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A IS-month study was conducted on the Santa Rita Experimental 

Range to evaluate the factors influ~lcing both plants and cattle in 

southern Arizona. 

Forage biomass, nutrient value, botanical conposition, and 

ground cover were greater in the growing season than in the dormant 

season. Moderate and heavy pastures had lower plant parameters than 

very heavy pasture, except for forage biomass and Lehmann lovegrass 

proportion, forage fiber and ground cover. Slopes and washes had a 

higher forage nutrient content and lower biomass and ground cover than 

the uplands. Lehmann lovegrass was more abundant on the uplands and in 

the washes than on the slopes and the reverse was true for native 

grasses and shrubs. Understory forages contained greater nutrients and 

forbs than open forages and the opposite occurred for shrubs and ground 

cover. 

Grazing activities, drinking, salting, defecation, urination and 

rumination were greater in the growing seasons, but standing and idling 

were greater in winter. There were no differences among pastures in 

major activities, but walking, drinking and salting were greater on very 

heavy pasture than on moderate and heavy pastures. Most grazing activi

ties were on the uplands and resting activities were in the washes. 

Biting rates were similar among topographic areas. Upland and wash 

xvii 
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defecation and urination frequencies were similar and highp.r than slope 

frequencies. Grazing activities were greater in the open than under 

('"anopy and the reverse was true for resting activities. Open and canopy 

areas were similar in defecation and urination frequencies and biting 

rates. Except for resting activities, major and minor activities were 

more intense in the afternoon than in the morning. Morning and after

noon biting rates 'vere similar. 

The weather index was the most important predictor of all cattle 

activities, except for the defecation frequency which mostly depended on 

the proportion of green forage. The forage nutrients and green propor

tion were the second and third ~rtant predictors of cattle 

activities, respectively. 

In conclusion, plants and animalS interact and both react to 

environmental conditions. The recornnendations for best management of a 

grazing land ecosystem should consider these conditions. 



INTRODUCTION 

In a long-term management strategy for grazing ecosystems, 

abiotic factors, animals and plants should be in an acceptable hanrony. 

This harmony mostly depends on how the mechanisms of interrelations 

among abiotic factors, animals and plants are understood and interpreted 

by the resource manager. To do that, the manager usuall~t relies on the 

results of studies and recommendations published or provided by various 

scientists in addition to his own skills. The resource scientist, 

therefore, is the cornerstone in all biological decisions related to 

grazing ecosystem management. Wagner (1978, pp. 121) stated that "the 

role of the resource scientist is to provide objective analyses of the 

array of decision alternatives and of the consequences of each to the 

various resources affected by it; if he advocates any position, it 

should perhaps be the avoidance of irrevocable change". 

Confronted by this huge responsibility, most resource scien

tists, especially those in southern Arizona, simplified their studies as 

much as they could to avoid "irrevocable change". For exanple, on the 

santa Rita Experimental Range, Cable and Martin (1975) reported positive 

results on vegetation responses to grazing, rainfall, site condition, 

and mesquite control, but nothing was reported about animal performance. 

Tiedemann (1970) reported the influences of mesquite canopy on under

story soil and vegetation, but again neither animal behavior nor 

vegetation responses to other environmental factors were parts of the 
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study. Zemo (1968) studied various fistulated steer activities, but 

vegetation responses ,.,ere not mentioned. Moreover, there is doubtless 

much skepticism concerning extrapolation of data from fistulated animals 

to non-fistulated animals. Recently, Abdullahi (1980) and Gomes (1983) 

compared forage preference and grazing behavior of Brangus and Eland! 

and of Hereford and Barzona, respectively. However, they did not shml 

how these behavior studies might be influenced by the enviromnent. In 

addition, the distribution of plants, animals and the factors affecting 

them were not adequately documented. 

Considering the time lapse since the above studies on the Santa 

Rita Experimental Range were conducted, the irrportance of these studies 

on the management of southwest grazing ecosystems and the lack of inte

gration of abiotic factors, animals and plants in one single study, it 

is time to include all these management factors in one study to better 

understand their interrelationships and to provide the manager with 

sound recommendations. Therein, this study was proposed with three 

specific objectives. 

The first objective was to determine the most important factors 

affecting plant productivity, botanical conposition, chemical content 

and ground cover. Plants are in dynamic changes with their enviromnent 

and environmental factors such as seasons, herbivore impacts, and loca-

tions ~re 3rnOng the most important determinants for their survival. 

Unless the influences of these environmental factors on plants are 

understood, efforts to manage grazing ecosystems will be a gamble. 
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The second objective was to document influential factors on 

cattle distribution in the semi-desert rangelands of southern Arizona. 

Cattle have been grazing ranges in the western United States for more 

than 130 years (United states Senate, 1936). Grazing units on these 

ranges have been fenced, restricting livestock to given areas. Fencing 

places definite limits on forage and often increases animal concentra

tion on key vegetation types (Roath and Krueger, 1982). Some vegetation 

types were over-utilized while others were left ungrazed causing a 

series of mosaic patches (stobbs, 1973; Arnold and Dudzinski, 1978; 

Ring II et al., 1985). As the demand for IOOre and more varied uses of 

ranges increased, it became important to enhance livestock distribution, 

alleviating concentration problems and minimizing real or potential 

conflicts with other resource uses. Detailed information assessing the 

pattern of livestock distribution is required to dete~e the effect 

that cattle may have on renewable natural resources such as plants and 

soils, and consequently ,on themselves. 

The third objective of this study was to screen the factors to 

be considered when studying cattle behavior. The behavioral response of 

an animal to a large number of often interdependent variables in its 

relevant environment is conplex. Measurement of influential parameters 

RUst be matched with animal response and examined to establish the cause 

and effect relationship. Only when this relationship is understood is 

it possible to draw the solid conclusions necessary for sound management 

purposes. Tribe and Gordon (1953, pp. 12) stated that " ••• a fundamental 

understanding of animal behavior will ultimately lead to improved 
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methods of animal management for optimum production since fuller know

ledge gives a fuller control"o 



During the last forty years or so, the need to utilize range 

more efficiently has led to increased interest in the factors affecting 

plant characteristics, the behavior of grazing animals, and how this 

behavior has been influenced by biotic as well as abiotic factors. Due 

to extensive works on these topics, this literature review is mostly 

concentrated on studies T~lated to present research at the Santa Rita 

Experimental Range as stated in the objectives. 

Factors Affecting Plant Characteristics 

Season has been reported to influence plant characteristics by 

some investigators. In their eastern Colorado study, Wallace, Free and 

Denham (1972) found that clipped plants declined in percentage of pro

tein and digestibility and increased in other chemical corcponents with 

advanced maturity. 

Similarly, Kamstra (1973) found in South Dakota that the fibrous 

fraction of all plant species increased while crude protein and in vitro 

digestibility decreased throughout the growing season. 

In Texas, Huston et ale (1981) 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. Also in south 

Texas, Meyer and BrOVID (1985) reported that on the basis of digesti

bility, fiber content, protein and mineral concentration, forage quality 
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was highest in the spring and winter forage samples \'lere of higher 

quality than were late sumner sanpleso 
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In southern Arizona, Martin (1964) stated that cured herbage of 

perennial grasses drops below minimum nutritional levels in protein, 

vitamin A, and sometimes phosphorus during extended periods of dry or 

cold weather. Also in southe~n Arizona, Cable and Martin (1975) found 

that grass production changed greatly from year to year due to changing 

precipitation; the most influential corrponent of precipitation being 

the interaction product of rainfall for the current and previous 

summers. Culley (1943) found that over 90% of the annual herbage yield 

of perennial grasses was made during the Sl.ID1!I\er rainy season. 

In southern Alberta and saskatchewan, Canada, Clarke et ale 

(1943) related fluctuations in forage production with climatic factors 

and found a fairly close relationship with the precipitation/evaporation 

ratio for the growing season. In southeastern Alberta1 Smoliak (1956) 

found a significant correlation coefficient between precipitation and 

forage production while seasonal mean tenperature and hours of bright 

sunlight \vere significantly, negatively correlated with forage 

production. 

Two studies (Varner et al., 1977; Everitt and Gonzalez, 1981) 

in southern Texas showed the quality of winter forage to be the highest 

and that of summer forage to be the lowest. Generally, the drier the 

season the less forage was produced and its nutritive quality was low. 

Grazing intensity effects on plants were determined by several 

researchers. Cook et ale (1953) found that as the degree of utilization 
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incrEaSed, the content of the more desirable nutrients in the available 

forage decreased, and, in addition, the digestibility of these nutrients 

was decid~jly lowered. 

Hormay (1955) suggested that moderate stocking rates provided 

the best grazing techniques in the annual vegetation type and that 

grazing either more or less than this moderate level would produce 

changes in both total herbage productivity and relative botanical compo

sition. Stoddart et ale (1975) reported that heavy grazing by livestock 

is generally detrimental to herbage production and cover. 

Sims et ale (1978), in the tall grass prairies, measured 13% 

IOOre herbage production on protected rather than grazed plots. A review 

of pertinent literature by Van Pollen and Lacey (1978) showed that the 

mean annual herbage production increased by 35% and 27% when continuous 

livestock use was reduced from heavy to rnoderate, and IOOderate to light, 

respectively. 

In Idaho, Thomas and Gornm (1981) found that herbage production 

was significantly less on grazed versus ungrazed areas at two different 

study sites. Pieper (1968) found that herbage production of blue grama 

plants was significantly higher on protected areas than on grazed areas. 

At Fort Stanton, Gamougoun (1982) found that vegetation production was 

significantly greater in the exclosure than in all grazed pastures. 

Martin (1964) found that yields of perennial grasses decreased with 

increased stocking density, while yields of annual grasses were not 

related to grazing pressure. Grazing intensity negatively affected 



forage production, but it might be beneficial to forage nutritive 

quality. 
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Sites have been found to influence plant characteristics. In 

Idaho, a strong relationship of vegetation types to 13 individual soil 

and site factors was found; the site factor showing the highest degree 

of relationship with vegetation units was elevation (Tisdale and 

Bramble-Bradahl, 1983). 

In Oregon, Kauffman et al. (1983) reported that during late 

August and September, riparian forages were generally more palatable and 

higher in nutl:ient quality than thvse in the upland zone. 

Because drainageways receive additional moisture from the 

surrounding slopes, Mueggler (1965), in Montana, and Cook (1966), in 

Utah, found more regrowth forage on them duril1g the growing season. 

In South Dakota, Bennett et al. (1987) found that Stovho and 

Virkula soils, which received more moisture by virtue of landscape 

position, had the highest herbage production potential with a predicted 

yield of 1,800 Kg per hectare at zero percent canopy cover, while 

Sawdust soils, the least developed, had the lowest herbage potential 

with a predicted yield of 500 Kg per hectare at zero percent canopy 

cover. They also found that ground cover was more sparse on Sawdust 

soils than others. 

In southern Arizona, Tiedemann (1970) found that nitrogen in the 

soil under mesquite was more abundant and more available to native 

gra.c:;;ses than that in open soil but phosphorus was lower, and that phos

phorus \-ms more readily available to plants than that in soil from open 
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areas. Paulsen (1969) reported that soil condition deteriorated under 

mesquite. Also in southern Arizona, Martin (1964) found that all peren

nial grasses produced substantially more in fine soil, \vhile the yield 

of annual grasses was much greater in coarse soil. On the Santa Rita 

Experimental Range, Cable and Martin (1975) reported that most perennial 

grasses exhibited slope preference. Forage plants had a definitive 

adaptation to a given soil or topographic location. 

The relationship between overs tory trees and herbaceous under

story plants has been studied in various forest and range lands. In 

Louisiana, Campbell and Cassady (1951) found herbage production five to 

ten times greater under very open, savannah-like longleaf pine than in 

dense plantations or second-growth stands. 

In Missouri, Ehrenreich and Crosby (1958) found that herbage 

production (primarily grasses) decreased as overstory canopy cover 

increased. Wolters (1973) found that herbage production decreased about 

15 pounds per acre for everyone square foot increase in pine basal 

area, and that a cover of young longleaf or slash pine increased protein 

and phosphorus and decreased nitrogen-free extract in understory herbage 

on pine bluestern range. Jamef:ion (1967), Johnson (1962) and Arnold 

(1964) found that understory herbaceous production decreased as ponder

osa pine overstory basal area and pinyon-juniper canopy increased. 

In Louisiana, Clary (1979) reported that the decrease in average 

herbage production as pine tree canopy increased demonstrated the nega

tive influence of tree canopy on understory vegetation. 
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Paulsen (1969) investigated the overstory/understory relation

ship on an aspen site in Colorado and found half as much forage produced 

under the aspen canopy as in adjacent grasslands. Woods and his co

workers (1982), in a study in northwest Colorado, found that as 

overstory basal area increased understory herbage production decreased. 

In northeastern Oregon, Miller and Kruegger (1976) found that 

tree canopy cover accounted for 98% of the variation in herbaceous yield 

in the understory. 

In Idaho, Pyke and Zamora (1982) found that as the grand fir 

canopy cover increased, the production of total herbage, shrubs and 

forbs decreased, while grarninoid production was not correlated to canopy 

cover. 

In Te.'tas, Halls and Schuster (1965) found that grass and total 

herbage decreased with increasing tree cover and that pinehill bluestern 

was the JOOst prevalent g r.ass in the open while longleaf uniola was JOOst 

abundant beneath trees. 

other similar studies also showed that tree canopy influenced 

botanical corrposition of understory vegetation (Pearson and Whitaker, 

1974; Clary, 1979; b))ringfield,1976). On a protected area of desert 

grassland near Tucson, Arizona, Tiedemann (1970) found that differences 

in production of perennial grasses between areas under mesquite trees 

and adjacent open areas were related to environmental conditions. In 

1971, Tiedemann, Klemmedson and Ogden studied the response of four species 

of grasses to several levels of artificial shade in nursery plots and 

found that the herbage yield of black grarna was reduced by eight times 
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and that of Arizona cottontop by five times when shade \'laS increased 

from zero to eight percent. 

Parker and McGinnies (1941) reported that perennial grass den

sity was inversely related to mesquite cover. Studies begun in 1940 

showed that removing a stand of 80 mesquite trees per acre doubled grass 

production where the average annual rainfall was 13 inches (Hartin and 

Parker, 1952). I<incaid et ale (1959) found that as few as 25 trees per 

acre cut grass production in half. Cable and Martin (1975) found that 

perennial grass production on mesquite-killed pastures increased 52% 

relative to that on mesquite-alive pastures. They also found that 

annual grass production decreased about 50 pounds per acre for each ten 

percent increase in rnesqui te crown cover, and reached zero at about 40% 

mesquite crown cover. 

Contrary to the above studies and for various reasons, some 

workers found opposite or no correlation between canopy cover and under

story vegetation parameters. Ellison and Huston (1958), in a study in 

central Utah, showed that herbaceous understory production was greater 

under an aspen canopy than in adjacent open grasslands after the roots 

had been trenched. Also in central Utah, Harper (1973) concluded that 

the aspen overstory basal area was not correlated with herbaceous under

story production unless conifers were mixed with the overstory stand. 

Severson and Krantz (1976) investigated the aspen overstory 

basal area and herbaceous understory production in western South Dakota 

and reported no high degree of relationship between the two factors. 



Trees, with the exception of aspen, negatively affected herbaceous 

understory production in all surveyed studies. 

Factors Affecting Actiyity Distribution of Cattle 

12 

In rangelands, cattle may not use the space available to them 

uniformly. Certain areas may be favored for grazing and others for 

resting. In Colorado, SChwartz (1976) found that cattle spent 7%, 13%, 

14% and 66% of their grazing and walking time on ridgetops, south 

slopes, north slopes and lowlands, respectively. 

In Florida, Tanner et ale (1984) found that cattle grazed more 

in fresh water marsh in the fall, but spent more time in the ecotone 

during spring and summer. The authors concluded that the differential 

use of plant communities for grazing was most closely related to the 

seasonal characteristics of forage availability. They also found that 

cattle did not distribute grazing in those communities in proportion to 

the area represented. They grazed on the canal bank cornrrunity (seven 

percent of the area) approximately 16% to 30% of the time, whereas the 

flatwood communities (48% of the area) were grazed only eight to 20% of 

the time. This was due to the fact that the large flatwood communities 

were dominated by the nutritiously low pineland threeawn and bluestem 

species (Lewis et al., 1982) even though relatively higher biomass 

production existed, while the canal bank was seeded to bahiagrass and 

carpet grass which were more nutritious. 

Similarly, Senft et ala (1985a) found that combined relative 

measures of forage quality and quantity were good predictors of 
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community preference, but measures of relative biomass or frequencies of 

forage species by themselves were peor predictors of spatial preference. 

Mueggler (1965) and Cook (1966) reported that cattle preferred 

accessible areas such as valley bottoms, low saddles between drainages, 

level benches, mesa and areas adjacent to water sources. In addition to 

their accessibility, these areas usually receive moisture from surround

ing slopes, resulting in a continuous supply of palatable regrm'lth 

forage during the growing season, which attracts cattle and leads to 

over-utilization. 

Gillen et ale (1984) found from their studies in Oregon that 

although meadows were only three to five percent of the total observa

tion area, 24% to 47% of all cattle were observed in those communities. 

Several workers also found that because grazing animals prefer fresh 

growth to mature forage (Ring II et al., 1985; Arnold and Dudzinski, 

1978; Heady, 1975; stobbs, 1973), previously grazed patches were 

repeatedly grazed, resulting in the accumulation of mature growth in the 

remainder of the ranges (Moorefield and Hopkins, 1951). 

Unless low precipitation limited upland forage quality and/or 

quantity, Marlow and pogacnik (1986) found in Montana that cattle spent 

a significant amount of their feeding time in upland areas during late 

June and early July, and in the riparian zone from late August through 

Septerrber. They also found that resting patterns differed only during 

the early part of the grazing season when cattle spent significantly 

more of their time resting in upland areas unless adverse weather concH

tions caused them to seek shelter in the riparian ~one. 
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In Texas, Moorefield and Hopkins (1951) reported that when the 

vegetation ''las succulent, cattle spent less time near \-Jater. 

Chaplin and Talbot (1926) reported that salt could be an ec0-

nomical aid in the local distribution of cattle. Aries (1936) found 

that feeding salt away from water reduced the length of time cattle hung 

around water, increased the area of the range receiving proper use, and 

decreased the percentages of heavy and light use on level, rock-free 

range in southern New Mexico. 

In Arizona, Martin and Ward (1973) found that placing salt or 

meal salt one to 1.5 miles from water increased average utilization of 

perennial grasses where use was usually light, but it did not materially 

decrease use near water. Cable and Martin (1975) found that establish

ment of a new salt ground 1.5 miles from water midway in a study 

increased use within half a mile of the new salt ground while use in the 

remainder of the pasture increased from 38% to 41%. 

Since resting sites are often sites of nutrient accumulation 

(Hilder and Mottershead, 1963; Gillingham and During, 1973), some 

investigators were interested in knowing why cattle chose a particular 

site for resting. Tanner et ale (1984) reported that the seasonal 

distributions of resting among the four communities they studied were 

significantly different. In the fall, cattle tended to rest the major

ity of the time in the marsh (47%) and flatwood (42%) communities. 

Resting in these two cornnunities declined in the other seasons, but 

resting in the edge and canal bank cornmuniLies began to dominate in 

spring and summer. 
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Senft et ale (1985b) reported that resting behavior was corre

lated \1ith topographic variables. They also found that a significant 

portion of daytime resting occurred near water (23%) and fenceline (27%) 

at all times of the Y2ar, while resting at night during October through 

May occurred on south-facing slopes, low-lying areas, sites with sandy 

soils, and sites with high buffalo grass (Buchloe dactyloides) cover; 

during June through September it occurred on east-facing slopes and 

lowlands. 

In central Australia, Low et ale (1978) reported that at day

break, 72% of the cattle were in the communities where they spent most 

of their grazing time during the 24-hour period of the watch. In a 

Mediterranean-type area of western Australia, Arnold (1964) found that 

at night, in both winter and summer, cattle carrped on higher ground. 

During the day, canping in winter was in areas sheltered from prevailing 

winds, whereas in summer it was primarily in the shade. Similarly, 

Schmidt (1969) reported that when there was no shade cattle camped 

during the day near \'later, but when shade was available it would be used 

in preference. Factors such as season, topography, temperature and 

water affected the resting location of grazing animals. 

Factors Affecting Activity Length of Cattle 

The quality of forage available on rangelands affects the be

havior of the grazing animal. Halley (1955) found that sterrany grass 

species increased rumination time, whereas when leafy materials were 

consumed ruminating time was shortened. Waite, McDonald and Holmes 
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(1951) found that dairy cows grazed for nine to ten hours on young grass 
o 

containing 17% to 18% crude protein. When the grass contained 8.5% 

crude protein, grazing time \oJaS less (7.7 bours). Zemo (1968) found 

that the succulence of forage appeared to influence grazing preference 

strongly. At the beginning of the growing season, steers concentrated 

on areas such as washes where new plant growth appeared aftt::r the first 

seasonal rains started. He also found that iImnature plants of high 

water content resulted in a smaller amount of rumination time than dry 

and coarse forage. 

In central Australia, Low et aL (1978) found that there was no 

significant effect of forage quality and quantity on cattle activities; 

however, there were trends in the data which showed that during periods 

of green forage there was a tendency for greater grazing and less 

\'mlking and IrOre ruminating during the day, and less grazing and IrOre 

ruminating during the night. 

Chacon and stObbs (1976) found that ruminating bites per unit of 

feed consumed were inversely related to the amount of green herbage in 

the pasture. stobbs (1974) reported cattle biting rates of 50 to 80 per 

minute for mature pasture and 45 to 63 bites per minute for leafy 

iImnature pasture. Scarnecchia et ale (1985) reported that the highest 

biting rates were observed when there was green regrowth. 

Cows grazing rangeland in california urinated and defecated less 

on dry forage than on green forage (Wagon, 1963). In Oregon, Skovlin 

(1965) found that cattle required little salt above that in the forage 
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to meet minimum nutritional needs, but that their appetite for salt 

compelled them to use it. 

Forage availability affects grazing activities. Range animals 

graze longer hours when the range is in poor condition or when little 

forage is available (Dwyer, 1961; Wagnon, 1963). Hein (1953) observed 

that approximately 7.75 hours were spent grazing pasture when forage was 

abundant as compared to ten hours for pasture \'lith less forage. In a 

12-hour daylight observation, Atkinson, Shaw and Cave (1942) found that 

62% or 7.3 hours of the available time was occupied in grazing when the 

pasture was in poor condition, 56% or 6.5 hours when it was fair, ar,d 

46% to 50% or 5.5 to 5.8 hours when it was good. Wardrop (1953) found 

that when cows were turned into a pasture previously grazed by a large 

herd, they increased their grazing time by 12% as compared with their 

behavior on fresh grass. Chacon and Stobbs (1976) reported a reduced 

grazing time on heavily grazed pastures. 

Cattle spent an average of 9.8 hours per day grazing in New 

Guinea improved pastures (Schottler et al., 1975), 8.15 hours in Cali

fornia shortgrass rangeland in Arizona (Zeme, 1968), 10.27 hours in New 

~~ico semi-arid rangeland (Herbel and Nelson, 1966), 10.12 hours in 

central Australia arid rangeland (Low et al., 1978), 10.53 hours in 

Oklahoma tall grass native pasture (Kropp et al., 1973)~ and 8.63 hours 

in south African Transvaal bushveld (Bonsma and Le Roux, 1953). 

l\bdullahi (1980) and Gomes (1983) reported that cattle spent 47.3% or 

6.7 hours and 49.3% or 6.9 hours of their daylight activities grazing 

the southern Arizona desert, respectively. 
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When animals graze high-yielding mature pastures, there is evi

dence that they have difficulty harvesting enough feed to satisfy their 

nutrient requirement, resulting in excessively long grazing time on such 

pastures (stobbs, 1970)0 Low et alo, (1978) found that when forage was 

abundant cattle rested less and ruminated more during the daytime, and 

when forage was sparse they tended to graze more and spent less time 

lying down at night. 

Ruminating time was reported to be influenced by forage avail

ability. Cattle spent 6.28 hours ruminating in central Australia arid 

rangeland (Low et al., 1978), 7.43 hours in New Mexico semi-arid range

land (Herbel and Nelson, 1966),6.03 hours in California shortgrass 

rangeland (lofgreen et al., 1957), 6.8 hours in Arizona desert grassland 

(Zemo: 1968), and 7.73 hours in Oklahoma tall grass native pastures 

(Kropp et al., 1973). In southern Arizona, Abdullahi (1980) and Gomes 

(1983) recently found that cattle spent 31.1% or 4.0 hours and 29.4% or 

4.1 hours of their daylight activities ruminating, respectively. 

The quantity of forage was found to be one of the factors 

affecting biting rates. Scarnecchia et ale (1985), reported that the 

highest biting rates were observed when forage was limited and the 

lowest biting rates with high forage availability. The authors inplied 

that heifers compensated for the decreased forage supply by increasing 

total bites per day_ Although Chacon and stObbs (1976) reported that 

the maximum biting rate for cattle was observed at minimum forage 

availability, they found that the biting rate was not related to grazing 

pressure. 
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Minor activities such as walking and the frequencies of drink

ing, defecating and urinating are also, to some degree, influenced by 

forage availability. Drinking and walking are often associated when 

food is in short supply. When limited watering points and dry feed are 

available, \'ralking to and from water and the frequency of drinking 

account for IOOst of the distance travelled (Wagon, 1963; Herbel and 

Nelson, 1966). Wagon (1963) also found that cattle defecated and Uri

nated less when at high versus low stocking rates. 

Environment has been found to be a great influence on cattle 

activity length. In the French Alps, Favres (1977) found that cattle 

grazed in the morning and evening, with additional grazing periods at 

noon and midnight that varied with seasonal conditions. Kropp et ale 

(1973), working in the tall grass prairie of Oklahoma, found that season 

had a large effect on the time of day at which activities were per

formed, but that there were also seasonal trends in the amount of time 

cattle spent in various activities. They determined that there was 

considerable confounding of season with other factors such as tempera

ture and forage production. 

Low et ala (1978) found a strong difference in seasons of both 

day and night activities. At night, they found that cattle grazed less 

and ruminated longer in the surmner and spring than in the other two 

seasons, while during daytime the reverse occurred. In the tropics, 

cattle grazed for a shorter time during the hottest part of the year 

than in the cool season (Payne, Laing and Rai voka, 1951). Hancock 

(1950) and Dwyer (1961) found that during the months of longest days, 
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little or no grazing occurred in darkness, but with the shortening of 

days, cattle grazed more in darkness. 

Davis (1960) found that at high temperatures, cattle reduced 

feed intake when the relative humidity increased. He found that at 
o 

90 F an increase from 20% to 40% relative humidity caused the amount of 

food eaten to fall by 15%, and that at 50% relative humidity the cattle 
o 

ate 20% less. A maximum daytime temperature of 85 F and over reduced 

the time spent grazing (seath and Miller, 1946; Dwyer, 1961). Cattle 

grazed about 24% less on a hot day than on a cool day. They spent 17% 

less time grazing on hot days than on days with a moderate temperature 

(Dwyer, 1961). Ehrenreich and Bjugstad (1966) found that, in general, 

the higher the average daytime temperature, the less time the animals 

spent grazing. 

Driving rains and cold winds caused cattle to stop grazing and 

seek shelter (Hancock, 1953). Extremely bad weather reduces the time 

spent grazing, but cattle are able to make up at least part of the lost 

feed intake by longer periods of grazing either during the same day or 

on succeeding days (Castle, Foot and Halley, 1950). Zemo (1968) 
o 0 

reported that on very hot days (90 F to 100 F) the steers would not 

graze in mid-dayo They looked for the shade of shrubs and when they 

found it, they laid down until the temperature cooled in the late even

ing before grazing. 

Low et ale (1978) found that climatic factors such as radiation 

and temperature might affect the time of occurrence of activities, but 

they did not seem to affect the proportion of the day spent on each 



23. 

activity. Seath and Miller (1946) reported grazing times of 1.9 hours 

in daylight and 6.5 hours at night when the daytime tenperature was 
o 0 

29 C, but when the daytime temperature tq,as 22 C cattle grazed 4.5 hours 

in the day and 4.7 hours at night. 

In an effort to help cut beef production costs, researchers at 

Montana state University studied the grazing habits of a small group of 

beef cattle and found that they spent about nine hours a day grazing and 

traveling, with most of the grazing occurring during daylight hours, 

especially during the afternoon (Anonymous, 1986). 

The proportions of time spent resting and that spent standing 

were found to be affected by climatic factors. Arnold and Dudzinski 

(1978) found that cattle spent 83% of their resting time in winter lying 

down as corcpared to 67% in summer. On hot days, cattle stand IOOre than 

lie down, especially when there is very little wind (Dwyer, 1961). In 

very cold conditions, they stand less \'lith increasing wind speed, pre-

sumab1y to reduce heat loss (Ma1acheck and Smith, 1976). 

Drinking frequency has been found to be correlated \vith climatic 

factors. Beef cattle grazing rangeland in the United States in summer 

drink between one and three times a day (Dwyer, 1961; Herbel and 

Nelson, 1966) and twice a day in winter (Box, Brown and Liles, 1965). 

In the hot, dry conditions of northern Australia, shorthorn cattle corne 

to \vater at least once daily unless they have travelled an unusually 

long 'ilay from the water supply, in which case they corne in only every 

second day (SChmidt, 1969). As early as 1927, Cory found that on warm 

days, grazing cows drank an average of twice each day but only once 
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every other day on cooler days, with a mean duration of 2.4 minutes per 

drink. lOw et ale (1978) made a more detailed study in central 

Australia which showed that in summer 84% of animals watered once a day 

or once every t\<10 days, whereas in winter 44% watered only every third 

or fourth day. Dwyer (1961) and Schmidt (1969) both noted that the main 

drinking period for cattle was between six and eight a.m. 

Salting was reported to be influenced by climatic factors. In 

Oregon, Skovlin (1965) found that cattle took salt daily in the sumner 

and every two to three days in cooler seasons. 



DESCRIPTION OF THE STUDY AREA 

The study, started in July of 1985, continued until 5eptenber of 

1986 on the santa Rita Experimental Range, located approximately 60 km 

south of 'I\lcson, Arizona. The topography of the area slopes slightly to 

the west and is dissected by a few shallow dry washes. The average 

elevation for the study pasture is about 1,200 meters. The principal 

soils are White House gravelly sandy loam and Tumacacori coarse sandy 

loam (Young et al., 1935). 

The long-term average annual precipitation is about 375 rom on 

the station, with 60% falling in summer and 40% from Decenber through 

April (Martin, 1964). However, during this study period the annual 

precipitation near the study site was roughly 559 rom with 65% falling 

from July 1 through october 31, 13% from Novenber 1 through January 31, 

19% from February 1 through April 30, and three percent from May 1 

through June 30 (Table 1). 
a a 

Maximum summer temperatures usually range from 32 to 38 c. 
a a 

Minimum winter ternperatures usually range from 2 to 4 C although 

ternperatures may drop below freezing (Martin, 1964). During this study 
a a 

period, maximum summer temperatures ranged from 24.5 to 35.5 C and 
a 0 

minimum winter temperature ranged from 4 to 6.5 C (Table 1). 

The vegetation cover consists of a shrubby overstory dominated 

by velvet mesquite (Prosopis juliflora, var. yelutina), catclaw 

(Acacia gl;eggii), junping challa <9£lID.tia fulgida) , staghorn cholla 

23 
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Table 1. Monthly, Seasonally and Yearly Rainfall and Average Maximum 
and Minimum Temperatures at Santa Rita Experimental Range Near the Study 
Site. 

Periods 

Jul 85 
Aug 85 
sep 85 
Oct 85 

Season 

Nov 85 
Dec 85 
Jan 86 

Season 

Feb 86 
Mar 86 
Apr 86 

Season 

May 86 
Jun 86 

Season 

Rainfall (rom) Tenperature (e) 

rom maximum (e) minimum (e) 
----- -----
206 34.5 19.0 
66 32.0 18.5 
78 28.5 1505 

116 24.5 12.5 
--------
446 29.5 16.5 

-------------- ------

39 18.5 6.5 
13 17.0 4.0 
19 19.5 6.5 
--------------
71 

60 
41 
2 

---------
103 

13 
22 
--------
37 

18.5 

18.0 
21.0 
25.0 

21.0 

29.5 
34.0 

33.0 

5.5 

------------
5.5 
9.5 

11.5 
-------------

9.0 

15.5 
19.0 

17.0 

-----------------------------------------
Jul 86 
Aug 86 
sep 86 
Oct 86 

Season 

Year 

93 
133 
25 
o 

31.0 
31.5 
29.5 
24.5 

19.0 
19.5 
16.0 
12.5 

------------_. ---------------
251 29.0 16.5 

559 25.5 11.0 
-------------------------------------------
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(Qpuntia spinosior), Engelmann's prickly pear (Qpuntia engelmannii), and 

barrel cactus (Ferocactus .w.sliilenl) lllith an understory of low shrubs, 

perennial and annual grasses, and forbs. The most common low shrubs are 

false mesquite CCalliandra eriOJ?bylla), burroweed (Apl0Pm?.l1S. 

tenuisectus) and snakeweed (Xanthocephalurn sarothrae). The dominant 

perennial grasses are Lehmann lovegrass (Eragrostis lehmanniana), 

Arizona cottontop (Digitaria californica), black grarna (EQuteloua 

eriopoda), bush nuhly (Muhlenbergia porteri), rothrock grarna (Bouteloua 

rothrockU) and threeawn (Aristida ..§W.). Col1lIOOn annual grasses are 

feather fingergrass (Chloris yirga1:a) and needle grana CBouteloua 

aristidoides). Forbs most frequently encountered include spiderling 

(Boerhaavia ~.), portulaca (Portulaca.§J2l2.) and pigweed (Amaranthus 

~.) (Tiedemann, 1970; Zemo, 1968). 

The experimental range unit, located on division l2A of the 

Santa Rita Experimental Range (Figure 1), has four pastures stocked at 

light, moderate, heavy and very heavy intensity and which have been 

grazed continuously (year-long); three other pastures stocked moderately 

have been used seasonally. Only the pastures stocked at a moderate rate 

(4.8 Ha per Animal Unit), heavy (4.0 Ha per Animal Unit), and very heavy 

(2.7 Ha per Animal Unit) intensity have been the sites of this study 

(Figure 2). A centrally located water source has served as the water 

source for all cows from all pastures. salt was placed at approximately 

500 m from water for the pasture stocked at noderate rate and about 800 rn 

from water for the pastures stocked at heavy and very heavy rates. 
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Figure 1. The Santa Rita Experimental Range and its Subdivision 12A. 
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Yearlong highly-grazed pasture 

Season~l (summer, fall
grazed) pasture 

Yearlong very heavily-
grazed pasture 
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Seasonal (spring-grazed) 
pasture 

Winter-grazed pasture 

Figure 2. Division 12A of the Santa Rita Experimental Range and its pastures. 



Generally, the plan of the study involved grazing seasons and 

5aITq?ling within each pasture to obtain data on other influences. 

Grazing seasons in the study were summer growth (July l-october 31), 

winter dormancy (Noverrber I-January 31), spring growth (February 1-

April 30) and summer dormancy (May I-June 30). This separation of 

seasons was based on the rainfall data during the entire period of the 

study (Table 1). Martin (1964, pp. 5) divided the year into three four

rronth seasons for his study, that n ••• almost no rain falls in Mayor 

June and soil rroisture usually drops below the wilting point for herba

ceous plants; this dry period clearly separates the spring and summer 

growing seasons. n 

I did not find clear justification to divide the year as Martin 

did. The five grazing seasons (swmner growth was repeated) provided 

opportunities to study relationships between grazing seasons and other 

influences by recording plant data within the cover factors (under 

canopy and in open areas) within each topographic difference (upland, 

slope, and wash) and within each stocking density (moderate, heavy and 

very heavy). For behavior data, time (A.M. vs P.M.) was introduced as a 

factor (Table 3a). The effects of grazing season, stocking density, 

topography and cover on plant parameters were measured in terms of 

production, botanical conposition, ground cover and chemical content. 

Behavioral parameters were measured in terms of grazing, resting, 

28 
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Table 3. OUtline of ANOVA Applied to Plant Parameters (a) and Behavior 
Parameters (b). 

SOurce of variation 

season 
Pasture 
Topography 
Cover 
Season x Pasture 
Season x Topography 
Season x Cover 
Pasture x Topography 
Pasture x Cover 
Topography x Cover 
Residual 

Total 
---------- ---------

(a) 

d.fo 

4 
2 
2 
1 
8 
8 
4 
4 
2 
2 

243 

270 

(b) 

SOurce of variation d.f. 
------------ . -----

Season 4 
Pasture 2 
Topography 2 
Cover 1 
Time 1 
Season x Pasture 8 
Season x Topography 8 
Season x Cover 4 
Season x Time 4 
Pasture x Topography 4 
Pasture x Cover 2 
Pasture x Time 2 
Topography x Cover 2 
Topography x Time 2 
Cover x Time 1 
Residual 493 

Total 540 
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\'lalking and salting time, biting rates, and the frequencies of drinking, 

defecating and urinating 0 

Design and Measurement of Plant Parameters 

The field experimental design consisted of five seasons, three 

sampling dates within each season, three pastures grazed year-long at 

moderate, heavy and very heavy rates, three topographic differences,. and 

two cover factors. It was a nested design with season of grazing the 

initial unit, the three sampling dates within the season \'lere replica

tions, stocking rate was within the season, topography within the 

stocking rate, and cover within the topography. However, the analyses 

of varia-~ce were c~culated as if data were from a factorial, completely 

randomized design with error terms the observations within seasons, all 

interactions involving observations, and all the second and higher order 

interactions. The reasons for using factorial analyses were to look at 

the interactions, although they were confounded with other factors, and 

also to avoid the weakness of the nested design for testing effects of 

season of grazing (Martin, 1964). 

Approximately two months before the start of data collection, 

each selected pasture was stratified into three natural tqpographic 

differences: upland, slope and wash. Within each topographic differ

ence, four 100-meter transects were established in open areas. Three 

mesquite trees 1tlere selected and marked near each transect. It should 

be noted that for each transect established on the upland, there was a 

parallel correspondent transect on the slope and in the wash with their 
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respective trees. Efforts were made to select areas which were as 

similar as possible. 

After the behavior observation and the following data, three 

quadrats (40crn x 40cm) were marked on each of the transects and one 

under each selected tree. Before clipping plant materials, a tape 

measure \vas stretched four times across the quadrat and the area of the 

tape that had plants under it \YaS recorded and converted to percentage 

of ground cover (Canfield, 1941) 0 Plants from the quadrat, excluding 

velvet mesquite, were occularly estimated for yield, percentage of green 

biomass, botanical conposi tion and ground cover, then clipped and sepa

rated into species (Lel'mlann lovegrass, natives, shrubs and forbs). 

Forage biomass, percentage of green biomass, botanical conposition, and 

percentage of ground cover were estimated occularly for each 100 quad

rats per transect. The regression relationship between clipped and 

estimated plant parameters from the quadrats was established to correct 

the occular estimates of 100 quadrats per transect. 

Chemical Analyses of Plant Materials 
o 

After oven-drying at 60 C for 48 hours, samples of plant 

materials were ground in a Willey mill with a 1 rom mesh screen. Ground 

sanples were analyzed in duplicate for their nitrogen, calcium, phos-

phorus and fiber contents and for their in Yitro digestibility. 

Nitrogen, phosphorus, and calcium were determined with the Technicon 

Auto-Analyzer after the sanples were prepared. 
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Preparation usually involved few steps. First, 0.5g samples 

were \'leighed and put into 25mm x 200mm pyrex test tubes along with 1.Og 

K SO, O.lg NA SeC and 100 concentrated H SO. Sanples \'lere then 
2 4 2 30 2 4 

digested at about 400 C on a block digester until they turned a clear 

anber color. The tubes were -::hen removed from the block digester and 

placed in test tube racks to cool. The digestates were then quantita

tively transferred to a 1000 volumetric flask, diluted to the mark with 

distilled water, then transferred to polyethylene bottles. Aliquots of 

the digestates were then read by a Technicon Auto-Analyzer. 

Neutral detergent fiber was determined according to Goering and 

Van SOest (1970). In vitro digestibility was determined according to 

Tilley and Terry (1963). 

Design and Measurement of Behavior and Weather Data 

The experimental design for behavior data consisted of all the 

factors already mentioned in the design of plant parameter measurements. 

The new factor is time. The measurements of behavior data were then 

made in the mornir.gs and in the evenings within each cover, topographic 

difference, pasture and season. 

Since the time after sunrise was the most important parameter in 

predicting the probability of a given activity occurring (Roath and 

Krueger, 1982; Hughes and Reid, 1951) and that night activities were 

less energy-consuming (Zemo, 1968), our observations were only made 

during an animal-day period which started when the cow arose in the 
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morning, usually about 0530, and ended ".,hen she ceased grazing and lay 

down in the evening around 1930. 

Approximately twice a month during the sumner growing season and 

once a month for the remainder of the year, a randomly selected cow was 

followed on foot and observed for a cOIIU?lete animal-day. The cow was 

usually selected on the basis of an obvious marking such as color, 

horns, ear tags, etc., so that she could easily be distinguished among 

the herd. Bias in selection occurred because early experience showed 

that the co\v to be followed had to be a "quiet" one, but we made efforts 

to stick with the first cow we selected. 

Each animal-day was divided into A.M. and P.M. to alleviate 

observer fatigue. Since Hughes and Reid (1951) found that the average 

times for individual behavioral patterns were similar for 2- and 4-

minute intervals and that Gary, Sherritt and Hale (1970) reported that 

intervals of 15 minutes were reliable for the studies of the most impor

tant behaviors, we decided to record time, location and the type of 

activity of the cow at 5-minutes intervals (Table 2). 

The major maintenance activities specifically noted were 

grazing, biting rates, walking, ruminating spent standing and lying 

down, idling spent standing and lying down, drinking, salting, defe

cating and urinating. other activities such as chewing rates and ca1f

licking were also recorded but were not included in the analyses of this 

study. Biting and chewing rates were noted in terms of numbers of bites 

or chews per minute. Salting and drinking were both recorded in terms 

of time and frequency. Defecation and urination \'lere in terms of 



Table 2. A Sample of the Data Sheet Used in Recording Cattle Behavior. 

Date September 25, 1986 Pasture Heavy 
Observer Hoston Observed Canopy __ ~3~0~1 ______ ~ __ ~ __ ~~~~ ________ _ 

Total Herd Size 11 cows, 8 calves, 1 bull 

TIME LOCATION OF ANIMALS ACTIVITIES AND NUMBER OF HERDS 
, 

Uplands Slopes Hashes Resting I 
I 

A.M. Open Canopy Open Canopy Open Canopy # Herds Grazing Walking Idle Ruminating # Bites Others I 

5:40 4E 

4E Lyin€ 

5:50 4E Lyin~ 

4E ; Chew· ng Bone ED 

6:00 4E Chew ng Bone 

4E Stanc 

6: 10 4E NursE 

4E NursE 

6:20 4E NursE 

4E P 46 

6:30 4E P 40 

4E P 40 

6:40 4E P 50 

4E P 54 
-- --- ---- -- _ .. - --- --

1, 2, 3, 4, 5, 6: Topographic location from the corral. P = Patch 
E, C, W, N, S: East, Center, West, North and South, respectively. ED = Defecation 
* Herd = Three or more animals in a given location at a given time. 

w 
.p. 



frequency. All other activities were recorded in minutes and then 

converted into percentages of the anirnal-day. 
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Temperature and relative humidity were recorded where the 

activities were taking place and then converted to a temperature-humidity 

index (Anon., 1957) 0 Daylengths were from sunrise to sunseto In 

addi tion to the disturbances caused by some of the calves and cows and 

the density of mesquite trees in the washes, one major problem 

encountered during each observation period was locating animals prior to 

sunrise. 

Statistical Analyses 

Analyses of variance, based on the factorial design of five 

grazing seasons, three stocking rates, three topographic differences and 

two cover factors as main effects were used to determine if any differ

ence existed aIrong independent variables, except for the weather index 

(Table 3a). To determine if there were differences among dependent 

variables and weather. index, time was included as a main factor (Table 

3b). For regression analyses, all plant parameters and the weather 

index were independent variables, while all behavior parameters were 

dependa1t variables. 

Before the analyses, all variables except biomass were first 

transformed to conform with the analyses of variance assumption of 

normal distribution of data because most of the variables did not show 

normal distribution when plotted, but were skewed due to a large aIrount 

of small nurrbers such as zeros. Since most variables were expressed in 
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percentages, they could be transformed by arcsine (steel and Torrie, 

1980). It should be noted, however, that transformation of the data was 

not intended to manipulate the data to get the result wanted but to lead 

to valid analyses and correct conclusions. 

Means for main effects and first order interactions having 

significant F values \'lere evaluated by the Lsd procedure (P<.05) (Steel 

and Torrie, 1980). The Lsd is generally used only for comparisons 

planned before the data are collected. This condition was met for our 

study. several of the higher order interactions were significant, but 

it was difficult to draw practical conclusions from these complex 

interactions. Moreover, the possibility existed that some of these 

interactions were apparent only and were due to coincidence. Because of 

these problems and hazards, no attempt was made to inte~ret the higher 

order interactions. But due to the strong significance of the interac-

tions of factors such as pasture, topography and cover in almost all of 

the variables, three-way figures were used as classification devices for 

exploring some of the relationships between sets of variables. 

Regression analyses were used to determine which of the indepen

dent variables were inportant in predicting dependent variables. The 

importance of a variable was based on the coefficient of determination 
2 

value (R) from a sirrple correlation analysis. Important variables 

which met the F tolerance level set a IDO for entry into the model were 

used in stepwise multiple regression procedures to formulate predictive 

equations (Draper and Smith, 1981). 



RESULTS AND DISCUSSIONS 

PARI' ONE: GENERAL OVERVIEW 

According to the objectives stater) in the introduction, the 

results and discussions are divided into three general topics which will 

be discussed in Parts Two through Four. Range plant dynamics and the 

factors affecting their characteristics will be reported in Part Two. 

Part Three will focus on cattle activities and the factors of distribu

tion and length. Part Four "dll focus on the most inportant plant and 

weather parameters which relate to cattle activity. 

Parts Two and Three will be divided into sections: overall 

effects of the study period, main effects, first order interactions, and 

higher order interactions. Main effects and the first order interac

tions are self-explanatory. The higher order interactions are not 

clear-cut and require further discussion. 

In the analyses of variances for plant and behavior parameters, 

several of the higher order interactions (second or higher order) were 

significant for several variables, but because some interactions did not 

make sense biologically and seasonal effects were not controllable for 

management purposes, only pasture-by-topography-by-cover interactions 

were used to explore some of their direct effects on the relationships 

among plant and behavior parameters. 
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The inportant plant relationships were between the percentages 

of green forage biomass and the forage nutrient content (protein, 

calcium and phosphorus) on one hand, and between protein and calcium on 

the other. The only inportant behavioral parameter relationship was 

between the grazing time and the animal-day. 

The choice of pasture, topography and cover for independent 

factors \<laS based on the fact that they might be easily managed by 

available range science skills. The interactions of these factors on 

the various relationships among plant parameters and among behavioral 

parameters might be important in range management. For example, we know 

that the total forage biomass and its chemical content are related, but 

we do not know how this relationship may change if a corrbination of 

exterior factors such as pasture, topography and cover are considered. 

Part Four will also be divided into sections and will describe 

variables affecting cattle behavior during the entire study period and 

within each season, through the analysis of the coefficients of determi-
2 

nations (R ), level of Significance (Ps.) and the predictive equations. 

In this paper, terms need to be def ined. For exanq;>le, the terms 

"pasture" and "stocking rate" are identical and are used interchangeably 

throughout the test. "Moderate", "heavy" and "very heavy" pasture refer 

to the corresponding grazing intensity. "Topography" and "topographic 

differences" have the same meaning. It should be noted that the term 

"factors" refers to the grazing season, pasture, topography, cover and 

time effects, while "variables" and "parameters" are used to describe 

plants, animal behavior and the weather index. 
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Many behavioral variables such as ruminating, \.;alking, salting, 

drinking, urinating and defecating are only season- and pasture

dependent. There are no biological meanings that indicate, for exanple, 

that cattle ruminate more on the uplands than on the slopes, or more 

under trees than in open areas. Thus, only the sinple effects and the 

first order interactions of season by pasture are appropriate for the 

analyses of those behavioral variables. 

Because the analyses of variance (ANOVA) revealed Significant 

interactions of season with pasture, topography, cover and time, efforts 

were made to analyze the data within each season. However, the elimi

nation of season in the ANOVA did not significantly improve the 

differences aroong the main factors. Therefore, the PJ.i¥JVA with the 

season was used in the interpretation of all results. For the multiple 

regreSSion analyses, however, only variables within given factors were 

used for the predictive equations. 

It should be noted here that because some variables were highly 

correlated, only a few entered the equation (Torabi, personal cormamica

tion). For the purposes of obtaining meaningful predictive equations, 

if two variables were highly correlated such as the proportion of shrubs 

and native grasses, the least meaningful, biologically, would be 

dropped. For exanple, the proportions of shrubs were dropped in all the 

regression analyses in order to keep the proportion of native grasses in 

the predictive equations. 



The Oyerall Effects of the study Period 
on Range Plant nmamics. 

During the study period, range plant biomass averaged 760 Kg per 

hectare, with 70% green. Botanically, 62.8% of the area was occupied by 

Lehmann lovegrass, 24% by native grasses, 10.7% by shrubs and 2.5% by 

forbs. All these plant species covered about 33.8% of the ground. 

Again, this was due, in general, to the low density of plants in the 

washes and, in particular, to the very heavy pasture. Chemically, the 

forage contained 7.3% crude protein, 0.12% phosphorus, 0.58% calcium and 

72.8% neutral detergent fiber. The average in vitro digestibility of 

forage was 41.5% (Table 4). 

The ~Ain Effects of Factors on Range Plant Dynamics. 

The Main Effects of Sea..c;ons 

Forage Biomass. seasons definitively affected major plant 

par~ueters. The forage biomass in this study was significantly greater 

in the growing seasons than in the dormant seasons. The green forage 

biomass in percent or kilograms per hectare was also higher in the 

growing seasons than in the dormant seasons. Forage production results 

closely followed the precipitation cycle, which agrees with other 

studies (Table 5). Cable an.d Martin (1975) found that grass production 
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Table 4 . Overall Averages of Biomass, Botanical Composition, Chemical Content of Forage, and 
Ground Cover within the Study Period. 

Study Period 

Plant Components 

Biomass(KgHa-l) 

Green Biomass(%) 

Lehmann(%) 

Native(%) 

Shrub(%) 

Forb(%) 

Crude Protein(%) 

Phosphorus(%) 

Calcium(%) 

In Vitro DMD(%) 

NDF(%) 

Ground Cover(%) 

Averages 

759.5 

70.5 

62.8 

24.0 

10.7 

2.5 

7.3 

0.12 

0.58 

41.5 

72.8 

33.8 

41 



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

Season Jul 1- Nov 1- Feb 1- May 1- Jull-

Plant Components Oct 31 Jan 31 Apr 30 Jun 30 Oct 31 

-------------------------------------
Biomass(KgHa-l) 867.9a 613Ab 827.9a 693.0b 895.4a 

Grecn Biomass(%) 79.8a 40.1b 67.7c 40.9b 83.7a 

Lehmann(%) 61.9a 67.1b 60.7a 65.6b 59.9a 

NaLive(%) 23.6a 22.2b 23.9ac 22.7ab 24.7c 

Shrub(%) 11.5ab 9.2a 12.5b lO.5a 10.0a 

Forb(%) 3.0a 1.5b 2.9a 1.2b 5Ac 

Crude Protein(%) 8.9a 5.6b 7.Oc 6.7c 8.0a 

Phosphorus(%) 0.14a 0.09b 0.12ac O.llc 0.13a 

Calcium(%) 0.48a 0.47a 0.70b 0.67b 0.49a 

In Vitro DMD(%) 45.4a 40Ab 43.7a 37.4b 47.4a 

NDF(%) 72.1 a 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. 
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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 sumner rainy season. ClarJ~e, Tisdale and 

Skoglund (1943) related fluctuations in forage production with climatic 

factors and found a fairly close relationship with precipitation for the 

growing seasons. Srnoliak (1956) found a significant correlation between 

precipitation and forage yield. 

Botanical ComPosition. The proportion of Lehmann lovegrass was 

higher and native grasses and forbs were lower in the dormant seasons 

than in the growing seasons. Shrub botanical conposition 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 Coyer. 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 OCGur, a 

longer period of at least six xronths 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 lO\'lest crude protein and phosphorus. The calcium 

content of forage did not follow a definitive pattern because summer 
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dormant and spring growi',lg season forages contained similar and higher 

calcium than the other season forages. .m yit,co dry matter digestibil

ity was higher in the sumner 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 in vitro digestibility 

decreased throughout the growing season. Huston et ale (1981) reported 

that the nutritional quality of range plants generally peaks in the 

spring, decreases in the sumner 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 

quality 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 ale (1953) 

showed that during active sunmer growth and the later part of sumner, 

entire grass plants averaged 8.2% and 4.5% of each, respectively. Read 

et ale (1958) found that bluestem (Andropogop Em) 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 cm-IS only once during t..l1e year, and not at all for lactating 
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cows. Raleigh (1973) reported that bluebunch toJheatgrass (AgropyJ;Qn 

spicatum) at prehoot stage contained 0.24% phosphorus, as conpared to 

the mature stage with only 0.13%. Nelson et alo (1970) r~rted 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 seQSons, 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 Gamu, 1981). There was 

no statistically significant difference between moderate and heavy 
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Table 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 

Grecn Biomass(%) 66.5a 67.4a 77.7b 

Lehmann(%) 59.2a 63.1ab 66.1b 

Native(%) 25.4a 24.2a 2.4b 

Shrub(%) 11.1a 9.7a l1.4a 

Forb(%) 4.3a 3.0a 0.1b 

Crude Protein(%) 7.6a 6.8b 7.4ab 

Phosphorus(% ) O.l1a O.l1a 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 determined by Lsd methods. 
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pastures, but very heavy pasture had the highest percentage of green 

forage. In kilogram-per-hectare, the lowest green forage biomass was on 

very heavy pasture. 

Botanical ComPosition. The botanical conposition of Lelm1ann 

lovegrass increased while that of native grasses and forbs decreased as 

the stocking rate increased. Shrub conposition 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 rerooving 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 Biornas~. The slopes and \'lashes had similar and 10\'ler 

quantities of forage than the uplands. Similar results were found for 

the green biomass, but the green percentage on the uplands \'laS lower 

than that of the \'la.Shes 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 

ale, 1987) The lower biomass found in this study might be due to higher 

grazing pressure on the slopes and in the washes. 

Botanical Couposition. The percentage of Lehnann 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 Lehmann lovegrass composi

tion, but native grasses were found a little rore in the washes and 

shrubs were slightly higher on the uplands. The lowest botanical co~ 

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. 

T~e results of this study showed that there was a definitive preference 

of topographic differences or soil types by plants. Lehnann lovegrass 

was found rore 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 Topogmphy. 

Topography Upland Slope Wash 
Plant Components 
------------------------------------------------------------------
Biomass(KgHa-l) 1387.6a 446.3b 444.6b 

Green Biomass(%) 59.6a 76.4b 75.5b 

Lehmann(%) 87.1a 11.9b 89.4a 

Native(%) 0.7a 64.5b 6.8c 

Shrub(%) 9.7a 19.5b 2.9c 

Forb(%) 2.5a 4.1b 0.9c 

Crude Prolcin(%) 5.6a 8.5b 7.Sb 

Phosphorus(% ) O.09a O.09a O.ISb 

Calcium(%) O.4Sa 0.6Sb 0.58c 

In Vitro DMD(%) 41.9a 40.1b 42.5a 

NDF(%) 75.1a 69.3b 74.0a 

Ground Cover(%) 39.3a 33.3b 28.Sc 

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

as detennined by Lsd methods. 
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rocky and not easily erodable by rainfall effects. Shrubs and forbs did 

not have a \t.1ell-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, \~ 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 diges'i:i

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). 

1\.10 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 assl.IITptions. 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 accwnulation, 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 co-\'lorkers (l983), \'1ho reported that 

during late August and Septerrber forages were generally nore 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, 1~73; 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; Tiedenan et al., 

1971; Kincaid et al., 1959). 

Botanical Coroposition. There were no differences bebleen the 

open and the canopy in terms of the percentage of Lehmann lovegrass and 

native grasses, but shrubs were nore frequent in the open and forbs were 

found more under the canopy (Table 8) 0 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 

P)l\nt Components 

Biomass(KgHa-l) 

Green Biomass(%) 

Lehmann(%) 

Native(%) 

Shrub(%) 

Forb(%) 

Crude Protein(%) 

Phosphorus(% ) 

Calcium(%) 

In Vitro DMD(%) 

NDF(%) 

Ground Cover(%) 

1 

Open Canopy 

1178.6a 340Ab 

62.4a 78.6b 

61.7a 63.9a 

22.1a 22.7a 

13.8a 7.6b 

2.4a S.8b 

S.2a 9Ab 

0.09a O.ISb 

0.50a 0.66b 

37.9a 4S.1b 

74.2a 71Ab 

37.7a 29.9b 

Averages indicated by the same wthin each row are not significantly different (p < .05 ) as 
determined by Lsd methods. 
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QrQund Coyer. The percentage of ground covered by plants was 

greater in the open than under canopy_ The lo\v percentage of ground 

cover under the trees might be attributed to either the influence of the 

tree canopy or to grazing by the animals (Table 8). 

Cbemical Content. Protein, phosphorus and calciwn \vere higher 

in the forages under canopy 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 (Tab~e 8). 

The First Order Interactions 
of Factors on Range Plant RYnamics. 

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 swnmer and winter of 1985. Forage biomass on very 

heavy pasture W-~ 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 ConpositiQn. 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 grO\ving seasons, heavy 

pasture had a higher percentage of Lebmarm lovegrass than very heavy 

pasture, but in the dormant ~aasons the reverse occurred (Table Al) 0 

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 conposition 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 rnoderate 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 A4). 

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 sunmer 

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 A4). 

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 furage from very heavy pasture had a slightly higher 

calcium level in the spring and summer growth seasons of 1986. Cattle 

requirements of calcium are generally lower than the forage calcium 

content (Figure 7, Table A4). 

Season-by-topography Interactions 

Forage 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 \-laSh biomass (Figure 8, Table AS) :> 

Green biomass, in kilograms, essentially follo\'led total biomass 

trends (Figure 9), but in percentage it \'laS opposite. Forage from the 

uplands had lower percentages of green than that from the slopes or the 

washes. Interactions were observed in the swmner growing seasons and in 

winter when the slopes had higher percentages of green than the washes, 

but in the spring and sumner dormant seasons, the reverse was seen 

(Table AS). 

~ical Conposition. The percentage of Lel'nnann lovegrass was 

considerably lower on the slopes than on the uplands and washes in all 

seasons. Although not significantly different, Lehrnarm 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 

A6). 

Forbs also preferred to grow on the slopes rather than the 

uplands and washes, probably due to reduced conpetition for space by 

other species. More forbs were recorded in the washes than on the 

uplands in the swmner 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 

significantly lowest in the washes and highest on the ~lands 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 \'laShes had higher fiber content than that 

from the uplands in the summer and \'linter 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 surraner 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 

a1\'laYS the case; in some parts of the year, the forage biomass on these 



66 

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 slnpe 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 \'lhen 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) • 

5eason-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 CoI!JPOsi tiona 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 sumner growing seasons \'lhen native grasses grew relatively 

roore 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 AlO). 

Shrub composition was significantly higher in the open than 

under canopy in all seasons (Table AlO). 

Forbs contributed very little to the botanical composition 

within each cover. There were no interactions because forbs preferred 

to grow roore under canopy than in the open (Table AlO). 

Ground Coyer. The open areas always bad 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 roore 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. Corrg;>arisons 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 \'lere 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; Lesperance 

et al., .1960; Cook et al., 1953; Johnstone-Wallace et al., 1944). 

Therefore, protejn 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 Imler 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 A12). 

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 observed when wash forage biomass \vas 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 

conposition of Lehmann lovegrass (Figure 18, Table AI3). 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 A13). 

Botanical ComPOsition. The conposition of Lehmann lovegrass on 

the uplands and in the washes was similar on moderate pasture, but the 

washes had a greater conposition 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 Lehrnann 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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coroposition 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 \-lere not significant on 

the conposition of Lehmann lovegrass (Table Al3). 

Nati ve 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 corrposi

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 composition 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 wasl.les. 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 Al4). 

The slopes, on each pasture, had a significantly greater forb 

conposition than the uplands and washes. The interactions on 

forb composition were significant because the washes had a higher forb 

conposition than the uplands on moderate pasture, but on heavy and 

very heavy pastures, the uplands had a similar and higher forb conposi

tion than the slopes and \vashes (Table Al4). 
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Ground Coyer. 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 AIS). 

Chemical Content. In terms of forage filier content on each 

pp_sture! 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 AIS). 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 

AIS). 

Pasture-by-topography interactions were not signifiicant on the 

crude protein content of forage since upland forage always contained the 

lO'.oJest 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 

\-lhat 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 leas~ on all pastureso 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 slope forage on moderate pasture, but the 

reverse occurred on heavy and very heavy pastures. There were no dif

ferences among pastures in forage caJ.c.illm "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 JOOst 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 AI7) • 

Green forage biomass, in kilograms per hectare, followed the 

trends of total f-:>rage biomass, but in percentage there was rore green 

forage under the canopy than in the open for all pastures (Table AI7) • 

In terms of total biomass, it was clear that the canopy had definitive, 

negative i.npacts on all pastures, but it is not clear why heavy pasture 

would have rore forage than moderate pasture in the opa-n. In 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. 

Botanical ComPosition. Pasture-by-cover interactions on the 

botanical composition of Lehmann lovegrass were significant because 

moderate pasture had relatively more Lehmann lovegrass in the open than 

under canopy, but heavy and very heavy pastures had more under canopy as 

conpared to the open. In the open and under canopy, Lehmann lovegrass 

frequency increased with increasing stocking rate. This inplies that 

Lehmann lovegrass is not the first choice of feed among cattle (Table 

AI7). 
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Nati ve grass ''las less in the open than under canopy for rroderate 

and heavy pasture, but the reverse 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 AlB). 

Pasture-by cover interactions ,.,ere not significant on shrub 

conposition 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 AlB). 

Environmental conditions under the trees seemed to favor forb 

growth since the percentage of forbs under canopy was significantly 

higher than ths,t in the open for all pastures. Interaction was not 

detected. In the open, pastures sho'iled differences in the botanical 

conposition of forbs, but under trees, moderate pasture sL.~rtec1 more 

forbs than the other two pastures (Table AlB). 

Ground Coyer. 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 \.;rere 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 looked Hke forage digestibility increased with increased ... 
stocking rate, although it was not statistically different within 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 requiranents, 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 conpared 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) • 

Tqpography-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 biornasses were greater in the open than 

under canopy for all topographic differences. Within both, total and 

green forage biornasses 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 Conposition. 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 \,las 

oore favorable for native grasses than the open, "'hile the reverse was 

true on the slopes. More native grasses were found in the washes as 

compared to the uplands (Table A22). 
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Tbpography-by-cover interactions were not significant on the 

botanical conposition 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 conposition and the 

washes had the lowest (Table A22) 0 

Forbs, contrary to shrubs, preferred the areas under the trees 

as corrpared to open areas, meaning that there were no significant inter

actions of topography-by-cover. Within each cover factor, the highest 

forb corrposition 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 Coyer. On all topographic areas, the highest percentage 

of ground cover occurred in the open as coIIJ?ared to under canopy. 

Interactions were not observed. Wi thin 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 renoval 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 ''laS 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 contento 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 l'lhile upland forage contained the lowest. t'lithin the 

canopy, ~msh 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). 

The Higher Order Interactions 
of Factors on Range Plant ~cs 

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 irrportance, and knowledge of factors affecting it might be very 

helpful. To e.xplore 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 conbinations. 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 exanple, 

the tqp 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 

\-/ere similar in all open areas, while there were no definitive patterns 

in crude protein content in forage under canopy. This Euggests that the 

intensities of forage utilization in open moderate and heavy pastures 

did not differ significantly, while forage utilization under canopy on 

all pastures was not stocking rate-dependent. 

Phosphorus and Green Forage Relationship. Phosphorus is the 

nost limiting nutrient in rangelands and its relationship to green 

biomass is of primordial ~rtance in rangeland rnanagament. 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 conbinations 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 inportance 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 ~rtant because their values might be close 

together. The slope triangles were almost identical lines \dth 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 raroval 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 Relationship. 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 corrbinations 
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Figure 24b. Relationship of forage phosphorus and green biomass on 
the interactions of pasture-topography-cover. 
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and by drawing the best fit line, it appeared that the relationship 

between the percentage of green forage and calciwn content was exponen

tial (Figure 25a). 

When the plotted values of pastures were connected within each 

topography and cover, some inportant managerial features were revealed. 

For example, the triangle from the open slope was equilateral, meaning 

that a relationship between any two pastures was identi=al to others. 

All other triangles were isosceles or quasi-isosceles: suggesting that 

the relationship between the two pastures with the shortest distances 

was not iIrportant 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). 



100 

0.9 

y = 0.2374» 201\(0.0053x) R = 0.82 

--~ 
'-' 

,... 0.6 
s:: ::s ·u -'" U 

0.5 

0.4 

0.34---r-~--~--~~~-T--~--r-~--~--r-~--~ 

30 40 50 60 70 80 90 100 

GREEN BIOMASS (%) 

Figure 25a. Relationship of forage calcium and green biomass on the 
interactions of pasture-topography-cover. 



-~ 0 -
E 
:J 
'(3 
CO 
() 

.100 

.90 

.. 80 

.. 70 

.. 60 

.50-

.40 

.30 

.20 

.10 

o 
30 

o 0 washes 
x I( slopes 

uplands 

0 .. open 
Cacanopy 
1 .. moderate 
2 .. heavy 
3 .. very heavy 

3 

2_==:;=,,:::::1 ::"3 
C 

3 

1 3 

2~P::::=-
1 

40 50 60 70 80 90 100 
Green Biomass (%) 

101 

Figure 25b. Relationship of forage calcium and green biomass on the 
interactions of pasture-topography-cover. 
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Forage Calcium and Protein Relationship. Protein and calcium 

constitute the bulk of nutrients required by grazing animals. Their 

relationship mayor may not be affected by the corcbinations 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 corrbulations 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 

exanple, 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 hp.avy 

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 FACroRS 

AFFECl'ING THEIR DISTRIBUTION AND LENGTH 

cattle Behavior Oyer the Entire study PeriQd. 

Animal-day. Grazing activities had a characteristic pattern in 

an anima1-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 

Zerno (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 conposed of two major 

and two minor periods. The major grazing periods occurred in the early 

roorning 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 Activities per Animal-day within The Study Period. 

Study Period 

Activities 

Animal-day 
Grazing 
Resting 
Stand-

ruminating 
Lying-

ruminating 
Total-

ruminating 
Lying-

resting 
Stand-

resting 
Lying-

idling 
Stand-

idling 
Total-

idling 
Walking 
Drinking 
Salting 

Bite rates 

Drinking 
Salting 
Defecating 
Urinating 

Average Percent 

100.0 
54.1 
32.7 

5.3 

13.0 

18.3 

20.6 

12.1 

6.9 

7.5 

14.4 
6.2 
0.7 
2.5 

Number of Bites per Minute 

45.7 

Frequency (number per animal-day) 

1.0 
3.4 
3.7 
2.6 

Averages(hours ) 

13.56 
7.33 
4.43 

0.72 

1.77 

2.48 

2.80 

1.63 

0.93 

1.02 

1.95 
0.83 
0.08 
0.33 

45.7 

1.0 
3.4 
3.7 
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 cOII'\Plete 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 di videc1 into two or three groups as their 

search for feed intensified or as another leader emerged to head the 

groupo 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 KcaJ/kg body weight/hour x 7.3 

hours x 500 kg/1189lKcal/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. TbP. 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 

rumina1 ingesta, and the short intervals bet\'leen 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. 7B 

hours were spent lying down. The total ruminating time per an:imal-day 

was less than in most studies (Zemo, 196B; Dwyer, 1961; Abdullahi, 

19BO). 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 1057 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 rurnmating 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 aroounted to 1.95 hours per 

animal:..clay (Table 9). This time is similar to the 2.1B hours reported 

by Zemo (196B) and the 2.45 hours reported by Abdullahi (19BO). Of the 

total 1.95 hours of idling time, 1.01 hours were spent standing and 0.94 

hours were spent lying down. 1.01 hours are not very different from the 

0.96 hours reported by Zemo (196B) or the 1005 hours reported by 

Abdullahi (19BO). Because we did not observe night activities, 0.94 

hours is a little lower than the 1.22 hours and the 104 hours reported 

by Zen~ (196B) and Abdullahi (19BO), respectively. 
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standing idle can occur in different parts of the animal-day. 

At the beginning of the study, in early moming cattle usually stood for 

a few minutes before they began grazing. While they \,l:.:re standing, they 

conpleted their rumination which was commonly performed before getting 

up. They then stretched and licked calves while nursing theiil or licked 

themselves. They then walked to a nearby tree and scratched, followed 

usually by defecation and urination. 

During the grazing periods, cattle cOIIllTOnly ceased grazing for 

some time to stand idle Oi: 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 i.Irportant 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 Zerno (1968) and Abdul1ahi (1980), respec-

ti vely • 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 

\vere spent standing and 2.08 hours \vere spent lying down. It follows 

that animals would lie do\'ll1. rather than stand \'lhile resting, but it was 

just the opposite in this study. Poss:ibly, the bulk of roughage made 

them uncomfortable when lying do\vn for an extended period of time. As 

Zemo (1968, pp. 35) put it: II 0 o.in some cases, the animals seemed as 

though they were getting tired of lying down and rose to rest on their 

legs. II 

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 Zezoo (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 0 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 calve~: 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 10 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 Abdu11ahi (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 Frec.menc~. 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 uE:ua11y walked to a nearby tree and remained in the 

shade, but occasionally they 'vent 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 

Zerno (1968), the 3.7 reported by Hancock (1953), the 3.5 reported by 

Dwyer (1961), the 4.8 reported by Hardison et a1. (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 ,vas 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 Imlch 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 slighUy higher than 

the 2.7 reported by Zemo (1968). 

Defecation and Urination Freqyency. The frequencies of defeca

tion and urination that occurred during the anirnal-day were recorded for 

each observed cow. A cow defecated and urinated an average of 3.7 and 

2.6 times per anirnal-day, respectively (Table 9). These frequencies 

were considerably lower than those reported in the literature (Zeme, 

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 noisture, 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). 

The Main Effects of Factors on Graeing 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, "lhile the shortest (11.98 hours) occurred in "linter. 

There were no significant differences between the summer growth (13058 

hours) and spring (13.86 hours) periods, although the animal-day was 

relatively longer in the spring. The animal-day during the sumner 

growth period \'laS similar to the 1306 hours reported by Cory (1927), 

but the animal-day in spring was close to the 14.0 hours reported by 

Abdullahi (1980) and the 1404 hours reported by Zemo (1968) (Table lOb). 

The animal-day was positively correlated "lith 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 

\'linter. Aroong the sL1IlID'ler seasons, the time spent grazing in the summer 

growth period was relatively greater than that in summer dormancy 

(Tables lOa and lOb). 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 spt:nt grazing in \'linter 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 

sumner dormancy, the reduction in grazing time as conpared to the spring 

might be attributed to weather conditions since several workers have 
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Table lOb. 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 Oct31 
----------------------------------------------------------------------------
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 2.45 2.00 1.68 3.13 2.83 
Lying-

resting 2.60 2.78 2.27 3.47 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 1.4 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 47.2 36.1 41.6 49.5 53.1 
------------------------------------------------------------------

Drinking 
Salting 
Defecating 
Urinating 

Frequency (number per animal-day) 

1.2 
1.4 
4.2 
2.5 

0.8 
0.8 
2.1 
1.7 

0.2 
2.8 
2.5 
2.2 

1.2 
2.2 
4.0 
3.0 

1.0 
3.2 
5.1 
3.7 
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Table lOa. 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 S7.1a 4S.0b 64.7c SO.2b S7.2a 
Resting 27.8a 47.0b 21.2c 3S.2d 28.6a 
Stand-

ruminating 4.2a 6.Sb 2.4c S.Sd S.6d 
Lying-

ruminating 13.Sa 10.1b 9.8b IS.Sa IS.6a 
Total-

ruminating 17.7a 16.7a 12.2b 21.Oc 21.2c 
Lying-

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

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

idling 4.8a 14.0b 6.1c 7.Oc 3.9a 
Stand-

idling S.3a 16.3b 2.9c 7.2a 3.Sc 
Total-

idling IO.la 30.3b 9.0a 7.2a 3.Sc 
Walking 8.2a 7.0a S.Sb S.Ob 4.0b 
Drinking O.7a O.Sa O.Ib 0.7a 0.6a 
Salting 0.8a 0.6a 2.9b 1.2a 3.2b 

Total 94.6 100.0 94.4 92.3 93.6 
------------------------------------------------------------------

Number of Bites per Minute 
------------------

Bite rates 47.2a 36.lb 41.6c 49.5a S3.Ia 
--------------------------------------------------------------------

Drinking 
Salting 
Defecating 
Urinating 

I 

Frequency(number per animal-day) 

1.2a 
1.4a 
4.2a 
2.Sa 

0.8a 
0.8a 
2.Ib 
1.7b 

0.2b 
2.8b 
2.Sb 
2.2b 

1.2a 
2.2b 
4.0a 
3.0a 

LOa 
3.2b 
S.Ia 
3.7a 

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 tenperature increased, \'lhich \'laS the 

case in the sumner dormancy, the time spent grazing decreased (Zemo, 

1968; Hancock, 1953; Castle et al., 1950). The limitations in forage 

quality and quantity in the sumner 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 f wer • 

The greatest ruminating time occurred in sumner when the plants were 

reaching their annual peak biomass. This is because, during the surnmer 

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 conparison of 

seasons revealed that ruminating time spent lying down was higher in 

summer 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 lOa and 

lOb). 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 surraner grm'ling 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 lOa and lOb). 

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. SUmner 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 sumner and spring. 

Resting times spent lying down and standing were similar in '<'linter 

(Tables lOa and lOb). In contrast, several workers found that cattle 

spent most of their resting time lying down in winter, as conpared to 

the proportion spent lying down in sumner (Arnold and Dudzinski, 1978; 

Dwyer, 1961; Malacheck and Smith, 1976). 

Na.lking Tirne~ The time spent walking did not seem to follow a 

seasonal pattern. In the surraner growth and winter seasons of 1985, the 

time spent walking was similar, while in the spring and surraner dormancy 
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periods the time was similar D 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 

sumner growth season of 1985 (Table 1), cattle did not spend as much 

time searching for food due to its abundance (Tables lOa and lOb). 

Drinking Time and Ft'eq].lene,y. 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 

lOa and lOb). This inplies 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 llOisture 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 sumner 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 sumner 

dormancy season was intermediate (Tables lOa and lOb). 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 gro\,ling 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 al\~ys low, probably due to 

the higher moisture content in the forage and the fact that gastroin

testinal capacity limited additional intake of forages. 

Defecation and Urination Frequencies. The highest elimination 

frequencies occurred in surraner, but the lowest occurred in winter. 

Fr.equencies in the spring were slightly higher than those in winter, 

although statistically, there were no significant differences (Tables 

lOa and lOb). During the growing seasons, the high quantity and oois

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 rangeland 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 rateso The rates in 

the summer growth season were the highest and those in the spring were 

intermediate (Tables lOa and lOb). 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, 



120 

increased their bite rate; moreover, succulent forage is easier to 

graze. Similar results were found by Scarnecchia et ala (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-deyo statistically, there were no significcnt 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 Ilb). 

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 Ilb). 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; He in , 1935; Wardrop, 1953; 

Atkinson, Shaw and cave, 1942). 

Ruminating 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 Ila. 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 
Grazing 
Resting 
Stand-

ruminating 
Lying-

ruminating 
Total-

ruminating 
Lying-

resting 
Stand-

resting 
Lying-

idling 
Stand-

idling 
Total-

idling 
Walking 
Drinking 
Salting 

Bite rates 

Drinking 
Salting 
Defecating 
Urinating 

I 

100.0 100.0 
53.9a 54.9a 
30.Sa 35.4a 

5.5a 4.9a 

13.0a 13.5a 

IS.5a 18.4a 

19.3a 2l.9b 

II.5a 13.5b 

5.5a 7.8b 

6.8a 9.2b 

12.3a 17.0b 
6.2ab 5.5b 
0.6a 0.5a 
2.0a 2.0a 

Number of Bites per Minute 

47.7a 44.8a 

Frequency(number per animal-day) 

l.Oa 
3.2a 
3.5a 
2.6a 

.8a 
3.2a 
4.2 
2.8a 

100.0 
53.5a 
3l.7a 

5.4a 

12.4a 

17.8a 

20.5ab 

1l.2a 

7.5b 

6.4a 

13.9a 
6.9a 
0.9b 
3.0b 

44.6a 

l.4b 
3.8b 
3.4 
2.6a 

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 lIb. 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 
Activities 

Moderate Heavy Very Heavy 

------------------------------------------------------------------
Animal-day 
Grazing 
Resting 
Stand-

ruminating 
Lying-

ruminating 
Total-

ruminating 
Lying-

resting 
Stand-

resting 
Lying-

idling 
Stand-

idling 
Total-

idling 
Walking 
Drinking 
Salting 

Bite rates 

Drinking 
Salting 
Defecating 
Urinating 

13.66 13.51 
7.38 7.42 
4.22 4.78 

0.75 0.67 

1.78 1.82 

2.53 2.48 

2.63 2.97 

1.58 1.82 

0.75 1.05 

0.93 1.25 

1.68 2.30 
0.85 0.75 
0.08 0.07 
0.27 0.27 

Number of Bites per Minute 

47.7 44.8 

Frequency (number per animal-day) 

1.0 
3.2 
3.5 
2.6 

0.8 
3.2 
4.2 
2.8 

13.53 
7.23 
4.30 

0.73 

1.68 

2.42 

2.77 

1.53 

1.02 

0.87 

1.88 
0.93 
0.12 
0.40 

44.6 

1.4 
3.8 
3.4 
2.6 
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spent lying dO\vn was higher than that spent standing for all treabnents 

(Tables lla and llb). 

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 Ilb). 

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 llb). 

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 signifi~ant differences among pastures 

in walking time, there was a tendency for the walking time to increase 

as the stocking density increased (Tables lla and Ilb). But it should 

be rernerrbered here that the stocking rate on heavy pasture was not 

higher than on moderate, according to the forage production results 

reported in Part T\oio. 

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 lla and lIb). The relatively 

higher drinking time and frequency on very heavy pasture might be due to 

a conpensation 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 drinl~ing on very heavy pasture might be the 

smaller size of this pasture as conpared 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 lIb). 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. 

Defecation and Urination Fregyencies. Statistically, C lttle 

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 11a and lIb). 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 

Nasciernento I 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 conpared 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 lIb). These 

results contrasted with the fmding of Scarnecchia et ale (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. 

Grazing 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, 
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Table 12a. Overall Average Percent of Time Spent in Daytime Activities, Number of Bites per 
Minute, and Frequency of some Activities per Animal-day within each Topography. 

Topography 
Activities 

Animal-day 
Grazing 
Resting 
Stand-

ruminating 
Lying-

ruminating 
Total-

ruminating 
Lying-

resting 
Stand-

resting 
Lying-

idling 
Stand-

idling 
Total-

idling 
Walking 

Bite rates 

Defecating 
Urinating 

1 

Upland Slope 

49.7a 20.3b 
30.0a 17.6b 
1O.5a 1.5b 

3.5a OAb 

1.8a O.Ob 

5.3a OAb 

3.2a O.Ob 

7.3a 1.5b 

O.8a O.la 

404 1.0b 

5.2a l.lb 
4.2a 1.2b 

Number of Bites per Minute 

45.5a 47.2a 

Frequency (number per animal-day) 

1.9a 
1.2a 

O.6b 
1.0b 

Wash 

30.Oc 
6.5c 

20.7c 

lAc 

11.2c 

12.6c 

17Ac 

3.2b 

6.Ob 

2.lb 

8.lc 
O.8b 

44Aa 

2.la 
1.8a 

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 
Activities 

Upland Slope Wash 

------------------------------------------------------------------
Animal-day 
Grazing 
Resting 
Stand-

ruminating 
Lying-

ruminating 
Total-

ruminating 
Lying-

resting 
Stand-

resting 
Lying-

idling 
Stand-

idling 
Total-

idling 
Walking 

Bite rates 

Defecating 
Urinating 

6.75 2.75 
4.07 2.38 
1.42 0.20 

0.47 0.05 

0.25 0.00 

0.72 0.05 

0.43 0.00 

0.98 0.20 

0.10 0.02 

O·flO 0.13 

0.70 0.15 
0.53 0.17 

Number of Bites per Minute 

45.5 47.2 

Frequency (number per animal-day) 

1.9 
1.2 

0.6 
1.0 

4.07 
0.88 
2.82 

0.20 

1.51 

1.71 

2.37 

0.45 

0.82 

0.28 

1.10 
0.10 

44.4 

2.1 
1.8 
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4006 hours were spent grazing and the remaining 2.69 hours were for 

other activities. The 2075 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 l2a and l2b). 

These results showed that ,-,hen cattle \-rere on the slopes, their purpose 

was to graze 87% of the time, but they only grazed about 22% of the time 

in the \'laShes. 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 \Vas 

spent lying down (Tables l2a and l2b). 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 \vashes were 

under mesquite cover and shaded; apparently, this was comfortable most 

of the year as a place for rumination. 

Idling Time. The total idling times were 0.70, 0.15 and 1.1 

hours on the uplands and slopes and in the washes, respectively. Of the 

total, the greater proportion ,"vas 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 12a and 

12b) • 
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Resting Time. The \¥aShes 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 a~d slopes, respectively (Tables l2a 

and l2b). 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, an6 tve know that trees provide the animals \vith shade. 

Walking Time. Cattle spent about half an hour \'laThing on the 

uplands, while they only \vall~ed 0.16 hours (ten minutes) and 0.1 hours 

(six minutes) on the slopes and washes, respectively (Tables l2a and 

l2b). When they are in a given coIlUllLlIlity, 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 '¥aShes 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 nurrber of bites taken while grazing ,vas 

similar on all topographic sites, although the biting rate on slopes was 

slightly greater as corrpared to those on the uplands or in the washes 

(Tables 12a and l2b). 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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Leimann 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 nore 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 inportant 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 nost 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 nore 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.Sb 
Lying-

ruminating 0.03 0.2a 1.73 12.8b 
Total-

ruminating 0.23 1.7a 2.25 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 LOa 0.80 5.9b 
Stand-

idling 0.43 3.2 0.58 4.3a 
Total-

idling 0.56 4.2a 1.38 1O.2b 
Walking 0.70 5.2a 0.13 l.Ob 
------------------------------------------------------------------

Bite rates 

Defecating 
Urinating 

I 

Number of Bites per Minute 

46.2a 

Frequency (number per animal-day) 

1.9a 
1.1 a 

45.0a 

2.2a 
1.5a 

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 \'laS 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 nuch 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 tirre 

was 0.7 ho~rs (42 minutes) in the open and 0.13 hours (eight minutes) 

under the trees (Table 13). 

Defecation and Urination Fregy~lcies. 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) 0 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 rooming 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 afternoon (Table 14). It is irrportant to 

note that night rumination was not measured, but was predicted from the 

morning grazing/ruminating time ratio. Thus, after tl:e 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). 
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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 2Aa 
Stand-

idling 0.55 4.1a 0.47 3.3a 
Total-

idling 1.17 8.6a 0.78 5.7a 
Walking 0.33 2.5a 0.50 3.7b 
Drinking 0.03 OJa 0.05 OAa 
Salting 0.13 LOa 0.20 1.5a 
------------------------------------------------------------------

Bite rates 

Drinking 
Salting 
Defecating 
Urinating 

1 

Number of Bites per Minute 

45.7a 

Frequency (number per animal-day) 

OAa 
l.Oa 
1.6a 
1.3a 

46.6a 

0.6a 
2Ab 
2.1b 
1.3a 

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 lOOming 

and 1.75 hours in the afternoon. Of the total, the greater proportion 

\"laS spent lying down in both morning and ,afternoon (Table 14). 

Walking Time. cattle spent more time walking in the afternoon 

than in the lOOming, with an average length of OQ5 hours (30 minutes) 

and 0.33 hours (20 minutes), respectively (Table 14). The greater 

walking time in the afternoon \-laS 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 

lOOre 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 frequalcies of one and 2.4, respectively (Table 14). 

Defecation and Urination Frequencies. The frequency of defeca

tion 'vas greater in the afternoon than in the morning, but there were no 

differences between the lOOming and afternoon in urination frequencies 

(Table 14). 

Biting Rates. There were no statistically significant differ

ences between morning ID1d 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 

Anirnal-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. In the sumner 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 anirnal-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 surrnner 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 rnoderate 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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Figure 27. Seasonal variations of grazing time within each pasture. 
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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 ~~ti;y and quality. 

After putting the cattle back on the very heavy pasture in SUImler, it 

did not take them as nuch 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 1- .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. Howe;ver, it t~ 

them longer to harvest enough forage to satisfy their needs. Similar 

findings were reported by several people (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 sunmer growing season of 1986 (Table B3). 
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There was a season-by-pasture interaction on ruminating time 

spent standing and lying down. In the sumner 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 8 In the dormant seasons, cattle spent more time idling on the 

very heavy pasture, but during the gro\.;ring seasons the reverse occurred 

(Table B4}o 

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 surrmer 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 pru:;tures. In \'linter, 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 rroderate pasture 

was intermediate. In sumner 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 rrore 

time lying down than those on moderate pasture, except in the sumner 

growing season. During the summer dormancy season of 1986, cattle spent 

the most time lying down on the moderate 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 B2). 

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 

betweo~ the moderate and the very heavy pastures. From spring to the 

sumner growing season of 1986, \'lalking 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 T.1.rne. 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 rroderate 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 rnoderate 

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 rnoderate pasture having an 

intermediate value. In the sumner 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 rnod

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. In 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 sumner donnant season, but in the sumner growing season 

of 1986 cattle on the moderate pasture defecated more than those on the 

others (Table RS). 

Urination FrequenCY. Significant season-by-pasture interactions 

were observed. In the surraner growing season and winter of 1~85, the 

defecation frequency increased with increasing stocking rates, but 

from spring to the surraner 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 sumner dormancy season, the highest 

biting rates were on the very heavy pasture, jntermediate 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 rernovedo 

Season-by-topography Interactions 

Animal-day 0 study of the anirnal-day on each topography within 

each season revealed that cattle spent more of the anirnal-day on the 

uplands as compared to the slopes and washes for all seasons. Season

by-topography interactions on the anirnal-day were significant only for 

slopes and washes. In the spring and sumner 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 stmnner growing season of 19135, 

cattle grazed more on the slopes than on the uplands, but in all other 

seasons the reverse occurred. Grazing time in t.he 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 observed. In all seasons 

except the summer growing season of 1985, cattle rested IiOre on the 

uplands than in the washes (Table B6). other studies also reported that 

resting behavior wa~ 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 

sumner 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 iD'~eraction 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 conpared to canopy areas in all seasons. This inplies 

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 norning for all 

seasons. The season-by-time interaction was not significant (Table BB). 

Grazing Time. A season-by-time interaction was not observed on 

the time spent grazing because cattle always spent nore time grazing in 

the afternoon than in the morning for all seasons (Table BB). 

Ruminating Time. Season-by-time interactions were significant 

on ruminating time, but not on ruminating time spent standing or lying 

down. cattle spent nore time ruminating in the morning than in the 

afternoon during all seasons except winter, \vben they ruminated more in 

the afternoon than in the morning. Ruminating time spent standing was 

always higher in the afternoon than in the noming for all seasons, 

but ruminating time spent lying down was higher in the rooming than in 

the afternoon for all seasons (Table BlO) • 
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Idling Time. Season-by-tirne 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 noming than in the afternoon (Table Bll). 

Resting Time. Cattle always spent more time resting in the 

rooming than in the afternoon for all seasons. The season-by-time 

interaction was significant on resting time spent standing and lying 

down. Cattle spent nore time standing in the norning during the summer 

growing, spring and sumner 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 norning than 

in the afternoon for all seasons except winter, when cattle spent nore 

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 noming. 

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 walk ing in the afternoon 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 terrperature reached its peak for all seasons 0 The interactions of 

season-by-time on drinking time were not inportant (Table Bl2). 

salting Time. Like drinldng time, salting time was generally 

higher in the afternoon than in the morning for all seasons. Therefore, 

season-by-time interactions were not significant (Table Bl2). 

Defecation Fregyencies. Season-by-tirne interactions were signi

ficant on defecation frequencies because cattle defecated more in the 

afternoon than in the morning during the sumner seasons, but the reverse 

occurred a~ring winter and spring (Table B12). 

Urination Frequencies. Cattle generally urinated more frequent

ly in the afternoon than in the norning 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 Sl.UTU"Cler 

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 BB). 

Pasture-by-topography Interactions 

Anirnal-day. Cattle spent rrore 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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beavy pastures, cattle spent mo.re time in the washes than on the slopes 

(Table Bl3). 

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 BI3). 

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 B13). 

Pasture-by-cover Interactions 

Animal-dgy. Probably because of the higher density of trees on 

moderate pasture than on heavy and very heavy pastures, cattle spent 

oore time under the trees than in the open on moderate pasture. 

Pasture-bY-cQver interaction was significant on the anirnal-day (Table 

Bl4). 
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Figure 31. Averages of razing time by topography within each pasture. 
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significantly different (p~.05) as determined by Lsd methods. 
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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 un~rtant on resting time (Table 

Bl4) • 

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 BI4). 

Pasture-by-time Interactions 

Animal-day. There was no significant interaction of pasture-by

time on the anirnal-day because cattle always spent IOOre of the day in 

the afternoon than in the morning, regardless of treatment (Table BI5). 

Grazing Time. Cattle always spent IOOre 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 

Bl5). 

Resting Time. Unlike grazing time, cattle generally rested IOOre 

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 afternoon than 

in the morning on all tr...:atmentso Interaction of pasture-by-time on the 

biting rate was not important (Table Bl5). 

Tbpography-by-cover Interactions 

Animal-day. Tbpography-by-cover interaction was significant on 

the animal-day. On the uplands and slopes, cattle spent nore 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 IOOre 

dense in the washes than on the uplands or slopes (Table B16). 

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 BI6). 

Resting Time. On the uplands and in the washes, cattle spent 

rore time resting under the trees than in the open. On the slopes, they 

rested relatively IOOre 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 B16). 

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 B16) • 
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Tbpography-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 BI7). 

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 

rroming (Table BI7). 

Resting Time. Tbpography-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 BI8). 

Biting Rates. Generally, cattle harvested their food with rrore 

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 rrorning and the afternoon in 

biting rates were not significant. Topography-by-time interactions were 

significant (Table BI7). 

Cover-by-time Interactions 

Animal-day. A higher proportion of the anirnal-day was spent in 

the afternoon, regardless of the cover. This implied that the cover-by

time interaction did not affect the anirnal-day (Table Bl7). 
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Grazing Time. Again, cover-by-tirne interaction was negligible 

on grazing time. cattle spent significantly more time grazing in the 

afternoon than in the morning, regardless of cover factors (Table BIB). 

Resting Time. The morning was most irrportant in resting time. 

Cover-by-tirne interactions were not Significant on resting time because 

cattle rested more in the morning than in the afternoon (Table BIB). 

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 

BIB) • 

The Higher Order Interactions 

Pasture-by-topography-by-cover Interactions 

The RelationshiP Between Grazing Time and the Anirnal-day. It 

was generally found that the longer the animal-day, the ITOre time cattle 

spent grazing. But it is not known how corrbinations of pasture, 

topography and cover might influence grazing time and animal-day rela

tionships. To explore the effects of the corrbination 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 plotted 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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PARr FOUR: THE RELATIONSHIPS OF CATTLE ACTIVITIES 

TO PLAN!' 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 posi ti ve effects, but the weather index had negative 
2 

effects on the time cattle spent grazing. The R of the predictive 

equation was 0.679 (Table IS). 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 (196l). In contrast, Roath and Krueger (l982) 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 
2 

predictor of resting. The R of the predictive equation was 0.890 

(Table IS). 

Biting Rates. ~u variables were ~rtant 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 co~s 
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Table 15. Predictive Equations Within the Entire study Period. 

Regression equations 

Grazing Time = -7.93 + 6.36 Cp - .82 Wi 

Resting Time = 98.1 - 7.3 Cp = .85 Wi 

Biting Rate = -88.3 + 1.5 Wi - 1.2 NDF 

Ruminating Time = -84.5 - 2.62 Cp - .71 Wi + 1.36 NDF 

Walking Time = -5.16 - .07 Wi + .34 D48 

Drinking Time = -2.42 + .12 Wi 

Defecation Frequency = -2.4 + .005 GnBio + 49.65 P 

Urination Frequency = -2.05 + .02 GnBio - .11 Wi 

Salting Time = 25.7 + .52 GnBio + .01 Wi 

Cp = Crude protein 
ca = calcium 
Wi = Weather index 
I.ernm = I.ehmann lovegrass 

R2 Sign if. 

.679 .029 

.890 .016 

.732 .0007 

.689 .091 

.529 .024 

0715 .012 

.620 .005 

.507 .020 

.719 .021 

NOt' = Neutral deter.gent fiber 
048 = 48-hours digestibility 
P = Phosphorus 
GnBio = Green biomass 

.... 
0'1 
t-J 
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2 
per unit of time \']hile 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. As 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 
2 

inportant 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 borniotherrny in cold conditions (Morris and Sanchez, 1987). 

In bot conditions, excess heat produced by rumination may increase the 
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arrbient 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 rnasti-

cation. 

Walking Time. The higher the weather index, the less time cows 

spent walking. The digestibility of the forage, in contrast, had posi-
2 

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 inpetus to graze or walk to water. 

Drinking Time. The weather index was the only predictor of the 
2 

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; Low et al., 1978). 

Defecation Freqgency. cattle defecated more frequently when the 
2 

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 inportance 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-
2 

tage were the best predictors of the frequency of urination. The R of 

the predictive equC'l.tion 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. 

Predictive Equations Within Each Season 

Grazing Time. The factors influencing the time cattle spent 

grazing varied with season. During the surraner and winter dormant 

seasons, the two nost inportant predictors of the time spent grazing 
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were the crude protein and phosphorus contents of the forage. The 
2 

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 \'linter dormant seasons. In the summer growing season, 

the most imPortant predictors of grazing time were the forage digestibi-
2 

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 
2 

always low. Therefore they grazed for a longer time. The R of the 

predictive equation was 0.781 (Table 16). 

Resting Time. In the surrmer 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 
2 

had negative effects on resting time. The R of the predictive equation 

was 0.905, 0.517 and 0.488, respectively. In the summer dormant season, 

all predictors of resting time, namely forage crude protein and phospho-
2 

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 

\tlith the season. In the summer growing season, the proportion of 



Table 16. Predictive Equations Within Each Season. 

Seasons Regression equations 

SUmmer growth Grazing time = 56.9 + 76.3 P - 3.7 NDF - 0.8 D48 
2 2 

Winter Grazing time = 42.2 + 1.67 Cp + .14 Cp - 702.1 P + 2676 P 

Spring Grazing time = 19.2 + .04 Bio + 112.5 P 
2 2 

SUmmer dorm. Grazing time = 41.5 - 2.8 Cp + .2 Cp - 363.4 P + 1234.8 P 

SUmmer growth Resting time = 14.4 + 289.9 P - 1226.2 P2 - .04 Cp2 
2 2 

Winter Resting time = 48.3 + 2.3 Cp + 886.0 P - 454.9P - 0.3 Cp 
2 2 

spring Resting time = 10.8 + 7.0 Cp + 71.3 P - 1369.7 P - 1.0 Cp 
2 

SUnmer dorm. Resting time = 106.5 - 206.5 P - .10 Cp -.8 NDF 

SUmmer growth Biting rate = 30.7 - .02 Biorn + .01 GnBio +.02 GnBio x Bio 
2 2 

Winter Biting rate = 39.4 + 8.2 Cp - 575.6 P + 1774.8 P -.5 Cp 
2 2 

Spring Biting rate = 43.8 - 3.1 Cp + 68.7 P + 356.7 P +.5 Cp 

SUmmer dorm. Biting rate = -19.7 + 2.4 GnBio - .02 GnBio 

Bio = Biomass (Kp/Ha) 
Nat = All native grasses 

IDI'E: FOl:" meanings of all other abbreviations, se.e Table 15. 

Rl 

.587 

.502 

.781 

.549 

.905 

.517 

.488 

.687 

.485 

.393 

.641 

.865 

Sign if. 

.0070 

.0160 

.0011 

.021 

.0051 

0.22 

.0100 

.020 

.026 

.027 

.010 

.0031 

I-' 
~ 
....:J 



168 

available green forage was positively, but forage biomass was negatively 
2 

correlated with the biting rates. The R of the predictive equation was 

0.485. In winter and spring, the forage phosphorus and protein contents 
2 

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 
2 

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

of the predictive equation was 0.865 (Table 16). 



MANAGEMENT IMPLICM'IONS AND RElCOMMENDATIONS 

Important implications to rangeland management were apparent 

from this study. However, application of the results of this study that 

rndght be of benefit to management and livestock must be assessed in 

terms of economic 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 costs or 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 back 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 
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animals; we know that cattle always tend to return to previously grazed 

areas where regrowth is more palatable (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 old growth are to either increase the 

number 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; Daubenrnire, 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,197l; Daubenrnire, 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 (dba, 

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 woule 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 dllring this study that cattle used the uplands 

rrore 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 inproved management 

practices (O'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), corrrrnenting about mes<:,.1Ilite, 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 producti vi ty due to rerro

val of mesquite corrbined with utilization of the harvested mesquite can 

potentially be of benefit to ranch operators." 

The control of trees such as mesquite also results in other 

benefits. Increases in perennial grass cover reduce runoff (GaIrougoun, 

1982). Opening up shrub and tree canopies inproves visibility and makes 

live3tock 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 tr~ 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 that 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, 1981). If Zebu can r :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 recorrnnendations 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 \','alking, 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 Q 

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 ci"lttle 

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 At. Grazing Season and Pasture interaction 

1 
Average Forage Biomass(Kg/Ha). 

Season Jul 1- Nov 1- Feb 1- May 1- Jul 1-

Pasture Oct31 Jan 31 Apr 30 Jun 30 Oct31 

------------------------------------------------------------------
Moderate 945.0a 752.2b 

Heavy 886.1a 733.7b 

Very Heavy 472.5e 35404c 

1 
Average Percent Green Forage Biomass. 

Moderate 

Heavy 

Very Heavy 

1 

77.3a 

77.la 

85.1b 

53.7b 

57.8b<! 

6O.0d 

921.5a 

975.6a 

586.6d 

6O.8c 

65.3e 

76.9f 

806.6b 

815.6b 

456.8e 

50.5b 

56.6d 

6O.5a 

Average Percent Botanical Composition of Lehmann Lovegrass. 

Moderate 

Heavy 

Very Heavy 

I 

57.9a 

64.3b 

6304b 

62.1c 

65.6b 

73.6a 

58.5a 

65.lb 

64.5b 

60.8d 

66.8b 

66.2b 

977.1a 

1059.3e 

649.7d 

8004a 

80.0a 

90.8c 

56.8a 

64.0b 

63.0b 

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 A2. Grazing Season and Pasture interaction 

1 
Average Percent Botanical Composition of Native Grasses. 

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 

Heavy 23.4b 21.0b 22.5b 

Very Heavy 20.8b 16.0d 22.5b 

1 
Average Percent Botanical Composition of Shrubs. 

Moderate 

Heavy 

Very Heavy 

10.3a 

9.5a 

14.7b 

1O.6a 

7.9a 

9.2a 

10.3a 

9.6a 

13.6b 

Average Percent Botanical Composition of Forbs. 

Moderate 

Heavy 

Very Heavy 

1 

2.8a 

2.7a 

4.lb 

l.5ac 

O.3c 

1.6c 

4.8b 

3.3a 

5.8b 

21.8b 

20.5b 

19.9b 

10.9a 

9.5a 

10.la 

2.6a 

2.5a 

2.8a 

27.4a 

24.0ab 

22.8b 

9.4a 

8.6a 

12.0b 

4.7b 

4.4b 

4.8b 

Averages indicated by the same letter within each row and column are not significantly differenL 
( P< .05 ) as determined by Lsd methods. 
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Table A3. Grazing Season and Pasture interaction 

1 
Average Percent Ground Cover. 

Season Jul 1- Nov 1- Feb 1- May 1- Jul 1-

Pasture Oct 31 Jan 31 Apr 30 Jun 30 Oct 31 

------------------------------------------------------------------
Moderate 37.Sa 30.8b 34.4ab 

Heavy 38.7a 32.Ib 33.4b 

Very Heavy 27.7c 24.8c 2S.9c 

1 
Average Percent Neutral Detergent Fiber Content of Forage. 

Moderate 

Heavy 

Very Heavy 

1 

73.2ac 

73.9a 

71.8a 

7S.0b 

7S.3b 

74.Ib 

Average Percent Didestibility of Forage. 

Moderate 43.9a 43.3a 

Heavy 4S.5a 42.2a 

Very Heavy 46.7a 44.8a 

1 

73.6a 

71.6a 

70.0a 

44.9a 

43.0a 

47.3a 

31.9a 

31.Sab 

30.0ac 

74.8b 

73.9ab 

73.5ab 

39.Sab 

32.8b 

40.0a 

39.2ac 

38.3a 

29.3c 

70.8a 

73.4a 

73.2a 

40.7a 

39.Sa 

46.la 

Averages indicated by the same letter within each row and column are not significantly different 
( P < .OS ) as detennined by Lsd methods. 
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Table A4. Grazing Season and Pasture interaction 

1 
Average Percent crude protein Content of Forage. 

Season 

Pasture 

Moderate 

Heavy 

Very Heavy 

Cow Needs 

I 

Jul 1-

Oct 31 

8.7a 

8.7a 

9Aa 

8.7 

Nov 1-

Jan 31 

6.0b 

S.Ob 

S.9b 

8.7 

Average Percent Phosphorus Content of Forage. 

Moderate 

Heavy 

Very Heavy 

Cow Needs 

I 

0.12a 

0.14b 

O.1Sc 

0.21 

0.09d 

0.09d 

0.09d 

0.18 

Average Percent Calcium Content of Forage. 

Moderate 

Heavy 

Very Heavy 

Cow Needs 

I 

0.S3a 

O.Sla 

0.51a 

0.40 

0.48b 

OA7lJ 

0.47b 

0.20 

Feb 1-

Apr 30 

6.3b 

6.2b 

6.8b 

9.2 

O.llb 

O.lOa 

0.14c 

0.19 

0.71c 

0.69c 

0.71c 

0.30 

May 1-

Jun 30 

8.8a 

7.8a 

8Aa 

9.5 

O.IOb 

0.09d 

0.12a 

0.20 

0.69c 

0.67c 

0.67c 

0040 

JuI 1-

Oct31 

8.la 

7.9a 

7.8a 

8.7 

0.13e 

0.14e 

0.14e 

0.21 

0.6Sc 

O.60c 

0.61c 

0.40 

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 

Topography 

Jul 1-

Oct31 

Nov 1-

Jan 31 

Feb 1-

Apr 30 

May 1-

Jun 30 

Jul 1-

Oct31 

------------------------------------------------------------------
Upland 1471.6a 1151.4d 1557.9a 

Slope 418.8b 354.7c 457.9b 

Wash 513.2b 334.2c 498.0b 

1 
Average Percent Green Biomass(Kg/Ha). 

Upland 68.0a 49.2b 55.3c 

Slope 82.5b 67.5c 71.9d 

Wash 78.9b 64.9c 75.8d 

1 
Average Percent Botanical Composition of Lehmann Lovegrass. 

Upland 

Slope 

Wash 

1 

86.4a 

8.8b 

88.4a 

93.lc 

13.6b 

93.6c 

87.0a 

lUb 

88.0a 

1299.9d 

401.3bc 

377.7c 

48.1b 

65.7c 

68.8c 

88.5a 

12.3b 

90.lac 

1557.0a 

498.6b 

530.6b 

67.2a 

84.5b 

80.5b 

83.6a 

9.8b 

86.5a 

Averages indicated by the same letter within each row and column are not significantly different 
( P < .05 ) as detennined by Lsd methods. 
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Table A6 . Grazing Season and Topography interaction 

1 
Average Percent Botanical Composition of Native Grasses. 

Season 

Topography 

Upland 

Slope 

Wash 

1 

Jul 1-

Oct 31 

OAa 

64.5b 

7.3c 

Nov 1-

Jan 31 

O.6a 

62.9b 

2.1a 

Average Percent Botanical Composition of Shrubs. 

Upland 

Slope 

Wash 

1 

11.6a 

22.8b 

3.2c 

6.1a 

18.7b 

2.9c 

Average Percent Botanical Composition of Forbs. 

Upland 

Slope 

Wash 

1 

3.5a 

6.9b 

2.8ae 

O.Od 

2.0d 

l.4de 

Feb 1-

Apr 30 

OAa 

64.1b 

4.2ac 

9.7a 

23.6b 

4.1c 

3.8a 

6.9b 

4.2a 

May 1-

Jun 30 

0.8a 

62.2b 

2.2a 

10Ja 

17.0b 

4.1c 

1.3c 

4.Oe 

2.0ac 

Jul 1-

Oct 31 

1.5a 

66.6b 

6.6c 

l1.1a 

15Ab 

3.4c 

3.4a 

7.7b 

2.5ae 

Averages indicated by the same letter within eac~ row and columnare not significantly different 
( P < .05 ) as detennined by Lsd methods. 
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Table A 7. 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 

Slope 3S.8b 28.6c 

Wash 28.Oce 23.1ce 

1 
Average Percent Fiber Content of Forage. 

Upland 

Slope 

Wash 

1 

73.8a 

68.3d 

74.3a 

Average Percent Digestibility Forage. 

Upland 

Slope 

Wash 

1 

44.2a 

43.3a 

4S.6a 

76.7b 

n.8c 

76.9b 

44.0a 

42.5a 

43.9a 

42.3a 

32.2bc 

23.3e 

76.0b 

67.ld 

n.lac 

46.3c 

43.3a 

47.6c 

36.6a 

30.7ac 

17.9b 

73.8a 

70.2ad 

73.la 

37.9b 

36.3b 

38.0b 

41.Sab 

39.2b 

26.le 

7S.1ab 

68.3d 

74.1a 

4S.9ac 

4S.0a 

47.4c 

Averages indicated by the same letter within each row and column are not significantly different 
( P < .OS ) as determined by Lsd methods. 
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Table A8. Grazing Season and Topography interaction 

1 
Average Percent Crude Protein Content of Forage. 

Season 

Topography 

Upland 

Slope 

Wash 

Cow Needs 

I 

Jul 1-

Oct 31 

7.6a 

1O.3b 

9.2ab 

8.7 

Nov 1-

Jan 31 

4.Sc 

6.6d 

S.8cd 

8.7 

Average Percent Phosphorus Content of Forage. 

-,---
Upland O.IOa 0.07b 

Slope O.lla 0.08b 

Wash 0.19c O.l2d 

Cow Needs 0.21 0.18 

1 
A verage Percent Calcium Content of Forage. 

Upland OAOa OAOa 

Slope 0.61b 0.S2a 

Wash O.44a OA9a 

Feb 1-

Apr 30 

4.8c 

8.Sd 

7.3acd 

9.2 

0.08ba 

O.09ba 

O.l8c 

0.19 

O.SOac 

0.84d 

0.76d 

May 1-

Jun 30 

6.9a 

9.0b 

9.lbc 

9.5 

0.07b 

0.09ba 

O.lSe 

0.20 

0.S9c 

0.7Sbd 

0.68cd 

Jul 1-

Oct 31 

7.3a 

9.9b 

8.7ab 

8.7 

O.lla 

O.lOa 

0.16e 

0.21 

O.4Sc 

0.62b 

0.61d 
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------------------------------------------------------------------, 
Cow Needs 0040 0.20 0.30 0040 0.40 

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

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



Table A9. Gra7ing Season and Cover interaction 

1 
Average Forage Biomass(KgIHa). 

Cover 

Open 

Canopy 

1 

Season Jul 1-

Oct 31 

1202.9a 

332.9b 

Nov 1-

Jan 31 

979.1b 

247.8c 

Average Percent Green Forage Biomass. 

Open 

Canopy 

1 

66.4a 

93.3b 

56.3b 

65.9c 

Feb 1-

Apr 30 

May 1-

Jun 30 

1251.7ad 1129.6a 

406.0f 381.8bf 

S8.6b 

67.2c 

S5.2b 

63.3c 

Average Percent Botanical Composition of Lehmann Lovegrass. 

Open 

Canopy 

1 

63.2a 

6O.6a 

63.7a 

70.6b 

61.3a 

64.2ac 

6O.1a 

65.2c 

Jul 1-

Oct 31 

1329.6d 

SOS.6e 

69.4a 

91.1b 

60.2a 

59.8a 

Averages indicated by the same letter within each row and column are n:)t significantly different 
( P < .OS ) as determined by Lsd methods. 
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Table AI0. Grazing Season and Cover interaction 

1 
Average Percent Botanical Composition of Native Grasses. 

Cover 

Open 

Canopy 

Season 

1 

Jul 1-

Oct 31 

22.1a 

27.1b 

Nov 1-

Jan 31 

20.Sa 

19.9a 

Average Percent Botanical Composition of Shrubs. 

Open 

Canopy 

1 

IS.Sa 

7.Sb 

14.6a 

5.9b 

Average Percent Botanical Composition of Forbs. 

Open 

Canopy 

1 

3.4a 

4.7b 

1.2a 

1.4a 

Feb 1-

Apr 30 

22.3a 

22.Sa 

IS.4a 

9.6b 

3.6a 

S.7b 

May 1-

Jun 30 

21.8a 

20.6a 

14.2a 

6.7b 

2.8a 

4.8b 

Jull

Oct31 

22.9a 

26.8b 

IS.2a 

6.8b 

3.6a 

7.0d 

Averages indicated by the same letter within each row and column are not significantly different 
( P < .OS ) as determined by Lsd methods. 
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Table A 11. Grazing Season and Cover interaction 

1 
Average Percent Ground Cover. 

Cover 

Open 

Canopy 

Season 

1 

Jul 1-

Oct 31 

39.0ad 

36Ad 

Nov 1-

jan 31 

37.2a 

30.9b 

Average Percent Fiber Content of Forage. 

Open 

Canopy 

1 

73.3a 

71.1b 

77.2b 

73.8a 

Average Percent Digestibility of Forage. 

Open 

Canopy 

1 

41.6a 

49.2b 

39.2a 

47.6b 

Feb 1-

Apr 30 

32Ac 

27.9b 

73.1a 

70.3b 

40.5a 

46.?b 

May 1-

Jun 30 

40Aad 

35.9d 

73.4a 

71Ab 

34.lc 

40.7d 

Jul 1-

Oct31 

41.3a 

35Ad 

73.9a 

71.1b 

34.3c 

40.6d 

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

190 



Table A12. Grazing Season and Cover interaction 

I 
Average Percent Crude Protein Content of Forage. 

Cover 

Open 

Canopy 

Season 

Cow Needs 

1 

Jull

Oct 31 

5.8a 

l2.0b 

8.7 

Nov 1-

Jan 31 

3.6a 

7.6c 

8.7 

Average Percent Phosphorus Content of Forage. 

Open 

Canopy 

Cow Needs 

1 

O.lOa 

0.16b 

0.21 

0.08a 

O.llc 

0.18 

Average Percent Calcium Content of Forage. 

Open 

Canopy 

Cow Needs 

1 

OAla 

0.55b 

0040 

0,38a 

0.56b 

0.20 

Feb 1-

Apr 30 

5Aa 

8Ac 

9.2 

O.lOa 

0.14d 

0.19 

0.57b 

0.83c 

0.30 

May 1-

Jun 30 

5.7a 

10.0b 

9.5 

O.09a 

O.l4d 

0.20 

Jull

Oct 31 

5,4a 

11.6b 

8.7 

0.10a 

0.14d 

0.21 

0.60b 0,44a 

0.74c 0.63b 

0040 0.40 

Averages indicated by the same leuer within each row and column are not significantly different 
( P < .05 ) as detennined by Lsd methods. 
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Table AI3. Pasture and Topography interaction 

1 
A"erage Forage Biomass(Kg/Ha). 

Pasture 
Topography 

Upland 

Slope 

Wash 

Moderate 

1682.5a 

501.2b 

390.3c 

Average Percent Green Forage Biomass. 

Upland 

Slope 

Wash 

1 

53.6a 

73.1b 

73.1bc 

Heavy 

1687.5a 

467.8e 

526.8d 

55.9a 

75.6b 

70.5c 

Average Percent Botanical Composition of Lehmann Lovegrass. 

Upland 

Slope 

Wash 

1 

87.6a 

4.7b 

88.3a 

87.6a 

8.6b 

93.Oc 

Very Heavy 

792.6b 

369.7c 

349.6c 

69.3b 

80.5d 

83.2d 

85.9a 

22.3d 

90.2ac 

Avernee.<; indicate.d hy the same, letter within each row and column are not significantly different 
( P < .05 ) as detennined by Lsd methods. 
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Table A14. Pasture and Topography interaction. 

1 
Average Percent Botanical Composition of Native Grasses. 

Pasture 

Topography 

Upland 

Slope 

Wash 

1 

Moderate 

1.5a 

67.1b 

7.7c 

Average Percent Botanical Composition of Shrubs. 

Pasture 

Topography 

Upland 

Slope 

Wash 

1 

Moderate 

8.la 

22.Sb 

2.5c 

Average Percent Botanical Composition of Forbs. 

Upland 

Slope 

Wash 

1 

3.la 

5.9bc 

4.2ac 

Heavy 

O.5a 

69.6b 

2.7a 

Heavy 

9.4a 

16.5d 

3.1c 

2.5ad 

4.0a 

1.9d 

Very Heavy 

0.2a 

56.6d 

3.6a 

Very Heavy 

11.7a 

19.4bd 

3.2c 

2.3a 

6.0b 

2.3ad 

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 AIS. Pasture and Topography interaction 

I 
Average Percent Ground Cover. 

Pasture 

Topography 

Upland 

Slope 

Wash 

I 

Moderate 

42.8a 

37.6b 

23.3c 

Average Percent Fiber Content of Forage. 

Upland 

Slope 

Wash 

I 

7S.la 

69.lb 

74.4a 

Average Percent Digestibility of Forage. 

Upland 

Slope 

Wash 

I 

43.1a 

36.8b 

42.6a 

Heavy 

4S.6a 

32.6bd 

2S.4c 

74.8a 

69.0b 

74.8a 

39.9a 

40.Sa 

41.3a 

Very Heavy 

29.9d 

29.6d 

19.9c 

7S.2a 

69.8b 

73.0a 

42.6a 

42.8a 

43.5a 

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

194 



Table A16. Pasture and Topography interaction 

1 
Average Percent Crude Protein Content of Forage. 

Pasture 

Topography 

Upland 

Slope 

Wash 

Cow Needs 

1 

Moderate 

5.9a 

8.8b 

8.9b 

8.9 

Average Percent Phoshorus Content of Forage. 

Upland 

Slope 

Wash 

Cow Needs 

0.07a 

O.09a 

0.17b 

0.21 

Average Calcium Content of Forage. 

Upland 

Slope 

Wash 

Cow Needs 

0.47a 

0.63b 

O.66b 

0.24 

Heavy 

6.3a 

8.5b 

7.2ba 

8.9 

0.08a 

0.09a 

O.ISb 

0.21 

0.48a 

0.71b 

O.Sla 

0.24 

Very Heavy 

6.5a 

8.8b 

7.9ba 

8.9 

O.lle 

0.10ac 

0.16b 

0.21 

0.49a 

0.70b 

0.59a 

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. 

195 



Table A17. Pasture and Cover interaction 

1 
Average Forage Biomass(KgIHa). 

Cover 

Open 

Canopy 

Pasture 

1 

Moderate 

1314.4a 

441.4b 

Average Percent of Green Forage Biomass. 

Open 

Canopy 

1 

61.1a 

75.2b 

Heavy 

1484.5b 

366.2c 

n.5b 

77.7b 

Average Percent Botanical Composion of Lehmann Lovegrass. 

Open 

Canopy 

1 

59.9a 

58.6a 

61.8a 

64.6b 

Very Heavy 

736.8d 

317.0c 

73.0b 

86.0d 

65.4c 

68.9d 

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 A18. Pasture and Cover interaction . 

I 
Average Percent Botanical Composition of Native Grasses. 

Cover 

Open 

Canopy 

Pasture 

I 

Moderate 

24.9a 

2S.9a 

Average Percent Botanical Composition of Shrubs. 

Cover 

Open 

Canopy 

Pasture 

I 

Moderate 

12.4a 

9.7b 

Average Percent Botanical Composition of Forbs. 

Open 

Canopy 

I 

2.8a 

6.2b 

Heavy 

18.9b 

2S.9a 

Heavy 

14.1a 

S.3c 

1.8a 

3.6a 

Very Heavy 

17.0c 

IS.Ob 

Very Heavy 

14.8a 

8.1bc 

3.1a 

4.1a 

Averages indicated by the same letter within each row and column are not significantly different 
( P < .05 ) as detennined by Lsd methods. 
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Table A19. Pasture and Cover interaction . 

1 
Average Percent Ground Cover. 

Cover 

Open 

Canopy 

Pasture 

1 

Moderate 

39.8a 

3S.0b 

Heavy 

40.1a 

33.3b 

Average Percent Neutral Detergent Fiber Content of Forage. 

Open 

Canopy 

1 

74.6a 

71.2b 

A verage Percent Digestibility of Forage. 

Open 

Canopy 

1 

37.2a 

44.Sb 

74.1a 

71.7b 

37.4a 

44.6b 

Very Heavy 

32.9b 

28.5c 

73.8a 

71.6b 

39.6a 

46.4b 

Averages indicated by the same letter within each row and column are not significantly different 
( P < .05 ) as detennined by Lsd methods. 
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Table A20. Pasture and Cover interaction 

1 
Average Percent Crude Protein Content of Forage. 

Cover 

Open 

Canopy 

Pasture 

Cow Needs 

I 

Moderate 

5.6a 

to.lb 

8.9 

Average Percent Phosphorus Content of Forage. 

Open 

Canopy 

Cow Needs 

1 

O.IOa 

O.l3b 

0.21 

A verage Percent Calcium Content of Forage. 

Opel. 

Canopy 

Cow Needs 

1 

0.48a 

0.69b 

0.24 

Heavy 

4.6a 

9.6b 

8.9 

0.08a 

0.14b 

0.21 

0.50a 

0.63b 

0.24 

Very Heavy 

5.4a 

to.Ob 

8.9 

0.10a 

0.15b 

0.21 

0.S2a 

O.66b 

0.24 

Averages indicated by the same letter within each row and columnare not significantly different 
( P < .05 ) as detennined by Lsdmcthods. 
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Table A21. Topography and Cover interaction. 

1 
Average Forage Biomass(Kg/Ha). 

Cover 

Open 

Canopy 

Topography 

1 

Upland 

1984.3a 

429.7b 

Average Percent Green Forage Biomass. 

Open 

Canopy 

1 

45.7a 

75.1b 

Slope 

525.2d 

407.3b 

75.6b 

77.1b 

Average Percent Botanical Composition of Lehmann Lovegrass. 

Open 

Canopy 

1 

84.3a 

89.9b 

8.5b 

14.4c 

Wash 

662.5c 

287.7a 

65.7c 

87.6a 

92.2c 

86.9b 

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 A22 . Topography and Cover interaction 

1 
Average Percent Botanical Composition of Native Grasses. 

Cover 

Open 

Canopy 

Topography 

1 

Upland 

O.4a 

1.1 a 

Average Percent Botanical Composition of Shrubs. 

Open 

Canopy 

1 

14.0a 

5.5b 

Average Percent Botanical Composition of Forbs .. 

Cover 

Open 

Canopy 

1 

Topography Upland 

1.3a 

3.9b 

Slope 

63.8b 

62.1b 

23.4b 

14.4c 

Slope 

4.4b 

6.3c 

Wash 

2.2a 

7.0d 

3.9d 

2.0a 

Wash 

1.8a 

3.7b 

Averages indicated by the same letter within each row and column are not significantly different 
( P < .05 ) as detennined by Lsd methods. 
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Table A23. Topography and Cover interaction 

1 
Average Percent Ground Cover. 

Cover 

Open 

Canopy 

Topography 

1 

Upland 

47.3a 

43.2b 

Slope 

38.1b 

31.7c 

Average Percent Neutral Detergent Fiber Content of Forage. 

Open 

Canopy 

1 

76.6a 

73.5b 

Average Percent Digestibility of Forage. 

Open 

Canopy 

1 

38.0a 

45.8b 

69.4c 

69.2c 

37.4a 

42.7b 

Wash 

27.5c 

21.9d 

76.4a 

71.8b 

38.4a 

46.5b 

Averages indicated by the same leuer within each row and column are not significantly different 
( P '< .05 ) as determined by Lsd methods. 
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Table A24. Topography and Cover interaction 

1 
Average Percent Crude Protein Content of Forage. 

Cover 

Open 

Canopy 

Topography 

Cow Needs 

1 

Upland 

3.2a 

8.8b 

8.9 

Average Percent Phosphorus Content of Forage. 

Open 

Canopy 

Cow Needs 

1 

O.Osa 

0.12b 

0.21 

Average Percent Calcium Content of Forage. 

Cover 

Open 

Canopy 

Topography 

Cow Needs 

! 

Upland 

OAOa 

0.S6b 

0.24 

Slope 

7.7b 

9.7b 

8.9 

0.08b 

O.lIe 

0.21 

Slope 

O.64b 

O.72c 

0.24 

Wash 

4.7a 

8.9b 

8.9 

0.14d 

0.18a 

0.21 

Wash 

0.46a 

0.71c 

0.24 

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

203 



APPENDIXB 

204 



Table B 1. Grazing Season and Pasture Interaction 

1 
Average Animal·day(Hotm) 

Seasons 

Pasture 

Moderate 

Heavy 

Very Heavy 

1 

Jul 1-

Oct31 

13.65a 

13.65a 

13.67a 

Average Percent Grazing Time 

Moderate 

Heavy 

Very Heavy 

1 

51.0a 

58.0de 

62.4d 

Average Bite Rates( Bites/minutes) 

Moderate 

Heavy 

Very Heavy 

1 

53.0a 

47.3b 

41.3c 

Nov 1-

Jan 31 

12. lOb 

11.67b 

12.18b 

43.2b 

43.2b 

59.4d 

44.1b 

36.3c 

31.0d 

Feb 1-

Apr 30 

13.93c 

13.80a 

67.6c 

61.8d 

44.0b 

39.3c 

May 1-

Jun 30 

15.13a 

14.77c 

14.83c 

65.8c 

53.5e 

51.2e 

49.0a 

47.7ab 

52.0a 

Jul 1-

Oct 31 

13.47a 

13.50a 

13.13a 

61.6d 

58.1d 

51.5e 

51.7a 

53.6a 

54.0a 

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 

Pasture 

Moderate 

Heavy 

Very Heavy 

1 

Jul 1-

Oct 31 

34.0a 

32.5a 

22.6b 

Nov 1-

Jan 31 

47.0b 

54.2c 

40Jd 

Average Percent Resting Time Standing 

Moderate 

Heavy 

Very Heavy 

1 

10.9a 

11.6a 

8.0a 

Average Percent Resting Time Lying. 

Moderate 

Heavy 

Very Heavy 

1 

24.0a 

20.3ac 

13.lb 

26.7b 

27.2b 

16.Oc 

20Aa 

25.5a 

24.2a 

Feb 1-

Apr 30 

21.4c 

26.6c 

4.4c 

8.5a 

13.1c 

17.7c 

May 1-

Jun 30 

36.8a 

36.4a 

39.5ad 

11.4ad 

13.1ad 

13.6d 

23.9a 

22.9a 

23.0a 

Jul 1-

Oct31 

24.8c 

33.1af 

32.5f 

10.Oa 

9.8a 

lOAad 

14.9c 

23.2a 

21.9a 

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

1 
Average Percent Ruminating Time. 

Seasons 

Pasture 

Moderate 

Heavy 

Very Heavy 

1 

JuI 1-

Oet 31 

20.0a 

22.1a 

14.9b 

Nov 1-

Jan 31 

21.6a 

12.7b 

13.4b 

Average Percent Ruminating Time Standing. 

Moderate 

Heavy 

Very Heavy 

3.9a 

6.4a 

3.7a 

11.9b 

4.9a 

3.7a 

Average Percent Ruminating Time Lying. 

Moderate 

Heavy 

Very Heavy 

1 

14.7a 

16.5a 

9.7b 

9.6b 

11.8b 

9.4b 

Feb 1-

Apr 30 

15.4b 

11.8b 

3.3a 

1.6a 

3.9c 

9.0b 

May 1-

Jun 30 

25.4a 

20.8a 

20.3a 

4.2a 

7.1a 

5.4a 

19.2d 

13.0a 

14.4a 

JuI 1-

Oet31 

16.9b 

22.6a 

26.0d 

4.3a 

4.4a 

8.7a 

12.43 

17.5a 

17.1a 

Averages indicated by the same letter within each row and column are not sj~nificant1y different 
( P < .05 ) as determined by the Lsd methods. 
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Table B4. Grazing Season and Pasture Interaction 

1 
Average Percent Idling Time. 

Seasons 

Pasture 

Moderate 

Heavy 

Very Heavy 

1 

Jul 1-

Oct 31 

14.9a 

9.8b 

6.2b 

Nov 1-

Jan 31 

25.5c 

40.0d 

26.8c 

Average Percent Idling Time Standing. 

Moderate 

Heavy 

Very Heavy 

1 

6.7a 

6.6a 

3.1c 

Average Percent Idling Time Lying. 

Moderate 

Heavy 

Very Heavy 

1 

9.1a 

2.4b 

4.0b 

14.5b 

23.7c 

l1.4b 

1O.6a 

16.8c 

14.8c 

Feb 1-

Apr 30 

2.1d 

14.4b 

1.0d 

5.7a 

4.0b 

8.6e 

May 1-

Jun 30 

15.0a 

15.2ab 

16.3a 

6.4a 

5.9a 

9.5b 

4.0b 

9.3e 

8.4e 

Jul 1-

Oct31 

8.0b 

lO.4b 

6.3b 

5.4a 

4.2a 

1.5c 

2.0b 

5.4b 

4.9b 

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 B5. Grazing Season and Pasture Interaction 

1 
Average Percent Walking Time. 

Seasons 
Pasture 

Moderate 
Heavy 
Very Heavy 

1 

Jul 1-
Oct 31 

IO.4a 
6.8b 
7.7b 

Average Percent Drin!'.jng Time. 

Moderate 
Heavy 
Very Heavy 

1 

0.S5b 
0.70b 
O.77b 

Average Percent Salting Time. 

Moderate 
Heavy 
Very Heavy 

1 

0.70a 
O.SOa 
l.20b 

Average Defecation Frequency 

Moderate 
Heavy 
Very Heavy 

1 

3.0a 
3.7a 
4.0a 

Average Urination Frequency 

Moderate 
Heavy 
Very Heavy 

1 

2.0a 
2.7ab 
3.3b 

Nov i
Jan 31 

8.3a 
4.2b 

IO.9a 

0.47b 
0.47b 
0.6Sb 

O.60a 
I.30b 
0.28a 

2.0a 
2.3a 
2.0a 

l.Oa 
l.7a 
2.3b 

Feb 1-
Apr 30 

S.2c 
S.8bc 

O.I7c 
O.27c 

l.lb 
0.27a 

2.7a 
2.3a 

2.7ab 
l.7a 

May 1-
Jun 30 

3.5c 
S.9b 
5.7b 

0.60b 
0.S3b 
0.70b 

4.2c 
S.5d 
0.43a 

4.0ab 
4.0a 
4.0a 

3.7b 
3.0b 
2.3b 

Jul 1-
Oct 31 

4.2c 
4.6bc 
3.:lbc 

0.58b 
O.77b 
O.76b 

3.6d 
2.2e 
3.9d 

6.0b 
4.7ab 
4.7ab 

3.7b 
3.4b 
3.3b 

Averages indicated by the same leUer 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 

Topography 

Jul 1-

Oct 31 

Upland 

Slope 

Wash 

1 

42.0a 

29.5b 

28.5b 

Average Percent Grazing Time. 

Upland 23.la 

Slope 26.8a 

Wash 5.0b 

1 
Average Bite Rates(Bites/minute) 

Upland 48.8a 

Slope 49.0a 

Wash 44.0b 

1 
Average Percent Resting Time. 

Upland 8.la 

Slope 3.5b 

Wash 15.Oc 

1 

Nov 1-

Jan 31 

4S.6ac 

25.6b 

25.8b 

2l.6ab 

IS.5b 

l.Oc 

30.6d 

36.2c 

35.2c 

21.3d 

2.1b 

14.7c 

Feb 1-

Apr 30 

41.3cd 

27.8b 

20.9b 

34Ac 

24.7a 

4.Sb 

4l.6b 

43.7b 

4l.6b 

9.la 

0.5b 

6.le 

May 1-

Jun 30 

63.6e 

12.5c 

23.9b 

32.2c 

9.8d 

5.2b 

50.7a 

52.7a 

46.3b 

25.3d 

0.5b 

5.5e 

Jul 1-

Oct 31 

56.5d 

15Ac 

28.1b 

36.3d 

16.6c 

5Ab 

54.9a 

54.1a 

51.3a 

15.5c 

OAb 

7.3e 

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. 

Cover 

Open 

Canopy 

Seasons 

1 

Jul 1-

Oct 31 

49.7a 

50.3a 

Average Percent Grazing Time. 

Open 

Canopy 

1 

38.7a 

1O.9b 

Avcrage Bite Rates(Bites/minute) 

Open 

Canpy 

1 

47.6a 

46.9a 

Avcrage Percent Resting Time. 

Open 

Canopy 

1 

3.9a 

30.1b 

Nov 1-

Jan 31 

70.2b 

29.8c 

43.6a 

7.9b 

38.8b 

33.8c 

20.6b 

26.Oc 

Feb 1-

Apr 30 

58.3c 

41.7b 

49.4b 

15.2c 

43.1a 

41.6a 

2.6a 

25.5c 

May 1-

Jun 30 

38.5d 

61.5e 

33.4d 

16.8c 

51.4d 

49.5d 

l.3a 

34.4b 

Jul 1-

Oct31 

40.1d 

59.ge 

37.1a 

20.7d 

54.3d 

53.6d 

4.6a 

26.2c 

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

1 
Average Percent Animal-day. 

Seasons 

Time 

Morning 

Afternoon 

1 

Jul 1-

Oct 31 

41.0a 

59.b 

Average Percent Grazing Time. 

Morning 

Afternoon 

1 

21.5a 

35.0b 

Average Bite RatesCBites/minute) 

Morning 

Afternoon 

1 

46.5a 

48.8a 

Nov 1-

Jan 31 

44.3a 

55.7b 

20.4a 

23.8a 

35.7c 

36.9c 

Feb 1-

Apr 30 

42.9a 

57.1b 

24.6a 

33.6b 

41.9a 

42.3a 

May 1-

Jun 30 

43.4a 

56.6b 

21.5a 

25.9a 

50.0b 

49.4ab 

Jul 1-

Oct31 

42.3a 

57.7b 

22.2a 

34.2b 

53.8b 

54.3b 

Averages indicated by the same leuer within each row and column are not significantly different 
( P < .05 ) as detennincd by the Lsd methods. 
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Table B9. Grazing Season and Time Interaction 

1 
Average Percent Resting Time 

Seasons 

Time 

Morning 

Afternoon 

1 

Jul1-

Oct 31 

20.1a 

7.7b 

Nov 1-

Jan 31 

23.6a 

22.9a 

Average Percent Resting Time Standing. 

Morning 

Afternoon 

1 

5.2ac 

S.Oac 

Average Percent Resting Time Lying. 

Morning 

Afternoon 

1 

IS.1a 

4.Oc 

9.7a 

13.4b 

1I.2ab 

12.1a 

Feb 1-

Apr 30 

15.8c 

7.7b 

3.5c 

2.9c 

10.7b 

4.7c 

May 1-

Jun 30 

J.8.8ac 

18.5a 

6.9a 

5.8ac 

13.3a 

9.5a 

Jul 1-

Oct 31 

18.8ac 

10.5b 

3.9c 

6.1a 

13.8a 

6.2c 

Averages indicated by the same leller within each row and column are not significantly different 
( P < .OS ) as detennined by the Lsd methods. 
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Table B 10. Grazing Season and Time Interaction 

1 
Average Percent Ruminating Time 

Seasons 

Time 

Morning 

Afternoon 

1 

Jul 1-

Oct 31 

13.7a 

S.3b 

Nov 1-

Jan 31 

7.4b 

8.Sb 

Average Percent Ruminating Time Standing 

Morning 

Afternoon 

1 

1.6a 

3.1bc 

1.7a 

S.lb 

Average Percent Ruminating Time Lying. 

Morning 

Afternoon 

1 

lO.5a 

3.1b 

S.4b 

4.7bd 

Feb 1-

Apr 30 

10.2a 

3Ab 

O.Sc 

2.Oc 

S.Ob 

1.Sc 

May 1-

Jun 30 

11.8a 

1O.3a 

2.Sd 

3.Ocd 

8.8a 

6.9d 

Jul 1-

Oct 31 

14.0a 

7.8b 

1.6a 

4.2bd 

11.7a 

4.0b 

Averages indicated by the same leuer within each row and column are not significantly different 
( P < .OS ) as detennined by the Lsd methods. 
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Table B 11. Grazing Season and Time Interaction .. 

1 
Average Percent Idling Time 

Seasons 

Time 

Morning 

Afternoon 

1 

Jull

Oct 31 

7.0a 

3.3a 

Average Percent Idling Time Standing. 

Morning 

Afternoon 

1 

2.2a 

3.3a 

Average Percent Idling Time lying. 

Morning 

Afternoon 

1 

4.1a 

l.lc 

Nov 1-

Jan 31 

14.3b 

16.Sb 

7.8b 

8.7b 

7.Sb 

6.6b 

Feb 1-

Apr 30 

6.2a 

2.0a 

1.7a 

3.4a 

4.8a 

l.Sc 

May 1-

Jun 30 

8.6a 

6.9a 

2.2a 

5.1ab 

3.8a 

3.4ac 

Jull

Oct 31 

5.3a 

2.9a 

1.4a 

2.3a 

3.0a 

l.lc 

Averages indicated by the same letter within each row and column are not significantly diffelcnl 
( P < .05 ) as determined by the Lsd methods. 
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Table B 12. Grazing Season and Time Interaction 

1 
Average Percent Walking Time 

Seasons 

Time 

Morning 

Afternoon 

1 

Jul 1-

Oet 31 

2.8a 

5.1b 

Average Percent Drinking Time 

Morning 

Afternoon 

1 

O.OO6a 

0.600b 

Average Percent Salting Time 

Morning 

Afternoon 

1 

0.168a 

0.489a 

Average Defecation Frequency 

Morning 

Afternoon 

1 

l,4a 

2.8b 

Average Urination Frequency 

Morning 

Afternoon 

1 

1.0a 

1.9b 

Nov 1-

Jan 31 

2.8a 

4.3b 

0.OO7a 

0.067a 

0.129a 

0.929b 

1.1 a 

1.0a 

1.0a 

1.2a 

Feb 1-

Apr 30 

1.8a 

3.6ab 

O.OOa 

0.35c 

O.109a 

0,475a 

1.3a 

1.2a 

0.9a 

lAab 

May 1-

Jun 30 

1.8a 

2.5a 

0.160b 

0.384c 

0.448a 

0.697b 

1.8a 

2.2ab 

1.2a 

2.0b 

Jui 1-

Oct 31 

0.30a 

3.3ab 

0.OO6a 

O.52b 

0.221a 

0.313a 

2.3ab 

2.8b 

2.1b 

2.6b 

Averages indicated by the same letter within each row and column are not significantly different 
( P < .05 ) as detennined by the Lsd methods. 
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Table B 13. Pasture and Topography Interaction 

1 
Average Percent Animal-day. 

Pasture Moderate 

Topography 

Upland 

Slope 

Wash 

1 

53.7a 

27.0b 

13.4c 

Average Percent Grazing Time. 

Upland 

Slope 

Wash 

1 

27.0a 

23.6a 

3.0d 

Average Bite Rates(Bites!minute) 

Upland 

Slope 

Wash 

Average 

Upland 

Slope 

Wash 

1 

1 

47.4a 

51.6b 

43.6a 

Percent Resting Time. 

22.5a 

3.5b 

1O.7c 

Heavy 

36.6d 

23.1b 

40.3d 

25.1a 

19.1c 

9.7d 

44.5a 

45.4a 

44.5a 

7.9c 

2.0b 

22.7d 

Very Heavy 

56.3a 

11.8c 

31.9b 

38.3b 

11.9c 

3.2d 

44.7a 

44.6a 

45.3a 

25.6a 

l.1b 

7.7c 

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

217 



Table B14. Pasture and Cover Interaction 

1 
Average Percent Animal-day. 

Cover 

Open 

Canopy 

Pasture 

1 

Moderate 

45.8a 

54.2b 

Average Percent Grazing Time. 

Open 

Canopy 

1 

21.8a 

20.0a 

Average Bite Rates(Bites/minute). 

Open 

Canopy 

1 

48.7a 

46.8a 

Average Percent Resting Time. 

Open 

Canopy 

1 

6.5a 

27.3b 

Heavy 

53.4b 

46.6a 

43.2b 

11.7c 

45.3b 

41.2b 

4.9a 

30.6b 

Very Heavy 

56.3b 

43.7a 

43.6b 

10.2c 

44.3b 

41.2b 

7.7a 

25.9b 

Averages indicated by the saII1e letter within each row and column are not significantly different 
( P < .05 ) as detennined by the Lsd methods. 
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Table B 15. Pasture and Time Interaction 

1 
Average Percent Animal-day. 

Pasture 

Time 

Morning 

Afernoon 

1 

Moderate 

42.3a 

57.7b 

Average Percent Grazing Time. 

Morning 

Afternoon 

1 

23.6a 

29.1b 

Average Bite Rates(Bites/minute). 

Morning 

Aternoon 

1 

48.5a 

48.9a 

Average Percent Resting Time. 

Morning 

Afternoon 

1 

17.1a 

12.9b 

Heavy 

45.0a 

55.0b 

21.3a 

33.0b 

44.9b 

44.9b 

21.2c 

13.6b 

Very Heavy 

40.3a 

59.7b 

20.3a 

32.4b 

43.6b 

45.1b 

21.7c 

13.6b 

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 B16. Topography and Cover Interaction . 

1 
Average Percent Animal·day. 

Cover 

Open 

Canopy 

Topography 

1 

Upland 

31.4a 

17.Sb 

A verage Percent Grazing Time. 

Open 

Canopy 

1 

21.7a 

8Ab 

Average Bite Rates(Bites!minute). 

Open 

Canopy 

Average 

Open 

Canopy 

1 

1 

44.6a 

4S.9a 

Percent Resting Time 

S.2a 

10.7b 

Slope 

18.0b 

2.6c 

14Ab 

3.8c 

48.8b 

4S.Sa 

l.Oc 

OAc 

Wash 

l.3c 

29.2a 

O.9d 

2Ac 

44.1a 

43.2a 

O.Sc 

9.2b 

Averages indicated by the same letter within each row and column are not significantly different 
( P < .OS ) as detennined by the Lsd methods. 
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Table B 17. Topography mId Time Interaction 

1 
Average Percent Animal-day. 

Topography 

Time 

Morning 

Afternoon 

1 

Upland 

11.8a 

37.1b 

Average Percent Grazing Time. 

Morning 

Afternoon 

1 

9.2a 

30.4b 

Average Bite Rates(Bites/minu!e). 

Morning 

Afternoon 

1 

44.5a 

4S.6a 

Average Percent Resting Time 

Morning 

Afternoon 

1 

2.6a 

6.7b 

Slope 

8.2a 

12.6a 

7.1a 

12.3a 

48.4a 

47.5a 

1.1 a 

O.3a 

Wash 

22.Sb 

7.9a 

9.3a 

7.Sa 

43.1a 

4S.2a 

13.2b 

O.4a 

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

221 



Table B 18. Cover and Time Interaction 

1 
Average Percent Animal-day. 

Cover 

Time 

Morning 

Afternoon 

1 
Average Percent Grazing Time. 

Morning 

Afternoon 

1 
Average Bite Rates(Bites/minute). 

Morning 

Afternoon 

1 
Average Percent Resting Time. 

Morning 

Aftmoon 

21.1a 

29.6b 

15.7a 

20.5b 

46.0a 

46.0a 

3.4a 

3.3a 

Canopy 

21.4a 

27.9b 

G.Ob 

11.Oc 

44.5a 

45.7a 

16.2b 

4.1a 

-----,--------------------------------------------------------------

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

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