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ABSTRACT 

Two trials were conducted to demonstrate diet selected 

by grazing cattle. Selection criteria were investigated on 

the basis of cattle selection for plant species, green leaf 

in preference to dry leaf or dry stem and the chemical 

contents of esophageal samples versus those in the standing 

crop. The influence of residual old vegetation on selection 

ability was studied by mowing all or part of the pasture. 

Cattle consumed Lehmann lovegrass in preference to shrubby 

species (Table 1). The esophageal samples contained higher 

levels of protein, phosphorus and IVDMD than that in the 

standing crop in both Trial 1 and Trial 2. Neutral 

detergent fiber was higher in the standing crop than in the 

esophageal samples, whereas in Trial 2, there appeared to be 

no difference in NDF. Removal of old vegetation by mowing 

had no effect on selection for plant parts. Cattle selected 

green leaf, in preference to dry leaf or dry stem regardless 

of the presence of old material. Free ranging cattle 

selected a diet that was higher in nutrient density and more 

digestible than the available forage. 
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CHAPTER 1 

INTRODUCTION 

Basic to improved range management and animal nutrition 

is a knowledge of botanical and chemical composition of 

diets consumed by grazing animals. Characterization of 

animal"s diets on native ranges is complicated by animal 

selectivity for certain species and plant parts and by the 

heterogenous nature of the herbage available for grazing 

(Theurer, 1967). 

Reliable techniques for pasture analysis and the diet 

selected by free-ranging animals have been difficult to 

achieve, but the use of esophageal fistulas is currently 

accepted by many researchers as the best solution to the 

problem of the determination of grazing animal diets, even 

though many problems have still not been solved. 

What has been overlooked is the potential of learning 

in early life upon diet selection, and the possibility of 

manipulating livestock dietary habits to increase livestock 

production, to better parallel available forage, or to 

differentially exploit particular plant species in the 

community (Provenza et al., 1987). 

The ruminant animal's foraging behavior is classified 

as hedyphagic, i.e., food selection directed at minimizing 
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unpleasant or maximizing pleasant, or both, olfactory and 

other sensations (McClymont, 1967); animals may select 

plants not for their nutritional advantages but for flavour. 

If so, domestic ruminants are not thought of as capable of 

showing specific euphagia, i.e., food selection directed to 

optimal nutrition and avoiding intoxication; they 

preferentially select plants to meet specific nutrient need 

(Arnold, 1981). 

Research work at the University of Arizona on perennial 

bunchgrass range (Lehmann lovegrass) has shown that the 

presence of mature, standing dead material affects cattle 

selection for specific plants within species and the 

efficiency by which cattle graze the plant (Ruyle et al., 

1988, 1989; Nascimento, 1989). 

The objectives of this research were to: 

1. Determine the effectiveness of cattle selectivity 

in obtaining a diet which is nutritionally 

superior to the nutrient content of available 

herbage. 

2. Determine the effect of mature, old standing 

material on cattle dietary nutrient quality. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

Selection for Plant Species 

It is well documented that under almost all 

circumstances, livestock graze selectively on range and 

pastureland (Kothman, 1980). Siebert et al. (1968) found 

that the reason for arid zone cattle holding their condition 

on sparse and dry forage was partly because many plant 

species selected by cattle were higher in nutrient value 

than non-selected plants. Selectivity of cattle for grass 

in comparison to browse was very strongly expressed in 

Nevada studies (Lesperance et al., 1970). 

The preference shown by grazing animals for a 

particular species is of use in the management of vegetation 

at the plant species level (Harrington, 1978). 

Selective grazing by livestock markedly alters nutrient 

and botanical composition of forage ingested as compared to 

herbage available on native rangeland (Theurer, 1970). Gait 

et al. (1969) noted marked differences between species 

composition of desert grassland range and that collected 

from rumen fistulated steers. Lehmann lovegrass (Eraarostis 

lehmanniana Nees), the dominant grass species, constituted 

only one-fourth of the species identified in the rumen 
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while bristlegrass (Setaria macrostachva), which made up 

only 7% of available herbage, was the predominant species in 

fistulated forage samples. 

In considering the likely impact on preferred forage 

species and the ultimate effect on range condition, it is 

essential to consider the grazing patterns and feeding habit 

of grazing animals when managing stocking levels on paddocks 

(Squires et al., 1987). Implicit in the concept of range 

condition is the notion that shifts in botanical composition 

are due to selective grazing by livestock (Bosch et al., 

1984) . 

Selection for Green Material 

The age of plants and content of green material affects 

their attractiveness and nutrient value. Plants which 

continue growth into the late autumn and early winter are 

most likely to be attractive at that time because of their 

relative succulence and greenness (Cowlishaw et al., 1960). 

Heifers selected green forage in preference to old material 

(Reppert, 1960). Arnold (1960) studied selectivity of sheep 

on a lucerne (Medicaao Sativa) and Phalaris tuberosa 

pasture. When both plants were young with mainly leafy 

growth, little selection was practiced, but selectivity 

became more pronounced as the herbage on offer increased in 

age and maturity. 
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Selection for Portions of Plants 

Preferential selection is not, however, restricted to 

the selection of one species in a pasture in preference to 

another but also operates within a species. Even within any 

particular plant some parts will be eaten before others 

(Meyer, Lofgreen, & Hull, 1957; Greenall, 1958). Arnold 

(1962) illustrated that leaf is preferred to stem and green 

tissue is preferred to mature or dead forage. The 

preferences generally result in selection of plants having 

nutritive value higher than the average of available forage. 

Jung (1989) found the nutritive value of the diet eaten 

by wethers grazing smooth broomgrass (Bromus inermusl 

pasture to be higher than that of the herbage on offer. He 

postulated that the wethers must have been consuming very 

little non-green forage and were even selecting a higher 

quality fraction of the green forage, presumably leaves. 

Jeffries and Rice (1969) on shortgrass range reported higher 

nutritive value in selected diets of cattle than that from 

available vegetation. 

When the quantity of green herbage is high the 

difference in digestibility between the diet selected and 

the herbage on offer would be the result of selection within 

the green material for more digestible fractions, such as 

leaf in preference to stem and young herbage in preference 

to mature material (Hamilton, 1973). 
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The Results of Selection 

Selected material, compared with the material from 

which it was selected, was higher in nitrogen (Arnold, 

1960). Hardison et al. (1954) found the herbage selected by 

cattle to be higher in crude protein, ether extract and 

minerals and lower in crude fiber than the initial sward. 

Also, the digestibility of the selected material was higher 

than that of the available herbage. 

The quality of forage selected by sheep was 

substantially higher than the overall available pasture 

(Jung et al., 1985). They selected a specific portion of 

the green fraction to account for the difference, as the 

total available green material was much lower in in vitro 

dry matter digestibility and crude protein and higher in 

cell wall material than the diet (Jung et al., 1985). 

Weir et al. (1959) concluded that the higher protein 

content and the lower crude fiber content of forage 

collected by esophageal-fistulated sheep compared to that 

obtained by close clipping gave an indication of the degree 

of selection by grazing sheep. Sheep selected diets that 

were higher in in vitro dry matter digestibility and crude 

protein and lower in neutral detergent fiber. Lignin 

content of the diet did not differ markedly from that of the 

available forage (Jung et al., 1989). 
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Grazing resulted in a significant decline in mass of 

green leaf and green flowering stem plus flower components 

of a pasture (Forbes, 1982). Continued preference for 

perennial grasses led to overgrazing, lack of vigor and 

their ultimate demise (Bosch et al., 1984). 

Adjustments of stocking rates, season of grazing and 

development of specialized grazing methods are commonly used 

to alleviate problems of species selective grazing (Kothman, 

1980). Steers selected plains bristle-grass as long as it 

was available. Its contribution to the diet decreased as it 

became heavily utilized on a southern Arizona rangeland 

(Gait et al., 1969). Livestock diets could thus be expected 

to reflect the changes in availability of preferred species 

in sites in good, intermediate and poor condition (Chamrad, 

1979). 

Free-ranging cattle continued to graze preferred forage 

species (Enneapogon, spp) until the level of use was about 

60% before they moved on to other species within the paddock 

(Squires, 1982). Cattle concentrated more on Cenchrus 

Cilaiaris (Buffel grass) than on Enneapoaon avenaceus (oat 

grass) plants during the first two weeks of the growth 

period, which allowed the latter to grow and even start 

producing seed before cattle concentrated on them (Arnold & 

Dudzinki, 1978). 
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Brady et al. (1989) observed that some plant species 

were ignored by selective herbivores, while other species 

were selectively subtracted by heavy grazing, which could 

lead to virtual elimination. Moreover, through selective 

grazing, animals altered the relative competitive abilities 

of individual plant species, thus influencing vegetation 

structure and composition. 

The selective removal of certain plant species, 

individual plants and parts of plants to the exclusion of 

others altered the structure of the community as well as the 

quantity, quality and subsequent utilization of the 

remaining forage (Arnold, 1964). Wilson et al. (1976) 

reported that some plants were severely damaged and 

defoliated by grazing goats while others were not eaten. 

Over a four year period, goats had induced changes in the 

composition of the tree and shrub components of the range. 

Free-ranging herbivores selectively graze rangelands 

because of differences in soil, vegetation or topography, 

resulting in a diet with floristic and nutritive composition 

unlike that of the range average (Bedell, 1971). Kothman 

(1980) noted that, on pastures where the average forage 

quality was adequate, selective grazing was stratified on 

some homogenous areas of the rangeland so that a certain 

portion of suitable quality was not grazed. 
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The location of preferred communities in relation to 

watering points determined grazing distribution (Hodder et 

al., 1978). Grazing animals directly influenced species 

diversity of vegetative communities (Crawley, 1983). 

Seasonal differences in vegetation availability and 

maturity resulted in changes in availability of preferred 

forage (Hanley et al., 1977), which in turn, caused 

livestock to modify their selection (Holechek et al., 1982). 

Selective grazing for plants may result in a patch 

utilization. At the beginning of the grazing season, some 

areas were lightly to moderately grazed by cattle, while 

others were ignored (Weaver et al., 1951). Because grazing 

animals preferred fresh growth more than mature forage 

(Arnold & Dudzinki, 1978), previously grazed patches were 

repeatedly grazed (Ring et al., 1985). As the grazing 

season progressed, vegetation of such patches was eventually 

overutilized while the remainder of the range became "rank" 

with accumulation of mature growth (Moorefield & Hopkins, 

1951). 

Ring et al. (1985) demonstrated that regrowth on 

heavily grazed patches early in the season was adequate to 

meet livestock nutrient-requirements, but productivity of 

regrowth on heavily grazed patches slowed and cattle were 

forced to graze elsewhere. The diminished amount of 

regrowth on heavily grazed patches and mature state of 



18 

plants on lightly grazed patches reduced the overall quality 

of available forage. 

The Relationship of Selection to 

Plant Structure 

Knowledge of the characteristics of the upper horizons 

of the sward, including information on leaf area and 

contribution of leaves of different age to the total leaf 

area, canopy structure, tiller size, and number, and the way 

in which these characteristics are altered by grazing is 

important to increased understanding of the effects of 

grazing management on herbage production (Barthram et al., 

1984) . 

Chacon et al. (1978) demonstrated that differences in 

beef production between Pangola and Setaria swards were due 

to variation in yields of herbage on offer, sward structure 

differences (leaf and green biomass densities and leaf: stem 

ratio) and the nutritive value of the swards, mainly 

digestibility. Cattle grazing low-yielding or short swards 

took small bites and therefore had an insufficient intake of 

available dry matter to meet production demands despite the 

high quality of the diet selected (Stobbs, 1973b). 

Sward characteristics such as yield and weight of 

herbage per unit height, particularly the leaf component, 

greatly influenced the quantity and quality of feed consumed 

(Stobbs, 1975). Variations in sward characteristics 
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appeared to exert a major influence on the weight of herbage 

consumed per bite (Stobbs, 1973a; Jamieson & Hodgson, 1979a, 

b). 

Grazing sheep tended to avoid sward horizons containing 

stem material. This behavior resulted in the development of 

increasingly unattractive areas (Barthram, 1984). Though 

the proportions of lamina length removed were quite 

different, the sheep predominantly grazed the most 

digestible and youngest laminae from the upper layers of 

the sward and generally avoided the least digestible dead 

leaf sheath (Vine, 1977). 

Evidence of sward characteristics affecting defoliation 

by sheep grazing ryegrass dominated swards has been reported 

by Hodgson (1966) and Hodgson and Ollerenshaw (1969) who 

showed that animals predominantly grazed tillers with 

greater leaf length. Mclvor and Watkins (1973) showed in 

cocksfoot dominated pasture that sheep preferred to graze 

the younger laminae and that the length of laminae removed 

decreased as the length of lamina present decreased. 

So long as the quantity of herbage on offer is 

adequate, both in terms of yield per unit area and ease of 

prehension, the quantity eaten will be mainly under physical 

rather metabolic control (Baker, 1976). The development of 

total coarse culms in the Hyperthelia veld, was the main 

cause of changing preference over time. The sharp decline 
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in grazing of tallest tillers was associated with piping 

tillers and culms and these were avoided due to their 

stemminess rather than their height (Gammon et al., 1978). 

The amount of herbage present per unit area and its 

distribution in space were acknowledged as important 

extrinsic factors limiting herbage intake through their 

effects on the ease of prehension of herbage (Hodgson et 

al.f 1975). Stems of standing material in temperate 

bunchgrasses were shown to deter grazing by cattle (Norton 

et al., 1982). 

On semi-arid rangeland, stems and other standing dead 

material might have accumulated in bunchgrasses and 

restricted access to new growth by grazing animals. The 

presence and heights of residual items in Lehmann lovegrass 

increased the times between successive bites taken by 

grazing cows, thus decreasing biting rates compared to bites 

taken where these stems were reduced (Ruyle et al., 1987). 

The accumulation of residual vegetation in grassy 

swards influenced the ingestive behavior and hence the 

nutrition of grazing animals. Removal of residual 

vegetation, through fire, mowing or heavy utilization for a 

short period late in the growing season to maintain the 

swards with accessible green herbage could improve both 

animal production and utilization of the range resources 

(Mahfouz, 1989). 
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Grazing Behavior and Plant Structure 

or Composition 

Arnold (1964) indicated that intake is related to the 

effect of forage digestibility on rumen function, as well as 

forage availability. Higher availability of green forage 

resulted in larger but fewer bites per minute. The higher 

percentage of stem in mature forage likely reduced biting 

rates as selectivity became more pronounced (Scarnecchia et 

al., 1985). 

The canopy structure of tropical pasture swards has 

been shown to influence bite size and hence may limit daily 

intake by grazing animals. When pasture yields are low 

animals have difficulty in obtaining sufficiently large 

bites to achieve maximum intake (Stobbs, 1973). When 

animals graze high-yielding mature pasture, there is also 

some evidence that they have difficulty in harvesting enough 

feed to satisfy nutrient requirements, because grazing times 

on such pastures have been excessively long (Stobbs, 1970). 

Limitations in herbage intake of animals continuously 

stocked on short swards reflected reductions in bite size 

and rate of herbage intake, which were not compensated for 

despite substantial increase in grazing time (Jamieson et 

al., 1979). Hendricksen et al. (1980) demonstrated that the 

rapid decline in bite size and intake was caused by the 
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reduction in the quantity of leaf per unit area and lack of 

desire of cattle to eat stem. 

Intake of herbage by grazing animals is proportional to 

both time spent grazing and the rate of grazing; the two 

components of rate of grazing are rate of biting and bite 

size (Stobbs, 1973). The time spent grazing is influenced 

by food requirements of the animal, and by the rate at which 

the animal eats. When feed is short, on either range or 

pasture, more time will be spent grazing, the number of 

bites per minute will increase but intake per hour of 

grazing will decrease (Arnold, 1981). 

There is an optimum stage of growth for each pasture 

species which allows the grazing animal to prehend large 

bites of herbage. Insufficiency and inaccessibility of 

herbage restrict intake at earlier or later stages of 

regrowth respectively (Stobbs, 1973). Decreasing pasture 

availability results in increased grazing time and rate of 

eating, eventually a point is reached where total intake 

begins to decrease (Arnold, 1964). 

Hodgson (1982) interpreted increases in rate of biting 

by cows with increasing sward maturity as an attempt to 

compensate for reduced intake per bite. The lowest biting 

rates were observed when forage was abundant and the highest 

biting rates were observed when forage was limited 

(Scarnecchia et al., 1985). 



23 

CHAPTER 3 

MATERIAL AND METHODS 

The study was conducted on Santa Rita Experimental 

Range, 50 Km south of Tucson, 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 above 1,200 meters (Young et al., 1935). 

The soil is classified as whitehouse gravelly loam. 

The vegetation is dominated by Lehmann lovegrass which has 

essentially replaced native perennial grasses, except along 

slopes of drainages since about 1970 (Cox & Ruyle, 1986). 

Associated woody species included the half-shrub false 

mesquite (Calliandra eriophylla), and scattered mesquite 

trees (Prosopis juliflora) (Ruyle et al., 1987). 

Trial 1 

The study was conducted on July 10 and 12, August 27 

and September 1, 8, and 16, 1987 using six fistulated Angus 

cows, which continuously grazed the study pasture during 

collection periods. Esophogeal plugs were removed and 

collection bags with screen bottoms to drain excess saliva 

were attached. The animals were grazed for 20-40 minutes of 

active grazing, during normal afternoon grazing time from 4 

to 6 p.m. 
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collection bags with screen bottoms to drain excess saliva 

were attached. The animals were grazed for 20-40 minutes of 

active grazing, during normal afternoon grazing time from 4 

to 6 p.m. 

The animals were caught and samples in the bags were 

removed and stored in plastic bags which were frozen until 

they were analyzed. The samples contaminated with 

regurgitated material were discarded. 

Clipped samples of standing Lehmann lovegrass were 

obtained, stored in plastic bags and analyzed in the same 

manner as esophogeal samples (Nascimento, 1988). 

Botanical Composition Analysis 

The samples were washed over a 200-mesh screen to 

insure mixing, to remove dirt, and to remove small plant 

fragments. A small portion of the sample was spread evenly 

and mounted on a microscope slide using Hertwig's Solution 

(Baumgartner & Martin, 1939) and Hoyer's solution (Baker & 

Wharten, 1952). The slides were oven dried at 52°C for 72 

hours. Three slides were prepared from each sample. 

Tissues of plants that were present on the study area 

were prepared and mounted on microscopes in the same manner 

for study as reference material. Identification of each 

species in the sample was based on epidermal characteristics 

(Brusven & Mulkern, 1960; Davies, 1959; Storr, 1961). 
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Trial 2 

This study took place April 18-21 and May 23-24, 1989. 

Five esophogeally fistulated steers, three Angus and two 

Hereford, were systematically assigned to three experimental 

pasture treatments. Pasture treatments were mowed 

completely (mowed), one-half of the area mowed (1/2 mowed) 

or undisturbed). During major foraging bouts, a focal 

animal was sampled for a period of 20-40 minutes, then 

another individual was selected as the focal animal for a 

similar period, and so on. Data were collected until five 

different steers had been observed, or the foraging bout 

ended. 

The esophogeal plugs were removed and the boli were 

collected from the focal animal as they dropped on the 

sward. The samples were placed in plastic bags and frozen 

until they were analyzed. 

The individual bolus from each steer was oven dried for 

24 hours or more at 52°C, weighed and then ground through a 

one-mm screen. Ground material was thoroughly mixed and 

divided into sub-samples for analysis of botanical and 

chemical composition. 

Botanical Composition Analysis 

Each of the sub-samples was washed, placed in an 

aluminum tray approximately 17cm by 27cm and spread evenly. 

A plastic grid with 120 points was devised, placed on the 

spread material and then passed under the microscope 
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(Heady and Torrell, 1959). One of the eyepieces of the 

scope had a cross-hair, when the point on the tray 

identified by the plastic grid was passed under the scope, 

the plant part nearest to the cross-hair was considered a 

hit. One hundred sixteen hits were recorded from each sub-

sample. The hits were identified as plant part (leaf, stem 

or flower) and maturity stage (green or dead). 

Chemical and Digestibility Analyses 

The sub-samples were composited into pasture 

treatments. The available herbage and forage samples were 

analyzed for protein, phosophorus, neutral detergent fiber 

(cell wall constituents) and in vitro dry matter 

digestibility (IVDMD). Analyses for crude protein (%N x 

6.25) and phosphorus were by an auto analyzer procedure. 

This technique used a version of Kjeldahl digestion followed 

by a calorimetric nitrogen determination. The samples were 

weighed (500 mg) and put in two 25 mm x 200 mm pyrex test 

tubes along with l.Og of K2S04, O.lg of Na2Se04 and 10 ml 

concentrated H2S04. Samples were then digested at about 

400°c in a block digestor for 3-4 hours, or until they 

turned into a clear, amber color. The digestate was 

quantitatively transferred to a 100 ml volumetric flask and 

read colorimetrically for nitrogen and phosphorous by the 

auto analyzer apparatus. 

Neutral detergent fiber (cell wall constituents) was 

determined as described by Goering and Van Soest (1970). In 
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vitro digestibility was determined using the procedure of 

Tilley and Terry (1963). It consisted of in vitro digestion 

with rumen microorganisms for 48 hours, followed by NDF 

determination as described above. Rumen innocula was 

obtained from a Hereford steer fed alfalfa hay. Forages 

with known in vivo values were included with each digestion 

run to standardize results. All results are reported on the 

dry matter basis. 

Statistical Analysis 

Analysis of variance procedures (SAS, 1985) were used 

to determine the treatment differences and multiple 

comparisons between the standing crop, esophageal samples 

and pasture treatments. The experimental units (steers), 

referred to as sample in the data base, were used for 

analysis of variance of all variables in Trial 1. In Trial 

2, the data were composited into pasture treatments and 

dates to determine treatment effects on selection. 



28 

CHAPTER 4 

RESULTS 

The Santa Rita Experimental Range has the soil that was 

classified as Whitehouse gravelly loam and the vegetation is 

dominated by Lehmann lovegrass which has essentially 

replaced native perennial grasses, except along slopes of 

drainages, since about 1970 (Cox and Ruyle, 1986). 

Associated woody species include the half-shrub, false 

mesquite and scattered mesquite trees (Ruyle et al., 1987). 

This vegetation type simplified selection behaviors of 

the grazing animals because the plant community diversity is 

most complex. 

Trial 1 

The pasture was sampled in July, when the Lehmann 

lovegrass was in summer dormancy, prior to the rain induced 

primary growing season. The sampling dates in August and 

September 1, 8 and 16 were during the growing period for 

Lehmann lovegrass. Lehmann lovegrass grows rapidly and 

matures quickly in response to fall precipitation. By mid-

September the plants had produced seed heads and were 

beginning fall and winter senescence. The botanical 

analysis of esophageal samples indicates that Lehmann 

lovegrass was the predominate dietary constituent for the 
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cattle. During July, false mesquite was important (23.6%) 

and a small amount of mesquite (2.4%) was consumed (Table 

1). When Lehmann lovegrass was in the vegetative growth 

period during August, cattle consumed it almost exclusively 

(95.7%). As the grass became more mature, false mesquite 

was a more abundant dietary component ranging from 47% on 

September 1 to 12% on September 8 and 16, mesquite was a 

minor dietary component during September (Table 1). 

The dietary analyses indicated that cattle may have 

browsed for supplementary nutrients that were not adequately 

supplied by the available forage during periods of Lehmann 

lovegrass maturity. Cook (1972) demonstrated that shrubby 

species contain higher levels of lignin, phosphorus, 

calcium, and protein. Grasses are higher in crude fiber, 

cellulose and energy. Cattle consumed more Lehmann 

lovegrass than false mesquite or mesquite (Table 1) at all 

sampling dates. 

The crude protein content of dietary samples was 

greater than that available in August and September in the 

whole standing crop and in the green standing crop. Green 

standing crop was higher than the whole standing crop. 

During July, esophageal samples and standing whole and green 

material were similar. This indicates that during summer 

dormancy when Lehmann lovegrass was mature, cattle were not 

able to select for protein content, whereas during active 
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Table 1 PERCENT BOTANICAL COMPOSITION OF THE 

ESOPHAGEAL SAMPLES 

Date Lehmann False Mesguite 
Lovegrass Mesguite 

July 74.9b 23.6b 2.4b 

August 95.7c 4.3c 0 

Sept. 1 51.Od 47. Od 2.0b 

Sept. 8 80.7ef 18.4ef . 9c 

Sept. 16 81.2ef 18ef . 8c 

a Values are means; n = 3 
b, c, d Means within a row without a common superscript 
differ (P<.05) 



31 

growth selection for protein was possible (Figure 1). 

Phosphorus content of the diet was consistently higher than 

green or dry standing crop and green standing crop was 

higher than the whole standing throughout the year (Figure 

2). The animals were apparently able to select a diet with 

greater phosphorus during July. This was probably due to 

the consumption of false mesquite and mesquite at this time. 

Standing crop analyses were only for Lehmann lovegrass. 

Lehmann lovegrass phosphorus was always low throughout the 

year and less than required for cattle (about 0.2%). 

Neutral detergent fiber was always considerably lower in 

dietary samples (Figure 3). Neutral detergent fiber off 

whole and green standing crop was high and similar for green 

and whole standing crop. The selective ability of cattle to 

consume a lower fiber diet than that of the forage available 

is probably due to animal selection for leaves versus stems 

during grazing. 

Trial 2 

In Trial 2, the purpose of the experiment was to 

investigate the effect of the presence of residual, old 

standing crop on the dietary composition of cattle grazing 

Lehmann lovegrass. Earlier work (Nascimento, 1988) had 

shown that patches created by grazing cattle had lower 

biomass and higher nutrient density than lightly grazed or 

ungrazed areas. Smaller pastures were created by mowing 
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Figure !• Crude protein in the esophageal samples versus 

that in the standing crop and green standing crop. 
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Figure 2. Phosphorus in the esophageal samples versus that 

in the standing crop and green standing crop. 
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Figure 3. Neutral detergent fiber in the esophageal samples 

versus that in the standing crop and green 

standing crop. 
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which had the standing crop removed either totally or half 

of the area (mowed, half mowed, and whole). Esophageal 

samples were collected from these and compared with the 

standing crop. 

The nutrient content of the esophageal samples as 

compared to that in the standing crop is shown in Table 2. 

The esophageal samples contained significantly (P<.05) 

higher levels of crude protein and phosphorus and they were 

also higher in IVDMD (P<.05) than the standing crop. The 

esophageal samples tended to be similar in crude protein, 

phosphorus and IVDMD between pasture treatments. 

The achieved higher nutrient content of extrusa 

illustrated the successful selection for more protein and 

higher digestible forage by cattle. The treatment of the 

pastures did not appear to affect grazing ability of the 

cattle to select more nutritious forage than the available 

crop. 

There was no significant difference between the 

standing crop and the esophageal samples in cell wall 

constituents (Table 3), nor were there differences between 

treatments in cell wall constituents. 

Other workers have demonstrated nutritional quality 

improvement by grazing animals through selection maneuvers. 

Wethers generally consumed a more digestible diet that was 

higher in crude protein and lower in neutral detergent fiber 



Table 2. CRUDE PROTEIN, PHOSPHORUS AND IVDMD OF STANDING CROP VERSUS 

ESOPHAGEAL SAMPLES 

X CP X Phos IVDMD 

Treatment Standing Esoph. Standing Esoph Standing Esoph 

Pasture Crop Sanples Crop Samples Crop Samples 

Mowed 3.37b 3.97b .027b .100b 51.65b 65.84b 

Uhole 2.45c 3.68c .014c .071c 51.42b 63.16c 

Half-Mowed 2.91d 4.28bd .032d .089d 55.85c 64.09bd 

Average 2.91 3.98 .024 .087 52.97 64.36 

a Values are means, n = 3 

c, d means within a row without a conmon superscript differ (p<.07) 

co 
en 



Table 3. CELL CONSTITUENTS OF THE STANDING CROP VERSUS THE ESOPHAGEAL SAMPLES 

XNDF XADF X NCel X Cel X Liauin 

Treatment Standing Esoph Standing Esoph Standing Esoph Standing Esoph Standing Esoph 

Pasture Crop Sample Crop Sample Crop Sample Sample Crop Sample Crop 

Plowed 73.Mb 70.40b 44.69b 44.06b 28.94b 26.34b 33.58b 33.40b 7.38b 6.61b 

Uhole 72.89b 73.83c 45.06b 46.55v 27.83b 27.28b 33.83b 35.11c 7.19b 6.28b 

HaIf-Mowed 75.21c 71.78b 45.54b 45.70cb 29.66b 26.08b 33.56b 33.19b 7.36b 7.88b 

Average 73.97 72.00 45.10 45.44 28.81 26.57 33.66 33.90 7.31 6.91 

a Values are means, n «= 3 

c, d means within a row without a common superscript differ (P<.01) 

CO 
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fiber than either green or non-green pasture samples (Jung 

et al., 1989). The quality of forage selected by animals 

was substantially higher than the overall available pasture. 

The sheep must have been selecting a specific portion of 

green fraction to account for this difference, as the total 

available green material was much lower in IUDMD and CP, and 

higher in cell wall material than the diet samples (Jung et 

al., 1985). 

The indication of selection not being affected pasture 

treatments is not supported by other workers and may 

represent data analysis bias. The experimental units 

represented by the sample in Appendix A was not included in 

data analysis for cell wall constituents in Appendix B, 

rather the samples were composited into treatments and 

dates. 

Barthram and Grant (1984) demonstrated that grazing 

sheep tend to avoid swards containing stemmy material, and 

this behavior could result in the development of 

increasingly stemmy areas; hence cell wall constituents must 

have been higher in the whole pasture than half-mowed or 

mowed pastures. Ruyle et al. (1987) demonstrated that the 

characteristics of the herbage available at each bite taken 

may affect measured strategies of free-ranging cows. The 

ratio of bites on previously ungrazed plants to bites on 

grazed plants could determine the relative biting rate 
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during foraging bout. Selection for green leaf in 

preference to dry leaf or dry stem must have been easier on 

treated pastures than on the whole standing crop. 

Height of defoliation (grazing intensity), seems to be 

characteristic of individual species (Gammon and Roberts, 

1978b). In stemmy species, culm breakage partially dictates 

grazing heights and this process probably partly accounted 

for the consistent defoliation intensity found on grazed 

Lehmann lovegrass tillers (Ruyle et al.f 1988). 

The overall poor quality of the predominant species, 

Lehmann lovegrass, which might have been insensitive to 

chemical treatment to portray significant differences 

between sample types and between treatments in cell wall 

constituents should not be overlooked. 

The plant part composition of the available crop 

relative to the esophageal samples is shown in Table 4. The 

esophageal samples contained significantly (P<.05) higher 

fractions of green leaf than the standing crop. The 

standing crop was higher in dry leaf and dry stem than that 

in the esophageal samples. The green stem, though it was 

found in trace amount, could only be identified in 

esophageal samples. 

Mowed pasture had greater green leaf than half-mowed or 

whole pasture (untreated). The whole pasture was higher in 

dry leaf and dry stem than that in the unmowed or half-mowed 



Table 4. COMPONENTS OF THE STANDING CROP FROM TREATMENT PASTURES VERSUS THAT 

PRESENT IN ESOPHAGEAL SAMPLES 

Lehmann Loveorass 

X Green Leaf X Drv Leaf X Drv Stem X Green Stem 

Treatment Standing Esoph Standing Esoph Standing Esoph Standing Esoph 

Pasture Crop Sanple Crop Sample Crop Sanple Sample Crop 

Mowed 66.4b 77.0b 28.7b 19.7b 5.0b 3.0b .5b 

Whole 42.2c 77.7b 51.6c 19.4b 6.2c 2.9b ... 

Half-mowed 49.2d 77.7b 43.9d 20.5b 6.6c 1.6c .1c 

Average 52.6 77.5 41.4 19.9 5.9 2.5 .2 

a Values are means; n = 3 

b, c, d means within a row without cannon superscript differ (P<.05) 

o 
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pasture. Treatment of the pastures appeared to have no 

effect on grazing pattern of the cattle. Because the 

priority to select green leaf in preference to dry leaf or 

dry stem was not affected. 
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CHAPTER 5 

DISCUSSION AND SUMMARY 

Grazing animals are capable of selection of a diet 

which is often nutritionally superior to the vegetation on 

offer. The ability to discriminate is related to the 

diversity of plant species present, to the structure of the 

plant material and to the animal species selection ability. 

In short grass vegetation, cattle were able to make only 

moderate improvement in the nutrient value of their diet by 

selection (Jefferies and Rice, 1969) whereas in dense, tall 

vegetation grazed by sheep Jung et al. (1987) measured 

dramatic differences in the quality of the diet compared to 

that available. The Lehmann lovegrass we studied, a warm 

season bunchgrass, falls somewhat between as moderate 

improvement in nutritional value was achieved by cattle 

selectivity. 

Plant community diversity played an important role in 

this study. Lehmann lovegrass virtually replaced the native 

grass species in the study area. Cattle did, however, 

prefer grass to shrubby species. Selection between grass 

species could not be detected because of the monoculture 

nature of the vegetation type. The shrubby species, though 

eaten in relatively small amounts, did presumably contribute 
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additional protein and phosphorus to the ingested diet. The 

first trial agreed with findings in the literature, with 

regard to the higher nutrient content of the esophageal 

samples as compared to the nutrient content of the forage on 

offer. The selected diet contained higher levels of protein 

and phosphorus, but was lower in NDF than the standing crop. 

Cattle were successful in selection of a diet relatively 

more nutritious and more digestible than available forage. 

The second trial demonstrated successful selection for 

protein and phosphorus. The neutral detergent fiber was not 

different between the sample types. Treatment of pastures 

by mowing an entire pasture and mowing half of the pasture 

was designed to evaluate restriction of selection by 

residual dead stems and leaves. Removal of old vegetation 

appeared to have little effect, because selection for green 

leaf tended to be similar between the treated pastures and 

the whole, untreated pasture. 

In summary, the study demonstrated that cattle consumed 

Lehmann lovegrass in preference to the present shrubby 

species. The diet selected by cattle was higher in protein 

and phosphorus, and lower in NDF. Mowing did not appear to 

improve selection abilities of cattle for green leaf in the 

sward. Other grazing behavior patterns such as intake, 

biting rate and bite size may influence animal response to 

the presence of residual stems. 
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Management Implications 

Deterioration in range condition can be caused by 

natural factors such as drought, which is beyond the range 

manager's control. Grazing by livestock can also play a 

major role in affecting the health of the rangeland. 

Understanding dietary selection by grazing animals would 

certainly assist the range manager to maintain lively and 

vigorous forage available to the animals at all times. 

When setting up the stocking rates, the desired plant 

species may be used as a key species. Although the 

phenological cycles of different plant species usually 

differ in the plant community, the most desired species is 

obviously the first to be overutilized. Cattle selected 

green leaf consistently throughout our study. Preference 

for green leaf was more evident when the grass was young and 

still growing in August. The animals at this time were able 

to obtain the more nutritious and digestible diet, but the 

preferred plant species could be deleteriously affected if 

the range was heavily stocked. 

During the growing season and even at the end of the 

growing season, the morphological features of the sward 

appeared to have no effect on the ability of the animals to 

select a more digestible diet. Removal of old dead material 

did not affect the ability of the animals to select for 

green leaf. Grazing animals are able to obtain a more 
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digestible diet on a moderately dry and stemmy sward. If 

some grazing management techniques such as deferred grazing 

were to be exercised for longer periods of time than normal 

to recondition an overgrazed pasture, the animals would 

still be able to optimize productivity when they are later 

turned into the pasture that would probably be too stemmy 

after a long time of rest. 

The range managers face the problem of maintaining the 

plant-animal interactions at all times. Therefore, knowing 

the desired plant species by a certain kind of animal in a 

specific plant community would likely help the managers to 

coordinate animal production management goals and the 

maintenance of healthy rangeland to the best of their 

advantage. 
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CRUDE PROTEIN AND PHOSPHORUS DATA BASE FOR ANOVA 



CRUDE PROTEIN AND PHOSPHORUS DATA BASE FOR AN OVA 

TRT DATE REP NDF ADF H-CELL CEL LIGNIN 

1 

1 

2 

2 

3 

3 

1 

1 

2 

2 

3 

3 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

74.52 

75.67 

77.25 

72.51 

71.76 

72.59 

72.59 

68.21 

72.52 

71.04 

74.29 

73.37 

44.99 

44.97 

43.17 

44.76 

42.61 

42.76 

43.96 

44.17 

42.89 

48.51 

48.16 

44.94 

29.76 

30.7 

34.08 

27.75 

29.15 

29.83 

28.63 

24.04 

29.63 

22.53 

26.13 

28.43 

32.43 

32.17 

35.65 

34.16 

35.52 

31.85 

33.45 

33.34 

30.38 

36.00 

34.86 

35.36 

8.83 

6.39 

5.16 

6.88 

4.29 

4.82 

6.94 

6.28 

6.95 

8.82 

6.88 

5.63 
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CELL CONSTITUENTS DATA BASE FOR ANOVA 

DATE 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

REP SAMPLE CP PHOS 

1 1 4.6 0.071 
1 2 7.75 0.085 
1 3 5.21 0.083 
1 5 5.62 0.063 
2 1 4.3 0.081 
2 2 3.56 0.059 
2 3 4.91 0.088 
2 5 3.25 0.063 
1 1 4.04 0.064 
1 2 4.38 0.04 
1 4 5.62 0.081 
1 5 4.34 0.048 
2 1 3.88 0.052 
2 3 4.28 0.051 
2 4 5.34 0.058 
1 1 6.12 0.081 
1 2 5.18 0.042 
1 4 3.88 0.131 
1 5 6.12 0.074 
2 1 4.78 0.066 
2 2 4.19 0.048 
2 4 4.44 0.065 
2 5 4.75 0.052 
1 1 3.72 0.116 
1 2 3.94 0.068 
1 3 5.22 0.092 
1 4 4.26 0.111 
2 2 3.24 0.098 
2 3 4.04 0.107 
2 5 3.67 0.103 
2 1 5.94 0.105 
1 2 3.94 0.068 
1 4 3.69 0.106 
2 3 4.12 0.07 
2 5 3.97 0.098 
1 1 3.62 0.079 
1 2 4.69 0.084 
1 5 3.38 0.086 
2 1 3.25 0.049 
2 2 3.41 0.092 
2 3 3.41 0.044 
2 4 3.78 0.046 
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STANDING CROP COMPOSITION 

Protein Phosphorus NDF 

Date Whole Green Whole Green Whole Green 

July 6.5 5.0 .16 .18 80 80 

Aug. 6.0 7.5 .12 .14 84 85 

Sept. 5.2 6.4 .11 .14 84 86 

Oct. 6.7 7.6 .06 .09 86 88 

NOV. 4.9 5.7 .06 .10 83 85 



APPENDIX D 

DIETARY CHEMICAL CONTENT OF 

ESOPHAGEAL SAMPLES 
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DIETARY CHEMICAL CONTENT OF 

ESOPHAGEAL SAMPLES 

Protein Phosphorus NDF ADF Lianin 

July 5.3 .25 71.2 44.1 8.1 

August 8.8 .15 71.2 34.6 5.2 

Sept. 1 11.3 .18 68.3 41.4 12.9 

Sept. 8 8.2 .13 69.2 39.8 9.0 

Sept. 16 8.1 .17 66.7 32.4 7.9 



APPENDIX E 

PERCENT PLANT PART DISTRIBUTION OF THE ESOPHAGEAL 

SAMPLES FROM THE TREATMENT PASTURES DURING APRIL 
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PERCENT PLANT PART DISTRIBUTION OF THE ESOPHAGEAL 

SAMPLES FROM THE TREATMENT PASTURES DURING APRIL 

Treatment Green Dry Dry Green 

Pasture Leaf Leaf Stem Stem 

Mowed 78.1 19.6 2.1 .2 

whole 63.5 29.6 4.6 2.2 

Half-Mowed 69.3 26.2 3.3 1.2 

Average 70.3 25.1 3.3 1.2 



APPENDIX F 

CELL CONSTITUENTS OF THE ESOPHAGEAL SAMPLES VERSUS 

THAT OF THE STANDING CROP DURING APRIL 



CELL CONSTITUENTS OF THE ESOPHAGEAL SAMPLES VERSUS 

THAT OF THE STANDING CROP DURING APRIL 

Treatment XCP XPhos XNDF XADF %HCel XCel XLiguin IUDMD 

Mowed 4.78 .069 75.09 44.98 30.23 32.30 7.61 67.97 

Whole 4.93 .070 72.17 42.68 29.49 33.68 4.56 64.59 

Half-Mowed 4.54 .056 74.88 43.96 30.91 34.91 6.02 66.34 

Average 4.75 .065 74.05 43.87 30.21 33.63 6.06 66.30 

i 
i 

i 

Ul 
-J 
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