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ABSTRACT 

Three studies were conducted to determine the effects of bermudagrass-clippings 

(Cynodon dactylon L.) collected from domestic lawns as an alternative forage source in 

the diets of sheep. The first study compared bermudagrass-clipping pellets (Cynodon 

dactylon L.) to alfalfa pellets (Medicago sativa L.) in a concenftate diet fed to 60 Suffolk, 

Rambouillet x Suffolk, and hair crossbred lambs. Feed efficiency data and carcass 

characteristics were recorded to determine treatment differences. No differences (P > 

.05) were found between the two diets for any feed efficiency or carcass characteristics 

when using pen as the experimental unit. However, breed effects were significant (P < 

.05) for initial weight, days on feed, average daily gain, dry matter intake, daily dry 

matter intake, feed:gain, fat thickness, flank streakings, and quality grade. 

In the second study, a metabolism trial was performed to determine apparent 

crude protein (CP) retention and absorption of three concentrate diets containing either 

alfalfa pellets (Medicago sativa L.), Coastal bermudagrass hay pellets (Cynodon dactylon 

L.), or bermudagrass-clipping pellets (Cynodon dactylon L.). Twenty-one Rambouillet 

wethers were used in the study. A 5 day (d) warm-up period was followed by a 7 d total 

collection period of all urine and fecal material produced. No differences (P > .05) were 

found for N intake, dry matter digestibility (DMD), fecal N, urinary N, apparent N 

absorbed, or apparent N retained. 

In the third study, rumen fluid was collected from a canulated steer on a 100% 

bermudagrass hay (Cynodon dactylon L.) diet to perform an in vitro dry matter 
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disappearance analysis on alfalfa pellets (Medicago sativa L.), Coastal bermudagrass hay 

pellets (Cynodon dactylon L.), and bermudagrass-clipping pellets (Cynodon dactylon L.). 

Digestibility was measured over a 12, 24, and 48 hour time period. Digestibility 

significantiy increased (P < .05) over time for alfalfa (Medicago sativa L.) and Coastal 

bermudagrass pellets (Cynodon dactylon L.), but not for bermudagrass-clippings 

(Cynodon dactylon L.). When comparing digestibility between forage sources, alfalfa 

(Medicago sativa L.) was the highest (P < .05) in digestibility over all three time 

periods. Bermudagrass-clippings (Cynodon dactylon L.) were the second highest (P < 

.05) in digestibility for the 12 hour and 24 hour time period. However, bermudagrass-

clippings (Cynodon dactylon L.) and Coastal bermudagrass hay (Cynodon dactylon L.) 

were not different (P > .05) in digestibility for the 48 hour time period. 
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CHAPTER I 

INTRODUCTION 

Millions of tons of domestic grass-clippings are produced in the United States 

annually. The Environmental Protection Agency has stated that grass-clippings and lawn 

wastage account for approximately 18% of the refuse that has historically been dumped 

into landfills. Studies have indicated that one third of all municipal landfills are expected 

to soon reach capacity, and new sites are difficult and expensive to establish. 

Alternatives to dumping grass-clippings and lawn wastage in landfills such as 

composting and mulching have been commonly practiced. However, composting and 

mulching has caused little reduction in the overall disposal of grass-clippings. 

fti West Texas, Bermudagrass (Cynodon dactylon L.) is typically grown in 

domestic lawns. Residential lawns are maintained under optimal to sub-optimal 

conditions to produce green lawns. Proper amounts of water and fertilizer have been 

added to these lawns for maximal output. These lavms are often mowed during early 

stages of growth and the clippings are disposed of. Rather than disposing of these grass-

clippings in landfills, grass-clippings could be used as a forage source in livestock diets. 

Also, by feeding grass-clippings to livestock, this would provide an alternative disposal 

method rather than dumping in municipal landfills. Therefore, research needs to be 

conducted to determine if grass-clippings from domestic lawns can provide a viable 

forage source for livestock. 



CHAPTER II 

LITERATURE REVIEW 

Ovine Nutrition and Digestion 

The Ovine Digestive Tract 

Sheep were tiiought to be one of die first animals domesticated by man. Since the 

sheep was a ruminant animal, it was able to consume forages and utilize them for their 

ovra nutritional purposes. Sheep in turn provided man with meat, milk, and fiber 

products for clotiiing. Since domestication, it has been the goal of man to determine 

dietary requirements based on age and/or stage of production of the sheep. In order to 

determine these requirements, one must first understand the digestive system of the ovine 

species. 

The principle function of the gastro-intestinal tract of animals is to enable the 

digestion and absorption of nutrients from the diet and provide for the elimination of 

undigested dietary residues and the excretion of certain waste products (Church, 1988). 

The digestive ftact of the ovine consists of the mouth, pharynx, esophagus, reticulum, 

rumen, omasum, abomasum, small intestine, colon, and rectum. Accessory organs which 

aid in digestion include the salivary glands, liver, and pancreas. The digestive process 

begins in the mouth with the teeth, tongue, and salivary glands. 

Sheep are classified as intermediate feeders which are between concentrate 

selectors and grazers in behavior (Hoffman, 1989). This means that sheep prefer grass 

but will also eat browse and forbs when grazing. Sheep are selective consumers using 



tiieir lips and teeth to select the forage or plant part. As the forage is taken into the 

mouth, digestion begins. Feed is ground mechanically by the teeth and softened with 

saliva. Saliva is produced by the parotid and other glands. The parotid is rich in mineral 

ions -particularly sodium, potassium, phosphate, and bicarbonate-which provide 

buffering capacity. The parotid does not contain any amylolytic activity, although there 

is some lipase, which is important in newboms. Sheep can produce 15 or more liters per 

day of saliva (Van Soest, 1994), and about 70% of the water entering the rumen comes 

from salivary secretion (Church, 1988). 

The connecting tube between the pharynx and reticulo-rumen is the esophagus. 

In ruminants, the esophagus functions bi-directionally and is used for initial swallowing 

and regurgitation. Eructation occurs when excess gas builds up in the rumen and needs to 

be expelled. According to Dougherty et al. (1962), most of the eructated fermentation 

gas from the rumen is forced into the larynx, trachea, and lungs after closure of the mouth 

and infrapharyngeal opening. This opening cormects the nasal cavity with the laryngeal 

opening during normal breathing allowing for eructation. 

The stomach of the sheep is comprised of four compartments including the 

reticulum, rumen, omasum, and abomasum in conesponding order. In all mature 

ruminant species, the rumen is the largest of the four compartments. However, during the 

suckling period, the abomasum is the largest of the compartments because milk is the 

sole source of nutrition for the animal at that time period of life. Upon maturation, the 

abomasum shrinks and the rumen grows allowing for digestion of plant material. 



The reticulum and the rumen make up a large fermentation vat which contains 

diverse microbial populations capable of breaking down forages and roughage materials 

and converting tiiem into energy yielding products usable by the host animal. Rumen 

microbes are very sensitive to pH changes and therefore, the rumen remains relatively 

neufral under normal conditions. Rumen microbes also have the ability to attack dietary 

proteins and non-protein nitrogen compounds. The microbes then use the ammonia and 

amino acids to synthesize microbial proteins (Church, 1988). WTien forage and roughage 

material is condensed to a proper size, the digesta moves on to the omasum where some 

absorption and/or filtering of particles occur. The abomasum is the final compartment of 

the stomachs. It is considered as the true stomach and serves the same function as the 

stomach of a non-ruminant. It is very acidic in nature so that proteins become denatured 

and complex carbohydrates can be broken down for digestion and absorption in the small 

intestine. 

Lower ftact digestion in ruminants is comparable in many respects to that of 

nonruminants and performs the same functions of digestion and absorption of nutrients 

(Van Soest, 1994). The pyloric sphincter regulates ingesta passing from the abomasum 

to the small intestine. The small intestine is comprised of three sections known as die 

duodenum, jejunum, and ileum respectively. The duodenum begins at the pylorus with a 

sigmoid loop. After the acidic digesta passes into the duodenum, biliary and pancreatic 

secretions neutralize the gastric acid and provide bile for homogenization of fat. 

Duodenal pH in sheep is typically 2.6-3.0 (Harrison and Hill, 1962; Ben-Ghedalia et al., 

1974) and intestinal pH does not reach neutrality for a distance of 7m or more past the 



pyloric sphincter (Ben-Ghedalia et al., 1974). Further pancreatic secretions provide 

enzymes to hydrolyze starch, protein, and triglycerides. However, most soluble 

carbohydrates and lipids are destroyed in the rumen and thus do not reach this stage of 

digestion, a factor that may account for the lower quantities of lipolytic and amylolytic 

enzymes secreted by the ruminant pancreas (Hill, 1961). Starch digestion occurs 

primarily in the rumen although 5-10% of starch digestion may occur in the small 

intestine. Although increasing the level of dietary starch promotes a decline in starch 

digestibility, the amounts digested in the small intestine, fermented in the colon, and 

voided in the feces increase witii the level of starch intake (Carpenter, 1976; Russell et 

al., 1981). Starch digestion in the intestines is low at least partly because the rumen has 

first chance at the more available fractions, and only the less digestible starch is passed 

on down the ftact. Therefore, the main activity of the ruminant small intestine is to 

absorb amino acids (Van Soest, 1994). However, absorption of saccharides, lipids, and 

amino acids occurs throughout the small intestine. 

Digestive activities initiated in the duodenum continue in the jejunum and ileum. 

The jejunum is the longest section of the small intestine and is a highly coiled structure. 

The ileum is fairly short and connects to the cecum by the ileocecal fold and terminates at 

the cecocolic with the ileal orfice. Mucosa of the small intestine is characterized by the 

presence of intestinal villi and goblet cells producing slime. These goblet cells, which are 

the most abundant cells of the gasfric epithelium, increase in number from the duodenum 

to the central loop of the spiral colon. 



in The anatomy of the ruminant large intestine is spiral in nature. Villi are absent i 

file large intestine, but goblet cells increase. The cecum is shaped like a large, blunt-

tipped tiibe. The colon starts as an S-shaped tube before continuing into the spiral colon, 

followed by tiie ascending colon, transverse colon, descending colon, and rectum. 

Fennentation in the rmnen removes most of the available carbohydrate, so fermentation 

in tiie colon and cecum is normally limited to reabsorption of electrolytes and water and 

breaking down slowly digested residues that escape from the reticulorumen (Van Soest, 

1994). 

Development of the Rumen 

Between 2 and 4 weeks of age, lambs begin to consume solid feed. Solid feed 

consumption leads to the growth and development of rumen microbes. Fermentation of 

feedstuff's by rumen microbes produces volatile fatty acids (VFA) (Van Houtertt, 1993). 

Rumen epithelial morphological development depends on VFA production in the rumen 

(Lane and Jesse, 1997). Upon rumen development, the rumen increases in size while 

infranuninal papillae increase in length and the epithelial lining of the rumen becomes 

kertanized (Church, 1969). Studies conducted by Baldwin and Jesse (1991) found that at 

birth, ruminal epithelial cells oxidize glucose and butyrate at similar rates. At weaning, 

the rate of glucose oxidation decreases and butyrate becomes the prefened oxidative 

substrate. The production of the ketone body beta hydroxybutyrate (B-HBA) from 

butyrate then increases six fold. Ruminal epithelial cells are the primary source of ketone 

bodies via metabolism of butyrate in ruminants (Beck et al., 1984). Baldwin and Jesse 

(1996) found that acetate inhibits B-HBA formation from butyrate in the ruminal 



epitiielial cells of incubated sheep, but proprionate stimulated B-HBA. Acetoacetate 

production decreased resulting in no net change in ketone body production. As 

proprionate increased or succinate was added, lactate and pymvate production increased. 

However, tiie addition of succinate resulted in a decrease in B-HBA formation from 

butyrate (Baldwin and Jesse, 1996). Baldwin and Jesse (1996) concluded that butyrate 

metabolism by ruminal epitiielial cells is influenced by other VFA produced in the 

rumen. The B-BHA production from butyrate through proportionate stimulation does not 

seem to be mediated via succinate, but rather through a shift in the mitochondrial 

NADH/NAD status. 

General Nutritional Requirements of Growing Lambs 

Proper nutrition is essential in the growth and development of growing lambs. 

When lambs are placed on a concentrate diet for finishing, it is necessary for the diet to 

be balanced to obtain maximal performance. It is suggested by the National Research 

Council in the Nutrient Requirements of Sheep (1985), that finishing lambs 4 to 7 months 

old weighing approximately 66 pounds should receive a 60 % concentrate and 40% 

forage diet. Tables 2.1 and 2.2 list the daily nutrient requirements and concentrations for 

fiiushing lambs. The expected feed consumption of finishing lambs ranges from 1 to 5% 

body weight (BW). Protein and energy needs must be met for proper growth. 

Protein is necessary for proper tissue development in lambs. By 6 to 8 weeks of 

age, the rumen has developed into an anaerobic atmosphere containing bacteria, protozoa, 

and fimgi. These microbes have the ability to digest feedstiiffs and synthesize proteins. 

Ruminal microorganisms can either utilize protein or non-protein nitrogen to synthesize 



microbial protein (NRC, 1985). The microbial protein along with other undigested feed 

protein passes through the rest of the digestive tract while undergoing digestive processes 

and is eventually absorbed in the small intestine. In the small intestine, 40-80% of the 

total protein reaching this area of the digestive tract is microbial protein (Owens and 

Bergin, 1983). Protein from the diet will come from both forage and concentrate 

constituents. However, the majority of the protein will be provided via concentrate. 

In nuti-ition, energy requirements are described in two ways: energy needed for 

maintenance and energy needed for growth. Energy needed for maintenance as defined 

by the NRC (1985), explains tiiat "an animal's energy requirements for maintenance is 

that amount of dietary energy it must consume daily to neither gain nor lose body 

energy". Therefore, energy requirements for growth or tissue deposition reflect the 

proportion of lipid, protein, and water deposited above that needed for maintenance 

(NRC, 1985). Energy from tiie diet will be provided by starches, simple sugars, 

cellulose, hemi-cellulose, and fructans from the grain and forage components. 

Proper vitamin and mineral levels are also important when considered a feed 

ration. Tables 2.1 and 2.2 list the requirements and concentrations for calcium, 

phosphorus, vitamin A, and vitamin E. Other vitamin and mineral requirements are 

generally met and therefore are not included in the table. 



Table 2.1 Daily Nutrient Requirements for Finishing Lambs (30 kg).^ 

Crude Protein Ca P Vit. A Activity Vft. E Activity 

(£) (̂ b) (R) (g) (lU) (lU) 
Lambs 
finishing 
4 to 7 
montiisold 191 0.42 6.6 3.2 14]0 20 
^Reported by NRC (1985) 

Table 2.2 Nutrient Concentration in Diets for Sheep (100% DM Basis).^ 

Crude Protein Ca P Vit. A Activity Vit. E Activity 
(lU/kg) (lU/kg) 

Lambs 
finishing 
4 to 7 
months old 

(%) 

14.7 

(%) 

0.51 

(%) 

0.24 1085 15 

'Reported by NRC (1985) 



Forages 

Forage, as defined by Barnes and Nelson (2003), is the edible parts of plants, 

other than separated grain, tiiat provides feed for animals, or can be harvested for feeding. 

Two classes of forage that are typically used in livestock feeding are grasses and 

legumes. The grasses and legumes can be further divided into warm-season and cool 

season plants. These forages are unique according to their different metabolisms and 

morphologies. 

Cool-Season Grasses 

Cool season grasses are refenred to as C3 plants because of the particular type of 

photosyntiietic process that takes place within these plants. As with all plants, 

photosynthesis occurs in the chloroplasts. Within the chloroplasts lies the stroma which 

contaftis tiiykaloid membranes that may be folded and stacked to form grana. Electrons 

are activated by light on chlorophyll and are converted to chemical energy in the form of 

adenosftie triphosphate (ATP) and to reducing power in the form of reduced nicotinamide 

adenine dinucleotide phosphate (NADPH). In the sfroma, ATP and NADPH are used to 

reduce carbon dioxide into sugars. Through the activity of the enzyme ribulose 

bisphosphate carboxylase/oxygenase (rubisco) carbohydrates are formed in the 

chloroplasts by adding carbon dioxide to the 5-carbon sugar ribulose-1,5-bisphosphate 

(RuBP). Cool-season plants have an abundance of rubisco, constituting about 40% of the 

soluble protein in leaves. Through the enzyme activity of rubisco, a highly unstable 6-

carbon compound is formed which immediately forms two molecules of the 3-carbon 

compound called 3-phosphoglycerate. Because 3-phosphoglycerate is the first 

10 



measurable product, plants that utilize only this pathway are refened to as C3 plants 

(MacAdam and Nelson, 2003). 

Optimum growth and temperature for C3 grasses is during the spring and fall 

when temperatures are between 15-30°C (Ball et al., 1991). Most cool season plants are 

found in the northern regions of the United States where there are cooler climates and 

higher amounts of rainfall. Cool-season plants exhibit a higher proportion of mesophyll 

tissue and less vascular bundles than warm-season plants. Nearly 72% of the leaf dry 

matter in perennial ryegrass (Lolium perenne L.) is comprised of mesophyll cell walls, 

and only approximately 15-24% accounts for fibrous cell walls (Gordon et al., 1985). As 

cool-season plants mature, fibrous cells increase while mesophyll and epidermal cefts 

decline. In general, cool-season grasses have a higher concentration of cell wall than 

legumes, but are generally lower in the percentage of cell walls than in warm-season 

grasses (Buxton et al., 1996). 

Warm-Season Grasses 

Warm-season grasses are refened to as C4 plants. These plants are also classified 

in this way because of the photosynthetic process that occurs. In C3 plants, only the 

mesophyll cells have well developed chloroplasts, but in C4 plants, both the mesophyll 

and btmdle sheath cells sunounding the vascular tissue have chloroplasts. In C4 plants, 

nearly all the rubisco is found in tiie bundle sheath chloroplasts, but carbon dioxide is 

captijred in mesophyll chloroplasts by the enzyme phosphoenolpyruvate (PEP) 

carboxylase. PEP carboxylase has a much higher affinity for carbon dioxide than 

rubisco. This allows for an additional carbon dioxide molecule to bond to tiie 3-carbon 

11 



PEP to fonn a 4-carbon organic acid such as malate or aspartate. This 4-carbon molecule 

is responsible for tiie C4 name (MacAdam and Nelson, 2003). 

Optimum growth and temperature for C4 grasses is during the summer when 

temperatures are between 25-40° C. Most warm-season grasses are found in the southern 

regions of tiie United States where climates are hot. Warm-season plants generally do 

not require as much water as cool-season plants and therefore are well adapted to regions 

that do not receive as much rainfall. Warm-season plants increase photosynthesis with 

increased radiation, mainly because PEP carboxylase keeps carbon dioxide low in 

mesophyll chloroplasts, creating a larger gradient to enhance carbon dioxide diffiision 

(MacAdam and Nelson, 2003). 

Morphologv of Cool-Season and Warm-Season Grasses 

Grasses are either armuals or perermials, almost all are herbaceous, and they vary 

widely in structure and growth habit (Moser and Nelson, 2003). Seed germination and 

seedling development are similar for C3 and C4 grasses. Both types of grasses contain an 

embryo with one cotyledon. Hoshikawa (1969) found that most cool-season grasses have 

festucoid and most warm-season grasses have panicoid seedling development. The 

festucoid seedling has a coleoptile that elongates near the seed to reach the soil surface. 

The panicoid seedling, however, also has a subcoleoptillar intemode that elongates to 

push the coleoptilar node and the short coleoptile upward to the soil surface. This type of 

emergence places the roots of the warm-season plants close to the soil surface. Because 

the root developments of cool-season plants are established deeper in the soil, cool-

12 



season plants are easier to establish in areas with sporadic rainfall (Moser and Nelson, 

2003). 

Although cool-season and warm-season grasses have similarities as seedlings, 

grasses will develop different characteristics according to genetics, environment, and 

management as they grow. Leaves grow one at each node from the stem and are 

projected alternately on each side. The leaf is made up of a sheath, blade, ligule, and 

sometimes has auricles. The sheath surrounds the stem above the node. The ligule acts 

as the junction where the sheath and blade meet. The ligule, in many cases may be used 

to aid in identification of a grass due to the variability of size and shapes among species. 

Leaf blades are typically flat and narrow and are parallel veined (Moser and Nelson, 

2003). 

The stems of grasses have two forms, the non-reproductive and the reproductive 

stage. The non-reproductive form or vegetative stage occurs as seedlings. The stems of 

these seedlings are very short consisting of nodes and internodes. At this stage, grasses 

are highly digestible to livestock and are actively growing. When day length and/or 

temperature increases, elongation of the internodes occur and the flowering stimulus is 

triggered. The grass at this time becomes less digestible to the animal and active growth 

declines. When flowering begins, the terminal meristem becomes an inflorescence 

(reproductive structure). The elongation process causes the nodes to separate and pushes 

the inflorescence upward through the sheaths. Rhizomes are underground stems that aid 

in the persistence of the plant when close grazing may occur in the summer months 

causing the removal of the apex of these grasses. Stolons also assist in plant survival 

13 



much like tiie rhizomes. However, these plant structures remain above ground. They 

provide axillary buds from the nodes and provide new shoots. Stolons allow grasses to 

propagate vegetatively to form a sod. This also aids in the survival and persistence of 

grasses especially during dormant seasons and when re-growth is needed. 

Adventitious, fibrous roots are characteristic of established grasses. Tillers are 

used by grasses to develop new adventitious roots from lower nodes shortly after 

emergence and developed leaf area. The root system is heavily branched, especially in 

the upper soil horizons. Grasses of varying species differ in depth and distribution of 

roots (Moser and Nelson, 2003). 

Spikelets, which are characteristically grouped or in a cluster, are the basic 

reproductive unit of the grass inflorescence. The characteristics of spikelets and the 

organization of the inflorescence allow for easy identification of grasses. Florets or 

flowers are found within the spikelets. Florets vary in number among species. Warm 

season grasses tend to flower throughout the year, whereas cool-season grasses tend to 

flower in the spring and fall months. 

Legumes 

Legumes are broadleaf plants that are a member of the Fabaceae family. They 

often have superior forage quality, most fix atmospheric N2, and they are often seeded 

into and managed as important components of pastures and hayfields (Mitchell and 

Nelson, 2003). Legumes can further be classified into warm season and cool season 

plants. However, legumes only use the C3 photosynthetic pathway regardless of their 

warm or cool season classification. As in cool-season grasses, legumes use rubisco as an 

14 



enzyme to fixate carbon dioxide in the chloroplasts of the mesophyll cells. By enzyme 

action of rubisco, carbohydrates are formed in the chloroplasts by adding carbon dioxide 

to the 5-carbon sugar ribulose-1, 5-bisphosphate (RuBP). This creates a six carbon 

compound that is highly unstable that immediately forms two molecules of 3-

phosphoglycerate. Hexose, sucrose, and other sugars are metabolized from the 3-

phosphoglycerate as it moves from the chloroplast to the cytoplasm. The sugars are then 

ftanslocated from cell to cell, through the bundle sheath surrounding vascular tissue and 

into the phloem. Ribulose bisphosphate reacts with oxygen to form a two-carbon acid 

called phosphoglycolate and one 3-phosphoglycerate. The phosphoglycelate produced, 

respires quickly to carbon dioxide and is lost. Approximately 15-40% of the light energy 

captured is wasted in photorespiration by the C3 photosystem (Nelson, 1995). The 

proportion of lost energy will increase as temperature increases. Therefore, legumes are 

more efficient in cooler regions of the country than in warmer regions. 

Legumes have the ability to fixate atmospheric nitrogen through a symbiotic 

relationship with a non-pathogenic bacteria called Rhizobium spp. The bacteria aftach to 

the root hairs of the legume and develop into nodules. Nitrogen fixation occurs within 

these nodules. Inert gaseous N2 from the atmosphere is converted to NH4+ that can be 

utilized by the plant (Vance et al., 1988). 

Morphology of Legumes 

The term legume indicates the type of fruit or pod that is characteristic of plants 

belonging to this family. A legume is considered to be a monocarpellary (one-chamber) 

fruft containing a single seed or a single row of seeds that splits along both sutures. 
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Dehiscence is a good ftait for natural seed dispersal but may be troublesome for 

producers because tiie mature pods open easily and seeds are lost. Depending on the 

lifespan of tiie individual plants, legumes may be annuals, biennials, or perennials. For 

comparison to grasses, legumes tend to be higher in crude protein and have higher intake 

and are more digestible by ruminant animals. 

The morphology of legumes is significantiy different than that of grasses. Leaves 

are ananged alternately on the stem and are usually connected to the stem by the petiole. 

They may have large stipules near the junction of the stem and petiole. Petioles connect 

the leaf blade to the stem either directly (unifoliate) or by three or more leaf blades 

(ftifoliate). Compoimd leaves can be cormected to the petiole by short stalks called 

petiolules. Leaves that are pinnate have a petiolule for the central leaf blade that is longer 

than those of the lateral leaflets. Alfalfa is an example of a legume with pinnately 

compound trifoliate leaves. Palmately compound leaves all have equally short petiolules 

(MitcheU and Nelson, 2003). 

Stems of legumes vary among species; however, the shoot apex or terminal bud of 

tiie stem is always located at the tip. Grazing and harvesting removes the shoot apex so 

plants must re-grow from axillary buds at lower nodes, especially those buds at nodes 

near the soil surface. Grazing animals select mostly leafy blades and petioles at eariy 

stages, and usually leave the shoot apex allowing for the plant to continue producing new 

growth. 

Most legumes produce deep taproots from which secondary roots may arise. 

Biennial and perennial legumes have roots that serve as storage organs for carbohydrates 
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and N-containing compounds. These substances are produced and stored when leaf area 

is high and used during times of re-growth. 

Forage Oualitv 

Forage quality is defined as the potential of a forage to produce the desired animal 

response (Collins and Fritz, 2003). Many factors affect forage quality including nutrient 

concenfrations, digestibility, anti-quality factors, and the nature of the end products of 

digestion. Several factors play a role in each of these categories; however, ft is known 

tiiat leaves are more digestible than stems. As forages mature, percentage of stem 

generally increases and digestibility decreases (Blaser et al, 1986). The decrease in 

digestibility is closely related to changes in chemical composition of the forage that occur 

as the plant matures (Holmes, 1980). Forage DM can be divided chemically into the cell 

soluble and cell wall fractions (Van Soest, 1994). The cell contents are almost 

completely digestible and are composed of highly digestible forage components such as 

organic acids, proteins, lipids, starch, and sugars. The cell wall contains the fibrous 

portion of the plant and is composed of complex carbohydrates called stmctural 

carbohydrates along with lignin, other phenolics, cutin, and silica (Moore and Hatfield, 

1994). The cell wall is important to both the plant and the animal. It is necessary for the 

plant to contain enough fibrous material for plant structure and rigidity. However, too 

much fibrous material may decrease the digestibility when ingested by a ruminant 

animal. Therefore, quality of a forage may be increased or decreased dependent upon the 

amount of fibrous material contained in the cell wall of the plant. 
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When available, animals will consume forages that are more highly digestible 

tiian forages that are low in digestibility. As cell wall content of a plant increases, dry 

matter digestibility decreases. This causes the animal to consume more forages to 

attempt to and meet the daily nutrient requirements. The intake of these more fibrous 

forages is limited by time. Animals consuming higher digestible forages, on the other 

hand, will be limited by gut fill. Therefore, voluntary intake increases when fiber 

concenfrations decline within the fill-control region and intake is adjusted upward or 

downward as necessary to maintain the required energy intake (Collins and Fritz, 2003). 

Structural carbohydrates in addition to lignin and small amounts of protein and 

mineral makeup the cell walls of plants. Cellulose, hemicellulose, and pectins are 

considered to be the structural carbohydrates. The major cell wall carbohydrate in most 

plants is cellulose, but hemicellulose sometimes may reach comparable levels. Cellulose 

molecules are similar to starch molecules, but consist of beta bonds rather than alpha 

bonds. Because of the configuration of these beta bonds, noruouninants are unable to 

breakdown and digest cellulose. However, rumen microflora have the ability to break 

these bonds and use the 6-carbon structures for growth and survival. Hemicellulose can 

also be used by the rumen microflora. 

Pectins function to hold the cells together and are mainly found in the middle 

lamella and primary cell wall. Legume cell walls usually have much higher 

concenfrations of pectin than grass cell walls. Vegetative tissues have higher 

concentrations of pectic compoimds than more mature tissues (Collins and Fritz, 2003). 
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In confrast to otiier cell wall carbohydrates, pectic substances are usually highly 

digestible and ai-e digested rapidly (Titgemeyer et al. 1992). 

Lignin is a phenolic compound that provides further structure and rigidity to 

plants. Forages typically have between 3 and 12% lignin, with legumes being at the 

upper end of this range. Lignin composition varies widely among forage species and 

changes as plants develop (Jung and Deetz 1993). The cell wall is comprised of a 

network of cellulose, hemicellulose, and lignin. It is the physical proximity of 

indigestible lignin to these cell wall carbohydrates that largely accounts for suppressive 

effects on tiieir digestion (Collins and Fritz, 2003). Chemical bonding also occurs 

between lignin and hemicellulose and has additional inhibitory effects on structural 

carbohydrate digestion (Moore and Jung, 2001). 

Three factors that affect forage quality in most situations are forage species, 

maturity stage, and harvesting conditions. Other influences may include temperature and 

soil moisture during growth, soil fertility, and cultivar. These factors influence forage 

quality because they affect plant anatomy and morphology (Collins and Fritz, 2003). 

Forage species can differ in forage quality. In general, C4 plants have a greater 

percentage of leaf area occupied by less digestible vascular bundles, epidermis, and 

sclerenchyma tissues than C3 plants (Akin and Burdick 1975). Furthermore, C3 plants 

have leaf mesophyll tissues that have large intracellular spaces that allow digestion to 

take place more rapidly in the rumen because the microorganisms can move through 

these spaces and have contact with a larger surface area than in warm season grasses 

(Hannaetal., 1973). 
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There is a substantially higher proportion of epidermis and parenchyma bundle 

sheatii witiiin the leaves of waim-season grasses than cool-season grasses. Vascular 

bundles and epidermis degi-ade much slower in the rumen making cool-season grasses 

more digestible on average tiian warm-season grasses (Nelson, 1995). Due to the 

proportion and anangement of the tissues of warm season grasses, C4 grasses tend to 

produce more dry matter, but generally have lower digestibility than cool-season grasses 

(Van Soest, 1982). 

The stage of maturity at which the forage is cut will greatly affect the quality 

(Blaser et al., 1986). Declining leaf percentage accounts for a substantial proportion of 

tiie loss in quality tiiat occurs as forages mature (Collins and Frftz, 2003). In a study by 

Buxton et al., the percentage of leaf in the total dry matter of orchardgrass fell from 61% 

at an early vegetative stage to 23% at late anthesis. Furthermore, Buxton and Russell 

(1988) discovered that the digestibility of cell wall material from cool-season grass stems 

was found to decline by 0.55% for each 0,1% increase in lignin percentage in the cell 

wall compared with a decline of 0.34% for cool-season legumes. Also, as forages 

mature, percentage of cell wall increases while percent soluble fractions decreases, 

accounting in part by the decline in digestibility and intake (Holmes, 1980). Stone et al. 

(1960) reported that cool-season grasses often had dry matter digestibiUties above 80% 

during the first two to three weeks after growth begins in the spring. After that, forage 

quality begins declining as stems begin developing. 

In early stages of plant growth, digestibility and crude protein are at their highest 

levels. Upon maturation, digestibility and crude protein begin to decrease as 
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concenfrations of Neuftal Detergent Fiber, Acid Detergent Fiber, and other fiber 

components increase (Collins and Fritz, 2003). However, digestibility varies somewhat 

with maturity in grain producing plants. While fiber contents are increasing with 

maturity, grain produced is highly digestible. Hence, digestibility may remain relatively 

constant. 

Leaves and stems have varying amounts of cell wall and cell soluble portions. In 

general, leaves have about two times more crude protein than stems (Buxton et al., 1996). 

Stems normally will have greater proportions of cell walls because stems are the support 

system for the plant, whereas leaves are used for mainly photosynthesis. As plants 

mature, the digestibility of stem decreases more rapidly than the leaf Cool season 

grasses tend to be more digestible than warm season grasses not only because they have 

fewer vascular bundles but also because they have a higher digestible cell wall 

constituent. Cool season grasses also have more total non-structural carbohydrates and 

lower crude fiber than warm season grasses (Buxton et al., 1996). 

Harvesting conditions also play a role in the quality of forages. The forage 

quality of hay or silage when fed is nearly always lower than standing crops (Collins and 

Fritz, 2003). This is due to the physical losses that the plants undergo during harvesting. 

Other factors affecting forage quality during harvesting may include weathering, 

microbial activity, and undesirable chemical reactions that could occur during storage. 

Stiidies have shown that rain damage may increase ADF and NDF levels while 

decreasing dry matter digestibility. Microbial activity and chemical reactions may also 

be attributed to rain damage. Lechtenberg et al. (1974), studying affects of rain damage 
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on hay, found tiiat altiiough dry matter digestibility of forage in the interior of the bales 

changed very little during 5 mo of storage, DMD of weathered hay declined sharply, 

especially for mixed alfalfa/grass hay. 

Otiier conditions effecting forages prior to harvesting include effects of 

fertilization and environment. For years, it has been known that N fertilization will 

increase the yields and CP concentration of forages. Puoli et al. (1991) reported that 

application of about 70 lb N/acre on switchgrass (Panicum virgatum L.) raised CP levels 

from 5.3% to 6.4% and increased voluntary intake by 11%, but digestibility was not 

affected. The use of N fertilization can be advantageous to the producer by increasing 

yields. However, ft is important for the producer to realize that application of N fertilizer 

increases the maturation process which in tum causes the plant to become less digestible 

if not harvested at the proper time. 

Temperature conditions which forages are grown under also play a part in quality 

of the forage produced. Forages grown under high temperatures tend to be lower in 

quality than forages grown under cooler temperatures. One reason for this is that lignin 

deposition is increased by higher temperatures. Also, cooler growth temperatures lead to 

accumulation of sugars and other nonstructural carbohydrates (Collins and Fritz, 2003). 

Anti-qualitv Factors 

Some plants produce toxins that can be harmfial to animals when consumed. 

Toxic compounds can be produced naturally by the plant and others may be caused by 

insect infestation or microbial activity. Forage-related animal disorders can be 

categorized into three main groups including: 
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1. Poisonous plants disorders caused by plants that are poisonous to animals that 
consume them. 

2. Seasonal or conditional disorders that occur as a resuft of interactions of 
environmental conditions, management, and animal factors. 

3. Species-related disorders that are uniquely associated with a particular forage 
species. 

Some of tiiese disorders tend to overlap because some disorders have characteristics of 

more than one of these categories (Collins and Hannaway, 2003). 

Poisonous plants are undesirable native or invading plants that may be present in 

pasture or rangeland siftiations (Burrows and Tyri, 2001). These plants produce toxins 

tiiat are harmful to livestock when consumed. Plants containing these toxic substances 

can be most harmful to livestock under conditions of overgrazing or in early spring when 

forage availability is limited. These effects may cause problems with growth, 

reproductive performance, or possibly bring on rapid death. 

Seasonal and conditional disorders are those that occur only under certain 

environmental conditions, at certain plant growth stages, or at certain susceptible stages 

for the animals (Collins and Harmaway, 2003). During stages of gestation and certain 

ages, animals become more susceptible to forage toxicosis. Grass tetany is a condition 

that affects ruminants due to impaired Mg metabolism. This is caused in part by 

ingestion of forages high in K concentrations (Collins and Hannaway, 2003). Potassium 

has tiie ability to bind Mg rendering it unavailable to the animal causing the animal to 

exhibft nervous behavior, twftching, and become soHtary. Severe grass tetany may lead 

to collapse, convulsions, and possibly death. 

Bloat is another anti-quality condition caused by ingestion of a particular forage 

under sub-optimal conditions. Bloat occurs when stable foam forms at the surface of the 
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floating raft of actively digesting forage in the rumen and blocks access to the esophagus, 

causing gases to accumulate (Collins and Hannaway, 2003). Calculated death loss in the 

United States and Canada due to bloat are 0.5% of the caftle population annually (Reid 

and James, 1985). Bloat is caused by the large production of CO2 and CH4 gasses in the 

rumen. During normal forage fermentation, these gases are produced and expelled 

through the distal esophageal sphincter. However, the esophagus may become blocked 

due to the large amount of highly digestible forages being fermented in the mmen. 

Ruminal gas production in animals grazing lush legume forages can exceed 0.5 gallons 

per minute in cattle and about 40% of that amount in sheep (Collins and Hannaway, 

2003). 

Nifrate toxicity is common in forages because it is the primary form of plant-

available N in the soil under most conditions (Collins and Hannaway, 2003). The 

accumulation of nitrate is promoted by low temperatures and lack of light which reduces 

plant metabolism. Nitrate is not toxic when it is reduced to ammonia in the rumen and 

then metabolized. However, this reaction sometimes fails due to the lack of reducing 

power or insufficient available carbohydrate in the diet, and niftite is produced. Nitrite is 

toxic to rumen organisms and to the animal host. Cellulose digestion is inhibfted in its 

presence. Nitrite absorbed across the rumen wall combines with hemoglobin to forni 

methemoglobin, thus reducing the O2 canying capacity of the blood (Church, 1988). 

Other seasonal and conditional disorders caused by forages include pmssic acid 

poisoning, phytoesfrogens, and photosensftization. These diseases are all due to anti-

quality factors produced by the plant and can cause infertility, liver damage, skin damage. 
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and possible death. It is important to properly manage pastures and hay to prevent 

possible toxicosis. 

Species related disorders are unique to certain plants. Tall fescue is one of the 

most grazed and fed forage species in the eastern and northeastern part of the United 

States. Tall fescue, however, contains a fungal endophyte that causes negative effects to 

livestock when consumed. Symptoms of tall fescue toxicosis in cattle include reduced 

feed intake, reduced weight gain, and reduced milk production (Collins and Hannaway, 

2003), Other species specific disorders include ryegrass staggers, reed canary grass 

alkaloids, and sulfur-containing anti-quality constituents. To prevent severe disorders, 

proper management techniques should be put in place. 

Environmental Concerns of Grass-Clippings 

Organic materials make up the bulk of America's discarded municipal solid 

waste. In 1995, organic materials accounted for 141 mftlion tons (67 percent) of the 

waste sfream (EPA, 1998). Some organic materials such as newspaper, office paper, and 

corrugated material have a high recovery rate. Other organic material such as yard 

ftimtmings, food scraps, and certain grades of paper tend to take much longer to degrade 

but are still landfilled (EPA, 1999). 

In 1997, yard trimmings made up approximately 13 percent (28 miUion tons) of 

tiie national waste sfream. Studies indicated that these yard frimmings were filling up 

municipal landfills at significant rates. By 1998, twenty-eight states had banned the 

dumping of grass-clippings into landfills. It was decided that since grass clippings and 
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lawn wastage was a relatively clean and biodegradable product, it was unnecessary to 

dump these clippings into landfills (EPA, 1999). 

In recent years, numerous programs have been set up to divert organic materials 

from tiie waste sfream and create beneficial uses for them. These programs include the 

following: 

- Grass-cycling, or leaving cut grass on lawns. 
- Backyard composting of food scraps and yard trimmings, 
- Yard frimmings composting at central facilities 
- Onsfte institutional composting of organic materials. 
- Commercial composting operations that target materials generated by 

commercial and indusfrial establishments. 
- Mixed waste composting at cenfralized processing facilities that accept mixed 

refuse and separate this material into composting, recycling, and disposal 
sfreams. 

- Residential source separated composting systems that target specific organic 
materials separated by the generator, set out for collection, and processed at a 
cenftal dedicated compost facility (EPA, 1999) 

While these programs have been beneficial, they have not been without their problems. It 

was determined that grass-cycling can be beneficial to the general public by means of 

fertiUzation and the decrease in expense of disposal. However, heavy clippings left on 

lawns can block surftight and smother the lawn. Furthermore, while composting can be 

beneficial, the production of unwanted odors and pests may occur during the process. 

Also, composting facilities usually require scheduled collection often resulting in low or 

poor participation by the community (EPA, 1999), Therefore, additional disposal 

methods, along with these mentioned, need to be put in place. 
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Pelleting of Animal Feeds 

Pelleting feedstuffs has been a common practice for many years and for many 

reasons. Minson (1963) found that an improvement in the production value of a ration by 

pelleting was caused by an increase in the dry mafter digestibility and net energy value of 

the feed leading to an increase in feed consumption. Furthermore, pelleting high-

roughage rations generally results in a marked improvement in animal performance. 

When pelleting rations for ruminants, high-grain diets tend to lower animal performance 

whereas roughage diets tend to increase animal performance (Cullison, 1961; Beardsley, 

1964). A study by Hopkins et al., (1960) found that feeding alfalfa (Medicago sativa L.) 

and com supplemented with soybean oil meal in whole, ground, and pelleted forms to 

lambs did not affect rate of gain but did increase feed efficiency by seven, five, and three 

percent respectively. Crude fiber digestibility was lowered from 54.6 to 45.6 when hay 

was pelleted. The incidence of rumen parakeratosis was also lowered between lambs 

consuming pelleted feeds and those being fed non-pelleted feeds. Excessively long, dark, 

unhealthy appearing papillae and the sloughing off of areas of keratinous tissue from die 

rumen wall was found in animals consuming ground or pelleted rations. In contrast, 

animals consuming diets consisting of concentrates and long stem hay exhibited a 

uniformly normal rumen wall. Conclusions were made by Hopkins et al., (1960) stating 

that feeding a ration in ground or pelleted form results in a more rapid prehension with 

less mastication. This results in less salivation with less secretion of buffer safts into tiie 

rumen. Because feed particles are fine, there is less rumination and probably less 

stimulation of saliva secretion (Moore, 1964). Because of smaller particle size, the feed 
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is more easily wetted with a more rapid bacterial fermentation resulting in a rapid 

production of organic acids, an increased concentration of volatile fatty acids and a 

lowered pH. This lowered pH may also increase the rate of absorption of organic acids 

from the rumen (Cullison, 1961). 

Orskov and Eraser (1975) observed a decrease in rumen pH from 7.0 before 

feeding to 5.3 after feeding a pelleted barley diet to sheep. With whole barley, little 

variation in rumen pH was noted. In another experiment by Mann and Orskov (1975) a 

decrease in rumen pH was also observed when lambs consumed a pelleted barley diet. In 

addition, there were 20 to 30 times more Lactobacillus bacteria in the group receiving 

pellets and 100 to 1000 times less Cellulolytic bacteria than lambs fed the whole barley. 

An increased rate of passage of digesta from the reticulo-rumen can be attributed 

to grinding or pelleting feedstuffs due to the decreased particle size. This causes a 

decrease fti ruminal digestion and lowers the amount of the total digestibility of dry 

matter particularly the cellulosic or crude fiber fractions (Moore, 1964). Miller (1961) 

summarized eight experiments in which feed intake was the same for both non-pelleted 

and pelleted rations and in which the roughage in the rations ranged from 50-80%. In 

these experiments, the pelleted rations produced an increase in daily gain of 9 and 10 

percent less feed per hundred pounds of gain. Leffel (1960) found pelleted forages to be 

more valuable per unit weight than long hay for pregnant ewes. This suggests that the 

pelleted ration had a higher net energy value per unit weight. The possible effects of 

heating and/or pressure in the presence of moisture in the forage, or steaming during the 

grinding or pelleting process could be a variable factor affecting the productive value of 
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pellets (Moore, 1964). In two experiments with lactating cows, the feeding of ground 

pelleted forage as the only feed compared with long or chopped forage resulted in 

increased dry matter intake and increased milk production (Romiing et al., 1959; Keith et 

al., 1961). However, there was also a decrease in milk fat when the pelleted forage was 

fed. In otiier experiments where concentrates were fed in comparison to a pelleted and 

non-pelleted forage, no differences in milk production were noted (Ronning et al., 1959; 

Fossland and Fitch, 1958; Moody, 1962). 

Gardner and Akers (1958) and Hemken et al. (1961) showed that pelleting forage 

fticreases forage intake and rates of gain of dairy calves. Miller (1962) worked with dairy 

calves from birth the eight weeks of age and reported that pelleting good quality 

bermudagrass hay (Cynodon dactylon L.) increased intake when compared to coarsely 

ground hay. Because the calves fed the coarsely ground hay could compensate for the 

lowered hay consumption by consuming more starter ration, there was no difference in 

rate of gain. 

Cullison (1961) used weanling beef calves to compare Coastal bermudagrass 

(Cynodon dactylon) hay in the long, ground, and pelleted form. Calves received 2 

pounds of cottonseed meal per head per day. The calves fed ground hay consumed 30% 

more hay or 24.8% more total feed and made 52% faster gains than those receiving hay 

in the long form. Calves fed pelleted hay consumed 39.4% more hay or 32% more total 

feed and made 99% faster gains than did the confrol group which consumed long hay. 

Heaney et al., (1963) found that pelleting feedstuffs decreased energy digestibility 

of energy intake by wether lambs for forage at all stages of maturity, with the effects 
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becoming more pronounced with successive growth stages. These findings of depressed 

energy digestibility are in agreement with those of Blaxter and Graham (1956); Blaxter et 

al., (1956); Meyer et al., (1960); Reynolds and Lindahl (1960). 

In a stiidy by Meyer et al. (1959), sheep were pair-fed chopped or finely ground 

pelleted alfalfa hay. Digestibility of lignin was not greatly influenced by grinding and 

pelletftig but N digestibility was higher for the pelleted hay. Total digestible nutrients 

were not significantiy different between pelleted and chopped hay. These results indicate 

tiiat increased gains due to feeding finely ground, pelleted alfalfa compared to chopped 

alfalfa hay may be due to an increased feed intake (Beardsley, 1964), a faster rate of 

passage from tiie reticulo-rumen (Moore, 1964), and possibly due to increased nutrient 

density (Cullison, 1961; and Jenson et al., 1962). 

Hair Sheep 

Hair sheep makeup approximately 10% of the world population (Bradford and 

Fitzhugh, 1983). Most hair sheep breeds are native of tropical regions. Many 

characteristics allow hair sheep to thrive in these hot and humid regions of the world. 

Hair sheep have been introduced into the United States to diversify the sheep 

industry. The industry was forced to diversify after the loss of the wool incentive. The 

wool incentive was a government program which paid producers dividends on wool that 

was produced from family flocks. Since the end of the wool incentive, wool shearing 

costs have, at times, exceeded wool values. Therefore, the number of hair sheep in the 

United States has been increased. 

30 



Hair sheep provide many positiye characteristics. Hair sheep and hair sheep 

composftes have lower rectal temperatures, respiration rates, DMI, and water intake than 

wool breeds (Wildeus, 1997). Several advantages over wool breeds are increased 

resistance to internal parasites, higher fertility, and higher lamb survival rates. Hair breed 

and wool breed carcass characteristics comparisons have been variable. Hair and wool 

crossbreeds, are often well suited for low-input, sustainable production systems that do 

not require high growth rates and large carcasses (Wildeus, 1997). Hair sheep also have 

the ability to grow hair in cold conditions and shed hair in hot conditions. Therefore, this 

provides tiie producer a sheep that does not require shearing. 

Hair sheep were first introduced into the United States at the beginning of the 20 

centtiry. Barbados were imported into the United States by the United States Department 

of Agriculftire from the Caribbean in 1904. By 1970, 300,000 Barbados were reported in 

tiie Edwards Plateau (Bixby et al. 1994). 

The St. Croix hair sheep were imported into the Unfted States in 1975 from the 

Virgin Islands. However, the St. Croix did not increase in number until just recently 

(Foote, 1983). The Dorset is another hair sheep that has been infroduced in the United 

States. The Dorper is a cross between the Dorset Horn and Persian Blackhead. Dorper 

sheep are reported as being late mattiring, but display high fertility rates when compared 

to Romanov and Romanov crosses (Greef et al. (1993). St. Croix and Dorper have been 

crossbred to develop a new breed of sheep known as Dorpcroix sheep. 
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CHAPTER 111 

EFFECTS OF BERMUDAGRASS-CLIPPING PELLETS ON GROWTH AND 

CARCASS CHARACTERISTICS OF LAMBS 

Abstract 

Sixty Suffolk, Suffolk x Rambouillet, and hair crossbred lambs were randomly 

assigned witiiin breed group to 10 pens to detennine if bermudagrass clippings (Cynodon 

dactylon L.) from domestic lawns could be used as an alternative forage source in a 

feedlot diet. Each pen was considered an experimental unit and consisted of Suffolk 

(n=2), Suffolk x Rambouillet (n=2), and haft crossbred (n=2) lambs. Treatment diets and 

control diets were randomly assigned to each pen. Each treatment consisted of five 

replications. Treatment diets contained bermudagrass-clipping (Cynodon dactylon L.) 

pellets at 10% of the total ration. Control diets contained alfalfa (Medicago sativa L.) 

pellets at 10% of the total ration. Lambs were weighed on day 0 and weekly thereafter to 

determine feed efficiency. Lambs were fed ad libitum until they reached their target 

weights. Target weight for lambs was set at 54 kg for wethers and 49 kg for ewe lambs. 

Upon arrival at the target weight, lambs were removed from the study and were 

slaughtered to determine carcass characteristics. There were no differences between 

treatment groups for any feed efficiency or carcass characteristics, although some breed 

effects were found. While breed did not affect total gain (P > .05), breed effects were 

significantiy different (P < .05) for days on feed, average daily gain, amount of feed 

consumed, average daily feed intake (ADFI), and feed:gain. There was no 
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freatment*breed interaction (P > .05) for any feed efficiency or carcass characteristic 

measured. In conclusion, it was determined that bermudagrass-clippings (Cynodon 

dact}>lon L.) can provide an alternative forage source for feedlot lambs when fed at 10% 

of a concentrate diet. 

Introduction 

Bermudagrass (Cynodon dactylon L.) is commonly grown in many domestic 

lawns across the United States. Mowing of these lawns produces millions of tons of lawn 

wastage annually. The Environmental Protection Agency has stated that grass-clippings 

and lawn wastage account for approximately 18% of the reflise that has historically been 

dumped into landfills (EPA, 1998). Other means of disposal of grass-clippings have 

included mulching and composting but this has made little reduction in the overall 

wastage. 

Alfalfa (Medicago sativa L.) is a common forage fed to mminant livestock for 

production. Alfalfa supplies necessary protein and energy for animals to grow and 

maintafti life. Bermudagrass (Cynodon dactylon L.) is not very similar to alfalfa 

(Medicago sativa L.) in general. However, bermudagrass (Cynodon dactylon L.) from 

domestic lawns exhibits many of the same nutritive qualities as alfalfa (Table 3.1). 

Therefore, research was conducted to determine if bermudagrass collected from domestic 

lawns could be used as an alternative forage source in livestock diets. The research had 

two objectives. The first objective of this study was to determine the affects of feeding 

bermudagrass-clipping (Cynodon dactylon L.) pellets on days on feed, average daily gain, 

ADFI, feed:gain, hot carcass weight, dressing percent, back fat thickness, leg score, flank 
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sfreaking, and quality grade of lambs. The second objective was to compare breed types 

of lambs to determine if feed efficiency or carcass characteristics were affected by 

feeding bemiudagrass-clipping pellets. 

Materials and Methods 

Sixty medium wool and hair breed lambs (average initial BW=36.73 kg) were 

used to study the effects of bermudagrass-clipping (Cynodon dactylon L.) pellets on 

growth efficiency and carcass characteristics. The study took place at the Sheep and 

Goat Center at Texas Tech University Farm located near New Deal, TX. Lambs used in 

the study were bom on-site from universfty owned ewes. Prior to the study, lambs were 

provided a free choice 16% CP creep feed. All lambs prior to weaning received a 

vaccination consisting of Closftidium Perfringens Types C and D and a Tetanus Toxoid 

(Boehringer Ingelheim, St. Joseph, MO). Lambs were treated for internal and external 

parasites with Ivomec drench (Merial, Corp. Duluth, GA). They were weaned 

approximately 60 d post partum and began the trial between the ages of 120 to 150 days. 

On day 0, lambs were weighed and within breed sex combination were randomly allotted 

to pens within treatment. Each pen consisted of one Suffolk wether, one Suffolk ewe 

lamb, one Suffolk x Rambouillet wether, one Suffolk x Rambouillet ewe lamb, one hair 

breed wether, and one hair breed ewe lamb. The experimental unit was considered tiie 

pen. All animals had free access to water. Two treatments consisting of either 10% 

alfalfa pellets (Medicago sativa L.) or 10% beraiudagrass-clipping (Cynodon dactylon L.) 

peftets (Tables 3.2 and 3.3) were randomly assigned to the 10 research pens. Table 3.4 

lists the chemical compositions of the freatment and confrol diets. Both diets consist 
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primarily of corn along with soybean meal, cottonseed meal, and cottonseed hulls, all of 

which are typical of a feedlot ration. Diets also included calcium carbonate to balance for 

a proper 2:1 Ca:P ratio. Ammonium chloride was added to each diet to prevent urinary 

calculi and cane molasses was added to increase palatability and decrease dust. A premix 

was added to the diets consisting of 30g/ton of Vitamin A, 40g/ton of Selenium, and .5% 

of Decox/ton to prevent coccidiosis. 

Alfalfa (Medicago sativa L.) pellets used in the experiment were purchased from 

Economy Mills Lubbock, TX. Laboratory analysis was performed to determine percent 

DM, ash, CP, Ca, P, and NDF (Table 3.1). Bermudagrass-clippings (Cynodon dactylon 

L.) used in the study were collected from Kingsgate Shopping Center Lubbock, TX via 

All Seasons Lawn Care. The length of the grass-clippings were approximately %" to 'A" 

in length. After collection, clippings were immediately transported to the Texas Tech 

University Sheep and Goat Center. Upon anival, clippings were weighed and placed on 

the concrete floor of the bam one inch thick for air drying. Trash such as cigarette butts, 

leaves, chewing gum wrappers, and twigs were removed. However, less than 10% of the 

grass-clippings contained foreign matter. After 24 h, grass was tumed for further drying. 

Forty eight hours after initial drying, grass was collected and weighed to determine 

percent shrink. Clippings were then pelleted at the Texas Tech University Feedmill 

through a 3/8" dye and bagged. Laboratory analysis was also performed on the 

bermudagrass clippings to determine percent DM, ash, CP, Ca, P, NDF, and Nifrates 

(Table 3.1). 
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As the trial began, lambs were monitored daily for signs of illness. Visual signs 

of illness observed included lethargy, depression, and anorexia. Suspect lambs were 

freated witii an antibiotic (Excenel, Pfizer Animal Health, Inc., New York, NY). Dmg 

fteatinent was continued until tiie health status of the animal improved. All medical 

treaftnents were administered as per label instmctions. 

Feed bunks were visually evaluated between 1600 and 1700 daily for estimation 

of the daily feed allotment. The quantity of unconsumed feed remaining in each bunk 

was estimated, and the quantity of feed delivered was adjusted to ensure ad libftum feed 

intake. Feed samples of each treatment were obtained for DM determination from each 

batch of feed made at the Texas Tech University Feedmill. Feed samples were dried in a 

100° C forced-air oven overnight and stored for later chemical analysis. After 

completion of the 98-d study, feed samples were sorted by treatment and a composite of 

each treatment was made. Composites were made by tumbling individual samples 25 

times in a sealed bucket, removing a consistent portion from each sample, and combining 

each of these portions into one composite sample. These composites were then ground to 

pass through a 2-mm screen using a Wiley mill and analyzed for contents of DM, CP, 

ash, Ca, and P (AOAC, 1990). 

Lambs were weighed on d 0, 7,14,21, 28, 35,42, 49, 56, 63, 70, 77, 84,91, and 

98 using a Tme Test (Model EZI Weigh 2) scale mounted on four load cells. Before 

weighing the lambs, the scale was calibrated with certified check weights. At the 

conclusion of the trial, feed bunks were swept and any remaining feed was removed from 

the bunk, weighed, and sampled for DM content. The DM content of the feed weigh-
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back was determined in the same manner as weekly feed samples, and the quantity of dry 

feed removed from the bunk was subtracted from the total of the dry feed delivered to 

obtain an accurate measurement of ADFI and consequently feed efficiency. 

As lambs reached their target weight, they were removed from the study. Target 

weight for wetiiers was set at 54 kg and 49 kg for ewe lambs. Carcass data was collected 

from the wethers. Ewe lambs were used as replacement ewes for the Texas Tech 

University sheep flock. When target weights were met, lambs were slaughtered. 

Animals were slaughtered at foiu different time periods. The first and second group of 

lambs were slaughtered at the Texas Tech University Meat Laboratory. The third and 

fourth group of lambs were slaughtered at Ranchers Lamb Inc. in San Angelo, TX. 

Carcass characteristics including hot carcass weight, dressing percent, back fat thickness, 

leg score, flank sfreaking, and quality grade were collected. Fat thickness was measured 

at the 12* rib and flank streakings were scored and used as a measure of quality. The 

scale from least to most streaking was: devoid, practically devoid, slight, modest, 

moderate, slightly abundant, and abundant. Leg scores were used to assign a muscle 

score to a carcass. The scale from least to the most muscling was: devoid, slight, modest, 

moderate, slightly abundant, and abundant. Yield grade is based on the fat thickness at 

the 12* rib, and quality grade is based on the leg and flank streaking score. 

Statistical Analysis 

Initial weight, days on feed, ADG, Total DMI, ADFI, and feed:gain ratio was 

analyzed as a completely randomized splft plot design in the Mixed procedure of SAS 

(1999). Within breed sex combination, lambs were randomly allotted to pens within 
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tireatinent. Treatment effect was analyzed in the main plot and breed and treatment*breed 

interaction was analyzed in the sub-plot. Pen was considered the experimental unit for all 

feed efficiency data. 

Hot carcass weight, dressing percent, back-fat thickness, leg score, conformation, 

flank sfreaking, and quality grade were also analyzed as a completely randomized split 

plot design in tiie Mixed procedure of SAS (1999). Just as with the feed efficiency data. 

Iambs were randomly allotted to pens within treatment within breed sex combination. 

Carcass data was only collected on the wethers because ewe lambs were returned to the 

flock as replacement ewes. Treatment effect was analyzed in the main plot and breed and 

freatment*breed interaction was analyzed in the sub-plot just as in the feed efficiency 

data. Animal was considered the experimental unit for all carcass data. Key-out for the 

analysis of variance for the feed efficiency data and carcass data is shown in Table 3.5 

and Table 3.6. 

Results 

Inftial weight, days on feed, average daily gain, ADFI, and feed: gain ratio were 

not significantly different (P > .05) between die freatment group and the confrol group. 

However, initial weight was different (P < .02) between Suffolk and hair sheep as well as 

Rambouillet x Suffolk and hair sheep (P < .05). Hair sheep were significantly higher (P 

< .001) than Suffolk and Rambouillet x Suffolk for days on feed and total dry matter 

intake. This however, may be atfributed to the difference in initial weight rather than 

breed type. Average daily gain and ADFI were lower (P < .01) for hair sheep than for 

Suffolk and Rambouillet x Suffolk, and feed:gain ratio was higher (P < .001) for haft 
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sheep tiian for Suffolk and Rambouillet x Suffolk. Feed efficiency data for treatment 

effects and breed effects are reported in Table 3.7 and 3.8. 

Live weight, hot carcass weight, dressing percent, fat thickness, leg score, 

conformation, flank sfreaking, and quality grade were not significantiy different (P < .05) 

between the freatment group and the control group. Live weight, hot carcass weight, 

dressing percent, leg score, and conformation were not different (P < .05) between hair, 

Suffolk, and Rambouillet x Suffolk lambs. However, Suffolks had less (P < .05) fat 

thickness than hair or Rambouillet x Suffolk lambs. Hair sheep had more (P < .05) flank 

sfreaking than Suffolk lambs and tended to have a higher quality grade (P < .06). Carcass 

characteristic data for freatment effects and breed effects are reported in Table 3.9 and 

3.10. 

Discussion 

Feeding systems that promote rapid lamb growth, such as concentrates fed in 

drylot, usually resuft in greater feed efficiency (McClure et al., 1994). Lambs fed in this 

trial were fed in a drylot situation to determine feed efficiency differences between 

concentrate diets containing either alfalfa (Medicago sativa L.) pellets or bermudagrass-

clipping (Cynodon dactylon L.) pellets. No treatment differences were seen for any feed 

efficiency parameters or carcass characteristics. However, breed effects were significant 

for several factors. 

Initial weight was lower (P < .05) for haft sheep than for Suffolk and Suffolk x 

Rambouillet. Because of this, days on feed and ADFI may be invalid when detemiining 

differences. Average daily gain was lower for hair sheep than for Suffolk and Suffolk x 
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Rambouillet. This agrees witii Wildeus (1997) stating that growth rates of haft sheep are 

generally lower than those of traditional wool breeds in the United States. Wildeus 

(1997) further stated that tiiis difference can be partially attributed to the low input 

management systems and stressfial tropical environmental conditions under which these 

breeds were developed. 

ADFI was lower for haft sheep than for Suffolk and Suffolk x Rambouillet. This 

agrees with findings of Horton and Burgher, 1992 stating that DMI of high energy diets 

was lower (P < .05) in Saint Croix and Blackbelly Barbado lambs than in Dorset and 

Katahdfti. 

Feed:gain ratio was higher for hair sheep than for Suffolk and Suffolk x 

Rambouillet. This contradicts the findings of McClure et al. (1991); Horton and Burgher, 

(1992); and Phillips et al. (1995) who claimed that Saint Croix and Blackbelly Barbado 

had similar feed:gain ratios to those of wool breeds. However, the ratios of Blackbefty 

Barbados and Blackbelly Barbado crosses were lower for feed:gain ratio (Shelton, 1983a; 

Horton and Burgher, 1992). 

Live weight, hot carcass weight, dressing percent, leg score, and conformation 

were not different (P > .05) between breed groups. These findings are not unusual but 

there are not any consistent differences in dressing percent reported between hair and 

wool breeds (Wildeus, 1997). 

Fat thickness was less (P < .05) for Suffolk lambs than for haft and Suffolk x 

Rambouillet lambs. Data on differences in backfat thickness are also not consistent 

(Wildeus, 1997). Although, McClure et al. (1991) and Solomon et al. (1991) found 
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increased backfat tiiickness (P < .01) in Targhee compared with Saint Croix, but these 

lambs had 20 to 30% lower slaughter weights. Flank streaking was higher (P < .05) for 

hair sheep when compared to Suffolk lambs, but not higher (P > .05) when compared to 

Suffolk X Rambouillet lambs. 

Quality grade was higher (P < .05) for hair sheep when compared to Suffolk 

lambs. Quality grade for hair sheep and Suffolk x Rambouillet lambs were not different 

(P < .05). Wilderus, 1997 also states that differences in quality grades are also 

inconsistent between hair and wool type sheep. Ockerman et al. (1982) found that 

Blackbelly Barbado had lower (P< .05) quality grades than Saint Croix and wool breeds. 

These lower grades may have been the resuft of a lower slaughter weight. Boyd (1983) 

reported no differences (P < .05) between Blackbelly Barbado Blackbelly, Barbado x 

Dorset, and Dorset lambs that were slaughtered at the same weight. 

Conclusions 

Bermudagrass clippings (Cynodon dactylon L.), as managed in this experiment, 

can be used as an altemative forage source in a concentrate diet for lambs. Feed 

efficiency and carcass characteristics were favorable for all lambs consuming the 

treatment diet. Breed effects tended to be significantly different (P < .05) for some feed 

efficiency as well as carcass characteristics. However, this was not due to the 

bermudagrass-clipping (Cynodon dactylon L.) or alfalfa pellet (Medicago sativa L.) diet. 
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Table 3.1 Chemical Composition of Bermudagrass-Clipping Pellets and Alfalfa 
Pellets 

Bermudagrass Alfalfa 
DM,% 89.25 92.81 

Ash,%' 15.35 12.3 

C P , % ' 

Ca ,%' 

P , % ' 

NDF,%' 

Nifrates, %* 

' DM Basis 

24.23 

1.12 

0.3 

58.51 

0.18 

18.81 

1.19 

0.22 

45.52 

— 
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Table 3.2 Ingredient Composition of Diets (% of diet, DM basis) 

Ingredient Treatment Control 

Cracked Com 64.87 63.26 

Cottonseed Meal 41% CP 5.75 575 

Soybean Meal 44% CP 2.05 3.76 

Cottonseed Hulls 10.50 10.50 

Pelleted Bermudagrass-clippings 10.00 0.00 

Alfalfa Pellets 0.00 10.00 

Calcium Carbonate 1.30 1.20 

Anunonium Chloride 0.50 0.50 

Cane Molasses 5.00 5.00 

Premix' 0,03 0.03 

'Premix included Vitamin A, Selenium, and Decox at levels recommended by NRC 
(1985) 
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Table 3.3 Chemical Composition of Treatment and Control Diets 

DM, % 

Ash, %' 

CP, %" 

Ca, %' 

P, %' 
'DM Basis 

Treatment Diet 
86.81 

8.71 

13.65 

1.12 

0.33 

Control Diet 
87.26 

7.53 

13.82 

1.03 

0.39 
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Table 3.4 Key-out for the Analysis of Variance of Feed Efficiency Data 
For a Completely Randomized Split-Plot 

Source of Variation df 

Treatment 1 

Pen (Treatment) 8 

Breed 2 

Breed x Treatment 2 

Pen (Breed x Treatment) 16 

Residual 30 
Total 59 
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Table 3.5 Key-out for the Analysis of Variance of Carcass Data For a 
Completely Randomized Split-Plot 

Source of Variation df 

Treatment 1 

Pen (Treatment) 4 

Breed 2 

Breed x Treatment 2 

Pen (Breed x Treatinent) 8 

Residual 12_ 

Total 29 
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Table 3.6 Treatinent Effects on Feed Efficiency of Lambs Consuming Either Alfalfa 
or Bermudagrass at 10% of a Concenftate Diet 

Item 

Initial wt., kg 

Days on feed 

Daily gain. 
kg/d 

Total dry 
matter intake. 
kg 

Average daily 
feed intake. 
kg/d 

Feed: Gain 

Treatment 
Alfalfa Diet 

36.19' 

59.39' 

0.318' 

85.08' 

1.45' 

5.02' 

Grass Diet 

37.41' 

55.74' 

0.310' 

79.88' 

1.45' 

4.90' 

SEM 

1.25 

4.61 

0.018 

5.83 

0.015 

0.298 

''''Means within the same row with different superscripts differ (P<.05) 
SEM =Standard Enor of the Mean; n=30 for each mean 
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Table 3.7 Breed Effects on Feed Efficiency of Lambs Consuming Either Alfalfa 
Bermudagrass at 10% of a Concenftate Diet or 

Item 

Initial wt., kg 

Suffolk 

38.63' 

Breed 

Hair 

34.2r 

Suffolk X 
Rambouillet 

37.55' 

SEM 

1.53 

Days on feed 45.77' 76.26'̂  50.6' 2.56 

Daily gain, 
kg/d 0.359' 0.245' 0.338' 0.022 

Total dry 
matter intake, 
kg 67.56' 106.16'' 73.71^ 7.14 

Average daily 
feed intake, 
kg/d 1.47' 1.40' 1.46' 0.018 

Feed: Gain 4.23' 6.11' 4.54' 0.365 
^ Means vsdthin the same row with different superscripts differ (P<.05) 
SEM =Standard Enor of the Mean; n=20 for each mean 
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Table 3.8 Treatment Effects on Carcass Characteristics of Lambs Consuming Either 
Alfalfa or Bermudagrass at 10% of a Concentrate Diet 

Item 
Live weight at 
slaughter, kg 

Hot carcass 
weight, kg 

Dressing 
percent 

Fat thickness, 
in. 

Treatment 

Alfalfa Diet 

54.87' 

29.34' 

53.53' 

0.256' 

Grass Diet 

55.28' 

30.00' 

54.43' 

0.270' 

SEM 

1.73 

1.01 

1.26 

0.025 

Leg score 12.6' 12.73' 0.481 

Conformation 12.53' 12.60' 0.458 

Flank 
stteakings 11.20' 11.21' 0.392 

11.73' 11.54' Quality grade 
'-"Means within the same row with different superscripts differ (P<.05) 
SEM =Standard Enor of the Mean; n=30 for each mean 

0.287 
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Table 3.9 Breed Effects on Carcass Characteristics of Lambs Consuming Either 
Alfalfa or Bermudagrass at 10% of a Concentrate Diet 

Item Suffolk 

Breed 

Hair 
Suffolk X 

Rambouillet SEM 
Live weight at 
slaughter, kg 53.74' 54.03' 57.46' 2.14 

Hot carcass weight, 

kg 29.17' 29.45' 30.38' 1.21 

Dressing 
percent 54.48' 54.54' 52.92' 1.55 

Fat thickness, 
in. o.2ir 0.282' 0.297' 0.027 

Leg score 

Conformation 

12.6' 

12.4' 

12.9' 

12.9' 

12.5' 

12.4' 

0.59 

0.56 

10.5"̂  

11.2" 

11.82' 

11.92' 

11.3 a,b Flank 
streaking 

Quality grade 
''"Means within the same row with different superscripts differ (P<.05) 
SEM =Standard Enor of the Mean; n=20 for each mean 

11.8 a,b 

0.48 

0.34 
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CHAPTER IV 

THE EFFECTS OF VARYING FORAGE SOURCE IN A CONCENTRATE DIET ON 

THE METABOLISM AND APPARENT RETENTION OF CRUDE PROTEIN BY LAMBS 

Abstract 

Twenty-one Rambouillet wether lambs (average initial 41 kg) were used in a 

metabolism frial to evaluate the digestibility of three different concentrate diets each 

containing one of the following: alfalfa pellets (Medicago sativa L.), bermudagrass-

clipping (Cynodon dactylon L.) pellets, or Coastal bermudagrass hay (Cynodon dactylon 

L.) pellets. Treatments were ananged in a completely randomized design for DMI, fecal 

excretion, and DMD using analysis of variance. Analysis of covariance was used for N 

intake, g/d, fecal N, g/d, fecal N, % of intake, urinary N, g/d, urinary N, % of intake, N 

absorbed, g/d, % N absorbed, N retained, g/d, and N retained, % of intake. Prior to the 

study, lambs were housed in pens and fed the confrol diet containing alfalfa pellets 

(Medicago sativa L.). A five day adaptation period was followed by a seven day 

collection period. Intake by lambs was limited to 2.5% of BW. Dry matter intake and 

dry matter digestibility were not different (P > .05) among freatment groups. N intake, 

apparent absorption, and apparent retention expressed as percent of intake and g/d did not 

differ among lambs fed their diets. Initial weight was used as a covariate in the N data to 

account for any unwanted variation within freatment groups. Based on the absorption 

and retention data, bemiudagrass-clipping (Cynodon dactylon L.) pellets are an adequate 

forage source at 10% of the diet for lambs on a concentrate diet. 
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Introduction 

Proper amounts of forage are necessary for the development of lambs consuming 

a concentrate diet. It is suggested by the NRC (1985) that lambs between the ages of 4 

and 7 montiis of age weighing approximately 30 kg should receive a diet consisting of 

60% concentrate and 40% forage. Alfalfa (Medicago sativa L.) is often the forage used 

in tiiese concentrate diets because of the high nutritive qualities that it can provide to the 

animal. Cmde protein in alfalfa (Medicago sativa L.) commonly exceeds 18%. Alfalfa 

(Medicago sativa L.) also is high in calcium and phosphorus as well as vitamin A. These 

are minerals and vitamins that are necessary for proper development of growing lambs. 

All of these qualities make alfalfa (Medicago sativa L.) an excellent forage source to use 

in the diets of livestock. 

Bermudagrass (Cynodon dactylon L.) grown in domestic lawns is maintained 

under near optimal conditions to provide a high aesthetic value to homes. This aesthetic 

value increases the value of the home, but provides no other value. After these lawns are 

cut, the grass-clippings are disposed of. Laboratory analysis has determined that grass 

clippings from these highly maintained lawns can provide some of the same nutritive 

characteristics as alfalfa. Cmde protein levels of samples taken from these lawns have 

reached as high as 24%. Calcium and P levels also have shown to be adequate to alfalfa 

(Medicago sativa L.). 

While alfalfa (Medicago sativa L.) is an excellent forage source for livestock; 

planting, growing, fertilizing, harvesting, baling, and fransporting can become costly. 

Bermudagrass (Cynodon dactylon L.) grown in domestic lawns on the other hand is 
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grown for reasons otiier than providing forage to livestock. Therefore, research 

conducted to determine if bermudagrass-clippings (Cynodon dactylon L.) can provid 

altemative forage source to alfalfa (Medicago sativa L.). The objective of this study 

to evaluate tiie apparent absorption and retention of CP by lambs fed a concentrate diet 

containing alfalfa (Medicago sativa L.) pellets, bermudagrass-clipping (Cynodon 

dactylon L.) pellets, or Coastal bermudagrass (Cynodon dactylon L.) hay pellets at 10% 

of the diet. 

Materials and Methods 

Twenty-one Rambouillet wether lambs (average initial BW=41 kg) were used to 

evaluate the effect of forage source in a concenftate diet on the metabolism and retention 

of CP by lambs. The sftidy took place at the Texas Tech University Sheep and Goat 

Center. Lambs used in the study were purchased from Midwest Feedyard in San Angelo, 

Texas. Upon arrival at the sheep center, lambs were placed in a feedlot style pen where 

they had free access to water and began to receive the control diet (Table 4.1) at three 

pounds per head. Lambs were fed in the feedlot pen for 2 wk for adjustment to the diet. 

Prior to the study, lambs were weighed, drenched with 9 mL of Ivermectin (Merial, Corp. 

Duluth, GA), and vaccinated for Clostridium Perfringens Types C and D and a Tetanus 

Toxoid (Boehringer Ingelheim, St. Joseph, MO). Lambs were then randomly assigned to 

treatment groups (seven lambs per treatment) in a completely randomized design and 

placed in metabolism crates. Metabolism crates were designed to allow a full collection 

of unconsumed feed, urine, and fecal material. Each crate included an individual water 

source, removable feed bunk, fecal tray and collection bin, and a urine pan that ftmneled 
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urine into a storage container. Diets consisted ofi alfalfa pellets (Medicago sativa L.), 

Coastal bermudagrass (Cynodon dactylon L.) hay pellets, or bemiudagrass-clipping 

(Cynodon dactylon L.) pellets at 10% of the total ration. Tables 4.2 and 4.3 list the 

ingredient composition of the treatinent diets. Chemical composition of experimental 

diets fed to lambs is listed in Table 4.4. All diets were mixed at the Texas Tech 

University Feedmill. Lambs remained in metabolism crates for 12 d. Day 1 through 5 

was considered an adaptation period and day 6 through 12 was the collection period. 

Table 4.5 shows the collection schedule of samples taken and the days of the collection 

period when samples were taken. 

Initial weights were used to calculate the daily quantity of feed (2.5% of BW) to 

be offered to the lambs for the duration of the 12 d period. After lambs were placed in 

metabolism crates, they were offered half of their daily allotment of feed. Lambs were 

fed twdce daily at approximately 0800 and 1700 daily. A feed sample from each diet was 

collected and stored for later laboratory analysis. These samples were ground through a 

2nim screen in a Wiley mill and analyzed for DM, CP, ash, Ca, and P (AOAC, 1990). 

Between 1500 and 1600 every aftemoon of the trial, individual feed bunks were 

monitored. Feed bunks containing unconsumed feed were removed. On day 1 through 4, 

any feed remaining in the bunk was removed and discarded. On day 5 through 11, 

unconsumed feed was transfened to numbered buckets, weighed, and stored for later 

laboratory analysis. After completion of the study, each sample was ground through a 

2mm screen in a Wiley mill and dried overnight in a 100° C oven to determine dry 

matter. The quantity of the dry unconsumed feed was then subfracted from the quantity 
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of dry feed offered from day 4 to 10 to determine the actual amount of dry feed 

consumed. 

Urine samples were obtained from each lamb on day 6 through 12 of the 

collection period. Prior to the P.M. feeding, urine containers (1 gallon plastic jugs) from 

each crate were removed. To ensure that no urine was lost, another container containing 

100 mL of 20% (vol/vol) HCl immediately replaced the old container. HCl was added to 

each container to prevent loss of N to the atmosphere through volatilization. The 

quantity of urine excreted by each lamb was weighed daily and a 20% sub-sample was 

taken. The sub-samples were then transfened to a plastic container and stored in a 

refrigerator. At the end of the study, storage containers were frozen for later laboratory 

analysis. Upon analysis, a 3-mL sample was used to determine N content by Kjehldahl 

analysis. 

Fecal samples were obtained on d 6 through 12. All fecal matter in each 

metabolism crate was swept into the fecal bin on the back of the crate. Fecal bins were 

removed and the contents were fransfened to numbered buckets. The quantity of feces 

was then recorded and a 20% sub-sample was taken, placed in a plastic bag, and stored in 

a refrigerator. Each 20% sample from each day was placed in the same plastic bag for a 

composite. At the conclusion of the frial, fecal samples were placed in a freezer for later 

laboratory analysis. Upon analysis, samples were dried ovemight in a 100° C oven to 

detennine dry matter. Samples were then ground through a 2mm screen in a Wiley mill 

and analyzed for N content via LECO analysis. 

Statistical Analysis 

63 



Dry matter intake g/d, fecal excretion g/d, and percent dry matter digestibility 

were analyzed as a completely randomized design in the GLM procedure of SAS (1999). 

Animal was considered the experimental unit with seven replications per treatment group. 

Key-out for tiie analysis of variance for this data is shown in Table 4.8. 

N intake g/d, fecal N g/d, fecal N percent of intake, urinary N g/d, urinary N 

percent of intake, N absorption g/d, percent N absorbed, N retained g/d, N retained 

percent of intake, and N retained percent of absorbed was analyzed as a completely 

randomized design using initial body weight as a covariate in the GLM procedure of SAS 

(1999). Initial body weight was used as a covariate to account for any unwanted 

variation within freatment group. Animal was again considered the experimental unit and 

there were seven replications per treatment group. Key-out for the analysis of covariance 

for this data is shown in Table 4.9. 

Results 

Dry matter intake, fecal excretion, and dry matter digestibility were not 

sigiuficantiy different (P > .05) among the alfalfa diet (Medicago sativa L.), Coastal hay 

(Cynodon dactylon L.) diet, and bermudagrass-clipping (Cynodon dactylon L.) diet. N 

intake, (g/d), fecal and urinary N excretion, and apparent absorption and retention (g/d or 

percent of intake) did not differ among diets (P > .05). Inftial weight, expressed as a 

covariate, was not significant at the (P < .05) level for any N analyses, but was significant 

at the (P < . 15) for N intake, fecal N g/d, urinary N g/d, and N absorbed g/d. Therefore, 

initial weight expressed as a covariate was left in the model to account for the unwanted 
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variation within treatment groups. Results from the metabolism frial are listed in tables 

4.6 and 4.7. 

Discussion 

Lambs in this study were placed in metabolism crates to detennine digestibility of 

diets as well as CP retention and absorption. Results indicate that each diet offered to the 

lambs witiiin each freatment provided the same amount of digestibility as well as 

retention and absorption of protein. Previous research by Galloway et al., 1991; and 

Buxton et al., 1995 found that cool-season grasses usually contain higher concentrations 

of cmde protein and lower concentrations of NDF than warm season-grasses. This can 

also be said for legumes such as alfalfa (Medicago sativa L.) which is a cool season plant. 

Preliminary laboratory analysis of alfalfa pellets (Medicago sativa L.), bermudagrass-

clipping pellets (Cynodon dactylon L.), and Coastal bermudagrass hay (Cynodon 

dactylon L.); (Table 4.10) shows that the alfalfa (Medicago sativa L.) has higher cmde 

protein values than that of the Coastal bermudagrass hay (Cynodon dactylon L.) and the 

lowest percent neutral detergent fiber values. This would lead to believe that the alfalfa 

(Medicago sativa L.) diet would be the most digestible. However, because tiie resufts 

reflect no differences (P < .05), we conclude that because the forage source only made up 

10% of the diet, ft was not substantial enough to effect digestibility or protein retention or 

absorption. 

While fecal N g/d is not different (P < .05) between the three diets, it approaches 

significance (P=.09) between the coastal (Cynodon dactylon L.) and grass (Cynodon 

dactylon L.) diet. The grass diet has the highest numerical value for fecal N g/d, but has 
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tiie lowest numerical value for urinary N g/d. While the differences from the diets are not 

significant (P<.05) for fecal and urinary N, assumptions can be made that lambs on these 

diets may have been synthesizing microbial protein at a slightly higher rate. Antoniewicz 

et al., 1980; and Lindberg et al., 1989 supported this by stating that urinary N excretion is 

an indicator of microbial protein synthesis. However, N intake was also numerically 

higher for lambs on the grass diet. N absorbed and nitrogen retained were also not 

significantiy different (P < .05) between treatment diets. 

Conclusions 

Bermudagrass-clippings (Cynodon dactylon L.) used in this study were a viable 

forage source in the diets of lambs when used at 10% of a concentrate diet. While there 

were no differences (P < .05) in digestibility, N retention, and apparent N absorption, 

further smdies need to be conducted with higher percentages of forage sources to 

determine differences amongst treatments. 
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Table 4.1 Ingredient Composftion of Diets (% of diet, DM basis) 

Coastal Hay 
ftem Alfalfa Diet Diet Grass Diet 
Ingredient 

Cracked Corn 64.70 64.37 64.87 

Cottonseed Meal 41% 
CP 5.75 5.75 5.75 

Soybean Meal 44% CP 2.05 2.05 2.05 

Cottonseed Hulls 

Pelleted Bermudagrass-
Clippings 

Coastal Bermudagrass 
Hay Pellets 

Alfalfa Pellets 

Calcium Carbonate 

Ammonium Chloride 

Cane Molasses 

Urea 

Premix' 

10.50 

0.00 

0.00 

10.00 

1.30 

0.50 

5.00 

0,17 

0.03 

10.50 

0.00 

10.00 

0.00 

1.30 

0.50 

5.00 

0.50 

0.03 

10.50 

10.00 

0.00 

0.00 

1.30 

0,50 

5.00 

0.00 

0.03 

'Premix included Vftamin A, Selenium, and Decox at levels recommended by NRC 

(1985) 
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Table 4.2 Chemical Compositions of Experimental Diets Fed to Lambs 

Item 
DM, % 

Ash, % 

CP, % 

Ca, % 

P ,% 

Alfalfa Diet 
86.6 

7.61 

13.82 

1.2 

0.39 

Coastal Hay 
87.25 

8.27 

13.71 

1.05 

0.38 

Diet Grass Diet 
87.8 

8.45 

13.65 

1.14 

0.41 
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Table 4.3 Collection Schedule of Samples Obtained 

Day 
0 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Body ' Weight 
+ 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Feed 
X 

X 

X 

X 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
X 

X 

Sampli is Obtained' 

Refusal 
X 

X 

X 

X 

X 

+ 
+ 
-1-

+ 
+ 
+ 
+ 
X 

Fecal 
X 

X 

X 

X 

X 

X 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

Urine 
X 

X 

X 

X 

X 

X 

-h 

-1-

-1-

+ 
-H 

+ 
+ 

' + = sample taken; x = no sample taken 
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Table 4.4 Key-out for DMI, g/d, FE, g/d, and % DMD 

Source of Variation 
Model 

Experimental Enor 
Total 

df 
2 

18 
20 
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Table 4.5 Key-out For the Analysis of Covariance For Nitrogen Data 

Source of Variation df 

Model 3 

Treatment 2 
Covariate 1 

Experimental Enor 17_ 
Total 20 
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Table 4.8 Chemical Composition of Alfalfa Pellets, Bermudagrass-Clipping Pellets, 
and Coastal Bermudagrass Hay Pellets' 

^ Alfalfa Coastal Hay Bermudagrass 
DM,% 92.81 92.1 89.25 

Ash, %' 

C P , % ' 

Ca ,%' 

P , % ' 

NDF,%' 

' DM Basis 

12.3 

18.81 

1,19 

0.22 

45.52 

6.08 

10.65 

0.43 

0.15 

72.31 

15.35 

24.23 

1.12 

0.3 

58.51 
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CHAPTER V 

IN VITRO DRY MATTER DISAPPEARANCE OF THREE 

DIFFERENT FORAGE SOURCES 

Abstract 

Bermudagrass-clipping pellets (Cynodon dactylon L.), alfalfa pellets (Medicago 

sativa L.), and Coastal bermudagrass hay pellets (Cynodon dactylon L.) were used to 

study the effects of forage source on dry matter disappearance in an in-vitro mminal 

culture system. Rumen fluid was collected from a cannulated steer receiving a 100% 

bermudagrass hay (Cynodon dactylon L.) diet and transported to the Texas Tech 

University Ruminant Nutrition Laboratory. Tubes were prepared in triplicate with 

subsfrate and McDougall's Buffer. Incubation times of cultures with forage substrate 

were 12, 24, and 48 hours. As expected, there was a significant (P < .0005) linear 

increase in dry matter disappearance for both the Coastal hay pellets and the alfalfa 

pellets over the 12h, 24h, and 48h time periods. Furthermore, there was a significant (P < 

.05) quadratic increase in dry matter disappearance over the 12h, 24h, and 48h, time 

period for the Coastal hay pellets. However, while the bermudagrass-clipping pellets had 

adequate dry matter disappearance, there was no difference (P > .05) between the 12h, 

24h, and 48h time period. 

Differences amongst treatment diets at hour 12 and hour 24 were significantly 

different (P < .05) between the alfalfa pellets. Coastal hay pellets, and tiie bemiudagrass-

clipping pellets. However, at hour 48, dry matter disappearance was higher for tiie alfalfa 
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pellets, but was not significantly different for the Coastal hay diet or the bermudagrass-

clipping pellets. Therefore, this study indicates that alfalfa pellets are most digestible in 

an in vifro cultiire system followed by the bermudagrass-clipping pellets, and the Coastal 

hay pellets. 

Introduction 

Many studies have discovered differences in digestibility between C3 and C4 

plants, ft has been well documented that C3 plants, in most sitiiations, are more digestible 

than C4 plants. In general, C4 plants contain a greater proportion of vascular bundles than 

C3 plants whereas, C3 plants have a larger proportion of leaf mesophyll tissues that have 

large infracellular spaces that allows for digestion to take place more rapidly in the rumen 

(Hanna et al., 1973). C4 plants also tend to produce more dry matter that is less digestible 

than C3 plants. 

Stage of maturity is also an important factor that plays a role in plant digestibility. 

As the plant matures, the amount of cellulose, hemi-cellulose, and lignin begin to 

increase. This causes the plant to become less digestible to the animal. 

Common bermudagrass (Cynodon dactylon L.) from domestic lawns and Coastal 

bermudagrass (Cynodon dactylon L.) hay are C4 plants. Alfalfa (Medicago sativa L.) is a 

legume tiiat is a C3 plant. Research has indicated that alfalfa (Medicago sativa L.) 

should be more digestible than the grasses. However, stage of maturity may play a big 

role in the digestibility of these forages. Therefore, research was conducted to detennine 

the digestibility of bemiudagrass-clipping pellets (Cynodon dactylon L.), alfalfa pellets 

(Medicago sativa L.), and Coastal bemiudagrass hay pellets (Cynodon dactylon L.). 
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Materials and Methods 

Bermudagrass-clipping pellets (Cynodon dactylon L.), alfalfa pellets (Medicago 

sativa L.), and Coastal bemiudagrass hay pellets (Cynodon dactylon L.) were analyzed in 

an in vifro fennentation culture to determine dry matter disappearance. Chemical 

composition of bemiudagrass-clipping pellets (Cynodon dactylon L.), alfalfa pellets 

(Medicago sativa L.), and Coastal bermudagrass hay pellets (Cynodon dactylon L.) is 

listed in Table 4.10. Dry matter disappearance was determined by a modified two-stage 

Tilley and Teny procedure (Galyean, 1997). Twenty liters of mminal fluid were 

collected from a cannulated steer receiving a 100% forage diet, strained through four 

layers of cheesecloth to remove feed particles, and stored in a plastic container for 

fransporting. Upon arrival at the Texas Tech University Animal Science Building, mmen 

fluid was buffered with McDougall's artificial saliva. Before mminal fluid collection, 

approximately 0.5 g of each sample was placed in a 50-mL plastic centrifuge tube for 

digestion (friplicate tubes per sample). One part strained mminal fluid was mixed with 

four parts McDougall's artificial saliva and 30 mL of mixed solution were added to each 

in vitro tube. Oxygen was displaced with the flow of CO2 into the top of each tube and 

capped to maintain anaerobic conditions. Triplicate blank tubes for each incubation time 

were filled with 30 mL of one part strained mminal fluid with four parts McDougall's 

artificial saliva and were incubated in 39° C water bath as for sample tubes. Samples 

were incubated for 12, 24, and 48 hours. 

After incubation, samples were removed from water bath and frozen at -4° C to 

stop fermentation. Tubes were subsequently thawed at 22° C and cenfriftiged for 15 
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minutes at 2,000 x g. After centrifiigation, ruminal fluid was suctioned off by vacuum, 

leaving undigested subsfrate and microbial residue in tube. Thirty milliliters of acidified 

pepsin solution were tiien added to each tube and incubated in 39° C water bath for 48 

hours. The pepsin solution was prepared by adding 6.6 g of pepsin, and 100 mL of a 1 N 

HCl solution to a 1-L flask and filling to volume vWth deionized water. Following 

incubation with acidified pepsin, tube contents were filtered onto a pre-weighed 

Whatinan 541 filter paper (Whatman International Ltd., Maidstone, England) using a 

Buchner fuimel and vacuum piunp. Filter papers containing the residue from each tube 

were dried in a 60° C drying oven for approximately 24 hours, after which filter papers 

were weighed to calculate IVDMD. The mean residue weight from the three blank tubes 

per incubation time was subfracted from each sample residue weight. The IVDMD 

values that were calculated for each incubation time were determined by dividing final 

subsfrate weight - blank from each incubation period by initial substrate weight and 

multiplied by 100. 

Statistical Analysis 

Time expressed as 12h, 24h, and 48h was analyzed as a completely randomized 

design in the GLM procedure of SAS (1999). Tube was considered the experimental unit 

with three replications per treatment group. 

Treatment expressed as alfalfa pellets (Medicago sativa L.), Coastal hay pellets 

(Cynodon dactylon L.), and bemiudagrass-clipping pellets (Cynodon dactylon L.) were 

also analyzed as a completely randomized design in the GLM procedure of SAS (1999). 

79 



Tube was again considered the experimental unit with three replications per treatment 

group. Key-out for the analysis of variance for time and treatment is shown in table 5.2. 

Results 

The effects of time at 12h, 24h, and 48h, was significantiy different (P < .05) for 

the alfalfa pellets (Medicago sativa L.) and the Coastal hay pellets (Cynodon dactylon 

L.). The alfalfa pellets (Medicago sativa L.) had a DM disappearance over the 12h, 24h, 

and 48h time period that was significantly linear (P < .0005) but was not quadratic. The 

Coastal hay pellets (Cynodon dactylon L.) were significantiy linear (P < .0001) as well as 

sigruficantly quadratic (P < .05). The bermudagrass-clipping pellets (Cynodon dactylon 

L.) were not significantiy different (P > .05) for dry matter disappearance over the 12h, 

24h, and 48h time period. The bermudagrass-clipping pellets (Cynodon dactylon L.) 

were also not significantly linear or quadratic (P > .05) for DM disappearance over the 

12h, 24h, and 48h time frame. The effects of time on treatment for in vitro dry matter 

disappearance are listed in Table 5.3. 

At hour 12, the alfalfa pellets (Medicago sativa L.) had the highest amount of DM 

disappearance. The alfalfa pellets (Medicago sativa L.) had a much higher (P < .001) 

DM disappearance than the coastal hay pellets (Cynodon dactylon L.) and a slightly 

higher difference (P < .05) than the bermudagrass-clippings (Cynodon dactylon L.). 

At hour 24, the alfalfa pellets (Medicago sativa L.) became more significantly 

different (P < .0001) than the Coastal hay pellets (Cynodon dactylon L.) and the 

beraiudagrass-clipping pellets (Cynodon dactylon L.) (P<.0005). The Coastal hay pellets 
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(Cynodon dactylon L.) and bermudagrass-clipping pellets (Cynodon dactylon L.) are also 

significantiy different (P<.02) for DM disappearance. 

At hour 48, the alfalfa pellets (Medicago sativa L.) were again significantiy 

different from tiie Coastal hay pellets (Cynodon dactylon L.) (P < .0001) and the 

bemiudagrass-clipping pellets (Cynodon dactylon L.) (P < .0002). The Coastal hay 

pellets (Cynodon dactylon L.) and bermudagrass-clipping pellets (Cynodon dactylon L.) 

were not significantiy different (P > .05) at hour 48 for DM disappearance. The effects of 

freatinent on time for in vitro DM disappearance are listed in table 5.4. 

Discussion 

The ultimate indication of the quality of forages is obtained by feeding them and 

measuring the animal responses of interest, such as milk production or weight of gain. 

Such feeding frials account for all important factors, including unknovm or unexpected 

factors (Collftis and Fritz, 2003). However, feeding and grazing trials can become 

expensive. Therefore, laboratory chemical analysis can provide useful and relatively 

inexpensive information about potential animal responses. 

In these analyses, alfalfa (Medicago sativa L.) showed a linear increase in 

digestibility over time and was also more digestible than the Coastal hay pellets 

(Cynodon dactylon L.) or the bermudagrass-clipping pellets (Cynodon dactylon L.). 

Collins and Fritz (2003) stated that forage species can differ markedly in forage quality. 

In general, legumes are higher in quality than grasses. Therefore, resuUs indicating 

higher digestibility of alfalfa (Medicago sativa L.) in vitro agrees with these findings. 
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in Coastal hay pellets (Cynodon dactylon L.) also significantly (P<.05) increased 

DM disappearance over time showing a linear and quadratic increase in digestibility. 

Collins and Fritz (2003), state tiiat grasses are generally higher in NDF than cool-season 

legumes. This may partially explain the lower digestibility of the Coastal hay pellets 

(Cynodon dactylon L.) when compared to the alfalfa pellets (Table 4.10). Another factor 

to consider when explaining digestibility between the Coastal hay pellets (Cynodon 

dactylon L.) and tiie alfalfa pellets is the difference between C3 and C4 morphology. 

While legumes are C3 plants, grasses such as coastal bermudagrass hay are C4 plants. 

C4 plants tend to have a greater percentage of area occupied by less digestible vascular 

bundles, epidermis, and sclerenchyma tissues than C3 plants (Akin and Burdick, 1975). 

Therefore, results of digestibility between the alfalfa pellets (Medicago sativa L.) and 

Coastal hay pellets (Cynodon dactylon L.) are not uncommon. 

Results for bermudagrass-clipping pellets (Cynodon dactylon L.) were much 

different from alfalfa (Medicago sativa L.) and Coastal hay pellets (Cynodon dactylon 

L.). While bermudagrass-clipping pellets (Cynodon dactylon L.) were more digestible 

than Coastal hay pellets (Cynodon dactylon L.) and less digestible than alfalfa pellets 

(Medicago sativa L.), they were not more digestible over time. This suggests that the 

majority of digestion took place in the first twelve hours. One reason for this may be due 

to the maturity of the plant. Because the bermudagrass-clippings (Cynodon dactylon L.) 

were harvested at such a premature state, digestibility of the forage was extremely high. 

Collins and Fritz (2003) state that forage quality neariy always declines as forages age or 
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imdergo reproductive development. In fact, maturity at harvest is usually considered to 

be the primary factor affecting forage quality. 

Otiier factors effecting digestibility of the bermudagrass-clipping pellets 

(Cynodon dactylon L.) may be the amount of NDF (Table 4.10). The bermudagrass-

clipping pellets (Cynodon dactylon L.) tend to have a higher amount of NDF than the 

alfalfa pellets (Medicago sativa L.) but a lower percent of NDF than the Coastal 

bermudagrass hay (Cynodon dactylon L.). This would be expected because alfalfa 

(Medicago sativa L.) is a C3 legume and the grasses are C4 plants. Legumes tend to 

have faster cell wall digestion and particle size reduction and therefore the mmen empties 

more quickly and allows more forage to be consumed. 

Conclusions 

Alfalfa (Medicago sativa L.) is a C3 legume that is more digestible than common 

bermudagrass (Cynodon dactylon L.) from domestic lawns or Coastal bermudagrass hay 

(Cynodon dactylon L.) which are both C4 grasses. The difference in plant morphology, 

NDF, and plant maturity are major factors in the digestibility of these forage sources. 

While bermudagrass-clipping (Cynodon dactylon L.) from domestic lawns was not as 

digestible as alfalfa (Medicago sativa L.), crude protein levels were higher. Therefore, 

more protein can be provided to the animal from the bemiudagrass-clipping pellets 

(Cynodon dactylon L.) than from the alfalfa pellets (Medicago sativa L.). 
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Table 5.1 Key-out for the Analysis of Variance For IVDMD 

Source of Variation 
Treatment 

Experimental Enor 
Total 

df 
2 

6 
8 
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