
Performance of Beef Cattle Grazing Native Warm-Season Grasses in an Integrated Forage/Biofuels System in the Mid-South

A Thesis Presented for the
Master of Science

Degree

The University of Tennessee, Knoxville

Matt Backus
June 2012
ACKNOWLEDGEMENTS

First I would like to thank Dr. John Waller for his willingness to serve as my mentor.  His patience, kindness and guidance are very much appreciated.  
Drs. Gary Bates, Craig Harper, and Pat Keyser, who made up the rest of my committee: thank you for the advice and inputs on my research, most of all for challenging me to be my best.

My research team; Jessie Birckhead and David McIntosh and Cody Smithson, without you this project would not have been completed.  Thank you for all the hard work and more importantly the friendship.

Brian Campbell, Will Mayfield and my fellow graduate students for helping me to keep my sanity on those long days in the office, I am proud to call you my friends.

Linda Miller and Eddie Jarboe for going the extra mile to help in the lab whenever they could, more importantly for being supportive throughout my graduate school adventures.

Dr. Saxton for patiently answering any questions I came up with about my statistical analysis.

The whole Animal Science Department, thank you for your support during my research endeavors.
Finally I would like to thank my family for their support and encouragement throughout this whole process.

ABSTRACT
Early season (ES) and full season (FS) grazing strategies were used to evaluate performance of stocker steers grazing native warm-season grasses (NWSG) in 2010 and 2011 in two trials. Trial one was conducted at Ames Plantation Research and Education Center (REC) near Grand Junction and trial two was conducted at Highland Rim REC near Springfield in which Angus and Angus cross steers (269 ± 12kg) were used in completely randomized design with three forage treatments: 1) switchgrass (Panicum virgatum); 2) a combination of big bluestem (Andropogon gerardii Vitman) and indiangrass (Sorghastrum nutans); and 3) eastern gamagrass (Tripsacum dactyloides).  Stands of switchgrass (SG), big bluestem and indiangrass (BB/IG) and eastern gamagrass (EG) were 3 yr old (28%) or 4 yr old.  Before and after grazing NWSG pastures all steers were fed a high fiber filler diet for 4 d with individual BW taken in the early AM each d and the average BW for the last 2 d was used for initial and final BW for the grazing period. Four steers (testers) were allotted to 1.2-ha paddocks with three replications per treatment. Additional steers were used in a put-and-take manner to keep forage in a vegetative state. Steers had free choice access to pasture, water, mineral, and shade. Data were analyzed using the MIXED procedure of SAS.  Trial one least square means for ADG of ES steers grazing BB/IG and SG differed from EG (P < 0.05) with ADG of 1.18, 1.12 and 0.77 kg/d respectively.  Least square means for ADG of FS steers grazing BB/IG differed from SG and EG  (P < 0.05) with ADG of  0.76, 0.51 and 0.40 kg/d respectively. Trial two least square means for ADG of ES steers grazing BB/IG and SG did not differ with ADG of 1.08, 0.86 kg/d respectively.  Least square means for ADG of FS steers grazing BB/IG and SG did not differ, with ADG of 0.95 and 0.80 respectively. The results of these two grazing trials demonstrate the ability of NWSG to provide adequate summer performance for cattle grazing in the mid-south.
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CHAPTER I
 
Introduction 

Tennessee ranks 9th nationally in beef cattle numbers and 15th nationally in total cattle numbers.  Of the 79,000 farms in Tennessee, beef cattle are found on 42,000 or 53% of all farms.  The receipts from sales of cattle in 2007 totaled nearly $582 million dollars, making cattle the state’s top agricultural commodity.  Tennessee is known as a cow/calf state that produces quality cows and calves.  Producers must have a means of a readily available cheap feedstuff for their cattle to consume.  Historically the foodstuff of choice has been tall fescue, either on pasture as forage, stockpiled for winter or baled into hay.  The growth patterns associated with cool season forages leave producers with limited options for feeding their cattle in the summer.  The cool season forages decrease in both yield and quality during the dormant summer months.  In addition to decreased yield and quality in tall fescue, an endophyte associated with the forage causes cattle to experience decreased weight gain and reproductive performance.

Recently the Tennessee Biofuels Initiative selected switchgrass, a native warm season grass, as a feedstuff for cellulosic ethanol production. Switchgrass, like many native warm season grasses, is a C4 grass and can grow on marginal ground with minimal agricultural inputs required.  Unlike cool-season grasses, warm-season grasses have peak production of nutrients in the warmer months of the summer.  To meet the proposed production of ethanol, many acres of land currently used for grazing and forage production will need to be changed to switchgrass.  If producers in the state could shift their grazing lands to switchgrass in the summer and then harvest the crop for biofuels in the fall, the impact of making a major shift in grazing lands would be reduced.  Cattle grazing warm season grasses in the summer should have a greater weight gain than those grazing cool season grasses in the summer.  Few studies have been conducted in which native warm-season grasses have been evaluated as alternative forage for cattle producers in the mid-south.

CHAPTER II 

Literature Review
Tall fescue (Lolium arundinaceum Schreb.) grows on approximately 14 million hectares throughout the United States (Beck et al., 2008).  Of these 14 million hectares, approximately 75 percent of all pastures are infected with an endophytic fungus (Neotyphodium coenophialum) which causes cattle to exhibit symptoms of tall fescue toxicosis (Oliver et al., 2000).  Symptoms of this toxicosis include decreased weight gain and reproductive performance.  Economic losses of $600 million annually due to tall fescue toxicosis are probably underestimated (Allen and Segarra, 2001).  


Tall fescue and other cool season forages are high quality during the early spring and fall (Beck et al., 2006).  During the summer months most of these grasses are unproductive (Anderson and Matches, 1983).   Studies have shown that native warm-season grasses in pure stands can provide large amounts of high quality forage during the summer when cool season forages are essentially dormant (Rountree et al., 1974).  Tall fescue makes nearly 60 percent of its production before June 1.  This leaves very little forage to be produced during the warmer summer months.  In contrast, native warm-season grasses make nearly 70 percent of their growth between June 1 and September 1.  The production of forage by  native warm-season grasses fills the gap during the heat of summer left by tall fescue and other cool-season grasses (Rountree et al., 1974).  

Switchgrass

Switchgrass (Panicum virgatum L.) is an erect, warm-season perennial whose native range originally included the prairies, open woods, brackish marshes and pinewoods of most of North America except areas west of the Rocky mountains and north of 55°N lat (Moser et al., 2004).  Beef cattle graze switchgrass from the top of the canopy, defoliating the plants as they go.  Switchgrass stands can be damaged by overgrazing.  The plant needs time to replenish carbohydrate reserves in tissues or there is a risk of losing the stand if it is grazed too closely (Moser et al., 2004).  Beef cattle gains in switchgrass range from 1.1 kg/day in the spring to .9 kg/day in the summer (Burns et al., 1984)  Switchgrass is a viable and high performing forage when managed correctly.

Big Bluestem

Big bluestem (Andropogon gerardii Vitman) is found throughout the tallgrass prairie region of the plains grassland of North America.  It is distributed from New Brunswick and Quebec, west to Alberta and south to Florida, Arizona and northern Mexico (Moser et al., 2004).  Big bluestem is an erect perennial.  Development is rapid and by the first of June, leaves are 20 to 40 centimeters high.  By late summer, foliage reaches a height of .6 to .9 meters (Weaver, 1954).  Big bluestem is the best native warm-season grass for pasture and hay.  It is highly palatable, nutritious and preferred by cattle.  Unless it is managed properly, it will be replaced by invasive species (Weaver, 1954).  When properly managed, big bluestem pastures deliver adequate gain to grazing cattle.  A 3 year study by Mitchell and coworkers (2005) revealed that average daily gain by cattle ranged from 1.2 to 1.9 kg/day.

Indiangrass

Indiangrass (Sorghastrum nutans L.) is a tall coarse grass with water requirements and growth patterns very similar to big bluestem (Weaver, 1954).  Indiangrass may form sod patches or grow in bunches.  It is indigenous to the Americas, with a range from southern Mexico to east-central Canada (Stubbendieck et al., 1997).   It is found in clumps within patches of big bluestem sod.  This results from tillering  under severe competition (Weaver, 1954).  It is almost always seeded in a mixture with other native warm-season grasses, most often big bluestem.  An advantage of combining big bluestem and indiangrass is that indiangrass matures later in the season.  Grazing cattle will have a higher quality forage to graze for a longer period of time (Moser et al., 2004).  Indiangrass is suitable for grazing or making hay, it ranks almost as high as big bluestem in palatability.  When cut before flowering, it is readily eaten by livestock (Weaver, 1954).  In one of the few studies reporting animal performance of cattle grazing indiangrass, Krueger and coworkers (1979) reported that beef cattle gained 1.08 kg/day when grazing indiangrass.  

Eastern Gamagrass

Eastern Gamagrass (Tripsacum dactyloides  L.) is a bunch type perennial grass with potential for efficient dry matter production (Burns et al., 1992).  Eastern gamagrass occurs from Massachusetts to Nebraska through Kansas, Oklahoma and Texas into northeastern Mexico and Eastward to the Atlantic and Gulf coasts (Moser et al., 2004).  It is an adaptive species, with strains occurring in prairies, coastal plains, semi-arid regions, deep sandy soils, rocky soils, river banks and open forests (Moser et al., 2004).  Eastern gamagrass is a new world, native warm-season grass that has been recognized as highly productive and palatable (Bidlack et al., 1999).  Eastern gamagrass initiates growth in the spring before most other warm-season grasses.  It can be grazed when other grasses are at a critical growth stage (Moser et al., 2004).  Cattle grazing eastern gamagrass during a summer season gained .82 kg/day (Burns et al., 1992).  When used in a rotation with other warm-season grasses, grazing eastern gamagrass early and then rotating to another warm-season grass, producers should see more production and sustained growth in their cattle.

Nutritive Value

The nutritive value of a forage largely determines ruminant animal performance through digestible energy, crude protein, vitamins and minerals (Burns, 2009).  The term forage quality is sometimes considered one and the same with nutritive value, as they are both applied to the relationship between nutritional characteristics of forage and the animal’s production (Burns, 2009).  Forage quality is sometimes used to explain the relationship between forage characteristics and how an animal responds.  Nutritive value describes the relationship between the chemical features of the plant to nutrient utilization without regards to factors such as intake and quality.  Both forage quality and nutritive value should be considered to evaluate animal performance (Burns, 2009).  
In early growth, forage has low yield but high nutritive value, conversely as the forage matures the yield increases while nutritive value decreases.  Dry matter intake, dry matter digestion and digestible dry matter intake have negative non-linear relationships with maturity (Ademosum et al., 1968; Burns et al., 1997).  As the forage plant matures, cellulose, hemicelluloses, NDF, ADF and crude protein digestibility decrease (Burns et al., 1997).  To be successful in grazing forages, especially native warm season grasses, whose fiber contents increase as they mature, proper management should be utilized to keep it in a vegetative state.  If successful, grazing such forages can be beneficial and provide adequate gains during summer months.

C3 and C4 Grasses

Cool-season grasses are C3 grasses.  Their growing season is in the spring and fall of the year.  Compared to C4, or warm-season grasses, their light and temperature requirements are lower and their moisture requirements are higher.  C3 grasses are so called because of the chemical breakdown of carbon dioxide into phosphoglyceric acid, a three carbon molecule 
 ADDIN EN.CITE 

(Ehleringer and Monson, 1993; Robinson et al., 2006)
.  The plant takes in carbon dioxide and through a series of reactions inside the plant tissue, photorespiration is achieved.  The photorespiration process of C3 plants reduces overall plant photosynthesis efficiency (Ehleringer and Monson, 1993).  Decreased light and temperature as well as increased water requirements of C3 grasses enable them to thrive in the spring and fall of the year when ambient temperatures and sunlight are not as intense and moisture is more prevalent compared to the summer.  Although they are not as efficient as C4 grasses in photosynthetic activity, there are C3 species in existence that posses photosynthetic rates that equal C4 grasses(Ehleringer, 1978).  C4 grasses are so called because of the four carbon molecule, oxaloacetate, which is formed as the result of carboxylation reactions (Ehleringer and Monson, 1993). The majority of the growing season of C4 grasses is in the summer, when ambient temperatures and sunlight are most abundant. The carboxylation cycle in C4 plants is the same as in C3 with a change in the expression of the C3 cycle to form a four carbon end-product. The C3 cycle occurs in C4 plants, but in restricted parts of the plant; specifically in the bundle sheath cells (Ehleringer and Monson, 1993).  By restricting the cycle to the bundle sheath cells, the inefficiencies of photorespiration are overcome.  C4 plants are around 40% more efficient than C3 in terms of carbon accumulation (Samson et al., 2005).  Efficiency in carbon accumulation amounts to less energy required to make the same product.  C3 and C4 grasses are especially important in Tennessee and the mid-South.  The mid south is unique in that it is located in the humid transition zone (Thompson et al., 1993) where cool- and warm-season grasses are successfully cultivated.  The cool, moist springs and typically hot, dry summers lend themselves to a cattle producer having both types of grasses available for production of forage or hay.  The importance of having a mix of both C3 and C4 grasses is demonstrated when allocating forage resources for an animal production system such as raising cattle.  The goal for any producer is to minimize supplemental feeding throughout the growing season.  By having a complimentary mix of C3 and C4 grasses on hand, the animal grazing season will be lengthened dramatically versus having just one type of grass.

Biofuels


Renewable biofuels have been projected as the future of the bioenergy industry; a pathway to reduce fossil fuel dependency and reduce greenhouse gas emissions (Sanderson and Adler, 2008; Schmer et al., 2008).  Previous generation biofuels have centered on annual grain crops; a transition towards renewable bioenergy crops has led to perennial biomass crops as a producer of biofuels 
 ADDIN EN.CITE 

(Sanderson and Adler, 2008; Sanderson et al., 2006)
.  Perennial biomass crops have replaced annual grains because they require fewer inputs, produce more energy and result in less environmental side effects than annual grain crops. Intensive research funded by the U.S. Department of Energy in the 1990s established the groundwork for the development of dedicated biofuels systems based on switchgrass (Sanderson et al., 2006).  Relying on switchgrass as a monoculture to lead the biofuels industry could be risky because of insect, disease and marginal performance on differing soil types. Developing paddock mixes with switchgrass and other highly productive C4 grasses such as big bluestem, indiangrass and eastern gamagrass could prove to be beneficial.  Planting a mix of perennial biomass crops, specifically NWSG, may help in disease and insect control (Grabowski et al., 2004; Samson and Omielan, 1992).  Furthermore, mixtures of NWSG could lead to higher yields, less year to year variability of yields and increased production throughout the growing period (Trenbath, 1974).  Pasture mixes of NWSG are especially suited to a cattle producer grazing these forages and then trying to harvest them as a biofuels crop, a modified two cut system.  Instead of mechanically harvesting the forage early in the summer cattle would graze a short period of time and then the forage would rest until the first killing frost before being harvested for biomass. Traditional two cut biomass systems yield ranged from 5.51 – 6.57, 5.91 – 6.77 and 5.49 – 5.73 Mg/ha for switchgrass, big bluestem and indiangrass respectively (Hall et al., 1982).  Lee and co-workers (2009) reported switchgrass and big bluestem biomass yields from 4.1 – 6.2 and 2.6 – 4.8 Mg/ha respectively. A multi-state switchgrass study reported that two cut biomass total yields for switchgrass ranged from 13.4 to 21.3 Mg/ha (Fike et al., 2006).  A three year, three cut study reported that eastern gamagrass yields range from 3.7 – 12.7 Mg/ha (Brejda et al., 1996). The variability in yield data in studies reported can likely be accounted for in differing temperate and physiogeographical zones.  Soil fertility and management as well as species selected are also factors.
Animal Unit

The term animal unit (AU) is commonly used in grazing management strategies, particularly in the plains regions of the United States.  Before animal units there were “cow-days,” precursors to the AU mentioned as early as 1907 (Scarnecchia, 1985).  There are many current definitions of AU, but they all have one underlying factor; the defined forage intake of a standard animal.

Associated terminologies of AU include animal unit days (AUD), animal unit months (AUM) and animal unit years (AUY).  An AUD refers to the amount of dry forage consumed by one animal unit per 24 hour period (Allen et al., 2011; Committee, 1991).  An AUM is the monthly dry forage intake of a standard animal unit and an AUY is the yearly dry forage intake of a standard animal unit.  Much discussion of a standard livestock unit has been reported 
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(Allen et al., 2011; Committee, 1991; Scarnecchia, 1985; Scarnecchia and Kothmann, 1982; Vallentine, 1965)
, Allen and co-workers (2011) define a standard animal unit as “one mature, non-lactating bovine (middle third of pregnancy) weighing 500 kg and fed at a maintenance level for zero gain (8.8 kg dry matter d-1 : NRC (1984) or the equivalent expressed as (weight)0.75.” 

While many variations of animal units and the different ways to express time exist, they all hinge off of the intake of a standard animal unit, which is where the grey area begins to appear. The system in place works well or it wouldn’t have lasted for more than a century, however some minor changes could be made to standardize the model and have all research comparable.

.

CHAPTER III

Materials and Methods
General Procedures


Very little grazing research has been done to measure animal performance of native warm-season grasses (NWSG) in the mid-South.  The state of Tennessee is very unique in that many different physiogeographic regions of the mid-south can be captured in one state.  The locations of Research and Education Centers throughout the state afford researchers opportunities to conduct experiments in a variety of differing soil topographies and temperate zones.  Ames Plantation Research and Education Center(APREC) located near Grand Junction, TN (35°6’N, 89°13’W) and Highland Rim Research and Education Center(HRREC) located near Springfield, TN (36°28’N, 86°50’W) were the study sites selected for two grazing studies. In late spring 2008, three NWSG species combinations were established at the two Research and Education Centers across Tennessee.  Grazing of NWSG began in late spring 2010 for year one and late spring 2011 for year two. Three NWSG combinations were planted in late spring 2008; 1) switchgrass (SG), 2) big bluestem/indiangrass combination (BB/IG) and 3) eastern gamagrass (EG).  Additionally, there were two grazing treatments used on each NWSG; 1) early season grazing and 2) full season grazing.  Early season grazing lasted 30 days beginning each May and was designed to graze the high quality early growth of forage and allow the regrowth to accumulate for a biofuels harvest in the fall.  Full season grazing was designed to provide the maximum grazing days from early may through the summer.

Establishment of Paddocks

Before initiation of this study all paddocks were predominantly tall fescue.  In the fall of 2007, paddock sites were clipped with a rotary mower and after appropriate regrowth (> 15 cm), were treated with glyphosate (4.7 L/ha) to control cool-season grass and weed competition.  A final glyphosate treatment (2.3 L/ha) was applied in April 2008 in preparation for planting. Paddocks receiving BB/IG treatment were sprayed with imazapic (585 ml/ha) to control competition in the establishment year.  While there are herbicides labeled for SG, best results have shown that a pre-emergent application is most suitable and does the least damage to the plant.  Post-emergent applications have to be applied after three or four leaves are present to prevent damage to the young plant.  A no-till drill was used to plant each SG and BB/IG paddock and a corn planter was used to plant EG in 2008. Seeding rates were 6.72 kg PLS (pure live seed)/ha, 10.08 kg PLS/ha and 13.44 kg PLS/ha for SG, BB/IG and EG respectively. Cultivars of NWSG grass used were; 1) Alamo switchgrass, 2) OZ-70 big bluestem/Rumsey indiangrass and 3) Highlander eastern gamagrass.  Big bluestem/indiangrass combinations were planted in a blend of 65% big bluestem and 35% indiangrass. Soil samples were taken from paddocks in 2010 and 2011; amendments were made in April of each year on recommendations from soil test results.  Paddocks were not fertilized during establishment in the attempt to not encourage growth of competitive species.
Experiment 1: Ames Plantation Research and Education Center


The forage species planted at APREC were SG, BB/IG and EG.  Each forage treatment was replicated three times per grazing treatment for a total of 18 (1.2-ha) paddocks.  In the spring of 2010 and 2011 paddocks were burned to remove residual biomass from the previous year.    In 2010, grazing began on May 28.  Early season grazing concluded on June 28 for all paddocks and full season grazing concluded on August 9, July 26, and August 30 for SG, BB/IG and EG respectively.  In 2011 grazing began on May 4 on all paddocks.  Early season grazing concluded on June 6 and full season grazing concluded on August 9 for all paddocks.

Experiment 2: Highland Rim Research and Education Center


The forage species planted at HRREC were SG and BB/IG.  Each forage treatment was replicated three times per grazing treatment for a total of 12 (1.2-ha) paddocks. A pilot grazing study was conducted in 2009 with reduced stocking rate to avoid overgrazing young stands. Full stocking rate was applied to paddocks in 2010.  In the spring of 2010 and 2011 paddocks were clipped to a height of 20cm with a rotary mower to remove residual biomass from the previous year. In 2010, grazing began on May 7.  On all paddocks early season grazing concluded on June 7 and full season grazing concluded on August 9.  In 2011, grazing began on May 6 on all paddocks.  Early season grazing concluded on June 6 and full season grazing concluded on August 29 for all paddocks. 

Grazing Animals


Tennessee Livestock Producers (Columbia, TN) provided 239 steers in 2010 and 260 steers in 2011 for use in both projects.  Mean initial weight of steers in 2010 was 269 ± 12kg and 262 ± 13kg in 2011. Before arriving at research and education centers, the steers were backgrounded for 42 days at the Tennessee Livestock Producers cattle location to alleviate symptoms of marketing and shipping stress. The animals that were used in this study were m1 and m2 grade beef steers, predominantly all black hided with some continental breed influenced steers being present.  Steers were received at each research and education center at least one week prior to the initiation of grazing. Five-d before turning steers into grazing paddocks, steers were put onto a high fiber equilibration ration.  The purpose of the equilibration ration is to adjust for individual animal gut fill and to reduce the affects of variation in gut fill on animal weight. The equilibration ration was fed at 2.25% BW on an as fed basis; it consisted of cottonseed hulls, soyhulls, citrus pulp, distillers dried grains and molasses and contained 12.9% crude protein and 27.2% crude fiber.  Steers were fed this ration for 4-d before grazing and 4-d after grazing.  Steer weights were taken on d-4 and d-5 during the feeding of the equilibration ration.  The average of d-4 and d-5 before and after grazing was used to calculate initial and final weights.  In each paddock a core group of four tester steers was assigned.  Tester steers were selected based on weight and randomly assigned to paddocks.  The tester steers assigned to each paddock were similar in weight and body size.  Performance of testers was the basis of calculating pasture performance (ADG, beef/ha, AUD). A put-and-take grazing strategy was implemented.  Put-and-take grazing is the closest thing to rotational grazing in a research setting.  A true rotational grazing strategy has animals rotating from one pasture to another.  True animal performance may be distorted because of compensatory gains achieved when rotating pastures.  A put-and-take grazing strategy offsets that compensatory gain by keeping a set number of animals grazing the forage at all times, but having the ability to put animals on or take animals off depending on the growth of the forage to keep it vegetative. The core group of four testers grazed the paddock.  When forage growth was high, extra steers were added to paddocks and extra steers were taken off once the animals had grazed the forage down.  Number of days grazed for extra cattle was recorded for the calculation of animal unit days (AUD). All animal care was in accordance with UT-IACUC Protocol No. 1264 approved on March 30, 2006 by the Institutional Animal Care and Use Committee.  All grazing animals were provided a general cattle mineral free choice and each paddock had adequate shade structures.
Data Collection


Steers on full season grazing treatments were weighed every 28-d throughout the grazing.  Early season steers were weighed at the onset and conclusion of grazing.  Stocking rates were adjusted as needed to keep forage vegetative.  Target forage heights during early season grazing were 20 cm and full season grazing target heights were 38cm. Paddocks were clipped (10 clippings per 1.2 ha paddock, 0.25 m2 @ 2.54 cm height with gasoline powered hedge trimmers) to determine forage availability. Forage heights and weights of all ten samples were taken in each paddock and one random sample was dried at 55°C for 24 hours.  Dry weights were used to estimate forage availability for each paddock.  Nutrient composition was determined by grinding dried sample to pass a 2mm screen in a Wiley Mill. The samples were then subsequently ground to pass a 1mm screen in a UDY Cyclone Mill.  Calibration equations for Near-Infrared Reflectance Spectroscopy (NIR) on (FOSS NIR Systems, Model 5000) were developed based on nutrient composition of a sub-set of forage samples taken in 2010.  Twenty SG, 20 BB/IG and 14 EG samples were selected at random and analyzed for dry matter (DM), ash, acid detergent fiber (ADF), neutral detergent fiber (NDF), In-Vitro True Digestibility (IVTD), crude protein (CP) and Nitrogen (N) by the Dairy One Forage Testing Lab (Ithaca, NY 14850). 

Data Calculations


Average daily gain was calculated on a per paddock basis using the four testers assigned to each paddock.  The formula ((total tester weight gain (kg)/total tester grazing days) = ADG) was used to calculate ADG for both early and full season grazing paddocks.  To calculate beef/ha paddock ADG was multiplied by total paddock grazing days, this included tester and extra grazing days.  Animal unit days were calculated by summing total steer grazing days per paddock and multiplied by .68.Percent DM of each paddock was calculated using the random sample dried at 55°C for 24h (% DM=wet sample weight (g)/dry sample weight (g)).  Mean dry weight (g/.25m2) was calculated by taking the ten sample weights from each paddock, averaging them, and then multiplying them by the calculated DM of the paddock.  Upon calculating mean dry weight of the paddock, values were then multiplied by forty to transform from   g/.25m2 to kg/ha from of available forage.

Near Infrared Spectroscopy


Calibration of the NIR was accomplished by running routine diagnostics to ensure that the diagnostic tests were available and still applicable. After the tests were passed and the internal standardization set, samples were analyzed.  The samples that underwent wet chemistry by Dairy One were scanned into the NIR.  The ground forage samples were placed into transport cups with enough sample to completely cover the glass face of the cup.  Upon completion of scanning samples, NIR and wet chemistry nutrient values were used to modify the FOSS 5000 hay equation to fit the spectra of SG, BB/IG and EG respectively.  The equation was created to include values for DM, ash, ADF, NDF, IVTD and CP.

Wet Chemistry


Samples that were sent to Dairy One were analyzed for DM, ash, ADF, NDF, IVTD and CP.  Dry matter analysis was accomplished by drying in a forced air oven at 60°C for 4 hours and then using NIR methods approved by AOAC 991.01.  Ash was analyzed according to AOAC Method 942.05. Acid Detergent Fiber was analyzed using ANKOM Technology (ANKOM Technology, 2052 O’Neil Road, Macedon, NY 14502) Method 5 – Acid Detergent Fiber in Feeds – Filter Bag Technique for A200.  Solutions were the same as AOAC 973.18 (C).   Samples were individually weight at 0.5g into filter bags and digested for 75 minutes as a group of 24 in 2L of ADF solution in an ANKOM A200 Digestion Unit.  Samples were rinsed three times with boiling water for 5 minutes in filter bags followed by a 3 minute acetone soak and dried at 100°C for 2 hours.  Neutral Detergent Fiber was analyzed using ANKOM Technology Method 6 – Neutral Detergent Fiber in Feeds – Filter Bag Technique for A200.  Solutions were the same as Journal of Dairy Science 74:3583-3597.  Samples were individually weighed at 0.5g into filter bags and digested for 75 minutes as a group of 24 in 2L of NDF solution in an ANKOM A200 Digestion Unit.  Four ml of Alpha Amylase and 20g sodium sulfite were added at the start of digestion.  Samples were rinsed three times with boiling water for 5 minutes.  Alpha Amylase was added to the first two rinses.  Water rinses were followed by a 3 minute acetone soak and dried at 100°C for 2 hours.  In-Vitro True Digestibility was analyzed using ANKOM Technology Method 3 – IVTD using the Daisy Incubator (ANKOM Technology, 2052 O’Neil Road, Macedon, NY 14502).  Rumen fluid was collected from a TMR fed, high producing, lactating cow.  Dry, ground samples (0.25g; 1mm particle size) were incubated in a Van Soest buffer/rumen fluid mixture for 48 hours under anaerobic conditions at 39°C.  After incubation, samples were extracted using NDF procedure to remove bacterial contamination.  The residue was undigested fibrous material and was used to determine IVTD.  Crude Protein and Nitrogen were analyzed using a Leco FP-528 Nitrogen Analyzer (Leco Corporatoin, 300 Lakeview Avenue, St. Joseph, MI 49085) following guidelines in AOAC 990.03.  

Weather


Daily weather data information was obtained from weather stations located on Ames Plantation Research and Education Center and Highland Rim Research and Education Center. Maximum and minimum daily air temperatures as well as cumulative rainfall were recorded for each month that the experiments were conducted.

Experimental Design and Statistical Analysis


The experiments were conducted over two years (2010, 2011) in a two factor completely randomized design with repeated measures. Data were analyzed using mixed models in SAS 9.3 (SAS Institute, Cary, N.C.)  Experimental unit was defined as one 1.2 ha paddock.  Fixed effects were grazing season (early or full) and forage species (SG, BB/IG, EG) treatment for ADG, beef/ha, available forage/biomass, nutrient composition and animal unit days (AUD).  
CHAPTER IV 
Results and discussion
Experiment 1: Ames Plantation Research and Education Center

Average daily gains in the early season grazing treatment for SG and BB/IG pastures were higher than EG gains in 2010 and 2011 (P< 0.05) (Table A1). Switchgrass gains increased from 0.97 kg/day to 1.28 kg/day (P< 0.05).  Big Bluestem and Indiangrass combination did not differ in early season 2010 and 2011 with gains of 0.97 and 1.28 respectively.  Eastern gamagrass ADG stayed constant at 0.77 kg/day in 2010 and 0.78 kg/day in 2011 respectively.  Full Season ADG for SG and EG did not differ with gains of 0.60 and 0.42 kg/day for SG and 0.51 and 0.29 kg/day for EG respectively.  Full season ADG for BB/IG decreased from 2010 to 2011 (P< 0.05), with ADG in 2010 of 0.95 kg/day and 0.58 kg/day in 2011.  

Beef production per hectare in the early season grazing treatment did not differ in 2010 (P> 0.05) with means of 196, 210 and 181 kg/ha for SG, BB/IG and EG respectively (Table A2).  Switchgrass beef production in 2011 was higher (P< 0.05) than BB/IG and EG.  Beef production of BB/IG and EG did not differ.  Beef production in early season 2011 was 384, 271 and 247 for SG, BB/IG and EG respectively.  Full season EG differed from SG in 2010 (P< 0.05) with beef production of 279 and 196 kg/ha for EG and SG respectively.  In full season 2011 grazing treatment, SG differed from both BB/IG and EG (P< 0.05) with means of 306, 231 and 211 kg/ha for SG, BB/IG and EG respectively.  

Animal unit days in early season grazing treatment 2010 did not differ (P> 0.05) with means of 143, 137 and 178 for SG, BB/IG and EG respectively (Table A3).  In 2011 AUD for SG and EG differed from BB/IG (P< 0.05) with means of 211, 145 and 226 for SG, BB/IG and EG respectively.  Full Season grazing treatment AUD in 2010 differed (P< 0.05) with means of 236, 193 and 396 for SG, BB/IG and EG respectively.  Switchgrass and EG AUD differed from BB/IG in full season 2011 with means of 525, 293 and 509 for SG, BB/IG and EG respectively.

The differing ADG, beef/ha and AUD values from 2010 and 2011 were influenced by a host of factors, both environmental and management related. In 2010 grazing was delayed due to fence in paddocks being constructed.  The delay allowed forages to mature and in turn lower protein concentrations (Table A8) and IVDMD (Table A7) as well as higher ADF (Table A5) and NDF (Table A6) values were seen.  Steers were put out onto pastures that were approaching maturity in 2010.  Due to abundant forage growth (Table A10) and no available testers, heifers were put into paddocks with steers to help control the forage.  They did not affect ADG of the steers as there was abundant forage.  Animal unit days were corrected to reflect a different size animal grazing during that time period.  Heifers were assigned 0.84 animal unit for the time that they grazed.  In 2011, grazing commenced three weeks earlier than the year before and the animals were able to capture more of the high quality nutrients.  From 2010 to 2011, stocking rate in all pastures was increased to handle the extreme growth that occurs in the forage.  Increased stocking rate in 2011 was a result of excessive unused forage in 2010.  Early and Full season paddocks were stocked heavier, and for longer in the case of FS.  One full season BB/IG paddock was re-sown due to a partial stand failure and roped off.  Before grazing commenced in 2010 and 2011 all pastures were burned and fertilized according to soil test.  


In 2011 all steers were treated for pinkeye, this may have been a factor in the gains.  Weather played a factor in the performance of not only the animals, but the pastures as well. Figures A1 and A2 describe the rainfall and mean temperature during each year of the experiment.  Mean high temperatures approached 35°C in the heat of the summer.  Full season grazing treatment in 2011 experienced very high temperatures compounded by a summer long drought. The animals spent a large part of the day under shade structures to avoid the heat.  Heavy rains early in the spring and minimal rain and high temperatures gave little relief to the pastures or the animals during the trial.  

CHAPTER V 
Results and Discussion
Experiment 2: Highland Rim Research and Education Center

Average daily gain in early season 2010 differed (P< 0.05) with ADG of 1.04 and 1.27 for SG and BB/IG respectively (Table A11).  Early Season 2011 ADG did not differ between SG and BB/IG with gains of 0.68 and 0.90 for SG and BB/IG respectively.  Switchgrass ADG increased from early season 2010 to 2011 while BB/IG decreased (P> 0.05).  Full Season 2010 ADG did not differ between SG and BB/IG; gains were 0.90 and 1.10 respectively.  Full Season 2011 ADG did not differ with gains of 0.70 and 0.79 for SG and BB/IG respectively.  

Beef production for early season 2010 and 2011 did not differ among forage species (P> 0.05).  Beef production for SG in 2010 and 2011 was 227 and 180 kg/ha; BB/IG beef production in 2010 and 2011 was 232 and 177 kg/ha (Table A12).  Full Season beef production in 2010 did not differ between SG and BB/IG with means of 452 and 420 kg/ha.  Full season 2011 SG differed from BB/IG (P< 0.05) with means of 506 and 353 respectively.  


Animal units in the early season grazing treatment for 2010 and 2011 did not differ.  Switchgrass AUD were 150 and 181 in 2010 and 2011 while BB/IG AUD were 126 and 136 for 2010 and 2011 respectively (Table A13).  Full season 2010 AUD for SG differed from BB/IG (P< 0.05) with means of 347 and 262 for SG and BB/IG respectively.  Full season 2011 AUD means for SG were higher than BB/IG (P< 0.05) with means of 482 and 307 for SG and BB/IG respectively.


As in experiment one, the differing ADG, beef/ha and AUD values from 2010 and 2011 were influenced by a host of factors, both environmental and management related.  The inability to burn research paddocks at Highland Rim Research and Experiment Station may have impacted the grazing behavior of research cattle.  Paddocks were clipped with a rotary mower to 20cm in the early spring.  Residual stubble may have played a part in the grazing behavior of cattle, as they were not able to consume the new growth within the stubble due to old stalks being present.  Nutrient composition of forages may have been impacted due to the residual stubble. The values for ADF (Table A15), NDF (Table A16), IVDMD (Table A17) and Protein (Table A18) may have been slightly skewed due to the residual stubble being included in the forage sample.
Due to abundant forage growth (Table A20) and no available testers, cows were put into paddocks with steers to help control the forage in 2010.  They did not affect ADG of the steers as there was abundant forage.  Animal unit days were corrected to reflect a different size animal grazing during that time period.  Cows were assigned 1.0 animal unit for the time that they grazed.  From 2010 to 2011, stocking rate in all pastures was increased to handle the extreme growth that occurs in the forage.  Increased stocking rate in 2011 was a result of excessive unused forage in 2010.  Early and Full season paddocks were stocked heavier, and for longer in the case of FS.  One FS SG pasture and a portion of another were replanted due to low stand persistence.  All pastures were fertilized according to soil tests, and invasive weeds were spot sprayed to help control them.

Weather played a factor in the performance of not only the animals, but the pastures as well. Figures A3 and A4 describe the rainfall and mean temperature during each year of the experiment.  Mean high temperatures approached 35°C in the heat of the summer.  Full season grazing treatment in 2011 experienced very high temperatures compounded by a summer long drought. The animals spent a large part of the day under shade structures to avoid the heat.  Heavy rains early in the spring and minimal rain and high temperatures gave little relief to the pastures or the animals during the trial.  
Conclusion

The ability of NWSG to provide suitable summer forage in the mid-south was demonstrated in this two year, two location grazing study.  Cattle performance suggests that native warm-season grasses may be a real alternative to perennial or summer annual grasses commonly found in Tennessee and the mid-south. Proper management must be used when grazing, as experienced in the two trials.  The abundance of growth that occurs in late spring must be dealt by increasing stocking rate in order to keep animal and pasture performance at an acceptable level.  
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APPENDICIES
APPENDIX A
TABLES
	Table A1.  Least squares means for average daily gain (kg/day) at Ames Plantation Research and Education Center during 2010, 2011 1,2

	
	
	

	
	
	2010
	
	2011

	Grazing Treatment3
	Forage4
	
	
	

	Early Season
	
	
	
	

	
	SG
	0.97BC
	
	1.28A

	
	BB/IG
	1.08AB
	
	1.28A

	
	EG
	0.77CD
	
	0.78CD

	Full Season
	
	
	
	

	
	SG
	0.60DE
	
	0.42EF

	
	BB/IG
	0.95BC
	
	0.58DE

	
	EG
	0.51EF
	
	0.29F


1ADG calculated as (PEW-PIW/d); where PEW = pasture end weight; PIW = pasture initial weight; and d = days in period

2Means within columns and rows with no common letter differ (P < 0.05) 

3Early season = 30d of grazing from May – June; full season = around 100d of grazing from May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination; EG = eastern gamagrass

	Table A2.  Least squares means for beef production per hectare (kg/ha) at Ames Plantation Research and Education Center during 2010, 2011 1,2

	
	
	

	Grazing Treatment3
	Forage4
	2010
	
	2011

	Early Season
	
	
	
	

	
	SG
	196E
	
	384A

	
	BB/IG
	210CDE
	
	271BCD

	
	EG
	181E
	
	247BCDE

	Full Season
	
	
	
	

	
	SG
	196DE
	
	306B

	
	BB/IG
	253BCDE
	
	231CDE

	
	EG
	279BC
	
	211CDE


1Beef/ha calculated as (PADG*total grazing days per paddock); where PADG = pasture ADG; and grazing days per paddock = sum of tester and extra grazing days
2Means within columns and rows with no common letter differ (P < 0.05) 

3Early season = 30d of grazing from May – June; full season = around 100d of grazing from May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination; EG = eastern gamagrass

	Table A3.  Least squares means for animal unit days per hectare at Ames Plantation Research and Education Center during 2010, 2011 1,2

	
	
	

	Grazing Treatment3
	Forage4
	2010
	
	2011

	Early Season
	
	
	
	

	
	SG
	143G
	
	211DEF

	
	BB/IG
	137G
	
	145G

	
	EG
	178FG
	
	226DE

	Full Season
	
	
	
	

	
	SG
	236D
	
	525A

	
	BB/IG
	193EF
	
	293C

	
	EG
	396B
	
	509A


1Animal Unit Days calculated as (total steer grazing days*0.68) + (total heifer grazing days*0.84) + cow grazing days
2Means within columns and rows with no common letter differ (P < 0.05) 

3Early season = 30d of grazing from May – June; full season = around 100d of grazing from May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination; EG = eastern gamagrass

	Table A4.   Least squares means for November biomass yield (kg/ha) at Ames Plantation Research and Education Center during 2010, 2011 1

	
	

	Forage2
	2010
	
	2011

	
	
	
	

	SG
	8,246AB
	
	9,689AB

	BB/IG
	8,118B
	
	9,902AB

	EG
	8,878AB
	
	11,001A


1Means within columns and rows with no common letter differ (P < 0.05) 

2SG = switchgrass; BB/IG = big bluestem/indiangrass combination; EG = eastern gamagrass

	Table A5.  Least squares means for forage acid detergent fiber content at Ames Plantation Research and Education Center during 2010, 2011 1

	
	
	
	Period 12
	
	Period 2
	
	Period 3
	
	Period 4

	Grazing Treatment3
	Forage4
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011

	Early Season
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	37.63CD
	38.87BCD
	
	51.73AB
	47.23CD
	
	-------
	-------
	
	-------
	-------

	
	BB/IG
	
	39.27BCD
	40.87ABC
	
	51.07AB
	46.33DE
	
	-------
	-------
	
	-------
	-------

	
	EG
	
	42.93A
	40.70ABC
	
	51.83AB
	47.93CD
	
	-------
	-------
	
	-------
	-------

	Full Season
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	36.10D
	40.33ABC
	
	49.23BC
	45.90DE
	
	52.53AB
	48.73BC
	
	51.63A
	50.73A

	
	BB/IG
	
	39.17BCD
	38.97BCD
	
	49.77BC
	43.97E
	
	52.00AB
	47.07C
	
	-------
	52.00A

	
	EG
	
	40.60ABC
	41.93AB
	
	52.63A
	47.17CD
	
	56.03A
	47.27C
	
	53.17A
	51.60A


1Means within period with no common letter differ (P < 0.05) 
2Sampling period one was conducted at the onset of grazing, sampling period two: 30d after onset of grazing, sampling period three: 60d after onset of grazing and sampling period four at the conclusion of grazing in 2010, 2011
3Early season = 30d of grazing from May – June; full season = around 100d of grazing from May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination; EG = eastern gamagrass

	Table A6.  Least squares means for forage neutral detergent fiber at Ames Plantation Research and Education Center during 2010, 20111

	
	
	
	Period 12
	
	Period 2
	
	Period 3
	
	Period 4

	Grazing Treatment3
	Forage4
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011

	Early Season
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	60.87EF
	66.13CD
	
	82.03C
	74.27D
	
	-------
	-------
	
	-------
	-------

	
	BB/IG
	
	65.50DE
	67.30BCD
	
	82.87BC
	73.73D
	
	-------
	-------
	
	-------
	-------

	
	EG
	
	72.60A
	70.60ABC
	
	86.67AB
	80.37C
	
	-------
	-------
	
	-------
	-------

	Full Season
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	59.70F
	66.30CD
	
	79.33C
	73.33D
	
	83.97B
	77.70C
	
	82.37B
	81.40B

	
	BB/IG
	
	64.83DE
	66.60CD
	
	81.40C
	71.40D
	
	82.93B
	78.10C
	
	-------
	83.07B

	
	EG
	
	71.57AB
	73.27A
	
	88.10A
	79.30C
	
	92.37A
	79.50BC
	
	89.50A
	88.33A


1Means within period with no common letter differ (P < 0.05) 
2Sampling period one was conducted at the onset of grazing, sampling period two: 30d after onset of grazing, sampling period three: 60d after onset of grazing and sampling period four at the conclusion of grazing in 2010, 2011
3Early season = 30d of grazing from May – June; full season = around 100d of grazing from May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination; EG = eastern gamagrass

	Table A7.  Least squares means for forage in-vitro dry matter disappearance at Ames Plantation Research and Education Center during 2010, 20111

	
	
	
	Period 12
	
	Period 2
	
	Period 3
	
	Period 4

	Grazing Treatment3
	Forage4
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011

	Early Season
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	65.50BC
	63.90CD
	
	49.70H
	56.20DEF
	
	-------
	-------
	
	-------
	-------

	
	BB/IG
	
	74.80A
	72.93A
	
	64.57C
	68.50AB
	
	-------
	-------
	
	-------
	-------

	
	EG
	
	62.17CDE
	61.47DE
	
	53.03FGH
	56.60DE
	
	-------
	-------
	
	-------
	-------

	Full Season
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	68.67B
	62.80CDE
	
	53.43EFG
	56.97D
	
	48.80D
	54.80BC
	
	50.20D
	54.50BC

	
	BB/IG
	
	76.00A
	74.13A
	
	65.43BC
	69.90A
	
	63.43A
	67.77A
	
	-------
	67.30A

	
	EG
	
	64.07CD
	60.30E
	
	51.57GH
	57.33D
	
	50.50CD
	58.67B
	
	51.40CD
	57.73B


1Means within period with no common letter differ (P < 0.05) 
2Sampling period one was conducted at the onset of grazing, sampling period two: 30d after onset of grazing, sampling period three: 60d after onset of grazing and sampling period four at the conclusion of grazing in 2010, 2011
3Early season = 30d of grazing from May – June; full season = around 100d of grazing from May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination; EG = eastern gamagrass

	Table A8.  Least squares means for forage protein content at Ames Plantation Research and Education Center during 2010, 20111

	
	
	
	Period 12
	
	Period 2
	
	Period 3
	
	Period 4

	Grazing Treatment3
	Forage4
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011

	Early Season
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	15.37ABC
	10.83F
	
	5.43D
	8.73B
	
	-------
	-------
	
	-------
	-------

	
	BB/IG
	
	16.27A
	12.73DEF
	
	7.10C
	10.17A
	
	-------
	-------
	
	-------
	-------

	
	EG
	
	14.03ABCD
	13.43CDE
	
	7.13C
	9.83AB
	
	-------
	-------
	
	-------
	-------

	Full Season
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	16.23A
	10.97EF
	
	6.37CD
	9.37AB
	
	5.33D
	6.93BC
	
	5.93A
	5.40A

	
	BB/IG
	
	16.07AB
	13.50BCDE
	
	7.27C
	10.30A
	
	6.57CD
	8.67A
	
	-------
	6.10A

	
	EG
	
	15.53ABC
	12.67DEF
	
	6.13CD
	10.20AB
	
	5.33D
	8.30AB
	
	7.33A
	6.63A


1Means within period with no common letter differ (P < 0.05) 
2Sampling period one was conducted at the onset of grazing, sampling period two: 30d after onset of grazing, sampling period three: 60d after onset of grazing and sampling period four at the conclusion of grazing in 2010, 2011
3Early season = 30d of grazing from May – June; full season = around 100d of grazing from May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination; EG = eastern gamagrass

	Table A9.  Least squares means for forage ash content at Ames Plantation Research and Education Center during 2010, 2011 1

	
	
	
	Period 12
	
	Period 2
	
	Period 3
	
	Period 4

	Grazing Treatment3
	Forage4
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011

	Early Season
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	7.67AB
	5.20C
	
	4.90FG
	7.30BC
	
	-------
	-------
	
	-------
	-------

	
	BB/IG
	
	8.10A
	7.77AB
	
	6.67CDE
	8.30A
	
	-------
	-------
	
	-------
	-------

	
	EG
	
	8.23A
	7.77AB
	
	5.93E
	8.53A
	
	-------
	-------
	
	-------
	-------

	Full Season
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	7.77AB
	6.27BC
	
	4.80G
	7.23BCD
	
	4.20C
	5.57B
	
	4.63C
	4.70C

	
	BB/IG
	
	8.30A
	6.93AB
	
	6.27DE
	8.03AB
	
	6.03B
	5.77B
	
	-------
	7.57A

	
	EG
	
	7.97A
	7.33AB
	
	5.87EF
	8.50A
	
	5.67B
	7.37A
	
	5.87B
	6.43AB


1Means within period with no common letter differ (P < 0.05) 
2Sampling period one was conducted at the onset of grazing, sampling period two: 30d after onset of grazing, sampling period three: 60d after onset of grazing and sampling period four at the conclusion of grazing in 2010, 2011
3Early season = 30d of grazing from May – June; full season = around 100d of grazing from May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination; EG = eastern gamagrass

	Table A10.  Least squares means for available forage (kg/ha) at Ames Plantation Research and Education Center during 2010, 2011 1

	
	
	
	Period 12
	
	Period 2
	
	Period 3
	
	Period 4

	Grazing Treatment3
	Forage4
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011

	Early Season
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	2,775CDE
	3,006CD
	
	14,962A
	4,033D
	
	-------
	-------
	
	-------
	-------

	
	BB/IG
	
	2,789CDE
	2,525CDE
	
	11,372AB
	2,832D
	
	-------
	-------
	
	-------
	-------

	
	EG
	
	5,136B
	4,639B
	
	14,338A
	4,063D
	
	-------
	-------
	
	-------
	-------

	Full Season
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	2,095DE
	3,570BCD
	
	12,177AB
	5,340CD
	
	11,003A
	4,093BC
	
	11,085A
	3,677C

	
	BB/IG
	
	2,185DE
	1,401E
	
	9,390BC
	4,461D
	
	6,382B
	3,141C
	
	-------
	3,651C

	
	EG
	
	7,522A
	3,833BC
	
	12,202AB
	3,295D
	
	11,080A
	1,872C
	
	6,678B
	2,706C


1Means within period with no common letter differ (P < 0.05) 
2Sampling period one was conducted at the onset of grazing, sampling period two: 30d after onset of grazing, sampling period three: 60d after onset of grazing and sampling period four at the conclusion of grazing in 2010, 2011
3Early season = 30d of grazing from May – June; full season = around 100d of grazing from 
May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination; EG = eastern gamagrass

	Table A11.  Least squares means for average daily gain (kg/day) at Highland Rim Research and Education Center during 2010, 2011 1,2

	
	
	

	
	
	2010
	
	2011

	Grazing Treatment3
	Forage4
	
	
	

	Early Season
	
	
	
	

	
	SG
	1.04B
	
	0.68C

	
	BB/IG
	1.27A
	
	0.90BC

	Full Season
	
	
	
	

	
	SG
	0.90BC 
	
	0.70C

	
	BB/IG
	1.10AB
	
	0.79C


1ADG calculated as (PEW-PIW/d); where PEW = pasture end weight; PIW = pasture initial weight; and d = days in period

2Means within columns and rows with no common letter differ (P < 0.05) 

3Early season = 30d of grazing from May – June; full season = around 100d of grazing from May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination

	Table A12.  Least squares means for beef production per hectare (kg/ha) at Highland Rim Research and Education Center during 2010, 2011 1,2

	
	
	

	Grazing Treatment3
	Forage4
	2010
	
	2011

	Early Season
	
	
	
	

	
	SG
	227C
	
	180C

	
	BB/IG
	232C
	
	177C

	Full Season
	
	
	
	

	
	SG
	452AB
	
	506A

	
	BB/IG
	420AB
	
	353B


1Beef/ha calculated as (PADG*total grazing days per paddock); where PADG = pasture ADG; and grazing days per paddock = sum of tester and extra grazing days
2Means within columns and rows with no common letter differ (P < 0.05) 

3Early season = 30d of grazing from May – June; full season = around 100d of grazing from May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination

	Table A13.  Least squares means for animal unit days per hectare at Highland Rim Research and Education Center during 2010, 2011 1,2

	
	
	

	Grazing Treatment3
	Forage4
	2010
	
	2011

	Early Season
	
	
	
	

	
	SG
	150D
	
	181D

	
	BB/IG
	126D
	
	136D

	Full Season
	
	
	
	

	
	SG
	347B
	
	482A

	
	BB/IG
	262C
	
	307BC


1Animal Unit Days calculated as (total steer grazing days*0.68) + (total heifer grazing days*0.84) + cow grazing days
2Means within columns and rows with no common letter differ (P < 0.05) 

3Early season = 30d of grazing from May – June; full season = around 100d of grazing from May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination
	Table A14.   Least squares means for November biomass yield (kg/ha) at Highland Rim Research and Education Center during 2010, 2011 1

	
	

	Forage2
	2010
	
	2011

	
	
	
	

	SG
	11,482A
	
	9,513AB

	BB/IG
	7,583B
	
	7,380B


1Means within columns and rows with no common letter differ (P < 0.05) 

2SG = switchgrass; BB/IG = big bluestem/indiangrass combination

	Table A15.  Least squares means for forage acid detergent fiber content at Highland Rim Research and Education Center during 2010, 2011 1

	
	
	
	Period 12
	
	Period 2
	
	Period 3
	
	Period 4
	
	Period 5

	Grazing Treatment3
	Forage4
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011

	Early Season
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	39.10BC
	50.77A
	
	50.23A
	49.17A
	
	-------
	-------
	
	-------
	-------
	
	-------
	-------

	
	BB/IG
	
	41.77B
	41.17B
	
	48.13A
	47.77A
	
	-------
	-------
	
	-------
	-------
	
	-------
	-------

	Full Season
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	36.67C
	46.80A
	
	47.43A
	49.13A
	
	49.90A
	48.53A
	
	51.70A
	52.00A
	
	-------
	50.63B

	
	BB/IG
	
	41.50B
	48.73A
	
	49.10A
	48.53A
	
	48.80A
	48.00A
	
	51.23A
	50.13A
	
	-------
	53.50A


1Means within period with no common letter differ (P < 0.05) 
2Sampling period one was conducted at the onset of grazing, sampling period two: 30d after onset of grazing, sampling period three: 60d after onset of grazing, sampling period four: 90d after onset of grazing and sampling period five at the conclusion of grazing in 2010, 2011
3Early season = 30d of grazing from May – June; full season = around 100d of grazing from May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination
	Table A16.  Least squares means for forage neutral detergent fiber content at Highland Rim Research and Education Center during 2010, 2011 1

	
	
	
	Period 12
	
	Period 2
	
	Period 3
	
	Period 4
	
	Period 5

	Grazing Treatment3
	Forage4
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011

	Early Season
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	65.30BC
	82.73A
	
	81.70A
	79.57A
	
	-------
	-------
	
	-------
	-------
	
	-------
	-------

	
	BB/IG
	
	70.23B
	69.67B
	
	78.30A
	78.40A
	
	-------
	-------
	
	-------
	-------
	
	-------
	-------

	Full Season
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	61.83C
	78.20A
	
	77.63A
	78.20A
	
	79.57A
	76.60A
	
	82.60A
	83.30A
	
	-------
	81.93B

	
	BB/IG
	
	70.03B
	79.70A
	
	81.87A
	79.60A
	
	80.27A
	78.87A
	
	83.23A
	81.63A
	
	-------
	86.63A


1Means within period with no common letter differ (P < 0.05) 
2Sampling period one was conducted at the onset of grazing, sampling period two: 30d after onset of grazing, sampling period three: 60d after onset of grazing, sampling period four: 90d after onset of grazing and sampling period five at the conclusion of grazing in 2010, 2011
3Early season = 30d of grazing from May – June; full season = around 100d of grazing from May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination
	Table A17.  Least squares means for forage in-vitro dry matter disappearance at Highland Rim Research and Education Center during 2010, 2011 1

	
	
	
	Period 12
	
	Period 2
	
	Period 3
	
	Period 4
	
	Period 5

	Grazing Treatment3
	Forage4
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011

	Early Season
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	62.57C
	49.20E
	
	54.10B
	53.20B
	
	-------
	-------
	
	-------
	-------
	
	-------
	-------

	
	BB/IG
	
	71.60AB
	72.10A
	
	68.03A
	67.50A
	
	-------
	-------
	
	-------
	-------
	
	-------
	-------

	Full Season
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	65.63C
	57.10D
	
	55.87B
	55.10B
	
	52.87B
	55.83B
	
	50.80B
	52.43B
	
	-------
	54.13B

	
	BB/IG
	
	71.07AB
	67.03BC
	
	66.53A
	66.90A
	
	67.10A
	68.40A
	
	65.43A
	68.20A
	
	-------
	64.70A


1Means within period with no common letter differ (P < 0.05) 
2Sampling period one was conducted at the onset of grazing, sampling period two: 30d after onset of grazing, sampling period three: 60d after onset of grazing, sampling period four: 90d after onset of grazing and sampling period five at the conclusion of grazing in 2010, 2011
3Early season = 30d of grazing from May – June; full season = around 100d of grazing from May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination
	Table A18.  Least squares means for forage protein content at Highland Rim Research and Education Center during 2010, 2011 1

	
	
	
	Period 12
	
	Period 2
	
	Period 3
	
	Period 4
	
	Period 5

	Grazing Treatment3
	Forage4
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011

	Early Season
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	11.57AB
	6.93C
	
	7.60B
	7.47B
	
	-------
	-------
	
	-------
	-------
	
	-------
	-------

	
	BB/IG
	
	13.47A
	13.40A
	
	10.67A
	9.93AB
	
	-------
	-------
	
	-------
	-------
	
	-------
	-------

	Full Season
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	13.57A
	7.97C
	
	9.03AB
	7.80B
	
	5.83B
	7.90AB
	
	5.63BC
	5.33C
	
	-------
	5.10A

	
	BB/IG
	
	13.30A
	9.47BC
	
	9.60AB
	9.17AB
	
	8.63A
	9.17A
	
	6.97AB
	7.70A
	
	-------
	5.03A


1Means within period with no common letter differ (P < 0.05) 
2Sampling period one was conducted at the onset of grazing, sampling period two: 30d after onset of grazing, sampling period three: 60d after onset of grazing, sampling period four: 90d after onset of grazing and sampling period five at the conclusion of grazing in 2010, 2011
3Early season = 30d of grazing from May – June; full season = around 100d of grazing from May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination
	Table A19.  Least squares means for forage ash content at Highland Rim Research and Education Center during 2010, 2011 1

	
	
	
	Period 12
	
	Period 2
	
	Period 3
	
	Period 4
	
	Period 5

	Grazing Treatment3
	Forage4
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011

	Early Season
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	4.77BC
	4.57BC
	
	4.77C
	5.33BC
	
	-------
	-------
	
	-------
	-------
	
	-------
	-------

	
	BB/IG
	
	6.10A
	5.93A
	
	6.23AB
	6.50A
	
	-------
	-------
	
	-------
	-------
	
	-------
	-------

	Full Season
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	5.57AB
	4.23C
	
	4.47C
	5.90AB
	
	4.37A
	5.20A
	
	4.33B
	4.47B
	
	-------
	4.53B

	
	BB/IG
	
	6.23A
	5.43AB
	
	5.23BC
	6.40A
	
	5.43A
	5.83A
	
	5.47A
	5.80A
	
	-------
	6.46A


1Means within period with no common letter differ (P < 0.05) 
2Sampling period one was conducted at the onset of grazing, sampling period two: 30d after onset of grazing, sampling period three: 60d after onset of grazing, sampling period four: 90d after onset of grazing and sampling period five at the conclusion of grazing in 2010, 2011
3Early season = 30d of grazing from May – June; full season = around 100d of grazing from May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination
	Table A20.  Least squares means for available forage (kg/ha) at Highland Rim Research and Education Center during 2010, 2011 1

	
	
	
	Period 12
	
	Period 2
	
	Period 3
	
	Period 4
	
	Period 5

	Grazing Treatment3
	Forage4
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011
	
	2010
	2011

	Early Season
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	2,106B
	3,204A
	
	10,317AB
	2,590C
	
	-------
	-------
	
	-------
	-------
	
	-------
	-------

	
	BB/IG
	
	1,678B
	1,443B
	
	5,706BC
	1,534C
	
	-------
	-------
	
	-------
	-------
	
	-------
	-------

	Full Season
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	SG
	
	1,818B
	3,082A
	
	11,934A
	3,121C
	
	7,612A
	2,297C
	
	7,417A
	4,663B
	
	-------
	4,071A

	
	BB/IG
	
	1,769B
	1,894B
	
	3,721C
	2,179C
	
	5,317B
	1,744C
	
	5,081B
	3,192B
	
	-------
	3,410A


1Means within period with no common letter differ (P < 0.05) 
2Sampling period one was conducted at the onset of grazing, sampling period two: 30d after onset of grazing, sampling period three: 60d after onset of grazing, sampling period four: 90d after onset of grazing and sampling period five at the conclusion of grazing in 2010, 2011
3Early season = 30d of grazing from May – June; full season = around 100d of grazing from May – Aug.

4SG = switchgrass; BB/IG = big bluestem/indiangrass combination
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Figure A1. Monthly rainfall (cm) for 2010/2011 at Ames Plantation Research and Education Center
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Figure A2. Average high and low temperatures (C°) for 2010/2011 at Ames Plantation Research and Education Center
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Figure A3. Monthly rainfall (cm) for 2010/2011 at Highland Rim Research and Education Center
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Figure A4. Average high and low temperatures (C°) for 2010/2011 at Highland Rim Research and Education Center

Vita

Matt Backus was born in Maryville, Tennessee, on May 20, 1985 to Mr. Landon and Dr. Cindy Backus.  He earned his high school diploma from Alcoa High School in Alcoa, Tennessee in 2003.  He then attended the University of Tennessee at Knoxville where he played football for the Volunteers for two years and earned his Bachelor of Science in Animal Science in 2007.  

Following a year off, he started his Master’s degree in the spring of 2009. Dr. John Waller was his major professor.  He received his Master of Science in Animal Science in August 2012. 
44

_1394207431.xls
Chart1

		

		May		May

		June		June

		July		July

		Aug 2010		Aug 2010

		Sept		Sept

		Oct		Oct

		Nov		Nov

		May		May

		June		June

		July		July

		Aug 2011		Aug 2011

		Sept		Sept

		Oct		Oct

		Nov		Nov



avg high

avg low

Month

Temperature C °

28.1111111111

15.7222222222

34

21.2777777778

34.3333333333

21.8333333333

34.7777777778

22.0555555556

31.6666666667

15.2222222222

26.3888888889

7.1666666667

18.6111111111

3.7222222222

26.0555555556

14.1111111111

33.4444444444

19.8333333333

34.6111111111

22.0555555556

34.2777777778

19.7777777778

29.2222222222

13.8333333333

23.3888888889

6.6666666667

20

4.4444444444



Sheet1

				avg high		avg low		Series 3

								2

		May		28.1111111111		15.7222222222		2

		June		34		21.2777777778		3

		July		34.3333333333		21.8333333333		5

		Aug 2010		34.7777777778		22.0555555556

		Sept		31.6666666667		15.2222222222

		Oct		26.3888888889		7.1666666667

		Nov		18.6111111111		3.7222222222

		May		26.0555555556		14.1111111111

		June		33.4444444444		19.8333333333

		July		34.6111111111		22.0555555556

		Aug 2011		34.2777777778		19.7777777778

		Sept		29.2222222222		13.8333333333

		Oct		23.3888888889		6.6666666667

		Nov		20		4.4444444444

				To resize chart data range, drag lower right corner of range.






_1394207633.xls
Chart1

		

		May

		June

		July

		Aug 2010

		Sept

		Oct

		Nov

		May

		June

		July

		Aug 2011

		Sept

		Oct

		Nov



avg high

Month

Rainfall (cm)

26.2636

9.5758

3.3274

7.3914

4.445

3.6322

14.3002

5.5626

12.8778

7.0358

5.4864

16.7894

3.0226

0



Sheet1

				avg high		avg low		Series 3

								2

		May		26.2636		14.4444444444		2

		June		9.5758		20.5555555556		3

		July		3.3274		21.6666666667		5

		Aug 2010		7.3914		30

		Sept		4.445		15

		Oct		3.6322		7.2222222222

		Nov		14.3002		4.4444444444

		May		5.5626		13.8888888889

		June		12.8778		18.8888888889

		July		7.0358		21.6666666667

		Aug 2011		5.4864		19.0555555556

		Sept		16.7894		14.7777777778

		Oct		3.0226		7.2222222222

		Nov		0		3.3333333333

				To resize chart data range, drag lower right corner of range.






_1394207677.xls
Chart1

		

		May		May

		June		June

		July		July

		Aug 2010		Aug 2010

		Sept		Sept

		Oct		Oct

		Nov		Nov

		May		May

		June		June

		July		July

		Aug 2011		Aug 2011

		Sept		Sept

		Oct		Oct

		Nov		Nov



avg high

avg low

Month

Temperature C °

25.5555555556

14.4444444444

32.2222222222

20.5555555556

33.3333333333

21.6666666667

33.3333333333

30

30

15

24.4444444444

7.2222222222

16.6666666667

4.4444444444

25

13.8888888889

30.5555555556

18.8888888889

32.7777777778

21.6666666667

32.3888888889

19.0555555556

25.8333333333

14.7777777778

20.7222222222

7.2222222222

17.7777777778

3.3333333333



Sheet1

				avg high		avg low		Series 3

								2

		May		25.5555555556		14.4444444444		2

		June		32.2222222222		20.5555555556		3

		July		33.3333333333		21.6666666667		5

		Aug 2010		33.3333333333		30

		Sept		30		15

		Oct		24.4444444444		7.2222222222

		Nov		16.6666666667		4.4444444444

		May		25		13.8888888889

		June		30.5555555556		18.8888888889

		July		32.7777777778		21.6666666667

		Aug 2011		32.3888888889		19.0555555556

		Sept		25.8333333333		14.7777777778

		Oct		20.7222222222		7.2222222222

		Nov		17.7777777778		3.3333333333

				To resize chart data range, drag lower right corner of range.






_1394207402.xls
Chart1

		0

		May

		June

		July

		Aug 2010

		Sept

		Oct

		Nov

		May

		June

		July

		Aug 2011

		Sept

		Oct

		Nov



Column1

Month

Rainfall (cm)

34.29

1.4478

22.7076

6.0452

6.5786

3.175

18.6436

13.4112

8.7376

7.5438

5.3086

8.4582

3.2766

0.9398



Sheet1

				Column1		avg low		Series 3

				Rainfall				2

		May		34.29		15.7222222222		2

		June		1.4478		21.2777777778		3

		July		22.7076		21.8333333333		5

		Aug 2010		6.0452		22.0555555556

		Sept		6.5786		15.2222222222

		Oct		3.175		7.1666666667

		Nov		18.6436		3.7222222222

		May		13.4112		14.1111111111

		June		8.7376		19.8333333333

		July		7.5438		22.0555555556

		Aug 2011		5.3086		19.7777777778

		Sept		8.4582		13.8333333333

		Oct		3.2766		6.6666666667

		Nov		0.9398		4.4444444444

				To resize chart data range, drag lower right corner of range.






