomass was oven dried at 65 C and converted to
g/m2 for each date. The date of peak production for each
treatment was 7/3; the ungrazed treatment had 228.12 g/ng
the grazed treatment had 108.18 g/m2. Based on a summary
of the maximum prOduCtiOn of each species, the ungrazed
treatment préducéd 250.41,g/m2 and the grazed.treatmént
produced 156.57 g/mz. Root production for 1970 was cal-
culated at 635.0 and 367.5 g/m21for the ungrazed and
graged treatments respectively. Net primary'produCtion
is estimated at 885.41 g/m2 for the ungrazed treatment and
524 .07 g/m2 for the grazed treatment. .Net primary produc-
tion was based on the maximum production of each sﬁécieso

The efficiency of each treatment was calculated
on a solar-energy and water-use basis. The .growing season
was concluded to be from 1 April to 30 September. Total
solar radiation efficiencies of 0.38% and 0.23% wefe calcu-~
lated for the ungrazed and grazed treatments. By uSing
that light wavelength range utilized in photosynthesis
(400 to 760 millimicrons), efficiencies were 0.950% and
0.575% for the ungraged and grazed treatments. Water-use
efficiencies we;e'171.05 grams and 339.39 grams of water
for each gram of plant.material produced on the ungrazed
and grazed treatments respectively. Net pfimary;producu

tivity or thé‘amount of energy bound into the ecosystem
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was calculated as 2506.66 kcai/in2 and 2140.42 kcal/m2 for
the ungrazed and grazed treatments. These data include
both aboveground aﬁd'beloWground'plaht production.

The boténical‘comPOSitiOn of each treatment was
vremarkably'similar;” There were 61 to 65% grasses and
34 to 38% forbs. Cqmpbsition was estimated as ‘the percent
of total maximum species producfion; Plant moisture

content was measured by placing field-clipped Fesc, Feid,

and é§§£1 in airtight plasﬁic.bags which were weighed,
oven dried, and reweighed to determine moisture content.
Planﬁ mqiSture was very high at growth'initiation, but
declined rapidly toward the peak of growth. Plant height
growth was, the measurement of the 1ongéSt leaf. EQEE‘
attained‘47.4 cm and 43.9 cm; Eggg.éttained 20.1 cm and
23.5 cm; and Agsp was 43.8 om on the ungrazed and grazed’
treatments respectively. Height-to-weight curves indi-
cated that producﬁion-cgntinued after leaf elongation had
ceased.

‘Precipitation was 205.713 mm and 219.23 mm on - the-
ungrazed and grazed treatments, the majority coming in
April;May arid September. Temperature was measured:at
100 cm and 2;5_ém in“thg’air and 2.5 cm, 25 cm, and 75 cm
in the soil. .A‘summary Qfxtemperatures is given in

Table 16, p. 105. Relative humidity remained relatively

'See Appendix, p. 112,
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constant thrqughoUt'thé study period with daily means
ranging from 40 to 80%. Soil moisture ranged from 35
.Ato 40% at the beginning of plant growth, decreased below
the 15 bar moisture retention percentage between 6/17 and
7/3/70, and reached a low of 3 to 8% prior to recharge by
fall rains in September. Wind was measured by a three-cup
anemometer on only'fhe-ungrazed treatment. Wind velocity
ranged from .7 to 1.25 ﬁ/sec with no apparent trends..
Solar radiation used for various data calculations was a
17-year monthly average of solar radiation received aﬁ
Great Falls, Montana.

Simple linear correlations of determination, ;r2p
were calculated to determine:the amount of variation in
rate of production which céuld be accounted for by each
of the ébiotic factors. Very little variation could be
accounted for by this method. It was conciuded~that this
was due to the fact that most measurements. were made
during optimum growing conditions and, consequently,
changes in these abiotic factors caused no apparent
changes in production.

To achieve a quantitative value of the relation-
ship of the abioticlfactors to production, data for tem-—
perature, soil moisture, and solar energy were calculated.
It was foﬁﬁd that each gram of plant material producéd on
a square meter between 5/16 and 7/3 utilized .003 C

temperature rise, .003 cm of water, and 1.286 x 105 calories
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of solar energy on the ungrazed treatmentf On the grazed
treatment, each gram of plant material produced per square
meter utilized .007 C temperature rise, .01 cm of water,
and 2.312 x 10° calories of solar energy. These figures
do not indicate that more of any of these factors wés
neceésary for unit'increases in production on the grazed
treatment than on the ungrazed treatment. They oniy show
that the'ungrazed'treafméﬁt was able to use the environ-

mental factors more efficiently.
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100

in grams per square meter for the 1970 study period.

om—a— m—— - —
—— — e wocan

Sqguare Meter - 1 . R
6/17 7/3 7/16 8/4 8/25 9/26 10/31
102.31 ,14017132117.08"134.881 100.93 .90.87 108.00

4.48 10.26 3.76 8.66 8.96 10.83 8.74
1.22 3.08 0.84 2.49 0.47 0.86 -
1.72 1.73 2.74 1.49 0.45 1.63 0.58
6-30 2055 0030 0068 0052 —— “ffﬁ'w
116.03 158.33 124.72 148.20 111.33 104.19 117.32
47.30 34.26 27.36  16.63  11.46 9.83  14.12

.37 T1.56  1.26  1.43  0.93  ~m :
.75 4.03 0.72  0.60 0.8}  -- —

3

4

2.88 7.78 6.90 4.00 4.68 4.19 2.48
0.06 0.47 - 0.03 - - -
2-02 5.60 2006 2096 —— - o=
- 4.32 8.46 9.59 3.83 — —
0.93 1.82 0.42 1.64 - - -
11.47 9.95 9.68 6.76 6.59 4.85 . 16.92

66.78 69.79 56.86 43.70 28.32 18.87 33.52

182.81 228.12 181.58 191.90 139.65 123.06 150.84 .

91.25 106.63  39.14  46.45  31.53  11.42- - - -
- 9.10 13.34  30.87 78.83 95.37 124.89
148.11 222010 269016 335'06 338022 308060 243-40

422.17 556.85 489.88 573.41 509.40 443.08 394.24







in grams per square meter for the 1970 study period.

Sguare

Meter .

102

6/17 1/3  1/16  8/4  8/25  9/26  10/31
3,72 3.29 10.18  4.71  3.24  3.95  4.04
18.42  25.85 14.92. 28.62 32.35 19.67 24.78
18.42 26.25 28.16 28.54 25.35 19.36  21.40
8.94 6.23 8.74 9.46 - 1.86 20.88 5.98
9.06  1.28  0.17  3.03 . 2.63  0.32 -
58.56  62.90 -62.17 T4.36 65.43 64.18  56.20
TT.06  20.72 9.94 8.09 2.70 — 0.92
3.68  1.14  0.94  -- 0.03  -- Qi
4.06  3.32  3.90 0.74  0.68 - _—
7.14 .34 9.04  T7.51  3.09  3.41  4.82
2.16  0.41 - 0.17  1.16 == _—
_— 0.67 - 0.43  0.37  ~-- —
— - — — T aa 5.22  4.12
1.08  2.86  2.12  0.61 - - _—
10.53  9.82  8.50 10.21  9.46  9.49 11.76
39.71  45.28  34.44 27.76 17.49 18.12 2162 ¢
198.27 108.18 96.61 102.12 82.92 82.30 - 77.82 -
48.52  36.56  20.27- 22.82  12.22 .13 p——
— 72.19  11.50 20.68 40.19  39.01 61.14
36.34  51.22 74.14 55.96 148.16 201.82 110.88
195.96 - 197.02 180.90 285.25 188.70

©183.13

243.

30




. Table .14. Maximum leaf length of Festuca scabrella, F. 1dahoen51s, and
AgrOpyron splcatum on both treatments durlng the 1970 growing season.

Sampile Date—-1970

Treatment B - . e -
and Species _ |41, 5/3 5/15 /1 6/15 . 1/1 1/16  8/4 8/15
;Uhgrézed | | | | | C o |
Festuca scabrella f17.1 20,6 35.4 44.3 47.4 . 44.5 44.7 47.5 48.6
F. idahoensis 6.7 10.1 18.9 22.4 23.5 23.1 23.6 24.0 24.6
Grazed

F. séabfella - 17.0 28.9 ‘27.3 32.3 29.6 32.4 27.3 28.4
F. idahoensis 7.7 12.0 18.4 20.3 20.3 21.3 21.4 19.6 19.2
Agropyron spicatum 7.7 19.9. 27.5 34.0 41.5 43.3 43.6 41.3 42.9

€0l



;TableiT5. Plant moisture content as a percent of oven-dry plant material
from the ungrazed and grazed treatments during the 1970 growing season.

',Ungrazed.Treatment»-f . Grazed Treatment
Date - - - .

' ~ Fesc Peid - Fesc Feid Agsp
5/2 230.8 173.3 161.5 - 277.8 195.2
5/16 164.8 * 149.8 166 .4 191.6

.5/30 161.4 134.7 144.9 157.1 141.2
6/17 172.5 142.8 155.4° 142.5 142.5
/2 142.7 101.5 139.7 210.9 106.3 :
7/16 109.1 75.8 107.1 67.8 80.2
17/30 - '107.6 83.5 99.2 * 72.1
8/7 66.3 46 .6 91.1 61.3 68.9
8/13 42.3 | 42.8 82.4 57.2 60.8
'8/20 39.7 - 36.8 78.7 50.3 62.0
8/27 30.8 29.7 32.5 51.1 49.9
9/3 - 22.9 23.6 46.6 31.6 38.1

9/17 1. 46.7 49.7 57.3, . 48.1 “47.5
10/1 36.8 38.7 48.6 " 43.0, 39.5

. * ' '
FMissing‘data.

oL



Table 16. Mean temperatures in degrees centigrade for the ungrazed and grazed
treatments for the 1970 grow1ng season based on harvest periods.
Location/ ' . Dates .
Height or : 4716 573 5/17 5/31 o6/16 1/4 (/11 5/5 ©/260 9/27
Depth cm. 4/15 5/2 5/16 5/30 6/17 7/3 7/16 8/4 8/25 9/26 10/31
Air Ungrazed Treatment
T00*: ,, _— 5.6 13.9 17.2 17.2 20.0 21.1 16.7 20.5 12.8 5.7
2:54x - - 13.9 12.9 12.1 21.2 26.2 17.4 19.4 5.9 ~0.8
2.5 13.5 8.4 9.4° 21.1 12.5 11.5 = 8.5 =1.1 =0.2
Soil o
2.5 - - 12.3 9.3 11.9 15.0-17.4 18.4 22.1 9.8 4.1
25% . - — 8.6 8.6 10.3 13,2 15.5 14.8 15.0 8.6 2.7
2;2 6.9 8.6 9.8 6.9 5.0 12.1 14.0 13.7 13.9 7.9 3.8
2577 6.1 7.2. 8.0 8.4 10.4 12.7 15.1 13.6 14.0 8.0 2.7
75 - 6.8 7.3 -8.8 10.6 11.1 12.6 13.4 13.8 11.9 9.8
Grazed Treatment
Air, |
100 4x —_ 4.1 9.7 12.6 13.7 17.5 17.9 14.4 19.9 12.0 4.8
2.5 10.5 3.3 16.8 31.3 28.4 25.5 20.4 23.9 20.2 13.1 13.3
Soil 5~ : :
2.5 8.9 1.8 15.3 15.6 15.2 12.8 16.2 13.4 13.9 8.6 3.3
25%%” 6.1 8.7 12.2 11.9 13.1 13.9 17.5 14.9 16.2 10.9 5.6
75%* 6.7 6.4 6.8 8.7 11.4 14.9 14.7 14.9 12.9 9.1

at 1000 hours.

1.7

% 3 )
Temperatures are an average of two-hour readings recorded on a.
continuously recording thermograph.

*
Temperatures are an average of weekly readings made by thermocouple
These temperatures can be used to compare treatments.

G601
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.content as a percent of oven-dry soil. Fifteen bar
moisture percents are given for comparison.

Sample

B . T 15 bar;‘
7/16. 7/30 8/6 -8/21 “8/27 9/17 10/1 "‘10/22 ‘Percent
23.0 19.3 14.1° 7.4 3.7 16.2 13.7 25.5 26.9
18.6 12.3 9.4 8.1 5.9 10.7 8.6 23.5  17.8
14.0 .10.4 9.9 8.0 5.8 7.6 . 6.8 22.6 16.6
12.7 9.3 9.1 7.5 7.1 7.2 6.0 18.2 16 .6
10.4 8.4 7.7 6.4 5.6 6.2 4.1 6.9 14.8
7.7 6.3 5.1 3.6 3.4 4.9 3.1 3.9 8.5
5.6 3.9 4.5 4.2 3.9 3.4 3.6 3.4 5.6
4.9 4.0 3.8 4.6 4.3 3.7 3.7 3.9 5.7
4.7 4.5 3.9 4.2 4.7 41 —= 441 7.0
5.5 5.3 4.8 4.3 4.4 4.2 - 4.8 4.9
5.6 5.7 5.1 4.9 5.2 4.9 - 6.4 4.6
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as a percent of oven-dry-‘soil. Fifteen bar moisture per-
cents are given for comparison.

Sample
' L e e e e 1Blbar -

7/16 7/30. 8/6 8/21 8/27 9/17 10/1 10/22 Percent
17.7 22.4 15.1 8.1 6.0 15.9 11.9 28.2  20.0
13.5 17.7 14.1 7.3 8.2 10.6 9.9 27.8  17.4
10.4° 15.5 13.2 6.8 7.1 10.4 8.0 20.5  17.2

9.9 9.2 11.8 9.2 7.1 6.4 7.6 8.9  15.0

9.9 8.2 12.2 9.5 6.0 5.5 6.7 5.4  13.2
14.0 15.6 13.1 10.7 8.1 4.9 5.2 5.4  13.2
11.7 == 11.1 9.4 6.9 5.3 == = 11.4

—_— e == 7.1 7. 5.9 e= - 11.6

— e e e 6.1 8

_— - 10.




Table 19.. Soil characteristics for the ungraied\and grazed treatments.

- Soil Munsell Bulk = - 15 bar %

Depth(cm) % Sand % Silt % Clay (Dry) Density  Moist. Ret.
Ungrazed Treatment

0~ 5 24.0 61.6 14 .4 10YR 3/1 .91 20.0

5- 10 24 .4 66.0 9.6 10YR 3/2 .63 17.4
-10- 20 24 .4 70.0 9.6 10YR 3/2 .79 17.2
20~ 30 22.8 70.2 7.0 10YR 3/3 .83 15.0
.30- 40 22.0 70.0 8.0 10YR 4/4 .36 13.2
40~ 50 36.4 49.6 14.0 10YR 5/4 1.73 13.2.
“50- 60 - 28.0 54.8 17.2 10YR 5/4 - 11.4
60~ 70 40.0 43.8 16.2 . 10YR 6/4 - 11.6
70—~ 8 - - - - — 10.8
80~ 90 — — — - — —-
90-100 - — — — B _

Grazed Treatment

0- 5 16.0 6£8.8 15.2 "10YR 3/2 91 26.9
5= 10 13.9 62.3 23.8 10YR 3/2 .89 17.8
10~ 20 15.6 65.6 18.8 10YR 3/2 .59 16.6
20~ 30 21.6 58.6 19.8 10YR 3/3 .72 16.6
30= 40 21.6 61.0 17.4 10YR 4/4 — 14.8
40~ 50 35.6 39.0 25.4 10YR 5/4 - 8.5
50- 60 7.6 67.0 25.4 10YR 5/4 - 5.6
60~ 70 16.0 62.0 22.0 10YR 6/4 - 5.7
70~ 80 — — - —~— 7.0
80~ 90 —— — —_— - 4.9
90--100 — — - - 4.6

oLl
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Table 20. Summary of "t" test comparisén_of treatment,A
biweekly means for measured abiotic factors.

" Abiotic Factors Compared

Signifibance at t'o

5

Precipitation

Soil Moisture:
(average 0-50 cm)

Temperature: .
100 cm aboveground
2.5 cm aboveground
2.5 cm belowground

25 cm belowground

75 cm belowground

Relative Humiditys
100 cm aboveground

It

N.S.

*%

significant

nonsignificant



Plant List of Species on the Ungrazed and
Grazed Treatments for 1970 with
' Appropriate-Symbols

Symbol Species
SHRUBS AND HALF SHRUBS
Ardr Artemesia dracuncula
Arfr Artemesia frigida
Syal Symphoricarpus albus
GRASSES
Agsp Agropyron spicatum
Agin- Agrostis interrupta
Brja Bromus japonicus
Brte Bromus tectorum
Feid ‘Festuca idahoensis
Fesc ‘Festuca scabrella
Koer Koeleria cristata
Popr Poa pratensis
Pose Poa secunda
FORBS
Acmi. Achillea millifolium
Aggl Agoseris glauca
Anma Anaphalis margaritacea
Anro Antennaria rosea
Arfu Arnica fulgens
Asfa Aster falcatus
Asda Astragalus dasyglottis
Basa Balsamorrhiza sagittata
Brgr Brodea grandiflora
Casu Castelleja sulfurea
Cema - Centaurea maculata :
Chvi Chrysopsis villosa
Ciar Cirsium arvense
Crac Crepis accuminata
Debi Delphinium bicolor
Diam Dianthus armeria
Doco Dodecatheon conjugens
Dra Draba spp
Frpu . Fritillaria pudica
Gatr . ~Galium triflorum
Gaco ~ Gaura coccinea
Getr Geum triflorum
Hecy Heuchera cylindrica

Hial Hieracium albertinum

112
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" Symbol Species
FORBS_(continued)
Lapu " Lactuca pulchella
Lipa Lithophragma parviflora
~Liru Lithospermum ruderale
Luse Lupinus sericeus
‘Sarh ‘Saxifraga rhomboidea
Taof Taraxicum officinale
Trdu Tragopogon dubius
Vebl Verbascum blattaria
Veam Veronica americana
Zipa Zigadenus paniculatus
MOSS

Bral Brachythecium albicaus
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Symbols Used for Metric Nomenclature and the
- -Conversions-to- the -English- System e

Metric Nomenclature Symbol English Eqﬁivalent
kiiometer' km 0.612 miles
meter m 3.28 feet
centimeter cm - 0.394 inch
millimeter mm 0.0394 1nch
square meter m2 10.758 square feet
gram  g 0.0352 ounces
centigrade degrees C F=Cx 1.8+ 32 .
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