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STRIP GRAZING RAKE-BUNCHED HAY AND STANDING FORAGE
AS ALTERNATIVES TO WINTERING COWS ON BALED HAY
H. A. Turner, R. F. Angell, and M. R. Haferkamp
Some cattlemen feel that more research is needed to aid in reducing
costs of production rather than simply increasing productivity. The
Squaw Butte Experiment Station has redirected a portion of its research
program to fulfill this need.
One of the most expensive practices of a cattle operation is the
harvesting and feeding of meadow hay. It costs $30 per ton or more just
to put this hay up and feed it in the winter. A long-term project has
been initiated which will look at alternatives to conventional haying
practices. The major goal of this effort is to reduce winter feed costs
while maintaining adequate production levels on the meadows and reproductive
and productive performance of the cow herd.
The first set of experiments has involved wintering cows by grazing
uncut meadow forage and rake-bunched hay as compared to feeding baled
hay.
EXPERIMENTAL PROCEDURE
Cows are gathered off the range and put on the flood meadows about
October 1. Treatments include (1) a control group which is put on meadow
aftermath or rake-bunched hay until feed becomes limited and then is fed
baled hay for the remainder of the winter, (2) a group that is put on
rake-bunched hay for the winter, and (3) a group on standing hay. Cows
were stratified into groups by age, weight, breeding date, breed of cow
and production index, with groups randomly assigned to treatment. Only
pregnant cows, three years of age and older, were assigned to the study.
Each year, cows are added to the study as they become available from other
studies.
New Zealand type electric fences are used to strip graze the standing
and rake-bunched hay treatments. After estimating intake and clipping to
determine meadow production, about one week's worth of feed is included
in each fence move. Cows are forced to clean up an area before moving the
fence and letting them in on new feed. The baled hay is fed daily. Cows
on the standing forage receive the equivalent of one pound of cottonseed
meal per head per day with the supplement being fed on Monday, Wednesday,
and Friday. The rake-bunched and baled-hay system cows do not receive a
supplement. All cows receive an injection of one million international
units of vitamin A before starting the treatment. Water, salt, and a
salt-bonemeal mix are available at all times.

Cows are turned out on range March 1, before calving, and run as
one group. Cows are bred on a two-breed cross system, artificially, to
single sires of Hereford and Angus breeding. Artificial insemination
breeding is conducted over a 42-day period with clean up bulls raised from
within the herd being used for an additional 25 days. Calves are weaned
about September 10. On October 1, the cows are brought back to the meadows
and the cycle repeated. Pregnancy is determined at this time by rectal
palpation.
Cows are shrunk and weighed on October 1 and every 28 days after that
until turnout on range March 1. Weights are also taken in May after calving
and at weaning time. Conception, calving intervals, calving difficulty,
weaning weights, etc., data are also being collected.
The rake-bunched hay and hay to be baled are cut as close to the same
date as possible to help assure equal quality. Forage samples collected
monthly are analyzed for protein and at times in vitro digestibility.
Protein levels were 7.6, 8.3, and 4.6 percent on the baled, rake-bunched
and standing hay the first year. Samples are retained for possible future
analyses of minerals, fiber, etc. Some intake work with chromic oxide is
also being conducted. Treatments are run on the same fields in consecutive
years to allow collection of data on the long-term effects of these treatments on meadow productivity. One full year of the study and most of a
second have been completed.
RESULTS AND DISCUSSION
Tables 1 and 2 show cow weight changes over the first two years of
the study. In year 1, weight changes were almost identical between the
controls and those on rake-bunched hay except during January when the
controls lost 5 pounds and the rake-bunch group gained 28 pounds. Overall,
the rake-bunch group came out of the winter 37 pounds heavier than the
controls. Cows on the standing forage gained less or lost more weight
during each month and finished the winter 88 pounds lighter than the
controls and carried considerably less condition. By breeding time, the
standing hay group had compensated somewhat and were 31 pounds lighter
than the controls, with the rake-bunch cows maintaining their 40-pound
weight advantage over the controls. By weaning time in early September,
the controls and standing hay group were equal in weight, with the rakebunch group 30 pounds heavier. By October 1, all groups were equal in
weight. It is interesting to note that during part of January when the
standing hay group was fed baled hay, they did not compensate but lost
weight at the same rate as the controls.
During Year 2, weight changes were virtually equal to Year 1 until
deep snow and ice forced feeding of the rake-bunch and standing hay groups
(Table 2). It is again interesting that the standing hay group did not
appreciably compensate when fed the same hay as the controls. This has
important ramifications for a winter feeding program, as it points out
that losses or reduced gains in early winter in many cases cannot be made
up at a later date when winter conditions are severe. The rake-bunch
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group lost 54 pounds more than the controls during January when they were
forced to go through deep snow and ice for their feed. They ended the
winter 30 pounds lighter than the controls, with the standing hay group
62 pounds lighter.
Table 1. Cow weight changes (1982-83)1
Treatment
Rake-bunch

Standing

lbs

lbs

lbs

+55
+32
-32
-5
-46

+53
+30
-29
+28
-41

+11
+2
-43
-7
-47

2
PeriodControl

October
November
December
January
February
WINTER
March-May
BREEDING
June-August
WEANING
1

-154

-157
3

-84

+41

+4

-100
-184

-113

-153

+16

+24

+56

-97

-129

Mean initial weight was 1,080 pounds. Cows were in excellent to fat
condition at the initiation of the trial.

2 Figures represent weight changes within that period with the winter,
breeding and weaning weight changes being accumulative changes up to
that time.
3 These losses include those connected with calving.
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Table 2. Cow weight changes (1923-84)1
2
PeriodControl

WINTER

2

Standin

lbs
+61
+33
-1
-61
+21

lbs
+11
-5
-4
+5
+14

lbs
+66
+28
-6
-7
+2

October
November
December
January
February

1

Treatment
Rake-bunch

+53

+83

+21

Mean initial weight was 1,032 pounds. Cows were in thrifty to excellent
condition at the initiation of Year 2.
Figures represent weight changes within that period with the winter weight
change being accumulative.

The amount of hay fed per cow per day over the various periods is
presented in Tables 3 and 4. Only small amounts were fed early to the control
group because considerable aftermath was left on the fields that they were
utilizing. An effort was made to make all groups clean up their hay reasonably
well on all treatments and keep the waste equal between groups when they were
fed hay. The intake of the rake-bunch or standing groups did not appear to
be appreciably higher when coming off limited feed than the controls. In
Year 2, the intake of the rake-bunched group when fed baled hay was considerably
less than both the control and standing group. They would leave the feedground
early and try to uncover more hay from under the snow. It was interesting
to note that they seemed to prefer the discolored, molding, rotten looking hay
under the snow to the hand fed baled hay. However, it had a sweet smell
similar to haylage or silage.
Table 3.

Hay fed per cow per day (1982-83)1

Treatment
2

Control
Rake-bunch
Standing 30

November
lbs
8
0

December

January

February

lbs
17
0
0

lbs
26
0
27

lbs
26
0
0

Represents the amount of hay fed on days hay was required.
2 Aftermath and/or rake-bunched hay was available to the control group during
October, most of November, and a portion of December.
The standing hay group was fed hay for a 21-day period in late December and
early January.
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Table 4. Hay fed per cow per day (1983-84)1
November

December

January

February

lbs

lbs

lbs

lbs

2
Control
11
Rake-bunch 30
Standing 40

30
32
30

30
22
31

28
22
27

Treatment

1

Represents the amount of hay fed on days hay was required.
2 Aftermath and/or rake-bunched hay was available to the control group
during October, most of November, and a portion of December.
3 The rake-bunch group was fed hay for 49 days during the winter.
4 The standing hay group received hay for 80 days during the winter.
Table 5 presents the weaning and reproductive data from Year 1.
Conception rates on the control and rake-bunch groups were 90 and 94 percent,
respectively, but only 71 percent for the standing forage group. Weaning
weights were not appreciably different between groups. Primarily because of
the conception rates, calf production per cow was 356 pounds from the
rake-bunch hay group and 345 pounds from the controls, but 266 pounds from
the standing hay group. This dramatically points out the importance of
condition of cows coming out of the winter on overall production. Calving
interval data also are being collected.
Table 5. Weaning weight and conception rate data (1982-83)

Treatment

Control
Rake-bunch
Standing

Conception
rate

Number 3Pre•nant

31
32
31

90
94
71

28
30
22

Weanin2.
weight

Calf
production
er cow

lbs

lbs

383
379
375

345
356
266

One cow from the control and standing treatment died.
2 Adjusted for sex of calf with heifers adjusted upwards 5 percent.
Tables 6 and 7 present the costs of haying and feeding of the various
treatments. These tables do not include value of the hay, interest on the
investment, taxes, etc. This is simply an attempt to present the differences
between the treatments for handling the winter feeding program. The total
cost per cow was considerably less ($18 to $22) on the rake-bunch treatment
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as compared to the controls, with productivity being as good or better after
the first year. The standing hay group cost $8 less per cow in Year 1, but
as pointed out in Table 5, the conception rates were reduced by 19 percent.
The cost per cow was actually higher for the standing group during the
second winter because of having to feed them hay most of the winter. Also,
ungrazed hay is left on the ground.
Table 6. Costs of haying and feeding per cow (1982-83)
Baling
Treatment

hay
$

Control
Rake-bunch
Standing
1

32.06
0
7.59

Salt-

Rake-

Labor _bonemeal bunching
$

8.69
7.31
7.53

.68
.68
1.35

Electric

Cottonseed

Troughs fence Total

meal

$

$

4.15
17.68
0

0
0
16.06

$

1

$

0
0
3.06

$

$

0
2.66
2.66

46
28
38

Values used were $27 per ton for baling hay, $11 per acre for rake-bunching
$4 per hour for labor, $100 per ton for trace mineral salt, $565 per ton for
bonemeal, and $245 per ton for cottonseed meal. Electric fence and troughs
were prorated over 5 years at 1982 prices. Vitamin A injections were also
used at 16 per cow.

Table 7. Costs of haying and feeding per cow (1983-84)
Baling
Treatment

hay
$

Control
Rake-bunch
Standing

41.33
8.17
31.48

Salt-

Rake-

Labor bonemeal bunching
$

8.69
6.49
8.88

$

1.11
1.58
2.55

$

3.33
14.15
0

1
Electric

Cottonseed
meal
$

0
0
8.29

Troughs fence Total
$

0
0
2.97

$

0
2.07
2.58

$

55
33
57

Values used were $27 per ton for baling hay, $11 per acre for rake-bunching,
$4 per hour for labor, $100 per ton for trace mineral salt, $565 per ton for
bonemeal, and $245 per ton for cottonseed meal. Electric fence and troughs
were prorated over 5 years at 1982 prices. Vitamin A injections were also
used at 16G per cow.
In general, the rake-bunch hay treatment looks very promising as an
alternative to harvesting hay at this time. During the first year, despite
an abnormally heavy snow cover these animals made it through the winter
without having to be fed hay or supplement. In addition, they actually
outperformed the hand-fed controls. During the second winter, they were
fed for 49 days. However, even most or all of this may be eliminated
with better planning. Because of the location of the water, cattle grazed
6

the high and heavy producing areas of the meadow first. By the time the
deep snow and ice crust occurred they were in the low areas. It was
observed that the larger bunches on the high ground remained open and
could be grazed during the worst conditions, but the smaller bunches
lying in the low areas were not accessible. Part of the reason for this
is that snow blew off the high ground and accumulated on the low. Saving
the high ground for deep snow and ice grazing and making some larger
bunches for these periods may eliminate the need for feeding or at least
reduce it considerably. However, hay for emergency feeding during severe
conditions probably would be a necessary insurance policy. The standing
hay treatment does not look feasible at this time. Performance has been
poor on it, even with some supplement, and if supplement were provided to
bring performance up to the control group, the cost probably would exceed
that of the conventional haying system.
Strip grazing with the New Zealand type electric fence is certainly
a key to the success of the rake-bunch system and a necessity on the standing
forage. It is reasonably priced, does not require a great deal of labor
to put up and move, and it is very effective. Even when these cows are
hungry and there is feed on the other side of the fence, they will not
touch it. Also, if cows were turned out in these fields to graze the entire
area, they would waste a great deal of hay and probably starve to death by
mid-winter. They would eat the best feed first and lie, def Cate, and
urinate on the remaining hay. By the time their feed requirements are
highest during the coldest part of the winter, and when they are entering
the last trimester of gestation, there would be very little quality feed
available for them to eat. Waste has been very minimal on the strip
grazed areas.
The early turnout on range before calving also looks promising. It
requires that old feed be carried over on the ranges from the previous
summer. Very little new growth is available until about May 1 or later.
The early turn out date was an attempt to alleviate some of the problems
connected with calving on the muddy-wet meadows in the spring. Also,
in some years the standing and rake-bunch hay would be under considerable
water by that time. Only mature cows are on this study, so calving difficulty is minimal. Scour problems appear to be considerably less than we
are experiencing with cows left to calve on the meadows. However, we have
had some coyote losses on range and this may develop into a greater problem.
In summary, the rake-bunched hay treatment for wintering cows looks
very promising at this time, but the standing hay treatment does not look
good compared with the conventional haying and feeding out systems. We
will continue to collect data in subsequent years and present further
progress reports.
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USE OF SLOPES BY CATTLE IN RUGGED TERRAIN
David Ganskopp and Martin Vavra

Returns from rangelands and livestock are greatest when animals
uniformly utilize forage resources. On rangelands, however, cattle often
concentrate on some areas and completely avoid others. Dispersal of
cattle about the landscape is influenced by several interacting environmental, managerial, and animal related factors. Environmental factors
include seasonal weather conditions as well as the distribution patterns
of food, water, and topography specific to an area. Managerial aspects
include fencing, salting, water development, herding, and the enhancement
of forage quantity or quality. Some of the animal factors influencing
cattle distribution are breed of livestock, class of animal, previous
experience of the animal, formation of social groups, and, in large
pastures, a demonstrated home range behavior.
Consensus among most researchers is that environmental factors
(primarily rugged topography and limited water) have the greatest
influence on livestock dispersal on western ranges. Short of fencing
and water development, management efforts aimed at enhancing cattle
distribution under such conditions are usually only marginally
successful.
Realizing that cattle avoid rugged topography, range managers
occasionally select a slope gradient and assume in forage allocation
procedures that herbage on steeper slopes in unavailable to the grazing
animal. Our work with cattle in relatively rugged terrain illustrates,
however, that such limits should not be arbitrarily applied to livestock or grazing allotments.

RESEARCH LOCATION AND PROCEDURES
This research was conducted in three pastures on the east bank
of the Owyhee Reservoir in southeast Oregon. The area is administered
by the Bureau of Land Management and is grazed by cow-calf pairs with
a deferred rotation system from April 1 through October 31. Data were
recorded during the 1979 and 1980 grazing seasons. The percent slope,
or average slope if more than one animal was sighted, was recorded
whenever undisturbed livestock were observed. Each recording was treated
as a single observation regardless of the number of animals involved.
To evaluate animal preferences for slope it was necessary to determine
what proportions of the area occurred on the various grades. These data
were derived by sampling 1,300 random points on topographic maps of the
pastures. Cattle data and pasture composition were compiled in 10 percent
slope categories ranging from 0 to 50+ percent. Statistical analyses
were used to evaluate livestock preference or avoidance of the various
slope categories.
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RESULTS AND DISCUSSION
Topography on the area ranged from level basins to nearly vertical
cliffs with average slope for the study area being a 35 percent grade.
Slope in the three pastures averaged 19, 35, and 37 percent, respectively,
for pastures A, B, and C. The proportion of each pasture and the percent
cattle observed in each slope category are presented in Table 1.
Table 1. Percent of available area and percent of observations of cattle
occurring on slopes in three pastures. The +, 0, and - preference
ratings indicate significantly favored, indifferent or avoided
categories, respectively

Pasture

Percent slope
20-29
30-39

40-49

50+

11
0

2
0

4

19
3
-

13
0
-

10
0
-

27
0
-

13
5
-

14
5
-

12
0
-

28
0
-

0-9

10-19

23
82

36
15
-

24
3

20
18
0

17
20
0

A
Area available, %
Observations of cattle,
Preference rating

%

+

B
Area available, %
Observations of cattle,
Preference rating

%

11
79
+

C
Area available, %
Observations of cattle,
Preference rating

%

16
70
+

Cattle showed a strong preference for relatively gentle topography
with the 0 to 9 percent slopes being the most heavily used category in each
pasture. Because the percentages of cattle observed in the 0 to 9 percent
category were greater than the available percentages, this category
received a positive preference rating in each pasture.
In pasture A, 36 percent of the area occurred on slopes between
10 and 19 percent. However, only 15 percent of the observations of
cattle occurred on these grades, indicating cattle avoided these slopes
in pasture A. In the two more rugged pastures (B and C) cattle appeared
indifferent to the 10 to 19 percent slopes. Because their use of these
slopes was roughly equivalent to their availability, we could not specify
whether cattle favored or avoided this degree of slope in these two
pastures.
9

Slopes greater than 20 percent were avoided by cattle in all three
pastures. The upper limit of slope use by cattle was the 20 to 29 percent
category in pastures A and B; cattle in pasture C, the most rugged of the
three, were observed on slopes in the 30 to 39 percent category.
These data demonstrate that use of slopes by cattle was not consistent
from pasture to pasture. Cattle obviously favored relatively level
terrain, and where large expanses of gentle topography were available,
they avoided stee per slopes. They did, however, alter their habits to
some degree and graze steeper grades when little level terrain was available.
For these reasons, utilization limits or expectations derived in one
pasture should not be expected to apply in another. Each grazing allotment
and season provides a unique environment, and patterns of livestock use
should be evaluated from actual observations and not compiled from
statistics obtained under different conditions or on different areas.
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DEFOLIATION AND GROWTH OF CRESTED WHEATGRASS
INTRODUCTION
Since its introduction to the United States in 1898, crested wheatgrass (both Agropyron cristatum and A. desertorum) has proven to be an
invaluable forage resource throughout much of the west. More than 12 million
acres have been planted in both the United States and Canada. Crested wheatgrass has been used not only to stablize soils occupied by vegetation in low
seral condition but also to provide a large source of forage to livestock and
wildlife on western rangelands. Highly resistant to damage by grazing, this
grass is not being used to its optimum potential. Restricted seasons of use,
uneven utilization patterns, large amounts of forage going unused each year,
and low forage quality in the summer and fall have limited the efficiency of
livestock production on crested wheatgrass forage.
There are four ways managers can increase the pounds of beef produced
per unit area of land through livestock grazing. These are:
(1)

Increase the proportion of the total forage crop produced that
is consumed by the animal;

(2) Manipulate plant growth to provide higher quality forage;
(3) Increase forage productivity;
(4) Increase the production efficiency of grazing cattle.
One of the major areas of research emphasis at the Eastern Oregon
Agricultural Research Center will be to evaluate management methods that will
increase the proportion of the total standing crop consumed by cattle and
increase forage quality during the dormant period of the year.
Some of the questions to be addressed in this research effort are:
(1) Can intensive grazing management, such as short duration grazing
(SDG), potentially increase forage quality, distribution of forage
utilization and overall intake of the total forage crop produced?
(2)

How practical is winter grazing of crested wheatgrass and how
much can it cut the costs of winter feeding and haying?

(3)

To what extent can forage quality be increased through proper
timing of grazing or use of chemicals which increase the leafiness of the plant and/or delay senescence?

Integrating of various management strategies may provide alternatives
for increasing the ratio of pounds of beef produced to cost of forage
provided. The following three papers will report on a portion of this
research effort, relating to potentials for manipulating plant growth
through grazing and chemicals to enhance forage quality.
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I. DEFOLIATION EFFECTS ON FORAGE GROWTH
R. F. Miller, M. R. Haferkamp, and R. F. Angell

A large portion of tillers on crested wheatgrass produce unpalatable
reproductive shoots in the later part of the growing season. In the early
1960s, researchers developed a method of grazing that maintained part of
the crested wheatgrass forage crop in a leafy growth form called the onecrop/two-crop grazing system. When a crested wheatgrass pasture is grazed
in mid-May, elongating reproductive culms are removed. This stimulates
the growth of a second crop of tillers that largely remain vegetative
when growth terminates in the summer. This provides a forage crop that
can be used in the summer, fall, winter, or early spring higher in forage
quality than a deferred pasture primarily containing reproductive stems.
However, intensive management (timing and intensity of grazing are critical)
and adequate soil moisture for plant regrowth are required for such a
system to be successful. In other words, cattle must be on the forage crop
late enough to remove young reproductive shoots but be removed early
enough to allow adequate regrowth.
Renewed interest in intensive grazing systems (or methods) such as
short duration grazing (SDG) or the Savory Method, and the introduction
of new technology in electric fencing have raised many questions on the
opportunities and effects of these systems on our forage resource.
Questions frequently asked include: What percentage of years can we
depend upon enough soil moisture to attain adequate regrowth? What is
adequate regrowth? How late can we graze a crested wheatgrass pasture
and still have good odds in attaining adequate regrowth? How much does
the time vary from year to year when reproductive stems elongate enough to
be removed by cattle? How much does time and duration of entry influence
total forage crop production? How much does time and duration of entry
influence forage quality later in the season? How much forage is
being lost to senescence and death during the growing season?
The following study, initiated in April of 1983, is attempting to answer
some of these questions.
Data gathered in this study were used to:
(1)

construct a growth curve showing the total forage produced,
standing crop present, and plant material lost to death during
the growing season.

(2) determine the effect of time of defoliation on forage regrowth,
forage quality, and soil moisture withdrawal.
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PROCEDURES AND METHODS
Ten sets of 10, 100-foot 2 plots were laid out in a crested wheatgrass
pasture in fall 1982. Beginning April 12, one set of 10, 100-foot 2 plots
was clipped to ground level. At two week intervals, a different set
of 10 plots was clipped until August 16. On August 16, all plots were
reclipped a second time (except the August 16 plots which had not been
clipped previously) to remove regrowth. During the study, soil moisture
was sampled at 0 to 8 inches and 8 to 16 inches on each clipping date on plots
being clipped and all plots previously clipped. Plant phenology and leaf
senescence were also recorded on each clipping date.
RESULTS AND DISCUSSION
Green leaves on crested wheatgrass in April 1983 were produced in fall
1982 and overwintered (Figure 1). Rapid plant growth was initiated in
mid-May and terminated in late June. Crested wheatgrass basal leaves died
and became unavailable for grazing during this period.
Crested wheatgrass rarely contained more than three to four active
green leaves. As leaf four began to develop, the first leaf died. In the
fifth leaf stage, the second leaf was dead or dying. As leaves died,
they lay prostrate on the soil surface, making them unavailable to large
herbivores. By June 7, when plants were in the boot stage, the upper
three leaves were green but the lower three were dead and unavailable.
When the plant had reached full maturity, it consisted of a reproductive
stem with two to three leaves attached; the basal leaves were dead and
unavailable for large herbivore use. More than 25 percent of the total
plant material produced by August 16 in the 1983 growing season was not
available in the standing crop.
Defoliation before mid-May had little effect on the total forage
produced (Figure 2), reproductive stems produced, and forage quality (for
forage quality data, see the following paper). The first three defoliation
dates occurred before elongation of reproductive stems. Of the first
three defoliation dates, only the May 10 defoliation influenced soil water
content. Plants defoliated on this date had their leaf areas reduced
just before warming temperatures arrived and stimulated rapid growth.
Defoliating crested wheatgrass between mid-May and early June
significantly influenced the total forage produced (Figure 2), forage
quality, reproductive stems produced, and soil moisture withdrawal.
Defoliation during this time removed elongating reproductive stems,
causing the plant to produce a second crop of tillers. The reduction in
total forage produced was not caused by damage to the plant but by the
absence of reproductive stems. More than 90 percent of the 1,200 to
1,400 pounds per acre of forage produced in these two treatments was leaf
material. Whereas forage harvested early and late in the season or near
maturity was composed of only 30 and 15 percent leaf material, respectively,
the remainder being stems and seedheads.
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Defoliation after mid-June had no effect on total forage produced
(Figure 2), reproductive stems produced, and soil moisture content. Although
forage quality was enhanced by the June 20 and July 5 defoliation dates,
regrowth was so low that forage intake by cattle was limited. This was
a time when soil moisture levels were low and plants were nearing or at
maturity. After mid-June, the forage crop was made up largely of reproductive
stems with 16 to 31 percent of the total crop produced (primarily leaves)
lost for grazing use.
Approximately a minimun of 150 pounds per acre of crested wheatgrass
must be available for intake not to be limited. In the 1983 crop year,
removing animals no later than June 17 would have provided enough regrowth
to provide adequate forage. However, precipitation was above normal during
the 1983 crop year. By summarizing data collected in a previous study
from 1957 to 1982 we can estimate that in 7 years out of 10 we can expect
200 pounds or more per acre of regrowth to be produced if defoliation is
terminated not later than late May on a healthy crested wheatgrass pasture.
The occurrence of a drier year, especially in May and June, would affect
both regrowth and the total forage produced. However, the compartment
of produced total forage, to be most affected, would be the reproductive
stems, leaf production being least affected.

CONCLUSIONS
Early harvest of crested wheatgrass (before seedhead elongation)
has little effect on the forage crop. Advantages of harvesting crested
wheatgrass at this time are high quality forage, and removal of leaf material
that would be lost later in the year. The harvest of high quality leaf
material would be greater than pastures deferred until seed maturity.
The primary disadvantage is that regrowth will be composed mainly of
reproductive stems.
Harvesting plants during late May and early June maximizes the amount
of leaf material both harvested and produced. Not only is regrowth comprised
of leafy tillers but a maximum of leaf material that would otherwise be
lost to grazing is harvested. During this period (when growth is rapid)
soil moisture withdrawal is significantly reduced, thus delaying soil
water depletion.
If a leaf crop of forage is desired for late summer or fall use, animals
should be removed from the pasture not later than June 1. After June 1,
the chances for attaining adequate regrowth quickly diminish with soil
moisture. However, cattle must be present on the pasture at the proper
density sometime in mid to late May to force the production of a second
crop of tillers. The variability in timing of seedhead elongation will be
determined by ongoing research. However, it is suspected that temperatures
before mid-May and day length are involved.
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The producer, through intensive grazing management, has the opportunity
of harvesting a larger proportion of leaves, which are higher quality plant
parts, as well as increase the production of high quality plant parts.
Although it is unlikely the entire crested wheatgrass resource available
to a producer can be manipulated in this way, a portion could be selected
and grazed to prepare the pasture (by creating a higher quality forage)
for use later.
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Figure 1. The percent of standing crop present at any one date from
April 12 through April 16. Total represents all of the
current year's biomass produced which includes standing
crop plus current year's plant material that has died and
is no longer in the standing crop. Dead represents primarily
leaf material that has died and is no longer available in the
standing crop. Both total and dead and unavailable were
estimated from observation and previous clipping.

16

DATE

Figure 2. Total standing crop harvested for each of the 10 treatments.
Total harvested = first clipping (which is indicated by date
shown) + regrowth clipped on August 16.
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II. DEFOLIATION EFFECTS ON NUTRITIVE VALUE
R. F. Angell, R. F. Miller, and M. R. Haferkamp

Protein and energy are highly variable in crested wheatgrass forage
and can become low enough to prevent economical weight gain by livestock.
Crested wheatgrass is often grazed heavily during the spring to prevent
development of "wolf" plants which are of poor quality. This management
scheme does not necessarily provide the livestock operator with an
optimum harvest by the grazing animal.
The first paper of this series points out that cattle must be on the
pasture during a specific time period to remove flowering stems. This
program of grazing management has direct and significant impacts on forage
quality at specific dates. Proper grazing can promote leafy regrowth
which will be of higher quality than stemmy growth.

PROCEDURES
Plants clipped according to procedures in Part I were air dried and
ground in a Wiley mill. Ground tissues were analyzed for dry matter, organic
matter, and percent ash. Subsequent analysis for crude protein by macrokjeldahl and organic matter in vitro digestibility were carried out.

RESULTS AND DISCUSSION
The rapid loss of digestible energy and crude protein through the
growing season has been well documented previously and similar results
were obtained in this case (Table 1). It is readily apparent that simple
deferral of grazing will result in lower quality forage. In this instance,
deferral of cli pping until after June 20 resulted in crude protein levels
of 4.9 percent which are below maintenance even for mature cattle. Inititation of grazing early in May when adequate forage is present is clearly
desirable to provide livestock with adequate protein.
Similarly, digestible organic matter was decreased by delayed clipping
(Table 1). Digestible organic matter in low protein forages is roughly
equivalent to total digestible nutrients (TDN). Nutrient requirements for
beef cattle nursing calves are 52 to 55 percent TDN. These data indicate
that for mature cattle energy was not below requirements for lactation
until August although performance would be lower at that time. Bred
heifer and steer performance would have been severely limited after July 1
by both protein and energy deficiencies in previously ungrazed plants.
Plants which had been clipped early in the season would provide higher
quality forage (Table 2) and would not limit livestock performance.
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Table 1. Protein content and digestibility of crested wheatgrass during
the growing season
Sampling date

4-26-83
5-10-83
5-24-83
6-7-83
6-20-83
7-5-83
7-18-83
8-2-83
8-16-83

Crude protein

Digestible organic matter

14.7
13.6
11.0
7.8
6.4
4.9
3.6
3.3
3.1

77
80
73
71
72
65
61
58
53

Table 2. Crude protein and digestibility of crested wheatgrass regrowth on
August 16, 1983, after different initial clipping dates
Date

4-12-83
4-26-83
5-10-83
5-24-83
6-7-83
6-20-83
7-5-83
7-18-83
8-2-83
8-16-83

1

Crude protein

3.3
3.4
3.4
5.4
7.8
9.1
8.9
no regrowth
no regrowth
no regrowth

Digestible organic matter

58
59
58
63
62
58
58
no regrowth
no regrowth
no regrowth

Date refers to initial clipping. Regrowth was obtained between the initial
clipping date and August 16.

These declining forage quality curves point out a major problem
which can arise with deferred and rotational grazing systems. Under a
hypothetical four pasture rotation program, the cattle would be entering
progressively lower quality pastures. In this study, by July 5 yearling
cattle would be rotating into a pasture comprised primarily of forage
with protein and energy levels which were at or below maintenance.
Additionally, forage quality would rapidly decrease as highest quality
plant parts were grazed and stemmy, more mature plants were left.
The problem then is, how do we devise a grazing scheme which will not
lose the early quality forage but which also is best for the grass?
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Paper I discussed the one-crop/two-crop technique and the effects of
management on regrowth potential and total forage production. Here we
look at the directly associated quality factors. Crested wheatgrass can
be manipulated to provide high quality forage in August (Table 2). The
actual pounds of nutrients produced in August by various management
schemes of course is predicated on the amount of precipitation received.
These data were obtained during an above average precipitation period and
will show above average forage production. It is likely that regrowth
quality would remain high in drier years although regrowth amounts would
decline. In a drought we would not expect any regrowth except from those
plants clipped very early.
Clipping the plant at any time before elongation of the flowering
stem resulted in significantly lower crude protein in regrowth forage in
August than plants clipped after initiation of stem elongation. This
results from removal of leaf material on primary tillers and subsequent
elongation of the flowering culm. Regrowth forage in August was thus
comprised mainly of stemmy regrowth which was mature and similar to those
plants which had not been clipped before August.
From mid-May to mid-June, when flower stalks were actively growing,
defoliation significantly increased forage quality in August. Although
August is normally a time of poor quality for crested wheatgrass, in this
study plants clipped after flower elongation but before anthesis had
crude protein contents as high as 9 p ercent. August energy levels as
indicated by digestibility were significantly increased by late May and
early June clipping treatments.
After mid-June, depleted soil moisture and seasonal effects limited
regrowth, and resulted in no clear quality improvement. By mid-July, there
was no potential for regrowth. From that point on, yield and quality
began to decrease at an accelerated rate. From these data it is apparent
that regrowth from plants clipped in late May and early June had the
highest quality in August. The peak quality in regrowth protein occurred
in mid June while regrowth digestibility peaked in mid May. Late growing
season effects likely resulted in elevated fiber content in regrowth of
plants clipped after May.

CONCLUSIONS
Range managers can promote high quality late season forage in crested
wheatgrass. This regrowth can contain 9 percent crude protein and have
concommitant digestibility of 58 percent. As a practical matter, it is
likely that the optimum clipping date for regrowth in this study was
May 24. Protein levels were only 5.4 percent in August after clipping
May 24.
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However, the total pounds of regrowth were much greater (see Paper I,
Figure 2) and forage digestibility was greatest (63 percent). In this
particular year, we had nearly 500 pounds per acre of regrowth after
clipping May 24 when the plants were entering the period of flower elongation. That regrowth had 2.3 percent greater protein and 10 percent
greater digesbility than plants left unclipped until August.
These data indicate that a rotational grazing program which provides
improved quality forage in early fall will have to be timed such that
pastures for fall use will be grazed to the proper level within a 2- to
4-week "window". Grazing which ends before that will result in low quality
regrowth. Grazing which ends after that time will not provide sufficient
biomass to allow fall grazing. It becomes apparent that a rotational
grazing plan using several pastures will have to be coordinated with other
pastures in some way. This is needed because of the observed decreased
potential for regrowth as the season progresses.
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III. EFFECTS OF MEFLUIDIDE
M. R. Haferkamp, R. F. Miller and F. A. Sneva

Possible chemical treatments to improve late summer-fall forage
quality of crested wheatgrass include curing with paraquat (l,l'-dimethl-4,4
bipyridinium ion) or treatment of plants with mefluidide (N-[2,4-dimethy15-([(trifluoromethyl)sulfonyl]amino]-phenyl]acetamide), a growth regulator
from 3M Company. Paraquat has not been cleared for curing forage on rangelands, but recently there have been renewed interest and efforts directed
toward obtaining a label for this purpose. Mefluidide, being applied under
an experimental label, has been used to prevent reproductive shoot development in tall fescue (Festuca arundinacecz) in Kentucky, simultaneously
reducing fiber and increasing soluble carbohydrate and N-content in midsummer. Beginning in 1982, mefluidide was applied to crested wheatgrass
plants at the Eastern Oregon Agricultural Research Center in Burns, Oregon,
in hopes of reducing reproductive shoot development and improving forage
quality in late summer and fall.

PROCEDURES
Plots (10 x 90 feet) of established crested wheatgrass were treated
with 0, 0.125, 0.25, and 0.375 pounds of mefluidide (active ingredient) per
acre on May 14, 1982, and Mali 14, 1983. Foliage was sprayed with a water
mix at 10 gallons per acre. Spray was applied before floral differentiation in 1982 and during floral differentation in 1983. Separate subplots
from six replications were sampled twice monthly from July 1 to October 15
each year for forage yields and forage quality. Forage samples were
analyzed for ash, crude protein, in vitro digestible organic matter, and
neutral detergent fiber. The fractions of crude protein and in vitro
digestible organic matter are expressed on an organic matter basis, while
neutral detergent fiber is presented as ash free. Seed heads or reproductive shoots were counted in August each year.

RESULTS AND DISCUSSION
Reproductive shoot numbers were decreased 4.1 to 5.9 per square
foot of ground area in 1982 and 9.3 to 17.4 per square foot in 1983 (Table 1).
Many of the inflorescences were simply reduced in size and remained
enclosed in the leaf sheath, with reproductive shoots protruding through
the side of the leaf sheath.
Reduction of reproductive shoot numbers reduced forage yields during
both years (Table 2). In 1982, mefluidide reduced average yields about
272 to 412 pounds per acre. In 1983, yields were reduced approximately
343 to 975 pounds per acre with the 0.25 and 0.375 pounds per acre rates
and 0 to 630 pounds per acre with the 0.125 pound per acre rate.
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Table 1. Reproductive shoots (numbers/square foot) of mefluidide treated
crested wheatgrass during 1982 and 1983 at the Squaw Butte
Experiment Station
Mefluidide rate
pounds/acre
0.000
0.125
0.250
0.375

1982

1983

6.5
2.4
1.2
0.6

19.2
9.9
5.0
1.8

Table 2. Forage yields (pounds/acre) of mefluidide-treated crested wheatgrass during July 1 - October 15, 1982 and 1983, at the Squaw
Butte Experiment Station
1982
Mefluidide rate
pounds/acre
0.000
0.125
0.250
0.375

July

September
1
15

August
15

1

15

1

898
711
585
655

997
900
660
687

1306
827
803
625

1134
796
676
654

1139
777
771
704

1187
812
762
705

October
1
15
896
784
677
676

1060
836
694
614

1983
Mefluidide rate
pounds/acre
0.000
0.125
0.250
0.375

July
1

15

1658
1347
777
821

1573
1702
1020
703

August
1
15
1962
1328
1007
782

1725
1094
750
750

September
1
15
1358
1341
868
802

1656
1248
860
718

October
1
15
1657
1224
621
702

1212
886
926
812

Ash content of crested wheatgrass forage increased 3.1 to 4.6 percent
in 1982 and 2.2 to 6.6 percent in 1983 with mefluidide application (Figure 1).
Treated plants, with fewer reproductive shoots, were more susceptible to
soil contamination than untreated plants. However, we have not determined
whether the increase in ash is from soil contamination or increased uptake
of minerals including silica caused by treatment. Forage quality fractions
were adjusted to an ash-free organic base to reduce the effect of differential
soil contamination, and to allow comparisons of quality changes in the organic
fraction of the plants.
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Reduction in reproductive shoot numbers definitely improved forage
quality during both 1982 and 1983. Crude protein content of untreated
plants was less than the 5.8 percent, commonly reported as being required
by a dry pregnant cow, on all dates in 1982 and 1983 (Figure 2). Crude
protein percentage of forage, treated with mefluidide at 0.25 and
0.375 pounds per acre, remained above 5.8 percent for at least 2 weeks
longer during July of 1982 and 1983. However, crude protein decreased to
below 5.8 percent with all treatments by early August of both years. The
increase in crude protein content in fall 1982 occurred as a result of
regrowth caused by fall rains. Protein contents were consistently greater
in treated plants, averaging 0.9 to 1.9 percent more in 1982 and 0.7 to
1.8 percent in 1983.
In vitro digestible organic matter has been determined for only 1982
forage samples (Figure 3). Plants, treated with 0.25 and 0.375 pounds
mefluidide per acre, contained significantly more digestible organic matter
than untreated plants or those treated with 0.125 pounds per acre except
during mid-August and early September. Digestible organic matter content
decreased below 50 percent in untreated and treated plants in mid-September
and early October, respectively.
Neutral detergent fiber increased in crested wheatgrass plants as the
growing season progressed (Figure 4). However, neutral detergent fiber
content decreased an average 2.7 to 4.7 percent in 1982 and 3.7 to
7.7 percent in 1983, with mefluidide treatment.

CONCLUSIONS
The increase in forage quality, attained with mefluidide, suggests a
higher quality forage could be produced for summer and early fall. The
increase in ash content and the reduction in forage yields, attained with
mefluidide, however, may be concerns. If the increased ash content represents
an increase in essential minerals it would be beneficial, but if the increase
in ash represents an increase in silica, the effect would not be beneficial
since an increase in silica is associated with decreased digestibility. The
decrease in forage yields reflects the reduction in reproductive shoot numbers.
Crested wheatgrass reproductive shoots at this time of the year are of questionable value for maintaining a cow, and many shoots are broken and fall to the
ground. The reduction of re p roductive shoot numbers may also reduce spot
grazing and the abundance of wolf plants.
At the time of writing, mefluidide was not cleared for use in treating
forages and was made available to us for supervised, experimental purposes
only. Further evaluations of its effects on forages and detailed analyses
of environmental residues and metabolites must be completed before it is
submitted for registration. Until mefluidide is registered for forage
application, it should not be applied to any source of livestock feed.
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Figure 1. Percent ash of untreated crested wheatgrass plants and those

treated with three rates of mefluidide during 1982 and 1983
at the Squaw Butte Experiment Station.
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Figure 2. Percent crude protein of untreated crested wheatgrass plants
and those treated with three rates of mefluidide during 1982
and 1983 at the Squaw Butte Experiment Station.
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Figure 3. Percent in vitro digestible organic matter (IVDOM) of untreated
crested wheatgrass plants and those treated with three rates
of mefluidide during 1982 at the Squaw Butte Experiment Station.
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during 1982 and 1983 at the Squaw Butte Experiment Station.
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PREVIOUS LIVESTOCK FIELD DAY REPORTS
SQUAW BUTTE EXPERIMENT STATION

These reports are available upon request from the Squaw Butte Experiment
Station, Star Route 1 - 4.51 Highway 205, Burns, Oregon 97720.
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