


































































































































































































Table 4 . Overall Averages of Biomass, Botanical Composition, Chemical Content of Forage, and
Ground Cover within the Study Period.

Study Period Averages

Plant Components

Biomass(KgHa-1) 759.5
Green Biomass(%) 70.5
Lehmann(%) 62.8
Native(%) 24.0
Shrub(%) 10.7
Forb(%) 2.5
Crude Protein(%) 7.3
Phosphorus(%) 0.12
Calcium(%) 0.58
In Vitro DMD(%) 41.5
NDF(%) 72.8

Ground Cover(%) 338

41



1
Table 5 . Overall Averages of Biomass, Botanical Composition, Chemical Content of Forage, and
Ground Cover within each Scason.

Season Jul 1- Nov 1- Fceb 1- May 1- Jul 1-
Plant Components Oct 31 Jan 31 Apr30 Jun 30 Oct 31

Biomass(KgHa-1) 867.9a 613.4b 827.9a 693.0b 895.4a

Green Biomass(%) 79.8a 40.1b 67.7c 40.9b 83.7a
Lchmann(%) 61.9a 67.1b 60.7a 65.6b 59.9a
Native(%) 23.6a 22.2b 23.9ac 22.7ab 24.7c
Shrub(%) 11.5ab 9.2a 12.5b 10.5a 10.0a
Forb(%) 3.0a 1.5b 2.9a 1.2b 5.4c
Crude Protcin(%) 8.9a 5.6b 7.0¢c 6.7c 8.0a
Phosphorus(%) 0.14a 0.09b 0.12ac 0.11c 0.13a
Calcium(%) 0.48a 0.47a 0.70b 0.67b 0.49a
In Vitro DMD(%) 45.4a 40.4b 43.7a 37.4b 47.4a
NDF(%) 72.1a 75.5b 71.7a 72.4a 72.5a
Ground Cover(%) 34.6a 29.2a 31.2a 30.1a 35.6a

1 .
Averages indicated by the same letter within each row arc not significantly different (p <.05)

as determined by Lsd methods.



43

changed greatly from year to year due to changing precipitation. Culley
(1943) found that over 90% of the annual herbage yield of perennial
grasses was made during the summer rainy season. Clarke, Tisdale and
Skoglund (1943) related fluctuations in forage production with climatic
factors and found a fairly close relationship with precipitation for the
growing seasons. Smoliak (1956) found a significant correlation between
precipitation and forage yield.

Botanical Composition. The proportion of ILehmann lovegrass was
higher and native grasses and forbs were lower in the dormant seasons
than in the growing seasons. Shrub botanical composition was not signi-
ficantly affected by seasons. The greater proportion of Lehmann
lovegrass in the dormant seasons was due to the dryness of annual native
grasses and forbs (Table 5).

Ground Cover. Differences in ground cover among seasons were
statistically negligible although values were lower for dormant seasons.
It is apparent from these results that a short climatic fluctuation does
not affect the vegetation cover. For changes in cover to occur, a
longer period of at least six months is required. Martin (1964) found
that an increase in vegetation cover occurred only when a moderately wet
winter was followed by a wet spring (Table 5).

Chemical Content. The chemical content of forage fluctuated

with the seasons. The crude protein and phosphorus contents of forage
were higher in the growing seasons than in the dormant seasons. Winter
forage contained the lowest crude protein and phosphorus. The calcium

content of forage did not follow a definitive pattern because summer
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dormant and spring growig season forages contained similar and higher
calcium than the other season forages. In vitro dry matter digestibil-
ity was higher in the summer and spring growing seasons than in the
dormant seasons. The neutral detergent fiber contents of forages were
essentially the same for all seasons, except in winter when they were
significantly lower (Table 5).

Other studies revealed similar seasonal chemical composition
changes. Kamstra (1973) found that the fibrous fraction of all plant
species increased, while crude protein and jn vitro digestibility
decreased throughout the growing season. Huston et al. (198l) reported
that the nutritional quality of range plants generally peaks in the
spring, decreases in the summer and fall, and reaches its lowest levels
in winter. Meyer and Brown (1985) reported that on the basis of diges-
tibility, fiber content, protein and mineral concentrations, forage
auality was highest in the spring.

Martin (1964) found that the cured herbage of perennial grasses
dropped below minimum nutritional levels in protein and phosphorus
during extended periods of dry or cold weather. Cook et al. (1953)
showed that during active summer growth and the later part of summer,
entire grass plants averaged 8.2% and 4.5% of each, respectively. Read
et al. (1958) found that bluestem (Andropogon spp) contained 12% to 15%
protein in early spring, but as plants matured, protein content declined
rapidly. Rodgers and Box (1967) found that the seasonal protein content
of four southern mixed prairie grasses met the requirements of non-

lactating cows only once during the year, and not at all for lactating
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cows. Raleigh (1973) reported that bluebunch wheatgrass (Agropyron
Spicatum) at preboot stage contained 0.24% phosphorus, as compared to
the mature stage with only 0.13%. Nelson et al. (1970) reported that
red threeawn (Aristiola longiseta) at early leaf stage contained 0.12%
phosphorus, relative to the dormant stage which contained 0.08%, while
mature tobosa had 0.19% phosphorus and only 0.07% when dormant. Mcleod
and Minson (1974) found that immature grass herbage has relatively
greater digestibility than mature forage.

The results of this and other studies indicate that the forage
content of protein and phosphorus is below cattle maintenance require-
ments during the dormant seasons, such as in winter when the deficiency
is most acute. McCawley (1983) reported that the performance of lactat-
ing and non-lactating cows may be constrained when forage protein
content is below eight to nine percent crude protein for maintenance and
reproduction, and nine to 15 percent for growth and lactation. Grelen
and Epps (1967) reported that beef cattle who were nursing calves

required a minimum of 0.18% phosphorus in their diet.

The Main Effects of Pastures

Forage Biomass. Pasture grazed at a very heavy rate had a
significantly lower forage biomass than moderately and heavily grazed
pastures, which were similar (Table 6). Other studies also reported
that higher stocking density reduced forage biomass (Gamougoun, 1982;
Sims et al., 1978; Stoddart, 1975; Thomas and Gomm, 198l). There was

no statistically significant difference between moderate and heavy
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Tablc 6 . Overall Averages of Biomass, Botanical Composition, Chemical Content of Forage, and
Ground Cover within each Pasture.

Stock. Density  Moderate Heavy V.Heavy

Plant Components

Biomass(Kg Ha-1) 880.5a 894.1a 504.0b
Green Biomass(%) 66.5a 67.4a 77.76
Lehmann(%) 59.2a 63.1ab 66.1b
Native(%) 25.4a 24.2a 2.4b
Shrub(%) 11.1a 9.7a 11.4a
Forb(%) 4.3a 3.0a 0.1b
Crude Protein(%) 7.6a 6.8b 7.4ab
Phosphorus(%) 0.11a 0.11a 0.13b
Calcium(%) 0.59a 0.57b 0.59a
In Vitro DMD(%) 40.9a 40.6a 43.0b
NDF(%) 72.9a 72.9a 72.7a
Ground Cover(%) 36.8a 35.8a 28.7b
1

Averages indicated by the same letter within each row are not significantly different (p <.05)
as dctermined by Lsd methods.
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pastures, but very heavy pasture had the highest percentage of green
forage. In kilogramper-hectare, the lowest green forage biomass was on
very heavy pasture.

Botanical Composition. The botanical composition of Lehmann
lovegrass increased while that of native grasses and forbs decreased as
the stocking rate increased. Shrub composition did not vary signifi-
cantly from pasture to pasture. This finding is in agreement with the
general concept in range management which states that the most preferred
plants are usually the most limited as grazing intensity increases. In

this study, native grasses, due probably to their chemical content, were
most preferred by cattle (Table 6).

Ground Cover. The percentage of ground covered by plants was
similar on moderate and heavy pastures and higher than on very heavy
pasture. This was not unexpected since grazing animals are always
responsible for removing vegetation materials, thus decreasing the
percentage of ground covered by plants (Table 6).

Chemical Content. The chemical content changed from pasture to
pasture. The percentages of crude protein and calcium content in forage
were lower on heavy pasture than on moderate and very heavy pastures.
There was no difference between moderate and very heavy pastures in
forage protein and calcium contents. Forage from moderate and heavy
pastures contained less phosphorus and had lower digestibility than
forage from very heavy pasture. The forage fiber content did not differ
from pasture to pasture, although there was a tendency for forage from

very heavy pasture to have a higher digestibility (Table 6).
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The Main Effects of Topography

Forage Biomass. The slopes and washes had similar and lower
quantities of forage than the uplands. Similar results were found for
the green biomass, but the green percentage on the uplands was lower
than that of the washes and slopes (Table 7). In literature, most
studies reported forage biomass in washes or drainages to be higher than
that on the uplands and slopes (Mueggler, 1965; Cook, 1966; Bennet et
al., 1987) The lower biomass found in this study might be due to higher
grazing pressure on the slopes and in the washes.

Botanical Composition. The percentage of Lehmann lovegrass was
significantly higher on the uplands and in the washes than on the
slopes, and those of native grasses and shrubs were significantly
higher on the slopes than on the uplands and in the washes. There was
no difference between uplands and washes in Iehmann lovegrass composi-
tion, but native grasses were found a little more in the washes and
shrubs were slightly higher on the uplands. The lowest botanical compo-
sition of forbs was in the washes and the highest was on the slopes
(Table 7).

Ground Cover. The 39.3% ground cover on the uplands was signi-
ficantly greater than the 33.3% on the slopes and 28.8% in the washes.
The results of this study showed that there was a definitive preference
of topographic differences or soil types by plants. Lehmann lovegrass
was found more on the uplands and in the washes, which might have the
same types of soil because of upland erosion and sediment transport into

the washes. Native grasses preferred the slopes, which were generally
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Table 7 . Overall Averages of Biomass, Botanical Composition, Chemical Content of Forage, and

Ground Cover within each Topography.

Topography Upland Slope Wash
Plant Components
Biomass(KgHa-1) 1387.6a 446.3b 444.6b
_ Green Biomass(%) 59.6a 76.4b 75.5b
Lchmann(%) 87.1a 11.9b 89.4a
Native(%) 0.7a 64.5b 6.8c
Shrub(%) 9.7a .19'5b 2.9¢
Forb(%) 2.5a 4.1b 0.9¢
Crude Protein(%) 5.6a 8.5b 7.8b
Phosphorus(%) 0.09a 0.09a 0.18b
Calcium(%) 0.48a 0.68b 0.58¢c
In Vitro DMD(%) 41.9a 40.1b 42.5a
NDF(%) 75.1a 69.3b 74.0a
Ground Cover(%) 39.3a '33.3b 28.8¢

1

Averages indicated by the same letter within cach row are not significantly different (p <.05)
as determined by Lsd methods.
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rocky and not easily erodable by rainfall effects. Shrubs and forbs did
not have a well-defined location of occurrence (Table 7). Similar
results were reported on the Santa Rita Experimental Range by Cable and
Martin (1975).

Chemical Content. The chemical content of forage, at least for
cattle requirement purposes, was more favorable on the slopes and in the
washes than on the uplands. The percentage of crude protein in slope
and wash forages was similar and higher than that in upland forages.

The same percentage of phosphorus was found for both upland and slope
forage, while wash forage had a significantly higher phosphorus content.
The highest calcium level was from slope forage, while the lowest was
from upland forage. Forage from the slopes, dominated by native grasses
and shrubs, had the lowest digestibility. Upland and wash forage,
dominated by Lehmann lovegrass, had essentially the same digestibility
although there was a tendency for wash forage to have a higher digesti~-
bility. The lowest fiber level was found in forage from the slopes.

The differences in fiber content in forage from the uplands and washes
were negligible (Table 7).

No available scientific data were reported in this study to
explain the higher levels of nutrients in plants from the washes and
slopes, but it might be possible to make some assumptions. In the
washes, we could assume that the mesquite shade made it an ideal place
for frequent rest by animals and therefore a place of high frequency of
dung accumulation, causing an increase in soil nutrients. The higher

soil nutrients in the washes might be also due to the leaching of
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nutrients from the uplands into the washes. These assumptions are
supported by Kauffman and his éo-workers (1983) , who reported that
during late August and Septenber forages were generally more palatable
and higher in nutrient quality than those on the uplands. The higher
nutrient levels in slope forages might be because native grasses and
shrubs, the dominant species, probably contain more nutrients than

Lehmann lovegrass.

The Main Effects of Cover

Forage Biomass. Forage biomass was significantly higher in open
areas than under the canopy, while the reverse was true for the percen-
tages of green forage (Table 8). Similar results were reported in
literature (Campbell and Cassady, 1951; Ehrenreich and Crosby, 1958;
Wolters, 1973; Jameson, 1967; Johnson, 1962: Arnold, 1964; Clary,
1979; Paulsen, 1969; Woods et al., 1982; Pyke and Zamora, 1982;

Halls and Schuster, 1965; Cable and Martin, 1975; Tiedeman et al.,
1971; Kincaid et al., 1959).

Botanical Composition. There were no differences between the
open and the canopy in terms of the percentage of Lehmann lovegrass and
native grasses, but shrubs were more frequent in the open and forbs were
found more under the canopy (Table 8). Other works also showed that the
tree canopy influenced the botanical composition of understory vegeta-
tion (Pearson and Whitaker, 1974; Clary, 1979; Springfield, 1976;

Parker and McGinnies, 1941).
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Table 8. Overall Averages of Biomass, Botanical Composition, Chemical Content of Forage, and
Ground Cover within each Cover.

Cover Open Canopy

Plant Components

Biomass(KgHa-1) 1178.6a 340.4b
Green Biomass(%) 62.4a 78.6b
Lehmann(%) 61.7a 63.9a
Native(%) 22.1a 22.7a
Shrub(%) 13.8a 7.6b
Forb(%) 24a 5.8b
Crude Protein(%) 5.2a 9.4b
Phosphorus(%) 0.09a 0.15b
Calcium(%) 0.50a 0.66b
In Vitro DMD(%) 37.9a 45.1b
NDF(%) 74.2a . 71.4b
Ground Cover(%) 37.7a 29.9b

1
Averages indicated by the same wthin each row are not significantly different (p < .05 ) as
determined by Lsd methods.
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Ground Cover. The percentage of ground covered by plants was
greater in the open than under canopy. The low percentage of ground

cover under the trees might be attributed to either the influence of the
tree canopy or to grézing by the animals (Table 8).

Chemical Content. Protein, phosphorus and calcium were higher
in the forages under cancpy than in those from open areas. Wolters
(1973) found that a cover of young longleaf or slash pine increased
forage protein and phosphorus and decreased nitrogen-free extract. The
results of this study agree with Wolters. The digestibility was higher
for the forages under canopy, but fiber was higher in the forages from

open areas (Table 8).

The First Order Interactions
of Factors on Range Plant Dynamics.

Season-by-pasture Interactions

Forage Biomass. Forage biomass on all pastures within all
seasons followed essentially the same trends. Significant interaction
was observed when forage biomass on heavy pasture was higher than that
on moderate pasture from spring to the summer of 1986, but the reverse
occurred during the summer and winter of 1985. Forage biomass on very
heavy pasture was generally low in all seasons (Figure 3). Green forage
biomass followed total biomass trends closely, however the percentage of
green biomass was generally higher on very heavy pastures (Figure 4,
Table Al).

Botanical Composition. The percentage of Lehmann lovegrass was

lowest on moderate pasture in all seasons. Interactions were
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visible on heavy and very heavy pastures. In the growing seasons, heavy
pasture had a higher percentage of Lehmann lovegrass than very heavy
pasture, but in the dormant szasons the reverse occurred (Table Al).

In contrast to Lehmann lovegrass, native grasses were more
frequently encountered on moderate pastures in all seasons. The lowest
percentage of native grasses was on very heavy pasture in all seasons
(Table A2).

Shrub composition did not change considerably from one season to
another on moderate and heavy pastures. On very heavy pastures, there
were more shrubs in the growing seasons than in the dormant seasons.

The percentage of shrub composition on heavy pasture was always lowest
in all seasons. During the growing seasons, very heavy pasture had a
higher shrub composition than moderate pasture, while the reverse
occurred in the dormant seasons, although not statistically different.
The reason for the higher frequency of shrubs on very heavy pasture in
the growing seasons is not clear since shrubs do not propagate in one
single growing season (Table A2).

In all seasons, very heavy pasture had the most forbs, but heavy
pasture had the least. There were no interaction (Table A2). Forbs
usually emerge where there is no great competition for light and mois-
ture. On very heavy pasture where excessive grazing reduced plant
density, forbs found an opportunity to increase their density, given the
availability of moisture. Overall, the season-by-pasture interactions
were statistically significant on all measurements of the botanical

composition of plant species.
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Ground Cover. It is known that grazing animals reduce ground
cover as their number increases. This study demonstrated the same
result since the lowest percentage of ground cover was on very heavy
pasture, but the highest was on heavy pasture in the summer and winter
of 1985, and on moderate pasture from spring to the summer of 1986
(Table A3).

Chemical Content. Very heavy pasture had the lowest neutral
detergent fiber in forage in all seasons. There were significant inter-
actions between moderate and heavy pastures as the season progressed.
Although not statistically different, forages from heavy pasture con-
tained more fiber than those from moderate pasture -in all seasons,
except in the spring when the reverse occurred (Table A3).

The in vitro digestibility of forages was greatest on very heavy
pasture in all seasons. Forages from heavy pasture had the lowest
digestibility in all seasons, except in the summer growth season of 1985
when forage from moderate pasture had the lowest digestibility (Table
A3).

Forages from heavy pasture always contained the lowest crude
protein in all seasons. Although not statistically different, forages
from moderate and very heavy pastures alternated their protein content
as the season progressed. Forage met the protein requirements of cattle
only on heavy and very heavy pastures in the summer growing season of
1985. Although they are able to select feeds to meet their nutrient

requirement, protein will likely be deficient in winter when forage
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contains the least amount (five to six percent) on all pastures (Figure
5, Table 24).

Forage from very heavy pasture contained the highest phosphorus
in all seasons except winter, when forage from all pastures were essen-
tially the same. Interactions occurred when forage from heavy pasture
contained more phosphorus than that from moderate pasture in the summer
growing seasons, but the reverse occurred in other seasons. In general
for all pastures in all seasons, the levels of phosphorus in forages are
low and phosphorus may be deficient for cattle (Figure 6, Table 24).

There seemed to be a constancy in forage calcium content because
little variation was observed. Although not different statistically,
forage from moderate pasture generally contained the highest calcium
level, and that from heavy pasture contained the lowest. Interactions
were apparent as forage from very heavy pasture had a slightly higher
calcium level in the spring and sumer growth seasons of 1986. Cattle
requirements of calcium are generally lower than the forage calcium

content (Figure 7, Table Ad).

Season-by-topography Interactions

o) Biomass. Season-by-topography interactions were signifi-
cant for most of the plant parameters measured. The biomass of forage
was significantly higher on the uplands than on the slopes and in the
washes in all seasons. The interaction effects were revealed when the

forage biomass in the washes was greater than that on the slopes in the
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growing seasons, but in the dormant seasons slope biomass was greater
than wash biomass (Figure 8, Table AS5).

Green biomass, in kilograms, essentially followed total biomass
trends (Figure 9), but in percentage it was opposite. Forage from the
uplands had lower percentages of green than that from the slopes or the
washes. Interactions were observed in the summer growing seasons and in
winter when the slopes had higher percentages of green than the washes,
but in the spring and summer dormant seasons, the reverse was seen
(Table A5).

Botanical Composition. The percentage of Lehmann lovegrass was
considerably lower on the slopes than on the uplands and washes in all
seasons. Although not significantly different, Lemmann lovegrass was
more frequently encountered in the washes than on the uplands. There
were no interactions (Table A6).

Native grasses, in contrast to lovegrass, preferred the slopes
to the uplands and washes. There were no interactions (Table A6).

Like native grasses, shrubs occupied more slopes than uplands
and washes in all seasons. Again, interactions were not detected (Table
Ab).

Forbs also preferred to grow on the slopes rather than the
uplands and washes, probably due to reduced competition for space by
other species. More forbs were recorded in the washes than on the
uplands in the summer growing season, but the reverse was true in other

seasons (Table A6).
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Ground Cover. The percentage of ground covered by plants was
siynificantly lowest in the washes and highest on the uplands in all
seasons. There were no interactions (Table A7),

Chemical Content. Forage growing on the slopes had less fiber
than that on the uplands and in the washes in all seasons. Interactions
occurred when forage from the washes had higher fiber content than that
from the uplands in the summer and winter of 1985; but from spring to
the summer of 1986, upland forage contained more fiber than wash forage
(Table A7).

Forage from the slopes had a relatively lower digestibility than
that from the uplands and washes in all seasons. This contradicts the
results of various workers who found that as forage fiber content
increased, the digestibility decreased. This lower digestibility on the
slopes might be related to the cell structures of native grasses and
shrubs since they were the most abundant species. Although not statis-
tically different, the interactions of season-by-topography were
observed because wash forage had a higher digestibility than upland
forage in all seasons except winter, when the reverse occurred (Table
a7).

Upland forage generally contained less protein than slope and
wash forage in all seasons. The highest protein level was from slope
forage in all seasons except the sunmer dormant season, when wash forage
contained more. If cattle grazed on the slopes and in the washes, they
would meet their physiological needs for protein, but this was not

always the case; in some parts of the year, the forage biomass on these
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two locations was so low that cattle were not able to harvest it. They
had to forage on the uplands, although the protein level was very low
(Figure 10, Table A8).

Wash forage contained almost twice the phosphorus of slupe and
upland forage in all seasons. Slope forage, in turn, was relatively
more nutritious in terms of phosphorus content than upland forage in all
seasons, except the summer growth season of 1986 when the reverse
occurred. No significant interactions were detected. The only topogra-
phy whose forage phosphorus content approached cattle requirement was in
the washes, and that was only during the growing season. This means
that phosphorus may be deficient for cattle (Figure 11, Table A8).

Slope forage always contained the greatest calcium levels, while
upland forage contained the least in all seasons. There were no inter-
actions. Cattle grazing on all topographic differences year round would
not logically be short of calcium; however, it should be noted here
that, physiologically, calcium and phosphorus are related, so that an
excess amount or deficiency of either is detrimental to the normal

physiological functions of any organism (Figure 12, Table A8).

Season-by-cover Interactions

Forage Biomass. There were no significant season-by-cover
interactions for many of the plant parameters. Total and green forage
biomass were considerably higher in the open than under canopy in all

seasons. In percentage, green forage biomass was always higher under
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canopy than in the open. There were no interactions for forage biomass
(Figures 13 and 14; Table A9).

Botanical Composition. The percentage of Lehmann lovegrass was
relatively higher in the open than under canopy in the summer growing
seasons, but the reverse was true in other seasons. The interactions
were significant (Table A9).

The percentage of native grasses were statisticaly different
only in the summer growing seasons when native grasses grew relatively
more under canopy than in the open. There were strong interactions
because in the growing seasons the percentage of native grasses
increased, while in the dormant seasons they were relatively low for all
cover factors (Table Al0).

Shrub composition was significantly higher in the cpen than
under canopy in all seasons (Table AlQO).

Forbs contributed very little to the botanical composition
within each cover. There were no interactions because forbs preferred
to grow more under canopy than in the open (Table Al0).

Ground Cover. The open areas always had higher ground cover
than canopy areas. This implied that the interactions were not signifi-
cant (Table All).

Chemical Content. Forage from open areas contained signifi-
cantly more fiber than that under canopy, meaning that there were no
interactions. (Table All). Season-by-cover interactions were not

important in forage digestibility (Table All).
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The interactions of season-by-cover were not significant on most
of the chemical content of forage. Forage from the open contained
significantly lower crude protein than that from the canopy in all
seasons. Comparisons of these values with cattle requirements revealed
that the protein level in forage from the open was always deficient,
while that from the canopy was deficient only in winter. Since the open
areas are larger than canopy areas and animals were always observed
spending most of their grazing time in the open (see later in Part
Three), cattle should be deficient in protein. However, it should be
noted that the forage protein content is an average of the areas and the
animals usually select their own feeds. Thus, the crude protein found
in the forage might not reflect what the animals eat. In fact, several
studies have shown that plants selected by the animals were generally
higher in crude protein content than hand-clipped plants (Weir and
Torell, 1959; Hardison et al., 1956; Hobbs et al., 1945; ILesperance
et al., 1960; Cook et al., 1953; Johnstone-Wallace et al., 1944).
Therefore, protein supplements should be given to animals only after
careful examination of the animal's condition (Figure 15, Table Al2).

Forage from the open had a considerably lower phosphorus content
that that from the canopy, year-round. There were no significant inter-
actions. Cattle cannot depend on forage as a source of phosphorus since
all forages, whether from the open or the canopy, were low in phosphorus
(Figure 16, Table Al2).

The calcium content of forage was not affected by season and

cover interactions. Open area forage had a significantly lower calcium
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content than that from the canopy in all seasons. It is not clear why
spring forage contains more calcium than that of the summer growing
season. In relation to cattle needs, forage generally contained more

calcium than required (Figure 17, Table Al2).

Pasture-by-topography Interactions

Forage Biomass. Upland forage biomass was generally greater
than slope and wash forage biomass on all pastures. Interactions for
forage biomass were cbserved when wash forage biomass was significantly
greater on heavy pasture than on both moderate and very heavy pastures,
while slope forage biomass was significantly lower on heavy pasture.

The higher forage biomass in heavy pasture washes was due to the higher
composition of Lehmann lovegrass (Figure 18, Table Al3). In kilograms
per hectare, green forage biomass followed exactly total forage biomass
trends (Figure 19). In percentage, upland forage had the lowest green
biomass on all pastures, while slope forage had the highest on all
pastures except very heavy pasture (Table Al3).

Botanical Copgposition. The composition of Lehmann lovegrass on
the uplands and in the washes was similar on moderate pasture, but the
washes had a greater composition of Lehmann lovegrass than the uplands
on heavy and very heavy pastures. Lehmann lovegrass composition on the
slopes was generally lowest on all pastures. On the uplands, there were
no differences among pastures in Lehmann lovegrass composition. On the
slopes, moderate and heavy pastures were similar, but very heavy pasture
had higher values. In the washes, the highest Lehmann lovegrass
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Figure 18. Averages of topographic total forage biomass within each
pasture. Averages indicated by the same letter within each pasture were
not significantly different (p£.05) as determined by Lsd methods.
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composition was on heavy pasture, but the lowest occurred on moderate
pasture, although statistically, very heavy pasture did not differ from
either heavy or moderate pastures. Interactions were not significant on
the composition of Lelmann lovegrass (Table Al3).

Native grasses grew significantly better on the slopes than on
the uplands and in the washes for all pastures. Washes had a relatively
greater composition of native grasses than the uplands. Native grass
composition varied from one pasture to another on the uplands. On the
slopes, moderate and heavy pastures had a similar native grass composi-
tion, but very heavy pasture had the lowest. In the washes, heavy and
very heavy pastures had a similar native grass composition, but moderate
pasture had the highest. Interactions of pasture-by-topography on
native grass conposition were not significant (Table Al4).

Shrubs, like native grasses, were more abundant on the slopes
for all pastures. The topography with the least shrub composition were
the waslies. There were no significant interactions on shrub composi-
tion. On uplands and in washes, shrubs did not differ among pastures.
On slopes, moderate pasture contained the most shrubs while heavy pas-
ture contained the least (Table Ald).

The slopes, on each pasture, had a significantly greater forb
composition than the uplands and washes. The interactions on
forb composition were significant because the washes had a higher forb
composition than the uplands on moderate pasture, but on heavy and
very heavy pastures, the uplands had a similar and higher forb composi-

tion than the slopes and washes (Table Al4).
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Ground Cover. There were no interactions on the percentage of
ground cover because the uplands always had the most ground cover while
the washes had the least. Differences among pastures were not signifi-
cant in the washes, but moderate and heavy pastures had a similar
percentage of ground cover on the uplands and slopes, but very heavy
pasture had the lowest percentage (Table AlS).

Chemical Content. In terms of forage fiber content on each
pasture, the uplands and the washes had similar and significantly
greater values than the slopes. No differences were found among
pastures on each topographic difference (Table Al5). Although not
statistically different among pastures and among topographic differ-
ences, wash forage had a relatively higher digestibility than upland and
slope forage. Slope forage, in turn, was more digestible than upland
forage. The interactions on forage digestibility were negligible (Table
Al5).

Pasture-by-topography interactions were not signifiicant on the
crude protein content of forage since upland forage always contained the
lowest crude protein, and slope forage contained the highest values on
all pastures. There were no differences among pastures on all topo-
graphic differences in forage crude protein content. Comparisons of
forage crude protein content with animal requirements showed that if
cattle were to graze only on the slopes, their protein needs would be
only slightly deficient, but if the uplands were the main grazing loca-
tions, there might be a deficiency in protein on all pastures. In the

washes, only the forage from moderate pasture would satisfy the animal's
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physiological requirements. Again, we cannot draw conclusions as to
what the forage contained and the animal requirements in terms of
protein needs because the animals usually select the most nutritious
plants or parts of plants to meet their requirement (Figure 20, Table
Al6) .

Wash forage contained the highest phosphorus, while upland
forage contained the least on all pastures. This means that pasture-by-
topography interactions were not significant on forage phosphorus level.
On each topographic difference, forage from all pastures did not differ
in their phosphorus content. None of the phosphorus values found were
close to cattle requirements (Figure 21, Table Al6).

Although upland forage always contained the lowest calcium on
all pastures, significant interactions were observed when wash forage
contained higher calcium than slgée forage on moderate p;éture, but the
reverse occurred on heavy and very heavy pastures. There were no dif-
ferences among pastures in forage calcium.content on all topographic
differences. Animals grazing on each topographic difference would not
suffer calcium deficiency even if only 50% of the forage calcium was

available for absorption (Figure 22, Table Al6).

Pasture~by-cover Interactions

Forage Biomass. There were no pasture-by-cover interactions on
forage biomass because the open had a significantly greater forage
biomass than the canopy on all pastures. In the open, heavy pasture had

the most forage, while very heavy pasture had the least. Under canopy,
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the least forage biomass was observed on very heavy pasture, but the
highest was on moderate pasture (Table Al7). 1 |

Green forage biomass, in kilograms per hectare, followed the
trends of total forage biomass, but in percentage there was more green
forage under the canopy than in the open for all pastures (Table Al7).
In terms of total biomass, it was clear that the canopy had definitive,
negative impacts on all pastures, but it is not clear why heavy pasture
would have more forage than moderate pasture in the open. 1In a properly
designed grazing system, forage biomass would decrease as the stocking
rate increases. Thus, we expected to find less forage biomass on heavy
pasture than on moderate pasture. The high amount of litter and stand-
ing dead material in the open might hinder the growth of new shoots or
plants, thereby decreasing the percentage of green forage biomass on
these areas. One feature that appeared logical here was the fact that
the percentage of green forage biomass increased from moderate to very
heavy pasture.

Botanjcal Composition. Pasture-by-cover interactions on the
botanical composition of Lehmann lovegrass were significant because
moderate pasture had relatively more ILehmann lovegrass in the open than
under canopy, but heavy and very heavy pastures had more under canopy as
compared to the open. In the open and under cancpy, Lehmann lovegrass
frequency increased with increasing stocking rate. This implies that
Ielmann lovegrass is not the first choice of feed among cattle (Table

Al7).
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Native grass was less in the open than under canopy for moderate
and heavy pasture, but the revérse was true for very heavy pasture.
Pasture-by—cover interactions on native grass were significant. Both
cover factors showed that native grass was decreasing since as the
grazing intensity increased, its frequency decreased (Table Al8).

Pasture-by cover interactions were not significant on shrub
composition since shrubs were generally found more in the open than
under canopy. Pasture-wide, no differences were detected in the open,
but under canopy heavy pasture had a significantly lower shrub composi-
tion (Table Al8).

Environmental conditions under the trees seemed to favor forb
growth since the percentage of forbs under canopy was significantly
higher than that in the open for all pastures. Interaction was not
detected. In the open, pastures showed differences in the botanical
conposition of forbs, but under trees, moderate pasture supported more
forbs than the other two pastures (Table Al8).

Groupd Cover. Because plants in the open were used to a lesser
degree than those under canopy, the percentage of ground cover in the
open was significantly greater than that under canopy for all pastures.
Grazing intensity effects were more pronounced on very heavy pasture, as
shown by the lower ground cover. No significant differences were found
between moderate and heavy pastures. Interaction was negligible (Table
Al9).

Chemical Content. Pasture-by-cover interactions on the forage

fiber content were not observed because forage from the open always
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contained higher fiber than that under canopy. There were no differen-
ces among pastures in forage fiber level due to the canopy, although in
the open forage seemed to contain relatively less fiber as the stocking
rate increased (Table Al9).

There were no interaction effects on forage digestibility
because forage from the canopy was always more digestible than that from
the open. It locked like forage digestﬂo%lity increased with increased
stocking rate, although it was not statistically different wiéhin each
cover factor (Table Al9).

Forage from the open always contained less protein than that
from the canopy, meaning that there were no significant pasture-by-cover
interactions on forage protein content. There were no differences in
forage protein content among pastures within each cover factor. Consi-
dering cattle requirements, only the forage under canopy provided enough
protein for maintenance and production. However, forage biomass under
canopy was limited so that cattle had to forage in the open (Table A20).

Like protein, forage from the open contained less phosphorus
than that from the canopy on all pastures. Pasture-by-cover inter-
actions did not influence phosphorus level in forage. Although not
clearly shown for the open, the stocking rate seemed to influence forage
phosphorus under canopy since phosphorus increased relatively as the
stocking rate increased. In all cases, the phosphorus level in forage
was low as compared to cattle requirement (Table A20).

Calcium was generally less abundant in forage from the open than

in that under canopy. There were no pasture-by-cover interactions on
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the forage calcium level. Within each cover, pastures were not dif-

ferent (Table A20).

Topography-by-cover Interactions

Forage Biomass. Except for the percentage of Lehmann lovegrass
and native grasses, topography-by-cover interactions were not signifi-
cant. Total and green forage biomasses were greater in the open than
under canopy for all topographic differences. Within both, total and
green forage biomasses were generally higher on the uplands than on the
slopes or in the washes, which had the lowest forage biomass on both
cover factors. In percentage, the canopy had higher green forage than
the open. Under canopy, the percentage of green forage increased from
the uplands to the washes, while there were no definitive patterns in
the open (Table A21).

Botanical Composition. Lehmann lovegrass, whether under canopy
or in the open, preferred the uplands and washes to the slopes. The
interactions were not significant because the areas under the trees had
significantly higher percentages of Lehmann lovegrass than open areas
(Table A21).

Native grasses, unlike Lehmann lovegrass, grew better on the
slopes as compared to the uplands. Canopy on the uplands and washes was
more favorable for native grasses than the open, while the reverse was
true on the slopes. More native grasses were found in the washes as

compared to the uplands (Table A2Z).
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Topography-by—-cover interactions were not significant on the
botanical composition of shrubs since shrubs were more frequently found
in the open than under canopy for all topographical differences. Within
each cover factor, slopes had the highest shrub composition and the
washes had the lowest (Table A22).

Forbs, contrary to shrubs, preferred the areas under the trees
as compared to open areas, meaning that there were no significant inter-
actions of topography-by-cover. Within each cover factor, the highest
forb composition was on the slopes, while the lowest was in the washes.
The lower frequency of forbs in the washes might be due to their
frequent harvest by cattle because they were more exposed than upland
forbs (Table A22).

Ground Cover. On all topographic areas, the highest percentage
of ground cover occurred in the open as compared to under canopy.
Interactions were not cbserved. Within each cover, the highest percen-
tage of ground cover was on the uplands and the lowest was always in the
washes. This lower percentage of ground cover in the washes might be
due to the excessive removal of plants by animals since the washes were
the main resting places. Another reason might be that the high density
of trees reduced understory plant production (Table A23).

Chemical Content. Forage in the open always contained more
fiber than that under canopy. Interactions of topography-by-cover on
fiber were not significant. Within each cover factor, upland and wash

forage had similar fiber content, although upland forage had a
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relatively higher level than wash forages. The forage with the lowest
fiber content was that from the slopes (Table A23).

It was no surprise to find that the forage under canopy was more
digestible than that in the open. The high digestibility of forage
under canopy is related to its high green proportion and probably also
to its nutrient content. Topography-by-cover interactions were not
significant on forage digestibility. Within each cover, there were no
significant differences among topographic areas, although wash forage
was relatively more digestible and slope forage was least. These
differences in forage digestibility among topographic areas might be
attributed to the cell structures of forage plants growing there. As
previously shown, native grasses and shrubs grew better on the slopes,
while Lehmann lovegrass preferred the uplands and the washes (Table
A23).

The highest crude protein level was found in forage under canopy
for all topographic areas. This signifies that topography-by-cover
interactions did not have an effect on forage protein, phosphorus or
calcium. Within each cover factor, slope forage contained the highest
crude protein, while upland forage had the lowest, although there were
no statistical differences among topographic differences in protein for
canopy forage. Again we saw that the only place where the protein
requirements of cattle could be met without problems was under the trees
(Table A24).

Phosphorus was more concentrated in the forage under the trees

than in that in the open. Within the open, wash forage contained the
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highest phosphorus while upland forage contained the lowest. Within the
canopy, wash forage still had the greatest phosphorus and slope forage
had the least. Interactions were not detected (Table A24).

Forage in the open always contained lower calcium than that
under the canopy. Within the open, upland and wash forage had similar
calcium, while slope forage had the highest. Within the canopy, slope
and wash forage did not differ in their calcium content, but upland
forage contained higher calcium. Topography-by—cover interactions were

not significant on forage calcium (Table A24).

T i Order I acti
of Factors on Plant ics

Pasture-by-topography-by-cover Interactions

Crude Protein and Green Forage Relationship. The relationship
between crude protein and the percentage of green forage was of mana-
gerial importance, and knowledge of factors affecting it might be very
helpful. To explore how this relationship was affected, the crude
protein content of forage was plotted against the percentage of green
forage biomass for all pasture-by-topography-by-cover combinations. It
was therefore easy to visualize the relationship since the best line
drawn after plotting each individual point revealed that crude protein
and the percentage of green forage were exponentially correlated (Figure
23a) .

When the plotted values of pastures were connected within each
topography and cover, other interesting features appeared. For example,

the top three triangles on Figure 23b represent canopy, while the three
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bottom triangles represent open areas. This finding proves that tree
removal would eventually result in a low percentage of green forage and
a consequently low protein level in forage unless the excess accumula-
tion of forage was kept in check, either by burning or by increasing the
stocking rate.

The values of protein in forage from heavy and moderate pastures
vere similar in all open areas, while there were no definitive patterns
in crude protein content in forage under canopy. This suggests that the
intensities of forage utilization in open moderate and heavy pastures
did not differ significantly, while forage utilization under cancpy on
all pastures was not stocking rate-dependent.

osphorus and G Fo Relati ip. Phosphorus is the

most limiting nutrient in rangelands and its relationship to green
biomass is of primordial importance in rangeland management. However,
this relationship might be affected by many exterior factors. By plot-
ting the phosphorus content of forage against the percentage of green
forage biomass for all pasture-by-topography-by-cover combinations and
by drawing the best fit line, it was easy to see that phosphorus and the
percentage of green forage were exponentially related (Figure 24a).

When the plotted values of pastures were connected within each
topography and cover, other features of managerial importance appeared.
For example, the triangle from the open wash was almost equilateral,
suggesting that any relationship between two pastures was not better
than others. The triangles from the upland and wash canopy were almost

isosceles, meaning that the relationship between two pastures with the
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shortest distances was not important because their values might be close
together. The slope triangles were almost identical lines with identi-
cal orientation, meaning that the forage phosphorus content and the
percentage of green forage would always have the same relationship,
regardless of pasture.

Other features that could attract attention were that the trian-
gles from the canopy were relatively higher on the vertical scale and
were mostly right-side positioned as compared to the triangles from open
areas. The cover also affected the relationships among pastures on the
uplands and washes, but not on the slopes. Tree removal on the uplands
would, therefore, decrease the size of triangles, indicating that the
differences among pastures in forage phosphorus would be reduced as a
consequence of the reduction of the percentage of green. Tree removal
in the washes would increase the size of the triangles, not because of
the reduction of green forage but because of the pasture differential
and probably the stocking rate or soil factors. For managerial
purposes, tree removal would sensibly decrease the forage phosphorus
content, and other factors such as stocking rate and soils would enhance
differences (Figure 24b).

Calcium and Green Forage Relatiopship. In rangelands, calcium
is not usually limiting. However, due to the nutrient/nutrient inter-
actions, the calcium level in range forage should be known. This can be
done by exploring the relationship between green forage and the calcium
content. By plotting the calcium content of forage against the percen-

tage of green forage for all pasture-by—topography-by-cover combinations
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and by drawing the best fit line, it appeared that the relationship
between the percentage of greeﬁ forage and calcium content was exponen-
tial (Figure 25a).

When the plotted values of pastures were connected within each
topography and cover, some important managerial features were revealed.
For example, the triangle from the open slope was equilateral, meaning
that a relationship between any two pastures was identical to others.
All other triangles were isosceles or quasi-isosceles, suggesting that
the relationship between the two pastures with the shortest distances
. was not important because they might have similar values.

A good example was the close calcium content in forage from
moderate and heavy pastures on the open uplands and washes and on the
canopy slopes. Other remarkable features were that on the slopes, cover
had little effect on the forage calcium content. This is indicated by
the fact that the open and canopy triangles on the slopes are much
closer together on both horizontal and vertical scales.

However, cover did influence forage calcium content on the
uplands and washes because the forage from the canopy areas contained
significantly higher calcium than that from the open areas. These
results indicated that whenever trees were removed from a given upland
or wash on all pastures, the percentage of green forage would decrease,
followed by a subsequent decrease in forage calcium. The slopes did not
show cover effects probably because trees were not dense enough to

significantly affect the understory forage calcium (Figure 25b).
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Forage Calcium and Protein Relationship. Protein and calcium

constitute the bulk of nutrients required by grazing animals. Their
relationship may or may not be affected by the conbinations of pasture,
topography and cover. To understand the effects of these factors on
forage calcium and protein relationships, the calcium content of forage
was plotted against the protein content for all combinations of factors.
When the best fit line was drawn, it appeared that forage calcium and
protein content were linear and positively correlated (Figure 26a).

When the plotted values of pastures were connected within each
topography and cover, some interesting features were shown. For
example, as the crude protein in forage increased, the forage from heavy
and very heavy pastures had closer calcium values than that from moder-
ate pasture. This is indicated by the shortest distance between heavy
and very heavy pastures in four triangles. Forage from moderate pasture
had a calcium content closer to that from heavy pasture on the canopy
uplands and from very heavy pasture on the canopy washes.

The topography or cover factors did not seem to affect the
relationships among pastures as indicated by the size of the triangles.
Cover did, however, affect forage calcium content, as indicated by the
mostly right-sided triangles. It looks like a high tree canopy
increases forage calcium content as a consequence of increasing forage
crude protein content. The high crude protein level under the trees is

due to the high percentage of green herbage in the areas (Figure 26b).
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PART THREE: CATTLE ACTIVITIES AND THE FACIORS

AFFECTING THEIR DISTRIBUTION AND LENGTH

Cattle Behavior Over the Eptire Study Period.

Animal-day. Grazing activities had a characteristic pattern in
an animal-day which averaged 13.55 hours (Table 9). This time is less
than the 15.3 hours reported by Dwyer (1961), the 14.4 hours reported by
Zemo (1968), the 14.0 hours reported by Abdullahi (1980) and the 14.1
hours reported by Gomes (1983), but similar to the 13.6 hours reported
by Cory (1927) for intact Hereford cows and bulls.

Grazing Time. The grazing schedule was composed of two major
and two minor periods. The major grazing periods occurred in the early
morning and in the late evening. The two minor periods occurred around
mid-morning and early afternoon. The first major period began at
approximately 0550 hours and lasted about three hours. The next grazing
period was a minor period that began about 1150 hours and continued
until 1300 hours. The second minor grazing period, usually after drink-
ing, began at approximately 1350 hours and continued until about 1500
hours. The last daylight grazing period was the one of greatest acti-
vity and began at about 1650 hours and lasted until 1900 or 2000 hours,
according to the season.

During the two major grazing periods, cattle consumed many bites
of forage within a single step, but during the two minor grazing
periods they usually walked several steps between bites. When grazing a
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Table 9. Overall Average Percent of Time Spent in Daytime Activities, Number of Bites per
Minute, and Frequency of some Activitics per Animal-day within The Study Period.

Study Period Average Percent Averages(hours)

Activities
Animal-day 100.0 13.56
Grazing 54.1 7.33
Resting 327 443
Stand-

ruminating 5.3 0.72
Lying-

ruminating 13.0 1.77
Total-

ruminating 18.3 2.48
Lying-

resting 20.6 2.80
Stand-

resting 12.1 1.63
Lying- '

idling 6.9 0.93
Stand-

idling 1.5 1.02
Total-

idling 144 1.95
Walking 6.2 0.83
Drinking 0.7 0.08
Salting 2.5 0.33

Number of Bites per Minute
Bite rates 45.7 45.7
Frequency (number per animal-day)

Drinking 1.0 1.0
Salting 34 34
Defecating 3.7 3.7
Urinating 2.6 2.6
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particular plant, the animal would observe the plant, then walk toward
it and sniff it before either rejecting or eating it. This cycle was
repeated throughout the grazing period. The time taken to complete this
cycle was very brief and difficult to determine.

Cattle on each pasture usually grazed together as one herd, but
occasionally a herd might be divided into two or three groups as their
search for feed intensified or as another leader emerged to head the
group. The amount of time spent gathering food averaged 7.3 hours per
animal-day (Table 9). This is not significantly different from the 7.7
hours reported by Cory (1927), the 6.7 hours reported by Zemo (1968),
the 6.7 hours reported by Abdullahi (1980) or the 6.9 hours reported by
Gomes (1983). According to Osuji (1974) and Graham (1964), if the 7.3
hours were spent grazing by a 500 kg cow, the first three to four months
postpartum and average milking ability (NRC, 1984), the total energy
cost over maintenance would be 15.3% (0.5 Kcal/kg body weight/hour x 7.3
hours x 500 kg/11891Kcal/day). This value was close to the range of ten
to 15% reported by Blaxter (1967) and the 16.9% reported by Osuji
(1974) .

Ruminating Time. The second most time-consuming activity of
cattle was rumination. Ruminating time as defined by Hancock (1953) is
the total time spent in regurgitation, mastication and swallowing of
ruminal ingesta, and the short intervals between boluses. Rumination
occurred while the animals were standing or lying down. In rare cases,
cattle ruminated while walking slowly. In this study, rumination was

recorded separately as time spent standing or lying down.
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The total time spent ruminating averaged 2.5 hours per animal-
day (Table 9). Of this total, 0.72 hours were spent standing and 1.78
hours were spent lying down. The total ruminating time per animal-day
was less than in most studies (Zemo, 1968; Dwyer, 1961; Abdullahi,
1980) . We did not expect the same results as recorded in the litera-
ture, which is about 4.0 hours, since we did not measure night
rumination; however, from the ratio of morning rumination/grazing time
(0.507) and the time spent in the last major grazing period (3.1 hours),
the predicted time spent in night rumination was 1.57 hours. If this
value is added to the 1.52 hours for the morning and the 0.97 hours for
afternoon ruminating time, the daily ruminating time of 4.06 hours is
close to the values reported in the literature. There is no distinct,
diurnal pattern in rumination as there is in grazing.

Idling Time. This was the total time spent standing and lying
down while the animal was not engaged in either grazing, ruminating or
walking. The average time spent in idling amounted to 1.95 hours per
animal-day (Table 9). This time is similar to the 2.18 hours reported
by Zemo (1968) and the 2.45 hours reported by Abdullahi (1980). Of the
total 1.95 hours of idling time, 1.01 hours were spent standing and 0.94
hours were spent lying down. 1.0l hours are not very different from the
0.96 hours reported by Zemo (1968) or the 1.05 hours reported by
Abdullahi (1980). Because we did not observe night activities, 0.94
hours is a little lower than the 1.22 hours and the 1.4 hours reported
by Zemo (196€) and Abdullahi (1980), respectively.
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Standing idle can occur in different parts of the animal-day.

At the beginning of the study, in early morning cattle usually stood for
a few minutes before they began grazing. While they w.re standing, they
completed their rumination which was commonly performed before getting
up. They then stretched and licked calves while nursing them or licked
themselves. They then walked to a nearby tree and scratched, followed
usually by defecation and urination.

During the grazing periods, cattle commonly ceased grazing for
some time to stand idle or to observe other animals or cars passing
along a nearby road. During the day, the animals, largely or alto—
gether, might suddenly cease their grazing activities and look for
protection from the sun. Idling time closely follows the diurnal
pattern of rumination.

Resting Time. The total animal-day spent idling and ruminating
is the resting time. It is important to make a distinction here because
for some people, if an animal is not grazing it is resting. This
implies that resting time includes playing, grooming, idling, ruminating
and even walking. In this study, resting time only includes idling and
ruminating time.

Overall, this study showed that cattle spent an average of 4.43
hours of their animal-day resting (Table 9). This is less than the 6.58
and 6.51 hours reported by Zemo (1968) and Abdullahi (1980), respec-
tively. The reasons for these discrepancies might be that the previous
studies considered time spent grooming calves or themselves and playing

time as idling, which would increase the total resting time. In
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addition, the night activities we did not measure might contribute to
these differences.

Of the total resting time, 2.35 hours or 17.4% of the animal-day
were spent standing and 2.08 hours were spent lying down. It follows
that animals would lie down rather than stand while resting, but it was
just the opposite in this study. Possibly, the bulk of roughage made
them uncomfortable when lying down for an extended period of time. As
Zemo (1968, pp. 35) put it: "...in some cases, the animals seemed as
though they were getting tired of lying down and rose to rest on their
legs."

The total proportion of resting time spent standing in this
study was similar to the totals of 2.51 hours (17.3%) and 2.45 hours
(17.3%) reported by Zemo (1968) and Abdullahi (1980), respectively.
Because we did not observe night activities, the 2.08 hours spent lying
down in this study were lower than the 4.07 hours and 4.06 hours found
by Zemo (1968) and Abdullahi (1980), respectively. The diurnal pattern
of resting time was opposite to the pattern of the grazing.

Walking Time. Walking time is the total time spent travelling
from one place to another by an animal, excluding the short steps taken
while grazing. The time the animal spent running was also recorded as
walking time. No record was made on the distance traveled in this
study. Most of the travel time was spent going to and from water and
salt. The search for food or calves accounted for some of the walking
time. The average time spent walking was about 0.83 hours per animal-

day (Table 9). This was less than the 1.6 hours reported by Wilson
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(1961), the 1.4 hours reported by Cory (1927), or the 1.1 hours reported
by Nelson and Furr (1966), but .was higher than the 0.42 hours reported
by Abdullabi (1980), the 0.38 hours reported by Zemo (1968), the 0.43
hours reported by Dwyer (1961) and the 0.23 hours reported by Hughes and
Reid (1961).

Drinking Time and Freouency. The watering trough was at the end
of each pasture in the center of the study area. Cattle went to water
once daily, usually in the afternoon between 1300 and 1350 hours. After
drinking, they usually walked to a nearby tree and remained in the
shade, but occasionally they went to salt or grazed before shading.

The average time spent drinking was 0.08 hours (five minutes) (Table 9).
This time was similar to the 5.2 minutes per animal-day reported by Zemo
(1968) and the five minutes found by Abdullahi (1980). The average fre—
quency of one drink per animal-day was lower than the 2.7 reported by
Zemo (1968), the 3.7 reported by Hancock (1953), the 3.5 reported by
Dwyer (1961), the 4.8 reported by Hardison et al. (1956), or the fre-
quency of two reported by Wardrop (1953), but it was similar to the
frequency of one reported by Abdullahi (1980), the 1.5 reported by Wagon
(1963) and the one reported by Johnston-Wallace and Kennedy (1944).

Salting Time and Frequency. A salt block was placed about 500
meters from water on moderate pasture and about 800 meters on heavy and
very heavy pastures. Whenever the animals went to drink, they also
licked salt, in most cases, after drinking water. Occasionally, they
salted when it happened to be on their grazing passage. The average
time spent salting was 0.33 hours (20 min) per animal-day (Table 9).
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This is much greater than the 0.13 hours (7.6 min.) reported by Cory
(1927) , but relatively lower than the 0.45 hours (27 min.) reported by
Abdullahi (1980) and the 0.61 hours (36.6 min.) reported by Zemo (1968).
The average frequency of salting was 3.4, which was slightly higher than
the 2.7 reported by Zemo (1968).

Defecation and Urination Frequency. The frequencies of defeca-
tion and urination that occurred during the animal-day were recorded for
each observed cow. A cow defecated and urinated an average of 3.7 and
2.6 times per animal-day, respectively (Table 9). These frequencies
were considerably lower than those reported in the literature (Zemo,
1968; Dwyer, 1961; Wagnon, 1963). The reason for these discrepancies
was that most of the previous studies were done during the growing
seasons when forages contained high moisture, causing greater elimina-
tion frequencies (Wagnon, 1963). However, the frequencies reported here
include all grazing seasons, with the drier seasons having very low
elimination frequencies, resulting in a low average. Moreover, elimina-
tion frequencies were not recorded at night in this study.

Biting Rates. The number of bites per minute were recorded for
each observed cow. During the study period, the average bite rate was

45.7. This fell within the range reported by Stobbs (1974).

ain Effects Factors Grazing Activities.
The Main Effects of Seasons
Animal-day. The activities of the animals followed a seasonal
cycle. The longest animal-day (14.92 hours) occurred during the summer
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dormancy period, while the shortest (11.98 hours) occurred in winter.
There were no significant differences between the summer growth (13.58
hours) and spring (13.86 hours) periods, although the animal-day was
relatively longer in the spring. The animal-day during the summer
growth period was similar to the 13.6 hours reported by Cory (1927),
but the animal-day in spring was close to the 14.0 hours reported by
Abdullahi (1980) and the 14.4 hours reported by Zemo (1968) (Table 10b).
The animal-day was positively correlated with daylight hours, with

R = 0.96.

Grazing Time. Grazing or the activities of collecting food
fluctuated with the seasons. The results of this study showed that the
greatest grazing time occurred in the spring, while the least was in
winter. Among the summer seasons, the time spent grazing in the summer
growth period was relatively greater than that in summer dormancy
(Tables 10a and 10b). Similar fluctuations are reported in the litera-
ture (Favres, 1977; Kropp et al., 1973). The greater percentage of
time spent grazing in the spring might be due to the fact that cattle
already deprived of adequate nutrients in winter tried to catch up by
harvesting the nutritious but insufficient amount of green forage.

The low percentage of time spent grazing in winter could be due
to the limitations on forage quality and quantity. Another reason might
be that cows did not have calves to nurse; therefore, their requirement
for nutrients was reduced, resulting in reduced grazing time. In the
summer dormancy, the reduction in grazing time as compared to the spring

might be attributed to weather conditions since several workers have
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Table 10b. Overall Average Number of Hours spent in Daytime Activities, Number of Bites per
Minute, and Frequency of some Activities per Animal-day within each Grazing Season.

Seasons Jull - Nov 1- Feb 1- May 1- Jul 1-
Activities Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Animal-day 13.80 11.98 13.87 14.92 13.37
Grazing 7.89 7.88 5.40 8.97 7.48
Resting 3.85 5.63 2.93 5.25 3.82
Stand-

ruminating 0.58 0.78 0.33 0.82 0.75
Lying-

ruminating 1.87 1.22 1.35 2.32 2.08
Total-

ruminating 245 2.00 1.68 3.13 2.83
Lying-

resting 2.60 2.78 2.27 347 2.67
Stand-

resting 1.25 2.85 0.67 1.78 1.15
Lying-

idling 0.67 1.68 0.85 1.05 0.52
Stand-

idling 0.73 1.95 0.40 1.07 0.47
Total-

idling 14 3.63 1.25 2.11 0.98
Walking 1.13 0.83 0.77 0.75 0.53
Drinking 0.10 0.07 0.02 0.10 0.08
Salting 0.11 0.07 0.40 0.18 0.43
Total Activities 13.08 12,00 13.08 13.76 12.52

Number of Bites per Minute
Bite rates 472 36.1 41.6 49.5 53.1
Frequency (number per animal-day)

Drinking 1.2 0.8 0.2 1.2 1.0
Salting 14 0.8 2.8 22 32
Defecating 42 21 2.5 4.0 5.1
Urinating 25 1.7 22 3.0 3.7
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Table 10a. Overall Average Percent of Time Spent in Daytime Activities, Number of Bites per
Minute, and Frequency of some Activities per Animal-day within each Grazing Season.

Seasons Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Activities Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Animal-day 100 100 100 100 100
Grazing 57.1a 45.0b 64.7c 50.2b 57.2a
Resting 27.8a 47.0b 21.2¢ 3s5.2d 28.6a
Stand-

ruminating 4.2a 6.5b 2.4c 5.5d 5.6d
Lying-

_ ruminating 13.5a 10.1b 9.8b 15.5a 15.6a

Total-

ruminating 17.7a 16.7a 12.2b 21.0c 21.2c
Lying-

resting 18.9ac 23.2b 16.3c 23.2b 19.9a
Stand-

resting 8.9a 23.8b 4.8¢c 12.0d 8.7a
Lying- '

idling 4.8a 14.0b 6.1c 7.0c 3.9a
Stand-

idling 5.3a 16.3b 29c 7.2a 3.5¢
Total-

idling 10.1a 30.3b 9.0a 7.2a 3.5¢
Walking 8.2a 7.0a 5.5b 5.0b 4.0b
Drinking 0.7a 0.5a 0.1 0.7a 0.6a
Salting 0.8a 0.6a 2.9 1.2a 3.2b
Total 94.6 100.0 94.4 923 93.6

Numbser of Bites per Minute
Bite rates 47.2a 36.1b 41.6¢c 49.5a 53.1a
Frequency(number per animal-day)

Drinking 1.2a 0.8a 0.2b 1.2a 1.0a
Salting 1.4a 0.8a 2.8b 2.2b 3.2b
Defecating 4.2a 2.1b 2.5b 4.0a S.la
Urinating 2.5a 1.7b 2.2b 3.0a 3.7a

1
Averages indicated by the same letter within each row are not significantly different (P < .05)
as determined by the Lsd methods.
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documented the fact that as the temperature increased, vhich wés the
case in the summer dormancy, the time spent grazing decreased (Zemo,
1968; Hancock, 1953; Castle et al., 1950). The limitations in forage
quality and quantity in the summer dormancy might also be a reason for
the reduction in grazing time.

Ruminating Time. The total ruminating time was lowest in the
spring, as expected, because the plant's new growth was low in fiber.
The greatest ruminating time occurred in summer when the plants were
reaching their annual peak biomass. This is because, during the summer
growing season, new growth plants were not only abundant but succulent.
The quantity and quality of forage during this season incited cattle to
harvest large amounts of food without taking time to adequately chew it.
It was only when the rumen was full that the animal stopped eating.

Although not measured, the greater amount of forage intake in
the summer growth period as compared to the spring could cause an
increase in ruminating time. Of the total ruminating time, the highest
proportion was spent lying down during all seasons. A comparison of
seasons revealed that ruminating time spent lying down was higher in
sumer than in winter and spring. The latter two seasons were not
significantly different in ruminating time spent lying down.

The lowest time spent standing occurred in the spring, but other
seasons were similar, although cattle seemed to ruminate standing more
in winter. This might be an energy-saving behavior since the soil is

generally cold and body heat would be lost into the soil by conduction
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if the animals reclined for an extended period of time (Table 10a and
10b). Similar results were reported by Rutter (1968).

Idling Time. The total idling time was consistently highest in
winter. Two hypotheses might explain this behavior. The first is that
during winter, cows usually do not have calves to nurse and therefore do
not have to graze or ruminate as extensively to satisfy their nutrient
requirements. The second hypothesis is that they found it more benefi-
cial to save energy than spend it collecting poor quality forage. The
idling time spent in the spring and summer growing seasons was similar
but lower than that spent in the summer dormancy. There were no clear
differences in idling time spent lying down or standing in all seasons
(Tables 10a and 10b).

Resting Time. The greatest total resting time of 5.63 hours
(47%) occurred in winter, and the least, 2.93 hours (21.2%), was in the
spring. Summer resting time occupied about 3.85 hours (28%) of the
animal-day. The proportion of total resting time spent lying down was
generally greater than that spent standing in both summer and spring.
Resting times spent lying down and standing were similar in winter
(Tables 10a and 10b). In contrast, several workers found that cattle
spent most of their resting time lying down in winter, as compared to
the proportion spent lying down in summer (Arnold and Dudzinski, 1978;
Dwyer, 1961; Malacheck and Smith, 1976).

Walking Time. The time spent walking did not seem to follow a
seasonal pattern. In the summer growth and winter seasons of 1985, the

time spent walking was similar, while in the spring and summer dormancy
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periods the time was similar. The summer growth season of 1986 did not
duplicate the result found in 1985 for unexplained reasons; however, it
is possible to postulate that because of the exceptional rainfall in the
summer growth season of 1985 (Table 1), cattle did not spend as much
time searching for food due to its abundance (Tables 10a and 10b).

Drinking Time and Frequency. Very little variation in total
time and frequency of drinking occurred among seasons. In all seasons
except the spring, cattle generally spent about five minutes drinking,
with a frequency of one drink per animal-day. In the spring, the
average drinking time was one minute, with a frequency of 0.2 (Tables
10a and 10b). This implies that in the spring, drinking was not a
priority, probably because the forage they harvested did not require
abundant water for its dilution due to its low concentration of
nutrients. In addition, spring forage might contain enough moisture to
prevent the thirst sensation. The succulence of new growth forage might
also be a cause of the reduced drinking frequency. One study reported
that when vegetation was succulent, cattle spent less time near water
(Arnold and Dudzinski, 1978). In most of the studies in the literature,
the lowest frequency of drinking occurred in winter and the highest was
in summer or under hot, dry conditions (Dwyer, 1961; Herbel and Nelson,
1966; Box, Brown and Liles, 1965; Schmidt, 1969).

Salting Time and Frequency. Cows licked salt considerably less
in winter than in the other seasons. The greatest time spent salting
occurred during the growing season, but salting time during the summer

dormancy season was intermediate (Tables 10a and 10b). Similar results
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were found by Skovlin (1965) who reported that cattle took salt daily in
the summer and every two to three days in cooler seasons. A greater
salting time during the growing seasons might be related to the concen-
tration of salt in the forages. During these seasons, cattle harvested
enough forage to meet other nutrient requirements, but they could not
get enough salt since its concentration was always low, prcbably due to
the higher moisture content in the forage and the fact that gastroin-
testinal capacity limited additional intake of forages.

Defecation and Urination Frequencjes. The highest elimination
frequencies occurred in summer, but the lowest occurred in winter.
Frequencies in the spring were slightly higher than those in winter,
although statistically, there were no significant differences (Tables
10a and 10b). During the growing seasons, the high quantity and mois-
ture content of forage increased the elimination rates of both feces and
urine. In the winter, forage was not only limited but was dry, requir-
ing extra time for its passage through the gastrointestinal tract. One
study by Wagon (1963) also documented that cattle grazing rangelahd in
California eliminated less on dry forage than on green forage.

Biting Rates. In winter, forage was generally of poor quality
and quantity, causing animals to graze selectively on preferred plants.
This resulted in a considerable reduction in biting rates. The rates in
the summer growth season were the highest and those in the spring were
intermediate (Tables 10a and 10b). The results of the growing seasons
are understandable since with highly nutritious green forage readily

available, cattle did not spend time searching for food and therefore,
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increased their bite rate; moreover, succulent forage is easier to
graze. Similar results were found by Scarnecchia et al. (1985), who
reported that the highest bite rates were observed when there was green
regrowth. Stobbs (1973) also reported bite rates of 50 to 80 per minute

for mature green forage and 45 to 63 for leafy, immature pasture.

The Main Effects of Pasture

Animal-day. Statistically, there were no significant differ-
ences among pastures in total activity time, although activities on
moderate pastures tended to be greater. The reason for cattle to be
more active on moderate pasture is not clear (Tables lla and 1lb).

Grazing Time. There were no significant differences among
pastures in the time spent grazing. Cattle grazed approximately 7.38
hours (53.9%), 7.42 hours (54.9%) and 7.33 hours (53.5%) on moderate,
heavy and very heavy pastures, respectively (Tables lla and 1lb). These
findings are in agreement with those who reported that grazing pressure
does not influence grazing time (Chacon and Stobbs, 1976), but they
disagree with several others who argue that range animals graze longer
hours when the range is in poor condition or when little forage is
available (Dwyer, 1961; Wagon, 1963; Hein, 1935; Wardrop, 1953;
Atkinson, Shaw and Cave, 1942).

Rumipating Time. The total time spent chewing cuds was no
different by treatment (pastures), although it was relatively lower on
very heavy pasture. There were no differences among pastures in rumi-

nating time spent standing or lying down; however, ruminating time
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Table 11a. Overall Average Percent of Time Spent in Daytime Activities, Number of Bites per
Minute, and Frequency of some Activities per Animal-day within each Pasture,

Pasture Moderate Heavy Very Heavy

Activities
Animal-day 100.0 1000 100.0
Grazing 53.9a 54.9a 53.5a
Resting 30.8a 35.4a 31.7a
Stand-

ruminating 5.5a 49a 54a
Lying-

ruminating 13.0a 13.5a 12.4a
Total-

ruminating 18.5a 18.4a 17.8a
Lying-

resting 19.3a 21.9b 20.5ab
Stand-

resting 11.5a 13.5b 11.2a
Lying-

idling 5.5a 7.8b 7.5b
Stand-

idling 6.8a 9.2b 6.4a
Total-

idling 12.3a 17.0b 13.9a
Walking 6.2ab 5.5b 6.9a
Drinking 0.6a 0.5a 0.9b
Salting 2.0a 2.0a 3.0b

Number of Bites per Minute
Bite rates 47.7a 44.8a 44.6a
Frequency(number per animal-day)

Drinking 1.0a Ba 1.4b
Salting 3.2a 3.2a 3.8b
Defecating 3.5a 4.2 34
Urinating 2.6a 2.8a 2.6a
1

Averages indicated by the same letter within each row are not significantly different (P <.05)
as determined by the Lsd methods.
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Table 11b. Overall Average Number of Hours Spent in Daytime Activities, Number of Bites per
Minute, and Frequency of some Activities per Animal-day within each Pasture.

Pasture Moderate Heavy Very Heavy

Activities
Animal-day 13.66 13.51 13.53
Grazing 7.38 7.42 7.23
Resting 4.22 4.78 4.30
Stand-

ruminating 0.75 0.67 0.73
Lying-

ruminating 1.78 1.82 1.68
Total-

ruminating 2.53 248 242
Lying-

resting 2.63 297 2.77
Stand-

resting 1.58 1.82 1.53
Lying-

idling 0.75 1.05 1.02
Stand-

idling 0.93 1.25 0.87
Total-

idling 1.68 2.30 1.88
Walking 0.85 0.75 093
Drinking 0.08 0.07 0.12
Salting 0.27 0.27 0.40

Number of Bites per Minute
Bite rates 47.7 448 446
Frequency (number per animal-day)

Drinking 1.0 0.8 14
Salting 32 32 38
Defecating 3.5 4.2 34
Urinating 2.6 2.8 2.6
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spent lying down was higher than that spent standing for all treatments
(Tables 11a and 11b). |

Idling Time. There is no apparent explanation for the total
time spent idling. Cattle idled significantly more on heavy than on
moderate and very heavy pastures (Tables lla and 1lb).

Resting Time. Resting times did not differ significantly, what-
ever pastures cattle were on. The total time spent resting was 4.22
hours (30.8%), 4.78 hours (35.4%) and 4.3 hours (31.7%) on moderate,
heavy and very heavy pastures, respectively. Of the total, the propor-
tion spent lying down was generally higher than that spent standing for
all three pastures (Tables lla and 1lb).

Walking Time. The lowest walking time occurred on heavy
pasture, while the highest was on very heavy pasture. Although the
statistical analyses did not show significant differences among pastures
in walking time, there was a tendency for the walking time to increase
as the stocking density increased (Tables 1lla and 1lb). But it should
be remembered here that the stocking rate on heavy pasture was not
higher than on moderate, according to the forage production results
reported in Part Two.

Drinking Time. Cattle spent five, four and seven minutes drink-
ing, with a frequency of one, 0.8 and 1.4 on moderate, heavy and very
heavy pastures, respectively (Tables 1lla and 1llb). The relatively
higher drinking time and frequency on very heavy pasture might'be due to
a compensation behavior because, with a very low available forage

followed by a small intake, increased water intake could help to fill
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the rumen, giving the animal a non-hunger sensation. Another reason for
a greater frequency of drinking on very heavy pasture might be the
smaller size of this pasture as compared to moderate and heavy pastures.
Arnold and Dudzinski (1978) reported that cattle drink more frequently
in smaller paddocks.

Salting Time. There were no differences between moderate and
heavy pastures in salting time and frequency, but cattle salted more on
very heavy pasture (Tables lla and 11b). It appeared that cattle licked
more salt to alleviate boredom resulting from the inadequate amount of
forage availability. Another possible reason for this high salting time
might be that the scarce new forage growth harvested at a very high
frequency did not provide enough salt to satisfy physiological require-
ments.

Defecatjon and Urination Frequencies. Statistically, ¢ ittle
eliminated with the same frequencies on all pastures. Defecation
frequencies were 3.2, 4.2 and 3.4 for moderate, heavy and very heavy
pastures, respectively. Urination frequencies were 2.6, 2.8 and 2.6,
respectively (Tables 1lla and 11b). This result was not surprising since
the animals usually selected their food from patch areas, although some
pastures had lower patch forage biomass than others, as seen in the
understory forage biomass described in Part Two of this study and in
Nasciemento's data (unpublished). The differences in patch forage
biomass might be one of the reasons for the relatively higher defecation
frequency on heavy pasture as compared to the others. It was, however,

surprising to find the same urination frequencies on all pastures, given
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that cattle on very heavy pastures drank more frequently than those on
other pastures. Probably, cattle on very heavy pasture either used
their water more efficiently for metabolic purposes than those on
moderate and heavy pastures, or their water intake might be lower than
those on other pastures.

Biting Rates. Stocking density did not significantly influence
the biting rates, although there was a tendency for them to decline with
increasing cattle pressure on the forage (Tables lla and 1llb). These
results contrasted with the finding of Scarnecchia et al. (1985) and
Chacon and Stobbs (1976), who reported that the highest biting rates
were observed when forage was limited, and the lowest biting rates
occurred with the increase in forage availability. Since very heavy
pasture had the lowest forage availability  cattle grazing on it should,
according to the previous authors, take more bites than those grazing on
other pastures. This was not the case in this study, probably due to

the nature of the forage plant species present in the study area.

The Main Effects of Topographic Differences

Animal-day. Cattle spent 6.75 hours (49.7%), 2.75 hours (20.3%)
and 4.06 hours (30.0%) of their day on the uplands and slopes and in the
washes, respectively (Tables 12a and 12b). Thus, they spent almost half
their day on the uplands, and slopes and washes shared the remaining
half.

Grazina Time. The time spent grazing was highest on the uplands

and lowest in the washes. Of the total 6.75 hours spent on the uplands,



Table 12a. Overall Average Percent of Time Spent in Daytime Activities, Number of Bites per

1

Minute, and Frequency of some Activities per Animal-day within each Topography.

Topography Upland Slope Wash
Activities
Animal-day 49.7a 20.3b 30.0c
Grazing 30.0a 17.6b 6.5¢
Resting 10.5a 1.5b 20.7¢
Stand-
ruminating 3.5a 0.4b l4c
Lying-
ruminating 1.8a 0.0b 11.2¢
Total-
ruminating 5.3a 0.4b 12.6¢c
Lying-
resting 3.2a 0.0b 17.4c
Stand-
resting 7.3a 1.5b 3.2b
Lying-
idling 0.8a 0.1a 6.0b
Stand-
idling 44 1.0b 2.1b
Total-
idling 5.2a 1.1b 8.1c
Walking 4.2a 1.2b 0.8b
Number of Bites per Minute
Bite rates 45.5a 47.2a 44 .4a
Frequency (number per animal-day)
Defecating 1.9a 0.6b 2.1a
Urinating 1.2a 1.0b 1.8a

1

Averages indicated by the same letter within each row are not significantly different (P <.05)
as determined by the Lsd methods.
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Table 12b. Overall Average Number of Hours spent in Daytime Activities, Number of Bites per
Minute, and Frequency of some Activities per Animal-day within each Topography.

Topography Upland Slope Wash
Activities :
Animal-day 6.75 2.75 4,07
Grazing 4,07 2.38 0.88
Resting 1.42 0.20 2.82
Stand-

ruminating 0.47 0.05 0.20
Lying-

ruminating 0.25 0.00 1.51
Total-

ruminating 0.72 0.05 1.71
Lying-

resting 0.43 0.00 2.37
Stand- ‘

resting 0.98 0.20 0.45
Lying-

idling 0.10 0.02 0.82
Stand-

idling 0.60 0.13 0.28
Total-

idling 0.70 0.15 1.10
Walking 0.53 0.17 0.10

Numpber of Bites per Minute
Bite rates 45.5 47.2 44 .4
Frequency (number per animal-day)

Defecating 1.9 0.6 2.1
Urinating 1.2 1.0 1.8
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4.06 hours were spent grazing and the remaining 2.69 hours were for

other activities. The 2.75 hours spent on the slopes were primarily for
grazing activities (2.38 hours). In the washes, grazing activities
occupied only 0.88 hours out of the 4.06 hours (Tables 12a and 12b).
These results showed that when cattle were on the slopes, their purpose
was to graze 87% of the time, but they only grazed about 22% of the time
in the washes. The proportion of the grazing time spent on the uplands
might be due to forage availability.

Ruminating Time. Cattle spent 0.72 hours, 0.05 hours and 1.72
hours ruminating on the uplands and slopes and in the washes, respec-
tively. Of the total time spent on the uplands and slopes, the greater
proportion was spent standing, but most of the time in the washes was
spent lying down (Tables 12a and 12b). It should be understood here
that ruminating time on the slopes was just extra chewing of some of the
most bulky plant materials which could later be rechewed. Statisti-
cally, the total ruminating time was significantly different among
topographic differences. It should also be noted that the washes were
under mesquite cover and shaded; apparently, this was comfortable mest
of the year as a place for rumination.

Idling Time. The total idling times were 0.70, 0.15 and 1.l
hours on the uplands and slopes and in the washes, respectively. Of the
total, the greater proportion was spent standing on the uplands and
slopes and lying down in the washes. There were significant differences
among topographic differences in the time spent idling (Tables 1l2a and
12b).
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Resting Time. The washes were generally the resting places for
cattle since they spent approximately 2.82 hours there as compared to
1.42 and 0.2 hours on the uplands and slopes, respectively (Tables l2a
and 12b). It was not surprising to arrive at these results since tree
density in the washes was definitively greater than that on the uplands
and slopes, ana we know that trees provide the animals with shade.

Walking Time. Cattle spent about half an hour walking on the
uplands, while they only walked 0.16 hours (ten minutes) and 0.1 hours
(six minutes) on the slopes and washes, respectively (Tables 1l2a and
12b). When they are in a given community, it is for a specific purpose.
For example, the purpose of being on the slopes was not to rest or walk
but to graze, and they went to the washes specifically to rest, although
some minor grazing might occur there.

Defecation and Urination Frequencies. There were no significant
differences between the uplands and washes in defecation and urination
frequencies, but cattle eliminated less on the slopes (Tables 12a and
12b). It appears that defecation and urination are related to the
locations where resting most often occurred.

Biting Rates. The number of bites taken while grazing was
similar on all topographic sites, although the biting rate on slopes was
slightly greater as compared to those on the uplands or in the washes
(Tables 12a and 12b). Forage on the slopes was mostly native grasses,
which might be more palatable and preferred by the animals, causing the

relatively higher biting rate. On the uplands and in the washes,
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Iehmann lovegrass was the main forage species, producing the bulk of the

total forage biomass of low quality. This reduced the biting rates.

The Main Effects of Cover

Animal-day. Cattle spent 6.78 and 5.83 hours of their day in
the open and under canopy, respectively. The differences between open
and canopy areas were statistically significant (Table 13).

Grazing Time. Cattle spent more time grazing in the open than

under canopy, with a total length of 5.28 hours and 2.06 hours, respec-
tively (Table 13). However, it is important to acknowledge that the
proportion of time spent grazing under the canopy was not negligible if
the total areas covered by canopy was considered. The relative surfaces
on both areas were not measured in this study, but an objective, visual
estimation indicated that the open areas were considerably greater than
canopy areas.

Ruminating Time. It was during the resting time under canopy

that most of the rumination took place. Cattle spent 0.23 hours (14
minutes) and 2.25 hours (135 minutes) of their day ruminating in open
and canopy areas, respectively. In the open, most of the rumination was
done standing, but under canopy, it was done lying down (Table 13).
It is possible that cattle spent some of their ruminating time in the
open at night.

Idling Time. Cattle spent more time idling when they rested
under the trees than in open areas, with respective lengths of 1.38

hours (83 minutes) and 0.57 hours (34 minutes). In open areas, more
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Table 13, Overall Average Number of Hours and Percent of Time Spent in Daytime Activities,
Number of Bites per Minute, and Frequency of some Activities per Animal-day within each Cover.

Cover Open Canopy
Activities
Hours Percents Hours Percents

Animal-day 6.78 57.0a 5.83 43.0b
Grazing 5.28 38.9a 2.07 15.2b
Resting 0.80 5.9a 3.63 26.8b
Stand-

ruminating 0.20 1.5a 0.52 3.8b
Lying-

ruminating 0.03 0.2a 1.73 12.8b
Total-

ruminating 0.23 1.7a 225 16.6b
Lying-

resting 0.17 1.2a 2,67 19.4b
Stand-

resting 0.63 4.7a 1.00 7.4a
Lying-

idling 0.13 1.0a 0.80 5.9b
Stand-

idling 0.43 32 0.58 43a
Total-

idling 0.56 4.2a 1.38 10.2b
Walking 0.70 5.2a 0.13 1.0b

Number of Bites per Minute
Bite rates -- 46.2a -- 45.0a
Frequency (number per animal-day)

Defecating - 1.9a - 2.2a
Urinating - 1.1a - 1.5a
1

Averages indicated by the same letter within each row are not significantly different (P <.05)
as determined by the Lsd methods.
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idling time was spent standing and under canopy, it was mostly spent
lying down (Table 13).

Resting Time. As expected, the total time spent resting under
the trees was considerably higher than resting time in open areas. Time
spent in open areas was 0.8 hours (48 minutes) and under the trees was
3.63 hours (218 minutes). Cattle occasionally rested in the open, but
only during the cooler seasons or later in the evening after their last

"Supper" .
Walking Time. Cattle did not spend much time walking under the

trees. They usually walked in the open when they went to drink, which
occupied the greatest portion of walking time. The total walking time
was 0.7 hours (42 minutes) in the open and 0.13 hours (eight minutes)
under the trees (Table 13).

Defecation and Urination Frequencies. Statistically, cattle did
not seem to prefer a specific place for elimination as related to open
and canopy areas. However, they eliminated more frequently under the
trees than in the open, particularly if the areas of each place were
considered. This might be one of the reasons for the conspicuous amount
of dung under the trees (Table 13). |

Biting Rates. Biting rates were similar whether grazing in the
open or under the trees. Grazing in the open was, in most cases, on

patches which were similar to patches under the trees (Table 13).

The Main Effects of Time
Animal-day. Cattle spent approximately 6.20 hours (45.5%) and
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7.37 hours (50.5%) of their day in the morning and afternoon, respec-
tively (Table 14). They appeared to be budgeting their time since the
intensity of energy-consuming activities such as grazing and walking was
not so pronounced in the morning as it was in the afternoon.

Grazing Time. The total time spent grazing was greater in the
afternoon (4.33) than in the morning (three hours) (Table 14). Morning
grazing appeared to be less intense. Cattle smelled plants or plant
parts here and there in the morning, but they did not play around in the
afternoon. A study in Montana also showed that cattle spent about nine
hours grazing and traveling, with most of the grazing occurring in the
afternoon (Anon., 1986).

Ruminating Time. The total time spent ruminating in the morning
was 1.5 hours (91 minutes) and 0.97 hours (58 minutes) in the afternoon.
Thus, ruminating activity mostly occurred during the morning resting
period. Of the total ruminating time, the greater proportion was spent
lying down in both morning and afternocon (Table 14). It is important to
note that night rumination was not measured, but was predicted from the
morning grazing/ruminating time ratio. Thus, after the last intensive
grazing in the evening, the predicted ruminating time was 1.57 hours.

Idling Time. During their resting period in the morning, cattle
spent about 1.16 hours idling, but they only spent 0.78 hours (47
minutes) idling in the afternoon. Lying down and standing idle times
were no different in the morning, but idling time in the afternoon was

mostly spent standing (Table 14).



134

1
Table 14. Overall Average Number of Hours and Percent of Time Spent in Daytime Activities,
Number of Bites per Minute, and Frequency of some Activities per Animal-day within each Time
Factor.

Time Morning Afternoon

Activities
Hours Percent Hours Percent

Animal-day 6.20 46.5a 7.37 53.5b
Grazing 3.00 22.1a 4.33 32.0b
Resting 2.68 19.8a 1.75 12.9b
Stand-

ruminating  0.40 3.0a 0.32 2.3a
Lying-

ruminating 1,12 8.2a 0.65 4.8b
Total-

ruminating  1.52 11.2a 0.97 7.2b
Lying-

resting 1.72 12.7a 1.08 6.9b
Stand-

resting 0.97 7.1a 0.67 6.0a
Lying-

idling 0.62 4.5a 0.32 2.4a
Stand-

idling 0.55 4.1a 0.47 33a
Total-

idling 1.17 8.6a 0.78 5.7a
Walking 0.33 2.5a 0.50 3.7b
Drinking 0.03 0.3a 0.05 0.4a
Salting 0.13 1.0a 0.20 1.5a

Number of Bites per Minute

Bite rates - 45.7a - 46.6a

Frequency (number per animal-day)

Drinking - 0.4a = 0.6a
Salting - 1.0a -- 2.4b
Defecating -- 1.6a -- ‘ 2.1b
Urinating -- 1.3a -- 1.3a
1

Averages indicated by the same letter within each row are not significantly different (P < .05)
as determined by the Lsd methods.
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Resting Time. Cattle spent 2.68 hours resting in the morning
and 1.75 hours in the afternooﬁ. Of the total, the greater proportion
was spent lying down in both morning and afternoon (Table 14).

Walking Time. Cattle spent more time walking in the afternocon
than in the morning, with an average length of 0.5 hours (30 minutes)
and 0.33 hours (20 minutes), respectively (Table 14). The greater
walking time in the afternoon was related to time spent searching for
food and walking to water, since these two activities were most preva-
lent in the afternoon.

Drinking Time. Cattle spent an average of 0.03 hours (two
minutes) drinking, with a frequency of 0.4 in the morning, and 0.05
hours (three minutes) drinking, with a frequency of 0.6 in the afternoon
14) . These results contrasted with the works of Dwyer (1961) and
Schmidt (1969) , both of whom noted that the main drinking period for
cattle was between 0600 and 0800 hours.

Salting Time. Like all other secondary activities, cattle spent
more time salting in the afternoon than in the morning, with average
lengths of 0.2 hours (12 minutes) and 0.13 hours (eight minutes) and
average frequencies of one and 2.4, respectively (Table 14).

Defecation and Urination Frequencies. The frequency of defeca-
tion was greater in the afternoon than in the morning, but there were no
differences between the morning and afternoon in urination frequencies
(Table 14).

Biting Rates. There were no statistically significant differ-

ences between morning and afternoon in the biting rates of cattle and
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grazing, although biting rates tended to be higher in the afternoon
(Table 14). Again, higher biting rates in the afternoon might be

related to the animal's anxiety to collect enough food before dark.

The First Order Interactions of Factors

Season-by-pasture Interactions

Animal-day. Although all pastures essentially followed the same
trends in the lengths of the animal-day as the season progressed, signi-
ficant interaction of season-by-pasture were observed. During the
summer and spring growing seasons of 1985 and 1986, cattle spent the
most time on very heavy pasture and the least time on heavy pastures,
respectively. The animal-day spent on the moderate pasture was inter-
mediate. 1In the summer dormant season, the longest animal-day was
observed on the moderate pasture and the shortest on the heavy pasture,
with the very heavy pasture intermediate. In the summer growing season
of 1986, the longest animal-day was on the heavy pasture, the shortest
on the very heavy pasture, with the moderate pasture intermediate (Table
Bl).

Grazing Time. Season-by-pasture interaction was significant for
grazing time. During the summer growing season and the winter of 1985,
grazing time was greatest on the very heavy pasture, intermediate on the
heavy pasture, and least on the moderate pasture. From spring to the
summer growing season of 1986, the longest grazing time was on the
moderate pasture, intermediate on heavy pasture and the shortest time

was on the very heavy pasture (Table Bl, Figure 27).
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The short grazing time on the very heavy pasture after the
spring removal of cattle may be related to plant recovery in the spring.
Forage from the very heavy pastures increased in quantity and quality.
After putting the cattle back on the very heavy pasture in summer, it
did not take them as much time to satisfy their daily needs, resulting
in a low daily grazing time on this pasture.

The increased grazing time on the moderate and heavy pastures
might be due to patch grazing, although the forage quantity was high.
Cattle generally prefer fresh growth more t* .n mature forages, resulting
in the accumulation of mature growth in the remainder of the pasture,
while the patches are repeatedly grazed. Since the patches were contin-
uously grazed and the mature forages became more unpalatable, cattle
preferred to use the scarce forages from the patches. However, it took
them longer to harvest enough forage to satisfy their needs. Similar
findings were reported by several pecple (Ring II et al., 1985; Arnold
and Dudzinski, 1978; Heady, 1975; Stobbs, 1973; Moorefield and
Hopkins, 1951).

Ruminating Time. There was a significant season-by-pasture
interaction in the time spent ruminating. During the summer growing
seasons, cattle from the heavy pasture ruminated more than those on the
moderate pasture, but the reverse occurred in other seasons. Cattle
from the very heavy pasture ruminated least in the summer growing season
of 1985 and the summer dormant season of 1986, intermediate in winter

and most in the summer growing season of 1986 (Table B3).



139

There was a season-by-pasture interaction on ruminating time
spent standing and lying down. In the summer growing season of 1985,
the greatest ruminating time spent standing was on the heavy pasture,
intermediate on the moderate pasture and least on the very heavy pas-
ture. In winter and spring, the greatest ruminating time spent standing
was on moderate pasture, but in winter, the least was on the very heavy
pasture. In the summer dormant season, ruminating time spent standing
was greatest on the heavy pasture and least on moderate, but in the
summer growing season of 1986, ruminating time spent standing was great-
est on moderate pasture (Table B3).

Cattle from the heavy pasture spent more ruminating time lying
down than those from the other pastures for all seasons except the
summer dormant season, when they spent the least ruminating time lying
down. Between moderate and very heavy pastures, cattle generally rumi~
nated more lying down on moderate than on very heavy pasture, except in
the summer growing season of 1986 when the reverse occurred (Table B3).

Generally, cattle ruminated more on the very heavy pasture after
the spring removal of cattle, probably due to the increase in forage
biomass. As previously observed, the higher the total green forage
biomass the greater the rumination time. This is probably because the
cattle usually harvested more forage when it was green.

Idling Time. There was an interaction of season-by-pasture on
time spent idling. Cattle from the heavy pasture spent more time idling
than those from other pastures, except in the summer growing season of

1985 when cattle from moderate pasture idled more than those from other
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pastures., In the dormant seasons, cattle spent more time idling on the
very heavy pasture, but during the growing seasons the reverse occurred
(Table B4).

Idling time spent standing was also influenced by the interac-
tions of season-by-pasture. In the summer growing seasons, cattle idled
standing more on the moderate pasture than on the others. Idle standing
time on the heavy pasture was greater than that on the very heavy
pasture in the summer growing seasons. In winter and spring, idling
time standing was highest on the heavy pastures and, in winter only,
lowest on the very heavy pasture. During the summer dormant season,
cattle stood idling most on the very heavy pasture and least on the
heavy pasture, with intermediate time spent on the moderate pasture
(Table B4).

Idling time spent lying down was, without exception, affected by
the interactions of season-by-pasture. Cattle from the heavy pasture
spent more idling time lying down than those from the other pastures,
except in the summer growing season of 1985 when cattle from the mod-
erate pasture spent more idling time lying down than those from the
other two pastures. Cattle on the very heavy pasture, in turn, spent
more idling time lying down than those on the moderate pasture, except
in the summer growing season of 1985 when the reverse was true (Table
B4) .

Resting Time. Season—by-pasture interactions significantly
influenced time spent resting, with no definitive patterns. In the

summer growing season of 1985, resting time was greatest on the moderate
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and least on the very heavy pastures. In winter, cattle significantly
rested more on the heavy pasture than on the other two. The lowest
resting time in winter was on the very heavy pasture. In spring, cattle
rested more on the heavy than on the moderate pastures. During the
summer growing season of 1986, cattle rested least on the moderate
pastures, but they rested most on the heavy pastures (Table B2).

Of the total resting time, some proportions were spent standing
and others were spent lying down. Season-by-pasture interactions were
significant. From the Summer growing season of 1985 to the spring of
1986, the highest standing time was on the heavy pasture and the lowest
was on the very heavy pasture. Standing time on the moderate pasture
was intermediate. In summer seasons, cattle stood most on the very
heavy pasture and least on the moderate pasture, with standing time on
the heavy pastures intermediate (Table B2).

Time spent lying down on the very heavy pasture was always
shortest during the summer growing season of 1985 to the following
spring. During this same period, cattle on the heavy pasture spent more
time lying down than those on moderate pasture, except in the summer
growing season. During the summer dormancy season of 1986, cattle spent
the most time lying down on the mederate pasture, intermediate time on
the very heavy pasture and the least time on the heavy pasture, but in
the summer growing season of 1986 the reverse occurred (Table B2j.

Walking time. Although not highly significant, there was a
season-by-pasture interaction on walking time. During the summer grow-

ing season of 1985, cattle spent the greatest amount of time walking on
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the moderate pasture, intermediate time on the very heavy pasture, and
the least time on the heavy pasture, but in winter the reverse occurred
between the moderate and the very heavy pastures. From spring to the
summer growing season of 1986, walking time was high~+ on the heavy
pasture and the very heavy pasture than on the moderate pasture, but the
reverse occurred in the summer growing season of 1986 (Table B5)

Drinking and Salting Time. There was a season-by-pasture inter-
action on this minor activity. In the summer growing season of 1985,
the greatest salting time occurred on the very heavy pasture, interme-
diate time on the moderate pasture, and the least time on the heavy
pasture. In winter, cattle spent the most time salting on the heavy
pasture, intermediate time on the moderate pasture, and the least time
on the very heavy pasture. In the spring, salting time on the moderate
pasture was higher than that on the heavy pasture. In the summer dor-
mant season, the greatest salting time occurred on the heavy pasture and
the least on the very heavy pasture, with the moderate pasture having an
intermediate value. In the summer growing season of 1986, cattle on the
very heavy pasture spent the most time salting, while those on heavy
pasture spent the least time as compared with the intermediate time of
those on moderate pasture (Table B5).

Defecation Frequency. Although the differences among pastures
were statistically insignificant within any given season for defecation
frequency, there was an interaction of season-by-pasture. Defecation
frequency was greatest on the very heavy pasture and least on the mod-

erate pasture during the summer growing season of 1985. In winter,
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cattle on the moderate and the very heavy pastures had essentially the
same frequency of defecation, but those on the heavy pasture had a
relatively high defecation frequency. 1In spring, the defecation fre-
quency was relatively higher on the moderate pasture than on the heavy
pasture. There were no differences in defecation frequencies among
pastures in the summer dormant season, but in the summer growing season
of 1986 cattle on the moderate pasture defecated more than those on the
others (Table R5).

Urination Frequency. Significant season-by-pasture interactions
were observed. In the summer growing season and winter of 1985, the
defecation frequency increased with increasing stocking rates, but
from spring to the summer growing season of 1986, the reverse occurred
(Table B5.)

Biting Rates. The influences of season-by-pasture interactions
on the number of bites taken were significant. From the summer growing
season of 1985 to the following spring, the highest biting rates were on
the moderate pasture, intermediate on the heavy pasture, and lowest on
the very heavy pasture. In the summer dormancy season, the highest
biting rates were on the very heavy pasture, intermediate on the mod-
erate pasture and lowest on the heavy pasture. In the summer growing
season of 1986, the greatest biting rates were still on the very heavy
pasture, but the intermediate rates were on the heavy pasture and the
lowest were on the moderate pasture (Table Bl, Figure 28). Parallel to

the grazing time, the high biting rates on the very heavy pasture in the
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summer of 1986 might be due to the increase in nutritious forage quanti-

ty on this pasture during the spring when cattle were removed.

Season-by-topography Interactions

Animal-day. Study of the animal-day on each topography within
each season revealed that cattle spent more of the animal-day on the
uplands as compared to the slopes and washes for all seasons. Season-
by-topography interactions on the animal-day were significant only for
slopes and washes. In the spring and summer growing seasons of 1985,
cattle spent more time on the slopes than in the washes, while in other
seasons the reverse occurred (Table B6).

Grazing Time. The interaction of season-by-topography on graz-
ing time was significant. During the summer growing season of 1985,
cattle grazed more on the slopes than on the uplands, but in all other
seasons the reverse occurred. Grazing time in the washes was always the
least in all seasons. A seasonal trend for a greater grazing time on
the uplands is apparent with a decline on the slopes (Table B6, Figure
29).

Resting Time. Cattle rested significantly less on the slopes
than on the uplands and in the washes. A significant interaction of
season-by-topography on resting time was cbserved. In all seasons
except the summer growing season of 1985, cattle rested more on the
uplands than in the washes (Table B6). Other.studies also reported that
resting behavior was correlated with topographic variables (Tanner et

al., 1984; Senft et al, 1985b; Arnold, 1964).
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Biting Rates. Season-by-topography interactions were signifi-
cant. Cattle generally had a higher biting rate on the slopes at all
times except for the summer growing season of 1986 when they grazed
faster on the uplands than on the slopes. Between the uplands and the
washes, cattle ate faster on the uplands than in the washes in the
summer growing seasons, but in the dormant seasons the reverse was
true. In the spring, biting rates on both the uplands and in the washes

did not differ (Table B6, Figure 30).

Season-by-cover Interactions

Animal-day. Season-by-cover interaction on the animal-day was
significant because cattle spent most of their day under the trees in
all seasons except winter and spring (Table B7). It was not surprising
to arrive at these results since during the winter and some parts of
spring, the animals sought warmth; therefore, they spent most of their
day in locations where they were exposed to sunlight. In summer, shade
was needed for comfort due to the temperature.

Grazing Time. The grazing activities of cattle occurred mostly
in open areas as comparad to canopy areas in all seasons. This implies
that season-by-cover interactions were not significant on grazing time
(Table B7). The greater grazing time in the open in spring might be
because although the new forage growth is succulent, its yield is not
high enough to satisfy the appetite; therefore, the animals spend more

time harvesting the succulent new forage.
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Resting Time. Season-by-cover interactions on resting time were
not significant because cattle generally rested more under the trees
than in the open. Again, they preferred canopy areas as resting places
because of the comfort they provided (Table B7).

Biting Rates. Cattle generally had a greater biting rate while
grazing in the open than under the trees. Season-by-cover interactions
on biting rates were negligible (Table B7). The .onsistently lower
biting rates in winter might be related to both forage quality and

quantity.

Season-by-time Interactions

Animal-day. The proportion of the animal-day spent in the
afternoon was always higher than that spent in the morning for all
seasons. The season-by-time interaction was not significant (Table B8).

Grazing Time. A season-by-time interaction was not observed on
the time spent grazing because cattle always spent more time grazing in
the afternoon than in the morning for all seasons (Table B8).

Ruminating Time. Season-by-time interactions were significant
on ruminating time, but not on ruminating time spent standing or lying
down. Cattle spent more time ruminating in the morning than in the
afternoon during all seasons except winter, when they ruminated more in
the afternoon than in the morning. Ruminating time spent standing was
always higher in the afternoon than in the morning for all seasons,
but ruminating time spent lying down was higher in the morning than in

the afternoon for all seasons (Table Bl0).
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Idling Time. Season-by-time interactions were significant on
idling time, but not on time spent standing or lying down. Cattle spent
more time idling in the morning than in the afternoon for all seasons
except winter, when they spent more time idling in the afternoon than in
the morning. Idling time spent standing was always higher in the after-
noon than in the morning, but idling time spent lying down was always
greater in the morning than in the afternoon (Table Bll).

Resting Time. Cattle always spent more time resting in the
morning than in the afternoon for all seasons. The season—by-time
interaction was significant on resting time spent standing and lying
down. Cattle spent more time standing in the morning during the summer
growing, spring and summer dormancy of 1985, but the reverse was true in
the afternoon during the winter and summer growing seasons of 1986.
Resting time spent lying down was generally higher in the morning than
in the afternoon for all seasons except winter, when cattle spent more
time lying down in the afternoon than in the morning (Table B9). Again,
the energy saved was one of the reasons cattle waited until the soil
became warmer. In winter, the soils are usually warmer in the afternoon
than in the morning.

Walking Time. Due probably to the time taken to go to and from
water and the longer grazing time in the afternoon, cattle generally
spent more time walking in the afterncon than in the morning for all
seasons. Season-by-time interactions were not significant on walking

time (Table Bl2).
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Drinking Time. Cattle preferred to drink in the afternoon when
the temperature reached its peak for all seasons. The interactions of
season-by-time on drinking time were not important (Table Bl2).

Salting Time. Like drinking time, salting time was generally

higher in the afterncon than in the morning for all seasons. Therefore,
season-by-time interactions were not significant (Table Bl2).

Defecation Frequencies. Season-by-time interactions were signi-
ficant on defecation frequencies because cattle defecated more in the
afternoon than in the morning during the summer seasons, but the reverse
occurred adring winter and spring (Table Bl2).

Urination Fregquencies. Cattle generally urinated more frequent-
ly in the afternoon than in the morning for all seasons. Season-by-time
interactions were not significant (Table Bl2).

Biting Rates. Cattle seemed to harvest their feeds faster in
the afternoon than in the morning for all seasons except the summer
dormancy, when the reverse occurred. Although the difference
between morning and afternoon biting rates in the summer dormancy
was not statistically significant, the season-by-time interaction on

biting rates was significant (Table B8).

Pasture-by-topography Interactions

Animal-day. Cattle spent more of the animal-day on the uplands
than on the slopes and in the washes. Pasture-by-topography interaction
was significant on the animal-day because cattle spent more time on the

slopes than in the washes on moderate pasture, but on heavy and very
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heavy pastures, cattle épent more time in the washes than on the slopes
(Table Bl13).

Grazing Time. Pasture-by-topography interaction was not signi-
ficant on the time spent grazing. Cattle generally spent the greatest
and least amount of time grazing on the uplands and in the washes,
respectively. Grazing time on the slopes was always intermediate on all
pastures (Figure 31, Table B13).

Resting Time. On the moderate and the very heavy pastures
cattle preferred to rest more on the uplands, but on the heavy pasture
they rested more in the washes. Resting time on the slopes on all
pastures was always lowest. Pasture-by-topography interaction was
significant on resting time (Table B13).

Biting Rates. The interaction of pasture-by-topography was
significant on biting rates. Within the moderate and the heavy pas-—
tures, the greatest and least biting rates were on the slopes and in the
washes, respectively. Biting rate was greatest in the washes and least

on the slopes within the very heavy pasture (Table Bl3).

Pasture-by-cover Interactions

Animal-day. Probably because of the higher density of trees on
moderate pasture than on heavy and very heavy pastures, cattle spent
more time under the trees than in the open on moderate pasture.
Pasture-by-cover interaction was significant on the animal-day (Table

Bl4).
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Grazing Time. Cattle always spent more time grazing in the open
than under the trees. Pasture-by-cover interaction was not significant
on grazing time. The considerably higher grazing in the open on the
heavy and the very heavy pastures was due not only to the low forage
biomass under the trees but also to the lower density of trees on these
two pastures (Table Bl4).

Resting Time. There is no doubt about the resting time spent

under the trees and in the open. Regardless of the pasture, cattle
generally spent more time resting under the trees than in the open.
Pasture~by-cover interaction was unimportant on resting time (Table
B14).

Biting Rates. Regardless of the pasture, cattle generally bit

rapidly while grazing in the open than under the trees. The interaction

of pasture-by-cover was significant on biting rates (Table Bl4).

Pasture-by-time Interactions

Animal-day. There was no significant interaction of pasture-by-
time on the animal-day because cattle always spent more of the day in
the afterncon than in the morning, regardless of treatment (Table E15).

Grazing Time. Cattle always spent more time grazing in the

afternoon than in the morning regardless of the stocking rate. The
pasture-by-time interaction was not significant on grazing time (Table
B15).

Resting Time. Unlike grazing time, cattle generally rested more

in the morning than in the afternoon on all treatments. Pasture-by-time
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interaction was not important (Table B15).
Biting Rates. The biting rate was greater in the afterncon than
in the morning on all tr.atments. Interaction of pasture-by-time on the

biting rate was not important (Table Bl5).

Topography-by-cover Interactions

Animal-day. Topography-by-cover interaction was significant on
the animal-day. On the uplands and slopes, cattle spent more of the day
in the open than under the trees, but the reverse occurred in the
washes. These results were not unexpected since the trees were more
dense in the washes than on the uplands or slopes (Table Bl6).

Grazing Time. Cattle always preferred to graze longer in the
open than under the trees, regardless of topography. No topography-by-
cover interaction was observed on grazing time (Table Bl6).

Resting Time. On the uplands and in the washes, cattle spent
more time resting under the trees than in the open. On the slopes, they
rested relatively more in the open than under the trees, although there
were no statistical differences. Interaction of topography-by-cover on
the time spent resting was significant (Table Bl16).

Biting Rates. When looking at the factors determining how
rapidly the animals harvested their feed, the interaction of topography-
by-cover should be taken into consideration. On the uplands, the biting
rate was greater under the trees than in the open, but the reverse

occurred on the slopes and in the washes (Table Bl6).



Topography-by-time Interactions

Animal-day. Cattle generally spent more of the afternoon on the
uplands and slopes, but they spent a greater proportion of morning in '
the washes. The topography-by-time interaction was important on the
animal-day (Table Bl7).

Grazing Time. The topography-by-time interaction on time spent
grazing was significant. On the uplands and slopes, cattle grazed more
in the afternoon, but they grazed slightly more in the washes in the
morning (Table Bl7).

Resting Time. Topography-by-time interaction was significant on
time spent resting. Cattle rested more in the afternoon on the uplands,
but on the slopes and in the washes they rested more in the morning
(Table B18).

Biting Rates. Generally, cattle harvested their food with more
speed in the afternoon on the uplands and in the washes, but the biting
rate on the slopes was greater in the morning than in the afternoon.
Statistically, the differences between the morning and the afternoon in
biting rates were not significant. Topography-by-time interactions were

significant (Table Bl7).

Cover-by-time Interactions
Animal-day. A higher proportion of the animal-day was spent in
the afternoon, regardless of the cover. This implied that the cover-by-

time interaction did not affect the animal-day (Table Bl7).



157

Grazing Time. Again, cover-by-time interaction was negligible
on grazing time. Cattle spent significantly more time grazing in the
afternoon than in the morning, regardless of cover factors (Table El8).

Resting Time. The morning was most important in resting time.
Cover-by-time interactions were not significant on resting time because
cattle rested more in the morning than in the afternoon (Table B18).

Biting Rates. Although no statistically significant differences
between morning and afternoon biting rates were observed, cattle seemed
to take more bites in the afternoon than in the morning. Cover-by-time
interactions were not a factor in determining the biting rates (Table

B18) .

Hi Order Interactions

Pasture-by-topography-by-cover Interactions

The Relationship Between Grazing Time and the Animal-day. It

was generally found that the longer the animal-day, the more time cat;le
spent grazing. But it is not known how combinations of pasture,
topography and cover might influence grazing time and animal-day rela-
tionships. To explore the effects of the combination of these factors,
the percentage of the grazing time was plotted against the corresponding
percentage of the animal-day. When the best fit line was drawn, it was
easy to see that the animal-day and grazing time were linear and posi-
tively correlated (Figure 32a). When the plofted pasture values were

connected within each topography and cover, the general orientation and
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shape of all triangles revealed a positive correlation between the
animal-day and grazing time (Figure 32b).

Other interesting features were that grazing time was higher in
the open than under the canopy on the uplands and slopes, but no differ-
ences were found between the open and canopy in the washes. This is
understandable since, on the average, forage biomass under canopy and in
the open in the washes did not differ significantly. Moreover, washes
were generally places of resting, not grazing. The cover also affected
the relationship among pastures because the shortest distances in the
open were between moderate and heavy pastures, while the shortest dis-—
tances under cancpy were between heavy and very heavy pastures (Figure

32b).
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PART FOUR: THE RELATIONSHIPS OF CATTLE ACTIVITIES
TO PLANT PARAMETERS AND WEATHER INDEX WITHIN EACH LOCATION.

Predictive Equations Within the Study Period
Grazing Time. Multiple regression analyses indicated that the

most important variables which influenced cattle grazing time were the
crude protein content of forage and the weather index. Forage crude
protein content had positive effects, but the weather index had negative
effects on the time cattle spent grazing. The R? of the predictive
equation was 0.679 (Table 15). The increase in grazing time as the
forage chemical contents increased might be related to the forage
palatability or nutritive value. The negative effect of the weather
index on grazing time was also reported by Ehrenreich and Bjugstad
(1966) and Dwyer (1961). In contrast, Roath and Krueger (1982) reported
that the weather index was not an accurate predictor of cattle grazing
activities.

Resting Time. The greater the forage content of crude protein,
the less cattle rested. The effects of this nutrient on grazing time
were opposite to resting time. Weather index was also an important
predictor of resting. The R? of the predictive equation was 0.890
(Table 15).

Biting Rates. Two variables were important in predicting biting
rates. The weather index had positive effects, but the neutral deter-
gent fiber had negative effects on the number of bites taken by the cows

16l



Table 15. Predictive Equations Within the Entire Study Period.

Regression equations R Signif.
Grazing Time = -7.93 + 6.36 Cp — .82 Wi .673 .029
Resting Time = 98.1 - 7.3 Cp = .85 Wi .899 .016
Biting Rate = -88.3 + 1.5 Wi - 1.2 NDF .732 .0007
Ruminating Time = -84.5 - 2.62 Cp - .71 Wi + 1.36 NDF .683 .091
Walking Time = -5.16 - .07 Wi + .34 D48 .529 .024
Drinking Time = -2.42 + .12 Wi - 715 .012
Defecation Frequency = -2.4 + .005 GnBio + 49.65 P .620 .005
Urination Frequency = -2.05 + .02 GnBio - .11 Wi «5C7 .020
Salting Time = 25.7 + .52 GnBio + .01 Wi .719 .021

Cp = Crude protein
Ca = Calcium

Wi = Weather index

Lehm = ILehmann lovegrass

NDF = Neutral detergent fiber
D48 = 48-hours digestibility
P = Phosphorus

GnBio = Green biomass

(4]
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2
per unit of time while eating. The R of the predictive equation was

0.732 (Table 15).

The reasons for the positive effects of the weather index and
the negative effects of forage neutral detergent fiber content are not
clear. BAs to the weather index, it is possible to hypothesize that
during the summer growing season when both temperature and relative
humidity were high, cattle increased their biting rates in order to
harvest enough forage before heat limited grazing.

Ruminating Time. Three independent variables were the most
important predictors of the time cattle spent ruminating. The R? of the
predictive equation was 0.689 (Table 15). Forage fiber was positive,
while crude protein and the weather index were negative on ruminating
time.

Fiber positively influenced ruminating probably because of the
longer time required by the cows to chew a mature forage which usually
contains high fiber. In New Zealand, Hancock (1954) found that the
ruminating time of cattle increased from six to 8.2 hours as the rye
grass-white clover pasture changed from the vegetative to the full-
flowering stage of growth.

The weather index probably reduced ruminating time because of
physiological responses to heat during the hot seasons. Rumination
produced heat (Osuji, 1974) which has no productive value, but is useful
to maintain homiothermy in cold conditions (Morris and Sanchez, 1987).

In hot conditions, excess heat produced by rumination may increase the
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ambient temperature around the animal resulting in heat stress, although
data are not available to confirm it.

The forage crude protein content reduced ruminating time because
the forages which contained high crude protein were young plants or
plant parts which were more easily broken down and required less masti-
cation.

Walking Time. The higher the weather index, the less time cows
spent walking. The digestibility of the forage, in contrast, had posi-
tive effects on walking time. The R? of the predictive equation was
0.529 (Table 15). Both predictors selected are biologically meaningful
because when it got hot, cattle usually stayed in the shade, but when
forage was easily digested resulting in a reduced stomach fill a short
time after grazing, they had the impetus to graze or walk to water.

Drinking Time. The weather index was the only predictor of the
time cattle spent drinking. The R? of the predictive equation was 0.715
(Table 15). The effects of climatic factors on drinking frequency were
also reported in literature (Dwyer, 1961; Herbel and Nelson, 1966;
Cory, 1927; ILow et al., 1978).

Defecation Frequency. Cattle defecated more frequently when the
forage was green and contained high phosphorus. The R? of the predic-
tive equation was 0.620 (Table 15). This result was not unexpected
because when forage is green it generally is high in moisture and not
all of it is eliminated in urine (Wagnon, 1963). The importance of

phosphorus in increasing defecation frequency is not well understood.
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It might be that phosphorus entered the equation because it was related
to the green forage percentages.

Urination Frequency. The weather index and green forage percen-
tage were the best predictors of the frequency of urination. The R? of
the predictive equation was 0.507 (Table 15). The percentage of green
forage was positively correlated with urination frequency. This is
meaningful because the greener the forage, the higher the moisture;
water from the forage increased urination frequency. Wagnon (1963) found
in California that cattle urinated less on dry forage than on green
forage. The weather index probably had a negative effect on urination
frequency because of evaporative loss during the hot season.

Salting Time. The predictors of salting time were the propor-

2
tion of green forage and weather index. The R of the predictive

equation was 0.719 (Table 15). The higher the percentage of green
forage, the more time cattle spent at the salt blocks. The concentra-
tion of salt in green forage was low due to the increase in forage
moisture level; more salt was eliminated due to increased water intake
and urination. When forage became low in water content, the animals did
not spend much time salting. Forage calcium content reduced the salting

time.

Predictiv tions Within Each Season
Grazing Time. The factors influencing the time cattle spent
grazing varied with season. During the summer and winter dormant

seasons, the two most important predictors of the time spent grazing
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were the crude protein and phosphorus contents of the forage. The
respective R of the predictive equations were 0.502 and 0.549 (Table
16).

Protein and phosphorus had positive effects on grazing time in
both summer and winter dormant seasons. In the summer growing season,
the most important predictors of grazing time were the forage digestibi-
lity, the fiber and phosphorus contents of the forage. The R? of the
predictive equation was 0.587 (Table 16).

Phosphorus had positive, and fiber and forage digestibility had
negative effects on grazing time. In the spring growing season, both
forage biomass and phosphorus had positive effects on grazing time.
Forage biomass influenced the time cattle spent grazing because of the
slight increase in green forage during this season when phosphorus was
always low. Therefore they grazed for a longer time. The R? of the
predictive equation was 0.781 (Table 16).

Resting Time. In the summer growing season, winter and spring,

the proportion of the animal-day that cows spent resting was a function
of forage crude protein and phosphorus contents. These two nutrients
had negative effects on resting time. The R? of the predictive equation
was 0.905, 0.517 and 0.488, respectively. 1In the summer dormant season,
all predictors of resting time, namely forage crude protein and phospho-
rus and fiber contents, were negative. The R? of the predictive

equation was 0.687 (Table 16).
Biting Rates. The factors affecting the rate of biting changed

with the season. In the summer growing season, the proportion of



Table 16.

Predictive Equations Within Each Season.

Seasons Regression equations R Signif.
Summer growth Grazing time = 56.9 + 76.3 P - 3.7 NDF - 0.8 D48 .587 .0070
Winter Grazing time = 42.2 + 1.67 Cp + .14 sz - 702.1 P + 2676 P2 .502 .0160
Spring Grazing time = 19.2 + .04 Bio + 112.5 P .781 .0011
Surmer dorm. Grazing time = 41.5 - 2.8 Cp + .2 sz - 363.4 P + 1234.8 P2 .549 .021

Surmer groﬁth Resting time = 14.4 + 289.9 P - 1226.2 P2 - .04 Cp2 .905 .0051
Winter Resting time = 48.3 + 2,3 Cp + 886.0 P - 454.913'2 - 0.3 Cp2 «517 0.22

Spring Resting time = 10.8 + 7.0 Cp + 71.3 P - 1369.7 P2 - 1.0 sz .488 .0100
Surmer dorm. Resting time = 106.5 - 206.5 P — .10 Cp2 - .8 NOF .687 .020

Summer growth Biting rate = 30.7 - .02 Biom + .01 GnBio +.02 GnBio x Bio .485 .026

Winter Biting rate = 39.4 + 8.2 Cp - 575.6 P + 1774.8 P2 - .5 sz .393 .027

Spring Biting rate = 43.8 - 3.1 Cp + 68.7 P + 356.7 P2 + .5 sz .641 .010

Summer dorm. Biting rate = -19.7 + 2.4 GnBio - .02 GnBio .865 .0031
Bio = Biomass (Kp/Ha)

Nat = All native grasses

NOTE: For meanings of all other abbreviations, see Table 15.

LIT
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available green forage was positively, but forage biomass was negatively
correlated with the biting rates. The R? of the predictive equation was
0.485. 1In winter and spring, the forage phosphorus and protein contents
were important predictors of bite rates. The R? of the predictive equa-
tions were 0.393 and 0.641, respectively. Both protein and phosphorus

had positive effects on bite rates in spring, but protein effects were

negative in winter. In the summer dormant season, the only important )

predictor of the biting rate was the percentage of green forage. The R

of the predictive equation was 0.865 (Table 16).



MANAGEMENT IMPLICATIONS AND RECOMMENDATIONS

Important implications to rangeland management were apparent
from this study. However, application of the results of this study that
might be of benefit to management and livestock must be assessed in
terms of eccnomic feasibility as well as the potential for conserving or
improving rangeland resources.

This study showed that grazing seasons, stocking rates,
topographic areas and cover influenced plant characteristics and, conse-
quently, animal behavior. In periods such as the summer growing season,
forage plants were generally more productive and higher in nutrient
content, while in other seasons such as winter the reverse occurred. In
most cases, ranchers do not adjust the number of their animals accord-
ingly, probably due to handling costsmgr to a rigid management design
implemented by a researcher for a given goal.

Forage biomass was less and utilizatioin was greater on slopes
and in washes, therefore, I would recommend increasing the number of
animals per unit area to evenly utilize forage during the growing
season. Animals should be concentrated in a given pasture unit for a
short period of time, then moved to the next so that all the units
receive proper utilization during the later part of the growing season.
In the other seasons, animals should be put béck in their respective
pastures. In this way, all forage plants would receive optimum utiliza-
tion and the regrowth would serve as a good source of forage for

169
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animals; we know that cattle always tend to return to previously grazed
areas where regrowth is more pélatable (Smith, 1960), resulting in the
accumulation of mature growth in the remainder of the range (Moorefield
and Hopkins, 1951). The labor costs of moving animals would be offset
by the benefits for the following reasons: (1) good forage quality from
the regrowth would be available to the animals during most of the year;
(2) animal performance would be greatly enhanced as a consequence of
good forage quality; and (3) it would not require many man~hours to
move animals during each growing season.

Pasture-wide, the lower the stocking rate the higher the waste
of forage through the accumulation of dead mature growth. Two sugges—
tions to reduce the amount of 0ld growth are to either increase the
nunber of pasture units, therefore concentrating the animals in small
areas, or to use fire. However, in both cases, disadvantages may occur.
Increasing the number of pasture units by fencing would be costly and
more intensive management would be required to prevent the small units
from being overgrazed. Burning could be practical because fire has been
used to enhance livestock distribution in a variety of plant communities
for a short period (Bruce, 1971; Daubenmire, 1968; Humphrey, 1962;
Britton and Steuter, 1983).

For an extended management period, use of fire may be more
detrimental than beneficial for several reasons. First, burning signi-
ficantly reduces the biomass of available dry matter since a hot fire

kills forage plants (Oba, 1986; Humphrey and Everson, 1951), especially
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the perennial grasses which generally require a longer reestablishment
period before forage production.

Second, due to the tendency of cattle to overgraze small burned
areas, it was suggested that entire pastures should be burned (Oba,
1986; Bruce, 1971; Daubenmire, 1968). This resulted in problems of
finding new sources of feed for the animals. The two available solu-
tions would be to lease additional land or buy feed. However, both of
these solutions would not be feasible when pasture needs to be burned
every year (Humphrey, 1962).

Third, burning not only reduced the available biomass (COba,
1986; Owensby and Anderson, 1967), but it also decreased total nitrogen
and phosphorus in the forage (Oba, 1986). In addition, the advantages
of high forage quality after burning (Britton and Steuter, 1983; Nelson
et al., 1970; McGinty, Smeins and Merrill, 1983; McAntee, Scifres and
Drawe, 1979) were generally short-lived since by the dormant season,
forage from the burned areas had lower quality than that of unburned
areas in some cases (Oba, 1986).

In considering pasture management, I would recommend closing off
some pastures and moving cattle from one to another to obtain correct
levels of grazing. This might be productive as shown in the controver-
sial Savory system of sequential paddock-utilization.

In relation to the nutritional requirements of cattle, this
study showed that slope and wash forage provided reasonable nutrient
levels, while upland forage was deficient in almost all nutrients.

Unfortunately, the total biomass on slopes and in washes was not enough
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to support animals year-round, so they had to spend more time grazing on
the uplands. Therefore, the biggest problem of managerial importance is
how to separate slope and wash areas from the uplands. There are two
ways to do this. The first is the physical barrier of fences. The
second is the improvement of upland forage quality by fertilizing or
burning.

Neither method is feasible, economically. Fencing would not
only be costly, but it would result in accessibility problems, especial-
ly when the animals were to use the slope and wash areas. Fertilizing
and burning would increase upland forage quality, but they are not cost
effective because they need to be repeated more often for good results.

As it was found during this study that cattle used the uplands
more than the slopes and washes during peak growth, I would again recom-
mend closing off some pastures and concentrating cattle on one or two
for a short period of time, then moving them to the next pastures until
all receive proper utilization. In this way, cattle would not only have
good forage quality on the slopes and in the washes, but also on the
uplands because of the regrowth. The pressure on slope and wash plants
would be reduced.

It is a well established fact that woody species, including
velvet mesquite, have invaded the southwestern grasslands (Gardner,
1950; Glendening, 1952; Humphrey, 1953). Although most of the
studies, including this one, showed that forage under canopy had a
higher nutrient content, the benefits were not attractive. The density

of mesquite trees as found in the washes at the Santa Rita Experimental
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Range results in a lower production of forage, thereby decreasing the
economic value of the area. High density trees should be controlled in
order to increase the value of any grazing land.

This idea was supported by the work of Cable and Martin (1975),
who found that stocking rates on "mesquite-killed" pastures increased
0.15 animal-unit month per acre (AUM/A) relative to those on "mesquite-
alive" pastures between 1957-59 and 1964-66. The economic value of this
increase can be evaluated on the same basis as an increase in the
grazing capacity of an existing ranch unit due to improved management
practices (0'Connell and Boster, 1974). In their study, O'Connell and
Boster estimated a net return, as of 1972, of $5.82 per AUM from brush
control. The 0.15 AUM/A resulting from mesquite control in Cable and
Martin's study (1975) would have a value of $0.87/acre/year. Since it
only cost about $5 per acre to provide about 90% release from mesquite
competition, Cable and Martin were convinced that the treatments would
be economically justified because the increased income would recover the
cost in about six years, while control treatments commonly remain effec-
tive for 15 to 20 years.

Freeman et al. (1978) attempted to show the economical value of
mesquite control to a ranching enterprise in the Texas Rolling Plains.
Their analysis showed that ranch income could be significantly enhanced
if mesquite control could provide as much as a 21% increase in forage
production over seven years. From the articles in literature (Martin et
al., 1974; Cable and Martin, 1964; Dahl et al., 1978; Workman et al.,

1965; Fisher, 1972), one could reasonably expect the 21% grass increase
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for seven years. Parker (1982), commenting about mesguite, stated that
"the opportunities for utilization of mesquite are quite varied includ-
ing animal rations, wood products and fuel. Unfortunately, none of
these uses for mesquite are sufficiently attractive to convert mesquite
into a cash crop. The increase in ranch-land productivity due to remo-
val of mesquite combined with utilization of the harvested mesquite can
potentially be of kenefit to ranch operators.”

The control of trees such as mesquite also results in other
benefits. Increases in perennial grass cover reduce runoff (Gamougoun,
1982) . Opening up shrub and tree canopies improves visibility and makes
livestock handling easier (Robinson et al., 1970). Shade from the sur-
viving trees would still be available. And finally, the treated areas—
relatively large expanses of open grassland with interspersed trees—-can
be more esthetically pleasing (Cable and Martin, 1975).

Two important features of the behavioral study are the increase
in rumination time at the expense of resting time in the summer growing
season on moderate pasture, and the decrease in grazing time in spring.
Whether the increase in rumination time is a result of increased feed
intake or of a higher total forage biomass of poor quality is not clear.
Increased rumination does result in an increase in energy costs when
compared with the energy used by a resting cow, with a consequent
decrease in the energy available for maintenance of body condition
(Weston and Hogan, 1973; Osuji, 1974; Graham, 1964). To decrease the
energy loss through rumination, management must either increase the

quality of the forage or select breeds of cattle that appear to perform
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better on poorer pasture and to ruminate less than the Hereford and
Barzona used in this study.

Zebu appears to be the best breed for the purpose (Yeates and
Schmidt, 1974; Herbel and Nelson, 1966). However, substituting cattle
breeds tﬁat are able to survive under harsher conditions than Barzona
may hasten degradation of the habitat and result in an overall decrease
in the productivity of the renewable vegetative resource of arid range-
lands. Barzona were described as "a cattle type developed for regions
where food shortages and temperature require a breed that can feed on
coarse and fibrous plants" (Koger, 198l). If Zebu can - :weigh Barzona,
the negative effects of Zebu on forage productivity will be unavoidable.

Havstad and Doornbos (1987) recognized that cow genotype is a
principal factor in establishing potential biological efficiencies and
these potentials may exceed the limits of range environments, irrespec—
tive of implemented management practices. A key to livestock management
in range environments is, therefore, to recognize these limits and
potentials and create an appropriate economic and biological match.
Therefore, Zebu cattle would not be a good choice for southwest range-
lands because the benefit/cost ratio may be less than one.

The reasons for the decrease in grazing time in the spring are
not known. In the spring, cattle spend less of their maintenance energy
in grazing, which is beneficial for the performance of the animal.

In general, the recommendations for managing rangelands such as
Santa Rita are: (1) increasing stocking rates during the summer growing

seasons in order to take advantage of the quantity and quality of
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forage; (2) controlling tree density in order to increase forage pro-
duction per unit area; and (3) selecting cattle breeds which can make
efficient use of the available forage while deterioration of plants is

avoided.



All plant parameters were greater during the growing than
dormant seasons.

The moderate and heavy stocking rates had lower plant parameters
than the very heavy stocking rates, except for the forage biomass, the
proportion of Lehmann lovegrass and the percentages of ground cover.

The slopes and washes had higher nutritive values of forage and
lower forage biomass and percentage of ground cover than the uplands.
Lehmann lovegrass preferred the uplands and washes, but native grasses
and shrubs preferred the slopes.

The understory forages contained greater nutritive values and
forbs than the forages in the open, but the reverse occurred for forage
biomass, shrubs and ground cover.

Except for the greater standing and idling times in winter, all
other activities were higher in the growing than dormant seasons.

There were no differences among stocking rates in major activi-
ties, but walking, drinking and salting were greater on the very heavy
than on moderate and heavy stocking rates.

Most grazing activities were on the uplands, but resting was in
the washes. There were no differences in biting rates among topographic
areas. Defecation and urination frequencies were similar on the uplands
and washes, but higher than on the slopes.
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Grazing activities were greater in the open than under canopy,
but the reverse occurred for resting. There were no differences in
biting rates and frequencies of defecation and urination between the
open and the canopy.

Except for resting activities, the major and minor activities
were more intense in the afternoon than in the morning. The morning and
afternoon bite rates were similar.

The weather index was the principal predictor of all cattle
activities, except for the defecation frequency, which mostly depended
on the proportion of green forage. The forage nutrients and green
proportion were the second and third most important predictors of cattle
activities, respectively.

Environmental factors affected both plants and animals and their

integrations in the management of a grazing land must be considered.
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Table Al. Grazing Season and Pasture interaction

1
Average Forage Biomass(Kg/Ha).
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Season Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Pasture Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Moderate 945.0a 752.2b 921.5a 806.6b 977.1a
Heavy 886.1a 733.7b 975.6a 815.6b 1059.3¢
Very Heavy 472.5¢e 354.4c 586.6d 456.8¢ 649.7d
1
Average Percent Green Forage Biomass.
Moderate 77.3a 53.7b 60.8¢c 50.5b 80.4a
Heavy 77.1a 57.8bd 65.3¢ 56.6d 80.0a
Very Heavy 85.1b 60.0d 76.9f 60.5a 90.8¢c
1
Average Percent Botanical Composition of Lehmann Lovegrass.
Moderate 57.9a 62.1c 58.5a 60.8d 56.8a
Heavy 64.3b 65.6b 65.1b 66.8b 64.0b
Very Heavy 63.4b 73.6a 64.5b 66.2b 63.0b

1

Averages indicated by the same letter within each row and column are not significantly different

(P < .05) as determined by Lsd methods.



Table A2. Grazing Season and Pasture interaction

1

Average Percent Botanical Composition of Native Grasses.
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Season Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Pasture Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Moderate 29.4a 21.6b 35.7a 21.8b 27.4a
Heavy 23.4b 21.0b 22.5b 20.5b 24.0ab
Very Heavy 20.8b 16.0d 22.5b 19.9b 22.8b
1
Average Percent Botanical Composition of Shrubs.
Moderate 10.3a 10.6a 10.3a 10.9a 9.4a
Heavy 9.5a 7.9a 9.6a 9.5a 8.6a
Very Heavy 14.7b 9.2a 13.6b 10.1a 12.0b
1
Average Percent Botanical Composition of Forbs.
Modecrate 2.8a 1.5ac 4.8b 2.6a 4.7b
Heavy 2.7a 0.3c 3.3a 2'58, 4.4b
Very Heavy 4.1b 1.6¢c 5.8b 2.8a 4.8b

1

Averages indicated by the same letter within each row and column are not significantly different

( P<.05) as determined by Lsd methods.



Table A3. Grazing Scason and Pasture interaction

1
Average Percent Ground Cover.
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Season Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Pasture Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Moderate 37.5a 30.8b 34.4ab 319a 39.2ac
Heavy 38.7a 32.1b 33.4b 31.5ab 38.3a
Very Heavy 27.7¢ 24.8c 25.9¢ 30.0ac 29.3c
1
Average Percent Neutral Detergent Fiber Content of Forage.
Moderate 73.2ac 75.0b 73.6a 74.8b 70.8a
Heavy 73.9a 75.3b 71.6a 73.9ab 73.4a
Very Heavy 71.8a 74.1b 70.0a 73.5ab 73.2a
1
Average Percent Didestibility of Forage.
Moderate 439a 433a 449a 39.5ab 40.7a
Heavy 45.5a 42.2a 43.0a 32.8b 39.5a
Very Heavy 46.7a 44 8a 47.3a 40.0a 46.1a
1

Averages indicated by the same letter within each row and column are not significantly different

(P <.05) as determined by Lsd methods.



Table A4. Grazing Season and Pasture interaction

X
Average Percent crude protein Content of Forage.
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Season Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Pasture Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Moderate 8.7a 6.0b 6.3b 8.8a 8.1a
Heavy 8.7a 5.0b 6.2b 7.8a 7.9a
Very Heavy 9.4a 5.9b 6.8b 8.4a 7.8a
Cow Needs 8.7 8.7 9.2 9.5 8.7

1
Average Percent Phosphorus Content of Forage.
Moderate 0.12a 0.09d 0.11b 0.10b 0.13e

- Heavy - 0.14b 0.09d 0.10a . 0.09d 0.14e
Very Heavy 0.15¢ 0.09d 0.14c 0.12a 0.14¢
Cow Needs 0.21 0.18 0.19 0.20 0.21
1

Average Percent Calcium Content of Forage.
Moderate ' 0.53a 0.48b 0.71c 0.69c 0.65¢
Heavy 0.51a 0.47u 0.69¢c 0.67c 0.60c
Very Heavy 0.51a 0.47b 0.71c 0.67c 0.61c
Cow Needs 0.40 0.20 0.30 0.40 0.40

1

Averages indicated by the same letter within each row and column are not significantly different

(P <.05) as determined by Lsd methods.
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Table AS. Grazing Season and Topography interaction

1
Average Forage Biomass(Kg/Ha).

Season Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Topography Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Upland 1471.6a 1151.4d 1557.9a 1299.9d  1557.0a
Slope 418.8b 354.7¢c 457.9b 401.3bc  498.6b
Wash 513.2b 334.2c 498.0b 371.7c 530.6b

1
Average Percent Green Biomass(Kg/Ha).

Upland 68.0a 49.2b 55.3¢ 48.1b 67.2a
Slope 82.5b 67.5¢ 71.9d 65.7c 84.5b
Wash 78.9b 64.9¢c 75.8d 68.8¢c 80.5b

1
Average Percent Botanical Composition of Lehmann Lovegrass.

Upland 86.4a 93.1c 87.0a 88.5a 83.6a
Slope 8.8b 13.6b 11.1b 12.3b 9.8b
Wash 88.4a 93.6¢c 88.0a 90.1ac 86.5a

1
Averages indicated by the same letter within each row and column are not significantly different
(P < .05) as determined by Lsd methods.



Table A6 . Grazing Season and Topography interaction

1
Average Percent Botanical Composition of Native Grasses.
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Season Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Topography Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Upland 04a 0.6a 04a 0.8a 1.5a
Slope 64.5b 62.9b 64.1b 62.2b 66.6b
Wash 7.3¢ 2.1a 4.2ac 2.2a 6.6¢

i
Average Percent Botanical Composition of Shrubs.

Upland 11.6a 6.1a 9.7a 10.3a 11.1a
Slope 22.8b 18.7b 23.6b 17.0b 15.4b
Wash 3.2¢ 2.9¢ 4.1c 4.1c 34c

1
Average Percent Botanical Compaosition of Forbs.

Upland 3.5a 0.0d 3.8a 1.3c 3.4a
Slope 6.9b 2.0d 6.9b 4.0e 7.7b
Wash 2.8ae 1.4de 4.2a 2.0ac 2.5ae

1

Averages indicated by the same letter within each row and columnare not significantly different

( P <.05) as determined by Lsd methods.
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Table A7. Grazing Season and Topography interaction

1
Average Percent Ground Cover.

Season Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Topography Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Upland 40.2a 36.0a 42.3a 36.6a 41.5ab
Slope 35.8b 28.6¢c 32.2bc 30.7ac 39.2b
Wash 28.0ce 23.1ce 23.3e 17.9b 26.1e

1
Average Percent Fiber Content of Forage.

Upland 73.8a 76.7b 76.0b 73.8a 75.1ab
Slope 68.3d 72.8¢ 67.1d 70.2ad 68.3d
Wash 74.3a 76.9b 72.1ac 73.1a 74.1a

1
Average Percent Digestibility Forage.

Upland 44 2a 44 0a 46.3c 37.9b 45.9ac
Slope 43.3a 42.5a 43.3a 36.3b 45.0a
Wash 45.6a 439a 47.6¢ 38.0b 47.4c

1
Averages indicated by the same letter within each row and columnare not significantly different

(P < .05) as determined by Lsd methods.



Table A8. Grazing Season and Topography interaction

1
Averagc Percent Crude Protein Content of Forage.

Season Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Topography Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Upland 7.6a 4.5¢ 4.8¢c 6.9a 7.3a
Slope 10.3b 6.6d 8.5d 9.0b 9.9b
Wash 9.2ab 5.8cd 7.3acd 9.1bc 8.7ab
Cow Needs 8.7 8.7 9.2 9.5 8.7

1
Average Percent Phosphorus Content of Forage.
Upland 0.10a 0.07b 0.08ba 0.07b 0.11a
Slope 0.11a 0.08b 0.09ba 0.09ba 0.10a
Wash 0.19¢ 0.12d 0.18c 0.15 0.16¢
Cow Needs 0.21 0.18 0.19 0.20 0.21

1

Average Percent Calcium Content of Forage.
Upland 0.40a 0.40a 0.50ac 0.59¢ 0.45¢
Slope 0.61b 0.52a 0.84d 10.75bd 0.62b
Wash 0.44a 0.49a 0.76d 0.68cd 0.61d
Cow Needs 040 0.20 0.30 0.40 0.40

1
(P < .05) as determined by Lsd methods.

Averages indicated by the same letter within each row and column are not significantly different
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Table A9. Grazing Season and Cover intcractidn

1
Average Forage Biomass(Kg/Ha).
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Season Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Cover Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Open 1202.9a 979.1b 1251.7ad  1129.6a 1329.6d
Canopy 332.9b 247.8c 406.0f 381.8bf 505.6e
1
Average Percent Green Forage Biomass.
Open 66.4a 56.3b 58.6b 55.2b 69.4a
Canopy 93.3b 65.9¢ 67.2c 63.3¢c 91.1b
1
Average Percent Botanical Composition of Lehmann Lovegrass.
Open 63.2a 63.7a 61.3a 60.1a 60.2a
Canopy 60.6a 70.6b 64.2ac 65.2¢ 59.8a

1

Averages indicated by the same letter within each row and column are not significantly different

(P <.05) as determined by Lsd methods.



Table A10. Grazing Season and Cover interaction

1
Average Percent Botanical Composition of Native Grasses.
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Season Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Cover Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Open 22.1a 20.5a 22.3a 21.8a 229a
Canopy 27.1b 19.9a 22.5a 20.6a 26.8b
1
Average Percent Botanical Composition of Shrubs.
Open 15.5a 14.6a 154a 14.2a 15.2a
Canopy 7.5b 5.9b 9.6b 6.7b 6.8b
1
Average Percent Botanical Composition of Forbs.
Open 3.4a 1.2a 3.6a 2.8a 3.6a
Canopy 4.7b l.4a 5.7b 4.8b 7.0d
1

Averages indicated by the same letter within each row and column are not significantly different

(P <.05) as determined by Lsd methods.



Table Al11, Grazing Season and Cover interaction

1
Average Percent Ground Cover.

Season Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Cover Oct 31 san 31 Apr 30 Jun 30 Oct 31
Open 39.0ad 37.2a 32.4c 40.4ad 41.3a
Canopy 36.4d 30.9b 27.9b 35.9d 35.4d
1
Average Percent Fiber Content of Forage.
Open 73.3a 77.2b 73.1a 73.4a 73.9a
Canopy 71.1b 73.8a 70.3b 71.4b 71.1b
1
Average Percent Digestibility of Forage.
Open 41.6a 39.2a 40.5a 34.1c 34.3c
Canopy 49.2b 47.6b 46.9b 40.7d 40.6d

1

Averages indicated by the same letter within each row and column are not significantly different

(P <.05) as determined by Lsd methods.
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Table A12. Grazing Season and Cover interaction

1

Average Percent Crude Protein Content of Forage.

Season Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Cover Qct 31 Jan 31 Apr 30 Jun 30 Oct 31
Open 5.8a 3.6a 54a 5.7a 5.4a
Canopy 12.0b 7.6¢ 8.4c 10.0b 11.6b
Cow Needs 8.7 8.7 9.2 9.5 8.7

1
Average Percent Phosphorus Content of Forage.
Open 0.10a 0.08a 0.10a 0.09a 0.10a
Canopy 0.16b 0.11¢c 0.14d 0.14d 0.14d
Cow Needs 0.21 0.18 0.19 0.20 0.21

1
Average Percent Calcium Content of Forage.
Open 041a 0.38a 0.57b 0.60b  0.44a
Canopy 0.55b 0.56b 0.83c 0.74c 0.63b
Cow Needs 0.40 0.20 0.30 0.40 0.40

1

Averages indicated by the same letter within each row and column are not significantly different

(P < .05) as determined by Lsd methods.
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Table A13. Pasture and Topography interaction -

1
Average Forage Biomass(Kg/Ha).
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Pasture Moderate Heavy Very Heavy
Topography
Upland 1682.5a 1687.5a 792.6b
Slope 501.2b 467.8¢ 369.7c
Wash 390.3¢ 526.8d 349.6¢
1
Average Percent Green Forage Biomass.
Upland 53.6a 55.9a 69.3b
Slope 73.1b 75.6b 80.5d
Wash 73.1bc 70.5¢ 83.2d
1
Average Percent Botanical Composition of Lehmann Lovegrass.
Upland 87.6a 87.6a 85.9a
Slope 4.7b 8.6b 22.3d
Wash 88.3a 93.0¢ 90.2ac

1

Averages indicated by the same letter within each row and column are not significantly different

(P <.05) as determined by Lsd methods.



Table A14, Pasture and Topography interaction .

1
Average Percent Botanical Composition of Native Grasses.

Pasture Moderate Heavy Very Heavy
Topography
Upland 1.5a 0.5a 0.2a
Slope 67.1b 69.6b 56.6d
Wash 1.7¢ 2.7a 3.6a

1
Average Percent Botanical Composition of Shrubs.

Pasture Moderate Heavy Very Heavy
Topography
Upland 8.1a 94a 11.7a
Slope 22.6b 16.5d 19.4bd
Wash 2.5¢ 3.1c 3.2¢

1
Average Percent Botanical Composition of Forbs.
Upland 3.1a 2.5ad 2.3a
Slope 5.9bc 4.0a 6.0b
Wash 4.2ac 1.9d 2.3ad

1

Averages indicated by the same letter within each row and column are not significantly different

(P <.05) as determined by Lsd methods.
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Table A1S. Pasture and Topography interaction

1
Average Percent Ground Cover.

Pasture Moderate Heavy Very Heavy
Topography
Upland 42.8a 45.6a 29.9d
Slope 37.6b 32.6bd 29.6d
Wash 23.3c 25.4c 19.9¢
1
Average Percent Fiber Content of Forage.
Upland 75.1a 74.8a 75.2a
Slope 69.1b 69.0b 69.8b
Wash 74.4a 74.8a 73.0a
1
Average Percent Digestibility of Forage.
Upland 43.1a 39.9a 42.6a
Slope 36.8b 40.5a 42.8a
Wash ' 42.6a 41.3a 43.5a

1

Averages indicated by the same letter within each row and column are not significantly different

(P <.05) as determined by Lsd methods.
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Table A16. Pasture and Topography interaction

1
Average Percent Crude Protein Content of Forage.

Pasture Moderate Heavy Very Heavy
Topography
Upland 5.9a 6.3a 6.5a
Slope 8.8b 8.5b 8.8b
Wash 8.9b 7.2ba 7.9ba
Cow Needs 8.9 8.9 8.9

1
Average Percent Phoshorus Content of Forage.

Upland 0.07a 0.08a 0.11c

Slope 0.09a 0.09a 0.10ac
Wash 0.17b 0.15b 0.16b

Cow Needs 0.21 0.21 0.21

Average Calcium Content of Forage.

Upland 0.47a 0.48a 0.49a
Slope 0.63b 0.71b 0.70b
Wash 0.66b 0.51a 0.59a
Cow Needs 0.24 0.24 0.24
1

Averages indicated by the same letter within each row and column are not significantly different
(P <.05) as determined by Lsd methods.



Table A17. Pasture and Cover interaction

1
Average Forage Biomass(Kg/Ha).
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Pasture Moderate Heavy Very Heavy
Cover
Open 1314.4a 1484.5b 736.8d
Canopy 441.4b 366.2¢ 317.0c
1
Average Percent of Green Forage Biomass.
Open 61.1a 72.5b 73.0b
Canopy 75.2b 77.7b 86.0d
1
Average Percent Botanical Composion of Lehmann Lovegrass.
Open 59.9a 61.8a 65.4c
Canopy 58.6a 64.6b 68.9d
1

Averages indicated by the same letter within each row and column are not significantly different

(P <.05) as determined by Lsd methods.



Table A18. Pasture and Cover interaction . -

1
Average Percent Botanical Composition of Native Grasses.

Pasture Moderate Heavy Very Heavy
Cover
Open 24.9a 18.9b 17.0c
Canopy 25.9a 25.9a 15.0b

1
Average Percent Botanical Composition of Shrubs,

Pasture Moderate Heavy Very Heavy
Cover
Open 12.4a 14.1a 14.8a
Canopy 9.7b 5.3c 8.1bc

1
Average Percent Botanical Composition of Forbs.
Open 2.8a 1.8a 3.1a
Canopy 6.2b ) 3.6a 4.1a
1

Averages indicated by the same letter within each row and column are not significantly different

(P <.05) as determined by Lsd methods.

197



Table A19. Pasture and Cover interaction

1
Average Percent Ground Cover.

Pasture Moderate Heavy Very Heavy
Cover
Open 39.8a 40.1a 329
Canopy 35.0b 33.3b 28.5¢
1
Average Percent Neutral Detergent Fiber Content of Forage.
Open 74.6a 74.1a 73.8a
Canopy 71.2b 71.7b 71.6b
1
Average Percent Digestibility of Forage.
Open 37.2a 37.4a 39.6a
Canopy 44.5b 44.6b 46.4b
1

Averages indicated by the same letter within each row and column are not significantly different

(P < .05) as determined by Lsd methods,
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Table A20. Pasture and Cover interaction

1

Average Percent Crude Protein Content of Forage.

Pasture Moderate Heavy Very Heavy
Cover
Open 5.6a 4.6a 54a
Canopy 10.1b 9.6b 10.0b
Cow Needs 8.9 8.9 8.9
1
Average Percent Phosphorus Content of Forage.
Open 0.10a 0.08a 0.10a
Canopy 0.13b 0.14b 0.15b
Cow Needs 0.21 0.21 021
1
Average Percent Calcium Content of Forage.
Ope. 0.48a 0.50a 0.52a
Canopy 0.69b 0.63b 0.66b
Cow Needs 0.24 0.24 024
1

Averages indicated by the same letter within each row and columnare not significantly different

(P < .05) as determined by Lsdmethods.
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Table A21., Topography and Cover interaction -

1
Average Forage Biomass(Kg/Ha).

Topography Upland Slope Wash
Cover
Open 1984.3a 525.2d 662.5¢
Canopy 429.7b 407.3b 287.7a
1
Average Percent Green Forage Biomass.
Open 45.7a 75.6b 65.7c
Canopy 75.1b 77.1b 87.6a
1
Average Percent Botanical Composition of Lehmann Lovegrass.
Open 84.3a 8.5b 92.2c
Canopy 89.9b 14.4c 86.9b
1

Averages indicated by the same letter within each row and column are not significantly different

(P < .05) as determined by Lsd methods.

200



Table A22 . Topography and Cover interaction

1
Average Percent Botanical Composition of Native Grasses.

201

Topography Upland Slope Wash
Cover
Open 0.4a 63.8b 22a
Canopy 1.1a 62.1b 7.0d
1
Average Percent Botanical Composition of Shrubs.
Open 14.0a 23.4b 3.9d
Canopy 5.5b 14.4c 2.0a
1
Average Percent Botanical Composition of Forbs..
Topography Upland Slope Wash
Cover
Open 1.3a 4.4b 1.8a
Canopy 3.9b 6.3c 3.7b
1

Averages indicated by the same letter within each row and column are not significantly different

(P <.05 ) as determined by Lsd methods.
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Table A23. Topography and Cover interaction

1
Average Percent Ground Cover.

Topography Upland Slope Wash
Cover
Open 47.3a 38.1b 27.5¢
Canopy 43.2b 31.7c 21.9d

1

Average Percent Neutral Detergent Fiber Content of Forage.

Open 76.6a 69.4c 76.4a
Canopy 73.5b 69.2¢ 71.8b

1
Average Percent Digestibility of Forage.

Open 38.0a 37.4a 38.4a
Canopy 45.8b 42,7 46.5b

1
Averages indicated by the same letter within each row and column are not significantly different
(P < .05) as determined by Lsd methods.



Table A24. Topography and Cover interaction

1
Average Percent Crude Protein Content of Forage.
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Topography Upland Slope Wash
Cover
Open 3.2a 7.7b 4.7a
Canopy 8.8b 9.7b 8.9b
Cow Needs 8.9 8.9 8.9

1
Average Percent Phosphorus Content of Forage.
Open 0.05a 0.08b 0.14d
Canopy 0.12b 0.11c 0.18a
Cow Needs 0.21 0.21 0.21

1
Average Percent Calcium Content of Forage.

Topography Upland Slope Wash
Cover
Open 0.40a 0.64b 0.46a
Canopy 0.56b 0.72¢ 0.71c
Cow Needs 0.24 0.24 0.24

1

Averages indicated by the same letter within each row and column are not significantly different

(P <.05) as determined by Lsd methods.
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Table B1. Grazing Season and Pasture Interaction

1
Average Animal-day(Hours)

Seasons Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Pasture Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Moderate 13.65a 12.10b 13.93¢ 15.13a 13.47a
Heavy 13.65a 11.67b 13.80a 14.77c 13.50a
Very Heavy 13.67a 12.18b ---- 14.83¢ 13.13a
1
Average Percent Grazing Time
Moderate 51.0a 43.2b 67.6¢ 65.8¢ 61.6d
Heavy 58.0de 43.2b 61.8d 53.5¢ 58.1d
Very Heavy 62.4d 594d - S51.2e 51.5e
1
Average Bite Rates( Bites/minutes)
Moderate 53.0a 44.1b 44.0b 49.0a 51.7a
Heavy 47.3b 36.3c 39.3¢c 47.7ab 53.6a
Very Heavy 41.3c 31.0d e 52.0a 54.0a
1

Averages indicated by the same letter within each row and column are not significantly different

(P <.05) as determined by the Lsd methods.
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Table B2. Grazing Season and Pasture Interaction

1
Average Percent Resting Time

Seasons Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Pasture Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Moderate 34.0a 47.0b 214c 36.8a 24.8¢c
Heavy 32.5a 54.2c¢ 26.6¢ 364a 33.1af
Very Heavy 22.6b 403d @ ----- 39.5ad 32.5¢
1

Average Percent Resting Time Standing

Moderate 10.9a 26.7b 44c 11.4ad 10.0a
Heavy 11.6a 27.2b 8.5a 13.1ad 9.8a
Very Heavy 8.0a 16.0c -mun 13.6d 10.4ad

1
Average Percent Resting Time Lying,

Moderate 24.0a 20.4a 13.1c 23.9a 14.9¢
Heavy 20.3ac 25.5a 17.7c 229a 23.2a
Very Heavy 13.1b 2428 - 23.0a 21.9a

1
Averages indicated by the same letter within each row and column are not significantly different
(P < .05) as determined by the Lsd methods.
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Table B3. Grazing Season and Pasture Interaction

1
Average Percent Ruminating Time.

Scasons Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Pasture Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Moderate 20.0a 21.6a 15.4b 25.4a 16.9b
Heavy 22.1a 12.7b 11.8b 20.8a 22.6a
Very Heavy 14.9b 1346 e 20.3a 26.0d

1
Average Percent Ruminating Time Standing,

Moderate 3.9a 11.9b 3.3a 42a 4.3a
Heavy 6.4a 49a 1.6a 7.1a 4.4a
Very Heavy 3.7a 3.7a --e- 5.4a 8.7a

1
Average Percent Ruminating Time Lying.

Moderate 14.7a 9.6b 3.9¢c 19.2d 12.4a
Heavy 16.5a 11.8b 9.0b 13.0a 17.5a
Very Heavy 9.7b 9.4b ee- 14.4a 17.1a

1
Averages indicated by the same letter within each row and column are not significantly different
(P <.05) as determined by the Lsd methods.



Table B4, Grazing Season and Pasture Interaction

1
Average Percent Idling Time.
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Seasons Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Pasture Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Moderate 14.9a 25.5¢ 2.1d 15.0a 8.0b
Heavy 9.8b 40.0d 14.4b 15.2ab 10.4b
Very Heavy 6.2b 26.8c - 16.3a 6.3b
1
Average Percent Idling Time Standing.
Moderate 6.7a 14.5b 1.0d 6.4a 5.4a
Heavy 6.6a 23.7c 5.7a 5.9a 4.2a
Very Heavy 3.1c 11.4b - 9.5b 1.5¢
1
Average Percent Idling Time Lying.
Moderute 9.1a 10.6a 4.0b 4.0b 2.0b
Heavy 2.4b 16.8¢c 8.6 9.3¢ 5.4b
Very Heavy 4.0b 14.8c .- 8.4e 4.9b

1

Averages indicated by the same letter within each row and column are not significantly different

(P <.05) as determined by the Lsd methods.



Table BS. Grazing Season and Pasture Interaction
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1
Average Percent Walking Time.
Seasons Jul 1- Nov i- Feb 1- May 1- Jul 1-
Pasture Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Moderate 10.4a 8.3a 5.2c 3.5¢ 4.2c
Heavy 6.8b 4.2b 5.8bc 5.9b 4.6bc
Very Heavy 7.7 109a - 5.7b 3.2bc
1
Average Percent Drinking Time.
Moderate 0.55b 0.47b 0.17c 0.60b 0.58b
Heavy 0.70b 0.47b 0.27c 0.53b 0.77b
Very Heavy 0.77b 065 - 0.70b 0.76b
1
Average Percent Salting Time.,
Moderate 0.70a 0.60a 1.1b 42c 3.6d
Heavy 0.50a 1.30b 0.27a 5.5d 2.2e
Very Heavy 1.20b 0282  ----- 0.43a 3.9d
1
Average Defecation Frequency
Moderate 3.0a 2.0a 2.7a 4.0ab 6.0b
Heavy 3.7a 2.3a 2.3a 4.0a 4.7ab
Very Heavy 4.0a 2.0a 4.0a 4.7ab
1
Average Urination Frequency
Moderate 2.0a 1.0a 2.7ab 3.7b 3.7b
Heavy 2.7ab 1.7a 1.7a 3.0b 3.4b
Very Heavy 3.3b 2.3b - 2.3b 3.3b

1

Averages indicated by the same letter within each row and column are not significantly different
(P < .05) as determined by the Lsd methods.
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Table B6. Grazing Season and Topography Interaction

1
Average Percent Animal-day.

Seasons Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Topography Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Upland 420a 48.6ac 41.3cd 63.6¢e 56.5d
Slope 29.5b 25.6b 27.8b 12.5¢ 15.4c
Wash 28.5b 25.8b 20.9b 23.9b 28.1b

1
Average Percent Grazing Time.

Upland 23.1a 21.6ab 34.4c 32.2¢ 36.3d
Slope 26.8a 18.5b 24.7a 9.8d 16.6¢
Wash 5.0b 1.0c 4.8b 5.2b 5.4b

1
Average Bite Rates(Bites/minute)

Upland 48.8a 30.6d 41.6b 50.7a 54.9a
Slope 49.0a 36.2¢ 43.7b 52.7a 54.1a
Wash 44.0b 35.2¢ 41.6b 46.3b 51.3a

1
Average Percent Resting Time.

Upland 8.1a 21.3d 9.1a 25.3d 15.5¢
Slope 3.5b 2.1b 0.5b 0.5b 0.4b
Wash 15.0c 14.7¢ 6.le 5.5¢e 7.3e

1
Averages indicated by the same letter within each row and column are not significantly different
( P <.05) as determined by the Lsd methods.
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Table B7. Grazing Season and Cover Interaction

1
Average Percent Animal-day.

Seasons Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Cover Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Open 49.7a 70.2b 58.3c 38.5d 40.1d
Canopy 50.3a 29.8¢c 41.7b 61.5¢ 59.9¢

1
Average Percent Grazing Time.

Open 38.7a 43.6a 49.4b 33.4d 37.1a
Canopy 10.9b 7.9b 15.2¢ 16.8¢ 20.7d

1
Average Bite Rates(Bites/minute)

Open 47.6a 38.8b 43.1a 51.4d 54.3d
Canpy 46.9a 33.8c 41.6a 49.5d 53.6d

1
Average Percent Resting Time.

Open 3.9a 20.6b 2.6a 1.3a 4.6a
Canopy 30.1b 26.0c 25.5¢ 34.4b 26.2¢
1

Averages indicated by the same letter within each row and column are not significantly different
(P < .05) as determined by the Lsd methods.
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Table B8. Grazing Season and Time Interaction’ -

1
Average Percent Animal-day.

Seasons Jul 1- Nov 1- Feb 1- May i- Jul 1-
Time Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Moming 41.0a 44.3a 429a 434a 42.3a
Afternoon 59.b 55.7b 57.1b 56.6b 57.7b

1
Average Percent Grazing Time,

Moming 21.5a 20.4a 24.6a 21.5a 22.2a
Afternoon 35.0b 23.8a 33.6b 259a 34.2b

1
Average Bite Rates(Bites/minute)

Morning 46.5a 35.7¢ 419a 50.0b 53.8b
Afternoon 48.8a 36.9¢ 42.3a 49.4ab 54.3b
1

Averages indicated by the same letter within each row and column are not significantly different
(P < .05) as determined by the Lsd methods,



Table BY. Grazing Season and Time Interaction

1
Average Percent Resting Time

Seasons Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Time QOct 31 Jan 31 Apr 30 Jun 30 Oct 31
Morning 20.1a 23.6a 15.8¢ 18.8ac 18.8ac
Afternoon 7.7b 22.9a 7.7 18.5a 10.5b
1
Average Percent Resting Time Standing,
Morming 5.2ac 9.7a 3.5¢ 6.9a 3.9¢c
Afternoon 5.0ac 13.4b 29¢ 5.8ac 6.1a
1
Average Percent Resting Time Lying.
Morning 15.1a 11.2ab 10.7b 13.8a 13.8a
Afternoon 4.0¢c 12.1a 4.7c 9.5a 6.2c
1

Averages indicated by the same letter within each row and column are not significantly different

(P <.05) as determined by the Lsd methods.
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Table B10. Grazing Season and Time Interaction

1
Average Percent Ruminating Time

Seasons Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Time Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Morning 13.7a 7.4b 10.2a 11.8a 14.0a
Afternoon 5.3b 8.5b 3.4b 10.3a 7.8b
1
Average Percent Ruminating Time Standing
Moming 1.6a 1.7a 0.5¢ 2.5d 1.6a
Afternoon 3.1bc 5.1b 2.0c 3.0cd 4.2bd
1
Average Percent Ruminating Time Lying,.
Morning 10.5a 5.4b 5.0b 8.8a 11.7a
Afternoon 3.1b 4.7bd 1.5¢ 6.9d 4.0b
1

Averages indicated by the same letter within each row and column are not significantly different

(P <.05) as determined by the Lsd methods.
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Table B11. Grazing Season and Time Interaction

1
Average Percent Idling Time
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Seasons Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Time Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Moming 7.0a 14.3b 6.2a 8.6a 5.3a
Afternoon 33a 16.5b 2.0a 6.9a 2.9a
1
Average Percent Idling Time Standing.
Morming 22a 7.8b 1.7a 2.2a 1.4a
Afternoon 3.3a 8.7b 34a 5.1ab 2.3a
1
Average Percent Idling Time lying.
Morning 4.1a 7.5b 4.8a 3.8a 3.0a
Afternoon l.1c 6.6b 1.5¢ 34ac l.1c
1

Averages indicated by the same letter within each row and column are not significantly different

(P < .05) as determined by the Lsd methods.



Table B12. Grazing Season and Time Interaction

1
Average Percent Walking Time

216

Seasons Jul 1- Nov 1- Feb 1- May 1- Jul 1-
Time Oct 31 Jan 31 Apr 30 Jun 30 Oct 31
Moming 2.8a 2.8a 1.8a 1.8a 0.30a
Afternoon 5.1b 4.3b 3.6ab 2.5a 3.3ab
1
Average Percent Drinking Time
Morning 0.006a 0.007a 0.00a 0.160b 0.006a
Afternoon 0.600b 0.067a 0.35¢ 0.384c 0.52b
1
Average Percent Salting Time
Morning 0.168a 0.129a 0.109a 0.448a 0.221a
Afternoon 0.489a 0.929b 0.475a 0.697b 0.313a
1
Average Defecation Frequency
Morning l4a 1.1a 1.3a 1.8a 2.3ab
Aftemoon 2.8b 1.0a 1.2a 2.2ab 2.8b
1
Average Urination Frequency
Morning 1.0a 1.0a 0.9a 1.2a 2.1b
Afternoon 1.9b 1.2a 1.4ab 2.0b 2.6b

1

Averages indicated by the same letter within each row and column are not significantly differcnt
(P < .05) as determined by the Lsd methods.



Table B13. Pasture and Topography Interaction

1
Average Percent Animal-day.

Pasture =~ Moderate Heavy Very Heavy
Topography
Upland 53.7a 36.6d 56.3a
Slope 27.0b 23.1b 11.8c
Wash 13.4c¢ 40.3d 31.9b
1
Average Percent Grazing Time.
Upland 27.0a 25.1a 38.3b
Slope 23.6a 19.1c 11.9¢
Wash 3.0d 9.7d 3.2d
1
Average Bite Rates(Bites/minute)
Upland 47.4a 44 5a 44.7a
Slope 51.6b 45.4a 44.6a
Wash 43.6a 44 5a 45.3a
1
Average Percent Resting Time.
Upland 22.5a 7.9¢ 25.6a
Slope 3.5b 2.0b 1.1b
Wash 10.7¢ 22.7d 7.7c

1

Averages indicated by the same letter within each row and column are not significantly different

(P <.05) as determined by the Lsd methods.
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Table B14. Pasture and Cover Interaction

1
Average Percent Animal-day.

Pasture Moderate Heavy Very Heavy
Cover
Open 45.8a 53.4b 56.3b
Canopy 54.2b 46.6a 43.7a

1
Average Percent Grazing Time,

Open 21.8a 43.2b 43.6b
Canopy 20.0a 11.7¢ 10.2¢c

1
Average Bite Rates(Bites/minute).

Open 48.7a 45.3b 44.3b
Canopy 46.8a 41.2b 41.2b

1
Average Percent Resting Time.

Open 6.5a 4.9a 7.7a
Canopy 27.3b 30.6b 25.9b

1
Averages indicated by the samne letter within each row and column are not significantly different
(P <.05) as determined by the Lsd methods,
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Table B15. Pasture and Time Interaction

1
Average Percent Animal-day.

Pasture Moderate Heavy Very Heavy
Time
Morning 42.3a . 45.0a 40.3a
Afernoon 57.7b 55.0b 59.7b

1

Average Percent Grazing Time.

Morning 23.6a 21.3a 20.3a
Afternoon 29.1b 33.0b 32.4b

1
Average Bite Rates(Bites/minute).

Morning 48.5a 44.9b 43.6b
Aternoon 48.9a 44 .9b 45.1b

1
Average Percent Resting Time.

Morning 17.1a 21.2¢ 21.7c
Afternoon 12.9b 13.6b 13.6b

1
Averages indicated by the same letter within each row and column are not significantly different
(P < .05) as determined by the Lsd methods.



Table B16. Topography and Cover Interaction

1
Average Percent Animal-day,
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Topography Upland Slope Wash

Cover

Open 31.4a 18.0b 1.3¢

Canopy 17.5b 2.6¢c 29.2a
1

Average Percent Grazing Time.

Open 21.7a '14.4b 0.9d

Canopy 8.4b 3.8¢c 24c
1

Average Bite Rates(Bites/minute).

Open 44.6a 48.8b 44.1a

Canopy 45.9a 45.5a 43.2a
1

Average Percent Resting Time

Open 5.2a 1.0c 0.5¢

Canopy 10.7b 0.4c 9.2b

1

Averages indicated by the same letter within each row and column are not significantly different

( P <.05) as determined by the Lsd methods.



Table B17. Topography and Time Interaction

1
Average Percent Animal-day.
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Topography Upland Slope Wash
Time
Morning 11.8a 8.2a 22.5b
Afternoon 37.1b 12.6a 7.9a
1
Average Percent Grazing Time.
Morning 9.2a 7.1a 9.3a
Afternoon 30.4b 12.3a 7.5a
i
Average Bite Rates(Bites/minute).
Moming 44.5a 48.4a 43.1a
Afternoon 45.6a 47.5a 45.2a
1
Average Percent Resting Time
Morning 2.6a 1.1a 13.2b
Afternoon 6.7b 0.3a 0.4a
1

Averages indicated by the same letter within each row and column are not significantly different

(P < .05) as determined by the Lsd methods.
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Table B18. Cover and Time Interaction

1
Average Percent Animal-day.

Cover Open Canopy
Time
Moming 21.1a 21.4a
Afternoon 29.6b 27.9b

1

Average Percent Grazing Time.

Morning 15.7a 6.0b
Afternoon 20.5b 11.0¢c

1
Average Bite Rates(Bites/minute).

Morming 46.0a 44.5a

Afternoon 46.0a 45.7a

1
Average Percent Resting Time.

Morning 34a 16.2b
Aftrmoon 33a 4.1a
1

Averages indicated by the same letter within each row and column are not significantly different
( P < .05) as determined by the Lsd methods.
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