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OBJECTIVES:

Objectivel — Dairy demonstrationsof rice hay foragein replacementeifer rations.
Thedemonstratiorbjectiveswere
1. To examineeffectsof a balerwith knivesin the pickupthatslicesthe straw(coinedby the
demonstratiormasdoublechoprice straw) on:
A. Mixing time andcompletenessf mixing in verticalandhorizontalTMR mixers
B. Sortingandfeedng behaviourby the cows

2. Recordgenerakexperiencesf the dairy managrswith the doublechoprice straw:

A. Comparedo otherstraws
B. Comparedo previousrice straws
C. Developdiet formulationexperiences

3. Increaseexposureof Dairy OwnersandNutritionist to a positiveexperiencef feedingrice
strawto increaseacceptancandfuture usein thedairy industry.

Objective2 - Improvementof chemicalqualities of rice hay forage
A. Studyimpacts of drying on changesn digestibility to determinethe critical point
wherenutritional quality declines
B. Coordinatewith USDA ARS researcheKevin Holtmanon dryingimpacs on
otherchemicalconstituents

Objective3 — Publication of rice hay information
A. Publishinformationon the procedurego thatrice farmersneedto secureusein
differentstrawmarkets
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B. Publish pastinformation in a peerreviewedjournal to build on the scientific
knowledgeof livestockusesof rice straw.

EXPERIMENTS CONDUCTED:

Objectivel — Dairy demonstrationsof rice hay foragein replacementeifer rations.

Five dairy nutritional consultantsvereidentified thatcoverthe southernrSanJoaquinValley.
Eachidentifieda progressivalairy producerthatwasprovidedonetruck load (22-23 tons) of
doublechopforagequality rice hayto feedreplacemenheifers. No instructionsof howto use
the strawweregiven andeachoperationdesignedheir ownration. Eachoperationwastoured
duringthefeedingperiodandboththe dairy manage andbr feede) andthe nutritionistwere
surveyed.

Theresultsof the surveyof the Dairy Managerss in Tablel. If theanswerswerethe sameatall
thedairies,theyareonly placein theform once or summarized.



Fiqure 1- Dairy Manager or FeederSurvey Answers

Dairy number 1 2 3
Number of dairies feeding for the 3
first time RS
. . . Tough material,
General experience of the two Did not mix properly in the TMR fed about 1.5
- because of the balls of RS
dairies that had fed RS before o Ib/day and no
resulting in large sort by cows
problems
Consistent chop,
Opinions after look at the double Iolali)sc,lr(r?ogrgcj%l:\?aﬁ)lt:ﬁlgs\Zﬂgat fine stem, short
chop RS straw andphas better aroma cut and broke up
well, good length
Type of TMR 2 dairies Horlzontgl and 3 Vertical
feed mixers,
4- wheat straw (3-4 Ibs/hd/day)
Forage replacement one replaced 1 |Ib wheat silage,
one replaced 3 Ibs alfalfa hay
Easy to
. mix, did
. Comparable with ’
Mixing properties RS broke up easily no chunks of wheat straw at . not
straw - : Increase
this point o
mixing
time

Classes of animals fed

Pregnant heifers, dry cows and in
one dairy breeding bulls

One dairy used
for 2 days in
lactating cows
(middle lactation)
but they did not
eat the RS
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Number of pens and time fed 8-17 pens 2 weeks
Initial amount fed (Ib/head/day) 20% of the diet 0.5 2 3.5 15
Changes in pro portion - 3 3 25 -
Good acceptance Good Poor
Reasons for change L o -
and no problems  acclimation mixing
Sorting behavior There was no S|gr?|f|cant sorting
behavior
RS appearance is
Main differences comparing RS with Wheat straw mix easier and has  better and mixing Very
other straws faster break up performance is similar
similar
Opinion concerning to feed RS to No, because RS has lack of One dairy fed but
lactation cows nutritive value they did not eat it
Possibility to feed more with shorter 2 dairies don't think that this is 3 dairies think that
length possible could be possible
Maximum 4 Ibs
Wheat
straw but
Same price and same nutritive value No Maybe only Yes Don't
as wheat straw - Preference because of know
mixing
problems
On a scale of 1-10 concerning to the 7 6o0r7 9 or 10 8 8or9
overall experience
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Figures 1, 2 and 3 below llustrate the difference pictures from last year's
demonstration and this year to illustrate what waslearned.

Figure 1 —2006flail choppedrice strawwith a unmixedrice strawin the circle
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Figure 3- WheatStraw Rice Straw

Summaryof the Demonstratiorfindings

Thedoublechoprice strawbrokeup whenthe bales wereopened The previousyearthe
balesneededo be broken apartwith the bucketof theloaderbeforeloadinginto the TMR
mixers This year,the doublechoprice strawmixedwithout problemsn bothverticaland
horizontalTMR mixerswithoutanyincreasan mixing time. Therewaslow sortingby the
cowsandmostatethe TMR asmixedall day. Most of thedairiesusedthe doublechoprice
strawasanintakelimiter with heifersthatwerefed adlib. Onedairy usedit to replace
alfalfa, ashis heifersweregainingtoo fast, ata dramaticsavingsn feedcosts Surveysof
five dairiesusingthis productfound,thatwhenproperlybaledsothatthe doublechoprice
strawmixesin theration, it wasequalto or preferredto wheatstrawwith the overallscore
of 7to 9 outof 10 (perfect)indicaing thatthedairy produces hadvery goodexperierces
feedingthis doublechoppedice straw Therice growerworkingin thedemonstration
projectwasableto expandhisrice strawmarketto dairiesby 5500tons. We believewith
greaterexposureandextendeddroughtandtight forageconditions thatuse of doublechop
rice strawby dairymencanprovidea largemarke with nearlya million dairy replacement
heifersin California Converselysomelong stemunchoppedice strawwasfedata
nearbydairy outsideof this projectandwasbreakingchainson the mixer andnot mixing
regardles®f mixing time. Givendairy ownersmanagemertime requirementgor
operationof 2000to 5000cows andall the correspondingnfrastructuretheydo nothave
thetime or interestto investigatehow to fix the problem but will justnotbuyrice straw
again.

Objective2 - Improvementof chemicalqualities of rice hay forage

Basedon pastphysicalmanipulationrice strawstudies(i.e., macerationflail chopping,
rotary harvesterflemonstratiorof the inability of theseapproacheto increasentakeor
animalperformancewe now believethatthe focusof studyshouldbere-directedto
chemicalalteratonsduringdry down Thiswill focuson chemicalchangesluringdry-
downandpossibleinterventiongo mitigatethe dramaticforagequality loss

A. Impact of drying on changesn digestibility
Riceforagesamplesverecollectedfrom two varieties(M401 & M202) startingtwo weeks
before harvest Samplesverereplicatedin two checksalonga 50 foot lineartransect. At
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harvesta 25 squargoot sampleat eachlineartransectocation(2 transects3 locations)for
bothvarieties.Theywerekeptseparatandtakento UC Davis Animal Scienceacility and
sampledrom simulatedwindrowsasthe strawdried Samplesvereanalyzedor gas
productionby a rumenfluid method. At eachsampletime period,a pairedsampleof fresh
samplesvereequallydivided andonewasanalyzedandotherwasfrozenat 0°F. This will
allow for analysisof theimpactof freezingascomparedo freshcutand if thereis no
differencein digestibility, it will beassumedhatchemicalchangeshatimpactforage
nutrientquality havenot occurred. Freezingwill allow for moreintensesamplingduring
thedrying periodin futureyearsbecauséhe biologicalanalysisakes48 hoursto conduct.

Theresultsfrom this year’'sbiologicalgasanalysisarebelow. Figure3 showsthegas
productionfor two varieties(M202, M401) at 4 hoursand4-24 hoursalongwith thedry
matter(DM) for each.The 4 hourdataindicatesthe solublesugarsandpectinthatare
availablefor digestion.The 4-24 hourdatarepresentshe digestionof thefiber portion of
theplant. During the preharvesperiods the gasvaluesfor rice strawwerenearthatof low
guality alfalfa, but atthe endof the 48 hourdrying perioddramaticallydroppedo a very
low quality forage.

Figure 3 - GasProduction of Rice Straw from Preharvestto Day 33 after Harvest
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Figure4 showsthatthe mostdramaticof theloss of foragequality occurredirom harvest
time to 48 hourspostharvest. A smallamountof foragequality lossoccurredfrom day5 to
33. In all casegshe M202 strawselectedor this studyprovidedbetterdigestibility thanthe
M401 straw
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Figure 4 - GasProduction of Rice Straw During Three Periods
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B. Coordinate with USDA Ag. ResearchServiceresearcher,Kevin Holtman on
drying impact on other chemicalconstituents.

The USDA laboratoriesn Albany, CA are setup to perform quantitativeanalysisof cell
wall structuralcomponentandthesetechniquesvereappliedto the rice strawduring sun
drying. The goal of this work was to ascertainwhether changesin the structural
componentscould be detectedand if so advie what to do to preservehigher forage
quality.

Straw was sampledat the time of harvest(9/21/06) and immediately frozen to prevent
drying. Thestrawwasthentransportedvhile frozento the Albany laboratoryandthe straw
was placedin Tupperwarebasns in the sunto dry. A time zero samplewas takenand
immediatelyplacedin the freezerso asto ensurethat no drying would occur. The straw
was then sampledroutinely at the sametime eachday for the next 10 daysandrefrozen
after samplingto preseve its initial properties. The strawwasimmersedn liquid N, and
thengroundin a coffee grinderto reducethe particle size prior to analysis. The ground
strawwasreturnecdto the freezeraftergrinding.

Moisture content

Figure 5 showsthe changein moisturecontentwith drying. Initially the strawafterharvest
was 55.5 % moisturecontentand decreasedo 10-15 % moisturecontentby 48 hoursof

drying. Variation in moisture contentis likely relatedto samplingand/or variation in

relative humidity in theatmosphere Drying is likely to occurat leastasfaston thefield as
the bedof strawis elevatedby the cut stalksandthis allows for passag®f air beneaththe
straw. Drying in this casewasin a Tupperwarecontainerandwaslikely slower.
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Figure 5. Moisture contentof rice straw with daysof sundrying of rice straw.
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Cell wall components

The contentsof the measurableell wall componentarelistedin Table 1. As canbeseen
from the data, lignin and silica contentwere constantthroughoutthe analysis. Variation

was likely dueto samplingvariability asthe analyseswere performedon small samples.
Lignin content was not expectedto vary as depositionof lignin is complete prior to

senescenceAny changesn lignin contentarelikely to be detectedprior to harvest.

Monosaccharideontentswere consistenthroughoutthe samplesetwith glucose xylose,
andarabinosearound40, 20, and5% by weight, respectively.It hadbeenhopedthatsmall
changesin these componentswould be seenwith drying as free metaboliteswould
evaporatevith arapidly decreasingnoisturecontenthoweverthis could not be detected

Cinnamicacidsare known to limit the rate and extentof enzymatichydrolysisor rumen
digestibility. Cinnamicacidslink the carbohydratgolymersin the cell wall directly to the
lignin. Cinnamicacidsare linked betweenlignin polymersby etherlinkagesor between
lignin and the carbohydratesvia ester linkages. Cinnamic acid ester content can be
analyzedoy saponificaion at low temperaturevith NaOHandcinnamicacid etherlinkages
canbeanalyzedoy hightemperaturdnydrolysisreactionssimilar to sodapulping.

Figure 6. Chemical structures of p-coumaric and ferulic acids.
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Two moieties,p-coumaricacid andferulic acid (Figure 6), are presentin the cell wall of
rice straw. An increasein either of thesecontentswould indicate that chemicallinkage
betweerthe carbohydratendlignin occurswith thedryingandsubsequerghrinkageof the
cell wall. The content of both the p-coumaricand ferulic acidsdid not changehowever
with dryingin Table 1. It wasinterestingto notehoweverthatthe detectableinnamicacid
contentsverelower thanexpectedaroundl % for all samplegested.

Table 1. Quantitati veresultsfor cell wall componentsasa function of daysof sun

drying.

Days p-Coumaric Acid Ferulic Acid

sun | | % % % % Ester- | Ether- | - | Ester- | Ether-| .

dried Lignin | Ash | Glucose| Xylose | Arabinose | |inked | linked (%) linked | linked (%)

(%) | (%) (%) | (%)

0 20.2 | 13.3| 39.8 18.3 4.6 0.47 006 | 054 | 0.24 0.16 | 0.40
1 17.7 | 9.1 34.3 15.3 5.3 0.54 001 | 055 | 0.28 0.13 | 041
2 17.0 | 9.1 43.8 22.1 5.5 0.52 005 | 057 | 0.28 0.19 | 047
3 19.8 | 11.1| 431 24.1 4.8 0.52 0.0 0.52 | 0.26 0.13 | 0.39
4 20.7 |10.9| 413 20.1 4.8 0.42 0.08 | 050 | 0.24 0.19 | 043
5 16.8 | 10.3 | 46.7 22.1 5.4 0.62 0.02 | 0.64 | 0.30 0.19 | 0.49
6 18.3 | 10.3 | 46.7 23.0 5.1 0.43 021 | 0.64 | 0.21 0.28 | 0.49
7 215 |136| 385 20.9 5.2 0.44 0.07 | 051 | 0.23 0.20 | 0.43
8 18.3 | 104 | 451 20.1 5.3 0.47 006 | 053 | 0.25 0.20 | 0.45
9 185 | 11.0| 401 20.0 4.2 0.49 008 | 057 | 0.26 0.20 | 0.46
10 175 | 9.7 34.4 14.6 4.7 0.51 0.12 | 0.63 | 0.26 0.25 | 0.51

This researchshowing not significant changeduring the drying processby Dr. Kevin
Holtmanhaseliminatedcinnamicacids free metabolitegglucose xylose,andarabinosepas
the potential causedsfor forage quality loss This will now allow the future researchon
changesn celluloseandsilica duringthe 48 hourdrying period.

Objective3 — Publication of rice hay information

A draft puldication hasbeenproducedhatpredominatelffocuseson producingstrawas
beefanddairy cattleforage. Theserequiredifferentprocessesasbeefcattleoperatorsare
interestedn a highermoisturestrawthathassomegreencolor, aforagequality tes, and
staystogetherin the balewhenfeedout ontherangeland.In contrastdairy producersnain
concernis therice strawmixing in thetotal mixedration (TMR) equipmentsothateach
bite thatthe dairy heifertakesis the sameandthatanimalsdo not sortthefeed. This
requiresthatthe strawbe choppedeforebalingandthenbaledat the lowestmoisture
possible. The publicationalsolightly coversotherusege.g.,erosioncontrol, housing).
Thedraft publicationwill bereviewedby rice growess thatproducerice strawin January
2008. It will thenbe submittedto the Universityof Californiapeerreviewprocess.It will
be publishedn alimited numberof printedpublicationsintendedto reachrice farmers and
it will alsobe putonthe UC ANR websiteasa downloadablgublication.
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The CaliforniaDairy Magazinewill be approachedgainin thesummer2008on anarticle
of thefindingsof lastyear’sdairy heiferfeedingdemonstration The successfuteedingof
doublechoprice strawwill bethefocusof thearticleto helpdairy producersinderstand
that properlytreatedrice strawcanbe successfuin dairy heiferrations.Thetiming of the
articleis to stimulateinterestbasedon UC findingsfor contractingoy dairy operationwith
rice growersduringthe late summer. Also, aresearcharticle on previousthreeyearsof rice
strawresearclon the physicalmanipulationof the strawentitled“T he Effectsof
maceratiorof rice strawon voluntaryintakeandperformancef growingbeefcattlefed

rice strawbasedations will be publishedn Animal FeedScienceandTechnologyin
2008
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