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CHAPTER |

INTRODUCTION

Harvested feed is the largest cost contributor to maintaining a profitalble bee
cattle herd (Miller et al., 2001). The most common form of packaging, storing and
feeding hay in a beef operation is that of large round bales because of labem®ffic
and simplified hay handling (Belyea et al., 1985). There are many factbedfée
overall dry matter loss of large round bales including storage and feeding methods, as
well as the physical and chemical make up of the forage. Additionally, thié of
previously listed factors can affect animal intake of the forage as wetke Tiag been
little research conducted as to the differences between hay feedin@ypeeir
respective effects on the combination of hay losses and hay intake. Also, the idea of
processing the hay prior to baling is a new concept that could potentially have dramati
effects on both waste, as well as, animal intake. However, little researbhdradone
regarding feeding methods and factors affecting forage intake irchitief Until
recently, most of the research in this area has been confined to the dairy inchestry
objectives of this thesis are to determine the effects of hay processingdaddesign

on hay utilization by beef cattle.
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CHAPTER Il

LITERATURE REVIEW

FACTORSTHAT AFFECT HAY WASTE

Hay Storage L osses

One of the greatest causes of dry matter (DM) loss in hay production is the result
of storage. There are several methods of storing large round bales of hay,tthe mos
common being the construction of rows of bales stacked end to end on the ground
exposed to the elements. Storage losses can range from 2 to 18% of the dry matter
depending on the type of forage, storage method, environmental conditions, and length of
time stored (Huhnke, 1987). Lechtenberg and others conducted a weathering study on
several forms of stored hay, including large round bales and large compresseatkay s
The objective of the study was to determine the amount and severity of weather
deterioration with grass hay stored outside in large packages (Lechtenbdlerd @i4).
The hay was stored outside from June through November, at which time, four of each of

the treatments were weighed and physically separated into a weathereqd @adtan



unweathered portion. This study found that the compressed hay stack yielded the least
amount of waste due to weathering compared to the large round bales, with 12.6 and
22.3% loss respectively (Lechtenberg et al., 1974). This difference between the two
storage methods was attributed to the difference in bale density. Howe\stutlyis
shows the difference between the various forms of hay storage in relatioratgestor
losses.

In an effort to decrease storage losses to round bales Brasche et al. (1988)
conducted a study in which different storage methods were utilized. In thisregperi
large round bales of both bromegrass and Alfalfa—bromegrass were baled andstored i
rows either on the ground uncovered or elevated on tires and covered by plastic sheets
They found that the primary advantage of the protective storage of large round Isales wa
increased DM recovery, which was improved by an average of 4.5% in this exgerime
(Brasche et al., 1988).

Belyea et al. (1985) conducted yet another storage trail to try and deteossas |
due to storage method. In this trial, the storage methods for the large round bales
included: 1) in a barn; 2) outside in single rows and uncovered; 3) outside in two high
stacks and covered; and 4) outside in three high stacks and covered. The objective of this
study was to show not only how storage method affected DM losses, but also how storage
method affected subsequent feeding losses. With regard to the storage losses the bal
that were stored inside the barn had the least amount of loss during storage at 2.5%,
followed by bales stored outside and stacked two high and three high and covered at 5.8
and 6.6%, respectively, with bales stored outside and uncovered having the most storage

loss at 15.0% (Belyea et al., 1985). The hay was then fed to heifers in an effort to



determine the feeding losses caused by each method of storage. The haliwas fe
feeders with angled slats in an attempt to keep the cattle from pulling otat é@ysume

and thus reduce hay waste. The feeding losses followed a similar patterntasatie s
losses in that the hay that was stored inside the barn had the least amount of feeding los
with 12.4% respectively (Belyea et al., 1985). Again, the hay that was stored outside
uncovered had the most feeding losses at 24.7% (Belyea et al., 1985). This large feeding
loss can be attributed to the unpalatable material that had been penetrateddsathiee

and thus was sorted out and subsequently refused by the heifers. Belyea et al. (1985)
concluded that the large storage and feeding losses of large round bales stated outsi
and uncovered were economically important enough to justify protection form the
elements.

Another form of loss that can occur during storage is loss that is caused by hay
that spontaneously heats and reduces nutritive value of the forage. Common terms of thi
phenomenon are Maillard Reaction, the nonenzymatic browning reaction and the
browning reaction (Goering et al., 1973). Goering and others reported that the result of
this reaction is a dark colored nitrogenous polymer that accumulates withigrtime li
fraction of acid detergent insoluble fiber (ADF). This is often caused by hiig thaled
at a moisture concentration that is too high. These changes can result in a dramatic
decrease in the nutritive value of the hay, resulting in decreased animatnaerder
(Coblentz et al., 2000). Coblentz et al. conducted an experiment to examine the effects of
initial bale moisture and bale density on spontaneous heating. Hay was baled at five
different moisture concentration levels in an attempt to cause bales to sportaheaus

once stored. Additionally, bales were produced at both medium and high densities. It was



reported by Coblentz et al. that bale density had little effect on forageveutdiue after
storage as well as the incidence of spontaneous heating. It was found that cooentrati
of acid detergent insoluble nitrogen (ADIN) and neutral detergent insoluble mitroge
(NDIN) were positively related to measure of spontaneous heating (Coliehtz e

2000).

Hay Feeding Method

How a producer presents hay to cattle to be consumed can play a major role in the
amount of hay that is wasted. There are several different ways for hay th Bméeof
the most common of these is the use of a hay ring feeder. These feeders apgiargl
size, but all have the same common design in an effort to keep the cattle fronmgampl
the hay, and rendering it unpalatable. In a study to determine hay DM loss wtieg fe
large round bales of hay in a cone, ring, trailer, and cradle-type feeders Buskirk e
tried to determine the most efficient way to feed hay to cows. In thig $6@inon
lactating cows were used to measure the amount of DM waste in bales fed in the
aforementioned feeder types. Each pen had a different feeder type, to which the cows
were given ad libitum access to. Hay that fell on the ground outside of the feeder was
considered waste and was collected every 24 hours. At the end of a 7 day collection
period all waste was collected as well as any residual hay within therdedthe feeders
were then reassigned to a different pen and fresh bales were placed andbettonc
period began. This rotation continued until each pen had been exposed to each feeder
type. Regarding the effect of feeder type on hay waste the cone feeder gribstuleast

amount of waste amongst all the other feeder designs with 3.5% wasteivepect



(Buskirk et al., 2003). The ring feeder had the next lowest amount of waste at 6.1%,
followed by the trailer and cradle feeders at 11.4 and 14.6% respectivelyrkBuskie

the observation that the cattle eating from the cone and ring feeders mole close
mimicked the grazing position than the cattle eating from the trailer adié c@signs,

which could have been a contributing factor to the two feeders having the least amount
waste. Buskirk et al. also reported that hay waste as a percentage of ppgatisace,

was less for the cone and ring feeders compared to the trailer and eeatiesi <

0.05).

Additionally, the trial conducted by Buskirk looked at the effect of the feeder type
on cow behavior, and how cow behavior consequently affected hay waste. The most
noticeable fact of the behavior data is that the animals feeding fromla faeder had
nearly three times the agnostic interactions and four times the frequencyaotest
compared to cows using the other feeders. Feed losses were positivelyambwéla
agnostic interactions, frequency of regular and irregular entrances todkee, faed
feeder occupancy rate & 0.05) Buskirk reported. This goes to show the potential
economic consequences regarding a producer’s profitability that feegletigehas.

In another experiment, Landblom and others conducted an investigation into the
effect of hay feeding method on cow wintering cost. In this trial cow vegrgomly
assigned to one of four treatments, which were: 1) round bales fed by unrolling out on
ground, 2) round bales shredded with a bale processor then fed on the ground, 3) round
bales fed by being placed in a tapered-cone bale feeder. The study wasezbodeca
three year period in which it was repeated each winter. Two different typeg wEha

fed during various years of the study, alfalfa and oat hay. When alfalfeedvése cone



feeder was determined to be the least wasteful among feeding methods with 4.3 t0 5.0
times less waste than either the roll out or bale processor method (Landbb)raG 3.
However, when the looser packed oat hay bales were fed the waste was less than the
waste of the bale processor but not significantly different. Landbolm also i@&poees
economic analysis that wintering costs per cow were $109, $127, and $100 for rolling
bales out, using a bale processor, and feeding bales in a tapered cone fpedivels

in a 100 head cow herd. Furthermore, the effect of the three feeding methods on cow
performance was also measured by calculating average daily g2@)(£ows that

were fed using the tapered cone gained more than the other two treatmentsaiiymeri
but the only significant difference was between the tapered cone cows anw/ied

by rolling the bales out on the grourtei€ 0.05). With these results as well as the
economic analysis in mind it is easy to see the benefits to purchasing @edeedver a
bale processor.

Comerford et al. (1994) also found that feeder type was a source of significant
feeding losses when feeding hay to beef cows. In this experiment two fgseenere
used: conventional ring feeders and a raised cone-type feeder. The resylivastea
determined for each feeder was 8.0% and 1.9% loss of DM offered for the conventional
ring and raised cone respectively< 0.02) (Comerford et al., 1994).

Miller et al. (2007) conducted an experiment that restricted the amount of time
cows had access to alfalfa hay to determine the effects of varying éiceces on hay
waste and cow performance. In this trial cows were allotted to one of foumerga of
hay access time: ad libitum (no restriction) or time restricted to 9, 6, or 3 leskacc

(Miller et al., 2007). Cow BW and BCS change was different between treatareht



increased as access time increaged 0.01) (Miller et al., 2007). With regard to the
treatment’s effects on hay waste, Miller et al. again found that hay waste w
significantly different between treatments at 2.7, 2.6, 4.2, and 6.1 kg DM/d for 3, 6,9 h
and ad libitum access to hay respectivélyk(0.01) (2007).

Windrow grazing is another method of feeding hay was evaluated against feeding
large round bales in ring feeders. Windrow or swath grazing is a method whstedkve
graze windrow stored forage directly out of the field as a replacement tadgeednd
bales of hay. The objective of the study conducted by Volesky et al. (2002) was to
guantify calf performance and forage intake and waste under windrow gesrizple

fed management strategies.

FACTORSTHAT AFFECT HAY INTAKE

Physical Form of Forage

There are several characteristics of forages commonly found in dietsrthat ca
affect DMI in both positive and negative ways. The NRC lists several of thesesfac
starting with a protein deficiency. This commonly occurs in low nitrogen, high fiber
forage diets. If N is supplemented then DMI often increases drama(iN&Ig, 1996).
The NRC also says that with forages fine grinding can increase intakes, pinesuming
that this will cause an increase in digesta passage rate and thus am imcEds.

Pelleting and grinding forages increased rate of passage and depuesisad digestion



(Patterson et al., 1994). Comparatively coarsely chopped forage had very few adverse
effects on DMI, milk production, and ruminal fermentation (Patterson et al., 1994).

Intake in the ruminant animal is under the control of one of two different systems
depending on the characteristics of the diet (Waldo, 1986). Highly digestiblecrad m
energy dense diets are primarily under the control of the nutritional need of tlad. anim
Intake of diets that are less digestible and have less energy, like faegasader the
physical control of and limited by the space of the Gl tract (Waldo, 1986).

Loya-Olguin et al. conducted research into the effects of slice baling on the
feeding value of alfalfa hay in receiving diets and finishing diets indéedttle in 2008.
Slice baling was described as a process in which the hay is chopped to an avgthge len
of 7.6 cm after sun curing but prior to baling. Newly received cattle were szkaving
ration for a 28 day period that contained alfalfa hay that had either been idebal
ground to pass through a 5.08 cm screen. Cattle that were fed the slice baled hay had
greater Final BWR < 0.01) which was the result of greater ADR><{0.001), and G:F
(P <0.002) (Loya-Olguin et al., 2008). There were no significant differences between
DMI of slice baled or ground rations found by Loya-Olguin et al. at 2.69 and 2.68
kg/steer respectivelyP(< 0.57) (2008). These results reinforce Patterson et al. (2004) in
that forages that are finer textured have an increased passage ratesdod/ér
digestibility.

In another experiment Woodford et al. also researched the effects of forage
physical form on production in dairy cows (1986). In this experiment cows wegned
to one of four diets that consisted of concentrate and chopped alfalfa hay of one of four

lengths. The mean particle lengths (MPL) for the four different diets ere0.75,

10



0.50, and 0.25 cm. The results of this trial differed from others of similar design.
Woodford et al. found that MPL of a diet had no significant effects on total DMI,
chewing time, milk yield, and change in BW $0.05) (1986). Also, no differences were
found between treatments for digestibility of DM, CP, NDF, ADF as welltasofa
passageR >0.05) (Woodford et al., 1986).

Jaster and Murphy (1983) conducted an experiment feeding alfalfa hay diets tha
included three physical forms: long, coarsely chopped, and finely chopped. A 3x3 Latin
square experiment in which 18 Holstein heifers, housed in stanchions, were fed free
choice of one of the three hay types for 21-day periods and intake was recorded each day.
They found that intake was greater when heifers were offered either ooérssy
chopped hay versus long ha&/<€ 0.06). However there was no statistical difference
between DMI of the two chopped hay forms. Additionally, heifers consuming long hay
had higher digestibility of DM, NDF, hemicelluloses, and €~ (.06) compared to
those consuming either of the two chopped hays (Jaster and Murphy, 1983).

In an experiment that evaluated hay feeding strategies on feed sortingob@havi
dairy heifers Hoffman fed five different diets with varying forms of cholpged long
hay that were mixed in or top dressed to developing dairy heifers. 80 head of\uerkers
randomly assigned to one of five treatments in which the diet had one of the following
forms of hay included in it: 1) long hay in a total mixed ration (TMR), 2) bale cutnhay i
a TMR, 3) chopped hay in a TMR, 4) long hay top dressed on a ration, and finally 5) bale
cut hay top dressed on a ration. The study resulted in the heifer that were @ffieres r
that were top dressed with either long hay or bale cut hay actually consumpdrleay

than the other three TMR rations. Hoffman and others found that the heifers in the study

11



preferentially selected to consume particles of fine size over panictesmrse size.
These results suggest that the incorporation of either long hay or bale cotiohay MR
would be preferred over top dressing hays over a ration due to a potential DMI
depression and increased sorting of forages when hay is top dressed.

Adams et al. had mixed results with their similar studies related to feeding
chopped hay to dairy cattle. They fed chopped hay ad libitum to dairy cows and heifers
and found in their trial that reducing forage particle length had no effect onrbiMI

production, DM or fiber digestibility (1987).

Chemical Form of Forage

The chemical make up of forage can greatly increase or decrease DNI by a
animal. Feed intake is a key component to production be it meat, milk or wool. DMI has
been closely associated with Neutral Detergent Fiber (NDF) coatientof the diet
(Ruiz et al., 1995).Dairy cows require sufficient amount of dietary NDF to maintai
rumen function and maximize milk yield (Oba et al., 1999). Ruiz et al. also reported tha
NDF concentration is thought to be negatively related to the energy concentration of
feeds and positively related to the gut fill effect of the diet. An experimentovakicted
to determine the effects of increasing dietary NDF concentrations on DMI #ad mi
production in lactating dairy cows. As dietary NDF concentration increased DMI
decreased from 3.69 to 3.35% as a percentage of body weight (BW) (Ruiz et al., 1995).
Additionally, milk production decreased from 23.0 to 21.7 kg/d as diet NDF
concentration increased (Ruiz et al., 1995). Digestibility of NDF is importantgeca

forage NDF varies widely in its degradability in the rumen and NDF tlojés

12



influences animal performance greatly (Oba et al., 1999)Nutréent Requirements of

Dairy Cattle (NRC, 2001) states that at any particular NDF concentration in the diet a
considerable range in DMI was observed and thus suggests that the source of INDF in t
diet as affected by particle size, digestibility, and rate of passagdHeomaticulorumen

affect DMI.

Supplement

Winter nutrition program for beef cows are often centered on low quality farage
These forages would include grazing dormant native grasses or feeding haesfes f
in the form of hay. Both of these programs require the addition of a protein supplement to
meet the requirements of the cow. The addition of monensin (MON, Rumefisin 90
Elanco Animal Health; Greenfield, IN) has been shown to decrease DMI whitagireg
feed efficiency (Clanton et al., 1981). Research into the effects of supplémM&itiaon
beef cow weight and BCS change has been mixed (Turner et al., 1977; Lemenhger et
1978; Clanton et al., 1981). In a 1988 review, Sprott et al., summarized that performance
may not be affected by supplemental MON, but DMI was often reduced. Tualer et
found that DMI was not changed by the inclusion of supplemental MRONO(05)
(2977). In contrast, Walker et al., in 1980 found that DMI was reduced in cows fed
increasing supplemental levels of MORI€ 0.05). The effects of MON supplementation
on performance appear to be closely related to forage quality. Use of MON with low
guality forages resulted in decreased DMI and improved feed conversion, while higher
quality forages supplemented with MON resulted in increased weight and corgiitns

(Sprott et al., 1988). The effects of supplemental MON on apparent digestilality ar

13



limited to growing cattle studies. Dinius et al. found no differences in apparent
digestibility of DM, CP, NDF or ADF between steers on a forage diet suppkech with
M (P > 0.10) (1976). Similarly in 1981 Muntifering et al. reported no effect of
supplementing beef steers on a largely concentrate diet with MON on appaldradbta

OM, starch or ruminal, postruminal, or total tract CP digestibikty (0.10).

SUMMARY

With the current economic standing of the cattle industry producers need to have
a full understanding of how to best manage their cost of production in their beef
enterprise. This understanding cannot be limited to different methods for aiveny
to their herd, but must also touch on the factors that limit how much hay animals can
consume. Additionally, prior to delivering hay to their cattle a producer mast als
understand the physical and chemical factors that are established as hespitwatutay
prior to feeding it. Understanding of moisture and its role in making hay, assibl a
chemical components like NDF and ADF along with ADIN. Additionally a producer
needs to pencil out the best storage system for their operation that will provalee se
place to protect their investment. Producers need a broad knowledge base of not only
beef production but forage production as well to maximize productivity of their beef

operation.
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CHAPTER Il

EFFECTS OF BALE FEEDER TYPE AND PROCESSING ON HAY WASTE,

INTAKE, AND PERFORMANCE OF BEEF CATTLE

A. J. Sexten*, C. P. McMurphy*, G. L. Mourer*, C. J. Richards*, C. JonesT, R.

Huhnket, and D. L. Lalman*

*Department of Animal Science and tDepartment of Biosystems and Agratultur

Engineering, Oklahoma State University, Stillwater, OK 74078

ABSTRACT: Three experiments were conducted to evaluate the effects of hay
processing and bale feeder type on hay waste, intake, and performance aftleeef ¢
Experiment 1 used 64 crossbred gestating beef cows with two levels of hagsprgce
methods (long stemmed [LONG] and pre-cut [PCUT]) and two hay feeder types
(conventional ring feeder [RING] and cone [CONE]). There was less hay fna@ste

LONG than PCUT (8.3 % and 13.0 %, P = 0.003). CONE feeders were had less waste
than RING feeders (6.7 % vs. 14.5 %, P = 0.0002). There was little evidence of
differences in DMI due to hay or feeder type. The second experiment utilized 96

crossbred, weaned calves in assessing the effect of hay type (LONG VB). 61Chbst
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weaning performance. No practical differences were found between theywmhs.

Calves fed the LONG hay had an ADG of 0.83 kg/d, compared to calves fed the PCUT
hay that had an ADG of 0.81 kg/d (P = 0.65). In the final experiment, cow/calf pairs were
used to evaluate the effect of hay type on hay waste and intake. All pastures used
modified cone bale feeders. LONG hay had less waste than PCUT (4.99% vs. B2.87%,
= 0.03). There was little evidence of differences between hay typddlitfD= 0.66).
Throughout all experiments the conclusion that hay type and feeder type can have a
dramatic effect on hay utilization by beef cattle and thus the potential forajitty.

Key Words: beef cattle, hay feeding, hay feeders, hay waste, pre-cut hay
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INTRODUCTION

Harvesting forage during the summer months for delivery during winter is a
common practice for most cow/calf producers. Survey data from Oklahonea Stat
University found that 45% of all producer respondents fed hay between 91 and 120 d
each winter (Vestal, 2007). When evaluating standardized performancesrialys
costs are a major contributor to the cost of production in cow/calf operations. Large
round bales are the form of hay typically provided to cows in the Southern Great Plains
and Midwest during the winter months.

Numerous round bale feeding methods are used including unrolling, feeding
whole bales with no hay ring, and feeding whole bales with the use of some typegyof a ha
feeder or ring. In one study, hay fed with no ring feeder resulted in 45%dstg, while
waste was limited to 9% when a ring feeder was used (Bell and Martz, 1973)védipwe
dozens of hay ring designs are on the market today ranging in cost from apprgximatel
$200 to $2500. Buskirk et al. (2003) compared four different round bale feeder types and
found that cone feeders were the most effective at limiting hay waste (@&8a)ed by
the typical hay ring (6.1%). These scientists also found that, with the typicahbay
cows more often reached over the top to consume hay as compared to the cone model
where cows must access hay through the side.

In addition to feeder type, it is also of interest to determine if hay pastide
influences hay DMI, wastage, or animal performance. Processing of dry rougsage
been shown to increase particulate passage rate, resulting in an inci28¢NRC,

1996). If hay could be coarsely cut or chopped during the baling process, hay intake and
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thus, animal performance may be improved with minimal increase in cost due to
processing. Therefore, the objective of these experiments was to detdrengitects of

hay feeder type and hay processing on hay utilization.

MATERIALSAND METHODS

Hay Production

Four lots of first cutting hay, three which were prairie hay which contained
primarily a mix of big bluestem, little bluestem, switch grass, and Indessgand one
which contained primarily common bermudagrass, were baled on July 14 and 15, 2009.
Prairie hay was used in experiment one and three, while the bermudagrass hagdvas
in experiment two. Hay was baled either by a conventional round baler (LEabidz|
568; John Deere, Ottumwa, 1A) or another of the same baler that was fittea wit
mechanism to cut the hay as it was fed into the baler (PCUT). Samples of both hay
processing methods were hand measured to determine particle length. Raditief
LONG and PCUT hay was 25.4 + 2.8 and 15.5 = 6.4 cm respectively. Both balers
operated in the same hay meadow at the same time to insure that hay qualityilaas si
among treatments. The round bales were removed from the field within 1 wk of baling
and stacked on the ground in rows by hay meadow until fed. Two weeks prior to the
initiation of the experiments bales were sampled for nutritive analysidofidge quality
analysis for native range hay was: 93.9% DM, 6.29% CP, 42.56% ADF, 69.74% NDF,

and 0.13% ADIN as a % DM. The Bermudagrass hay forage analysis was: 93.7% DM,
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11.04% CP, 38.43% ADF, 73.8% NDF and 0.14% ADIN as a % DM. The bales were
then resorted into feeding order (within source) based on NDF and ADIN valuest Ruiz e
al. (1995) reported that NDF concentration is negatively related to the energy
concentration of feeds and positively related to the gut fill effect of thepaitsntially

limiting DMI. Additionally, Coblentz et al. (2000) found that ADIN was positively

related to incidences of spontaneous heating within round bales. The feeding tritter wi
treatments was designed to insure that treatment groups were receywofgsimailar

nutritive value.

Experiment 1

Sixty-four crossbred beef cows (590 * 59 kg) in late gestation were used in a 4 x
4 Latin square experiment to determine the effects of hay processingdradimyy and
round bale feeder type on hay waste and intake. Sixteen cows were randogmgdhssi
one of four previously grazed 0.81 ha pastures that each contained a 12.2 x?7.625 m
concrete feeding pad. The experiment was set up with a 2 x 2 factorial tieatme
arrangement. The pastures were assigned one of two different round bal¢yieeste
cone (CONE) or a conventional ring (RING) feeder (Figure 3.1). The diaofetes
RING was 2.44 m, with an overall height of 130.2 cm (Model Super-10 Bale Feeder;
Franklin Industries, Montecello, IA). The RING feeder had 16 individual feestatgpons
that were 48.3 cm wide. The CONE feeder was simply the RING feeder vatiea c
insert placed inside of it (Model Super-10/CY-8 Unit; Franklin Industries, Molldece

IA.). The pastures were also assigned one of two bale treatments: LONGJAr. The
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treatments were rotated between each pasture so that each pastueel reach
treatment combination once during the experiment.

During a collection period, the cows were adapted to the treatment combination
for 10 d. They had ad libitum access to the hay and received 0.91 kg/hd of 30% CP
supplemental dried distiller’s grains with soluble (DDGS) daily. On d 10 thainémgy
hay in the feeder was removed and all manure was cleaned off of the feed ead. Aft
cleaning, the feeder was put back onto the feed pad and a fresh bale was weighed and
placed into the feeder. Waste was defined as hay outside of the feeder areterts w
defined as hay inside of the feeder. Waste was sorted into manure contaminated and
uncontaminated groups and different dry matter values were calculatedtfioofehe
groups to better determine the amount of waste for each bale. Waste wasd;ollect
weighed and sampled at 24 and 48 h after initial placement of the bale into thie feede
Orts were collected, weighed, and sampled 48 h after the initial placement dkith@da
the feeder. Fecal grab samples were collected in paper cups tviycat @800 and 1600
on d11 through 14 during the collection period to predict fecal output from acid detergent
insoluble ash (ADIA) concentration. After the collection period was comfiietéeed
pads were again cleaned and fresh bales were placed in the feederspaodesewas
repeated for another 48 h, providing two replicates of each treatment combination from
each pasture. Once the second replicate for the treatment combination wastetmepl
feed pads were again cleaned and the treatments were rotated to atgtstere and a
new adaption period was started.

Data were analyzed using the MIXED procedure of SAS (SAS Inst. lagy, C

NC), with pasture considered the experimental unit. The model statement abntaine
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fixed effects hay type (LONG and PCUT) and feeder type (RING and CONE). T
random statement included pasture and period. Least squares means weledsgpaat

the PDIFF option of SAS. Treatments were determined to be differert @t05.

Experiment 2

Ninety-six crossbred weaned calves (260 * 29 kg) were used to conduct a
randomized complete block designed experiment to evaluate the effect of hegsprgc
on the post-weaning performance of beef calves. The calves were rankeybyy w
within gender and randomly allotted to 1 of 8 pens equipped with a RING feeder and
automatic waterer. Each pen was then randomly assigned one of two hay typerttea
LONG or PCUT, for the duration of the experiment. This supplied 2 pens of each hay
type within each gender. Calves were weighed on d 0, 1, 44 and 45 and the average of d
0 and 1 were used to calculate calves’ beginning weight, while the weights frormd 44 a
45 were averaged to calculate ending weight. Ad libitum access to the hayowidegr
along with 2.27 kg of 30% CP DDGS per head daily.

Calf performance data were analyzed using the MIXED procedure of SAS (SA
Inst. Inc., Cary, NC). Pasture was considered the experimental unit. The model
statement contained fixed effects of hay type (LONG and PCUT), and the random
statement included pasture. Least squares means were separated HMERhaption

of SAS. Treatments were determined to be differeat=a0.05.
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Experiment 3

Forty eight crossbred, lactating cows and their calves were used in a raadlomiz
complete block design to assess the effect of bale processing on hayndastake.
Pairs were ranked by weight so that cow weight, calf weight and calfegeegqual
across all pastures. The average pair weight was 650.58 + 4.49 kg. Twelve pairs were
allotted to one of the four pastures used in Experiment 1. Pairs remained in the same
paddock throughout the experiment. Hay treatments, LONG and PCUT, were randomly
allotted to two of the four pastures. All pastures used modified cone bale fé@ebera
Heavy, Lienimann Management Productions, LLC., Princeton, NE) shown in Figure 3.
Pairs had ad libitum access to the hay and were provided with 1.36 kg of 30% CP DDGS
daily. There was a 10-day adaptation for the pairs to become familiaheigatidocks
as well as the modified cone feeders being used in the experiment. Upon completion of
the adaptation period each collection period was 48 h long. Similarly to Experiment 1 the
feed pads were cleaned of manure and hay and a fresh bale was placed in the feeder
Waste was collected, weighed, and sampled at 24 and 48 h. Orts were collecteel] weig
and sampled at 48 h. Upon the completion of the collection period the feed pads were
cleaned and a fresh bale was provided to begin the next collection period. This was done
for a total of four replications.

Data were analyzed using the MIXED procedure of SAS (SAS Inst. Iy, Ca
NC), with pasture considered the experimental unit. The model statement abntaine
fixed effects hay type (LONG and PCUT), and the random statement includecepast
with period being a repeated measure. Least squares means were sapargtibne

PDIFF option of SAS. Treatments were determined to be differernt &05.
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Sample Analysis

Initial bale core, uncontaminated and contaminated waste, and orts subsamples
were collected in paper bags. All forage and fecal samples were iatelgdiried to
determine DM (oven dried at 50°C until no further weight loss). Following drying,
samples were ground through a Wiley Mill (Model 4, Thomas Scientific, Sweedesboro,
NJ) using a 2 mm screen for initial bale core, ort, dry waste and wet seaspdes, and a
1 mm screen for fecal samples and stored for further analysis. Initiaddyale waste, ort
and fecal samples were analyzed for NDF and ADF (Ankom Tech Corp, Fairport, NY),
ash (combusted 6-h in a muffle furnace at 500°C), and CP (% N x 6.25; TruSpec CN,
LECO Corporation, St. Joseph, Ml 49085). Acid detergent insoluble nitrogen (ADIN) as
a % CP was determined by analyzing ADF residues for CP (% N x 6.25; TruBpec C
LECO Corporation, St. Joseph, Ml 49085). ADIA contents in initial bale cores, waste,
orts, and fecal samples were determined by ashing ADF residues in a muffte farna

500 °C for 8 h.

RESULTSAND DISCUSSION

Experiment 1

The effects of hay processing and feeder type on hay waste are shown iB.Table
1. There was little evidence of hay type by feeder type interaction (P 5 thé@fore,
data are presented for main effects only. Feeding LONG hay resulted in 3862 % |

waste when compared to feeding PCUT hay (P = 0.003). Observation of the PCUT bales
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showed that the shorter particle length caused the bales to deteriostellast
increased particle length of LONG bales permitted the bales to hold thietmalnger
throughout the collection period and remain inside the feeder.

Use of RING feeders resulted in 53.8% more (P = 0.0002) waste compared to
CONE feeders. This is consistent with the findings of Buskirk et al. (2003) who found
that CONE feeders tended to have less hay waste than RING feeders, ydéicangl
6.1%, waste respectively (P = 0.06). Comerford et al. (1994), also found that CONE
feeders were more effective than RING feeders at reducing wasttimg losses of
1.9% and 8.0%, respectively. In the current experiment the positioning of the bale off of
the ground and centrally positioned by the CONE feeders allowed cows to feed whil
their heads remained inside the feeder. Cows had to reach to access hay in CONE
feeders. This allowed any hay that was pulled out from the bale or dropped during the
process of chewing to fall inside of the protected portion of the sheeted bottom of the
CONE feeder. Shultheis and Hires (1982) found that the combination of a slanted bar
head gate and a pusher bar between the slanted bar head gate and the hay,aesigned t
make cattle reach for hay reduced waste (P < 0.01). The slanted head ghtdsnese
and a vertical bar head gate and pusher bar combination resulted in 16.41 % and 12.60 %
hay waste, respectively. However, when used in conjunction, a slanted bar hemttigate
a pusher bar reduced waste to 9.20 % (P < 0.01). With regard to the RING feeder in the
current experiment, the placement of the bale, especially during th24finsof access by
the cows, did not allow for the free space for the cows heads as with the CONE feeder.
Hay could escape the ring feeders more easily due to the close proximitgsohvith the

outside of the RING feeder.
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The effects of hay processing and feeder type on hay intake and apparent
digestibility are reported in in Table 3.2. There was little evidence optapessing
method x feeder type interaction (P = 0.49). Hay processing method haeffigtieon
cow DMI (P = 0.53).DMI was calculated as :(( initial bale weight offeveaste - orts
weight) / cows in the pen) (n=16). Conversely, Jaster and Murphy (1983) observed that
heifers offered a diet of coarsely or finely chopped hay compared to longriteedtto
have increased DMI (P < 0.06). No differences in DMI between the two chopped diets
were recorded (Jaster and Murphy, 1983). Additionally, in the current exqretrifeeder
type had little effect on DMI (P = 0.23). The DMI as a percent of cow BWeoturrent
experiment is similar to those of previously reported results (Bell and Martz, N&T3;
1996; Buskirk et al., 2003). Hay processing method and feeder type had littteoaffec
apparent DM and OM digestibility?(> 0.05). This is similar to results reported by
Adams et al. (1987), in which chopped hay was fed ad libitum to dairy cows and heifers
and found that reducing forage particle length had no effect on DMI, milk production, as
well as DM or fiber digestibility. Conversely, Jaster et al., reported in 1988éifars
consuming long hay had higher digestibility of DM, NDF, hemicelluloses, anéd &P (

0.06) compared to those consuming either of the two chopped hays.

Experiment 2

The effects of hay type on post weaning performance of beef calves arggutese
in Table 1.3. Post weaning performance, measured by ADG, of calves was mentliffe
between the two hay types (P = 0.65). Lofgreen and Kiesling (1985) reportea simila

gains to those of the current study by calves fed grass hay along with a protei
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supplement for a 42 d receiving period. As seen in Experiment 1, intake was not affected
by hay processing method. It appears that, if the only difference betreagments is

hay particle length, then performance would be expected to be similar.

Experiment 3

The effects of hay type on hay waste when prairie hay was fed to fafigcal
cows and their calves, can be seen in Table 1.4. Hay waste was again significant
different between hay processing mthods in this study and similar to that from
Experiment 1 where dry pregnant cows consumed LONG or PCUT prairie hiig LO
hay yielded 61.2% less waste than the PCUT hay (P = 0.03). The structuralyirdegrit
the bales of both the LONG and PCUT bales probable influenced the waste dif$erenc
The short particle length of the PCUT bales prevented the bales from holdirigetoget
upon removal of net wrap from the bale prior to feeding. The structure of the LONG
bales provided by the longer particle length allowed the bales to maintairotinenell
into the feeding period. The modified cone used in the experiment was consistent among
all paddocks. The ranking of the two hay processing methods with regard to waste was
consistent with the results from Experiment 1.

The effects of hay type on DMI can be seen in Table 1.5. Similar to Experiment 1,
there were no significant differences between the two hay types in DNikin t
experiment P = 0.66). DMI was calculated as: ((initial bale weight -waste - ortgws)
/ number of cow-calf pairs in the pen) (n = 12). When evaluated as DMI as a pgecenta

of pair weight, no differences were found between the two hay tipe$(71). These
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results are consistent with previous research evaluating the effectdépangth on

DMI (Jaster and Murphy, 1983).

I mplications

Processing (cutting or chopping) hay during the baling process has potential t
improve efficiency by eliminating the need to process baled hay prior to incogparati
a total mixed ration (TMR). Beef cattle enterprises that frequently usegzed hay in
TMRs include feed yards, back grounding yards, receiving yards and sostedke
markets. In this experiment, we evaluated the use of PCUT hay in entergreses w
unprocessed hay is traditionally fed to cows and yearlings. While we disddliate
feeding PCUT hay in a RING feeder results in more hay waste, this waste can be

minimized by utilizing a commercially available CONE feeder.
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Table 3.1. Effects of hay processing and feeder type on hay waste by gesttihgows

Hay' Feedet P-valu€
ltem LONG PCUT SEM RING CONE SEM  Hay Feeder
n 16 16 16 16

Waste, % of bale wt 8.3 13.0 11 14.5 6.7 11 0.003 0.0002

1 LONG = long stemmed hay; PCUT = Pre-cut hay.

2 RING = conventional ring hay feeder; CONE = cone hay feeder.
% Observed significance levels for main effects.

* SEM of the Least squares means.

® Hay waste expressed as a percentage of mean bale wt.
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Table 3.2. Effects of hay processing and feeder type on hay intake and appgestibdity of gestating
beef cows

Hay' Feedef P-valué
ltem LONG PCUT SEM RING CONE SEM Hay Feeder
N 16 16 16 16
DMI, kg/hd/d 10.45 10.76  0.28 10.31  10.91 0.28 0.44 0.15
DMI, % of BW 1.77 1.82 0.05 1.75 1.85 0.05 0.46 0.17
Apparent Digestibility, %
DM 63.28 64.18  1.25 63.83  63.63 1.25 0.61 0.91
oM 65.88 66.91  1.14 66.42  66.37 1.14 0.53 0.98

! LONG = long stemmed hay; PCUT = Pre-cut hay.

2 RING = conventional ring hay feeder; CONE = cone hay feeder.
% Observed significance levels for main effects.

* SEM of the Least squares means.

®> DMI expressed as a percentage of initial mean BW.
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Table 3.3. Effects of hay processing on post weaning performance of beef calves

Hay'
LONG PCUT SEM P-valu€
n 8 8
Initial wt, kg 260.46 260.35 0.55 0.90
Final wt, kg 298.02 296.68 2.06 0.67
Total gain, kg 37.56 36.32 1.76 0.65
ADG, kg/d 0.83 0.81 0.04 0.65

' LONG = long stemmed hay; PCUT = Pre-cut hay.
2 SEM of the Least squares means.
® Observed significance levels for main effects.
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Table 3.4. Effects of hay processing on hay waste of cow/calf pairs

Hay'
ltem LONG PCUT SEM P-valué
n 16 16
Waste, % of bale Wit 4.99 12.87 1.06 0.03

1 LONG = long stemmed hay; PCUT = Pre-cut hay.

2 SEM of the Least squares means.

% Observed significance levels for main effects.

* Hay waste expressed as a percentage of mean bale wt.
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Table 3.5. Effects of hay processing on hay intake of cow/calf pairs

Hay'
ltem LONG PCUT SENI P-valué’
n 16 16
DMI, kg/Pair/d 12.09 12.48 0.53 0.66
DMI, % of PW? 1.87 1.91 0.08 0.71

' LONG = long stemmed hay; PCUT = Pre-cut hay.

2 SEM of the Least squares means.

® Observed significance levels for main effects.

* DMI expressed as a percentage of initial mean cow/calf pairw. (P
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(a) (b)

Figure3.1. Conventional ring (a) and cone (b) bale feeders used in Experiment 1.
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Figure 3.2. Modified cone bale feeders used in Experiment 3.
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EFFECTS OF BALE FEEDER TYPE AND SUPPLEMENTATION OF
MONENSIN ON HAY WASTE, INTAKE, AND PERFORMANCE OF BEEF

CATTLE

A. J. Sexten*, C. P. McMurphy*, G. L. Mourer*, M. A. Brownt, C. J. Richards*, and D.

L. Lalman*

*Department of Animal Science, Oklahoma State University, Stillwater7@X8

tGrazinglands Research Laboratory, USDA-ARS, El Reno, OK 73036

ABSTRACT: The effects of feeder type and supplemental monensin on hay utilization

in beef cows was conducted using 56 crossbred beef cows (BW= 494 + 50 kg; BCS=5.2
+ 0.5) in a split-plot with a completely randomized design with supplemennheatas

the mina unit and a feeder design as the subunit. The main unit included two supplement
treatments, while the subunit included four hay feeder designs. Supplementriteatme
included a 36% CP cottonseed meal based pellet with 0 (CONT; control) or 200 mg/head
of monensin (MON), fed at a rate of 1.36 kg/ head daily. Feeder design treatment

included a conventional open bottomed steel ring (OBSR), a sheeted bottomadgsteel r
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(RING), a polyethylene pipe ring (POLY), and a modified cone feeder (MODG¥s

were weighed and allotted based on BW to one of four previously grazed 2.0 ha paddocks
equipped with a 12.2 x 7.67noncrete feeding pad. Hay waste was significantly affected
by hay feeder design with 5.6, 20.6, 21.5, and 12.7 % waste for MODC, OBSR, POLY,
and RING respectivelyA(< 0.01). Supplement had no effect on hay waate .79).

There was a trend for DMI to differ among feeder types 0.12) but not for supplement
treatmentsk = 0.45). Supplementing with MON resulted in improved cow performance
with regard to final BCS, weight gain, BCS gain and AR (0.05). Furthermore,
apparent digestibility was increased due to supplemental MON for DM, OM, NDF, and
ADF (P < 0.05). Apparent digestibility of CP tended to be different for cow
supplemented with MONR(= 0.08). The results of this study indicate that feeder design
can greatly impact the amount of hay needed during a feeding period. DMI was not
affected by supplementation of MON or feeder design. Furthermore, supplememal MO
in this study positively altered apparent digestibility. The combinationyo$&nangs

from feeder design and increased apparent digestibility can have didreifieat on hay
utilization by beef cows and thus on potential profitability.

Key Words: beef cattle, feeder design, hay feeding, hay waste, monensin
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INTRODUCTION

Harvesting feed during the summer months for delivery during the winter is a
common practice for most cow/calf producers. Costs associated withonuagtount for
between 40-60 % of the annual budget of a cow/calf operation (Bevers, 2010; Miller et
al, 2001). Survey data from Oklahoma State University found that 45% of all producer
respondents fed hay between 91 and 120 d each winter (Vestal, 2007). The large round
bale is the form of hay typically provided to cows in the Southern Great Plains &ed in t
Midwest during the winter months. There are several methods of deliverenghioece
hay to cows, including unrolling, feeding whole bales with no hay ring and feeding whol
bales with the use of some type of a hay feeder or ring as well as udiBR@-driven
bale processor. The use of hay rings has been shown to decrease hay loss from 45 to 9%
when feeding round bales (Bell and Martz, 1973), deeming hay rings a practical way t
control hay waste. However, there are dozens of hay ring designs on the market today
ranging from approximately $100 to $2500. Buskirk et al. (2003) compared four different
round bale feeder types and found that the cone feeder was the most effective at
managing hay waste followed by the typical hay ring, with 3.5 and 6.1% waste
respectively. Currently in Oklahoma the most popular style of round-bale fsestene
variety of the basic ring, with different cone type feeders becomimgasingly popular
(Sexten et al., unpublished data). Results of a poll conducted in December of 2010
indicated that 68.3 % of respondents ranked the use of a “ring type” feeder in
combination with large round bales of hay as the most popular form of hay delivery

(Sexten et al., unpublished data). When asked about the most popular type of large round
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bale feeder 68.3 % of respondents said that an economy open bottomed steel ring feeder
was the most popular (Sexten et al., unpublished data). Next was a metal ring with a
closed or sheeted bottom at 26.8 %, followed by an open bottomed polyethylene pipe
feeder with 4.9 % (Sexten et al., unpublished data). When asked about specific options
on hay feeder that producers preferred, sheeted bottom and slated stations mest the
common response (Sexten et al., unpublished data). 61 % of respondents ranked cost as
the most important factor when selecting a feeder to purchase (Sextenmgpablished

data). The weight/ease of handling ranked second at 34.1 %, followed by feeder
quality/durability at 4.9 % (Sexten et al., unpublished data).

Supplementation of cows with monensin (MON, Rumensfh Banco Animal
Health; Greenfield, IN) has been shown to decrease DMI (Lemenager et al., 1978).
Clanton et al. in 1981 also found that supplemental MON decreased DMI while
increasing feed efficiency. However, results of research into thet effeupplemental
M on weight and BCS change have been mixed (Turner et al., 1977; Lemenager et al.,
1978; Clanton et al., 1981). In a 1988 review Sprott et al. summarized that performance
may not be affected by supplemental MON, but DMI was often reduced. Thtseffe
supplemental MON appears to be closely related to forage quality being @ahsum
Supplemental MON in conjunction with low quality forage resulted in lower DMI and
improved feed conversion, while higher quality forages when paired with suppiédme
MON resulted in increased weight and BCS gains (Sprott et al., 1988). Therefotheit
objective of this study to determine the effects of popular hay feeder types and

supplementation with monensin on hay waste, hay intake and animal performance.
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MATERIALSAND METHODS

Animals and Diet

This experiment was conducted at the OSU Range Cow Research Center; North
Range Unit located approximately 16 km west of Stillwater, Oklahoma inceoue
with an approved Oklahoma State University Animal Care and Use Committeegbrot
Fifty six crossbred beef cows (BW= 494 £ 50 kg; BCS= 5.2 + 0.5) were used in a split-
plot with a completely randomized design. The main unit treatments included two
supplement treatments, while the subunit treatments included four hay feedasdesi
Cows were weighed and allotted based on BW to one of four previously grazed 2.0 ha
paddocks equipped with a 12.2 x 7.6eoncrete feeding pad. Paddocks were randomly
assigned to one of two supplement treatments which included 1.36 kg/ head daily of a
36% CP cottonseed meal based pellet with 0 ( CONT; control) or 200 mg of MON. The

nutrient composition of the hay fed is shown in Table 4.1.

Hay Feeders

The four bale feeder designs used in the experiment can be seen in Figure 4.1.
Each paddock was initially randomly assigned one of the four feeder designs which
included: a conventional open bottomed steel ring (OBSR), a sheeted bottomadgsteel
(RING), a polyethylene pipe ring (POLY), and a modified cone feeder (MOB#£&ders
were selected based on polling results of county and regional extension dpecialis
(Sexten et al., unpublished data). The diameter of the OBSR was 2.44 m, with an overall

height of 101.6 cm. The diameter of the RING was 2.44 m, with an overall height of
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130.2 cm. The POLY feeder diameter was 2.36 m, with an overall height of 113 cm. The
diameter of the MODC was 2.66 m and had an overall height of 144.8 cm. The RING
feeder had 16 individual feeding stations that were 48.3 cm wide. The remaining three

feeders did not have individual feeding stations.

Collection Period

Four collection periods were completed during the experiment. Two bales were
fed during each collection period within each paddock. Cows were offered ad libitum
access to a fresh bale and adapted to the feeder treatment during the duratiec teequi
consume 85 % of the bale. Upon consuming 85 % of the bale all remaining hay within
the feeders (orts) was removed along with any other foreign materia¢ corbrete
pads. Once the concrete pads were clean the feeder was returned and aefrgah bal
placed in the feeder for collection. Collection for one bale lasted 96 h after thedsale
placed in the feeder. After the first 96 h collection period the concrete padagagne
cleaned and the second bale of the period was placed in the feeder for collection the
following 96 h. Bales were weighed and three core samples were taken OdHana
Probe; Nasco, Fort Atkinsin, WI) for analysis and all twine was removedtprimging
placed in the feeder. Waste was collected daily at 1500 h from around each f@dder at
48, 72 and 96 h. Waste was defined as any hay outside of the feeder. Waste was sorted
into dry and wet subgroups to allow for differences in dry matter, weighed and
subsampled for further analysis. Special attention was given to avoid thetioolkef
manure or other foreign materials with the waste samples. After comgphedste

collection on h 96, orts were collected from within the feeder. Fecal grabesamwgile
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collected daily at 0800 and 1600 h. Subsamples of both dry and wet waste and orts as
well as fecal samples were dried to determine DM (oven dried at 50°C until merfurt
weight loss). Following drying samples were ground through a Wiley(Mibdel 4,

Thomas Scientific, Sweedesboro, NJ) using a 2 mm screen for initial bale codey ort
waste and wet waste samples, and a 1 mm screen for fecal samples and startberfor fu
analysis. Waste, ort and fecal samples were analyzed for neutral detdrge(NDF)

and acid detergent fiber (ADF) (Ankom Tech Corp, Fairport, NY), Ash (combusted 6-h
in a muffle furnace at 500°C), and CP (% N x 6.25; TruSpec CN, LECO Corporation, St.
Joseph, MI 49085). Acid detergent insoluble ash (ADIA) contents in initial bale cores
dry waste, wet waste, orts, and fecal samples were determined by asHirrggdies in

a muffle furnace at 56C for 8 h. Apparent digestibility of

Statistical Analysis

Hay waste, cow intake data and apparent digestibility were analyzegthsi
MIXED procedure of SAS (SAS Inst. Inc., Cary, NC), with pasture considered the
experimental unit. The model statement contained supplement (CONT an M, f
paddock in supplementation (random), feeder type (MODC, OBSR, POLY, and RING;
fixed) supplement x feeder type (fixed) and feeder type xpaddock in supplement

(random). Period effects were assumed to be negligible.

Cow performance data were analyzed using the MIXED procedure of SAS (SAS
Inst. Inc., Cary, NC), with pasture considered the experimental unit. The statihent
contained the fixed effect of supplement (CONT and MON), and the random estatem

included paddock.
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All Least squares means were separated using the PDIFF option of SAS.

Treatments were determined to be different at0.05.

RESULTSAND DISCUSSION

Hay Waste and I ntake

The effects of supplement treatment and feeder treatment on hay wastevane
in Table 4.22. There were no supplement x feeder treatment interactions on teafPwas
= 0.18). Supplement did not affect hay wa$te (0.79). There were significant
differences in hay waste between all feeders except OBSR and FRGL9.01). The
MODC feeder was the most efficient feeder treatment, resulting in 36s2wasted hay
than the next closest feed&< 0.01). The RING feeder resulted in over twice the
amount of waste as the MODC. However, the RING feeder wasted less hay thdreboth t
OBSR and the POLY feedem® € 0.01). Both the OBSR and the Poly feeder wasted
more hay than the MODC feedé € 0.01). However, no differences were found
between the OBSR and POLY feedd?s=(0.62). These results are similar to those of
Buskirk et al., who in 2003 reported that feeding large round bales with a cone style
feeder yielded the least amount of waste when compared to a traditionadl sheete
bottomed ring, at 3.5 and 6.1 % waste respectively. Results from Landbolm et al. in 2007
also show a tapered cone style feeder to be the most efficient with reganditg lhay
waste when feeding large round bales of alfalfa-grass hay are fed. Thpared a

tapered cone feeder to unrolling bales on the ground and processing hay into windrows
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using a PTO-driven bale processor. The tapered cone had 4.3 to 5.0 times less hay waste
than that of either rolling out on the ground or using a bale processor (Landbolm et al.,
2007). Increased waste in the current trial could be attributed to several coraponent
related to feeder design. First the two most efficient feeders (MODC &id)Rioth

have sheeted bottom sections, which aid in containing the hay within the feeder.
Secondly, the MODC feeder design positions the bale in the center of the feedergallow
a greater amount of hay to fall into the protected sheeted area while cattl&lie

RING feeder has individual feeding stations which Buskirk et al. reportedrag dei
critical component to reducing hay waste (2003). In their experiment the edirfe
without individual feeding stations had three times the amount agonistic interaotmns
four times as many irregular entrances into the feeder (Buskirk et al, 2003)adtey

was positively correlated to increased agonistic interactions, fieywé regular and
irregular entrances and feeder occupancy rRte.05) (Buskirk et al, 2003).

Table 4.3 shows the effects of feeder and supplement treatment on DMI, as well
as DMI as a percentage of cow BW. There were no supplement x feeder iteatme
interactions on DMIR =0.97). Supplement had little effect on DNP € 0.47). There
was a weak trend for DMI to differ among all feeder treatméhts@.12). Miller et al.,
in 2007 reported that cows with ad libitum access to hay consumed 9.4 kg/ cow daily,
which is comparable to the results of the current study. Buskirk et al., alsedeport
similar results with regard to DMI (2003). Dry matter intake as a pereenfagpw BW
was 1.8, 1.8, 2.0 and 1.8 for cows feeding from a cone, ring, trailer, and cradle hay feeder
respectively (Buskirk et al, 2003). For this study DMI as a percent of cowB$\1.70,

1.67,1.72, and 1.78 % for MODC, OBSR, POLY, and RING respectively.
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Performance

The effects of supplementing with monensin on cow performance are shown in
Table 4. There were no effects of feeder treatment on performancelsomesain the
experiment were exposed to all feeder desigrs 0.47). Also, there were no
supplement x feeder treatment interactions so they were removed from the Thedel
were no effects of supplementation on initial weight, initial BCS, or final weidie
final BCS of cows supplemented with CONT was less than that of cows supplemented
with MON (P = 0.01). Weight gain, which was calculated as: final weight - initial weight
was greater for cows supplemented with M@®N=0.04). This is concurrent with results
from Turner et al. (1977) who reported greater weight gam @.05) in two experiments
with cows supplemented with 200 mg MON daily as compared to those that were not.
However, Clanton et al., (1981) reported that there were no differences hit gaig in
cows supplemented with varying levels of MORNX 0.05). In a 1988 review, Sprott et
al. summarized that supplementing MON to gestating beef cows with MOptddisced
mixed results regarding weight gain and BCS change. Within the curreptcsiaige in
BCS was greater for cows supplemented with MON than those that weRRn06t@1).
Daily gain during the 57-d feeding period was also greater for MON suppiedheows
than CONT supplemented cowa <€ 0.04). This is similar to results of Turner et al.
(2977) in which cows supplemented with MON achieved an ADG of 0.43 kg/d,

compared to 0.23 kg/d for cows supplemented without MON.
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Apparent Digestibility

The effects of feeder design and supplementation of beef cows with MON on
digestibility is displayed in Table 5. There were no feeder x supplemeraaoes.
Feeder design did not largely affect digestibilyx 0.05). Cows supplemented with
MON had greater DM, OM, NDF, and ADF total tract apparent digestiljiity 0.05).
There was a tendency for MON supplemented cows to have greater totappractnt
CP digestibility P = 0.08). Comparable research on the effects of supplemental MON on
apparent digestibility is limited. Conversely, Dinius et al. found no differences i
apparent digestibility of DM, CP, NDF or ADF between steers on a forage diet
supplemented with MONR(> 0.10) (1976). Similarly in 1981 Muntifering et al. reported
no effect of supplementing beef steers on a largely concentrate diet withoO
apparent total tract OM, starch or ruminal, postruminal, or total tract CBtibigsy (P >

0.10).

I mplications

Hay waste was significantly affected by the feeder design used tad@rfose
choice hay to beef cows. The use of a MODC feeder resulted in the least amuaynt of
waste during the duration of the feeding period, which is similar to earlier woek. T
difference in hay waste between the MODC and POLY feeders could gaffatlythe
profitability of a cow/calf operation due to the feeding of less hay with prepdef
design selection. Cow DMI was not restricted by the use of any of the fiesigns and
were similar across all treatments. Furthermore, DMI was nattaffdy diet

supplementation with MON. Supplemental MON did result in gains in performance and
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apparent digestibility when compared to the CONT supplement. However, comparable
research yielded mixed results and thus further exploration of the effecigptérmental

MON on digestibility and performance in beef cows is needed.
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Table 4.1. Nutrient composition of hay fed (DM basis)

Feedef Supplemerit P-value’
lten?, % OBSR POLY RING MODC SEM CONT MON SEM' Feeder Supplement
DM 97.30 97.33 97.34 97.32 0.23 97.28 97.36 0.16 0.99 0.75
Ash 621 625 618 6.09 011 624 613 008 0.77 0.35
NDF 66.35 66.44 66.43 65.87 0.24 6593 66.61 0.17 0.31 0.01
ADF 43.36 43.89 4362 4352 0.61 4329 4390 043 094 0.33
ADIA 387 382 357 369 016 387 361 011 0.55 0.11
CP 525 544 561 556 011 547 546 0.08 0.12 0.91

1 OBSR = conventional open bottom steel ring feeder; POLY = polyethgipeaing feeder; RING =
sheeted bottom steel ring feeder; MODC = modified cone feeder.

2 CONT = 36% CP cottonseed meal based pellet with 0 mg/head of monensire IFE% CP
cottonseed meal based pellet with 200 mg/head of monensin.

® Observed significance levels for main effects.

*SEM of the Least squares means.

*All values are from laboratory analyses and are presented on a 100% BNekaspt DM).
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Table4.2. Effects of feeder design and supplement on hayewas

Feedet Supplemerit P-value

Item OBSR POLY RING MODC SERM CONT MON SEM Feeder Supplement
n 7 7 7 7 14 14

Dry waste, kg 1833 206.% 103.7 58.2 26.0 152.7 122.7 21.8 0.02 0.43
Wet waste, kg 54% 58.3 41.9° 10.P° 12.7 44.7 375 8.98 0.12 0.63
Total waste, kg 236% 265.3 144.2 69.2¢ 26.2 197.4 160.3 18.7 <0.01 0.30
Orts weight, kg 36.53 30.0° 4507 102.9 10.8 62.67 4457 10.0 0.11 0.33
Waste, % bale Wt 20.7 21.49 12.69 5.56 1.56 15.51 14.75 1.81 <0.01 0.79

1T OBSR = conventional open bottom steel ring feeB@LY = polyethylene pipe ring feeder; RING = sleedbottom steel ring feeder; MODC = modified coeeder.
2 CONT = 36% CP cottonseed meal based pellet wittyhead of monensin; MON = 36% CP cottonseed nassdpellet with 200 mg/head of monensin.

3 Observed significance levels for main effects.
4SEM of the Least squares means.
5 Hay waste expressed as a percentage of mean bale w



Table 4.3. Effects of feeder design and supplement on DMI ( DM basis)

Feedef Supplemerit P-value’
Item OBSR POLY RING MODC SEM CONT MON SEM' Feeder Supplement
NO. 56 56 56 56 28 28
DMI, kg/hd/d 8.19 8.43 8.75 8.37 024 829 859 028 0.12 0.45
DMI, % BW° 1.67 1.72 1.78 1.70 0.05 169 175 0.06 0.12 0.45

'OBSR = conventional open bottom steel ring feeder; POLY = polyethyleneimipieeder; RING =
sheeted bottom steel ring feeder; MODC = modified cone feeder.

2 CONT = 36% CP cottonseed meal based pellet with 0 mg/head of monensire 186 CP cottonseed
meal based pellet with 200 mg/head of monensin.

® Observed significance levels for main effects.

“SEM of the Least squares means.

®> DMI expressed as a percentage of initial mean BW.
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Table 4.4. Effects of supplemental M on cow performance

Supplemerit

ltem CONT MON SEM P-valué
No. 28 28

Initial BW, kg 491.8 495.4 9.6 0.79
Initial BCS 5.15 5.21 0.10 0.70
Final BW, kg 507.9 524 10.6 0.28
Final BCS 5.28 5.81 0.14 0.01
Change in BW 16.1 29.61 4.6 0.04
Change in BCS 0.13 0.57 0.12 0.01
ADG, kg/d 0.28 0.51 .08 0.04

1 CONT = 36% CP cottonseed meal based pellet with 0 mg/head of monensir= 1963 CP
cottonseed meal based pellet with 200 mg/head of monensin.
*SEM of the Least squares means.

% Observed significance levels for main effects.
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Table 4.5. Effects of feeder design and supplement on apparent digestibility

Feeder Supplemerit P-value
Item OBSR POLY RING MODC SEM CONT MON SEM Feeder Supplement
No. 4 4 4 4 2 2
Apparent
Digestibility, %
DM 56.03 55.64 57.01 54.56 1.98 53.48 58.14 1.41 0.85 0.03
oM 58.68 58.20 59.28 57.00 1.91 56.06 60.52 1.36 .86 0.03
NDF 58.01 57.92 60.18 57.93 1.72 55.70 61.32 1.22 0.74 <0.01
ADF 47.44 47.08 49.03 45.09 2.48 43.83 50.49 1.76 0.74 0.01
CP 52.46 53.07 55.75 50.56 2.28 50.88 55.04 1.62 0.46 0.08

1 OBSR = conventional open bottom steel ring feeder; POLY = polyethglpeeaing feeder; RING = sheeted bottom steel ring feeder; MODC =
modified cone feeder.

2 CONT = 36% CP cottonseed meal based pellet with 0 mg/head of monensire 186 CP cottonseed meal based pellet with 200 mg/head of
monensin.

% Observed significance levels for main effects.
*SEM of the Least squares means.



@) (b)

(c) (d)

Figure4.1. Round bale feeder types: fapdified cone feeder; MODC, (I)onventional

open bottom steel ring feeder; OBSR, (c) polyethylene pipe ring fegdel,,”RAnd (d) sheeted

bottom steel ring feeder; RING.
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