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Livestock forage conditioning: Bluebunch wheatgrass, 
Idaho fescue, and bottlebrush squirreltail 

Abstract 

Research on Andorso11 nxtd Schertinger's hypothesis that 
sprirlg cattle grazing can positively a f l i ~ t  srtbsrclurrtt xtutritional 
c.haractcristics of grasses hiivc ger1er:ited nlixed rc*sults. Our 
objectives were: I )  to cvaltl:ttc falliwinter nutritional indices of 
blt~eburicll ~ ~ l ~ c a t g r a s s  tAgropymrr spicatrrnt [i'i~rshl Scr-ihn. & 
Sniith), Idaho fewilc IX+'e.vruca iduhoensis 1~;lnicr). rtnd hottlebrns1.r 
stlairreltail (Silutrio/r hystrix (Nutt.1 Smith) in ungvazetl, ligl.rtly 
grazed (33'k utilizatiotl), or heavily gr;tzed (69% utilizatiitni pas- 
tures stockerl with cattle at the hortt stage of growth: and 3) to 
quit~itify opportunity costs of applying those treatments on fall 
standing crop. Compared with ungrazed stands, light and hcavy 
spring grazing decreased Sepietnher standing crop by 32 and 
67 9;. respectively . Scpten~her/i)eccmher crude protcin ( ( ' i ' )  
among hesvily g ra~ed  grasses (T= 6.9%) excecticd uagrazed con- 
trols (Y= 35% 1 for I I ctf 13 cornpal-isons. Crude protein of light- 
I. grazed grasses (T = 5.2%)  as Itigiler tha~i uugrazed controls 
fijr 6 of 12 comparisrrns. HerI>agc was more nalrilicrus d~rring the 
drier of t l~c  2 years sampled. Among grazed treatments, ftlll/win- 
tcr C'P nlrastrrcs were higliest fitr botttehrusf~ squirreltail ( K =  
7A%), inlcrn~ediat~ for- Idaho fescuc (5.9% 1, a11d lo~vest for- hlue- 
X~uilch wheatgrass 1 0  = 4.9% ). In f'all/wintcr, ttrrt)age was rnost 
digestible in heavily grazed paddocks (X= 59%). intermediate in 
Iiglltfy grazed paddocks t R = 53%), and least digestittie in 
~rngraxed itrcas fi?= 495% 1. light arltf heavy spring cattle grazing 
can augnlerlt fall/winter forage cjlxalitj- of bltlehunch wtleatgrilss, 
Idaho f e s c i ~ ~ ,  ant1 hottlebrush scluirreltail. Spring grazing 
reduces srtbsequent standing crop, hut remaining forage will he 
tlutriticrnally superior to fterbage in unpraatd stands. 

Kcy \%ords: Agropyroiz spicnfnin, Festlrcri idulinetisis, Sifrrriiorr 
hysrr-ix, bccf cattle, big game. wit~tcr range, wildlife, habitat, diet 
qualit? 

111 a sf~ldy to ciaiu:tte rkiorl>hologir-3/ and physictlosical el'fcct\ 
of cattle g ra~ing  crested wheutgras\ ( A ~ i . ~ ) l ~ v r o n  c.1-istarrrni (L.) 
C;;ie~.tnj. tJydct' and Scn\va (1 96.7) notd  sprinr rt.rno\.al of ~1ev:~t- 
c J  meristclns stirnulntcd ;i ~1.0~vth  of new tillers that tiid not 
progress through tl'icir' typical r'eprotiuctivc phasch ol' dcvclop- 
nient. Soil rx1oistul.c is trsuuily cxhaustcct 13). mid-surn~nar in t l ~ t  
ri:gion. and fhcrc is ty ~icill ly little ~ ~ U ~ C ~ I S C  in standing crop ;rf'tCr 

1,a invcstigacicin \ohre la ilipittesis du Andcrqon Sctterzil~gcr 
cfc qrrc el ap:tccntamiento dei g:rnadtr en priinatcra pircdc af'ectar 
positivan~cnte la\ caracteristicas rlatricionalcs subsrcuentcs cie 
los xacatcs ha prctducido resoltados miutos. Nucstros ot?jeti\cts 
fileron: 1 )  etaluar ir~diccs nut~.icionalcs cie otoiio/invierno dc 
"Wiucltuncli 1r4lratgrass" (Agropyrort ,spicutrr/n [Pursh] Srrihn. & 
Smith). "ldaho fescue" (Fcstuca idaltoensis Xl;lmer) y 
"12oftlebrustl stluirref tail" (.Sirttnio/t hys2r.i.~ iNutt .) Smith 1 en 
gtttrerris sin apacentsr, Ijgeramente apacentados (3.35; de i~ti- 
lizacitin) y fuertemente apacentados fSYch de utilizacicinl carga- 
dos con ganado en la 6poca rlc ernhucht (aatts de la floracicinl y 
2) cuantificar 10s costcts de oportunidad dc aplicar eaos 
tratanlicntos: en la hitrnlasa cn pie de otofio. (:urnparado con lac 
pohlaciones sin apaccntar, el apecentamiento ligero y fuerte 
Septicmhre reduce11 la ltiomasa en pic en 32 y 67% respec4i.c.a- 
mcnte. En 1 l dc 12 comyaraciones, el contenido dc protcina 
cructa en Septieinbre/f)iticmbrc (<.'13,) entre 10s zacatc.; ft~ertr- 
nlcnte apacentados (K = 6.YtA) cxccdii, el control sin apacelk- 
tarrriellto (P = 3.9 percent). La prrtteina rrudii de los aaclttel lip 
eramente npacentados (P = 5.2% ) fue mayor qiic ti1 de los zacates 
control sin npacertfar, esto cti 6 de 12 coniparaciones. El forraje 
file nrhs nutritive en el aiio lnas seco de lor 2 aiios ntuestreados. 
Kntre los tratamientos de apacentarnicnto, Iss medicioncs d r  
proteina cruda ile otoiio/invierno Inas ; ~ l t a \  fuerctn para  
"ISottlcbr~~sh squirreltail" IW = 7.5 !% 1, intertnetlias p:tra Itlailo 
fescue" (5.9s.) .)y el nlris hqjo para "l%luehuach w 1ir;ttgrass" (K= 
4.9%). En Otoiio/invicrno el forraje fttc inas digestible en 10s 
potreros apactntados fi~ertemente (T = 59%). intermetlio en los 
apacentados ligeranicnte (b = 53% 1 y la Iilcnctr rligestil,iiidatl se 
tletectci en lac 6reas control sin apacentar cX = 19 '3; ). El :qtacen- 
ta~nie~ito ligero 4 frrerte del ganado yuede au~nentar 1:t catitlad 
tlcl forra-je en otofio/invicrno del *'Sluehunch \vJleatgrasc", 
"ltfitl~o felcue"~ "Huttickrush sqairreltail". f<l al~acentarniet~to 
en prin~avera reduce la biornasa en pie sub~tcucntc, p r o  el fibr- 
raje remancnte sera nittritivarnentr supcrior al forraje tic Ias 
areal sin apacentar. 

the first of July. HyJci. anti Stnva ( 1963 1 S P C ' C L ~ ~ ~ L ~ C ~  the ~.csi~lting 
cured, hut leafy, hcl-bttpc c\:c?~rld p~.ovictc pnlatabl? and n~~tritioi~s 
late-suinnicr or fall thragc for c;~ttlc wlwn lo~ci.-qt~;iIify ~ C ~ ' C I - I ' C ~  
stanils of  Cra\s coirlci nc-jt suhi ain livcxiock gail'i~. St~bsccji~i:ntly, 
rInder\on ancl S c l ~ c r ~ i n ~ e r  ( 1975) repor-tcti an inxt;incc in north- - ----. ---------- .--.-.-----.--.-----.----- 

cac,tcrrr ()ycFoll A?, ictllfilrLti R ~ ~ ~ . , , , ~ ,  (;.,l,r"l I\JOilltl\. rll,I:T;,te,+ br , l lC ()lcfhll c~ntK4l C)l*cgon whurc carly -hcasoll cattle p 3 i . i l l ~  ma\' havc e l ~ -  
Agr. I-xp St:). of Orc$r,rl S ~ t t c  1 rllv :mi illc 1 fS1~,~i-,.\gri<ult~11,11 Re\i.'liih Spy\ ice !:;) ted forage qua! i ty  nncl palat ; h i  I i t y of grassei ancl caitsc;f a 

hl&llit\<i l ~ b t  :~c.ieptctl I!, Yo\ \J:? g~'c;itcr than 4-l'oltl incrc;~\c ill the nui'ilbc'l-s of wi11tc.ring clh 
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[ ( .P?.~*ti ,5 C / c t / ~ F / i l $  t!'*!\O/li l32!ilC> ,! ~ ' r c ~ ~ ~ l c ~ l t -  
~ n g  l 1 . i ~  ;ti c , ~ .  <:on\  crbc,l>, I-ro\vc\ cr .  
Skoi i i n  ct 211.  I I%.3 1 li~und spring ~-ijttlc 
gsa1,ing diti not pso1120tc \ t ~ h \ c q i ~ ~ ~ ~ t  LIU: b>' 
\.lh tn h\;v\hirlg~on. M'htle 11011~ c ) !  thew 
jttictics clu;~ntjlictl thr: J I I I I S ~ I I O I I ~ ~  ~ll;i~.iic' 
tcristics of rhcii. Ior~g,-. their prcnlke oI' 
i't,r,~gc i*oridr~roi.rit~~ has I>i.cc,m~: a it icte 
q?i-c;id C S ~ I ~ ~ ~ O I I C ~ I ~  of g ,~ i l i s~g  !)imigeri>enk 
pr'ogr;irri\ ;Pit[ I <?XAI. 

S C ~ ' C I  ;li I . L ' \ C L ~ K ' ~ I C L  \ \ ~ i b ~ t : i l ~ ~ i ' i I t l ~  
.;xpll!i*e;f llrc ibi.;igc* contli~totlti~~, Ir~pothc. 
sis \ i a  c l r p p i ~ ~ g  \tuclic\, w i r h  rnix~ad 
I C S U ~ S .  Pit[  1 (%6,! f0rtf1J nt!trrlii)13~k1 g i~ i r i~  
TI hprr rig dcloli;i:lrions oi' hluchurlck 
\vltcatgrtt\s t Agi - r ip~ i -o~ l  spic.tri~rnr (I'ntxh] 
Scirhrt. Lu: Sn~itll).  wllilc tVCstc.nsl\ow- 
\ $ , \ ; ; t f i  ct :!I .  (1994) 2nd Warnboft et al. 
{ l V9-1 j fourid n o  inzr.cit.c i r ~  i',ill l'ol-age 
c ~ ~ ~ i l i t t .  <:lark ct al. (1c)Oda) applied 11lrcl- 
boot ;111~1 2itl.I) I'lo\~~l.~rlg clil?ptn~i to bf ~ I C -  
t~unc l~  ui~c;ktgr-:lsi and dctCct~tl s~pnific;int 
inc-s~ilsc's i j3  earl? K o \  clnher tl~gcstibilil\* 
; ~ n ~ i  crtitic prt,t~:in (('P) c.ontr:nt \\him corn- 
p;irctl u ith uaicl~l-rpcd plant5 h,fol-c sccent 
I!,. Clash cr ; r I .  (2(,00) appiicct si~ccp gi.a/- 
iilg during tllc bocjt staFc to bl t~chiin~h 
i 4  he:ttgr.as\ ant1 Idallo t~~wrri. ! /'o.\irri.~i i t h i -  

i f ~ ~ r i i . u \  £ ! I I ~ I L ' I  1 ivit11 f r c~ i t i~ i t~ i~s  clci $hr]g 
Yt!\cnlt.cr ('I-' le\*cl\ h) I mil 1 ..3 percent 
ape gx>ir~t\. ri.\pczli~ el\ . in vilro cis). rrrzil 
icr (DM,! di~c\tibrlrt:, o i  hlri~~buncli wllcih 
s r i~ s s  \L.it\ i l l ~ r ~ ; ~ > ~ ( t  k?> 4.3 ] ) i ' i ' i i ' l l t ; l ~ ~  

poirrrs {('lark ct : \ I .  2 0 0 0 ) .  Sirtrrlasly. 
i iokjlw c i  A. (1996) li~tisid gsivir~g 1)) elk 
c.lcv;tt~~d i l~c  1ii.c-ro ciciitf r;itros 01' sprirlg 
fosasc. ~.csilltinp i n  blrght but significant 
incr'casc. 11: nill-ozcn cont~ ,n l  and 
ciige>tihility. Ilictary digchtih~iity :rnd fihcr 
contcilts of i'or ages. ho\.;c\ cs. clid not 
c.11;tngc v, 1t11 elk ?.~;i/ing trcdtincnts. 

(;I\  un  tile nlrxcd rc~tilts of'~hc:\i: i n k C \ i i -  

galtion\. cfc\i$nctl ;J sli1t1y io te\t r l~e 
i'ol-age conrlir ionins hyjx)rhr:\is M ith ~,;~trle 
gra/ing. thir r - > h ~ ~ ~ t i ~ e \  wr:rc: 1 )  to cv;ilir- 
ale \~rhscqi~i~ltt filI1 i~nct ivirrtcr nt~fritionikl 
c.l~i.ir:~ctcrisl ics of' hluctturi~-11 bvhc:ttgr;iss, 
Itl;.rllo I:\cue, 2nd bt~ftlc.bru\Il \rltrin-;.llail 
(?titcirriori h).\tr.i.x iNutc.) Srnitll) ~n stru-rd\ 
that: \vcrc I I ~ ~ I . L L / ~ ~ ,  liglltly grar.cd 
(stocked ~ , i t l l  3 c,ows), or I-icauilj. grarcri 
(xtc~cked 1vill-r 4 co~vxj by cuitlc. Juring the 
't.~oot-stayc 01 yIiis\ dcveloprncnt. and 2 )  to 
i j l ' i ir~i i i '?  thc fcill \t,krl~firig crop ~xbsf s of 
~nlplcrncnting tilese harrlt' trcatrnents. 

Stirdy area 
:'i ilct;tilc..rl histijr), \.c~et,ition licf, i~nd 

so i l j  tlC\c.ription t,f th t :  \111t14 ;rrcn 
i4jQ37'N 1 1q52-3.W. clcv..rrtic)n 1.584 n ~ )  

. 
cirri bc 10tt11d I I I  G i l i ~ ~ k o l ) ~  ct 31. ( 19?91. \$el.c oken drlud lit ,I()" C. w c i g l ~ ~ c ~ ,  corn- 
I3ricfly. tht :lrca occupied Rureiio Lirtid p(,site~d by psture, mixed i n  a largI* pl;istic , 
%4anu~cmcnt (BLbl }-aciniinr\tcrcd. pine- tub, anL\ suhsampled (approkinlately 
f t i ~ ~ \ t i ~ i l ~ C h ~ l ~ ~ ~ ~ - ~ t ~ p p ~  ~r;lLlsirit?n range. g)  ;i,scs\mcnt\ of forayc qe;i]il?. 
pi3,\'i(liIl~ \prin~/stllnnle1. Ibr;l:C! f0l' k c t '  ~ ~ [ , , ; ~ ~ ~ , ~ l ~ ,  bvr.ere grc)t,onJ to pa\$ a 24)- 
cdftl? ~klltf w interin$ <fWr ! ( ) ( / r ~ ( . r ) i / ~ l l \  nIcsll  anc! sr~curc~ti i n  bag\ 
hcn1ionrr.s) anti cl h ncar Ri t r  I ] \ .  Ore.  fi,r 5tor;tgc ;It l.(K,m tcrnpcl.;lturc, C'hcniic;ij 
VCgct;~tkIl lflcI!!tj(XI \ ~ i l l f ~ ! ' ~ ' i l  L\'t'SfcI'n ilss;i> j n ~ I  LILiC(j; C s l l d ~  p s~ j t e  il l  CP= 
jurlipc~. (Jlrnipt.1-rr.5 orc.r(lerirtifis Iioi>k> ~ ~ ~ l ~ t ; ~ h l  nitroFcn \ 6.25: AC)AC: 1984), 
O\ i~\tt>r). .  a ~ l l r ~ ~ b  fayet- charactcri~cd 134' ncr l t l .n l  tjctt:r2cnt fiber KT>[:; K ~ t > c r f ~ ~ ~ i  
rnoirntain big \trgi.br~sl~ (Artc!nr.\ici trf't/er?- i3nLl val1 1981 al>(f in  vjtrt> org;rllic 
icricr \ttbspp. i5cr\rvcintr I I i ~ d b . )  Hectic) ~-nalter djgc.;fibiliiy f]VOklI>; AO;]c 
h i 1 1  L 1 . 1  i t  1 990 j. 'KO qllanti@ Icve l \  of, f<,rrtsc utili~a- 
~ t r  (t'ursh) LI(1) component. iind a I~esbtt- ti ,)n were renlovcd. .;tkknding 
ceou\  1 3 ) ~ ~  J~)n l l i~ i l t cd  hlachunCtl cr,,p was sampled again by Clipping tell. 1 - 
\\ hcatgros\. Idaho I 'CSCU~.  bottlehruhh ill: plt,t\ per pasture. 
sclirirrthltail. anrl ' r h t ~ s h ~ r ' \  11~'cdlegras\ )icrbLkge was srtnlplcil a tlIirti tilrlc fl)c 
( Sripfr ~l~i~l-bc~r.icinti f'ipc1.1. \econd \reek of Si'ptclnbcr and ii fouttll 

tlmt: the third \reek o f  Il)cccmbcr. 'l'tlz 
Pastures and grazing schedules Scptc-.'nlwl- sttrnpling was used t o  clii;intii) 

'1"his stud) was :I fitnJon1irt.d corrtplete xtandlng crop aixilable for fa11 and \viriter 
block Jcsigl.1 ha\ ing 3 rrear1llcl.it$ and 3 iiw by galnc or livestoch and to a\scss 
t.i.~?ilcr~~ic~~>\ with inLlj\; ldul~l pasrurcs {n' = ntrtriti~c: contcnt i 3 C  the 3 IU~\-~C)T grasws. 
01 functioriirlg 2 s  s\pcrinlclltal units. Agaili. n1:ltcrials werc harwstcd li'om fen, 
Trc:itnrc~~lh i11~1udc.d 3 pasture, that wcl-c: 1-111' plots per 11nstul.e. I-lerbage \*;ls sorted 
l j liphtly-gra/cd h j  c;kttlc. 2 j  I~c;l\#il> alnorlg 1 c;ite$orics (the 3 major gsa\scs: 
gj-;ucJ by c;irt[c. anti 3 )  iinpl.a/cL/ i.ontrolh. l7luehtrnc.R whcatgi.;is\. Id; ih~ ~ S C L I C .  hot- 
Bcc;ili>i: trcatnlcnts \ . ~ c r - ~  not rc-liindo~ri- tli:brtt\l~ \cl~~irreltnil, and a I'ourth Inhclcct 
ired t3e t~r '~ i i  ?CAI.\ ( (9c)d :ir)J I ')()01 find- "clrhcr"). These n1;ltcrials wrrc oven dried 
ir.ig\ rcf1oc.t cumul;ltlic clkctc acrol;\ 1 ;\I 10" C. weights ~.cct~rtled, tllc grtlss 3tln-t- 

\ucct:\si\c growing \Cii>(>llS. PIC\ \II.CI-C cc)~nposited by \pf:c'ii:\ \kzifl.rin 
Si/c. of g r a ~ z d  paddoc.l\s ranged from cncl~ p t l \ t u~~ .  iind the corllpositcd salupjcs 

0.6 to 0.9 li;~, :lnil ungl.a/cJ c.ont1.01~ ~ c r c  \te~.e gro1111i1 anti rctaincd I'or subsc~p~cnt 
hctwet!n 1.4 ;~r~tl 1 .6 hti. I*or the 19% trial, chcmicrtl a\s:iys. A similtlr proccdut-t: was , 

ive tisctf 1 %  rlry f-lcr.ciord x A~lgus cows rr>cd ~ : j t h  the Dcccnlhcs \ampling. bllt 
w.ith a 11lc:r11 bo(jj  eight of 4513 kg (SE = rnatct.iiiIs ~ ~ 1 . 2  nof weighed to qtrantjf-)' 
26). I ,istit ly~gra/c(l  patftlocks s~tpportetl 2 .tartding crop. 
~ .o\% s. i ~ n J  hc;t\ il>*.grtr/e~l yaddocks sup- 
p0fti.d 4 . Wit!) the gl'il/,i llg [)OrtiOll 01' d l c  StiilisticaJ prqbcedures 
trial beginning o n  21 blit). and lasting 1.0~ pOr Lariahli.s r l u a r k t i l ' i d  ,(,lcly (,n an 
12 dii)\. In IU99. 1 %  tiry CO\V. were < I S ~ \ V ~ - I  L,l,flLiii~ biisls r i lcast~r~s total sfa13cj- 
Inun a SI.OLIII suileduli~d for ciillin$, alld illg Stillltiillg c1.01) fi,rapc quality 
I U C ~ ~ I  body weight was ~llgitlly henviol- ( h  j,ldii.e\. allti I ~ \ . ~ I ? ,  cl j  l;)T;ISL' utill(afji)llj. 
== 507 kg. 513 = 1.4 .? 1. P; l t ldo~l \~  Were split-p~t,t sis ($1' \rlsiancc was used to 
\t0ckcd 011 -4 J k t ~  I()')iJ ,111d yr;l/ing Coil- treatjneu[. ycrkr. and jntzsacticltl 
tirli~ed h r  10 cia>(;. OUI in tht.5~ tri;tl\ el.fcct,, *rreiltillcnt, ( 2  di.1 sem.vccl as lL'hOlc 
\\as 10 \tack the iicavily gr;we~i pastures pi(its, \\.illl ftlr hloL,h tsL.;ltil,cn~ isewc- 
tint11 at Ici~st 50'2 ol'thc herbaccou\ fitsagc t i c , n  ( 4  u,ci] as Iernl 1 .  bars 
mii\\ Il;rrl hczn i~tilizc(l. were subplots. with yeas ( 1  (if) ntzd the 

111 r:onjtrllibtic?n \h.itf) ailother stndy, thcui: tl.earmcnl i,ltCr;lCtion ( 2  cjt') tested 
inmc pnituri:b cvcrc \toeked at ha11 t l ~ c  ralc the I.csjdllal CrrOr fcrln ( 6  j f ) .  ?miS 
ilseii i l l  [hi. \tiid) in 1907. lu\t hclbrc p:i\- ~ , P p s ~ 2 L C ~ ,  wah o\cd br.c;asc ar.~~l~c,lcc(. i n  
tiires wew 5tockc(i i l l  1098. \t;t~~di~lg crop C.nllOf bC' rr,ndolnjTc(i. l.e\irlting ilI 
~-;lnpcd brtwr'c~l 7% itrlrl 770 kg 113 ' j\ = illiidvertcnt 3plit-plot ( P ~ , ~ ~ . ~ ~ ~ ~  ,985. 
(7h9) aillong the g r i ~ ~ c d  and c.onttnl iinils. (',,,iy ;lllL. smith 1997 ,. w~~~~~ effects w,rc 
with n o  s igni l ic:~~~ t difli.rc~~r.c\ t P .s 0.05) \ i g n i  ~ic.,,l, in i,llill y\i>\ (,f s i n  
~fofccted among ~rc;ltrncrlts. ~ I c  itCgr~~~-oi'-f'rc~tioni con ts;.isti ivcre used 

for Incan sc.par;ntionx befwcc11 SIIL'C~C-, on i t  

Forage sanlpling gi i en dntc. 
7'0 char;~ctcri/c ;i\.ililahlc hcrhiyc ju\t Iaor the Scpternhcr rneasuscs of  st~tntiing 

h ~ f ~ l ' c  sfochit~y. grasses aricl I'orbs were crop, virrivtion was partitionctf among 
ciippcd ttr tl 2.5..<1n drrbblc from tell. 1-131' ~ r r a i ~ ~  effects 01' treilf~~li'nfs ( 2  df), SI>C'C~CS 

pl i~ ts  111 each pasturt:. Raggc..ci rnatcrialu 01' grass irnii thc "other" ~.iltegc-rr> t 3 cii). 
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years ( 1 df). nncl their respccti~c intcrac- 
t i o ~ ~ s  using a factori;il arr;ingcnicnt ot' 
trctjtrnents ancl syccies ancl ;j \pl it-plot for 
?car cfl'ccts. Trenr Inent, \pccics. and tlic 
trc;ltment x hpccics internc.tion ( 6  dl') cvcrc 
t ~ s t ~ r l  wit11 the block x trc\;ztment x species 
( 2 2  cStl c r r ~ r  tcrm. \vhili: the yc;u- stibplot, 
treatntcnt x >fci\r (2 do .  spccies x ycar (3 
ctf). and the 3-way trc.atmcnt .t species x 
)ear  i~~tcrac t ion \  \sere tcstcd wilt1 t l ~ e  
rcsiiiual error icrrn (24 dt'). Again. rnciln 
separations hetwcerl species on a giken 
date emplojcd \ingie de_~~.ce-r~('-frccdon~ 
con tsit\tk. 

Last, l i~s  the Scprrmher and I)ecer~il>e~. 
assays rrf for:igc clui~lity (Ct>. NDF. and 
IVOMU). \.ariation \v;1s pi11Iitioned arriotlg 
the iliain ei'f'ccts rbt' trt.atmcnts ( 2  df'), 
species of grass t 2 dt'), )cars (1 CIS), sarn- 
plinr periods (Sepr. and Dcc. ( 1  cif). and 
their r c ~ ~ ~ e c t i ~ c  iliter:~~tions t~s i~ ig  ii fiicto~.- 
i w l  asrangentent for trcatmcnts and spccics. 
E1.ror tcrrn 1 (block x treatment 4 species 
( 10 df'))  nia\ ~ ~ \ c d  to tc\t treatment. 
spccic~, and the trcat~ncnt x xpccics inter- 
;~ztion. Years %ere si~hplot\ ( I (is) wit11 
treat tncnl x >c;11' ( 2  JI') . specie\ x yeiir (2  
41') . and the Ircatrncnt x species x ycar 
cll2ct. (4 dl') tested hy the block x trcat- 
ment x s~)ccics x intemction ( IX (10. 
Monttts M'CFC: suhbi1hpIo1s. ancl the residual 
error tern1 (36 df) used t o  test Ibr  non nth ( 1  
df).  trearrncnt x n-iontll (2  tlf). species x 
rl~ontll (2 ~11). year x rtlontll ( I dl'). thc .3- 
way interaclions of treat~r~er~t .t specit"; x 
month (4 dl). treiltrnent i, ycar i month ( 2  
elf). spccics x >car x montli ( 2 ~31'). 31iJ thc 
3-way trciittncn? u specie\ x yci.11' s 1~)onth 
jntcraction (3 dl> effect(;. Again. the split- 
plot approach wlas uhed bccaiisc timc 
series coiild not he rantforni/cd (Peterson 
1985, Cocty and Sl~iilli 1997). Mean q a -  
ration(; \%ere accon~plishcd with sir~glc 
tf~.gri?i' 0f f'lCec\Om C O l 1 i l ' ; l S t ~  ll\ing 
S;.rttcrthwaitc's appmxin~ation fiw estii'nnt- 
i n s  error dcgr res  of freedom 
(Sattcrtlrwrtite 19461. Stati.;tical sipnif'i- 
cancc in all anLiiyse\ was accq>tcd at, Y 5 
0.05. 'I'tiroughout the m;inuscript. values 
folloiving 1.t syrnhcrls are stunclard erroi.s 
(SE? of tlie meiin. 

Results 

IBrecipitation patterns 
Snc\:it ( I9831 clctcrrnincd crop-ycztr fils- 

age i i~~l~~ni l l i i t i~ i l ' i  i n  the rcgion u:erc most 

(rct 'crc~iced ;is the Sclu:~\v Birttc 
Exp~r in- i~nt  Station in N .(_).A . A .  t 2001 1 
records) hornc 29 k nl xoutli\vcst and I h 1 m 
1o~:er Ehiin oilr study site. Mc;ln crop-year 
prccipitation (n = 03) for tllC Fxperiinent:il 
Range is 26.1 cm. and a c C i ~ ~ n i t i o i s  for 
the 1991; i ~ ~ l d  I999 i-sop-years cvcrc 196 
anti 106% of n\.cr;igc, rcspccti\~cly. Given 
the dift'erenccs in elevatic~n ancl vcgctatiort 
betucel~ t l~c Exppci~~rncntrtl liangc and our 
stucly site. wc speculate our rcsc;u-ch plots 
~-ccei\:i. ahout 10 ern ;narc pr.cc.il?it;ltic~n 
anni~ally fl~an the Experi~neiltal Range. 

'I'hcsc hake bccn no studies iirldrt.$\i~ls 
rclationst~ips anlong 13tc sulnrlicr or f r i l l  
precipitlttir~n puttcsns and iall or cvinter 
green-up and y i t .1~1~ ot' grassc\ in t l ~ c  
region. Monthly p1,ccipitation tot;tl\ for thc 
I098 allcl. IC)3!S ~,;jlcr~Ji\r 4 ear\ ;1rc fbi~nci in 
Fig. I . Monthly ;tccuniulatio~is Icailitlr 
into the spring!si~ri~n~er gso\ving scasons 
were nvcr;ige or  ;jbo\.e for 130th years. 
C:onver\elp. August tlirougli Dcccnihcr. 
itccumul;ltions (% = 1 1.3 cm). which prob- 
ably figure prominently in the initiation of' 
fall g cen -up  of' oiir gr;lsses. were well 
below ;i~cr;~ge for Iwih yci~rs. WC received 
5h';h of' average in 111~' h11 ;111cf e;irly winter 
o f  1908 ar~cl 3h'% of u\.crage in 1990. 

t3regrazing l~erbaceoiis standing 
crop, fi~rage utilization, and forage 
cluaiity 

Mean starlding crop just befive pastitrcs 
wcrc stc)c]<cd cva\ 590 kg ha'' and vnriccl 
;ilnonr trc;itrncnts btit rlot years. Pa\turcs 
t o  be liglltly stocketI siipl>orted 657 hg ha '. 

wliilt. heavily stocked padclock3 flail 
str~nciing crop of 32-2 kg ha '. Prc\toCking 
standins crop mea\urcs prnhabb ctid not 
rcflcct clispariticc in crop-)car prccipita- 
t io11 patterns I?ecause sanlpli ng occirrrccl 
well bcfi~rc colnplctior~ (,I' thc \pringist~m 
mer growing season. Mean ut i l i ~ i l t i ~ ~ i  \& ;is 
33 (+ 10.1 , percent in the lightly sri\/.~(i 
y;ltfciocks and 69 (k 0.1 pcrccnt in Ilea\ i l )  
stocl\cct pastures. I'rc~ratrng forage c1~1:iIi- 
I >  incticcs dicl not  cfisplay any trc:..atrtwnt or 
year ~ J i ' ~ c t \ .  M~il11 ('P. NDF. L~IICI 1\,'(-)3:!:1T) 
~ulucs i ~ c r c  I I .5 (+ 0.6). Sh.8 (4 1.7). ;in6 ' 

64.5 (+ 2-21 ixrccnt. re\pei.ti\ely. 

Septrxn her stallding crop 
T'(>t~rl ~tilrldillg crop in early Scpternb~al. 

displnyctf 5ignificanl grazing treatment (I' 
= 0.006, and y c : ~  cfr':.cts. btrt tr'catrncnts 
rcspondcd similarly hctwccn ycurk. Acros4 
)cars anc3 among lreatmcntc. nlcan 
Scptcn~bcr stcindins crop w;~s 757 + 7K. 
5 18 + 169, 2nd 236 + 60 hs lla for tire 
rtngl.;~~ecl controls. lightly gra/cd. anct 
heav ily pra7c.d pacidocks. rcspcctiiciy . 
wit11 all trcatnlcnt ~.orrrparisonk being sip- 
nif'icant. iICr(>>s gr;r/ing trcatlnentx. nli'iiI1 
standing crop was 686 (+ 1 12) kg hi: ' in 
Septcrnher o f  I908 and slishtly Ic\s that: 
half that arr~ount (3% + 79 kg ha ' r f i ~  the 
Sc~?teinher 1499 sampling. 

\+'hen total standing crop w:r\ parri. 
tioncd a1ilong t l~c  3 rn,>ct pronlincnt gr,asb 
e~ and the remaining grassc\ and l'orhs 
iothcri category, it11 nlain cfi'ccts (trcat- 
rncnt. species, ;~nd ycrtr) anci the species \ I 

yea!  intcr.aCtioj~ were ~ i~ ; r~~l ' i c ; in f .  
'rrcalrncnt k \pccics, lreatrncnl x YciIr. and 

closely correlated wit11 prccipitatio~~ totlils 
Ibis the pr.eviou(; Scpt.-Jt~ne period. The 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

weather ~ t i i t i ( > ~ ~  wit11 the long~, t  continu- Fig. 1. Monthly prccipitation accuniult~tictns for 1998 and I999 calcridar years and the ionp- 
'"\ near "or stocly was ('I1 tern, nlljnthly Inpans (N = tile Northem (:reat Hasit, Exprriircntrl Hor~ge in south- 
Nor-thcrn C;rent Rasin E.xpcrinientai Rang;: ct,st {Ire. 
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I"" T 7 
0 Bluebunch wheatgrass 

Idaho fescue 
Bottlebrush squirreltail 
Remaining grasses and forbs 

E'ip. 2. li;twl! Seprc~nhcr niuan (k SF;) standing crop partitioned antong btucbttncf~ wheat- 
Bras\, Jdttlio fe\cur, Xlottlcbrusl~ sqtlirreItai1, and the r e ~ n a i ~ l i t ~ g  grasses and forbs in pas- 
tures that were ungrazccl or tonditit,ntd with light 2nd heavq cattie p r a ~ i n g  in Mu? of 
1998 and 1999 #)ear Su r i~ s .  0r.c. hfei3its rvithin a cluster sharing a common letter a re  not 
rigniiicantl? diffcrunt. and Inearls of the same shade sharing a common iiumcriii arc not 
significttntly clitTercnt (1' > 0.051. 

the 3-\v;t> ii>lerxfion r'i'fi'ct4 ~ c ' r c ~  i ~ o f  sig- 
nificant. ;I prcponderanct: 01  ? I I , ~  L Int~l'iIc- ' 

t i c m  c.i'fi'ct\ c311 be ;ttlrit)utt'cl t o  ~ > I U C I ~ L I ~ I C ~ I  
1'1 l~c;ltgra\s arlJ it \  m4,l.e than 3- lbltf differ- 
cncc in it,jnclin~ cmp bctwccri Scptcmhcr 
I iWP 1909 (f;ig. 21. 'I'lrcre were n o  
J~flkrcnccs ru-tlong tire rcniiiitling forages 
ci the!,  it tl in  o r  b c t~ccn  yeilr\. 

Vutritional statiis of fall and winter 
regrowth 

Strrrctirse of anaIyscs of val.iance ancl 
\ignif'icunt cf'l'ects for N I I F .  CP. and 
IVOltlD of' the Scptcmbcr and Dccc~nbcr 
h;implc~ arc ihund in '1-able 1 .  Ofthi: 3 fbr- 
age cluality indicch. C'IP \*nlucs wcrc the 
rnt) \ t  dynamic. with all main ~*f'fccts (treat- 
ment, specie.;, yi';lr. and lnonth) 317~1 i\ prc- 

ponder;i~icc of inter;jctioni; being signifi- 
cant (1' 0.05) .  With NDF and JVC)34D. 
rnnin ci'fczth of' trcatrnellt, species. anii 

' 

\ic;zr I ~ C J . ~  sig~~ificiint, as wcrc 2 01' the 2- 
way iiitc'ractic~nc\ (Tablc I ) .  

Crude protein 
Fall i i td  winter CP ct>r~cen~;itit>~l t?f thlc g1l'ttsi;- 

1% I - ~ I I ~ C ~  between 2.4 arid 13.6 prcer~t. 1vitl-i a 
nlcan of 5.4. 'The 3 con~pr~ents  making thc 
gwstcsf contributiolf to CP variation wcse 
3pecies (3S<Gt I. UyiNniClltS (27'%), and thc yc':~' x 
rno~ith inte1'xti1?11 (0';; 1. G~VCII the ~~niplcxities 
of intc~preting a signiticant +way inkr~~ction. 
C'P ci;l~a fc~r all t~ntn~cnts, spe~ies, yean, and 
trwnths are p~vsencd ilil Figun. 3. 

Across species snd sampling dates. 3 

consi\ti'nt tcndcnc> anlong trCiItnlL"1lt5 w;is 
that i~ngrnzctf c.i>ntrnls ulv~ztys r.ankcd low- 
? \ ?  for CP conccntrarion. wif h Irgllt ly 
grn~ecl grasses being slightly higher. ltllcl 

l~etlvily fsarccl grasses corlsistsntly thc 
highost (Fig. 31. Within spccics i ~ n c l  ham- 
j3Iing date,. (:I-' conccnt~+at ion cr l '  I~ca\,il> 

fimges cxcecdeci that o f  ungrt~r.ect 
colitrol\ Scjr I l of l 2  compar.isons. T h u  
ht)le c)tceptiol-i was bl11Cb~in~h \vhcatgr;ts\ 
hi Scptt'nlber 1998 wt-lcre no cfiffcrc~..nccs 
occurred arrltlng tri'atn rents. C'v~~de protei 11 

of' lightly gruzccl SriiSSCh ~xccedcd per- 
c.cnr;\ges elf' the trrrgrazed cor~tmls for 6 of 
12 cc~ntparisc~ns. 'I'tlcse incluclccl tkc. last -3 
saniplii1,g date\ f o r  Idaho I'escue. 
Dccernbcr 1998 ancl Scytzlnber 1999 for , 

bottleb~.ush scluirreltail. and Dcccl.nber 
1998 f i ~  bluehrir~cll wheatgrass. Hctwecn 
tilt. 2 g r a ~ s d  trsatrnent\. CP percentages 

'I'nbIe 1. :21zaly.;is of' variance comltctnents. tfr.grt~es ill' f r~ tdom,  ~x~rcent  of' total \ariation contributed hg effects. anct their c o r r s p n d i ~ ~ g  P values firr 
K\'i)f:. C'Ia, anrl XVOMC1I) of fall and \% iater regrrtwtt~ from 3 grasses grazed by cattle d~iriilg the boot stage of' grass pkenologv near Hurns. Ore. in 
1998 and 1999. Bctlcl P valnrs i1l.p significant (f'< 0.05). 
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NDF values diffcrcd by 2.7 pcrccntitge 
points hctwecn _);c;lr~. while Dcrcrnhcr. 
means wcro similar (Tahlc 2 1. * 

In vitrc) organic matter c1isap~x~aranc.e 
III v itrct organic niatter clisappcaranee 

r-angcd from 32.8 to 72.554. \slith a nlciin 
of 53.5.  Analyses of variance sckult\ 
closely rnirroreti NOF findirlgs (7'iibl~ 1 j .  

with main cl'i.ccts oI' trcritmcnr\, \pccics. 
and yectrs being rigniricant. OI' these 
effects. treatments did not rc\pond sin~ilal.. 
1) between years, species mean\ werc ntst 
similar hetwseri inonthk, and nlonttllj 
meanh varied hctwcen jcc1r-s. 'rlic' .? 1argc\I 
co~~tributoss tcl tot:~l caric~tion wtrc' IJ)CC~CS 

and trcatniciit rrlain clli.ct\ unci thC ?car u 
month interaction. 'I'ogctl-rer tlicse accotrrlt - 
cd tbr 64% iof'tot31 1 ;jr'i3tio11 (Table I ). 

Arr1orig trC;lttments. I I ~ C ~ I I  IVOMIJ i i ~  t hi. 
lightly grar.c<f pastures w.as 47% i n  199% 
and 51;!:(: in 1099. Mean Iti:OIC.lD was sini- 

Fig. 3. Scptelnbcr and Dccenlbcr mean (4. SE) crude protein cor~tent of hlilehrtnch wileat- 
grass (Agspl, Idaho fescue (Fiaid). and bottlcbrt~sh squirreltail (Sihyj herbage in unprazed. i lar hetween year.; ior 1~0th the un~~.a/.cci 

lightly grirzcd, and hcaviig p a r e d  prs(arrs big g:iIjle winto. rirflgc near Burns. ()re. in h c a \ ' i l ~  .!?r;17cd treatn'eJ1ts ("ikhlc ' 1 .  
1')1)X ilild wc)9. Trratnlent means tvithin a spccics and ssnlpling peric)d (grorlps within a ] \ ' O m  of heavily grazed gr"NcS u';j\ 
colulnn) s h a r i ~ ~ g  a co~nmoxl ~lumcrai. 3r.c not significantly differelst (P  > (1.05). Species 59% in l'J% and significantly gseatcr fll:lll 
nleans within a treittment and santpling peric~ii (rowr;) sharing a common letter are ,rot sig- ungrrircd and liglltl! gri~zcci trc;ltmt:nts. In 
nificantl! diffi-rent (P > 0.05). 3ritlcans having a syn1boll7,5% crilde protein. 1099. ho\vc\:cs. IVflMD oi' both of the 

werc consisrt,~~tly Iligl~cr. for t3ottlcbrush 
squirreltail in hcabil) grazccl yaiIdocks 
than in lightly gra~cd  units. Critdc prc.ltci11 
of l~cavily g r a~cd  Idalio Scscuc and hiue- 
I.)crnch wl~eatgruss significantly exccedecf 
pcrccnt;lgcs among lightly gsazcd pad- 
dock> on only 1 date IScpt. 19991. 

A~-~long X ~ C C ~ C S  and within sampling 
dates and treatments. Cf3 a)~lccntratir)~l of 
gra7cd bottlcbrusl-r squirrcltail nlcv;~ys 
excccderl grazed bluebunch whcatgr;i>s CP 
concentrati{.~ns (Fig. 3) .  Grxzecl hottlchn~sh 
sc~iiisrcltail CP conccntr1-ltions wcrc g-eatcr 
than gsxi-ed Idaho fescue for 4 of 8 compnr- 
ihcjn5, These tvcrc tfllc l-rca\.y g~.it/.i~~g rrcat- 
irlcnt of I)eccn~hcr- 199%. light ancl Iienvy 
gi'afing tre;itnlerlt\ of September 100'3. and 
thc I~csvy gazing trcatrnc~it of Dccc~nbcs 
1999. CIrude protein pcrccntageh of grzizild 
Idaho Scscue tvilcrc higher than g r a ~ c d  
bluebunch ~\:hcatgrucs in 1998 but sin~ilar 
in 10?9. LYith 1 exception. CY conccntfii- 
tions of iingrazcri controls wore \irnilar 
~rmong specieu. 'I-lie except ic>n c~ccrrn-ed in 
Decerl~ber 1998 wlicti ldalio fcscue had a 
higher CP content (4.7 2 0.25!%) than bluc- 
bunch whcat~.;~ss 13.1 5 0.25'Z)). 

Neutral detergent fiber 
Mean NUF concentration tvus 66.1f%. 

grcatcst contribution to total variation 
ivc~.c grazing tre;lrmcnt. species. and the 
?car  .i n~on th  i~itc.r;~ction (Table 1 ) .  

'l'ogetticr, tliesc effects 1-lccounteJ tor hh 
pcrcent of' the rota1 i asiation. Anlong 
unsrtlzcrl. lightly graircd. and hes\:ily 
grazeri treatnlents, mean KDF ccxtccrltra - 
tionc wcro 68.5 + 0.5. 6h.O + 0.7. ;~ncl 62.2 
+ 0.7?:. r.cspcctivcIy. with all treatment - 
cornprisons hcing tliflkrcnt. Tlircz signifi- 
cant ?-way interaction\ (spccios x year, 
syccics u month, and year \ month) wc1.e 
dctcetci~ (1-able 1 ). H(.ttilebr.iish squirrzitail 
exllibitcd di1'fcrenci.s between >cars. ancl 
13luchunch wlleatgrass ciispla!/ed signifi- 
~ 3 1 1 1  seasc>nal diSfcrc.nces bet ween 
Scptcnihcr anil Deceiiit?cr. Scpti'niber 

grazed treatments excccdct- ~~llgr;izcd con- 
trols by ahout I0 pcrcent:lge points. 
Among species. bi~iebunch cvhcatgr:~s\ 
i v a ~  c0n\istc11tly less cligcsfiblc ttliu.1 Idaho 
kscuc and hottiebrt~sh >qt~in.eltnil. I n  \:itro , 

orgttnic niatttr disappcaral~cc rcmaincd 
rclati\,ely st:rblc from Scprenlbcr to 
Dccen-tbcr. f o r  Idaho fescue and hotrie- 
br-i~sh ~c~itirrcltail. but decli ned by uboii t 4 
percentage points t;)r bluebunch ivfiear- 
grass ('I':tble -3). rlmoi-rg month\ ;~nd ycarc. 
IVOMD 131. fordgcu increased 5.7 pe~.ci.nt- 
agc points hetwi.cn Scpre~nhcr  nnti  
Dccernber in 1998 anti dccrc;jscd abouf 7 
percc~itage points over. the wmc. inter\;tl in 
l9i19. 

Table 2. Species s month. species x year, and year x nic~nth interactions of perrent neutral clefci*- 
gent iiber of hit~ebnnch whcatgrass, Idaho L'esrile, and bottli*hrusli syuirreltaiI graxcd l,y csttlc at 
fhe hoctt stagc of grass phcno lo~  and ~nipier l  the snhsc~yuent Se(zten11wr and f3ecernher on hip 

winter range near Knnls. Ore. in iWX arlrl 1099. Paireci "bold font" nleans ?vitIiin a rol- 
unln are significantly difl'erent tP < O.fI5). Species meins witl~in a year and aionthly means with- 
in a year sharing a comtnon letter are oot significant11 different (I' > 1t.05). 

a11dr t111ged l~r~~~m?hto75~i '~ .T11c3a11~~l~-  s e ~ t  67-3+0.8:1 65.52 1.Ib h:.h+ 1 . 1 ~ .  
70.7 -& O.la h4.X + 0.8b b4.8 0.9h - -- 

~ i s  of variance compo~lents makii~g the "". 
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Discussion 

September totai star-rding crop: 
opporltrnit y costs 

?;pically, all Rut tlw eariicst of ~ S O L L -  
,ng-\'ahrtn clc.i;)ll;ltion\ ;jjnons cool-scawn 
cacqxtosc grasses c;111\e S O ~ I C  deprcksion 
of growth or pu:ik stallding crop (12cdcll 
1'373. C-; i l l~ \k t>~~ I 1 ;IIII~ !?I;\> ;~ffcct 
sonic r e d ~ c  tion in plant 1x.ib;d arca as wcl l 
i(_'l;irl* et ;I]. I99Xb). 7'lii: c....tslicst Jch~titr- 
r i o n \ ,  !IOLVCV~:I+~ ri:Im\ i: oi11y h f y  nx~tcri- 
;IL. {lo nr>t sllppr~.%-; <Ic\ eIop~ncn t of repro 
iiuctivc culn~s, :in</ have negligible effects 
on laae-\cn\on 10ragc ilu;llit> (Pitt I 0 X i ~ l .  
( ir\iin sliesc el l;cct\, one sI>oultf ~ ~ ~ o s f  like 
14 expwi t t m c  ~ i e p  c\siic)n of I~crhagl: 
j :cld i f  g r a ~ i n ~  ; rpp l ica t~or~\  iirc late 
e ~ i o ~ ~ g h  to i~I'fcc.t L) po\iii\rc chtl11r2 i g ~  iriih-i- 

L Y I ~  contclrt. 
W it11 tile s \ ~ u m p t i ~ l ~  that cjtlr glait/.Cd iind 

L*o~~ t~ .o l  p;istuscdh;id tile un l e  poteritiitl 
1 iclds. ~ c .  CLM t ~ p I ~ ~ . e  ~ C ) I I I C  of' tilt' cffkcts 
that treatnwnts il~~poscd o n  t'nll stallciing 
crop and total anniral yielcf. Acro5s years 
itnil anloiis trc'atmcnts. incan Scptclnbcr 
sr;irtJinp crop w;t\ 757 2 78. 518 Ib9. 
an;f 240 2 i,O kg h a  ' Ihr ungrn/cit. lightly 
gr,txctl, anti hen\ ~ l y  gra/cil paddocks, 
rc \pcc t i~c l>  . 1 9 1  St'ptcl~lbt'r. the co~~f ro l  
~ n ina~ \  ligtlrly sr:~/crl ~til'fcrcncc i n  rot;il 
\tuncfing crop was rlpproxinratc! 239 kg 
ha . . f )nr bcforc -:~ilci-al'LCr 9s;t~ing s;li~~plcs 
\ i~ggc \ tcd  c~tt  tie 14 crc rcsponsiblc for 
renit,val or tfisappearal~~e ()I' 228 kg ha '. 
'X'lris i~tnouiits lo ;ll)ot~f 95% of fllia control 
\ C I  sit\ I i ~ l i t l y  g i . 3 ~ ~ ~ 1  ~fil'f'clct~ce I I I  

Scptcn~f.les. so we weere i~tliiblc Io uc*c.ount 
fix- allcr\tt .'Iri of tile trcrltrrient clifferencc. 
Solne crf tl~is 5';: Iliiiy  hi^\:< Ixcn c*orivcrtcd 
t o  littL*r \ ia tran~piii~g or sl~tttlerin~ or \la\ 
4ltlrpIy p i ~ n v t h  flliit ~11~1 1101 occur if 1i10is- 
tclrc and rrutrrcnl\ i v e i ~  ;~\similrtted hy 
cnlnpcting trcch aid shrubs. W11;ttcic.i. the 
in\<. \t;mcling crop i~\::tii;%hlc to tvintcring 
game nab  r\:d~~ctxi iib0~1t 32':i !>y oitr light- 
gr.i.l/ing trib;Ltlnent. 

T11c S ~ p r ~ n ~ b c r -  col1t1.01 ( 7 i 7  Lg ha  ' j 
\cr\ils 11caL ily jrrazttl i215.8 kg ha I )  dif- 
le~~encc was 5 l 1 hg I I ; ~  '. rcstrlfing in about 
a 68% tfc.pre\xio~i o f  s.lariding crop avail 
ihle liu. kill antl M mtcr g r i~~e r s .  Pri. illlcl 
!~os tg r a~ i l r g  suggcstc~i 11c;ivy 
spring caltlc gsa~itlg w;t\ rchponsiblc I;)r 
d i ~ a p ~ ~ a r i ~ ~ ~ ~ e  o f  ahout 35% hg Ila or 
;tbor~t 70f,;i ijl' that diSferenL*e, With 0~1s 
Ire:t\:y-gi a/ i i~g trz;rt ~nc~t rs .  iiholrt .;O':c of 
the: tufa1 pcja~>i~tiai yield w:r\ ~i t~ i tc*co~~~~t t '~ f  
f i ~ .  Again. c.~)riicssj~~ns to litler o r .  sin~ply 
lo4 2ro~:tll op~~orttlnif ISS LYCI-c nio\t 1 ihcly 
r c spon~ ib l~ .  

Bec,~tus~ L\:C iiit.1 13ot sort otlr prc- atlci 
1~ ' s t -gr~k~i r ig  slill~iiij~g ha~lrples to 

Tahle 3. 'l'reatntent x year, species x car, ;md year x llrorttll interactions of percent in vitro cirgan- 
ic rtiatter cfisnppearal1c.e of' hlueh~tnol~ ~r heatgrass. iclai~tr fescue, and bottlehrust~ sc~uirreltail 
th;tt were either nagrazed, Iightl? grazed, or lleuxily g~wzed I>> cattle at the boot sfage of' grass 
phenology and sanlpled the srthsequrnt Srptrmber and Ijecetnber on big panze winter range 
Itear Htlnls, Orr. in IYt IX arid 1999. I'ltireci "i.told fhnt" meilns rvithin a column are signltjcantly 
difl'erent (I?  < 0.f15). lleans within a row sharing a romlrlrtn letter are not signillrlmtly dilTererrt 
I 1' > 0 -05). 

IlFjllct Species 
Wlucniinch Ic!allcl Hiltciebnrsk 
wl\errtrl.nsy Seasol> fesct:e x~t~irrel~iiil 

Szpt --1!),1+32u 54.722.2I3 5(1.8~~.3. lb  - 
Ilc~.. 44.8 t I . la 56.5 5 I .(lb 55.9 111 1.313 ...... - 

s[?L'c~c\. LVca CBi l l lO t  ilddl'?\$ fl'L'iltrll0llt 
cf'fcc~s 011 ii~Jibidi~;il specie> yicld3. Our 
Scptcirlber slund~ng c,t'i>[) S ~ ~ I I I ~ I ~ L ' S  \%ere 
\c,l-tcci L L ~ : I O H ~  spce,~es, I i o ~ e \ ~ e r .  and wc 
c~pcriencccl a ,car x species intci-action in 
those rinnlysc\ (Fig.  2 ) .  Moisture con-  
tribtltlng to rhc 1998 gso~ ing  ~ c ~ n o n  was 
l O ( i  percent of aiJer;tgc. but ~ c .  cannot 
c lp ia in  wliy blucbur~ch ~vl~eatgr; lss  
r<spon(fed wit11 an eievatcci regrowth yield 
in 1998 wllile the i~tllcr 2 grassc\ did not. 

Crude protein 
C r u ~ t ~  protein i \  only one of sciecrsl 

i tnportun t fc~r;tgc cl~as;ictcristic\ ii)s r:lljgc- 
IsnJ ltcsbi\.osc\. Al-rrong fi~nigcs, hoivc\ cr. 
C'Z' level> iirc lliglrly corsclatcd \ilitli inany 
desirable pliirlt attribute. such as 
tfigcstibility ant1 vitanrin and ~ninrr-a1 con- 
ccntr;~tions. vFypi~illly. all o f  thcsc cornpo- 
ncnts tlcclirie to tief'icient Ievcls at i ~ h ~ ~ i t  
the ssmc time tSullivizn 1062). Thus. CP 
sencs it\  i t  Lii~ly rciiable index of o\:cr:tll 
ilutr.itic>nal \ alicz. and ruucki of our disc~as- 
sion will conccntratt: o n  thi\ intlcx o f  for- 
age quality. 

1-.or the pilrpost: of thih disciihsion, upc 
artoptcd a 7.5(/;, CP cc~nccrltration a\ vn 
;trlecluatc fi)~.:tgc quality thrc.sl~old. Whjlc 
ctrnsider~ible \*ariati011 e x i s ~ s  tltliong 
\C)UI'C~"S regarding i.cquircd CP C*OIICC'II~I.H- 
1 ion\ on a dl) rnattcr basis fix I~u-ge Ircl+bi- 
\ore\. thc 7.5';h value typic.allq equals or 
excceds ~-naintcn;ince lc\ elu sttggcstt:ti I;)r 
most North Arncrican wild 2nd tiornest ic 
rrrniinants c Fsenc11 et at. 1055, Tl~ot-lie ct ;]I.  
1976. Sc i~war r~  ce al. 1077, SI]c?t-t 198 1 . 
NClsoi~ and I,c.:.gc. 1982. VKC' 1078, 108 1 , 
IC)X3i. Anrorlg our gra\\es, t11~1.e \vere 6 
instances whcr-c fill1 and wrrrtcr ('P cc,ncen- 
fration\ cqiialcci or c\cc<rlcct 7.55;L. Foul. of 
t hC\c occitrrctl w it11 battlehi.i~sIi squir.r-cl tail. 
1 wirh itlaho i'e\ci~c. and I wit11 hlitcbunch 
~~hc*at;rii~s (big 3) .  C)nc inst;nl~c.e of (11.' 2 

7.5(Z, ;i,cci~rred in 1998, a i d  the ren-iiiinir~g 
5 were I I I  I900. Five ii~stanc't~s of CI' 2 7.5 
percent were 3 product of' heavy gfiuing. 
;ind 1 oc~ci~rred i11 Iightly gl-azcit paddocks. 
again wit11 bottlcbrirsh squirreltail. In our 
iingrazetf paddocks. Scptcmi~cr/Dcce~~~bcr 
CP conCcnrr.ations rrtngecl between 2.4 r111ci 
5 .3 5% , 

With I cuccprmn, a prcpnnricr:ince of 
c~ur C P  dat;i suggested that clcvatcd 
k~lliwintcr tc?r;lgc qualiry in our gra~ccl 
treatnlcnrs was ;I prodt~ct  0 1  hurlimcr 
regr.x.o\vth, About 2 o u t  or C L ~ I * \ :  5 >eilrS, 
Pacific Korthwc>t rangelantis reccivc 
crloitgh September-/October prccipit;ttion 
to stimulate tfe\,clop~r~cnt of nc\% tiller\ 
arnong hunchgruhst.>. In  some instance\. 
[ ' h i \  can clevate fall forage quality 
((ianshopp ar~cl Bohrlcrt 200 I ), adding late 
\cawn coil~litiol~ to botlr wildlife and 1ii.c 
stock. Cranskopp and 13otlnei.t (200 I ) 
clstected fall green up and elevated C:f' 
;tmong S;i~~dberg's bluegrass r Pod ~cuzt f -  
hrpr.,yii C'itseq.). che:ttg~.ass r Hr.rrnlu~ tcJ(.,o- 
urnr I- . ) ,  bottlcbrusl~ syuirreltail, and Idaho 
fescuc. ill this snnlc ~~cg ion .  Ulucbunch 
t~!lc~lt:r;~ss, howevcs, did not cxt~ibit thilt 
sarllc pattCm. 

Both ot' c>ar gr-a~cd bottiebntsli squir- 
rcltail trcatmcnt> in I948 di\playccl 
incrcusect CP concentratiorxs betcvecn 
Scptclnbur ;~nd  Dcce~nhcr (Fig, 3), sug- 
gesting \orme f'al l green-up had occur-1-cii. 
7 7 Ihih did not occur-, howcwr. wit11 Idaho 
fkscue or bluchun~.l~ ~vl~catgritss. In 1999, 
thcrc was n o  cvitlcncc of Fall green.-up 
;1111011$ airy 01' o t~ r  gras\c\. and tvc exptri. 
c11cci1 soille recfi~~tioii o f  ('13 conccntra- 
rioris arnollg ti l l  3 spi.cies i n  our g r a ~ ~ d  
trcattllerlts bet~\seen Septernbcr tinct 
I)ccc.~nber. Clark ct al. (2000) described 
instances ol' increasing C'P cotlct'll trittio~is 
in  bluebunch i ~ l ~ i . a t g r i i ~ ~  in Oregon's Blur. 
Mountains hcfwcc11 Nowtnb~s  ; i l i j  h4;.'lilr~11. 
hrrr they attribtlted thaw incrcascs to a 
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brcrlkrlocvn of lower y tlality standing litter 
rather than new grcwith. 

A> to the main effcct of years. mean CP 
content for Septcrliber!r)c~i:rnber cv;w 4.95 
-i- 0.19%. in 1098 ant1 5.76 2 0.32';i, in - 
l999. with I009 hcir~g the clricr of' thc 2 
yci~rs. This pattern of cxpcricnci~~g higher- 
t l i i ~ l ~ - e ~ ~ > ~ ' ~ i i . d  I;X-;IFC quality with limited 
rnoisturc rc~inics has been noticed by oth- 
ers in ihe region ( 1  fedrick ct ul. 196'). 
C'1itr.k el al. 2000. (hnskopp anel Hohncrt 
2001). Tliis pattern appears to apply to 
forage n~ineral  concentrations as well 
t Ganshopp and Br~lt~iert 200.3), and c;ln 
generate enhanced livestock gains if quan- 
tity is not limiting (Hedrick ct al. 1960). 
'These :i~iilual disparities in litrage cluality 
;jrc linked to Iccs reproductive cf'fort 
among grasses in cirjcr years and a cured 
stand of younger Icafy herbage. 

With a remindel tc) rctldcrs that we 
experienced a ncarly cornplctc array of 
\igniJ?cant interaction ewc t s  with our CP 
data (Tahle 1 anil Fig -3).  u c  \visli t o  
briefly adtfrehs \pecies rnai~i effects. 
Across treatnlents, years. and montlis. 
mcm C:P concentrations were 6.5 + 2.3. 
5.2 5 1.4. and 3.5 4 1.5 for bottlcbrtlsl~ 
\qiiirreltail. Idaho kscue, and bluehunch 
whctltgrass, respecti\:cly. Among gra/cd 
treatments on q~ccil'ic dates. bottlebrusl~ 
scluirrt.ltail CE' concentration exceeded 
Idaho fescue in .I. instances and was 
greater tllilil bluebuncli ~:hcatgrass for 311 
8 coniparisons betwcen grazed trerttr~lents 
(Fig. 3). Grazed ItIt~l~o Se\cue CP conccn- 
trttticjn was higher than bluebutich in 
Scptenlber ant1 f>ccembcr of 1998. but sll 
whc:ttgrassikscuc comparisons were sinii- 
Iar it1 i099. When Clark c't ill. (20(KY) con- 
ciitioncd Tdaho fe\cuc antl bluehunch 
cvliciitgrass via sheep g r i ~ ~ i n g .  they also 
consistently reported higher C'P concentra- 
tions fo~. treilte~l Idaho kscuc. than blue 
buncl~ wiic;ltgrass. 

If one's goal is to generate herbage with 
clcvmtcd hll/winter (.*P coricciltratioii~~ 
then forage conditioning cfforts will prob- 
ably yield progrcssivcly greater returfis 
fivm bluebunc11 wheatgrass. Ida110 fescuc. 
and bottlebrush squirreltail  llerbage. 
respectively. Although blue bu~icl~ wliclat - 
grass is the nlosl prev;ilrnt of grasses on 
mid-elevation Pacific Korthcvcst 2nd 
northern Great Bas in  1-an2clrtnds 
t Daubenn~irc 1970. Hironah:j et al. 198-3). 
our rcsults si~ggcslcd that i t  rnay be the 
  no st dif'ticult of the 3 spccies sampled to 
condition with livestock gr;~zIiig. 

\~~'l~etlier rnanikgcr4 ;Ire rcsyonsihlc fhr 
wildlifc or livestock, they typically try to 
Accp ilicir imimi.ils on iui aclccluatc planc of 
nutrition. For 3 out of 4 of our Sallhvintcr 

sampling pcriods. one grass rbr another 
provided lierb:~sc with ;I CP 
cxuecding '7.5%. Most often this ~xciirrccl 
wifh o u r  hcnvy gra;r.ing treatment (Fig. 3) .  
Oilr only sub-rn;~intcn;lncc period in the 
conditior.ictf past tircs occurrcci in 
Scptcnibcr 1.998. There. i1IilOlig ottr 
ungrazctl c-ont 1.01s. ('1' amo~ig t hc grilSYt:S 
never exceeded 4.751 . Howi.\.cr. marlagers 
sliould not despair when CIP conccntra- 
t ions do 1101 rencli ciesircd threslirslil~, 
because even srl-tnll <hanges in forage 
quid ity can lxiirfi t :in inlitls accustonied to 
\vi~~tc.rir.ig on sub-1n3iiitena~7ce diets 
(,.2lhor1 and Lltngcatn 1992. Clark 1096). 
Also. large herbivores typically l~ar\:est 
diets or higher. iluality tiIan siini11att:d 
ratioti\ or whole-plant samples (KicsIing 
et al. IC)69, blcI11nis and Vavlri 1987. Crur 
;tncl Ganshopp 1908). so tlictasy CP con- 
ccntrations for ;tninl:il(; selccti\.ely graring 
cinr pnclctocks would probably be higher 
than wc expect. 

Neutral detergent fiber 
Neutral detersent filrcr niakcs up the 

structirral component of plant ccll tvails. 
:tnd is the least digestible fraction of for- 
age nutrients. That bcing the casc. KfIF is 
ncgati .L cly corrclijted ~ v i  t l i  f'oi-age 
digestibility and intitkc (Robinson 1 9VC)). 
FJigh NDI- vi~lues indicate a forage will be 
poorly digcsted a i~d  retention tin~c' extcnd- 
cd in rt~minanth. and low valuch w g ~ ~ s t  
much of' the Iicrbagt: will bc rapidly 
digested and assirnilatcd by tllc anirnal. 

Among northern Great Hasin grasses. 
N I>F concentrations typical 1) incrcasc 
with niat~rrity , varying frorri 3 springtiri~c 
low of ahout 3Fit;.;? to all erkriy winter high 
of 8 1 % (C;uiiskopp ltnd Bohncrt 2001 ). 111 

this study, nlean SspteniberiDccember 
NDF concentration was h6.3q . 'J'reatinent 
mail1 effects were iipnit'ic:tnt but (lid not 
contribute to ;my intc'r.actictns. Crngrai.cci, 
light1 y gra7cii. and Ilc;jvily gr;lzed meanr 
\wrc hR.5 + 0.5. 66.6 + 0.7. and 63.2 2 
0.7% . respect i\cI> . with ill1 compasisons 
being significant. {I liighllou trcatlncnt 
disparity of only 5 % ~  j'roints. liot~~c'\~cr. ctoes 
not h n i c  much of Y b i ~ l o g i ~ i ~ !  c011\c- 
quencc. Basically, ruminants foraging in 
our control patldocks would have slightly 
lower pa\sagc rates and sliglitlq less intake 
than cornpanic>ns in gril~cct treat i~lcnis. 
<:onvcrseIy. Iiighcst intake and the inost 
rapid pas\agc rates woulcl bc acconi- 
plislled arnong the ht.aviiy gr-u~cd pad- 
docks. t>ut agai~i treatment disparities hcw- 
der on being biologically iiiconscquentitll. 

A~i-iong spccies o r  2rass. hlueb~~nc.h 
\+lleatgrrt~, and Iclatio fcsciie cxhihitcrl 
sirni lar NL)F concentrations between 

yctlrs. Bottlct>sush xqui~.reltriil. howcver, 
had a slightly higher NDF conccntsation in 
19% (05 .7%)  than 1990 (62.T!.;). ,415~3.  

Scptemhcr t o  1)cccmher NDF concent ra- 
tion\ reniaincd stahlc among Iclaho kscuc 
anti bottlehrtish s~ lu i re l t~ i l .  but i nc r cad  
about 3 pcrcentagc poinrs fiw blucbi~nctt 
wiic;ltgrass (Table 2'). 

111 vitro organic matter disappearance 
In v itro ni.g:tnic matter disappear:l~ice ic 

an a\say o I  for;lge clegrailatic,~~ or- ' 
cli~cstibility ill thc nlnieii. W i ~ i l ~  t rcntn~cnt 
rn;\in c f f  cts were signif'ic~tnt. a treatment 
x yea-  interaction (P= 0.006) iiidicntcil 
treatnicnt response\ were d i f U ~ r ~ ' ~ l t  
bctwccn years tl'ablc I ,  'l'ablc 3). hkan 
I\?OMII w;i\ appro\  i~iiatcly -19%. it1 

ungra~ed padilocks iu~d 59% in hcavii) 
grs/.ed paddocks, with 110 diflercnc.c\ 
het\wcn years witliin trc;itnients. In lightly 
gr~ized ~>addocks. I>owe~cr-. falliwitltcr 
IITOMD was lower in 1908 (Y = 47'2) 
thtlti in I000 ( K  = 5 8 % ) .  Tliis dispar~t) 
betwee11 years in the lightly grazed jmd- 
clocks may have hccn rclatccl to tllc ciilu- 
tion of forage quality that \vr. hi1ic sten 
occurr.ing in rtbove-normal preclpit;ttion 
year\ i111tl acidressetl in our CP ctiw~~ssions 
ahove. With a spring forage utili;i;~tion 
level of o~i ly  33% in our lightly gr;uCd 
treatment. l'all stancling crop ~\:o111<1 be a 
rriixturc of' ungr;ii7cii herlxlfc and rqrnwth 
froni g r a ~ ~ d  pli~iits. Among OUI,  l~eni~ily 
s r s ~ e d  pa>ture\,  ut ilizirt ion w a x  qi1i4e I 

scverc (i = ((10% ). and u prcpondcrancc of 
tile f'all/wintes standins crop was corn. 
poscii o f  ci~rrcnt-yctir IcaSy regro~. t l~ .  'I'tl;~t 

bcing the cast.. year cffccts are prohahly 
lcsc app;f~-ent with I~eavy gra~ing I>ccausc 
rriost of thc standing crop i \  coinpowd of' 
i~rlnlaturr ~naterial. 

Sirnilal-ly. fall standing crop in oirr 
ungr;ized pad(locb~ \+a\ r i  mixtiire of' ct~r~cd 
in;ltcr.ial\ generated durinr the current ;~ncl 
previous I or 2 growitis scasons. IYhcn 
thew mixed- agc materials arc harvcstcil 
and Ilomogenii.cd by griniling. we suspect 
th;it inctivicitial year effects on li~ragc clual- 
ity arc quite buf'krcd. 

A s  to intfividi~al treatment i:f'lccts, 
Scptcmber/Dcccrnbcr 1~erh;ige in heal i l j  

grazed paddocks wr~s about 1 0  percenlagc 
points inore tiigcstible ihan ungra~ctl antf 
liglltly grafcd for-age in 1998 (Table 3) .  I n  
19O0. I VOiLID was sinii 1;)s lor hnth (,f lllc 
gra~cct treiltnicnts and again ahrrur I 0  pel- 
ccntagc points liighcr than our ungra/cti 
trcatmClit. Clearly. u I(?(:> disparitj in 
digestibility is biologically ~i~nil ' icant for 
a 1-urriiriant subsictiiig on ;I marginal dicat. 

Ainorl$ spccies and inc)ntli\, IV(.)MlI 
was siniil:tr f'or Idaho fescue and bottlc- 
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t>r i i \ i~  \ c ~ u i ~ ~ ~ ~ ~ ~ a i ! .  a r ~ d  tjicrc uiis ~ I O  

d c z r c i ~ s c  ~n ciigCstibility betcvccn 
Scptc:ilbcr rrnd D c c ~ ~ n i b c r  for  cifflcr 
\pCcii.s (-X';.rbl~ ? 1. I3 litchiinch M 11catgr;tsh. 
k u w c v ~ r .  M;Z\ 5 to I0 pcrccntagc pointh 
lcbi dlgcitit?lc than Itlatio S~.xc.uc or botrfF 
brush sclttir~.eltail. nnit ir alsc) displ;lycd a 
S ~ p t ~ n ~ b t : ~ ,  10 I)cc.'cmbcr t i tel  int: in 
IVOh;ll> of ahout 5 pcrcentagt: points r P 5 
0.0 I \ . -1?1i:\c lower iligcstihility ~xtings Strr 
hi~tr.bt111c.11 ~I l i ' ; f tg l . i~~s  i i g ~ ~ i ~ l  \11ggi~>t. it ~iia>. 
bi. the tnost dil l  icull of' thc 3 S P C C I ~ ~  s:trn 
ptcd to  c.ondi?ic>n \i ith jivestock pi L ~ ~ i n g .  

Conclusions 

'rliis stttdc buhxtantiates Andcrwl~  ant1 
Shcrlingcr'\ 1075 l>>pc!tl~-i\ that light 
133ci ttltiliratron 1 ,tnci hc;tv> (OC)!; ~.~tili/ii- 
r ion )  \ p s ~ n s  ciittlc ;I aring of ~ T I ~ \ \ C S  du1.- 
lilg t h ?  h c ~ t  stag< of' C ~ C I C ~ O P I I I C I I ~  Ci t l i  

itugrncnt i'iill and v,,intcr I;,rnrc clualiry fix 
bluchuni*li \s hcatgr;.iss, ictailo ksctrc. ,inti 
t7ottlebrti\h sijuisri. itail \\hen cc)mparcd 
wit11 ~1ngr;17i'~! stanel\. W i r h  (11' and 
I \ , O h . I I )  tt3 ~ t i d l t ~ ' \  01 l'ol.;igc ( fu i i l i t~ ' .  
h c 3 ~ )  S ~ S ~ I I ~  gr:r?it~g. ~ i l h  i t \  1110rc uni- 
f i ) i -~ i l  h;ir\,cst ( > I '  !'esictu;il slantfing c3rop and 
cli'\ :tied apical rncri\ tcms. was  nlorc 
~'f'li'~.tive isi foKlgc corlditioni~lg than light 
gsu/,ing. 13ot 11 gtwing twittrnents, Itowev- 
cr. gcncratecl rtduc.tions in standing crop 
Iefr lor inlliuinter li\,i.>tocli 01. brg garrte 
uw. 1,rght giwiny decrca3i.d fail hianding 
crop by -32';; . whiic he;i\*y graj,ing rcducc~t 
stanctir~g crop bq itbout 678 \vllcn ct>m- 
1-w eel t o  tinsra/.cd stand\. Amon$ thc 3 
gr3ssC.'4 it~ld ;ICIUS\ tht' gra;led treatrncrnt\. 
nlcan Scptem~~c~.!I~cce113bcr (:P ~ntficcs 
~ l l g g ~ \ ~ ~ ' i I  ~Oll~ilf l O i l l l 1 ~  ~ f f ~ r t i  uCrC friO\t 

\irccc\hl.iti li?r h ~ t t l i ~ b r t ~ s l ~  \~1~1irr{:It;fil j? - 
7,Ll $ ) . ( ! I  4i 1,  I C S ~  SO for Idilho ~ S C U C  ( 2  = 
5 .C)S + 0.0045i 1, and lc,l\t \ui*ccss['ul f'o~ 
hIui*l>unch ~ ~ h e a t g ~ t \ \  t i  = 3 . C )  f 0.0 1 'Z ). 

Otir S~ \ j~fc~~~bcr ! ' l~cccrnI~~: r  Ii'L'OMf) itlitices 
s u g ~ u s l c d  illat coitditioni*d bottlcbrusll 
\qt~irrtituil (i = 58.8 I -4% ,I i t t l i f  Itl;lhtj 
I;lscuc t i  .= 3S.9 2 I .3XB ) ~vcrc  ~ ~ l u a l l y  
riigc3rthic. and t l ~ ; i t  concfitioned blucbuncl~ 
~ \ ' h ~ i t t s t . ~ ~ ~ \  ( <" = 40.3 $- 1 .3-1-4') wit\ itbtr~rt 
10 l>crcenr;lgc p o l l ~ t s  less tf i ~ e \ t i l > l c .  
'Sic:~r.Iy (ti l Lsi.cnccs in pr~acrpitatictn irffcct- 
cd f,tII st,~lidir~g crop and fr!r;igc qt~tility. 
As  cxpcc:tc(l. f i l l1  st:ir~clii~g c-rop tv:i\ 
$%cater rn tjlc wc.'tti'i 01' the L YCiLrk S;HII- 
pled. I~owc\:c~.. ahsays nl' fi)r;tgc qi~al i ty  
siiggestcci hcrbagc was  more nutritious 
tiwing tile drier ol' rhc 2 gsotving seastms. 
We i c m i n d  rcadcrh t i ~ ~ t t  the  t~eg ; l t j \~c  
effects of ~ r a l - i n $  c . .ool-~~. .~\c~n grasses at 
thr: boot \tag2 oi' phcnology ;ire well tfoclt- 
~rlentcd. .ludic.ir~l\ itkc 01 '  111is practice ih  ;in 

opfion 1;)s rnan;l;er\. a11d it \houiit proba- 
bly bc ;ipplied \kitliin ii 1.ot;ftion program 
that iiilotv!: rcst or c l ~ ~ l . r t . 3  ~ s c  ol' 3 pas- 
tu1.c cvcry secc>n<f and!or third year .  
Oppor-ttinity costs of hpring tirnc' gr;lzing ar--. . ~3 occur in that both ;lnnm;il and faillwin- 
tcr standing crops will he r ~ d t i c ~ t i .  The 
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