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ABSTRACT 

Robinson, Jaclyn L. J., Sheep and goat preference of five common cover crops.  Master of 

Science (Agriculture), August, 2020, Sam Houston State University, Huntsville, Texas. 

 

  While the use of cover crops continues to gain widespread acceptance, producers 

frequently seek other means of deriving economic value from such crops. The alternative 

use of cover crops as livestock forage is of interest to many producers. In this study, we 

evaluated sheep and goat intake and apparent preference when provided free access to 

freshly harvested cereal rye (Secale cereal cv. “Elbon”), annual ryegrass (Lolium 

multiflorum), berseem clover (Trifolium alexandrinum cv. “Frosty”), daikon radish 

(Raphanus sativus subsp. longipinnatus), and Austrian winter pea (Pisum sativum) with 

advancing plant maturation (from March 5, 2020 to March 27, 2020). While there was 

significant interaction between sheep and goats in terms of dry matter consumption over 

time (trial date), in analyzing total dry matter consumption both animal species preferred 

ryegrass over daikon radish. However, total dry matter consumption of ryegrass was not 

significantly greater than that of the other three crops. Goats spent significantly more 

time at ryegrass, rye, and berseem clover treatments (troughs filled with fresh forage) 

while sheep spent more time on berseem clover and ryegrass. Austrian winter pea and 

daikon radish were the least preferred forages. Interestingly, animals spent significantly 

more time on ryegrass at the early feeding trial and significantly more on berseem clover 

at the last feeding trial, 22 days later. The two legumes used in this study were 

significantly higher in crude protein and lower in acid detergent fiber values than the non-

legume species throughout the study, however, there was no significant correlation 

between measured forage quality parameters and animal preference. While there may be 

other factors that limit the use of these species as cover crops, our results indicate that 



 

iv 

 

ryegrass, berseem clover, and rye have good potential to serve alternatively as forage for 

small ruminants while daikon radish and Austrian winter pea would be less suitable for 

such use.  

KEY WORDS:  Preference, Cover crops, Sheep, Goat, Rye, Ryegrass, Daikon radish, 

Austrian winter pea, Berseem clover 
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PREFACE 

Cover crops have been used for various benefits to crop production for thousands 

of years. Cover crops are planted for erosion control, improving soil structure, moisture, 

and nutrient content, increasing beneficial soil biota, suppressing weeds, providing 

habitat for beneficial predatory insects, facilitating crop pollinators, and providing 

wildlife habitat. Other uses for planting cover crops include nitrogen fixation, reduction 

of nitrate leaching, and possible increase in yield of subsequent crops. An additional 

possible benefit of cover crops is their use as a livestock feed/forage. Cover crops can be 

grazed or harvested and fed as a fresh feed, ensiled, or dried for hay production.  

Utilization of cover crops as a livestock feed has the potential to create an 

immediately measurable value and benefit to those growing cover crops. Limited 

research has been conducted to evaluate the preference and palatability of cover crops to 

small ruminants. Information gained on the subject of cover crop forage preference could 

be valuable to those who desire to gain the additional value and benefits from feeding 

such crops. Recognizing the preference/palatability of various cover crops potentially 

allows for those growing such crops to make planting decisions in order to gain benefits 

in subsequent crop production and additional value by providing a feed source to 

livestock.  

 



 

vii 

TABLE OF CONTENTS 

Page 

ABSTRACT ....................................................................................................................... iii 

ACKNOWLEDGEMENTS ................................................................................................ v 

PREFACE .......................................................................................................................... vi 

TABLE OF CONTENTS .................................................................................................. vii 

LIST OF TABLES ............................................................................................................. ix 

LIST OF FIGURES ............................................................................................................ x 

CHAPTER I:   INTRODUCTION ................................................................................... 1 

Objectives .................................................................................................................... 2 

CHAPTER II:   LITERATURE REVIEW ........................................................................ 3 

Cover Crops ................................................................................................................. 3 

Cover Crop Benefits .................................................................................................... 4 

Cover Crops in Texas .................................................................................................. 7 

Small Ruminant Digestive Tract ................................................................................. 8 

Cover Crops as a Feed Source ..................................................................................... 9 

Diet Selection and Intake ........................................................................................... 10 

Palatability of Cover Crops ....................................................................................... 11 

Current Study ............................................................................................................. 12 

CHAPTER III:   METHODOLOGY................................................................................. 13 

CHAPTER IV:   RESULTS AND DISCUSSION ............................................................ 18 

Dry Matter Intake ...................................................................................................... 18 

Time Spent in Consumption ...................................................................................... 21 



 

viii 

Forage Crude Protein Content ................................................................................... 26 

Forage Acid Detergent Fiber Content (ADF) ............................................................ 28 

Correlation Analysis .................................................................................................. 31 

CHAPTER V:   CONCLUSIONS .................................................................................... 35 

Future Research ......................................................................................................... 36 

REFERENCES ................................................................................................................. 37 

CHAPTER VI:   APPENDIX ............................................................................................ 47 

VITA ................................................................................................................................. 48 



 

ix 

LIST OF TABLES 

Table                                                                                                                              Page 

1 Results of the ANOVA on dry matter intake ........................................................ 18 

2 Results of the ANOVA on time spent in consumption ......................................... 22 

3 Results of the ANOVA on forage crude protein content ...................................... 26 

4 Results of the ANOVA on forage acid detergent fiber content ............................ 28 

5 Results of correlation analysis between animal type, forage quality, dry 

matter intake, and time spent in consumption ...................................................... 33 



 

x 

LIST OF FIGURES 

Figure                                                                                                                            Page 

1 Feeding trial area................................................................................................... 15 

2 Influence of the type of forage on mean dry matter intake ................................... 19 

3 The average dry matter intake of goat and sheep over time (trial date) ............... 20 

4 The average time spent in consumption by sheep and goats for each forage ....... 23 

5 The average time spent in consumption by forage type and trial date .................. 25 

6 Average crude protein content for each forage ..................................................... 27 

7 Average acid detergent fiber content of each forage ............................................ 29 

8 Acid detergent fiber content over time ................................................................. 30 

 

 



1 

 

 

CHAPTER I 

Introduction 

Cover crops have been in use for over two thousand years and provide farmers 

and gardeners alike with various benefits. These include improvements to the soil, such 

as nutrient cycling, nitrogen fixation, and increases in soil organic matter (Sainju et al., 

2002; Weinert, et al., 2002; Wyland et al., 1996) Cover crops also reduce soil erosion 

from wind and water by creating a vegetative ground cover, usually during a time of year 

when the primary crop is not being grown. This reduces the incidence of weeds and may 

aid in control of other pest populations (Natural Resources Conservation Service, n.d.). 

An additional possible benefit of cover crops is their use as a livestock feed/forage. Cover 

crops can be grazed or harvested and fed as a fresh feed, ensiled, or dried for hay 

production.  

Utilizing cover crops as a livestock feed source creates an immediate benefit and 

value for those growing cover crops. Producers in a crop-livestock production system 

(producing both crops and livestock) can reduce feed costs or allow those producing 

livestock to graze or harvest and feed the crops at cost to generate revenue. Ruminant 

species are well-suited to derive nutritional benefits from cover crops due to their ability 

to digest fibrous materials. Several studies have observed the intake and grazing of 

various cover crops by sheep, goats, and cattle (Andueza et al., 2012; Lesoing et at., 

1997; Savian et al., 2019; Westbrook, 2016). While it is known that ruminant species are 

best suited to consume the fibrous diet provided by cover crops, limited research has been 

conducted evaluating the preference or palatability of various cover crops, especially with 
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regard to small ruminants. This information could be valuable to those utilizing cover 

crops and wanting to take advantage of the additional benefit from feeding such crops.  

Selection of cover crops depends on the needs of the producer, with each crop 

species providing specific benefits. Leguminous cover crops that have been inoculated 

with the proper species and strain of N-fixing bacteria are best known for their ability to 

fix nitrogen in the soil, while both legume and non-legume species contribute to added 

soil organic matter. Both also allow for other benefits, including erosion and weed 

control, nutrient cycling, and potentially increased yields of subsequent crops. Realizing 

the preference/palatability of various cover crops might allow producers to make better 

decisions regarding the cover crops most suitable for meeting their needs while providing 

additional value as a feedstuff.  

Objectives 

The objectives of this research were to: 

I. determine the forage preferences of sheep and goats when provided free 

access to five different cover crops: cereal rye (Secale cereal cv. “Elbon”), 

annual ryegrass (Lolium multiflorum), berseem clover (Trifolium 

alexandrinum cv. “Frosty”), daikon radish (Raphanus sativus subsp. 

longipinnatus), and Austrian winter pea (Pisum sativum); 

II. determine any relationships that may exist between forage preference, 

nutritional quality and stage of maturity; and 

III. determine the variations of selected forage preference between sheep and 

goats. 
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CHAPTER II 

Literature Review 

Cover Crops 

A “cover crop,” in its original use, described a crop planted as a winter (or “off-

season”) cover of the ground and was most commonly used for green-manuring. Green 

manuring is the process of tilling green plant material into the soil, where it decomposes 

and improves the soil quality. Due to the crossover between green-manure crops and 

cover crops, the terms were used interchangeably (Pieters, 1927). Use of cover crops is 

currently gaining popularity and producers are exploring avenues to derive value from 

such crops other than as a green-manure crop or a mulch into which the cash crop is 

planted. The uses, definition, and benefits of cover crops have changed and expanded 

since its original application. Today, a cover crop is defined by the USDA Natural 

Resource Conservation Service (USDA-NRCS) (n.d.) as a grass, legume, or other forb 

planted for erosion control, improving soil structure, moisture, and nutrient content, 

increasing beneficial soil biota, suppressing weeds, providing habitat for beneficial 

predatory insects, facilitating crop pollinators, providing wildlife habitat, and as forage 

for farm animals. Other uses for planting cover crops include nitrogen fixation, reduction 

of nitrate leaching, and possible increase in yield of subsequent crops. 

Many plant species have been utilized as cover crops. According to the 

Sustainable Agriculture Research & Education (n.d.-a), cover crops can be legumes, 

cereals, grasses, and broadleaf species. Cover crops can be split into varying categories 

based on growth habit, seasonality, and longevity (annual, biennial, or perennial growth 

cycles) (Sustainable Agriculture Research & Education, n.d.-b). Annual plants complete 
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their growth cycle in a single growing season, after which all the plant material dies and 

dormant seeds sprout or need to be re-planted for growth again the following year. 

Biennial plants complete their growth cycle within two years or growing seasons, while 

perennial plants grow for more than two years or growing seasons through the 

proliferation of perenniating structures such as rhizomes, stolons, crowns, tubers, or other 

below ground structures.  

Producer needs determine which type or types of cover crops to plant, based on 

their individual beneficial characteristics. Legumes are beneficial in controlling erosion, 

increasing organic matter in the soil, supporting beneficial pollinators and insects, but are 

most notably used for nitrogen fixation. Common leguminous cover crops include 

clovers, vetch, peas, and beans. Cereal crops, other annual grasses, and broadleaf species 

planted as cover crops are used to suppress weeds, provide erosion control, and are 

capable of producing significant amounts of biomass, both within the soil profile and on 

the soil surface, contributing to increased soil organic matter. Rye, wheat, barley, oats, 

ryegrass, sudangrass, buckwheat, mustard, rapeseed, and radish are all common non-

leguminous cover crops. Producers may use a stand of only legumes, only non-legumes, 

or a mix of both types, reaping the benefits of both legumes and non-legumes to meet 

their needs (Sustainable Agriculture Research & Education, n.d.-a, n.d.-b).  

Cover Crop Benefits 

Cover crop benefits were realized as early as two thousand years ago in China, 

with renewed interest during the 19th century (Pieters, 1927). The many potential benefits 

of cover crops are outlined in the definition of a cover crop by the USDA-NRCS 

mentioned previously.  
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Loss of nutrient rich topsoil through erosion can significantly impact soil fertility 

and negatively affect crop yields. The impact of erosion caused by rain, water, and wind 

is decreased when the ground is covered in a canopy formed from a planted cover crop. 

Creamer, et al. (1997) found 13 blends of cover crops achieved 100 percent ground cover 

within three months after planting. Rye has been found to aid in erosion control without 

adversely affecting other crop yields (Kessavalou & Walters, 1990). The ground cover 

provided by cover crops aids weed control. In a trial using cowpea cover crop mulch, 

weed suppression was experienced. The emergence of weeds in cowpea mulch plots was 

reduced by 80 percent in year one and 90 percent in year two of the study (Hutchinson & 

McGiffen, 2000).  

An additional benefit from the use of cover crops is improvements in soil 

nutritional status. This is achieved by a reduction in nitrate leaching, nitrogen fixation 

from leguminous crops, and nutrient cycling. Nitrates are an inorganic form of nitrogen 

used by plants for growth and the production of proteins. Various winter cover crops 

were all shown to reduce nitrate leaching and increase the use of nitrates by subsequent 

crops. (Weinert, et al., 2002; Wyland et al., 1996). One form of biological nitrogen 

fixation is through the symbiotic relationship between rhizobium or bradyrhizobium 

bacteria and leguminous plants. When placed near or on the legume seed, with good 

seedling germination and emergence the symbiotic bacteria invades the growing root 

hairs of legumes, eventually forming root swellings referred to as nodules. The bacterial 

colonies within the nodules convert gaseous nitrogen from the soil air into ammonium, a 

form of nitrogen able to be utilized by plants, while the plant provides a carbohydrate 

energy source to the bacteria (Mylona et al., 1995). Under good growing conditions 
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leguminous crop species used for cover crop purposes may provide a residual nitrogen 

source in the soil for future crop intake (Karpenstein-Machan & Stuelpnagel, 2000; 

Ramos et al., 2001; Senaratne & Ratnasinghe, 1995). All cover crops, legume and non-

legume alike, are important in nutrient cycling, or making nutrients available for 

subsequent crops. Tanaka et al. (2019) found the use of cover crops in the Urochloa 

family aided in the nutrient cycling of nitrogen, phosphorus, potassium, calcium, and 

magnesium. Roots of the cover crop were able to reach deeper depths of the soils, take up 

the leached nutrients, and return them to the topsoil via decomposition. Increasing soil 

organic matter is another potential benefit of cover crops. Sainju (2002) found using hairy 

vetch as a cover crop increased both soil nitrogen and soil organic carbon.   

While the cover crop itself requires added expense by way of planting and other 

production-related expenses, higher yields of the subsequent cash crop, coupled with 

other improvements to the land, and conservation of the soil generally offset these costs. 

Cover crops in the brassica family, such as mustard, rapeseed, and canola, as well as 

barley and clover, have been shown to inhibit the growth of soil borne pathogens that are 

detrimental to crop productivity and yields. Canola and barley not only inhibited 

pathogens, but increased yield in a following potato crop (Larkin & Griffin, 2007, Larkin 

et al., 2010). The incorporation of a wheat cover crop into a no-till cropping system 

proved to increase cotton lint yields (DeLaune et al., 2020), and soybean yield increased 

due to a cover crop mixture of cereal rye, oats, daikon radish, purpletop turnips, crimson 

clover, and hairy vetch (Chu et al., 2017).  
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Cover Crops in Texas 

The cover crops chosen by a producer should be suitable for the environment in 

which they are planted. In Texas, a variety of plant species have been found to serve 

successfully as cover crops. In a study completed on the Southern High Plains of Texas, 

“Elbon” rye, Austrian winter pea, hairy vetch, and winter wheat were found to be best at 

providing adequate ground coverage for reduced soil erosion (Keeling et al., 1996). The 

scientists in that study also suggested with favorable rains for growth, several cultivars of 

subterranean clover and Overton rose clover have the possibility of providing a protective 

vegetative cover as well. Soil microbial biomass and microbial functioning in plant 

material decomposition was increased using a sorghum-sudangrass hybrid, grain 

sorghum, and rye rotation in Lubbock, Texas (Acosta-Martinez & Cotton, 2017). This 

study also found soil organic carbon increased from crop rotation implementation. 

Treatments of rye and a mix of rye, radish, winter pea, and hairy vetch increased soil 

carbon and nitrogen in the Texas High Plains (Lewis et al., 2018). Soil erosion was 

reduced at the Blacklands Experimental Watershed near Riesel, Texas, by planting cover 

crops, particularly wheat or oats, during the fall and spring, which are times of high 

potential for water runoff and erosion (Harmel et al., 2006). Berseem clover, initially 

used as a cover crop, then as a green manure crop, increased final grain yield in the 

subsequent sorghum crop and nitrogen availability in the soil at the Texas Agricultural 

Experiment Station Research Farm in Burleson County, Texas (Lemon et al., 1990). 

Using rye and a mixture of rye, hairy vetch, radish, and Austrian winter pea as cover crop 

rotations in a study near Lamesa, Texas, Burke et al. (2019) found soil organic carbon 

was increased. These results indicate that cereal rye, ryegrass, hairy vetch, wheat, 
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sorghum, sudangrass, winter pea, and various clovers, along with many other crops, are 

beneficial and suitable for use as cover crops in Texas. 

Small Ruminant Digestive Tract 

To determine what and how much to feed small ruminants, it is important to 

understand the digestive system of said species of animals. Ruminant animals have a 

unique four-chambered stomach, which consists of the reticulum, rumen, omasum, and 

abomasum. The digestive process of ruminant animals begins with rumination, after 

initial consumption. Rumination is the process of regurgitating feedstuff from the 

reticulum back to the mouth for re-chewing. Rumination allows for further breakdown of 

the feedstuffs, particularly fibrous materials, through mechanical and chemical processes. 

Rumination reduces feedstuff particle size, while increasing surface area. This process is 

important to efficient and enhanced fermentation and digestive processes (Faichney, 

1986; National Research Council, 2007). After rumination, the feedstuffs pass to the 

rumen. The rumen houses microbes and is the site of fermentation in the ruminant 

stomach. Fermentation converts carbohydrates into readily available sources of energy. 

The microbes in the rumen also convert non-protein nitrogen into a protein source for the 

animal (Van Soest, 1994, National Research Council, 2007). The remainder of the 

digestive process and absorption of nutrients, in the form of amino acids, fatty acids, and 

sugars, is completed in the small intestines. Finally, the large intestines allow for the 

absorption of water and inorganic substances. A ruminant animal’s ability to house 

microbes and ferment feedstuffs in its specialized stomach allows for digestion and 

utilization of the nutrients in fibrous feedstuffs. Breakdown of fibrous feedstuffs is not 

able to be completed solely by digestive enzymes (National Research Council, 2007). 



9 

 

 

Cover Crops as a Feed Source 

Using a cover crop as a feedstuff is not only a potential benefit of growing cover 

crops, but it may be crucial to some producers by creating an immediate economic value. 

According to Gardner & Faulkner (1991), planting and caring for a crop that apparently 

serves no immediate economic and harvestable purpose is both a foreign and unknown 

practice. Immediate value could come from incorporating ruminant livestock into the 

crop production system. Various ruminant species, including cattle, sheep, goats, and 

cervids, are able to utilize cover crops as a feed source. Feeding cover crops is suitable 

for ruminant species due to the ability to ruminate and the specialization of the ruminant 

digestive tract. The rumen, which houses microbes, allows ruminants to efficiently 

ferment, break down, and subsequently, utilize fibrous feedstuffs. According to Lesoing 

et al. (1997), a beef cattle herd can graze for approximately one month on winter cover 

crops during the spring months. The dairy industry also utilizes cover crops as a feed 

source, stockpiling and allowing grazing of annual ryegrass (Kallenbach et al., 2003).  

Ryegrass, cereal rye, berseem clover, and Austrian winter pea have all been used 

as a feed source, through grazing or hay, for sheep and goats (Andueza et al., 2012; 

Lema, et al., 2007; Molle et al., 2017; Osoro et al., 2007; Savian et al., 2019; Shetaewi et 

al., 2001; Westbrook, 2016). Grazing cover crops by ruminant livestock species, or 

utilization as a harvested feedstuff, has the possibility to reduce feed costs in the livestock 

enterprise. Another value from grazing of cover crops comes from livestock manure. 

While grazing, it is inevitable for livestock to produce excrement. Livestock manure aids 

with nutrient cycling by returning readily available plant nutrients to the soil. Manure 

additions to crops has the potential to improve not only soil structure, but water holding 
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capacity and microbiological activity, thereby increasing plant nutrient absorption (Liu et 

al., 2010). While improvements to soil quality from grazing may increase the yield of 

subsequent crops, grazing of cover crops may have negative impacts if not correctly 

managed. Overgrazing or improper management of grazing has potential to lead to soil 

compaction and a reduction in subsequent crop yield (Franzluebbers & Stuedemann, 

2008). With proper management of grazing, the possibility of soil compaction persists, 

but has either no effect on yield or may cause an increase in future crop yield (Bell et al., 

2011; Tracy & Zhang, 2008). In some cases, the benefits from the integration of livestock 

into the production system more than compensates for any losses in future crop yield 

(Franzluebbers & Stuedemann, 2014).  

Diet Selection and Intake 

When provided the opportunity to be selective in their forage diet, animals 

typically prefer a diet high in digestibility and protein content (National Research 

Council, 2007). While animals tend to select a diet of higher quality, nutritional quality is 

not the sole factor affecting diet selection. Other factors influencing diet selection include 

the nature of the individual animal or the animal species, physical and chemical features 

of the plant material, and the degree to which an animal is allowed to exhibit a 

preference. Animals reared in captivity do not always have a choice in diet. It is well 

known that sheep are grazers, preferring a diet of grasses and forbs. Goats, on the other 

hand, are considered mixed foragers, making selections based on season and availability. 

Goats tend to be classified as browsers, usually selecting the leaves of woody plants and 

shrubs, but also consume and digest herbaceous forages, making them mixed foragers 

(Hart, 2001, National Research Council, 2007).  
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Feed intake is affected by a number of factors. A major internal factor affecting 

feed intake is the design of the digestive tract. In ruminants, the capacity of the rumen is a 

limiting factor in feed intake. The animal will stop feeding once the rumen is full. 

Sensory cues and nutrient content of the diet are external factors affecting intake. 

Olfactory cues, like taste and smell, determine if an animal will initiate consumption and 

the length of consumption. As the nutritional content and quality of the diet increases, 

consumption decreases. This is because the animal will reach its nutritional needs sooner, 

therefore reducing consumption (National Research Council, 1987). 

Palatability of Cover Crops 

Palatability, stemming from the word palatable, describes something agreeable to 

the palate or taste (Merriam-Webster, n.d.). Heady (1964) defines palatability as plant 

characteristics or conditions which stimulate a selective response by animals. Olfactory 

cues determine the acceptability of a plant for consumption, as well as the length of 

consumption. When attempting to utilize cover crops as a feedstuff, it is important to take 

palatability into consideration. There is no added value when the forages will not be 

consumed, or consumed to the fullest extent possible. Several sources have noted the 

palatability of ryegrass and recommend its use as a livestock feed (Anderson, n.d.; Ogle 

et al., n.d.; Sustainable Agriculture Research & Education, 2007). Rye, while very 

productive, is not always suitable or the most palatable cover crop for forage use 

(Anderson, 2019; Beck et al., n.d.; Oelke et al., 1990). Alternatively, barley and oats were 

found to be more preferable when compared to hard wheat, soft wheat, rye, and annual 

ryegrass (Staten, 1949). Berseem clover is a unique legume crop which is known to be 

low risk in causing bloat (Sustainable Agriculture Research & Extension, 2007, Wingert, 
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2013). It has also been noted to be a palatable and accepted forage (Chapman et al., 2009; 

Chauchan et al., 1992; Das & Singh, 1999; McCann & Hoveland, 1991). Austrian winter 

pea has also been found to be a preferred forage. Chapman (2009) found winter pea to be 

the preferred forage, behind berseem clover, over turnips and canola. In contrast, winter 

pea was not preferred when compared to arrowleaf clover, crimson clover, and hairy 

vetch (Freeman et al, 2016). In the same study, it was concluded that when the preferred 

forage became unavailable, the other forages were consumed, indicating winter pea is 

suited for use as a forage. There is limited information concerning the palatability of 

daikon radish. Palatability and intake of various crop species decreases significantly 

when plants mature and produce seedheads (Brummer et al., 2018).  

Current Study 

Several crop species in this trial have been proven to be palatable. This study 

tested the preferences between those palatable crops: cereal rye (Secale cereal cv. 

“Elbon”), annual ryegrass (Lolium multiflorum), berseem clover (Trifolium alexandrinum 

cv. “Frosty”), daikon radish (Raphanus sativus subsp. longipinnatus), and Austrian 

winter pea (Pisum sativum) in sheep and goats when given free choice in consumption. 

Other goals of this research included determining the possible relationships between the 

preferred forages, nutritional quality, and stage of maturity of each forage. Finally, 

variations between the selected forages for sheep and goats was analyzed, due to the 

differences in diet selection behavior.  
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CHAPTER III 

Methodology 

Prior to beginning this study, the Sam Houston State University Institutional 

Animal Care and Use Committee approved all care, handling, and use of the sheep and 

goats tested within the study (Protocol Number: 20-02-10-1008-3-01). With routine 

animal husbandry practices along with no inflicted pain or distress, this study fell into the 

USDA Pain/Distress Category C. All persons involved in the handing of the animals had 

completed required animal handling and “Working with the IACUC” training.  

Sixteen total animals, including eight ram Dorper sheep, six Boer/Boer-cross doe 

goats, and two Boer/Boer-cross wether goats were used in the trial. The animals were on 

loan from a private owner. All animals selected for study of each specie were of about the 

same size. Ram average weight was 29.9 kilograms, while average weight of the goats 

was 20.0 kilograms. At the time of initial weighing, each animal was randomly assigned 

a different color collar for identification purposes. Upon arrival to the study facility, the 

animals were inspected for health status, with checks made throughout the study. 

Treatments to improve or maintain good health were provided as needed. The animals 

were housed in a roughly one-half hectare pasture comprised of cool season legumes and 

grasses, with access to an enclosed barn for weather protection. A 15 percent crude 

protein, balanced ration (Sheep and Goat Pellet) was fed daily. High quality Coastal 

bermudagrass hay was offered daily along with free access to excellent quality pasture. 

Study forage/feed samples were collected from cover crop research plots using a 

pair of handheld, battery-powered clippers and placed into large plastic bags to prevent 

moisture loss for the duration of each feeding trial. Forage species used in the study 
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consisted of annual ryegrass (Lolium multiflorum), rye (Secale cereale cv. “Elbon”), 

berseem clover (Trifolium alexandrinum cv. “Frosty”), daikon radish (Raphanus sativus 

subsp. longipinnatus), and Austrian winter pea (Pisum sativum). Approximately three kg 

of each forage was harvested for each feeding trial. Once all the forage had been 

collected for a given feeding trial, a subsample of each forage was collected, placed in a 

paper bag, weighed, and placed into a drying oven at 330K. After drying, the subsample 

was weighed again to determine moisture content and to compute forage dry matter 

content at the varying stages of maturity. All subsamples were sent to the Texas A&M 

AgriLife Extension Service Soil, Water, and Forage Testing Laboratory for nutritional 

analysis, including crude protein (N content) and acid detergent fiber levels according to 

accepted laboratory protocols. 

Fifty-one cm diameter corrugated plastic pipe was used to construct five plastic 

feed troughs for the feeding trials. Each trough was 1.8 m long, 25.4 cm deep, with a total 

height of 35.6 cm. Each trough was color coded with spray paint for identification of the 

forages placed in the troughs during the trials. For the feeding trials, the troughs were set 

up in a pentagon shape, enclosed in a circular pen attached to the barn in which the 

animals were temporarily housed. Forage species were randomly assigned a trough color 

for the duration of each feeding trial. All test animals were housed in the barn overnight, 

with access to good quality Coastal bermudagrass hay and water, before each feeding 

trial to ensure limited gut fill prior to the trials to induce hunger and reduce handling 

stress on the day of the trial. Once forage treatments were loaded into their respective 

troughs and weighed, animals were released from the barn into the feeding trial area in 



15 

 

 

random pairs by species. Troughs were moved after each run to randomize the location of 

each forage treatment.  

Figure 1 

Feeding trial area 

 

Upon acquisition of the test animals, it was apparent they were not accustomed to 

regular human handling or feeding from a trough, so they were allowed a 14 day 

acclimation period. During the acclimation period, animals were allowed to graze on 

white clover and ryegrass pasture and fed each day from the five feed troughs to be used 

during the feeding trials. Animals were gradually introduced to feeding from the troughs, 

providing less than 0.45 kg of feed per head per day initially, while slowly transitioning 

to approximately 0.45 to 0.68 kg of feed per head per day, plus Coastal bermudagrass 

hay. Fresh forage from each of the forage treatments was also introduced during this 

period by hand harvesting and placing the material in the feed troughs, allowing free 

choice access to the harvested forage. Upon conclusion of the acclimation period, a pre-
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trial feeding trial was conducted. The pre-trial event provided confirmation animals 

should be run in pairs during the trials and that persons standing close to or approaching 

the trial area might affect the location of the animals in the pen, therefore affecting forage 

selected for consumption. The pre-trial also allowed for determination of the approximate 

amount of fresh forage needed to be collected for the actual feeding trials. To adjust for 

possible human interference with animal feeding and forage selection, a camera set upon 

a tripod was placed near the trial area to record video footage of each feeding trial. Video 

footage was later used to collect data from each animal at each trial date. Trial one was 

conducted on day 0, with trials two and three following at 10 day intervals on day 11, and 

day 22, respectively.  

Video footage was used to calculate time spent in consumption of each forage for 

each animal. Time was recorded in total seconds. Each pair of animals was allowed 10 

minutes in the feeding area. Fresh weights of all forages were recorded before allowing 

animals into the trial area. After each pair was removed, fresh weights of all remaining 

forage material were recorded. Additional fresh material was added to replace what had 

been consumed and the fresh weight was again calculated. Dry matter consumption was 

later determined for each pair of animals based on the moisture content of the subsamples 

collected for analysis.  

One of the wether goats developed urinary calculi between trials one and two. He 

died due to complications of this disorder. As a result, the goats in trials two and three 

were placed randomly into the feeding trial area in two groups of two and one group of 

three. A warmer than expected winter and early spring accelerated plant growth and 

development of the test forages, resulting in diakon radish maturing, losing leaf tissue 
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and producing seed prior to feeding trial three. Therefore, daikon radish was not included 

in the final trial. To maintain continuity, all five troughs were used in the trial area, in a 

pentagon shape, but one was empty during trial three. 

Analysis of Variance (ANOVA) was performed in STATA® (StataCorp, 2013) to 

identify the effects of type of forage (annual ryegrass, rye, berseem clover, daikon radish, 

and Austrian winter pea), type of animal (goat and sheep), time (3 repeated measures at 

10 day intervals) and all of their two-way (forage x animal, forage x time, and animal x 

time) and the three-way (forage x animal x time) interactions on dry matter intake (DMI) 

and time spent in consumption of each forage. ANOVA was also used to analyze the 

influence of type of forage and time on forage quality parameters [Crude Protein (CP) 

and Acid Detergent Fiber (ADF)]. Fisher’s Least Significant Difference (LSD) method 

(Williams & Abdi, 2010) was used to perform mean separation for effects found to be 

statistically significant (p<0.05). A correlation analysis was also conducted to identify the 

association between DMI and time spent in consumption, and between the quality 

parameters (CP and ADF), DMI, and time spent in consumption by the sheep and goats.  
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CHAPTER IV 

Results and Discussion 

Dry Matter Intake 

Results of the ANOVA on dry matter intake is presented in Table 1. These results 

show that forage type significantly influenced dry matter intake (p<0.05) and that forage 

type did not have significant interaction with type of animal or time at 5% alpha level. 

Although type of animal significantly influenced the dry matter intake (p<0.0001), there 

was significant interaction between type of animal and time (p<0.05). The impact of time 

on dry matter intake and the three-way interaction among forage type, type of animal, and 

time were also statistically insignificant at 5% alpha level. 

Table 1 

Results of the ANOVA on dry matter intake 

Source 
Sum of 

squares 

Degrees of 

freedom 
F statistic P-value 

Model 0.0193 36 1.84 0.0046 

Forage 0.0038 4 3.29   0.0124* 

Animal 0.0058 1 20.14 <0.0001* 

Block 0.0031 7 1.53 0.1590 

Time 0.0008 2 1.37 0.2558 

Forage x Animal 0.0007 4 0.63 0.6396 

Forage x Time 0.0019 8 0.81 0.5909 

Animal x Time 0.0019 2 3.35   0.0371* 

Forage x Animal x Time 0.0018 8 0.77 0.6334 

*p<0.05.  

The results of the means separation test on the impact of forage type on dry matter 

intake is presented in Figure 2. The mean dry matter intake for ryegrass was significantly 

higher than that of daikon radish. However, the dry matter intake of berseem clover, 

cereal rye, and Austrian winter pea were on par with that of ryegrass. The dry matter 
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intake of daikon radish was statistically not different from that of berseem clover, cereal 

rye, or Austrian winter pea. 

Figure 2  

Influence of the type of forage on mean dry matter intake 

Note. Treatment means that share the same letter are not significantly different by the 

Least Significant Difference (LSD) test at α = .05. 

There was significant interaction between animal type and time (Table 1) 

indicating significant variation between sheep and goats in terms of dry matter 

consumption over time (trial date). The mean dry matter intake of sheep and goats over 

time are shown in Figure 3. The mean dry matter intake for goats was highest on the first 

trial date (0.067 kg/animal), which was significantly higher than the mean dry matter 

intake in the second and third trial dates. The mean dry matter intake for goats during the 

second and third trial dates were on par with each other at 5% alpha level. The dry matter 

intake by sheep showed a different trend over time with the last trial resulting in 
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significantly greater dry matter intake (0.109 kg/animal). The average dry matter intake 

for sheep during the first two trial dates did not differ from one another. 

Figure 3 

The average dry matter intake of goat and sheep over time (trial date) 

Note. Treatment means for each livestock species that share the same letter are not 

significantly different by the Least Significant Difference (LSD) test at α = .05. 

The results of the means separation test on forage type indicates there is a 

preference for ryegrass over daikon radish. Although there was no statistical difference 

between berseem clover, rye, and Austrian winter pea, and daikon radish, the average 

consumption of the first three was considerably higher than that of daikon radish 

indicating they are potentially preferred to daikon radish. When solely considering dry 

matter intake, the research suggests a preference for ryegrass first, then berseem clover, 

rye, followed by Austrian winter pea and daikon radish least preferred. The results of this 

analysis support Anderson’s (n.d.; 2019) conclusions that, while both ryegrass and rye 

are palatable, rye is not always the most palatable or preferred forage for livestock feed. 
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The findings concerning dry matter intake are comparable with the results from Chapman 

(2009), who found berseem clover to be utilized as a forage more than winter pea. 

Grazing behavior of the two livestock species is an important consideration to 

determining preference. Sheep prefer a diet of grasses (National Research Council, 2007). 

While goats are browsers and prefer the plant material of woody plants, they will select a 

diet of grass over clover (Hart, 2001; Luginbuhl et al., 2000). This literature supports the 

results of this research showing a preference for ryegrass.  

Goats consumed significantly more forage during the first trial date in comparison 

to the two other trial dates. This reduction in consumption may be due to the maturity of 

the plant material. Over the course of the 22 days of the study, the plant material matured 

significantly. The rye started to head and daikon radish matured to the point of producing 

seed and loss of leaf tissue. Brummer and colleagues (2018) found the palatability and, 

consequently, the intake of crop forage significantly decreases upon maturity of the 

plants. Interestingly, sheep intake was opposite that of goats. Sheep mean dry matter 

intake was significantly higher during trial three compared to trials one and two, 

contradicting Brummer’s (2018) findings.  

Time Spent in Consumption 

Table 2 presents the results of the ANOVA on time spent in consumption. Forage 

type significantly influenced time spent in consumption (p<0.0001). Forage type had 

significant interactions with type of animal and time (trial date) (p<0.05). The impact of 

animal type or time (trial date) on time spent in consumption was not significant. The 

interactions between animal type and time and forage type, animal type, and time were 

also statistically insignificant at a 5% alpha level. 
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Table 2 

Results of the ANOVA on time spent in consumption 

Source 
Sum of 

squares 

Degrees of 

freedom 
F statistic P-value 

Model 1611591.10 36 3.52 <0.0001 

Forage 1018670.86 4 20.02   <0.0001* 

Animal       9779.88 1 0.77   0.3816 

Block     48621.45 7 0.55   0.7986 

Time       8365.64 2 0.33   0.7201 

Forage x Animal   165368.18 4 3.25     0.0131* 

Forage x Time   262652.21 8 2.58     0.0106* 

Animal x Time       9340.35 2 0.37   0.6931 

Forage x Animal x Time     66816.01 8 0.66   0.7291 

*p<0.05. 

The results of the means separation test on impact of the interaction between 

forage type and animal type on time spent in consumption is presented in Figure 4. The 

mean time spent in consumption for goats was highest with ryegrass (175.45 s/animal) 

but was on par with the time spent in consumption of rye (144.99 s/animal) and berseem 

clover (143.25 s/animal). The mean time spent in consumption was significantly different 

between ryegrass, rye, and berseem clover, and Austrian winter pea and daikon radish for 

goats, while mean time spent in consumption of Austrian winter pea (60.12 s/animal) and 

daikon radish (10.19 s/animal) were on par with each other. The mean time spent in 

consumption for sheep was highest for berseem clover (199.83 s/animal), while on par 

for mean time spent in consumption in ryegrass (178.91 s/animal). Sheep time spent in 

consumption of rye (39.42 s/animal), Austrian winter pea (16.94 s/animal), and daikon 

radish (7.30 s/animal) were on par with each other, but significantly different from 

berseem clover and ryegrass.  
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Figure 4 

The average time spent in consumption by sheep and goats for each forage 

Note. Treatment means for each livestock species that share the same letter are not 

significantly different by the Least Significant Difference (LSD) test at α = .05.  
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Figure 5 presents the results of the means separation test on the significant 

interaction between forage type and time (trial date). During trial 1, mean time spent in 

consumption of ryegrass (241.25 s/animal) was highest, and significantly different from 

rye (123.34 s/animal), berseem clover (87.41 s/animal), Austrian winter pea (38.01 

s/animal), and daikon radish (18.65 s/animal). Time spent in consumption of rye in trial 

one was significantly different from Austrian winter pea and daikon radish. Time spent in 

consumption of berseem clover in trial one was on par with rye, and not significantly 

different from Austrian winter pea and daikon radish. Mean time spent in consumption 

during trial two was highest for berseem clover (201.67 s/animal) and was significantly 

different from time spent in consumption of rye (96.75 s/animal), Austrian winter pea 

(7.99 s/animal), and daikon radish (6.32 s/animal). Time spent in consumption of 

ryegrass (153.86 s/animal) was on par with the time spent in consumption of berseem 

clover, and not significantly different from rye during trial two. The time spent in 

consumption of Austrian winter pea and daikon radish did not significantly differ during 

trial two. During trial three, berseem clover (229.38 s/animal) had the highest mean time 

in consumption. The time spent in consumption of berseem clover was significantly 

different from time spent in consumption of ryegrass (132.56 s/animal), Austrian winter 

pea (69.71 s/animal), and rye (53.91 s/animal). In trial three ryegrass and rye were 

significantly different in mean time spent in consumption. The mean time spent in 

consumption of Austrian winter pea was not different from rye but was also on par with 

ryegrass.  
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Figure 5 

The average time spent in consumption by forage type and trial date 

Note. Treatment means that share the same letter are not significantly different by the 

Least Significant Difference (LSD) test at α = .05. 

With respect to time spent in consumption, goats spent significantly more time 

consuming ryegrass, rye, and berseem clover in comparison to Austrian winter pea and 

daikon radish. These results suggest Austrian winter pea and daikon radish are the least 

preferred forages for goats. Sheep spent the highest mean time in seconds of consumption 

on berseem clover, followed closely by ryegrass. The time spent in consumption of 

berseem clover and ryegrass is significantly greater than the other three forages for sheep. 

These data shows a preference of berseem clover and ryegrass for sheep when only 

considering time spent in consumption. These findings concur with the results of other 

studies indicating preference and palatability of rye, ryegrass, and berseem clover (Beck 

et al., n.d.; Das & Singh, 1999; Sustainable Agriculture Research & Education, 2007).  
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The maturity of the plant significantly impacted the preference for each forage. 

Over the course of the study, Austrian winter pea and daikon radish have a significantly 

shorter time spent in consumption, indicating a low preference. The results of the means 

separation analysis of time spent in consumption of each forage showed a preference for 

ryegrass in trial one. As ryegrass matured, even though still potentially the second 

preferred forage, it became less preferred than berseem clover. The results concur with 

Brummer (2018), who states maturity decreases palatability. In trial two and three, the 

data show a preference for berseem clover, which is supported by Chapman (2009), who 

found berseem clover was grazed more during the end of the grazing period in his study.  

Forage Crude Protein Content 

Results of the ANOVA on the CP content of each forage is presented in Table 3. 

The ANOVA indicates forage type significantly influenced the CP content (p<0.05). 

Time (trial date), although not significant at the 5% alpha level, is significant at the 10% 

alpha level.  

Table 3 

Results of the ANOVA on forage crude protein content 

Source Sum of squares Degrees of freedom F statistic P-value 

Model 550.2830 6 13.42 0.0016 

Forage 527.1494 4 19.28   0.0007* 

Time 61.2194 2   4.48 0.0559 

*p<0.05. 

The results of the means separation test on the impact of forage type on average 

CP content is displayed in Figure 6. The average CP content of Austrian winter pea 

(25.30%) and berseem clover (22.55%) were statistically on par with each other and 

different from rye (14.65%), ryegrass (12.6%), and daikon radish (8.90%). The average 
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CP content of rye was significantly different from daikon radish at the 5% alpha level. 

Ryegrass average CP content was on par with the protein content of rye, but not 

significantly different from daikon radish.  

Figure 6 

Average crude protein content for each forage 

Note. Treatment means that share the same letter are not significantly different by the 

Least Significant Difference (LSD) test at α = .05. 

The National Resource Council (2007) claims an animal will select a diet high in 

protein content. In this study, the two legume species showed to have the highest average 

CP content. While the NRC statement was likely meant to be a generalization, the results 

of this study are in disagreement with the view that an animal will select a diet higher in 

protein content. Based on this assumption, the animals in the study should have shown an 

overall preference for Austrian winter pea, due to it having the highest average protein 

content. However, based on dry matter intake and time spent in consumption, Austrian 
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winter pea was one of the least preferred forages. There was no significant difference in 

the CP content of berseem clover compared to Austrian winter pea. Based on the 

literature from the National Resource Council (2007), berseem clover should be a 

preferred forage in comparison to rye, ryegrass, and daikon radish. The results of the CP 

content analysis, shows a preference for berseem clover based on CP content, supports 

the results of the analyses on dry matter intake and time spent in consumption, which 

show a preference for berseem clover (Figures 2, 4, and 5).  

Forage Acid Detergent Fiber Content (ADF) 

Table 4 presents the results of the ANOVA on forage ADF. Both forage type 

(p<0.05) and time (trial date) (p<0.0001) significantly influence the ADF content of the 

various forages.  

Table 4 

Results of the ANOVA on forage acid detergent fiber content 

Source Sum of squares Degrees of freedom F statistic P-value 

Model 951.9682 6 37.06 0.0001 

Forage 561.3490 4 32.78   0.0001* 

Time 489.6510 2 57.19 <0.0001* 

*p<0.05.  

Figure 7 presents the results of the means separation test on forage ADF content. 

Acid detergent fiber represents the least digestible plant components, including cellulose, 

lignin, and other insoluble minerals. The acid detergent fiber value is inversely related to 

digestibility, indicating forages with lower acid detergent fiber values are more digestible 

(Rasby & Martin, n.d.). The average ADF content of daikon radish (43.50%), was 

significantly higher than rye (37.23%) and ryegrass (34.50%), which were both 

significantly higher than berseem clover (27.03%) and Austrian winter pea (24.50%). 
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Rye and ryegrass average ADF content did not differ significantly from each other, but 

from berseem clover and Austrian winter pea. There was not a significant difference in 

the average ADF content between berseem clover and Austrian winter pea.  

Figure 7 

Average acid detergent fiber content of each forage 

Note. Treatment means that share the same letter are not significantly different by the 

Least Significant Difference (LSD) test at α = .05. 

Time (trial date) was shown to significantly influence the ADF of each forage 

(p<0.05). The results of the mean separation analysis ADF content over time for each 

forage is displayed in Figure 8. The ADF content of rye, ryegrass, and berseem clover 

increased over time. During trial one, the rye ADF level was 29.3%, and 40.8% and 

43.5% in trials two and three. Ryegrass ADF percent increased from 27.7% in trial one to 

38.0% in trial two, and up to 41.6% in trial three. The ADF content of berseem clover 

was 19.9%, 30.2%, and 37.8% in trials one, two, and three, respectively. Although daikon 

radish was omitted from trial three, it also showed an increase in ADF content from trial 

one (38.8%) to trial two (48.2%). Interestingly, Austrian winter pea ADF content differed 
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from the other forages by increasing in percentage, then decreasing slightly in trial three. 

The ADF content of Austrian winter pea in trial one was 18.8%, increased in trial two to 

31.9%, then decreased to 29.3% in trial three. This minimal difference between trials two 

and three is likely due to sampling error.  

Figure 8 

Acid detergent fiber content over time 

 

As would be expected, as cell wall thickness increases under advancing plant 

maturity, the general trend for the forages studied here was that ADF levels increased 

over time. The two legume species in this study were significantly lower in average ADF 

percentage, signifying higher digestibility in comparison to the other forage species. If 

animal selectivity was based primarily on forage quality, measured here by CP and ADF 

levels, Austrian winter pea and berseem clover should have been the preferred forages. 

The results of the means separation analysis based on dry matter intake and time spent in 

consumption show that Austrian winter pea was one of the least preferred forages in this 
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study. Obviously, there are other factors, olfactory or otherwise, that contribute to the low 

preference for Austrian winter pea. Berseem clover, however, does follow the premise 

that a preferred forage will be high in digestibility (National Resource Council, 2007).  

Berseem clover was found to be the preferred forage in trials two and three based 

on time spent in consumption. In trial two, berseem clover was found to have the lowest 

ADF percentage in comparison to the other forages. In trial three, it had the second 

lowest ADF content. As expected, due to the high digestibility based on low ADF 

percentage, berseem clover would be a preferred forage. The results of the ADF content 

analysis supports the findings that berseem clover was the preferred forage from the time 

spent in consumption over time (trial date) analysis. 

Correlation Analysis 

A correlation analysis between dry matter intake and time spent in consumption 

was performed. Although the correlation coefficient was positive as expected, the 

correlation was not really strong (r=0.2276). The relationship between dry matter intake 

was not statistically significant (p=0.4439). The value is positive, as expected, although 

not as high as expected. This variance from expectation could be due to the possibility of 

animals not “actively” eating, but instead nibbling or trying the forage before deciding to 

consume a large amount of the forage.  
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Table 5 establishes correlation coefficients between animal type, dry matter 

intake, forage quality (CP and ADF), and time spent in consumption. There is a strong 

positive relationship between CP content and ADF (r = 0.7228). Sheep dry matter intake 

has a positive relationship with forage quality. The correlation value between sheep dry 

matter intake and CP content is 0.3498, and ADF content is 0.3677. This differs from 

goat dry matter intake. There is relatively no correlation between goat dry matter intake 

and CP content (r = 0.1022), while there is a strong negative correlation between dry 

matter intake and ADF content (r = -0.7121). There are no strong correlation values for 

sheep or goat time in consumption. There is one significant correlation (p<0.05), between 

goat dry matter intake and ADF content.  



 

 

 

3
3
 

Table 5 

Results of correlation analysis between animal type, forage quality, dry matter intake, and time spent in consumption 

 Crude 

protein 

Acid detergent 

fiber 

Sheep dry 

matter intake 

Sheep time in 

consumption 

Goat dry 

matter intake 

Goat time in 

consumption 

Crude protein       

Acid detergent fiber 
0.7228 

(0.0035) 
     

Sheep dry matter intake 
0.3498 

(0.2201) 

  0.3677 

  (0.1958) 
    

Sheep time in consumption 
0.0760 

(0.7963) 

-0.2113 

  (0.4684) 

0.3564 

(0.2110) 
   

Goat dry matter intake 
0.1022 

(0.7282) 

-0.7121 

   (0.0043*) 

0.0352 

(0.9050) 

0.4259 

(0.1289) 
  

Goat time in consumption 
0.0110 

(0.9703) 

-0.0658 

 (0.8232) 

0.2363 

(0.4160) 

0.6958 

(0.0057) 

0.2048 

(0.4824) 
 

Note. P-values associated with each correlation coefficient are displayed in parenthesis below the correlation coefficient.  

*p<0.05.  
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The correlation coefficient between goat intake and ADF content is a strong 

negative relationship (-0.7121). This would indicate it can be expected goats will 

consume more forage as digestibility increases or as ADF levels decrease (NRC 

reference). While not a strong relationship, CP and sheep dry matter intake is positively 

related. It can be expected as CP content of the forage increases, the dry matter intake of 

sheep will also increase. CP content has relatively no relationship with sheep time spent 

in consumption or goat dry matter intake or time spent in consumption.    
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CHAPTER V 

Conclusions 

While there are several benefits potentially achieved from the utilization of cover 

crops to the soil, as well as potential future yield increases, other benefits and value can 

be derived from them as a livestock feedstuff. Although cover crops have been utilized in 

crop production for hundreds of years, the potential use as a livestock feed was realized 

only relatively recently. This study was designed to examine the preference of five 

common cover crops in sheep and goats.  

This information is valuable to those growing cover crops who desire an 

additional benefit from feeding them to livestock. Producer decisions regarding which 

plant species to select is dependent upon producer needs and benefits experienced from 

the various species. For those producers which desire to create the additional value from 

feeding cover crops to livestock, realizing preference/palatability allows for better 

decision making in species selection.  

The results of this study show a preference for annual ryegrass (Lolium 

multiflorum), cereal rye (Secale cereale cv. “Elbon”), and berseem clover (Trifolium 

alexandrinum cv. “Frosty”). While still consumed, the results indicated daikon radish 

(Raphanus sativus subsp. longipinnatus) and Austrian winter pea (Pisum sativum) were 

least preferred. Producer needs ultimately determine which species to plant, however, this 

study concludes annual ryegrass, rye, and berseem clover are most suitable to serve as a 

potential alternative feed source to small ruminants. Small ruminants are able to consume 

and utilize both Austrian winter pea and daikon radish, but prefer other forage species.  
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Future Research 

Due to the limited information concerning the preference of cover crops being 

utilized as a livestock feed, it is important to continue research in this field. Future 

research should replicate this study in various climatic zones and growing regions. Other 

important research would include determining consumption of least preferred forages 

when the preferred option is unavailable. Also, producers will want to know which cover 

crops are most likely to experience the least damage to the cover crop while being grazed 

by livestock or harvested for feeding livestock while still providing a high quality 

feedstuff. Finally, an economic analysis determining a cost-benefit analysis of the cover 

crops being utilized as forage should be conducted. This potential future research will 

further assist producers in making better decisions when selecting a plant species to 

achieve their cover crop needs while enjoying the additional benefit derived from its 

utilization as a feedstuff.  
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