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Management of native rangeland is in a
prolonged period of transformation from using the old
concepts of increaser and decreaser species and plant
community succession for management of just the
aboveground components to using the new concepts
of defoliation resistance mechanisms and
biogeochemical processes for management of all the
aboveground and belowground components. The
relatively recent inclusion of the biological and
physiological mechanisms within plants, the
biogeochemcial processes in soils, and the vital role
of soil microorganisms in native rangeland ecosystem
management is a major paradigm shift that may take
longer than two generations of scientists and
managers to accomplish.

Grass plants, rhizosphere soil
microorganisms, defoliation resistance mechanisms,
and grassland ecosystem biogeochemical processes
all require activation through partial defoliation of
grass leaves at vegetative phenological growth stages
by grazing graminivores. Grass plants, soil
organisms, and graminivores have coevolved
complex symbiotic relationships. Large grazing
graminivores depend on grass plants for nutritious
forage. Grass plants depend on rhizosphere
organisms for mineralization of essential elements,
primarily nitrogen, from the soil organic matter. The
main sources of soil organic matter are grazing
animal waste and dead plant material. Rhizosphere
organisms depend on grass plants for energy in the
form of short carbon chains. Sufficient quantities of
short carbon chain energy can be exudated from grass
plants through the roots into the rhizosphere with
removal of 25% to 33% of the aboveground leaf
material by large graminivores while grass lead tillers
are between the 3.5 new leaf stage and the flower
stage. Grass plants produce double the leaf biomass
than is needed for the plants existence to provide
nutritious leaf forage to feed the large grazing
graminivores.

Native rangelands are complex ecosystems
consisting of numerous interactive biotic (living) and
abiotic (nonliving) components. The biotic
components are the plants, soil organisms, and large

grazing graminivores that have biological and
physiological requirements. The abiotic components
include the major and minor essential elements that
have transformable characteristics between organic
and inorganic forms through biogeochemical
processes. The major essential elements are carbon,
hydrogen, nitrogen, and oxygen. The minor essential
elements consist of seven macrominerals and ten
microminerals that are required by most living
organisms. The abiotic radiant energy from the sun is
also an essential component.

Rangeland ecosystems are functioning units
of coacting biotic organisms interacting with the
abiotic components and the environment. The
complex of mechanisms and processes connected
with these extensive interactions have been
collectively identified as defoliation resistance
mechanisms and biogeochemical processes. If any of
the numerous processes are not functioning at
potential level, the ecosystem does not produce at
potential levels. Management of rangeland
ecosystems needs to meet the biological and
physiological requirements of the biotic components
and activate the biogeochemical processes that cycle
the abiotic components. Mixed grass prairie
communities require biologically effective partial
defoliation by annually managed grazing
graminivores in order to persist as healthy and
productive ecosystems that maintain growing season
residuum vegetation structure unfavorable for
pestiferous rangeland grasshopper population
development. Management of native rangeland
favorable for pest grasshoppers should be terminated
and management of native rangeland favorable for
livestock production and unfavorable for pest
grasshopper production needs to be evaluated and
implemented.

Study Areas

The objectives of this research project were
to quantitatively describe the changes to vegetation
structure during the growing season caused by
grazing management practices on native rangeland
and to document changes to grasshopper population



abundance and composition that resulted from the
management caused changes to grasshopper habitat.
This collaborative project was conducted from the
Range Research Laboratory at the NDSU Dickinson
Research Extension Center (DREC), Dickinson,
North Dakota, directed by Dr. Llewellyn L. Manske
and was responsible for the vegetation data, and
conducted from the Rangeland Insect Laboratory at
the USDA Agricultural Research Service (ARS),
Bozeman, Montana, that was moved mid study to
Sidney, Montana, directed by Dr. Jerome A. Onsager
and was responsible for the grasshopper data.

The initial study sites were located in the
North Dakota Grasshopper IPM Demonstration
Project Site within the McKenzie County Grazing
District of the Little Missouri Grasslands, 21 miles
(34 km) west of Watford City between 47° 35" and
47° 50" N. latitude and 104° 00' and 103° 45" W.
longitude, North Dakota. The study sites were
provided with the cooperation of the USDA Forest
Service and the McKenzie County Grazing
Association. The project was funded by the USDA
Animal and Plant Health Inspection Service (APHIS),
Plant Protection and Quarantine (PPQ), Cooperative
Grasshopper Integrated Pest Management (GHIPM)
Project during the 1993 and 1994 field seasons. The
two research units agreed to continue research project
data collection for the field seasons of 1995 to 1998
as separate but cooperative entities. The grasshopper
data collection was continued from the USDA-ARS,
Sidney, Montana, laboratory on the initial study sites.
The vegetation data collection was continued
on similar sites located a short distance east in Dunn
County at the NDSU Dickinson Research Extension
Center ranch, at 46° 48' N. latitude and 102° 48' W.
longitude, near Manning, North Dakota. The native
rangeland vegetation at the McKenzie County and
Dunn County locations is the Wheatgrass-
Needlegrass Type (Barker and Whitman 1989) of the
mixed grass prairie.

Long-Term Regional Weather

The western North Dakota region has cold
winters and hot summers typical of continental
climates. Mean annual temperature is 40.9°F (4.9°
C). January is the coldest month, with a mean
temperature of 11.5°F (-11.4°C). July and August
are the warmest months, with mean temperatures of
68.7°F (20.4°C) and 67.0°F (19.5°C), respectively.
Long-term (1892-2010) mean annual precipitation is
16.03 inches (407.15 mm). The precipitation during
the perennial plant growing season (April through
October) is 13.54 inches (343.76 mm) and is 84.5%

of the annual precipitation. June has the greatest
monthly precipitation, at 3.55 inches (90.14 mm).
The precipitation received in the three month period
of May, June, and July is 8.13 inches (206.50 mm)
and is 50.7% of the annual precipitation (Manske
2011f).

Water stress develops in perennial plants
during water deficiency periods when the amount of
rainfall is less than evapotranspiration demand.
Water deficiency months were identified from
historical temperature and precipitation data by the
ombrothermic diagram technique (Emberger et al.
1963). The long-term (1892-2010) ombrothermic
diagram shows near water deficiency conditions
during August, September, and October, and
favorable water relations during April, May, June,
and July. Reoccurrence of water deficiency
conditions during April, May, June, and July is
16.9%, 13.6%, 10.2%, and 38.1%, respectively, and
during August, September, and October water
deficiency reoccurs 52.5%, 50.0%, and 46.6% of the
years, respectively. Long-term occurrence of water
deficiency conditions is 32.7% of the growing season
months, for a mean of 2.0 water deficient months per
growing season (Manske et al. 2010).

Growing Season Precipitation

Growing season (April to September)
precipitation for the McKenzie County study sites
was taken from the Watford City ndawn weather
station and reported by Onsager 2000 (table 1).
Long-term (31 years) annual precipitation for the area
was 14.41 inches (366.01 mm). Growing season
precipitation for 1993 and 1995 was above normal.
Growing season precipitation for 1994 and 1996 was
below normal and for 1997 and 1998 conditions were
dry with perennial plants under water stress some of
the time. The growing season conditions
progressively became warmer and dryer during the
six years of data collection at the McKenzie County
study sites.

Precipitation for the perennial plant growing
season months (April through October) for the Dunn
County study sites was taken from the DREC ranch
weather station and reported by Manske 2013 (table
2). Long-term (31 years) annual precipitation for the
area was 16.91 inches (429.51 mm). Growing season
precipitation for 1993 to 1997 was normal each year
and was above normal for 1998. Water deficiency
conditions occurred during August, September, and
October in 1993; July, August, and September in
1994; June and September in 1995; April and October



in 1996; August in 1997; and April and September in
1998.

Management Treatments

Two native rangeland grazing management
treatments were established at the McKenzie County
location on allotments with previously existing
grazing practices. The management treatments were
a seasonlong grazing system and a twice-over
rotation grazing system.

The seasonlong grazing system study plots
were established on two separate native rangeland
areas within one large pasture. Each study plot had
two replicated vegetation sample sites. The
extremely large pasture had been grazed annually at
moderate stocking rates from 1 June to 31 October
since the McKenzie County Grazing Association had
been organized. The pasture was grazed during the
same time period in 1993 and 1994, and from 1995
and 1998. The seasonlong grazing of native
rangeland treatment was sampled for grasshopper
population data at two replicated study sites during
1993 to 1998.

The twice-over rotation grazing system was
established on a four pasture allotment that had been
managed with the twice-over system since 1989.
Each pasture had two replicated vegetation sample
sites. The four pastures were each grazed during two
periods per growing season. The first period was
during the 45 day interval from 1 June to 15 July.
The second period was during mid July to mid or late
October. Cow-calf pairs grazed the four pastures
from 1 June to 31 October 1993 and from 1 June to
22 October 1994, and during similar time periods
from 1995 to 1998. The twice-over grazing on native
rangeland treatment was sampled for grasshopper
population data at four replicated study sites with one
in each pasture during 1993 to 1998.

Research activity on the grasshopper habitat

study continued at two locations during 1994 to 1998.

The grasshopper population data was collected at the
initial study sites on the seasonlong grazing system
and on the twice-over grazing system at the
McKenzie County locations. The vegetation data
was collected on similar study sites managed with a
seasonlong grazing system and with a twice-over

rotation grazing system at the Dunn County locations.

The seasonlong grazing system on native
rangeland was designed with two replicated pastures.
Each pasture had vegetation sample plots on a silty

ecological site. Each pasture was grazed for 137 days
from early June stocked at 2.86 acres per cow-calf
pair per month.

The twice-over rotation grazing system on
native rangeland was designed with two replicated
systems each with three pastures. Each pasture had
vegetation sample plots on a silty ecological site.
Each pasture was grazed two times per growing
season. Each system was grazed 137 days from early
June stocked at 2.04 acres per cow-calf pair per
month. After this study, the stocking rate was
reduced to 2.2 acres per cow-calf pair per month.

Procedures

Changes in residuum vegetation structure
during the growing season caused by management
practices on native rangeland were evaluated by
aboveground herbage biomass, plant species basal
cover, and bareground area collected at the McKenzie
County sites during the growing seasons of 1993 and
1994 and by aboveground herbage biomass and plant
species basal cover collected at the Dunn County
sites during the growing seasons of 1994 to 1998.

Aboveground herbage biomass was
collected by the standard clipping method (Cook and
Stubbendieck 1986). All herbage biomass clipping
sites were partially defoliated by the selected
management treatment. The reported herbage
biomass values represent the residuum vegetation and
the regrowth vegetation resulting from the treatment.
This study did not establish nondefoliated sample
sites that show the vegetation response without the
treatment. Clipped herbage material was collected
monthly (May, June, July, and August) from five 0.25
m? quadrats (frames) during 1993 and from four 0.25
m? quadrats during 1994 at each replicated vegetation
sample site on the seasonlong grazing system, and on
the twice-over rotation grazing system at the
McKenzie County research study sites. Clipped
herbage material was collected monthly (June, July,
August, September, and October) from five 0.25 m?
quadrats (frames) during 1994 to 1998 at each
replicated vegetation sample site on the seasonlong
grazing system and on the twice-over rotation
grazing system at the Dunn County research study
sites. The herbage material in each frame was hand
clipped to ground level and sorted in the field by
biotype categories: cool season grass, warm season
grass, sedges, forbs, standing dead, and litter. The
herbage of each biotype category from each frame
was placed in labeled paper bags of known weight,
oven dried at 140° F (60° C), and weighed. Herbage



biomass in pounds per acre and relative composition
for each biotype category was determined from the
clipping data. Mean monthly herbage biomass for
each biotype category was determined for the
growing season.

Plant species basal cover was determined by
the ten-pin point frame method (Cook and
Stubbendieck 1986) with 2000 points collected along
transect lines at each replicated vegetation sample site
during peak growth between mid July and mid
August each year. Basal cover plant species data
were sorted into biotype categories: cool season
grass, warm season grass, sedges, forbs, litter, and
bare soil. The bare soil category was the percent
mineral soil not covered by live plants or litter. Basal
cover and relative composition of biotype categories
were determined from the ten-pin point frame data
collected at the McKenzie County research study
sites during 1993 and 1994, and at the Dunn County
research study sites during 1994 to 1998.

Bareground area was determined with the
line intercept method (Canfield 1941, Cook and
Stubbendieck 1986) that was modified to measure
linear length of intercepted open areas not covered by
vegetation canopy. Ten 2000 cm (787.4 in) transect
lines were established at each vegetation sample site
at the McKenzie County research study sites.
Bareground area percentage and combined
bareground length of each transect were means of
four readings per growing season conducted between
June and August of 1993 and 1994.

Vegetation structure during the growing
season resulting from management treatments were
evaluated with herbage biomass and basal cover data.
The vegetation structure caused by the twice-over
rotation grazing system was compared to the
vegetation structure caused by the seasonlong grazing
system by percent difference data at the McKenzie
County research study sites and at the Dunn County
research study sites.

Grasshopper population density data was
collected during 1993 to 1998 at the initial McKenzie
County reseach study sites by a team of
entomologists directed by Dr. Onsager using methods
described by Onsager and Henry (1977). Each
grasshopper study site was provided with a set of 40
aluminum wire rings, each 0.1 m?, affixed to the
ground in a 4 X 10 array with 8 meters between rings.
Grasshopper populations were sampled at 7 to 10 day
intervals during 1993, 1995, and 1998, and at 2 to 3
day intervals during 1994 and 1997. Sampling began

as soon as the grasshopper study sites were accessible
in the spring and terminated after killing frost in the
fall. Total density was estimated by counting
grasshoppers within each ring of the 40 wire ring
array that had a total area of 4 m?. The field data was
converted into grasshopper days (GD) per m? which
is an index of seasonal abundance for 3" instar and
older stages. The concept of grasshopper days (GD)
is similar to that of animal unit months (AUM). A
sweep net collection was taken along the perimeter of
the 40 wire ring array each sampling period to
establish composition of the population by species
and by stage of development (Onsager 2000).

Results

The growing season residuum vegetation
structure expected to negatively affect pestiferous
rangeland grasshopper populations was greater plant
herbage biomass, greater live plant basal cover, and
reduced bareground areas with open vegetation
canopy Cover.

This study compared the residuum
vegetation structure of native rangeland during the
growing season on a four pasture twice-over rotation
grazing system with that on a seasonlong grazing
system at the McKenzie County study sites and
compared the residuum vegetation structure during
the growing season on a three pasture twice-over
rotation grazing system with that on a seasonlong
grazing system at the Dunn County study sites.
Comparisons of the growing season residuum
vegetation structure was evaluated using percent
difference data for monthly herbage biomass and
mean herbage biomass of the native grass, total live,
and standing biomass biotype categories and percent
difference data for basal cover of the native grass and
total live biotype categories from the seasonlong
grazing system and the twice-over rotation grazing
system at both the McKenzie County and Dunn
County study sites. Bareground area percentage and
combined bareground length per 2000 cm transects
were evaluated from the native rangeland grazing
treatments at the McKenzie County study sites.

McKenzie County Study Sites

The seasonlong grazing system on native
rangeland was grazed from 1 June to 31 October at
moderate stocking rates during the 1993 and 1994
growing seasons leaving a mean monthly residual
standing biomass of 757.30 Ibs/ac (table 3). During
the growing seasons of 1993 and 1994, the
aboveground vegetation biomass on the seasonlong



grazing system consisted of 31.8% standing dead and
litter and 68.2% live herbage. The live herbage
biomass was 90.3% native grass (51.2% warm season
grass and 39.0% cool season grass), 2.3% sedges, and
7.4% forbs (table 4).

The twice-over rotation grazing system on
native rangeland was grazed from early June to mid
or late October at moderate stocking rates during the
1993 and 1994 growing seasons leaving a mean
monthly residual standing biomass of 1074.74 Ibs/ac
(table 5). During the growing seasons of 1993 and
1994, the aboveground vegetation biomass on the
twice-over grazing system consisted of 40.8%
standing dead and litter and 59.2% live herbage. The
live herbage biomass was 91.1% native grass (78.8%
cool season grass and 12.3% warm season grass),
1.0% sedges, and 7.9% forbs (table 6).

The mean monthly herbage biomass of the
native grass, total live, and standing biomass biotypes
on the seasonlong grazing system was 550.93 Ibs/ac,
610.26 Ibs/ac, and 757.30 Ibs/ac, respectively (table
3), and on the twice-over grazing system was 755.38
Ibs/ac, 828.99 Ibs/ac, and 1074.74 Ibs/ac, respectively
(table 5). The twice-over grazing system produced
greater live residual herbage biomass than the
seasonlong grazing system. The twice-over grazing
system produced 37.1% greater native grass biomass,
35.8% greater total live biomass, and 41.9% greater
standing herbage biomass than that produced on the
seasonlong grazing system (table 7). The standing
herbage biomass biotype on the seasonlong grazing
system consisted of 72.8% native grass, 31.5% cool
season grass, 41.3% warm season grass, 1.9% sedges,
6.0% forbs, and 19.4% standing dead herbage. The
standing herbage biomass biotype on the twice-over
grazing system consisted of 70.3% native grass,
60.8% cool season grass, 9.5% warm season grass,
0.8% sedges, 6.1% forbs, and 22.9% standing dead
herbage.

Basal cover during the 1993 and 1994
growing seasons on the seasonlong grazing system of
the native grass and total live biotypes was 29.0%
and 34.9%, respectively (table 8), and on the twice-
over grazing system of the native grass and total live
biotypes was 29.2% and 35.8%, respectively (table
9). The basal cover of the native grass biotype was
0.8% greater and of the total live biotype was 2.4%
greater on the twice-over grazing system than those
on the seasonlong grazing system (table 10). The
differences of basal cover on the twice-over grazing
system and the seasonlong grazing system were
small.

Bare soil, or mineral soil not covered by live
plants or litter, percentages measured with the ten-pin
point frame method was 7.6% and 6.4% on the
seasonlong grazing system and on the twice-over
grazing system, respectively (tables 8 and 9). The
bare soil on the seasonlong grazing system was
20.2% greater than that on the twice-over rotation
grazing system.

Bareground, or open canopy, area measured
with the line intercept method during the 1993 and
1994 growing seasons was 7.4%, 148 cm/2000 cm
transect, on the seasonlong grazing system (table 11),
and was 7.5%, 150 cm/2000 cm transect, on the
twice-over grazing system (table 12). The
bareground area on the seasonlong grazing system
and on the twice-over grazing system were not
different.

The residuum vegetation structure resulting
from the two grazing management treatments were
quite different, with the seasonlong grazing system
composed primarily of short warm season grass and
upland sedge and with the twice-over rotation grazing
system composed primarily of mid height cool season
grass.

The seasonlong grazing system had shorter
height structure with relative cover of 46.3% short
grass (table 13), had basal cover composition with
140.8% greater warm season grass and 53.7% greater
upland sedge (table 8), and had herbage biomass
composition with 315.9% greater warm season grass
and 133.3% greater upland sedge (table 4) than those
on the twice-over grazing system.

The twice-over rotation grazing system had
taller height structure with relative cover of 53.8%
mid height cool season grass (table 13), had basal
cover composition with 47.4% greater cool season
grass (table 9), and had herbage biomass composition
with 101.8% greater cool season grass (table 6) than
those on the seasonlong grazing system.

The residuum vegetation structure on the
seasonlong grazing system was primarily short grass
and sedges and was good pestiferous rangeland
grasshopper habitat. The residuum vegetation
structure on the twice-over rotation grazing system
was primarily mid height cool season grasses and was
poor pestiferous rangeland grasshopper habitat.

The list of pestiferous rangeland
grasshoppers in the Northern Plains is on table 14.
Mean cumulative grasshopper days (GD) per m? were



significantly greater on the seasonlong grazing
system than on the twice-over rotation grazing system
(Onsager 2000) (table 15). The seasonlong grazing
system had an annual mean of 358 GD for the 9
pestiferous rangeland grasshoppers and had an annual
mean of 748 GD for the total of all grasshopper
species. The twice-over grazing system had an
annual mean of 122 GD for the 9 pestiferous
rangeland grasshoppers and had an annual mean of
229 GD for the total of all grasshopper species (table
15).

One grasshopper species, Mel sanguinipes,
had elevated annual mean grasshopper days per m? on
both grazing systems with 87 GD on the seasonlong
grazing system and 78 GD on the twice-over grazing
system (table 15). Population abundance of four
grasshopper species, Mel gladstoni, Ope obscura, Enc
costalis, and Mel infantilis, increased significantly to
annual means of 88 GD, 71 GD, 57 GD, and 26 GD,
respectively, on the seasonlong grazing system while
remaining at low annual means of 3 GD, 6 GD, 10
GD, and 5 GD, respectively, on the twice-over
grazing system (table 15). No grasshopper species
had population abundance at significantly greater
grasshopper days on the twice-over grazing system
than on the seasonlong grazing system (Onsager
2000) (table 15). Four grasshopper species, Pho
nebrascensis, Mel femurrubrum, Tra kiowa, and Age
deorum, had low population abundance on both the
seasonlong grazing system and the twice-over grazing
system (table 15).

Grasshopper populations on the seasonlong
grazing system had moderate densities between
3.8/yd? and 6.9/yd? with monthly forage use between
38.6 Ibs/ac and 80.8 Ibs/ac during 1993 to 1995 (table
16). Grasshopper populations on the twice-over
grazing system had low densities between 1.2/yd? and
2.8/yd*with monthly forage use between 14.2 lbs/ac
and 36.2 Ibs/ac during 1993 to 1995 (table 16).

Grasshopper population assemblage
increased to outbreak levels in 1997 and 1998 on the
seasonlong grazing system (figure 1) (Onsager 2000).
Grasshopper densities on the seasonlong grazing
system increased greatly to 15.4/yd? in 1997 with
monthly forage use of 186.5 Ibs/ac and densities
increased further to 22.4/yd?in 1998 with monthly
forage use of 307.7 Ibs/ac (table 16).

This huge grasshopper population outbreak
did not occur on the twice-over rotation grazing
system (figure 1) (Onsager 2000). Grasshopper
densities on the twice-over grazing system remained

low at 1.8/yd? in 1997 with monthly forage use of
21.2 Ibs/ac and densities increased slightly to 4.7/yd?
in 1998 with monthly forage use of 47.7 Ibs/ac (table
16).

The residuum vegetation structure on the
seasonlong grazing system was comprised primarily
of short stature warm season grass and upland sedge
which was the major factor that permitted the
grasshopper population assemblages to greatly
increase above outbreak levels. The outbreak
assemblage consisted of three major species, Enc
costalis, Mel gladstoni, and Ope obscura. All three
species hatch with intermediate or late groups after
early June reducing the development time to hard
frost by greater than a month compared to the hatch
time of the very early or early groups.

In order for grasshopper species that hatch
after early June to survive in northern habitats,
nymphal development, adult growth and maturation,
mating, egg development, and egg deposition needs
to progress at near physiological capabilities.
Sustentation of these high rates of growth and
development depend on the body temperature to be at
optimum during most of the daylight hours.
Maintaining body temperature at optimum requires
readily accessible direct sunlight. In order for late
hatching grasshopper populations to increase above
outbreak quantities, a huge proportion of the nymphal
population must develop to the adult stage at near
potential rates and successfully deposit large numbers
of eggs during a minimum of two consecutive years.

The taller residuum vegetation structure on
the twice-over rotation grazing system was comprised
primarily of mid height cool season grass that
restricted grasshopper access to direct sunlight
decreasing the length of time that body temperature
could be maintained at optimum levels causing
reduction in the rates of growth and development that
delayed adult maturation and egg development
impeding egg deposition and thus preventing the
population assemblage from increasing to outbreak
numbers.

The vegetation structure on the twice-over
grazing system successfully prevented population
increases of all the grasshopper species that hatched
after early June with the late and intermediate groups
and also prevented population increases of the
grasshopper species hatching before June with the
early group that preferred to bask on bareground
(table 15). The vegetation structure on the twice-over
grazing system was not fully successful at preventing
population increases of the grasshopper species



hatching with the early group that were capable of
basking both on bareground and on vegetation (table
15).

Onsager (2000) determined that nymphal
development of the 3" instar to the 5™ instar of Mel
sanguinipes was significantly slower and required 2.6
days longer for development per instar on the twice-
over grazing system with a mean of 11.5 days per
instar than that on the seasonlong grazing system
with a mean of 8.9 days per instar resulting in a delay
of 7.8 days for the appearance of adults on the twice-
over grazing system. This delay in nymphal
development had a major impact on the proportion of
the nymphal population that became adults. The
population density counts conducted by Onsager
(2000) revealed that the twice-over grazing system
with a mean density of 0.60 adults/m? (0.5/yd?)
produced fewer adult grasshoppers than that
produced on the seasonlong grazing system with a
mean density of 2.05 adults/m? (1.71/yd?). Onsager
(2000) gave two explanations that would cause the
measured delay in instar development. The
vegetation structure on the twice-over grazing system
interfered with the amount of direct sunlight reaching
the grasshopper microhabitat causing the ambient air
temperature to become cooler and/or preventing
efficient thermoregulation of nymphal body
temperature. In addition, Onsager (2000) showed
that, although the statistical average daily survival
rates for nymphs on the twice-over grazing system
and on the seasonlong grazing system were not
significantly different, the slightly lower biological
survival rate for nymphs on the twice-over grazing
system over the longer delayed development time for
three instar stages could result in the great difference
in the measured densities of adult grasshoppers with
70.7% fewer adult grasshoppers per square meter on
the twice-over grazing system than on the seasonlong
grazing system. Greatly reduced densities of adult
grasshopper would deposit lower quantities of viable
eggs that season and produce fewer hatchlings the
next growing season.

Dunn County Study Sites

The seasonlong grazing system on native
rangeland was grazed from early June to mid October
at a stocking rate of 2.86 ac/AUM during the 1994 to
1998 growing seasons leaving a mean monthly
residual standing herbage biomass of 689.29 Ibs/ac
(table 17). During the growing seasons of 1994 to
1998, the aboveground vegetation biomass on the
seasonlong grazing system consisted of 27.5%
standing dead and litter and 72.5% live herbage. The

live herbage biomass was 66.3% native grass (38.4%
cool season grass and 27.6% warm season grass),
24.2% sedges, and 9.6% forbs (table 18).

The twice-over rotation grazing system on
native rangeland was grazed from early June to mid
October at a stocking rate of 2.04 ac/AUM during the
1994 to 1998 growing seasons leaving a mean
monthly residual standing herbage biomass of 823.72
Ibs/ac (table 19). During the growing seasons of
1994 to 1998, the aboveground vegetation biomass on
the twice-over grazing system consisted of 26.2%
standing dead and litter and 73.8% live herbage. The
live herbage biomass was 70.7% native grass (29.4%
cool season grass and 41.3% warm season grass),
18.3% sedges, and 11.0% forbs (table 20).

The peak monthly herbage biomass during
July of the native grass, total live, and standing
biomass biotypes on the seasonlong grazing system
was 407.47 Ibs/ac, 663.74 Ibs/ac, and 688.74 Ibs/ac,
respectively (table 17), and on the twice-over grazing
system was 623.51 Ibs/ac, 898.49 Ibs/ac, and 948.87
Ibs/ac, respectively (table 19). The twice-over
grazing system produced greater peak live residual
herbage biomass than the seasonlong grazing system.
The twice-over grazing system produced 53.0%
greater native grass biomass, 35.4% greater total live
biomass, and 37.8% greater standing herbage biomass
than that produced on the seasonlong grazing system
during peak production in July (table 21). The
composition of the native grass biotype on the
seasonlong grazing system consisted of 58.6% cool
season grass and 41.4% warm season grass in July.
The composition of the native grass biotype on the
twice-over grazing system consisted of 48.2% cool
season grass and 51.8% warm season grass in July.

The mean monthly herbage biomass of the
native grass, total live, and standing biomass biotypes
on the seasonlong grazing system was 418.70 Ibs/ac,
631.77 Ibs/ac, and 689.29 Ibs/ac, respectively (table
17), and on the twice-over grazing system was 534.53
Ibs/ac, 755.70 Ibs/ac, and 823.72 Ibs/ac, respectively
(table 19). The twice-over grazing system produced
greater live residual herbage biomass during the
growing season than the seasonlong grazing system.
The twice-over grazing system produced 27.7%
greater native grass biomass, 19.6% greater total live
biomass, and 19.5% greater standing herbage biomass
than that produced on the seasonlong grazing system
(table 21). The standing herbage biomass biotype on
the seasonlong grazing system consisted of 60.7%
native grass, 35.5% cool season grass, 25.3% warm
season grass, 22.1% sedges, 8.8% forbs, and 8.3%



standing dead herbage. The standing herbage
biomass biotype on the twice-over grazing system
consisted of 64.9% native grass, 27.0% cool season
grass, 37.9% warm season grass, 16.8% sedges,
10.1% forbs, and 8.3% standing dead herbage.

Basal cover during the 1994 to 1998
growing seasons on the seasonlong grazing system of
the native grass, sedges, and total live biotypes was
14.8%, 8.8%, and 26.2%, respectively (table 22), and
on the twice-over grazing system of the native grass,
sedges, and total live biotypes was 20.7%, 3.6%, and
26.4%, respectively (table 22). The basal cover of
the native grass biotype was 39.4% greater and of the
total live biotype was 0.8% greater on the twice-over
grazing system than on the seasonlong grazing
system (table 23). The basal cover of the sedge
biotype was 146.1% greater on the seasonlong
grazing system than on the twice-over grazing
system. The sedge biotype on the seasonlong grazing
system composed 24.2% of the live herbage biomass
(table 18), and 33.5% of the live basal cover (table
22). The sedge biotype on the twice-over grazing
system composed 18.3% of the live herbage biomass
(table 20), and 13.5% of the live basal cover (table
22).

Bare soil, or mineral soil not covered by live
plants or litter, percentages measured with the ten-pin
point frame method were low at 1.3% and 1.1% on
the seasonlong grazing system and on the twice-over
grazing system, respectively (table 22). The bare soil
on the seasonlong grazing system was 18.2% greater
than that on the twice-over rotation grazing system.

Grasshopper population density data were
not collected on these Dunn County native rangeland
research study sites. However, during vegetation data
collection, very few grasshoppers were observed on
the seasonlong grazing system and on the twice-over
grazing system. The small quantity of grasshoppers
present were not a problem. Furthermore, the
growing season residuum vegetation structure on
native rangeland managed with the twice-over
rotation grazing strategy produced 27.7% greater
native grass herbage biomass, 19.6% greater total live
herbage biomass, 19.5% greater standing herbage
biomass, and 39.4% greater native grass basal cover
than that produced on native rangeland managed with
the seasonlong grazing system.

Greater activation of the plant defoliation
resistance mechanisms and the ecosystem
biogeochemical processes on the twice-over grazing
system resulted in greater livestock weight gain than

on the seasonlong grazing system. During the
growing season from early June to mid October, cows
and calves gained 9.4 Ibs/ac and 33.6 Ibs/ac,
respectively, on the twice-over grazing system, and
cows and calves gained 3.7 Ibs/ac and 22.6 Ibs/ac,
respectively, on the seasonlong grazing system. Cow
gains were 157.2% greater and calf gains were 49.2%
greater per acre on the twice-over grazing system
than on the seasonlong grazing system.

Discussion

Native rangeland cool season grasses start
early leaf greenup in mid April and grow slowly until
early May, reaching 59% of the leaf growth in height
by mid May. Most cool season grasses reach the
three and a half new leaf stage around early June,
reach 94% of the leaf growth in height by late June,
and 100% of the leaf growth in height by late July. A
few early developing cool season grasses start flower
stalk development during mid May to early June.

The other cool season grasses develop flower stalks
during June. The needlegrasses start the flower stage
during early June, with most cool season grasses
starting to flower before 21 June. Flower stalks reach
94% of the growth in height by late June and 100% of
the growth in height by late July when seeds are
mature and being shed (Whitman et al. 1951, Goetz
1963, Manske 2000c).

The nutritional quality of ungrazed lead
tillers of native rangeland cool season grasses
changes with the tillers’ phenological development.
Early season growth stages during May have high
crude protein levels above 16%. The early vegetative
leaf stages contain levels of crude protein above 15%
during early to mid June. As seed stalks begin to
develop in early June, crude protein levels begin to
decrease. At the flower stage, lead tillers contain
15% crude protein. After the flower stage and during
the seed development stage, crude protein levels
remain above 9.6% until mid July. As the ungrazed
lead tillers mature, the fiber content increases and
percent crude protein, water, and digestibility
decrease. During late July, crude protein levels drop
below 8.0% and below 6.5% in late August (figure 2)
(Whitman et al. 1951, Manske 2008a). Crude protein
levels of grazing activated cool season secondary
tillers increase above 9.6% during July and August to
13.2% in early September, decrease during
September, and drop below 9.6% in early to mid
October (Sedivec 1999, Manske 2008a). Phosphorus
levels of lead tillers drop below 0.18% in late July,
when plants reach the mature seed stage (Whitman et
al. 1951 Manske 2008b).



Native rangeland warm season grasses start
early leaf greenup in mid May, reaching 44% of the
leaf growth in height by early June, and most warm
season grasses reach the three and a half new leaf
stage around mid June. Warm season grasses reach
85% of the leaf growth in height by late June and
reach 100% of the growth in height by late July.
Flower stalk development starts during mid June,
with the flower stage starting after 21 June. Most
warm season grasses reach the flower stage by 15
July. The warm season flower stalks reach 91% of
the growth in height by late July and reach 100%
growth in height by late August when the seeds are
mature and being shed (Whitman et al. 1951, Goetz
1963, Manske 2000c).

The nutritional quality of ungrazed lead
tillers of native rangeland warm season grasses
changes with the tillers’ phenological development.
Early season growth stages during May have high
crude protein levels above 15%. The early vegetative
leaf stages contain levels of crude above 13% during
early to mid June. As seed stalks begin to develop in
mid June, crude protein levels begin to decrease. At
the flower stage, lead tillers contain 12.2% crude
protein. After the flower stage and during the seed
development stage, crude protein levels remain above
9.6% until late July. As the ungrazed lead tillers
mature, the fiber content increases and percent crude
protein, water, and digestibility decrease. During mid
August, crude protein levels drop below 7.0% and
below 6.0% in early September (figure 3) (Whitman
etal. 1951, Manske 2008a). Crude protein levels of
grazing activated warm season secondary tillers
increase above 9.0% during August to 10.0% in early
September, decrease during September, and drop
below 9.6% in late September (Sedivec 1999,
Manske 2008a). Phosphorus levels of lead tillers
drop below 0.18% in late August, when plants reach
the mature seed stage (Whitman et al. 1951, Manske
2008b).

Native rangelands are optimally grazed by
large graminivores as summer pastures from 1 June to
mid October. Prior to early June, the cool season and
warm season grasses are not physiologically capable
of full recovery from grazing defoliation. After mid
October, the nutritional quality of the herbage from
the combination of lead tillers, vegetative tillers, and
activated secondary tillers drops below the
requirements of lactating beef cows.

Biologically effective management of native
rangelands places first priority on meeting the
biological and physiological requirements of the grass

plants, soil organisms, and grazing animals, and to
cycle the essential elements. The second priority is
the diminishment of the factors that reduce ecosystem
productivity and the enhancement of the factors that
benefit ecosystem productivity. Perennial grass
growth in the Northern Plains is restricted to a 6
month growing season, from mid April to mid
October. Native rangeland grasses require 1.5
months of growth in the spring to reach grazing
readyness resulting in a 4.5 month grazing season,
from early June to mid October.

The early greenup of rangeland grass in the
spring is not from new seedlings but from vegetative
carryover tillers that did not produce a seedhead
during the previous growing season. Spring growth
of carryover tillers depends both on carbohydrate
reserves and on photosynthetic products from the
portions of previous years leaves that overwintered
without cell wall rupture and regreened with
chlorophyll. Grass tiller growth and development
depend, in part, on some carbohydrate reserves in
early spring because the amount of photosynthetic
product synthesized by the green carryover leaves
and the first couple of early growing new leaves is
insufficient to meet the total requirements for leaf
growth (Coyne et al. 1995). Grass growth also
requires that the tiller maintains adequate leaf area
with a combination of carryover leaves and new
leaves to provide photosynthetic product for growth
of sequential new leaves. The total nonstructural
carbohydrates of a grass tiller are at low levels
following the huge reduction of reserves during the
winter respiration period, and the carbohydrate
reserves remaining in the roots and crowns are
needed for both root growth and initial leaf growth
during early spring. The low quantity of reserve
carbohydrates are not adequate to supply the entire
amount required to support root growth and also
support leaf growth causing a reduction in active
growth until sufficient leaf area is produced to
provide the photosynthetic assimilates required for
plant growth and other processes (Coyne et al. 1995).
Removal of aboveground leaf material from grass
tillers not yet at the three and a half new leaf stage
deprives tillers of foliage needed for photosynthesis
and increases the demand upon already low levels of
carbohydrate reserves. Premature grazing results in
greatly reduced growth rates of herbage production
(Coyne et al. 1995) causing decreased peak herbage
biomass later in the growing season (Manske 2000b).
Grazing that starts in mid to late May on native
rangeland before the tillers reach the 3.5 new leaf
stage results in a reduction of 45% to 60% from the



potential herbage biomass that growing season
(Campbell 1952, Rogler et al. 1962, Manske 2000b).

During the growing season, grass growth
can be reduced by the environmental factors of
inhibiting cool temperatures during the spring and fall
and hot temperatures during the summer and by
unevenly distributed precipitation. The precipitation
received during the three month period, May, June,
and July, is 50.7% of the annual precipitation, which
is usually accompanied with generally low water
deficiency conditions that reoccur with an average
monthly rate during each of these three months at
20.6% of the growing seasons, and promotes rapid
grass growth and development. Grass growth is
limited during the three month period, August,
September, and October, when the precipitation
received is 25% of the annual amount and water
deficiency conditions are usually high and reoccur
with an average monthly rate during each of these
three months at 49.7% of the growing seasons
(Manske et al. 2010, Manske 2011f).

Low water infiltration on native rangelands
and shallow soil water storage depths aggravate
problems of grass plant growth between rain events.
Restricted water infiltration increases the proportion
of runoff precipitation, decreasing the quantity of
water available for plant growth, and reducing the
quantity of the effective precipitation. Low water
infiltration rates and shallow water storage depths
indicate inadequate soil aggregation and low soil
fungi biomass. Aggregation of soil develops when an
adequate biomass of soil fungi secrete large amounts
of insoluable extracellular polysaccharids that have
adhesive qualities (Caesar-TonThat and Cochran
2000; Caesar-TonThat et al. 2001a, 2001b; Caesar-
TonThat 2002; Manske and Caesar-TonThat 2003).
Aggregation of soil enlarges soil pore size, improves
soil pore distribution, and stabilizes soil particles,
resulting in improved water infiltration and increased
soil water storage capacity (Caesar-TonThat et al.
2001b, Manske and Caesar-TonThat 2003). Greater
soil aggregation increases the effectiveness of the
precipitation received, increases the quantity of soil
water available for plant growth, and reduces plant
growth problems between rain events.

Water from precipitation is important for
grass growth. However, herbage production in
temperate rangelands is more often limited by
deficiencies in mineral nitrogen than by water
(Tilman 1990). Rangelands deficient in available soil
mineral nitrogen produce less than potential
quantities of herbage biomass (Wight and Black

1972). Native rangelands with a mineral nitrogen
deficiency produce herbage weight per inch of
precipitation received at 49.6% below the weight of
herbage produced per inch of precipitation on
rangeland without a mineral nitrogen deficiency
(Wight and Black 1979).

Rangeland soils are not deficient of
nitrogen. Most of the nitrogen is immobilized in the
soil as organic nitrogen. Rangeland soils in the
Northern Plains contain about 5 to 6 tons, with a
range of 3 to 8 tons, of organic nitrogen per acre.
The organic nitrogen is not available for plant use.
Soil organic nitrogen must be converted into mineral
nitrogen through mineralization by soil
microorganisms. The quantity of soil organism
biomass is the limiting factor in rangeland
ecosystems low in mineral nitrogen. The rhizosphere
soil organism biomass and activity are limited by
access to short carbon chain energy. The primary
producer trophic level in the rhizosphere are
achlorophyllous saprophytes and can not fix carbon
for energy. Greater quantities of carbon compound
energy exudated into the rhizosphere increases the
biomass and activity of the soil organisms resulting in
increased mineralization of nitrogen, increased
biogeochemical cycling of essential elements, and
improvements of belowground resource
competitiveness (Manske 1999a, 2011b). Mineral
nitrogen available at 100 Ibs/ac or greater is needed
for herbage biomass weight to be produced at
ecosystem potential levels (Wight and Black 1972).

The three month period, May, June, and
July, is the period that receives the greatest amount of
rainfall and is the short period of the growing season
when grass lead tillers grow the most in height and
weight. Cool season grasses develop to the 3.5 new
leaf stage by early June and start the flower stage
before 21 June. Warm season grasses develop to the
3.5 new leaf stage by mid June and reach the flower
stage by mid July. Cool season grass lead tillers drop
below 9.6% crude protein during the third week of
July and warm season grass lead tillers drop below
9.6% crude protein during the fourth week of July
(Manske 2000b, 2000c, 2008a). After mid to late
July, native rangeland pastures managed with
traditional concepts typically consists of herbage
below the nutritional requirements of lactating beef
cows. These cows lose body weight and decrease in
daily milk production. The calves’ average daily gain
drops below 2.0 pounds per day (Manske 2002).

The herbage quality greatly declines on
traditionally managed rangeland after July because



little replacement leaf and shoot growth takes place
and almost no new tiller growth occurs. Beef
producers recognize the resulting decrease in cow and
calf performance and usually try to compensate for
the resulting reduced animal growth rates with
nutrient supplementation. However, improvement of
the nutritional quality of the herbage to meet the
nutritional requirements of lactating beef cows during
the latter portion of the grazing season until mid
October can be accomplished by activation of the
compensatory physiological processes within grazed
grass plants that accelerate growth rates of
replacement roots, leaves, and shoots, increases
photosynthetic capacity of remaining mature leaves,
increases allocation of carbon and nitrogen, improves
water (precipitation) use efficiency, and increases
restoration of biological processes enabling rapid and
complete recovery of partially defoliated grass tillers,
and by activation of the asexual processes of
vegetative reproduction that increases secondary tiller
development from axillary buds and increases tiller
density during the growing season (Manske 1999z,
2011b). The resulting growth of replacement leaves
and shoots and new secondary tillers from activation
of the compensatory physiological processes and of
the asexual processes of vegetative reproduction
improves the nutritional quality of the available
herbage during the latter portion of the grazing
season above the nutrient requirements of lactating
beef cows and supports animal weight performance at
near genetic potentials (Manske 2002).

Almost every rangeland grass tiller grows
during two growing seasons. The lead tillers that
produced seed heads terminate at the end of the
second growing season. Vegetative tillers that did
not produce seed heads, activated secondary tillers,
and fall initiated tillers that have grown during one
growing season survive over the winter on stored
carbohydrate reserves and grow again during the next
growing season. The quantity of carbohydrates
stored during the winter hardening process, that
occurs from mid August to hard frost, is closely
related to the amount of active leaf material on each
tiller during that period. Tillers with abundant leaf
area during late summer and early fall can store
adequate quantities of carbohydrates to survive the
winter and produce robust leaves the following
spring. Traditionally managed grazing of grass tillers
during mid August to mid October that removes
excessive leaf material from carryover tillers causes
inadequate quantities of carbohydrates to be stored.
Plants that have low carbohydrate reserves and
survive the winter dormancy period produce tillers
with reduced height and weight. Some of the tillers

with low carbohydrate reserves deplete their stores
through winter respiration before spring, causing
winter kill of those tillers. Grazing native rangeland
after mid October exacerbates these problems causing
ecosystem degradation. The factors that reduce
ecosystem productivity need not to occur.

Management of Native Rangelands

There are numerous factors that can
negatively effect rangeland ecosystems and could
cause reductions in productivity. Most of these
negative factors have countermeasures that nullify or
supersede the detrimental effects. During the period
of 30 to 20 mya following global climate cooling,
complex rangeland ecosystems developed as a result
of the coevolution among modern native grasses,
rhizosphere soil organisms, and large grazing
mammalian graminivores. Numerous intricate
interactive biological, physiological, and
biogeochemical processes developed coincidentally
with the coevolutionary creations. The primary
processes are: internal compensatory physiological
processes, internal asexual processes of vegetative
reproduction, external symbiotic rhizosphere
organism processes, and ecological biogeochemical
processes. These critical processes permit rangeland
ecosystems to function at potential levels.
Unfortunately, these processes do not automatically
function at full potential capacity. These processes
require activation and they require adequate
availability of carbon, hydrogen, nitrogen, and
oxygen.

The twice-over rotation grazing management
strategy is the biologically effective management
practice that activates the beneficial defoliation
resistance mechanisms and the biogeochemical
processes. Partial defoliation controlled with the
twice-over rotation grazing management strategy
removes 25% to 33% of the leaf material from grass
lead tillers at phenological growth between the three
and a half new leaf stage and the flower (anthesis)
stage during early June to mid July activates the
beneficial processes. Full functionality of the
defoliation resistance mechanisms requires mineral
nitrogen to be available at 100 Ibs/ac or greater and
requires the quantity of available carbon fixed
through photosynthesis from 75% to 67% of the leaf
area of grass lead tillers prior to peak herbage
biomass and from 50% of the leaf area post peak
biomass (Manske 2010a, 2010b).

The twice-over rotation grazing management
strategy uses three to six native rangeland pastures.



Each of the pastures in the rotation is partially
defoliated by grazing for 7 to 17 days during the first
period, the 45 day interval from 1 June to 15 July
when partial defoliation of grass lead tillers can
activate the beneficial defoliation resistance
mechanisms and biogeochemical processes. The
length in number of days of the first grazing period
on each pasture is the same percentage of 45 days as
the percentage of the total season’s grazable forage
each pasture contributes to the complete system. The
forage is measured as animal unit months (AUM?’s) of
forage. The number of days grazed are not counted
by calendar dates; days grazed are counted by the
number of 24 hour periods grazed from the date and
time the cattle are turned into a pasture. During the
second grazing period, when lead tillers are maturing
and defoliation by grazing is only moderately
beneficial, the 90 day interval after mid July and
before mid October, each pasture is grazed for double
the number of days it was grazed during the first
period. The pasture grazed first in the rotation
sequence during one year is the last pasture grazed
during the previous year (Manske 1999a, 2011b).

Management of native rangelands requires
annual partial defoliation by large grazing
graminivores managed by the biologically effective
twice-over rotation strategy that coordinates
defoliation events with grass phenological growth
stages. The twice-over strategy activates the
defoliation resistance mechanisms and the
biogeochemical processes, and then maintains their
functionality at potential levels. The twice-over
strategy also meets the biological requirements of the
grass plants and the rhizosphere organisms, and meets
the nutritional requirements of the grazing animals
during the entire grazing season. Biologically
effective management of native rangeland ecosystems
sustains healthy renewable natural resources that
simultaneously provide greater forage for livestock,
better habitat for prairie wildlife, more aesthetic
prairie landscapes for recreation and sightseeing,
increased food and fiber for people, and provides
greater growing season residuum vegetation structure
that is unfavorable habitat for pestiferous rangeland
grasshopper population development.
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Table 1. Precipitation during growing season months (April-September), Watford City, ND.

1993 1994 1995 1996 1997 1998

mm 456.56 266.67 322.22 233.33 194.44 227.78

inches 17.94 10.50 12.69 9.19 7.66 8.97
Data from Onsager 2000.

Table 2. Precipitation in inches and percent of long-term mean for perennial plant growing season months, western
North Dakota, 1993-1998.

Growing  Annual
Years Apr May Jun Jul Aug Sep Oct Season Total
Long-Term Mean
1982-2012 1.44 2.56 3.27 243 1.70 1.42 131 14.13 16.91
1993 1.41 1.71 4.57 5.10 1.24 0.18 0.05 14.26 17.36
% of LTM 97.92 66.80 139.76  209.88 72.94 12.68 3.82 100.92 102.66
1994 0.86 1.46 451 1.07 0.31 1.08 4.58 13.87 16.14
% of LTM 59.72 57.03 137.92  44.03 18.24 76.06  349.62 98.16 95.45
1995 1.01 4.32 0.68 4.62 3.16 0.00 0.67 14.46 16.24
% of LTM 70.14 168.75 20.80 190.12 185.88 0.00 51.15 102.34 96.04
1996 0.14 3.07 1.86 2.55 1.72 251 0.09 11.94 15.97
% of LTM 9.72 119.92 56.88 104.94  101.18 176.76 6.87 84.50 94.44
1997 2.89 0.95 5.02 541 0.76 1.75 0.78 17.56 18.61
% of LTM 200.69 37.11 15352  222.63 44.71 123.24 59.54 124.27 110.05
1998 0.40 151 5.98 211 4.60 0.71 4.38 19.69 22.42
% of LTM 27.78 58.98 182.87  86.83 27059  50.00 334.35 139.35  132.58
1993-1998 1.12 217 3.77 3.48 1.97 1.04 1.75 15.30 17.79
% of LTM 77.78 84.77 115.29 143.21 115.88 73.24 133.59 108.28 105.20




Table 3. Monthly herbage biomass (Ibs/ac) for native rangeland managed with the seasonlong system, 1993-

1994.

Plant Mean

Biotype May Jun Jul Aug Monthly
Native Grass 489.62 554.99 632.53 465.27 550.93
Cool Season 292.53 258.42 284.37 171.98 238.26
Warm Season 197.09 296.57 348.16 293.29 312.67
Sedges 4.87 34.79 6.35 1.18 1411
Total Forbs 108.05 47.08 5491 33.69 45.23
Total Live 602.54 636.85 693.79 500.14 610.26
Standing Dead 207.12 131.60 152.88 156.66 147.05
Standing Biomass 809.66 768.45 846.66 656.80 757.30
Litter 70.96 141.67 160.81 111.69 138.06
Total Dead 278.08 273.27 313.69 268.35 285.10
Total Biomass 880.62 910.12 1007.47 768.49 895.36

Table 4. Monthly composition (%) of herbage biomass for native rangeland managed with the seasonlong

system, 1993-1994.

Plant Mean

Biotype May Jun Jul Aug Monthly
Native Grass 81.26 87.15 91.17 93.03 90.28
Cool Season 48.55 40.58 40.99 34.39 39.04
Warm Season 32.71 46.57 50.18 58.64 51.24
Sedges 0.81 5.46 0.92 0.24 2.31
Total Forbs 17.93 7.39 791 6.74 7.41
Total Live 68.42 69.97 68.86 65.08 68.16
Standing Dead 23.52 14.46 15.17 20.39 16.42
Standing Biomass 91.94 84.93 84.04 85.47 84.58
Litter 8.06 15.57 15.96 14.53 15.42
Total Dead 31.58 30.03 31.14 34.92 31.84
Total Biomass 880.62 910.12 1007.47 768.49 895.36




Table 5. Monthly herbage biomass (Ibs/ac) for native rangeland managed with the twice-over rotation system,

1993-1994.

Plant Mean

Biotype May Jun Jul Aug Monthly
Native Grass 403.84 721.19 751.47 793.48 755.38
Cool Season 380.08 656.34 642.65 660.80 653.26
Warm Season 23.76 64.85 108.83 132.68 102.12
Sedges 6.84 7.52 10.84 6.27 8.21
Total Forbs 84.98 74.35 66.73 55.14 65.41
Total Live 495.65 803.05 829.04 854.88 828.99
Standing Dead 222.09 206.79 195.98 334.48 245.75
Standing Biomass 717.74 1009.84 1025.01 1189.36 1074.74
Litter 250.27 245.84 251.68 476.87 324.80
Total Dead 472.36 452.63 447.66 811.35 570.55
Total Biomass 968.01 1255.68 1276.69 1666.23 1399.53

Table 6. Monthly composition (%) of herbage biomass for native rangeland managed with the twice-over

rotation system, 1993-1994.

Plant Mean

Biotype May Jun Jul Aug Monthly
Native Grass 81.48 89.81 90.64 92.82 91.12
Cool Season 76.68 81.73 77.52 77.30 78.80
Warm Season 4.79 8.08 13.13 15.52 12.32
Sedges 1.38 0.94 1.31 0.73 0.99
Total Forbs 17.15 9.26 8.05 6.45 7.89
Total Live 51.20 63.95 64.94 51.31 59.23
Standing Dead 22.94 16.47 15.35 20.07 17.56
Standing Biomass 74.15 80.42 80.29 71.38 76.79
Litter 25.85 19.58 19.71 28.62 23.21
Total Dead 48.80 36.05 35.06 48.69 40.77
Total Biomass 968.01 1255.68 1276.69 1666.23 1399.53




Table 7. Percent difference of monthly herbage biomass on the twice-over rotation system compared to the

seasonlong system on native rangeland management, 1993-1994.

Plant Mean

Biotype May Jun Jul Aug Monthly
Native Grass -17.52 29.95 18.80 70.54 37.11
Cool Season 29.93 153.98 125.99 284.23 174.18
Warm Season -87.94 -78.13 -68.74 -54.76 -67.34
Sedges 40.45 -78.38 70.71 431.36 -41.81
Total Forbs -21.35 57.92 21.53 63.67 44.62
Total Live -17.74 26.10 19.49 70.93 35.84
Standing Dead 7.23 57.14 28.19 113.51 67.12
Standing Biomass -11.35 31.41 21.07 81.08 41.92
Litter 252.69 73.53 56.51 326.96 135.26
Total Dead 69.86 65.63 42.71 202.35 100.12
Total Biomass 9.92 37.97 26.72 116.82 56.31




Table 8. Basal cover (%) and composition (%) for native rangeland managed with the seasonlong system,

1993-1994.
Plant Basal Cover Composition
Biotype % %
Native Grass 28.96 82.88
Cool Season 15.99 45.76
Warm Season 12.97 37.12
Sedges 2.34 6.70
Total Forbs 3.65 10.45
Total Live 34.94
Litter 57.44
Bare Soil 7.63

Table 9. Basal cover (%) and composition (%) for native rangeland managed with the twice-over rotation
system, 1993-1994.

Plant Basal Cover Composition
Biotype % %
Native Grass 29.20 81.63
Cool Season 24.13 67.46
Warm Season 5.07 14.17
Sedges 1.56 4.36
Total Forbs 5.01 14.01
Total Live 35.77

Litter 57.89

Bare Soil 6.35




Table 10. Percent difference of basal cover on the twice-over rotation system compared to the seasonlong system
of native rangeland management, 1993-1994.

Difference
Plant %
Biotype 1995-1998
Native Grass 0.83
Cool Season 50.91
Warm Season -60.91
Sedges -33.33
Total Forbs 37.26
Total Live 2.38

Litter 0.78




Table 11. Bareground area on native rangeland managed with the seasonlong system as mean of twenty 2000 cm
(787.4 in) transects.

Bareground Size Percent Area Bareground Combined Length
cm in % cm in
0-5 0-2 92.6 1852 729.1
6-10 2-4 5.5 110 43.3
11-20 4-8 19 38 15.0
21-30 8-12 0.0 0 0

Table 12. Bareground area on native rangeland managed with the twice-over rotation system as mean of twenty
2000 cm (787.4 in) transects.

Bareground Size Percent Area Bareground Combined Length

cm in % cm in
0-5 0-2 92,5 1850 728.4
6-10 2-4 6.3 126 49.6
11-20 4-8 1.2 24 9.4

21-30 8-12 0.0 0 0




Table 13. Plant community height structure based on mean % relative cover of mid grasses and short grasses,

1993-1994.
Twice-over Rotation Seasonlong System
Relative Cover Relative Cover
% %

Mid Grasses 53.76 42.90
western wheatgrass 19.41 28.40
needle and thread 3.68 1.29
green needlegrass 30.67 13.21

Short Grasses 28.20 46.31
prairie junegrass 1.21 2.26
blue grama 21.93 36.91

upland sedges 5.07 7.15




Table 14. Pestiferous rangeland grasshoppers in the Northern Plains.

Aer cla Aeropedellus clavatus (Thomas) Clubhorned Grasshopper
Age deo Ageneotettix deorum (Scudder) Whitewhiskered Grasshopper
Amp col Amphitornus coloradus (Thomas) Striped Grasshopper

Aul ell Aulocara elliotti (Thomas) Bigheaded Grasshopper
Aul fem Aulocara femoratum (Scudder) Whitecrossed Grasshopper
Cam pel Camnula pellucida (Scudder) Clearwinged Grasshopper
Cor occ Cordillacris occipitalis (Thomas) Spottedwinged Grasshopper
Enc cos Encoptolophus costalis (Scudder) Dusky Grasshopper

Eri sim Eritettix simplex (Scudder) Velvetstriped Grasshopper
Mel biv Melanoplus bivittatus (Say) Twostriped Grasshopper
Mel con Melanoplus confusus (Scudder) Pasture Grasshopper

Mel dif Melanoplus differentialis (Thomas) Differential Grasshopper
Mel fem Melanoplus femurrubrum (DeGeer) Redlegged Grasshopper
Mel gla Melanoplus gladstoni (Scudder) Gladston Grasshopper

Mel inf Melanoplus infantilis (Scudder) Little Spurthroated Grasshopper
Mel occ Melanoplus occidentalis (Thomas) Flabellate Grasshopper

Mel pac Melanoplus packardii (Scudder) Packard Grasshopper

Mel san Melanoplus sanguinipes (Fabricius) Migratory Grasshopper

Met par Metator pardalinus (Saussure) Bluelegged Grasshopper
Ope obs Opeia obscura (Thomas) Obscure Grasshopper

Phl qua Phlibostroma quadrimaculatum (Thomas) Fourspotted Grasshopper
Pho neb Phoetaliotes nebrascensis (Thomas) Largeheaded Grasshopper

Tra kio Trachyrhachys kiowa (Thomas) Kiowa Grasshopper




Table 15. Mean cumulative grasshopper days (GD) per m? and primary habitat use for pestiferous grasshoppers
on native rangeland managed with the twice-over rotation system and the seasonlong system, 1993-

1998.

Mean Cumulative
Grasshopper days per m?

Pestiferous Daily

Rangeland Hatch Egg Pod Basking Activity Twice-over Seasonlong
Grasshoppers Group Site Site Site Grazing Grazing
Mel gla Late Bareground Bareground Bareground 3 88*
Mel san Early Bareground Grd/Veg Bareground 78 87
Ope obs Late Bareground Veg/Grd Veg/Grd 6 71*
Enc cos Intermediate  Bareground Bareground Bareground 10 57*
Mel inf Early Bareground Bareground Grd/Veg 5 26*
Pho neb Late Bareground Veg/Grd Veg/Grd 6 16
Mel fem Intermediate  Bareground Bareground Grd/Veg 9 5
Tra kio Intermediate  Bareground Bareground Bareground 3 6
Age deo Early Bareground Bareground Bareground 2 2
Total cumulative GD for the 9 pestiferous grasshoppers 122 358
Total cumulative GD for the other 21 nonpestiferous grasshoppers 107 390
Total cumulative GD for all grasshoppers 229 748*

Habitat use information from Cushing 1993, Pfadt 1994.

Grasshopper days per m? data from Onsager 2000.

Mean value is significantly greater than its complement™.



Table 16. Grasshopper density (per m? and per yd 2) and forage use per month (kg/ha and lbs/ac) on native
rangeland managed with the twice-over rotation system and the seasonlong system, 1993-1998.

Grazing
Management
System 1993 1994 1995 1996 1997 1998
Twice-over
Density
#/m? 2.6 14 33 21 5.6
#lyd? 2.2 1.2 2.8 1.8 4.7
Forage use/month
kg/ha 26.9 15.9 40.5 23.7 53.4
Ibs/ac 24.0 14.2 36.2 21.2 47.7
Seasonlong
Density
#/m? 8.3 4.6 6.2 184 26.8
#lyd’ 6.9 3.8 5.2 154 224
Forage use/month
kg/ha 90.5 43.2 70.4 208.8 344.6
Ibs/ac 80.8 38.6 62.9 186.5 307.7

Data from Onsager 2000.
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Table 17. Monthly herbage biomass (Ibs/ac) for native rangeland managed with the seasonlong system, 1994-

1998.
Plant Mean
Biotype Jun Jul Aug Sep Oct Monthly
Native Grass 405.20 407.47 397.80 527.59 355.43 418.70
Cool Season 269.23 238.60 220.69 299.75 193.77 244.41
Warm Season 135.97 168.87 177.11 227.84 161.66 174.29
Sedges 175.48 197.98 218.58 113.58 57.74 152.67
Total Forbs 78.77 58.29 46.05 49.64 69.25 60.40
Total Live 659.45 663.74 662.43 690.81 482.42 631.77
Standing Dead 62.17 25.00 16.00 84.01 100.43 57.52
Standing Biomass 721.62 688.74 678.43 774.82 582.85 689.29
Litter 173.78 93.17 142.64 207.93 292.13 181.93
Total Dead 235.95 118.17 158.64 291.94 392.56 239.45
Total Biomass 895.40 781.91 821.07 982.75 874.98 871.22

Table 18. Monthly composition (%) of herbage biomass for native rangeland managed with the seasonlong
system, 1994-1998.

Plant Mean
Biotype Jun Jul Aug Sep Oct Monthly
Native Grass 61.45 61.39 60.05 76.37 73.68 66.27
Cool Season 40.83 35.95 33.32 43.39 40.17 38.69
Warm Season 20.62 25.44 26.74 32.98 33.51 27.59
Sedges 26.61 29.83 33.00 16.44 11.97 24.17
Total Forbs 11.94 8.78 6.95 7.19 14.35 9.56
Total Live 73.65 84.89 80.68 70.29 55.13 72.52
Standing Dead 6.94 3.20 1.95 8.55 11.48 6.60
Standing Biomass 80.59 88.08 82.63 78.84 66.61 79.12
Litter 19.41 11.92 17.37 21.16 33.39 20.88
Total Dead 26.35 15.11 19.32 29.71 44.87 27.48
Total Biomass 895.40 781.91 821.07 982.75 874.98 871.22




Table 19. Monthly herbage biomass (Ibs/ac) for native rangeland managed with the twice-over rotation system,

1994-1998.
Plant Mean
Biotype Jun Jul Aug Sep Oct Monthly
Native Grass 481.47 623.51 534.88 561.34 471.44 534.53
Cool Season 245.38 300.47 184.70 223.38 157.57 222.30
Warm Season 236.09 323.04 350.18 337.96 313.87 312.23
Sedges 168.89 204.38 137.31 80.84 99.65 138.21
Total Forbs 113.25 70.60 70.31 116.52 44.10 82.96
Total Live 763.61 898.49 742.50 758.70 615.19 755.70
Standing Dead 49.18 50.38 40.09 138.79 61.65 68.02
Standing Biomass 812.79 948.87 782.59 897.49 676.84 823.72
Litter 163.86 127.13 99.94 301.40 311.19 200.70
Total Dead 213.04 177.51 140.03 440.19 372.84 268.72
Total Biomass 976.65 1076.00 882.53 1198.89 988.03 1024.42

Table 20. Monthly composition (%) of herbage biomass for native rangeland managed with the twice-over

rotation system, 1994-1998.

Plant Mean
Biotype Jun Jul Aug Sep Oct Monthly
Native Grass 63.05 69.40 72.04 73.99 76.63 70.73
Cool Season 32.13 33.44 24.88 29.44 25.61 29.42
Warm Season 30.92 35.95 47.16 44.54 51.02 41.32
Sedges 22.12 22.75 18.49 10.66 16.20 18.29
Total Forbs 14.83 7.86 9.47 15.36 7.17 10.98
Total Live 78.19 83.50 84.13 63.28 62.26 73.77
Standing Dead 5.04 4.68 4.54 11.58 6.24 6.64
Standing Biomass 83.22 88.18 88.68 74.86 68.50 80.41
Litter 16.78 11.82 11.32 25.14 31.50 19.59
Total Dead 21.81 16.50 15.87 36.72 37.74 26.23
Total Biomass 976.65 1076.00 882.53 1198.89 988.03 1024.42




Table 21. Percent difference of monthly herbage biomass on the twice-over rotation system compared to the
seasonlong system of native rangeland management, 1994-1998.

Plant Mean
Biotype Jun Jul Aug Sep Oct Monthly
Native Grass 18.82 53.02 34.46 6.40 32.64 27.66
Cool Season -8.86 25.93 -16.31 -25.48 -18.68 -9.05
Warm Season 73.63 91.30 97.72 48.33 94.15 79.14
Sedges -3.76 3.23 -37.18 -28.83 -23.62 -9.47
Total Forbs 43.77 21.12 52.68 134.73 -36.32 37.35
Total Live 15.79 35.37 12.09 9.83 27.52 19.62
Standing Dead -20.89 101.52 150.56 65.21 -38.61 18.25
Standing Biomass 12.63 37.77 15.35 15.83 16.13 19.50
Litter -5.71 36.45 -29.94 44.95 6.52 10.32
Total Dead -9.71 50.22 -11.73 50.78 -5.02 12.22
Total Biomass 9.07 37.61 7.49 21.99 12.92 17.58




Table 22. Basal cover (%) and composition (%) for native rangeland managed with the twice-over rotation and
the seasonlong systems, 1994-1998.

Twice-over rotation Seasonlong
Plant Basal Cover Composition Basal Cover Composition
Biotype % % % %
Native Grass 20.68 78.33 14.84 56.68
Cool Season 5.30 20.08 5.14 19.63
Warm Season 15.38 58.26 9.70 37.05
Sedges 3.56 13.48 8.76 33.46
Total Forbs 2.16 8.18 2.58 9.85
Total Live 26.40 26.18
Litter 72.50 72.52
Bare Soil 1.10 1.30

Table 23. Percent difference of basal cover on the twice-over rotation system compared to the seasonlong system
of native rangeland management, 1994-1998.

Difference
Plant %
Biotype 1994-1998
Native Grass 39.35
Cool Season 3.11
Warm Season 58.56
Sedges -59.36
Total Forbs -16.28
Total Live 0.84

Litter -0.03
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Fig 2. Mean percent crude protein of ungrazed native range cool season grasses in western
North Dakota, data from Whitman et al. 1951 and secondary tiller data from Sedivec 1999.
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Fig 3. Mean percent crude protein of ungrazed native range warm season grasses in western
North Dakota, data from Whitman et al. 1951 and secondary tiller data from Sedivec 1999.
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