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ABSTRACT 

Matua bromegrass (Bromus willdenowii Kunth) has been 

shown to be an acceptable forage for yearling and mature 

gelding horses; however, its value for mares during 

gestation and lactation is unknown. Hence, two experiments 

were conducted to evaluate the effects of Matua as a forage 

source for mares in early and late gestation, and for 

lactating mares and their foals. In Experiment 1, the 

effects of Matua on intake, reproduction, milk crude protein 

content, and foal growth were compared with alfalfa 

{Medicago sativa L). Eight 2-yr-old and four aged (7- to 

12-yr-old) gravid Quarter Horse mares (BW = 553 kg ± 36), 

scheduled to foal between March and May were used. There 

were variable days on trial prepartum (mean 59 d ± 8.07); 

however, all mares and foals were on trial 70 d postpartum. 

Mares were blocked by age, expected date of foaling, and BW, 

and were assigned randomly to either Matua or alfalfa 

treatments (six mares per treatment). Crude protein (DM 

basis) averaged 11.45 and 15.38% for Matua and alfalfa, 

respectively. No adverse effects were observed in either 

broodmares or foals as a result of feeding Matua hay. 

Forage DM intake, by prepartum mares averaged 6.8 and 7.0 

kg/d (SE = 0.40) for Matua and alfalfa, respectively, 

whereas postpartum intake was 7.9 and 8.3 kg/d, (SE = 0.70) 

respectively, for the two hays. Mean gestational length of 
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mares fed Matua (342.4 d ± 3.05) did not differ (P = 0.67) 

from those fed alfalfa (340.7 d ± 3.05). Live foal births 

were 100% for each treatment. Mean foal birth weights (42.4 

kg vs 46.6 kg SE= 4.20) did not differ (P = 0.50) between 

the Matua and alfalfa treatments. Likewise, average daily 

gain by foals (1.41 kg vs 1.23 kg SE= 0.06) did not differ 

(P = 0.36) between treatments. Mean day of first postpartum 

ovulation did not differ (P = 0.33) between mares fed the 

two hays. There was no difference (P = 0.18) in cycles per 

conception for mares fed Matua versus alfalfa, and pregnancy 

rate at d 70 was 100% for both groups. Differences in 

percentage of protein in milk between treatments varied by 

day of sampling. On d 1, milk from mares fed alfalfa was 

lower in protein (P < 0.03) than milk from mares fed Matua, 

but throughout the remainder of the trial, milk protein did 

not differ (P = 0.58) between the two hay treatments. Milk 

protein percent decreased (P = 0.0001) over time. 

In Experiment 2, voluntary intake and rate of passage 

of Matua, alfalfa and, timothy {Phleum pratense L.) hays 

were determined in 2-yr-old pregnant mares. Forages were 

fed as 100% of the diet. Voluntary intake of alfalfa was 

higher (P < 0.05) than Matua expressed as kg/d (13.7 vs 

11.5), percentage of body weight (3.0 versus 2.6) and as 

g/kg of BW °" (138 versus 118). Timothy was lower (P < 

0.05) in intake than either alfalfa or Matua. This may be 

VI1 



because the timothy used in this study was of very poor 

quality. The rate of passage of the three forages was 

measured by passage of chromium-mordanted fiber. Lambda 2 

values and mean retention time did not differ between Matua 

and alfalfa; however, the means of Matua and alfalfa were 

different than for timothy (P < 0.01) . Our results indicate 

that Matua is an acceptable hay for mares during early and 

late gestation and for mares early lactation and for their 

young foals. 
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CHAPTER I 

INTRODUCTION 

Producers desire to achieve optimum performance from 

mares and their progeny; a broodmare should produce a 

strong, healthy foal each year. The gestating mare is a 

complicated animal that can be sensitive to different types 

of feeds. Quality forage is an essential part of diets 

formulated for the broodmare. Weather conditions, such as 

drought, can create shortages in available forage, resulting 

in high prices of hay that is traditionally fed hay for 

horses, such as alfalfa {Medicago sativa L.), bermudagrass 

{Cynodon dactylon L.), or timothy {Phleum pratense L.). As 

a result, alternative forages need to be considered to meet 

a least-cost feeding regimen. The sensitivity of pregnant 

mares to forages and toxins has been dramatically 

demonstrated in the 2001 Mare Reproductive Loss Syndrome 

associated with Woodford County in Kentucky (Paulick, 2001) . 

Before recommending a new forage for the broodmare, safety 

of the forage for the mare and foal must be determined. 

Matua bromegrass originated in South America and was 

developed in New Zealand (Ruhmball, 1974). Matua is a cool-

season grass with an extended growing season (Rumball, 

1974); however, Matua is sensitive to continuous stocking 



(Hume, 1991b), suggesting that Matua might best be fed as a 

hay form. Limited research has examined use of Matua hay as 

a forage for horses. LaCasha et al. (1999) compared Matua, 

alfalfa, and Coastal bermudagrass hays as forage sources for 

yearling horses. Horses selected Matua over Coastal 

bermudagrass, and DM digestibility of Matua approached that 

of alfalfa, leading the authors to conclude that Matua was a 

suitable forage for yearling horses (LaCasha et al. , 1998). 

Sturgeon et al. (2000) compared Matua and alfalfa hays fed 

to mature geldings and found that the DM digestibilites of 

the hays were not different; however, CP digestibility was 

lower in Matua compared with alfalfa. The effects of 

feeding Matua hay to gestating or lactating mares and their 

foals have not been investigated previously. Concerns 

include effects of Matua on gestational length, milk 

production, reproductive measurements, and palatability to 

young foals. The inflorescence on Matua, with a prominent 

awn, raises concerns with respect to the sensitive mouths of 

the young foals. In addition, the rate of passage of Matua 

has not yet been reported for horses. Understanding the 

rate of passage of a forage helps clarify its digestive 

effects in the horse. Thus, the objectives of the research 

presented herein were: (1) to evaluate the nutritional and 

reproductive effects of feeding Matua to gestating and 

lactating mares and to young, growing foals, and (2) to 



characterize Matua in the equine diet with respect to rate 

of passage. 



CHAPTER II 

LITERATURE REVIEW 

The Kqu-jnp n-igp.gtivp Tract 

Grazing Rphavinr 

Long before humans domesticated the horse, the plains 

and grasslands were scattered with herds of horses surviving 

on forage. The make-up and physiology of the digestive 

tract of the horse instills a behavior for grazing up to 20 

h per day. Arnold (1984) observed grazing behavior of 

sheep, cattle, and horses and reported that horses spent 

more time (4.1 to 16.0 h) grazing than the ruminants and 

less time (1.1 h) in recumbancy. The equine species has 

also evolved to select forages that are most efficient in 

association with the hindgut, nonruminant digestive 

physiology. Tuttle (1996) reported that horses, sheep, and 

goats selected portions of hay containing higher protein and 

lower fiber compared with cattle. Bell (1971) examined 

behavior of zebras grazing in the Serengeti region of 

Tanzania and reported that a fast rate of passage allowed 

for increased intake, which facilitated meeting the animal's 

protein requirements. 

AnRtnmy and P-igpstivp Funr.tinn 

Horses are categorized as nonruminant herbivores that 

rely on their hindgut as the primary site of fermentation of 



forage material. The equine foregut begins with the mouth, 

and proceeds through the esophagus, stomach, and small 

intestine. The hindgut begins at the cecum and continues 

through the large colon, and small colon and terminates in 

the rectum. Accessory organs such as the salivary glands, 

liver, and pancreas also aid in the digestive process via 

the secretion of bile and enzymatic juices (Evans et al., 

1997) . 

Mouth. The horse, being a selective eater, can 

somewhat control intake of forage with prehensitory lips. 

These lips can move and push forages around while grazing. 

Incisors that angle outward allow the horse to cut forage 

relatively close to the ground. Once a forage is selected, 

the digestive process begins in the mouth as the horse's 

molars physically grind the forage, decreasing particle size 

and thereby increasing surface area. Chewing initiates the 

release of saliva. Saliva is composed of secretions from 

the parotid, sublingual, and submaxillary glands and serves 

as a lubricant of the forage (Evans et al., 1997). For the 

horse, saliva is produced in amounts up to 38 L/d and 

contains the enzyme amylase, which aids in breaking down 

starch (Equine Research Inc., 1992). The tongue serves as a 

mechanical means for mixing digesta with saliva and pushing 

the mixture into the pharynx. Once ingesta is swallowed, it 

can not be regurgitated for remastication as in ruminants 

such as cattle. Ingesta is contained by the soft palate 



which is a one-way valve located at the back of the mouth 

(Evans et al., 1997). 

Stomach. After the forage is chewed and swallowed, it 

moves through the esophagus via peristalsis to a relatively 

small organ, the stomach. Shaped like a J, the holding 

capacity of the stomach is approximately 8 to 15 L in a 

mature horse which represents approximately 8% of the equine 

digestive tract (Equine Research Inc., 1992). The small 

size of the stomach necessitates the long and frequent 

grazing patterns of the horse. The constant entry of small 

amounts of food into the stomach enables the efficient 

digestion of greater amounts of ingesta. When larger 

quantities of ingesta enter the stomach, passage of material 

through this organ is increased and digestion is decreased. 

Serious problems associated with the ingestion of high 

quantities of nonstructural carbohydrates in this manner 

include gastric rupture and colic, which can be fatal to the 

horse. 

Enzymatic digestion begins in the stomach as gastric 

juices including hydrochloric acid (HCl) along with the 

zymogen pepsinogen are released in the presence of food. 

Pepsinogen is activated by HCl to pepsin. Hydrochloric acid 

digests the mineral fraction of the ingesta, making 

nutrients more available for absorption. Food stays in the 

equine stomach only approximately 15 min before it moves on 

to the small intestine (Equine Research Inc., 1992) . 



SmaJJ—Tntesrinp The small intestine composes 

approximately 30% of the total digestive tract and has a 

capacity of 64 L (Equine Research Inc., 1992). Averaging 21 

m long, the small intestine is composed of the duodenum, 

jejunum, and ileum. The small intestine is a significant 

site of absorption of nutrients in the horse (Hintz et al., 

1978) . One study indicated that proteolytic enzymatic 

activity in the small intestine of equines is 500 times 

greater than activity in the cecum or colon (Kern et al., 

1974). The small intestine also is the site of fat 

digestion and absorption. The intestine is lined with villi, 

through which digested feed nutrients are absorbed. Simple 

sugars, amino acids, and some vitamins are absorbed in the 

small intestine and transported throughout the body via the 

lymphatic system (Thompson, 1997) . 

Before the food can be absorbed, it must be broken down 

into smaller molecules to pass through the villi. There are 

several different enzymes that aid in this process, which 

are specific to the type of nutrient digested. The pancreas 

produces two inactive proteases, trypsinogen and 

chymotrypsinogen. Trypsinogen and chymotrypsinogen are 

activated by enzymatic activity to yield trypsin and 

chymotrypsin, which break down proteins and peptides. 

Because most of the proteolytic activity is located in the 

small intestine (before the cecum), the availability and 

quality of dietary proteins are a major factor when 



evaluating the horse's nutritional health. Darlington and 

Hershberber (1968) and Vander Noot and Gilbreath (1970) 

suggested that decreasing fiber in the diet might increase 

protein digestion. 

Lipase, secreted by the pancreas, is an enzyme that 

aids in the breakdown of the fat portion of feed. Equids 

are not equipped with a gallbladder but can effectively 

digest fat in diets containing up to 10% fat (Potter et al., 

1992a) , because of the frequent secretion of bile from the 

liver. Bile salts promote the emulsification of fats and 

are important in lipid breakdown. The liver is the largest 

organ in the horse's body, and other than the secretion of 

bile, it serves as a storage site for vitamin A, glycogen, 

and iron. 

The enzyme amylase breaks down starch. Glucose and 

other simple sugars are the main product of starch 

digestion, and these are absorbed in the small intestine and 

used for energy. Large meals of grain concentrate can result 

in too much starch entering the cecum, producing symptoms 

ranging from digestive upset to severe colic. When an 

excessive amount of starch is ingested during a meal, the 

rate of passage through the stomach increases, enabling the 

starch to pass through undigested. As starch enters the 

cecum, it is digested by the resident bacteria, resulting in 

production of byproducts such as gas and lactic acid, 

causing a pH shift in the hindgut (Freeman and Topliff, 



1997) . This environment in the horse's digestive system can 

cause painful discomfort, and this condition is referred to 

as colic and acidosis. 

Endotoxins released from bacteria killed off in this 

acidic environment are responsible for a cascade of 

biochemical events leading to laminitis. Associated high 

prostaglandin levels also can lead to abortion in the mare. 

Although the majority of readily available nutrients are 

absorbed in the small intestine, the remainder of ingesta, 

mostly fibrous material, continues to the hindgut. The 

equine hindgut consists of the cecum, large colon, small 

colon and rectum. 

Cecum• The cecum is a large, one-ended pouch that is 

approximately 3 feet long in the mature horse. The hindgut 

contains active populations of protozoa and bacteria similar 

to those found in the rumen (Evans et al. , 1997). Direct 

proteolytic activity does not occur in the hindgut; however, 

the microbial populations are able to digest quality forage 

and produce volatile fatty acids (VFA). These VFAs are 

absorbed in the hindgut, utilized by the horse as a source 

of energy and also are converted and used to produce non

essential amino acids. Bacteria in the hindgut contain 

enzymes (P-glycosidase) that digest the majority of the 

fibrous fraction of forages (Fonnesbeck, 1968). Kern et al. 

(1974) reported that when ponies and steers were fed hay 



diets with or without oat supplementation, the cecal 

bacteria in ponies fed oats increased, whereas the ruminal 

bacteria in steers fed oats remained constant. The numbers 

of cellulolytic bacteria were similar for ponies and steers 

regardless of diet. Equine cecal bacteria do not digest DM 

and cell wall fractions of forages as efficiently as ruminal 

bacteria, even when forage is exposed to the bacteria for an 

equal time period (Koller et al., 1978). However, mesophyll 

and phloem are readily used by the horse as indicated by the 

lack of these components in fecal material (Akin and 

Burdick, 1975; Harbers et al., 1981). Vander Noot and 

Gilbreath (1970) stated that herbivorous nonruminant animals 

with large cecums such as the horse do not efficiently 

digest feedstuffs high in crude fiber content. However, it 

was also stated that crude protein and N-free extract were 

digested at a comparable efficiency by both horses and 

ruminants (Vander Noot and Gilbreath, 1970). 

Cnlon• The colon has the highest capacity of all 

sections of the horse's digestive tract, comprising up to 

50% of the total tract. The equine colon also is the site of 

large amounts of water absorption. As material moves 

through the tract, dry matter content increases from 12 to 

15% at the beginning of the colon to levels of 19 to 24% in 

the rectum (Evans et al., 1997). Horses must ingest 

sufficient quantities of water to maintain adequate flow 

through the digestive tract and especially the colon. 

10 



Several tight turns and decreased diameters in the 

anatomical make-up of the colon are easily compacted with 

digesta when the percentage of DM is too high or when the 

food particles are too large. These sites in the equine 

colon with a highest incidence of compactions include the 

pelvic flexure and the diaphragmatic flexure. Compaction of 

these areas causes abdominal pain (colic) to the horse. The 

degree of seriousness of colic varies from mild to severe. 

Mild impaction can often be remedied with administration of 

mineral oil through a naso-gastric tube or by treatment with 

muscle relaxants. Severe impaction typically requires 

surgical intervention and colon resection. Horses with 

colic often try to alleviate their discomfort by rolling or 

serious thrashing. This can result in colon torsion, 

requiring immediate surgical intervention. 

Rpr.tum • The final portion of the digestive tract 

contains the indigestible fractions of the feed in addition 

to the portions of digestible feed left undisturbed. The 

rectum, about one foot in length, begins at the pelvic inlet 

and terminates at the anus (Riegel and Hakola, 1999). The 

waste is then passed out through the rectum and anus as 

feces. 

Ratp nf Passagp Thrnngh the nigpsMve Tract 

Generally, on a hay-grain diet, an average of 95% 

digesta in feces passes through the equine tract within 65 
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to 75 h after ingestion (Evans et al. , 1997). As discussed 

previously, the natural behavior of the horse is to graze 

for many hours of the day. Their high-fiber diet causes a 

high rate of passage, with resulting decreased nutrient 

absorption and digestive efficiency (Demmett and Van Soest, 

1983) . Ruminants, such as cattle, regulate the particle 

size entering the rumen (smaller particles enter first) 

whereas in the horse, digesta must travel through the whole 

digestive tract without filtration before being mixed in the 

cecum (Van Soest, 1994; Bertone et al. 1989). Horses have a 

slower rate of passage than rabbits but a faster rate of 

passage than cattle (Hintz et al., 1978). Vander Noot et 

al. (1967) evaluated the rate of passage of horses at 

maintenance using chromic oxide as a marker. The horses 

were fed alfalfa or timothy {Phleum praense L.) hay and 

supplemented with either oats {Avena sativa L.), barley 

{Hordeum vulgare L.), or corn {Zea mays L.). The authors 

reported that the rate of appearance of marker in feces was 

greatest at 36 and 48 h, and total marker recovery took 

approximately 96 h. 

A study evaluating the effects of one large meal 

compared with to six small meals showed no differences in 

rate of passage rate as a result of meal frequency (Houpt et 

al. 1988) . Tuttle (1996) compared rate of passage in 

horses, cattle, sheep, and goats. Overall horses had faster 
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rate of passage than the other species. Both fluid and 

particle phases passed through the horse's tract rapidly, 

but it was found that the fluids resided in the total tract 

for the same amount of time as did fluids and fine particles 

in ruminants. The large particles passed through more 

rapidly as shown by higher Lambda 1 and Lambda 2 rates and 

shorter mean retention time (MRT) in the horses. Tuttle 

(1996) also stated that the horses seemed to extract more 

nutrients from the fluid and fine particle phase because of 

a longer time delay and a similar MRT of the fluid phase in 

ruminants. Bertone et al. (1989) conducted a study on the 

effects of colon resection on rate of passage and digestion. 

Horses that had part of their colon surgically removed 

showed shorter mean retention times and faster overall rate 

of passage in compared with preoperative values and control 

horses. Diminished protein digestion occurred in these 

horses because of a lower production of trypsin. The 

authors reported that the majority of the horses with 

increased rates of passage returned to preoperative levels 

in approximately 6 mo. Young nursing foals have a slower 

rate of passage than weanling foals. Alexander (1985) added 

barium to the diets of foals, and found that in suckling 

foals, the barium reached the cecum after 6 h, whereas 

weaned foals had barium in their cecum by 3 h. 

In summary, horses are hindgut (cecum to rectum) 

fermenters in contrast to cattle, which are foregut (mouth 

13 



to small intestine) fermenters. Horses do not utilize fiber 

as efficiently as cattle or other ruminants; however, they 

compensate by selecting quality forage as well as ingesting 

small quantities over long time periods. 

Nutr-i PTitPi 

Water 

Water intake is important to maintain cellular 

homeostasis and gut flow in the horse. The quantity of 

water needed to achieve this partially depends on factors 

such as work load, heat, humidity, intake, diet, and state 

of production (such as lactation). General management 

recommendations for the horse are to allow free access to 

clean palatable water. However, great quantities of water 

consumed directly before to or following intense exercise 

can cause digestive upset, so smaller amounts of water are 

recommended during these times. If water intake is 

restricted, the result can include colic, digestive 

problems, and decreased performance capabilities. 

Fnprgy 

Energy is a critical component of the equine diet. One 

source of energy in horse diets is derived from 

carbohydrates. There are two types of carbohydrates in the 

horses diet: those that can be digested in the foregut 
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(starch) and those that are digested in the hindgut 

(cellulose). A major difference between these carbohydrates 

is their chemical linkages, alpha (starch) and beta 

(cellulose) bonds. Cellulose is the carbohydrate fraction 

of forage and is held together by beta bonds. Beta bonds 

cannot be broken by the enzymes in the foregut of the horse 

but rather are degraded by microbes located in the hindgut. 

The end result of cellulose fermentation by microbes is 

volatile fatty acids. The primary volatile fatty acids 

(acetate, propionate, and butyrate) are absorbed in the 

large intestine and used for energy or stored as fat. 

Although proteins and fats can be used as energy 

sources in the horse, the primary source of immediate energy 

in the diet comes from soluble carbohydrates (starch). The 

alpha bonds in starch are broken down via enzymatic 

digestion in the stomach and small intestine. The resulting 

simple sugars are absorbed into the bloodstream, converted 

to glycogen and used for energy or stored as fat. Because 

of the associated problems with grain overload, digestive 

upset, and laminitis; it is important to feed grain 

responsibly and in amounts that can be adequately digested 

in the foregut. 

Fats are chemically classified as lipids, which are 

generally not soluble and aggregate in water. Lipids are 

essential for cellular men^rane function, fat soluble 

vitamin absorption, and are the source of the essential 
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fatty acids that are required in the horses diet (Stull and 

Rodiek, 1997). Most common commercial feeds contain 3 to 6 

% fat, although recently much higher levels of fat are being 

recommended in the exercised horse. As an energy source, 

fats are much denser than carbohydrates and can increase 

body weight without the dangers of carbohydrate overload. 

Fats, by weight, have approximately 2.25 times more energy 

than carbohydrates. Compared to starch, fat is stored in 

such large amounts in the body that it makes up the horses 

largest energy reserve (Stull and Rodiek, 1997). Digestion 

of fat occurs in the small intestine. Bile salts are 

excreted from the liver and help emulsify lipids by forming 

micelles. Micelles are water-soluble and enable absorption 

across the intestinal wall. Bile salts also aid in 

breaking down fats to facilitate the actions of pancreatic 

lipase by increasing lipid surface area (Stull and Rodiek, 

1997) . 

Fat is involved in the reproductive system through 

steroidal hormones. Many of these hormones are derived in a 

pathway using cholesterol as the precursor of steroids. 

A deficiency of fat could decrease hormone production, 

resulting in lowered reproductive efficiency. However, 

supplementing fat (5%) to the diet of broodmares did not 

effect pregnancy rates or cycles per conception (Davidson et 

al. , 1991) . 
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Linolenic, linoleic, and arachidonic are the three 

dietary essential fatty acids required in the equine diet. 

Horses lack the enzymes required to synthesize these fatty 

acids. Sources of these fatty acids for horses are forages, 

corn, rice bran, and soybean oil (Stull and Rodiek, 1997). 

Essential fatty acid deficiency can result in decreased 

growth, poor skin integrity, infertility, and renal and 

immune dysfunction (Stull and Rodiek, 1997). Fatty acids 

are also required for the synthesis of triglycerides. The 

synthesis of fatty acids occurs in the cytosol of the cell 

from the precursor acetyl CoA. 

PrntPin 

Proteins are made up of amino acids. Amino acids exist 

in the D and L forms; however, the L form is the naturally 

occurring amino acid. Quality of protein generally depends 

on the quantity of indispensable amino acids it contains. 

Because of the high lysine content in soybean meal, this 

protein source is commonly used in grain mixtures for 

horses. Unlike ruminants, horses are not able to utilize 

microbial protein produced in the cecum effectively 

(Reitnour and Salisbury, 1975; Reinour and Salisbury, 1976; 

Glade, 1983). Horses are not able to synthesize 

indispensable amino acids, which are referred to as dietary 

essential amino acids. The 10 dietary essential amino acids 

17 



in the horse include arginine, histidine, isoleucine, 

leucine, lysine, methionine, phenylalanine, threonine, 

tryptophan, and valine. Lysine has been noted as the first-

limiting amino acid, and recently, research has indicated 

that threonine as the second-limiting amino acid (Miller, 

1997). Because of the high levels of lysine in soybean 

meal, this is the most highly recommended protein supplement 

in equine grain diets. Protein toxicity is generally not 

considered a problem in horses. Nitrogen from excessive 

protein is usually excreted in the urine. Amino acids that 

are absorbed from the small intestine are transported to the 

liver. In the liver, these amino acids either are 

deaminated or transaminated and excreted (Miller, 1997) . 

There is some controversy, however, concerning the 

relationship of excessive dietary protein and gastric ulcers 

and kidney problems in horses. 

Ingestion of excessive non-protein nitrogen, however, 

can be deadly to horses. Urea, uric acid, creatine, and 

creatinine are categorized as non-protein nitrogen, which is 

converted to ammonia. Excessive build-up of this compound 

can be lethal to the horse. Urea is naturally produced in 

the horse via the metabolism of protein. A small amount is 

excreted in equine sweat; however, most urea exits the body 

in the urine or feces. Miller-Graber et al. (1991) reported 

higher total body urea-nitrogen concentrations in horses 

receiving 18.0% CP compared with horses receiving 9.0% CP. 
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Creatine, used in muscle function, also is excreted in its 

inactive form, creatinine, via the urine. 

Microbes themselves are a significant source of amino 

acids in cattle (non-protein-nitrogen); however, the horse's 

hindgut does not absorb amino acids to any appreciable 

extent (Potter et al., 1992a). Thus, the horse does not 

benefit from the protein in forage in much of the same way 

that ruminants do. Van Soest (1994) stated that horses are 

able to recycle N, but not with the efficiency that 

ruminants do. 

Vi tam-inc; 

Fat soluble and water soluble vitamins are essential to 

maintain normal metabolism, growth, and production in the 

horse. Intestinal bacteria produce many vitamins; however, 

some species of animals lack the ability to either 

synthesize or utilize all vitamins. The requirements of 

vitamins for horses are somewhat unresolved. Requirements 

for vitamins A, D, E, thiamine, and riboflavin as 

recommended by the NRC (1989) are listed in Table 2.1. 

Horses can synthesize many vitamins; however, it is assumed 

that utilization of vitamins produced by cecal and 

intestinal bacteria is not very efficient (Hintz, 1997) . 

Fat soluble vitamins are acquired through the diet typically 

through good quality pasture and hay. The vitamin content 
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Table 2.1: Estimates of daily vitamin requirements for 
horses with a mature weight of 550 kg or growing 
horses with an expected mature weight of 550 kg^ 

Vit. E Riboflavin Thiamin 
(lU) (Mg) (Mg) 
450 30 20"' 

1,000 60 25 

720 30 20 

Function 

Maintenance 

Intense 
work 

Late 
pregnancy 

Early 
lactation 

Vit. A 
(lU) 

16,500 

25,000 

33,000 

33,000 

Vit. D 
(lU) 
2,700 

3, 800 

5,400 

7,150 950 40 25 

Weanling'' 10,4000 4,400 440 20 14 

^Adapted from NRC (1989) estimates. 

"Approximately 6 mo old, 230 kg, average daily gain = 0.7 kg. 
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of feeds is listed in Table 2.2, as adapted from the NRC 

(1989) . 

Fat snluhle vitamins Vitamins A, D, E, and K are the 

fat soluble vitamins. The NRC (1989) lists vitamins A, D, 

and E as dietary essential vitamins. Because they are fat 

soluble, these vitamins can be stored in the body in the 

adipose tissue and in the liver. 

Vitamin A is supplied through the conversion of its 

precursor. Beta-carotene via carotene cleavage enzymes 

located in the intestine and liver. Beta-carotene is 

assumed to be the most accessible form of this vitamin for 

the horse. Beta-carotene can be found in good-quality 

forage; however, as pasture plants mature and during storage 

of hay, the quantity of beta-carotene decreases. Symptoms 

of a vitamin A deficiency in the horse include: anorexia, 

night blindness, lacrimation, respiratory failure, impaired 

immune system, and loss of reproductive efficiency (Evans et 

al. , 1997) . 

Vitamin D, needed for proper bone formation and mineral 

utilization, can be acquired by the horse through ingestion 

of quality sun-cured forages. Activation of the vitamin 

compound occurs via ingestion of sun-cured forages and by 

the conversion of precursors in the skin (Hintz, 1997) . A 

vitamin D deficiency can result in decreased bone 

development and rickets. Toxicity of vitamin D can result 

21 



Table 2.2: Estimate vitamin content of various feeds" 

Feed Vitamin A Vitamin Vitamin Riboflavin Thiamin 
Equivalent D E (Mg/kg) (Mg/kg) 

(lU/kg) (lU/kg) (lU/kg) 

Alfalfa hay 
(sun-cured) 

Timothy hay 
(sun-cured) 

Bluegrass 
(pasture) 

Corn 

Oats 

Soybean 
meal 

Yeast 
(Brewers 
dried) 

46,000 

21,000 

190,000 

2,500 

44 

2,000 

2, 000 

11 

155 

24 

15 

3 

6 

4 

6 

120 

11 

10 

15 

1 

1 

32 

Adapted from NRC (1989) estimates, dry matter basis. 
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in calcification of the lungs, heart, kidneys, and other 

organs (Hintz, 1997) . 

Vitamin E is the general term for several derivatives 

that have the biological activity of alpha-tocopherol 

(Hintz, 1997). Vitamin E contributes to membrane integrity 

and enhances the immune system. Severe vitamin E 

deficiency, paired with selenium deficiency, can result in 

white muscle disease. Vitamin E also can be a contributing 

factor to equine motor neuron disease (EMND), a 

neurodegenerative condition, similar to Lou Gehrig's disease 

in humans (Hintz, 1997). 

Vitamin K is required for adequate fibrin clot 

formation. Deficiency in vitamin K can result in increased 

susceptibility to hemorrhaging. In the horse, vitamin K is 

synthesized by intestinal bacteria and is not considered to 

be essential in the diet. 

Minpral .q 

To maintain normal bodily functions, the horse requires 

14 different minerals. Mare and foal requirements for these 

minerals, as described in the NRC (1989), are listed in 

Table 2.3. Minerals are involved as structural components, 

enzyme cofactors, and as integral components of vitamins, 

hormones, and amino acids (Ott, 1997). 

The macro-minerals are required in relatively high 

amounts of the diet and generally the concentrations needed 
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Table 2.3: Recommended mineral concentration in equine 
diet."'' 

Main
tenance 

Pregnant & 
Lactating 
Mares 

Growing 
Horses 

Working 
Horses 

Maximum 
Tolerance 
Levels 

Sodium 
(%) 

Sulfer 
(%) 

Iron 
(mg/kg) 

Copper 
(mg/kg) 

Zinc 
(mg/kg) 

Selenium 
(mg/kg) 

Iodine 
(mg/kg) 

Cobalt 
(mg/kg) 

0.10 

0.15 

40 

10 

40 

0. 1 

0.1-0.6 

0.1 

0.10 

0.15 

50 

10 

40 

0.1 

0.10 

.015 

50 

10 

40 

0.1 

0.30 

0.15 

40 

10 

40 

0.1 

1.25 

1,000 

800 

500 

2.0 

0.1-0.6 0.1-0.6 0.1-0.6 5.0 

0.1 0.1 0.1 10 

^Adapted from NRC (1989) 

^ Dry matter basis 

"^ As sodium chloride 
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are expressed as grams/day. The macro-minerals required in 

the equine diet include calcium, phosphorus, sodium, 

magnesium, potassium, chloride, and sulfur. Micro-minerals 

required in the diet of the horse are iron, manganese, zinc, 

copper, cobalt, iodine, and selenium. Minerals that are not 

incorporated into tissues will be excreted on a daily basis; 

thus, conservative mineral supplementation is considered to 

be environmentally and economically sound. 

Macro-minerals. Calcium composes approximately 99% of 

the horse's skeletal system, which serves as a mineral 

reserve. Calcium also serves an important role in muscle 

contraction and relaxation. A deficiency in the muscle 

calcium concentrations can manifest as muscle tetany. Blood 

calcium levels are regulated by the endocrine system. The 

parathyroid gland secretes parathormone during inadequate 

blood calcium concentrations to mobilize bone calcium. In 

contrast, when excess calcium is available, calcitonin is 

secreted to stimulate bone deposition. Calcium availability 

depends on vitamin-D availability, particle size, and the 

presence of chelates such as oxalate and phytate (Ott, 

1997). Generally calcium carbonate is considered to be the 

most highly available form of calcium to the horse. Some 

factors that can hinder calcium absorption include the 

presence of oxalate, which is found in some forages and 

phytic acid. Oxalate can bind up calcium, making it 

unavailable to the horse. 
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The deposition of calcium is considered highest during 

the ninth and tenth months of gestation in the mare. During 

the first year of life, approximately 85% of the skeletal 

development occurs in the young horse (Ott, 1997). 

Approximately 8 0% of phosphorous in the equine body is 

found in the skeletal system and teeth (Ott, 1997). In 

addition, phosphorous is required for the synthesis of 

phospolipids, nucleic acids, and phosphoproteins. 

Phosphorus has an essential role in the structural 

composition of ATP and ADP. 

Approximately 35 to 45% of phosphorous from most equine 

diets is absorbed via the small intestine; however, any 

phytate-bound phosphorous is freed in the hind gut. Unlike 

many domestic animals, the horse is able to absorb 

phosphorous from the hindgut (Ott, 1997). 

A deficiency in phosphorous of growing horses results 

in decreased bone mineralization, which can lead to skeletal 

problems. Phosphorous toxicity paired with a calcium 

deficiency can lead to hyperparathyroidism or "Big Head 

Syndrome." The high level of phosphorus causes the 

parathyroid gland to secrete parathormone, which stimulates 

the release of calcium from the bone (Evans et al., 1997) . 

The affected horse can exhibit lameness and enlarged facial 

bones. The calcium-to-phosphorous ratio in the diet should 

be 1:1 to 2:1 in young horses and 1:1 to 3:1 in mature 
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horses (Ott, 1997) . During the development of the fetus, 

deposition of phosphorous is greatest during the ninth and 

tenth months of gestation. 

Sodium is the primary extracellular cation in the 

horse. As an electrolyte, sodium plays a role in acid-base 

balance and osmotic pressure regulation. Equine sweat 

contains large quantities of sodium necessitating 

electrolyte supplementation in hot weather and for working 

horses. 

Chloride is the primary extracellular anion in the 

horse, functioning in acid-base balance of the body. In 

addition, gastric glands utilize chloride to produce 

hydrochloric acid, which is used in the digestive process. 

Sixty percent of magnesium in the body is found in the 

bones and teeth. Magnesium also is a requirement for the 

activation of many enzymes. Magnesium deficiency in the 

foal can cause muscle tremors, ataxia, sweating, hyperpnena 

and even death (Ott, 1997) . 

Potassium is the major intracellular cation in the 

body, which works within the cell to maintain acid-base 

balance and osmotic pressure of the cell. Potassium is lost 

via perspiration or urine while maintaining osmotic balance 

and is included in electrolyte supplementation. Most 

forages contain adequate quantities of potassium to provide 

the requirements needed by the horse. 
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Sulfur is obtained through proteins in the equine diet 

and supplementation is usually not required. Sulfur is a 

component of the amino acids cystine and methionine. The 

vitamins thiamin and biotin and the hormone insulin also 

contain sulfur. 

Mi rrn-minerals. Iron is an essential component of 

hemoglobin and myoglobin, which are used in the transport of 

oxygen in the body. Iron absorption in the horse occurs 

primarily in the small intestine and storage occurs in the 

liver. Ferrous sulfate is the most available source of 

iron, and the presence of ascorbic acid has been shown to 

increase iron absorption (Ott, 1997). Lawrence et al. 

(1987) evaluated the effects of iron supplementation at 

maximum tolerance levels (NRC, 1989) in ponies (1,000 mg/kg 

diet) . Supplementation at this level did not adversely 

affect metabolism or the absorption of phosphorous. 

Manganese is an essential component of metalloenzymes 

(Ott, 1997). The most available source of manganese in the 

equine diet is manganese sulfate. Manganese deficiency in 

horses has not been reported, but a deficiency in poultry 

results in "slipped tendon syndrome." 

Zinc also is a component of many metalloenzymes. Zinc 

is absorbed through the wall of the small intestine, and 

absorption varies with intake. High levels of zinc in the 

diet result in low levels of absorption and, conversely, low 

28 



levels of zinc result in increased absorption (Ott, 1997). 

Zinc absorption can be decreased by a high intake of 

calcium, phytic acid, and phosphorous. Zinc sulfate and 

zinc oxide have the highest availability in horses. 

Decreased growth, parakeratosis, lowered immune response, 

and decreased vitamin A utilization are all symptoms of zinc 

deficiency in the horse. 

Copper is a mineral that is an essential component of 

metaolloenzymes and is essential for the absorption of iron. 

Deficiency of copper can result in poor cartilage integrity, 

lack of pigmentmentation of skin and hair, reproductive 

failure, and immune dysfunction (Ott, 1997). 

Cobalt is best known for its presence in vitamin B12. 

Cobalt is also essential for purine and pyrimidine 

synthesis, fat metabolism, and for the synthesis of red 

blood cells (Ott,1997). 

Iodine is used in the synthesis of thyroid hormones, 

which are involved in the differentiation and maturation of 

tissues, reproduction, growth, skeletal development, and 

thermoregulation. Iodine deficiency is commonly seen in 

foals from mares that are deficient in this mineral. 

Deficient foals are either stillborn or extremely weak at 

birth, exhibiting difficulties in standing or nursing (Ott, 

1997) . Goiter is seen in many of these deficient foals. 

Mares with deficiency can show signs of abnoarmal estrous 

cycles and decreased reproductive performance. Toxicity can 
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occur from dietary products such as seaweed and supplements 

containing high concentrations of iodine during late 

gestation (Ott, 1997) . 

Selenium is absorbed in the latter part of the small 

intestine, cecum, and colon. Absorption of selenium is 

reported to be relatively high in nonruminants with values 

ranging between 50 to 70% (Ott, 1997) . Selenium is 

incorporated in the enzyme glutathione peroxidase (GSH-PX) 

(Ott, 1997). This enzyme is part of the process that 

protects cells from oxidation from lipo- and hydrogen 

peroxides generated during respiration. Deficiencies can 

result in decreased concentrations of GSH-PX and White-

Muscle Disease. 

Compared with mature horses, foals are more commonly 

affected by selenium deficiency and show symptoms of 

weakness, difficulty swallowing and(or) sucking, respiratory 

distress, and cardiac failure (Ott, 1997). Selenium toxicity 

can produce symptoms of decreased appetite, loss of 

thriftiness, atrophy, liver dysfunction, loss of hair and 

hooves, and lameness (Ott, 1997). 

Other micro-minerals. Little is known about the needs 

of chromium in the horse. It was reported that decreased 

blood glucose, insulin, and lactic acid were responses of 

exercising horses fed supplemental chromium (Ott, 1997). 

Fluorine is another mineral that has had little 

attention in equine nutrition. A common source of fluorine 
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is drinking water in high-fluorine areas. Fluorine has not 

is not considered to be a risk of deficiency in horses. 

Nutrient Requirements nf r;pstating anri 
Lactating Mai-pg 

Broodmare health and productivity is an important 

priority for horse breeders. Producers want a productive 

mare that rears a strong, healthy foal each year. Pregnant 

broodmares require extra care with respect to feeding to 

ensure health and growth of the foal and to maintain a 

satisfactory mare body condition score. The nutritional 

requirements for broodmares as reported by in the NRC (1989) 

are listed in Table 2.4. Maintenance of both weight and 

body condition score (Henecke et al., 1988) are important. 

Pregnancy does not have an effect on the energy requirements 

of a mare until the third trimester; however, keeping the 

mare in good body condition by feeding a diet meeting energy 

and nutrient requirements will ensure a more productive mare 

after foaling. Lactation increases the energy requirements 

of the mare tremendously. Nursing mares produce up to an 

average of 3% of their own BW of milk per day, and energy 

requirements increase to 50 to 70% above maintenance (Evans 

et al., 1997). In addition to the increase in energy 

requirements, requirements for protein, calcium, and 

phosphorous also increase in the lactating mare. An 

increase in requirements necessitates an increase in daily 
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Table 2.4: Nutrient requirements for gestating and 
lactating horses^ 

A n i m a l W e i g h t 
(kg) 

DE 
(Meal) 

CP 

(g) 

Lysine 

(g) 
Cal
cium 

(g) 

Phos
phorus 

(g) 

P o t a s 
sium (g) 

Vi t A 
(10' 
lU) 

Maintenance 500 16.4 656 23 20 14 25.0 15 

P r e g n a n t 
m a r e s 

9 - m o n t h s 

l O - m o n t h s 

1 1 - m o n t h s 

L a c t a t i n g 
M a r e s 

F i r s t 3 mo 
3 mo t o 
w e a n i n g 

5 0 0 

5 0 0 

5 0 0 

5 0 0 

5 0 0 

18 .2 

18 .5 

19 .7 

2 8 

24 

8 0 1 

8 1 5 

8 6 6 

3 . 1 

2 .3 

2 8 

2 9 

30 

3 5 

3 5 

3 7 

56 

36 

26 

2 6 

2 8 

36 

22 

2 9 

2 9 

3 1 , 

. 1 

. 7 

. 5 

30 

3 0 

30 

3 0 

3 0 

Adapted from NRC (1989) 

32 



feed intake. A mare's daily ration of feed should be 

gradually increased to avoid any digestive upset. The 

expected total feed consumption by broodmares, as listed in 

the 1989 NRC, ranges from 1.5 to 2.5% BW of both grain and 

hay (Table 2.5). Roughage is essential to the digestive 

tract of the horse, and Ensminger et al. (1990) suggested 

that the amount of roughage in the equine diet should be a 

minimum of 1% BW of the horse. 

Because broodmares generally require concentrate, 

during late gestation and lactation, it is important not to 

feed over 0.75% BW at one time to prevent an excess of 

soluble carbohydrates in the cecum. When an excess of feed 

is consumed, not only can there be a decrease in digestion 

because of limited contact with gastric juices, but problems 

including colic, ruptured stomach, and founder can occur 

(Evans et al. , 1997) . Access to salt or mineral blocks 

should be available at all times. Water is one of the most 

important factors of a feeding program. A clean, fresh 

supply should always be available to the mare. Without 

water, proper digestion of feedstuffs cannot continue. 

Broodmares will consume large quantities of water daily, 

especially when lactating. 

Like most young mammals, foals depend on their dam for 

the majority of their nutrients; however, foals can be seen 

nibbling on grain or hay within the first week or two of 

life. The quality of dietary protein is especially 
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Table 2.5: Expected Feed Consumption by Horses (% of BW) 
based on 90% DM" 

Forage Concentrate Total 

Mares 

Maintenance (early 
gestation) 

Late gestation 

Early lactation 

Late lactation 

Foals 

Nursing foal, 3 mo 

1.5-2.0 0-0.5 1.5-

2.0 

1.0-1.5 0.5-1.0 1.5-

2.0 

1.0-2.0 1.0-2.0 2.0-

3.0 

1.0-2.0 0.5-1.5 2.0-

2.5 

0 1.0-2.0 2.5-

3.5 

Adapted from the NRC for Horses, 1989 
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important in growing foals. Lysine is often the most 

limiting factor in a young horse's diet. 

Foals have a high level of lactase in their stomach to 

aid in the breakdown of lactose (milk sugar). Lactase 

activity has been shown to decrease with age (Rodiek and 

Stull, 1997). It also is important, that orphan foals not 

be fed sucrose in milk replacements because the foal lacks 

adequate amounts of the enzyme sucrase. 

Pelatinnship nf Nutrition tn Rpprnductive 
Kffi ci pnry 

Mares are seasonally polyestrous animals, exhibiting 

estrus and ovarian activity during a defined season (late 

spring/summer). As the winter subsides and the days become 

longer, mares are stimulated to begin follicular growth. 

The transition from anestrus to estrus is not usually quick 

and is characterized by long, irregular periods of estrus 

and ano-</ulation. Because most breed registries assign a 

uniform birthdate of January first to all foals born in the 

same year, a shift to an unnaturally early breeding season 

is employed in the industry. Lighting programs and hormone 

treatment regimens have been used in the management of this 

transition period; however, nutritional effects on 

broodmares are often overlooked. 
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Van Niekerk and Van Heerden (1972) evaluated the 

effects of nutrition on mares during the spring transition. 

Fifty-three days before the beginning of the breeding 

season, half the mares were fed hay supplemented with grain, 

whereas another group was maintained on pasture alone. 

Throughout the experiment, grazing mares maintained their 

body weight whereas supplemented mares gained an average of 

50 kg. Supplemented mares exhibited increased follicular 

activity and had shorter, more regular estrous periods. 

During the 53 d experiment, all the supplemented mares had 

ovulated in contrast to only two of the eight non-

supplemented mares. 

It is important not only to feed a well balanced diet, 

but also to verify that the mare is actually consuming the 

feed and digesting it as well as maintaining a desired body 

condition. Factors such as age, shy behavior, improper 

dental care, parasitism, or disease can prevent adequate 

utilization of feed. The body condition score of horses is 

rated on a scale of 1 (emaciated) to 9 (extremely fat); 

(Hennecke, 1994) . The equine body condition score is a 

standard for quantitatively evaluating fat cover on horses. 

This describes the physical condition of the horse in terms 

of its energy balance. Gibbs and Davison (1991) reported 

that mares with body condition scores of less than 5 exhibit 

decreased reproductive performance compared with mares that 

have scores higher than 5. Because feeding a mare is 
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expensive, it is probably most economical to maintain a 

broodmare at a body condition score between 5.5 and 7.5 

(Henneke et al., 1983). 

In study evaluating the effects of body condition score 

on reproductive soundness of pregnant mares, mares were 

restricted either by intake or energy in their diet for 

either 90 d prepartum or 90 d postpartum (Henneke et al., 

1994). Mares that were on an energy-restricted diet 

prepartum lost condition before foaling, maintained a low 

body condition score postpartum, had lower pregnancy rates, 

and higher pregnancy losses than mares fed adequate energy 

either prepartum or postpartum. Increasing dietary energy 

to mares foaling in thin condition resulted in weight gain 

and higher pregnancy rates compared with mares maintained at 

a low body condition score postpartum (Henneke et al., 

1994) . In another study using over 900 non-pregnant mares, 

pregnancy rates were lower for thin mares (BCS < 5) compared 

to mares with BCS > 6 (Carnevale, 1997) . Thinner mares 

also had a higher number of cycles per conception compared 

with heavier mares. 

Hintz et al. (1987) evaluated serum concentrations of 

luteinizing hoimione (LH) before the first and second 

postpartum ovulations in mares of different body condition 

scores. Overall, mares with higher condition scores had a 

shorter interval between foaling and the day of peak LH 

concentration before first and second postpartum ovulations 
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compared with thin mares. Kubiak et al. (1987) evaluated 

time to first ovulation in young and old mares fed different 

diets. All mares were fed hay ad libitum; half were fed 

oats and the other half were fed a feed formulated with high 

nutrients and digestibility. The diets did not affect the 

time of ovulation in the younger mares; however, older mares 

fed the oat diet ovulated approximately 15 d later than the 

high-nutrient group. Impairment of digestive function is 

associated with aging. Older mares might require 

individualized nutritional management to optimize 

reproductive efficiency. A large commercial market for 

diets formulated for the geriatric horse currently exists. 

FnragpR 

The very nature and physiology of the horse makes 

forages the backbone of equine nutrition. In order to best 

select forages for a feeding program, it is important to 

understand the nature of the forage and how it interacts 

within the digestive system of the horse. Not all forages 

are easily accessible, and some are very expensive during 

certain times of the year. 

There are two general types of forages: legumes and 

grasses. These categories can be subcategorized into cool-

season and warm-season, depending on the type of metabolic 

pathway the forage employs. Forages also can be categorized 



as perennial or annual, which depends on the life cycle of 

the plant. Differences in composition of various forages 

are shown (NRC, 1989) in Table 2.6. Differences in forage 

components and digestibilities are greatest between grasses 

and legumes; however, differences do exists among grasses 

and among legumes (Fonnesbeck et al., 1967; Richards et al., 

1962; Sullivan, 1962; Phillips et al., 1954). 

C.^ versn.q C^ pathways 

Cool-season grasses and legumes are classified as C3 

plants. These plants have developed a carbon pathway in the 

chloroplasts of the mesophyll cells by which carbon dioxide 

(CO2) is fixed by the enzyme ribulose bisphosphate 

carboxylase (RuBP carboxylase; Voet et al., 1999). In the 

chloroplasts of the cell, CO^ reacts with the RuBP to form 

two molecules of 3-phosphoglyceric acid (3-PGA). The 3-PGA 

leaves the chloroplast and moves into the cytoplasm, where 

it is metabolized into hexose and sucrose. The sucrose 

moves through the bundle sheath cells, into the phloem, and 

out of the leaf. The enzyme RuBP carboxylase also can react 

with oxygen (OJ which cleaves RuBP to form 

phosphoglycolate, which is then oxidized and lost to CO^. 

This process, called photorespiration, serves little 

productive use to the plant. As the temperature gets 

higher, the incidence of photorespiration increases. 

39 



Table 2.6: Nutrient composition of hays commonly fed 
to horses" 

I t e m DM % CP % DE % Ca % P~~% V i t . A 
( l U / k g ) 

A l f a l f a 
Hay, 
e a r l y - b l o o m 9 0 . 5 1 8 . 0 1 .02 1 .28 .19 1 0 , 4 3 2 . 0 4 

Hay, 

f u l l - b l o o m 9 0 . 9 1 5 . 5 .89 1 .08 .22 4 , 8 7 2 . 0 4 

Bahiagrass hay 90.0 8.5 .79 .45 .2 

Coastal 

Bermudagrass 93.0 10.9 .89 .30 .19 
Hay 

Kentucky 92.1 8.2 .72 .24 .25 
Bluegrass hay 

Smooth 
Bromegrass 87.6 12.6 .85 .25 .25 

hay 

Red clover hay 88.4 13.2 .89 1.22 .22 

Fescue hay 90.0 9.8 .80 .37 .27 

Common 
lespedeza 90.8 11.4 .88 1.07 .17 

hay 

Orchardgrass 89.1 11.4 .88 .24 .30 2,755.57 

hay 

Ryegrass hay 85.6 8.8 .71 .53 .29 1,859.73 

Timothy hay 8 8.9 8.6 .80 .43 .20 3,855.54 

Adapted from NRC (1989) 

40 



Optimum temperature for C3 plants is between 15 to 30 °C 

(Ball et al., 1991). 

Warm-season plants are often referred to as C4 plants. 

The Hatch-Slack pathway is initiated when a CO^ molecule 

reacts with phosphoenolpyruvate (PEP), a three carbon 

molecule, in the mesophyll cells via PEP carboxylase (PEPc) 

(Voet et al. , 1999). The product of this reaction is a 

four-carbon structure called oxaloacetate. This four carbon 

acid is moved from the mesophyll cells to the bundle sheath 

cells where the chloroplasts and RuBPc are found. In the 

chloroplasts, CO2 is cleaved from PEP and refixed via RuBPc. 

The remaining PEP returns to the mesophyll cells to react 

with another CO2 molecule. This increases the concentration 

of CO2 near the RuBPc activity site; thus, there is little 

competition with O2. Because of this, photorespiration is 

greatly decreased compared with C3 plants. Optimum 

temperature for C4 grasses is between 25 to 40 °C (Ball et 

al., 1991). 

Legumes 

Legumes such as alfalfa are a very common forage 

(usually fed as hay) in the horse industry. Other common 

legumes include red clover and white clover. Members of the 
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Fajbaceae plant family, legumes are dicots with a tap root 

system (Ball et al., 1991). Most legumes have the ability 

to beneficially coexist with a bacteria {Rhizobium spp.), 

which enables nitrogen fixation in the root nodules of the 

plant (Ball et al. , 1991). Warm-season legumes are most 

productive in the summer months when temperatures are 

warmer, whereas cool-season legumes are most productive 

during the spring months. Both wann- and cool-season 

legumes implement the Ĉ  (Calvin-Benson) pathway during 

photosynthesis. 

Legumes and grasses are known to differ in levels of CP 

and minerals (Minson, 1990) . Typically, legumes are higher 

in CP than grasses. Crozier et al. (1997) fed alfalfa, tall 

fescue, and Caucasian bluestem to Arabian geldings; the 

authors reported that alfalfa was higher in DM and CP 

digestibility than the grasses. Legumes are usually higher 

in energy and calcium than grasses. Vander Noot and 

Gilbreath (1970) compared the digestibility of several 

forages in geldings and steers and found that the components 

of alfalfa hay were digested to the same extent in both 

species, with the exception of crude fiber and cellulose, 

which were higher in steers. 

The main function of the leaves of a grass plant is to 

convert sunlight to energy, but as the plant grows, the leaf 

also becomes a structural part of the plant. Legume leaves. 
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on the other hand, at no point serve a structural purpose to 

the plant. Even though the stems become less digestible 

with age, the leaves do not change. Legumes have a higher 

lignin content than grasses; thus grasses have a higher 

digestible fiber content at a similar maturity. In turn, 

legumes contain 20 to 25% more digestible energy than 

grasses (Buxton and Mertens, 1995). Fonnesbeck (1968) 

reported a higher soluble carbohydrate content and a higher 

apparent digestibility of these solubles in alfalfa than in 

grasses. Fonnesbeck and Symons (1967) evaluated the 

utilization of carotene from six different hays by 

Standardbred geldings. They reported a lower carotene 

intake by horses fed alfalfa hay than those fed grass hays; 

however, plasma vitamin A was maintained at a higher level 

in horses fed alfalfa than in horses fed grass hays. 

Cnnl-Spasnn GrasspR 

Cool-season grasses commonly used in the equine 

industry include Timothy {Pheum pratense), and varieties of 

fescue and ryegrass. Cool-season grasses use the Calvin-

Benson carbon pathway (C3) for metabolic purposes. Because 

of this, there are more mesophyll cells and less bundle 

sheath cells in cool-season plants. Buxton et al. (1996) 

reported that cool-season grasses typically have higher 

concentrations of cell wall than legumes, but less cell wall 

43 



concentrations than warm-season grasses. The optimum 

temperature for the growth of cool-season grasses is between 

15 to 30 °C, most typically occurring during the spring and 

fall months (Ball et al., 1991). A higher digestible cell 

wall constituent (CWC) intake is associated with cool-season 

grasses compared with legumes such as alfalfa because C3 

grasses contain more digestible CWC (Buxton et al., 1996). 

Cool-season grasses contain more total non-structural 

carbohydrates (TNC) and therefore have a lower crude fiber 

than warm-season grasses, accounting in part for the higher 

digestibility of C3 grasses. It has been shown that the 

mesophyll tissue of the leaf has large intracellular spaces 

and digests more rapidly in the rumen because the microflora 

have contact with more surface area of cool-season grasses 

than warm-season grasses (Hanna et al., 1973). Uden and Van 

Soest (1982) compared the digestibility of timothy by 

equines, rabbits, and ruminants. They found large 

individual variations in the horses, and also reported that 

increasing bodyweight was associated with increased 

digestibility in ruminants, but not in nonruminants. 

Warm-.qpac;nn Grasses 

Warm-season grasses employ PEPc and the Ĉ  pathway for 

metabolism. The yield and quality of eight warm-season 

grasses grown in central Texas were compared by Sanderson et 

al. (1999). The two-year study showed that weeping 
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lovegrass (Eragrrostis curvula (Schrad.) and "WW-B. Dahl' Old 

World bluestem {Borthriochloa bladhii [Retz] S. T. Blake) 

had higher yields that other warm-season grasses. The 

authors indicated that WW-B. Dahl Old World bluestem could 

be a useful forage in livestock programs in central Texas. 

In another study, the leaf nutritive values of two 

warm-season grasses were evaluated over a 2 yr by Moser et 

al. (1997) . They reported that prairie sandreed 

{Calamovilfa longifolia [Hook.] Scribn.) and sand bluestem 

{Andropogon geradii var. paucipilus [Nash] Fern.) had 

significantly different leaf crude proteins between years 

but not between species. They further reported that in both 

years, leaf CP for both forages decreased rapidly at first 

and then stabilized during the vegetative phase. Warm-

season grasses usually flower continuously throughout the 

growing season and will produce both leaf and stem material 

after each harvest. Optimum growth temperature for warm 

season grasses is between 25 to 40 °C (Ball et al. , 1991). 

Quality nf Forages 

The quality of a forage, defined as its ability to meet 

the nutritional needs of an animal, is determined both by 

chemical composition and structural characteristics of the 

forage. Genetics, environment, and management can affect 

the quality of forages (Buxton and Casler, 1993). 
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Typically, the leaves of forages are more digestible than 

the stems. Vascular bundle tissues degrade more slowly than 

mesophyll tissue. Because warm-season grasses contain more 

enzymes, their protein content is typically higher than that 

of cool-season grasses. These enzymes and other soluble 

proteins reside in the mesophyll cells, and are released 

faster during degradation than the protein from the bundle 

sheath cells of other forages. As a forage matures, the 

stem-to-leaf ratio increases, and digestibility decreases 

(Buxton and Mertens, 1995). Accessibility of soluble cell 

fraction depends on the degradability of the surrounding 

cell wall. Nelson (1995) reported that vascular bundle and 

epidermis are degraded at a slower rate in the rumen than 

mesophyll tissue. Because warm-season grasses contain 

higher proportions of epidermis and parenchyma bundle sheath 

in the leaves than cool-season grasses, warm-season grasses 

generally produce more dry matter, but typically have a 

lower digestibility than cool-season grasses (Uden and Van 

Soest, 1982). 

Proh1ems with Fnragps 

Because the horse is a hindgut fermenter and 

detoxifying microflora reside solely in the hindgut, the 

equine digestive tract is extremely sensitive to substances 

that contaminate forage such as molds, fungi, and other 

toxins. Some toxic substances are a physical part of the 
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plant itself. Mold can make a normally good-quality hay a 

harmful forage for a horse. Incorrect processing and humid 

climates can cause of mold contamination. The blister 

beetle also is considered a contaminant that is typically 

associated with alfalfa hay. The blister beetle (Epicauta 

occidentalis) contains a toxin called canthradin. 

Canthradin is a stable compound that remains toxic long 

after the hay has been baled. The toxin causes necrosis of 

the gut mucosa, is a severe irritant to the equine digestive 

and urinary tracts, and can be lethal (Collins and Moore, 

1995). Zhu (1993) studied the relationship of the blister 

beetle to the production of alfalfa hay and reported that 

beetles can be attracted to certain weeds that can grow in 

alfalfa fields. The male beetle that was freshly killed by 

crushing because of traffic transferred higher amounts of 

canthraden to the hay than dead, dried beetles (Zhu, 1993). 

Horse owners should avoid the purchase of alfalfa hay from 

areas endemic to the blister beetle. 

Sudangrass {Sorghum bicolor L. Moench) and sorghum 

sudan-hybrids can contain cyanogenic glycosides from which 

free cyanide can be released during times of stress such as 

drought and frost. In the horse, glycosides can cause 

urinary problems, muscle weakness, neural degeneration, and 

death (Freeman and Rommann, 1994). 
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Another problem that greatly affects the reproduction 

and pregnancy of the mare involves tall fescue {Festuca 

arundinacea) . Tall fescue can become infected with the 

fungus {Neotyhodim coenophialum), which causes serious 

reproductive problems in mares. The fungus is an endophyte, 

that lives inside the plant and can only be detected using 

laboratory techniques (Ball et al., 1991). Numerous studies 

have documented endophyte-associated pathology, including 

prolonged gestation, thickened placentas, agalactia and 

large, weak foals when mares graze endophyte-infected tall 

fescue during late pregnancy (Earle et al., 1990; Putnam et 

al., 1991; Cross et al., 1994; Cross et al., 1995). McCann 

et al.(1992a) reported that in mares grazing endophyte-

infected pasture, both serum prolactin and progesterone 

concentrations were decreased. They also noted that 

progesterone concentrations reached control values within 10 

d after being removed from infected pastures. Cross et al. 

(1995) reported increased serum estradiol 17P concentrations 

in mares grazing endophyte-infected pastures. In another 

report. Cross (1994) stated that placental weights were 3.7 

vs 4.9 kg and a placental thickness of 1.2 vs 2.1 mm for 

mares grazing endophyte-free and endophyte-infected pastures 

respectively. Putnam et al. (1991) studied tall fescue 

toxicosis using 22 pregnant mares grazing either endophyte-

free fescue pasture or endophyte-infected fescue pasture and 
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reported 10 of the 11 mares on infected pasture showed signs 

of obvious dystocia (Putnam et al., 1991). Morphometric 

studies by Boosinger et al. (1995) indicated that foals of 

mares exposed to endophyte during late gestation had large 

distended thyroid follicles lined by flat cuboidial 

epithelial cells. McCann et al. (1992b) reported that 

endophyte-infected hay, however, did not affect the growth 

rate of yearling horses when fed to Quarter Horse yearlings. 

Phytoestrogens are plant estrogens commonly found in 

legumes and some weeds. Phytoestrogens have chemical 

structures that enable them to bind with the estrogen 

receptors in the mare (Carnevale, 1997). Thus, when a mare 

ingests phytoestrogen, her endogenous steriods must compete 

for binding sites. Depending on the ratio of phytoestrogens 

to estrogen, this can result in an estrogenic or anti

estrogenic effect. These hormonal changes can cause altered 

ovarian function, decreased conception rates, and increased 

embryonic loss in other species of animals. The clinical 

effects of phytoestrogens in broodmares have not been 

reported. 

Currently, a widespread loss of neonatal foals with 

associated early embryonic mortality has been reported in 

the 2001 breeding season in Kentucky (Paulick, 2001). This 

outbreak, termed Mare Reproductive Loss Syndrome, has been 

strongly linked to cyanide toxicity from cherry trees as 

well as a heavy tent caterpillar infestation, although the 
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definite etiology has not been ascertained. To date, over 

528 foals have died and an estimated 20% of bred mares have 

undergone early embryonic loss (Paulick, 2001) . Economic 

losses in the industry have been conservatively estimated at 

150 million dollars (Paulick, 2001). 

Hi story nf Matua 

Matua prairie grass or Matua bromegrass (Bromus 

willdenowii) is a cool-season grass that was developed in 

New Zealand. Matua bromegrass was used in New Zealand, but 

because there was not commercially certified seed available, 

the program at the Grasslands Division in New Zealand began 

work to develop and produce a certified variety. 

Collections of seed from many different areas were compiled, 

and evaluation of varieties began in 1962 (Rumball, 1974). 

By 1973, more than 400 introduced varieties had been tested, 

and several strains were selected for further development. 

Seed was evaluated for seasonal productivity, heading 

behavior, disease resistance among other characteristics 

(Rumball, 1974). Rumball (1974) stated that Matua prairie 

grass is potentially a true perennial; however, when 

overgrazed or grown in non-suitable soil, Matua may die 

during the first summer of growth. In 1973, a certified 

Matua prairie grass was released by the Grasslands Division, 

DSIR in New Zealand (Rumball, 1974). 
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Since its release, Matua has been evaluated by other 

researchers. Jung et al. (1994) reported that Matua, a 

bunch-type grass, was highly palatable and produced flower 

heads in every crop. The authors also stated that Matua was 

unusually productive in the fall. Matua generally peaks in 

growth in the late summer to autumn and late winter to early 

spring. Because there tends to be a deficiency in herbage 

of other forages during these periods, Matua seems to be a 

likely offset for grazing. According to research from 

Pennsylvania State University (1994), Matua has high 

seedling vigor, low tolerance to high soil moisture, and 

moderate tolerance to low pH levels. Matua reportedly 

responds favorably to N fertilization (Oldfields Seed 

Company: Winchester, KY; 1994). Ballerstedt (1990) and Bell 

and Ritchie (1989) evaluated the effects of different 

defoliation intervals on Matua and found that defoliation 

frequency was more important than severity of defoliation 

for increasing Matua production. 

The performance of Matua productivity has been 

evaluated under grazing by sheep (Alexander, 1985) and 

cattle (Xia et al., 1994). These studies indicated that 

Matua is sensitive to heavy grazing. Falloon and Rolston 

(1990) studied the effects of sowing date and head smut 

{Ustilago bullata Berk.) on the productivity of Matua and 

reported that U. bullata infestation of seed decreased the 
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establishment of grass compared with healthy seed. The 

authors also indicated that Matua is more productive when 

sowed in both early autumn and early spring. In a study 

comparing Matua and ryegrass {Lolium perenne L.), it was 

reported that Matua was lower in phosphorous, magnesium, and 

sodium, but higher in potassium, than ryegrass (Crush et 

al., 1989). Hume (1991a) evaluated Matua and reported that 

the forage had high numbers of leaves per tiller, a long 

leaf sheath, and a high leaf area because of its large 

leaves. If managed properly, it is reported to be 

persistent for 4 to 6 yr (Oldfields Seed Company; 

Winchester, KY, 1994). 

Several recent studies have evaluated Matua as a 

suitable forage in the horse industry. The first study that 

examined the use of Matua hay for horses was conducted by 

LaCasha et al. (1999) at Texas Tech University. Eighteen 

Quarter Horse yearlings were fed Matua, alfalfa, and Coastal 

bermudagrass hays in a study examining voluntary intake, 

digestibility, and selection of the hays. LaCasha et al. 

(1999) reported a CP of 13.5% for Matua and values of 62.4, 

36.1, 12 for percentages of NDF, ADF, and TNC, respectively. 

Voluntary DM intake was higher for alfalfa than for the 

grasses, and intake of Matua values was higher than 

bermudagrass. Apparent DM, CM, and CP digestibilities were 

51, 64, and 74 for Matua, which were lower than values for 
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alfalfa. Apparent digestibility of the cell wall was lower 

for alfalfa than for the grasses, which did not differ. 

Apparent digestibility of ADF and cellulose did not differ 

among the three hays. During the selection trial, yearlings 

were reported to select alfalfa over Matua; however, Matua 

was selected over Bermudagrass. It was concluded that Matua 

hay was a palatable hay that met most of the nutritional 

requirements for yearling horses. 

King (1996) compared Matua with several other cool-

season grasses and reported CP levels of Matua slightly 

lower than the other grasses at the first harvest; however, 

for the last three harvests (25 to 30 d intervals), there 

were no differences in CP levels among the grasses. Another 

study using Matua as hay for horses was reported by Stugeron 

et al. (2000). Six mature geldings were assigned to three 

treatments: Matua, alfalfa, and Coastal bermudagrass hay. 

As expected, alfalfa hay contained higher CP (16.4%) than 

Matua (10.9%) and Bermudagrass (8.28%); no differences were 

found in DM content. Alfalfa contained higher levels of Ca, 

Mg, Na, and ash than both Matua and Bermudagrass. Matua was 

higher in P, K, and CI than both alfalfa and Bermudagrass. 

The authors found no differences in ADF among the three 

hays. Percentage NDF was highest for Bermudagrass and 

lowest for alfalfa. Means for Matua apparent digestibility 

of DM, CP, ADF, and NDF were 58.65, 10.9, 50.53, and 59.36, 

respectively. Dry matter digestibility did not differ 
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between Matua and alfalfa. The authors indicated that Matua 

hay is an acceptable forage for mature horses. 

Box et al. (2001) evaluated the digestibility and 

mineral availability of Matua grass hay in mature geldings 

using four different qualities of Matua hay. The CP 

percentages of the forages used in the study ranged from 

8.59 to 18.54. The authors concluded that the CP content of 

Matua grass hays grown under similar conditions seemed to be 

related to nutrient digestibility. As the percentage of CP 

decreased, percentage of TDN decreased similarly. 

In summary, Matua is a relatively new forage for 

horses. Safety in feeding the broodmare and foal requires 

further study and assessment of Matua as a forage for 

horses. Thus, the objective of this study was to examine 

the effects of Matua bromegrass hay on gestating and 

lactating mares and their foals. 
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CHAPTER III 

MATERIALS AND METHODS 

FyppriTTipnf L 

Experiment 1 was conducted at the Texas Tech University 

(TTU) Ranch Horse Center in New Deal, TX. The Experiment 

included eight 3-yr-old and four aged (7 to 12-yr-old) 

gravid Quarter Horse mares (mean initial BW = 553 ± 36 kg) , 

with expected foaling dates during March through May. Mares 

and foals were handled under a protocol approved by the 

Texas Tech University Animal Care and Use Committee. Before 

the study began, mares were dewormed with Zimectrin* (Farnam 

Companies, Inc., Phoenix, AZ) and were vaccinated with 

Pneumabort-K* (Fort Dodge Laboratories, Inc., Fort Dodge, 

lA) . The experiment began in mid-February, resulting in 

variable prepartum days among mares. Mean number of days on 

trial prepartum was 59 ± 8.1 d, and mares and foals were on 

trial for 70 d postpartum. Mares were blocked by expected 

date of foaling and BW and assigned randomly to either Matua 

(n = 6) or alfalfa (n = 6) hays. Mares were housed at night 

in 3.3 X 4-m stalls with sand bedding and released into dry-

lot pens during the day. Ad libitum access to water and 

plain salt blocks was provided, and mares were fed in their 

stalls twice daily. Stalls were solid structures, so horses 

could not share their feed. Mares were fed using non-mesh, 
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solid nylon hay bags (State Line Tack Co., Brockport, NY) to 

prevent waste. Feed was offered initially at 2% of BW 

before parturition (total feed offered) and hay increased to 

3% of BW postpartum. Dietary ratios were 1.5% BW hay fed 

and concentrate at 0.5% of BW concentrate prepartum, with 

hay at 1.55% of BW and concentrate at 1.45% of BW 

postpartum. The Matua hay used was grown on a sandy loam 

soil in Friona, TX. The soil had been fertilized with N 

every 4 mo, and the hay was harvested as round bales from 

the fourth cutting of the 1997 growing season. The alfalfa 

used was grown in Lindsay, OK and harvested as round bales 

from the fourth cutting of the 1997 growing season. Core 

samples were taken from the round bales using a Pennsylvania 

Forage Sampler for hay composition analyses. The hay was 

chopped using a BT25 Heston round bale chopper (Heston, KS) 

on the long-cut setting (approximately 6 in). The 

concentrate was 14.8% CP and consisted primarily of corn 

{Zea mays) and oats {Avena sativa) mixed with other 

ingredients at the TTU Feed Mill (Table 3.1) . The diet was 

formulated using recommendations for gestating and lactating 

mares (NRC, 1989) . 

Forage refusals were collected daily before the morning 

feeding. In the case of complete consumption, the total 

quantity fed to the mare was increased an additional 0.1% of 
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Table 3.1: Broodmare concentrate mixture fed to Quarter 
Horse mares and foals with Matua bromegrass 
(n = 6) or alfalfa (n = 6) hay throughout 
Experiment 1." 

Ingredients Percent of diet 

Oats 40.00 

Cracked corn 40.00 

Soybean meal 15.00 

Molasses 3.00 

Ground limestone 0.75 

Dicalcium phosphate 0.75 

Trace mineralized salt 0.50 

Vitamin A 2402.4 lU/LB 

"Adapted from Gibbs and Davidson, 1992. 
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BW until a refusal was achieved. Refusals were dried at 55° 

C in a forced-air oven and weighed. Hay samples were taken 

at the time of feeding for further analyses. Samples were 

ground to pass a 1-mm screen using a Thomas-Wiley Laboratory 

Mill (Philadelphia, PA). All samples were analyzed for CP 

using the Kjehldahl method (AOAC, 1980), and hay samples 

were analyzed for percentage of NDF and ADF (Goering and Van 

Soest, 1970). Results are reported on a DM basis (105°C). 

Mares were weighed initially at the beginning of the 

trial, every 2 wk throughout the trial, on the day of 

parturition, and at 70 d postpartum. Foals were weighed at 

birth and every 2 wk thereafter until 70 d of age (final 

BW) . The mucous membranes of the mares and the mouths of 

foals were monitored weekly throughout the study for 

irritation or sores. All mares were attended during 

parturition and monitored for signs of dystocia. Placentas 

were examined visually for abnormalities. Previous breeding 

dates and ovulations were known, and length of gestation was 

recorded on the day of parturition. 

Mares were hand-milked beginning at parturition for 

seven consecutive days and then once weekly until d 70 

postpartum. Foals were muzzled for 1 h before milking to 

ensure an adequate quantity of sample. Milk was stored in 

acid-washed plastic bottles and frozen. Crude protein 



content of milk was determined using the Kjeldahl method 

(AOAC, 1980) . 

All mares were rebred on foal heat. Beginning 5 d 

postpartum, mares were teased and examined using rectal 

palpation and transrectal ultrasonography. Mares were 

artificially inseminated with a minimum of 500 X 10^ 

progressively motile spermatozoa from one stallion after the 

development of a 35-mm follicle, continuing every 48 h until 

confirmation of ovulation via ultrasonography. Mares were 

checked for pregnancy by ultrasound at 14, 45, and 70 d. If 

mares did not conceive during the first postpartum estrus, 

they were re-bred on the following cycle. Conception rate 

and cycles per conception were determined. 

The experiment was a randomized block design, with 

blocking by mare age and expected foaling date. Mares had 

foals from March through June. Variation in foaling date 

can influence on intake and ADG by foals along with a 

possible influence on reproduction; thus, mares were paired 

by foaling date and weight before treatments (Matua or 

alfalfa) were assigned randomly to mares within a block. 

Data were analyzed using the General Linear Models Procedure 

SAS (1987) . The variables included intake, gestation 

length, first postpartum ovulation, cycles per conception, 

birth weight, and average daily gain by foals. Milk data 

were analyzed in a randomized block design with repeated 

measures. 
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Data were analyzed using a model that included effects 

of foaling date (random effect) and source of hay (fixed 

effect); data collected over the 70 d postpartum period were 

analyzed as a repeated measurement. When treatment and 

sampling day interacted, differences between treatments, and 

differences for a given sampling date were tested by 

comparing the main-plot error mean square (the interaction 

between block and treatment) and the residual error mean 

square as described by Milliken and Johnson (1984) . 

Assumptions for normality of main-plot and subplot error 

terms were tested with the Shapiro-Wilk (1965) test. 

Tukey's (1949) test was used to assess the block X treatment 

interaction in the main-plot analysis. Mauchley's (1941) 

test was used to test for sphericity in the repeated 

measures analysis. 

Fyppriment 2 

Nine 2-yr-old gravid mares (initial BW 447 kg SD = 21) 

in their first trimester were used in two trials to 

determine voluntary intake and rate of passage of Matua, 

alfalfa, and timothy hays. Mares were blocked by body 

weight and were assigned randomly within blocks to either 

Matua, alfalfa, or timothy hay treatments. For Trial 2, 

mares were rerandomized so that no mare was placed on the 

same treatment as in Trail 1. 
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Mares were housed throughout the duration of the 

experiment in 3.3 X 4-m stalls with sand bedding. For each 

trial, mares were given ad libitum access to the hays for a 

15 d adjustment period. At the end of 15 d, each mare was 

fed 16 g of their respective hays that had been marked with 

Cr and coated with 5 ml of molasses. The chromium was 

mordanted according to procedure described by Uden et al. 

(1980), resulting in a chromium concentration of 2% of dry 

matter. Fecal grab samples were taken initially and at 4 h 

intervals during the first 48 h, followed by every 8 h 

during the final 48 h of collection. Fecal samples were 

oven dried at 55° C and ground to pass through a 1-mm screen 

on a Thomas-Wiley Laboratory Mill (Philadelphia, PA). 

Samples were then digested in a 3:1 NO3 :HC104acid solution, 

and Cr was determined as atomic emission by a Thermal 

Jarrell Ash Inductivity Coupled Plasma Spectrophotometer. 

Feed refusuals were collected daily, and voluntary intake 

was determined. Hay samples were collected daily, and 

samples were compiled by weight. Samples were then oven-

dried (55°C) and ground to pass a 1-mm screen using a 

Thomas-Wiley Laboratory Mill (Philadelphia, PA) . Hay 

samples were analyzed for percentages of NDF and ADF 

(Goering and Van Soest, 1970) and CP using the Kjehldahl 

method (AOAC, 1980) . Mineral content of the hays was 

analyzed by digesting a ground sample in a 2:1 N03:HC104 
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solution. The chromium concentration at each collection 

time was fitted to a variety of time dependant two-

compartment models as described by Moore et al. (1992). 

Passage parameters were determined for Lambda 1 (first 

rate), Lambda 2 (slow rate), tau (time delay or lag), and 

for mean retention time. 

The experimental design used was a Randomized Block 

Design with three treatments (Matua, alfalfa, and timothy) 

The variables evaluated were intake and rate of passage. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

Eypprimpnt 1 

Chemical composition of Matua and alfalfa hays is shown 

in Table 4.1. The CP of Matua was 11.45% versus 15.38% for 

alfalfa. These values are similar to the CP of hays used by 

LaCasha et al. (1999) and Sturgeon et al. (2000). Alfalfa 

CP was within mean values reported by NRC (1989) for full 

bloom alfalfa. The Matua CP value is not listed in the NRC 

(1989); however, LaCasha et al. (1999), Sturgeon et al. 

(2000), and Box et al. (2001) reported values of 13.5%, 

10.9%, and 9.23% respectively. Percentages of NDF and ADF 

were 57.85 versus 49.51 and 36.15 versus 35.33, 

respectively, for Matua and alfalfa. LaCasha et al. (1999) 

reported Matua values of 62.4% NDF and 36.1% ADF, whereas 

Sturgeon et al. (2000) reported values of 76.46% NDF and 

39.96% ADF. Percentage of DM for Matua also was similar to 

the DM value reported by LaCasha et al. (1999) and Sturgeon 

et al. (2000) . 

Mares readily accepted each forage. The mean prepartum 

daily intake of hay DM was 6.8 kg for Matua and 7.2 kg for 

alfalfa (Figure 4.1). The postpartum daily intake of hay DM 

averaged 7.9 kg for Matua and 8.5 kg for alfalfa (Figure 

4.1). Overall DM intake of Matua (7.43 kg) did not differ 
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Table 4.1: Chemical composition"* of Matua bromegrass 

and alfalfa hay fed to gestating and 

lactating Quarter Horse mares and their 

young foals during Experiment 1. 

Alfalfa 

"ssTii 

15.38 

49.51 

35.34 

Dry matter basis 

Item 

DM, % 

CP,% 

NDF, % 

ADF, % 

Matua 

bromegrass 

90.61 

11.45 

57.85 

36.15 
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Figure 4.1: Dry Matter intake by Quarter Horse 
mares fed Matua bromegrass (n = 6) or alfalfa (n 
= 6) during late gestation (mean 59 d prepartum) 
and early lactation (70 d postpartum) in 
Experiment 1. No differences in intake were 
found between treatment groups. (P = 0.42). 
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(P = 0.42) from intake of alfalfa (7.76 kg). In contrast, 

Fonnesbeck et al. (1967) reported a greater intake of 

legumes than grasses by geldings offered a choice of six 

different hays. Voluntary DM intake reported by LaCasha et 

al. (1999) was greater for alfalfa than for the mean of 

Matua and bermudagrass, with intake of Matua greater than 

intake of bermudagrass. LaCasha et al. (1999) also found 

that yearling horses chose alfalfa over Matua bromegrass, 

but selected Matua over bermudagrass hay- In addition, 

digestibility of NDF, ADF, and lignin of treatment hays did 

not differ (LaCasha et al., 1999). 

Foal birth weights did not differ (P = 0.49) for foals 

born to mares fed either Matua or alfalfa (Figure 4.2). No 

differences (P = 0.36) were noted in ADG by foals from mares 

fed Matua or alfalfa (Figure 4.3). Male foals did not grow 

faster (P = 0.24) than female foals, although several 

studies have reported that male horses gained faster than 

their female counterparts (Reed and Dun, 1977; Wooden et 

al., 1984; McCann et al., 1992b). 

No adverse effects were observed from feeding Matua hay 

to gestating mares and their foals. Matua inflorescence 

were abundant, but no more than 5 mm in length. Because 

Matua bromegrass produces seeds continuously, most hay 

harvested contains seed heads. Casler and Carlson (1995) 

stated that the presence of awns on matured seeds of some 
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Figure 4.2: Foal birth weights of foals born to mares 
fed Matua bromegrass (n = 6) and alfalfa (n = 6) in 
Experiment 1. 
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Figure 4.3: Average daily gain by Quarter Horse 
foals from mares fed Matua bromegrass (n = 6) or 
alfalfa (n = 6) from birth to 70 d postpartum 
during Experiment 1. 
No differences (P = 0.3645) were found in ADG 
between treatment groups. 
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annual grasses such as soft chess, (B. mollis L.), and 

ripgutgrass (B. rigidus Roth) can be harroful to grazing 

animals. The Matua inflorescence did not cause problems 

with sores or abscesses in the mouths of mares or foals. 

This agrees with the findings of LaCasha et al. (1999), who 

reported no mouth problems in yearling horses as a result of 

consuming Matua hay. Similarly, Wilson (1977) stated that 

consuming Matua seed heads did not adversely affect the 

mouths of cattle. This is an important practical finding 

because sores in the mouths of foals that ingest Matua hay 

from an early age could potentially decrease suckling. 

Present results suggest this would not be likely. 

Physical form of a forage influences the quantity an 

animal consumes (Haenlein et al., 1966). The forage used in 

Experiment 1 was fed chopped, and although some sorting was 

observed, the horses showed no signs of aversion to either 

hay in the chopped form. The forages themselves were 

affected by chopping because many of the seed heads were 

broken off the Matua stems and many of the alfalfa leaves 

were detached from the stem. Although the hay was 

physically disturbed, it was mixed well to ensure that all 

the forage was representatively offered to each mare and 

foal. The use of solid nylon bags helped to minimize waste. 

Mean milk protein percents were determined to be 2.53 ± 

0.03 for Matua and 2.47 ± 0.03 for alfalfa, with no 
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difference between treatments. Gibbs et al. (1982) reported 

an average of 2.1% CP in mares milk over 150 d of lactation, 

with a range of 1.6% to 3.3% CP. The highest milk protein 

levels (3.3% CP) occurred 10 d postpartum (Gibbs et al., 

1982) . In the present study, the difference in percentage 

of CP in milk between the two hay treatments varied by day 

of sampling (Figure 4.4). Percentage of CP in milk from 

mares fed alfalfa was less (P = 0.0002) on d 1 than for 

mares fed Matua (Figure 4.4). This result might have 

occurred because of differences in the total solids or 

volume produced. Gibbs et al. (1982) reported that the milk 

solids content of Quarter Horse mares was positively 

correlated with protein and fat percentages. Throughout the 

remainder of Experiment 1, milk protein did not differ (P = 

0.58) between mares consuming Matua or alfalfa. Ashcraft 

and Tyznik (1976) studied the effects of diet on equine milk 

composition in Quarter Horse mares fed hay or hay plus a 

grain-based concentrate and found no differences in milk 

protein levels between diets. Pagan and Hintz (1986) 

evaluated the composition of milk while feeding pony mares 

different levels of DE, and concluded that energy intake had 

a greater effect on body score condition of mares than on 

milk energy production. After d 1, milk protein for both 

Matua and alfalfa decreased (P = 0.0001) throughout the 

remainder of the trial (Figure 4.4). This result is in 

agreement with the findings of Schryver et al. (1986), who 
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Figure 4.4: Percentage of crude protein in milk from 
Quarter Horse mares fed Matua bromegrass or alfalfa 
sampled from day of parturition (d 1) to d 70 post
partum during Experiment 1. Asteriks indicates a 
difference in milk protein on d 1 (P = 0.03). 
Throughout the remainder of the trial, there were no 
other differences in milk protein (P = 0.58) . 

71 



stated that concentrations of all components of mare's milk, 

with the exception of sodium and potassium, decreased 

throughout lactation. There was no difference between 

treatments (P = 0.58) in the rate that percentage of milk 

protein decreased after parturition. Gibbs et al. (1982) 

also reported that constituents of mare's milk decreased 

with advancing lactation. 

Complications with a mare during pregnancy or 

parturition can cost a producer in animal performance 

and(or) expensive veterinary bills. Cross et al. (1995) 

found that gravid mares consuming tall fescue (Festuca 

arundinacea) infected with endophyte {Neotyphodim 

csenophialum) typically exhibited increased gestational 

length, agalactia, foal and mare mortality, thickened 

placentas, and dysmature foals. Reproductive measurements 

for Experiment 1 are shown in Table 4.2. No adverse 

reproductive effects were observed as a result of feeding 

Matua bromegrass hay on either gravid mares or their young 

foals. Mean gestational length of mares fed Matua did not 

differ (P = 0-73) from mares fed alfalfa (Table 4.2). 

Moreover, there were no differences (P = 0.67) between the 

mean gestational length of aged mares (344.5 d ± 3.05) and 

of 3 yr-old mares (339.7 d ± 3.05). These values for 
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Table 4.2: Mean reproductive measurements of Quarter Horse 
mares fed Matua bromegrass (n = 6) or alfalfa 
(n = 6) hay during Experiment 1. 

Items Matua Alfalfa P value SE 

Gestational length 342.4" 340.67= 

Days to first 15.17" 14.17" 
Postpartum ovulation 

Cycles per conception 1.50" 1.17" 

Dystocia None None 

Placenta, gross Normal Normal 
examination 

0.7326 3.03 

0.3318 0.98 

0.1747 0.197 

" Means with the same superscript within are not different 
(P > 0.1) . 
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gestational length are within normal ranges reported for 

light mares (Evans et al., 1997) and Thoroughbred mares 

(Hintz et al. , 1979). Present results indicate that Matua 

hay can be fed to gestating mares during late gestation 

without affecting gestational length. Live foal births were 

100% for each treatment, and no dystocia was observed in any 

of the mares. Mares on both diets and in both age groups 

milked well, with no agalactia observed. Agalactia was a 

possible concern because Cross et al. (1995) reported that 

gravid mares consuming tall fescue (Festuca arundinacea) 

infected with endophyte {Neotyphodim csenophialum) typically 

exhibited agalactia. The mean day of first postpartum 

ovulation did not differ (P = 0.33) between mares fed Matua 

or alfalfa (Table 4.2). All mares were rebred on the foal 

heat, and no treatment differences (P = 0.17) were detected 

in mean cycles per conception. Pregnancy rates at 45 and 

70d were 100% for each treatment. 

T?vpprimpnt 2 

Chemical composition of the Matua bromegrass, alfalfa, 

and timothy hays used are listed in Table 4.3. Dry matter 

intake and average gain during the measurement period are 

reported in Table 4.4. The mean intake of alfalfa was 

greater (P = 0.01) than the mean of the grass hays. This is 
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Table 4.3: Chemical composition" of Matua bromegrass, 
alfalfa, and Timothy hays fed to 2-yr old 
mares during their first trimester of 
pregnancy in Experiment 2. 

Item Matua Alfalfa Timothy 

___ 15.5 24.9 TTl 

NDF 61.4 34.1 74.4 

ADF 36.7 25.2 47.6 

Ca, % 0.61 1.3 0.33 

P, % 0.28 0.4 0.16 

Mg, % 0.33 0.33 0.11 

K, % 2.3 1.9 1.6 

S, % 0.51 0.4 0.1 

Fe,ppm 110 250 77 

Zn,ppm 29 30 16 

Cu,ppm 2 0 18 9 

Mn,ppm 88 43 43 

Al,ppm 63 251 45 

Dry matter basis 
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Table 4.4: Voluntary intake and change in weights of 
2-year-old pregnant Quarter Horse mares fed 
Matua bromegrass (n = 3), alfalfa (n = 3), 
and timothy hay (n = 3) in Experiment 2. 

Item 

Voluntary intake 

kg/d -" 

% of BW *"'= 

g/kg of BW '•" 

Body weight 

Change, kg"''' 

Matua 

11.5 

2.6 

117.6 

16.3 

Alfalfa 

13.7 

3.0 

138.4 

25.7 

Timothy 

10.0 

2.2 

101.8 

-10 

SE 

0.15 

0.08 

3.3 

23 .7 

Alfalfa differed from the mean of the grass hays 
(P < 0.01). 

"" Matua differed from timothy hay (P < 0.01) . 
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in agreement with the reported intake of hays by yearling 

horses (LaCasha et al., 1999). Intake of Matua differed (P 

= 0.01) from that of timothy hay. It should be noted that 

the timothy used in this study was of very poor quality with 

a 4.1 CP percentage. This resulted in a negative weight 

gain in mares fed timothy (Table 4.4). LaCasha et al. also 

found that DM intake of Matua was higher than the intake of 

Bermudagrass. 

In calculating the rate of passage, a gamma 2 age-

dependent model (Moore et al. 1992), was effective for only 

four of the eighteen horses. Convergence criteria was not 

met and Lambda 1 was equal to Lambda 2. Therefore, a gamma 

3 age-dependent model was used. Two of the eighteen horses 

were removed from the data set because of marker excretion 

curve irregularities and because of failure of convergence. 

The excretion of Cr, did not follow a normal pattern in 

these animals, high levels of Cr were followed by samples 

with no Cr, followed by low levels of Cr. The gamma 3 age-

dependent, two-compartment model estimates three parameters: 

Lambda 1, (the fast rate), Lambda 2 (the slower rate), and 

tau (the time from dosing to first appearance in the feces) . 

With these parameters, the kinetics of passage can be 

futher described. 

In the examination of the rate of passage of the three 

forages of chromium-mordanted fiber. Lambda 2 values and 

Mean Retention Time (MRT) did not differ between Matua and 
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alfalfa; however, the means of Matua and alfalfa were 

different from the MRT of timothy (P < 0.01; Table 4.5). 

The fact that the rate of passage was not different between 

Matua and alfalfa is very interesting considering that 

legumes generally have a and faster rate of passage compared 

to grasses (Cherney and Allen, 1995). The tau values were 

numerically lowest for mares fed alfalfa and Matua and 

highest for mares fed timothy. The mean retention time was 

longest mares in the timothy treatment group and shortest 

for the mares in the alfalfa and Matua treatments. The 

lower intake of timothy probably contributed to the longer 

retention time. 
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Table 4.5: Passage rate parameters of Chromium-
mordanted fiber of matua-bromegrass, 
alfalfa, and Timothy hay. 

Item 

Lambda 1 

Lambda 2" 

Tau 

Mean Retention 
Time" 

Matua 

1.8641 

.0642 

9.8 

26.8 

Alfalfa 

.9976 

.0771 

10.1 

26.1 

Timothy 

.5614 

.0406 

12.4 

42.37 

SE 

.8416 

.0061 

1.9 

8.6 

" Timothy differed for the mean of matua and alfalfa 
(P < 0.01) . 
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CHAPTER V 

IMPLICATIONS 

For most horse producers, a least-cost feeding regimen 

is essential. Matua broomegrass is relatively new to the 

horse industry. Previous studies have indicated that Matua 

is an acceptable forage for yearlings horses and mature 

geldings, but the effects of Matua bromegrass hay on gravid 

and lactating mares had not been reported. The present 

study demonstrated that Matua is an acceptable forage source 

for mares in both early and late gestation as well as early 

lactation. Intake, reproductive parameters, milk crude 

protein content, and foal growth were all acceptable the 

horses consuming Matua. The rate of passage of Matua was 

not different than values for alfalfa. Based on these 

studies, Matua hay can be recommended as a safe, acceptable 

hay for mares in production. 
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