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UNITED STATESC'_"'.~_ ~=; r.•• ...' 

'.~ DEPARTMENT OF AGRI(;ULTUBE~ =-~~ WASHINGTON, D. (;. 

Growth an(l Carhoh,., d rate Content of Inl

l )(rrtant ~[ountain Fora~e Plant~ in Central 
" 

l~ tah as A.Jlected. h)" Clil',])ing and Grazin~12 
, ~ L 

<;()\TI,;\TS 

] "UJ.;t' i l'al(Q 
I~~trlu(~ldlOll I 1111','('1".[dippinp; I!I 

Ilth .( n pllllfl or ~t Uflj' tlrt'as ;1 Pro('l'dun- W 
('luHUt' I' l{tl..;ulr", ",th JtllJlJlllUitI hrorl1l\ :!l 
.'pt'l'I('..; u,,{·,lr!l ,twly I; i{C'sull S \\ It h ~h'wll'r \\ 1H'~lt!!lil:'S, :31 
I . .tt~nt.'r-d plan nr .. twh .. Ht"':'Ioutr...; \\ 11 h ,slh-k.y gt'ranilHll :19 

',ru\\ ttl :md ('ar\1olnifr:lh' fouti ntio... f 1':lrl\dshrcr~llil1l! +1 
\INhflll"i of flw:i ..unl llH'1I1 all,1 alla)\~I'" Tn\ruf (lr ("arhohvdratllo ('olll("Jll -IIj 

Hl~...tllt"'\I(oll~\'r\:ltlllll!'> . ('.lrbnhsdratr· .sl~(lraC'P hy-sl'<l:'on oC!!mzlIl~ +1 
"UlI1f1laf\" aud t·(,nt'lU!'iWIl .... 41) 

L'lt·r'ltllrf,1 {'itt'd .~Il 

I.\THOIH C'rlO\ 

~u:;t:1 iI1l,l1 f'IJ':Ig'l' pl'Od ucliOIl on WP::;(l'1'1l moull lain I'a ngc In nds, 
logl'till'r wilh lill' "'('IfnI'(' of tlH' li,-p:,to\'lc intiustlT unci llw otl1('r 
(,lltl'l'pl'i:-;('-; t il(l:-;(' In nds Sli ppor(, dplwnd" l:ll'gpl,'" on til{' yigOl' nnd p\'r 
sistl'lll'l' of till' 1H'I'IJa("('(HlS 1)('l'l'llllials Unit :11'(' til(' pl'iucipal fomg(·
pl'lldllt'ing pl:lllls of til(' l'l'g-iOll, ~ill('(' tlll'Sl' plnnts dil' !J:lek: nl':ll' tht' 
soillilll' upon Hppl'Otl('h of \I'inll'l', it is impl'l'tltin' that tlH'Y should 
makl' propP!, gl'\lllt h Hlld stOI'I' ;\llfli('it'llt foods during (ht' growing 
t-WllSOIl to ('lin',\" tlwllL t1u'oll[!,h till' willtl'l.' p('riocl nlld to ploduc(' 
illilin.l growth in Ill(' sprillg-, Thus it follo,,'s t1111t til(' harn'sting by 
li,"!'s\()('k of lil(, l'OI':lgP crop II'IH'n it, is .lllO,;t l1('('<1('d nnt! wlwn thl' 
h('riJagl' is pninlnhl(' nnc! llutl'ilioll:' lllllst Ill' so ('ontl'oll('d as 10 p('rmit 
I ill' pi:lllls 10 carry Oil (hl'il' prolwr gi'owth nnlL llutritiolllll functions, 
To dl'\I'l'lllilH' thl' lint lin' of sudl ('olltroi, it is IIl'l'('S,HlI'Y to <"tudy the 

I R('~Vlno'II"r publi(':lli"" Jllh-, 1',111. 
2TIll- dH'u:if'al1Ul:11y~('s itnnfn"l in tbi~ sttHlr \\"{\I'(\ nlll(j(" undrr tht1 !'uppryi~illn or tht" st-'lior author 

in tlw I.a!·nrulur\" or rill' llol':my I h'p'UlH1PUr tl[ IUn'r:-;irll' .Jtluinr ("olh'gil , Ht\'('~idl"·. ("uHf. Hnirh ~t()(>k4 
in1!. {nrnwrl\, Ih'l~1 (tssl:-taru !It I Lt' I UI('rmonnlain Fort,...t nnd HHIU.!l' 1':\pt'rirH1mL ~tntion! 11...~i~lt·d i:\ tlw 
dlf'miral :ui:th:::l'~. Illadl~ ~l1nll' of tilt' flual ('nklilatii'ltls of dh'mi{'ul data. on!! I'P\'it'wed lh(l mtlnUSeri:H. 
Tlw study '\\ t~"::; IJl'gtJll un/h·t tlw· rlit'l '>Iilln pf (~. I .. F1tf!"lllltr, ns."i:'li.lnL cll1~·r uf tlw- Fon'sL oSlln'jet:' in chur~:l 
of (IIrt"t f":-\(':U'l'h, I hi'll dm'l'lor o( thl' IulPJ'uHltlutain M!H 1011. 

l I.-alp iH':"l (If 1)1t" Butnay Ih'ptlrlrHt'llt or llif" Hh·t'r.-:idl' Junior ('olll'J!(l. Hin'r~id(l, ("nlif.. !U1<ll\n~flc:c'd 
durmg tlW~lIn\tlwl' months l'y Ilhl Int"ntlO(ll1win ~la(ioll in Ilw t'npflC'lty of a__,~o<'inlf.' fon'st l\('ologis(. 

I ~Cl11or l"unlt't E('ot(l~b'l, \\·a.'ihlu~ton 0111('1..\ (lr lhe j)h'i~lon uf ltangl' Htl::1.'urch, For(ist ~1.·n·il'(,. 
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2 'l'ECl:lNICAL BULLWL'lN 818, U, S, DBP~l', OF AUHICl'L'l'LTIUJ 

growth nnd IllitTitionnl chnrl1etl'I'isties of thl' p"irH'ipal pnlntnhlp forngc • 
plants ns wdills t.hpir n'lI('( iOIl to hnrnsting lind g-r:I7.ing-, 

Snmpson (1m," in nn pariil'l' st,"d~r ]WIlI'illg on thp prohl('m of ('OITl'
Intingliypst.oek. g'rll7.ing' liSP with til<' growth rl'qllil'Pllll>nLs of IllollIltnill 
rnng(' \'/'gplntion, obs('I'\'"d closely the' IlbO\'I'-gI'OlIlld gI'O\\'lh ulld I'P
netiolls of Ol(' plnn!s ulldf'r \'HI'ioIlS S~'SU'IllS of gnl7.illg lind ('ollc\lId(,d 
lhnt. dpfl'rll1pnt Ulld ro!ntion of gnl7.illg :II'P n('('('ssllry for proppr g-rovd,h 
of til(' plHnts undN rllth('r hpll\',\" g'rll7.illg' IISP, t.lntl'l', Snmpson find 
~ln\Illstl'n (1:2), Hs H IlIl'UIlS of dl'll'I'lllinillg plnll! I'('sponsl' 10 hfllTPst
ing, Hssig'lll'd illd(,x ntiu('s, hm-;pd upon cu\ori('s of ('ssl'lltial root 
cons!it U(,ll\S, to ('I II 'Ill i(,ll I dlltn of roo!s, \·'01' plnnts hlu'\'('st('d fOllr 
tinH's in H S('IIS01l for t 111'('(' ('olls('('uti\'(' \'('HI'S, the' iIHlPx was Ipss lhnn 
100; 1'01' pllln!s hlll'\'('s((·d (wi('!' ,Hllrl,\', morc thall 2,50; for plnn!" 
hilIT!'StC'd tllH'(' \'l'ul'lv, mOI'(' t hlln :)00, 

Snmp;;;oll n.1le!' :\1 <.('Ul't." (18). wOl'killg' wilh C'nlifomin nl'pdl(.'gTu;;;s 
(8tipl1 JlJllcltl'(/). nnd :\Ic( \nrt~· (ti, fi), working with wild ont (.'11'1'1111 
(a/1m), wild-I''yp (/~'I!lmllg (/1I1biYli7lS) , :llld Illoun!nin mIl!dy (.\fuh/rT/
bl'rl/ill mmlfmw), fOllnd t lull till' nnnllni !!I'owlh (,y{'lps of grn"sP" nl'P 

infiu!'II('pd h,\' ('I1\'iroIlIlIPllt:d f:l!'lors illH!' b,\- spp{:ifi(' IlII! I,il iOllul nIld • 
r('prodll(·t i\'(\ pro('[·.....,s. Inil illl ~I'nw\ h or thl' 1ll'l'h:l~p of \ hl' 
P('('('llllin I gl'll;;;S(,;;;, H('('oI'l.liIlg to I hpir finding';;;, is I11MI(' hy pxpPlldilllrl' 
of (,:l('hohylir:l\I'S 6 "tol'l'd ill till' hnsnl nrg'nns dIlrill~ tlw j1n·(,(·ding 
S('I1S0Il: n<'clIlllllll1!ioll of (,:tl'hnh\'(ll'nt('s ill both II('ri>:tg(, nIld hllsnl 
org:lll;; or tl\\\ plnnt is ill\'('r;;('I,\: ('('I:I\l'd to ('UIT('n! rnf(' of lH'rhngp 
!!row!h; :\('('III1lldlltioll of en,.!>ol,,'dr:t(I';'; is d('\:I\'(,d IIn(illllo;;;1 of thr 
i\('rhll~(, ~('(\\\'th hmo; I)('['n I1IU(jp; nft!'(' Olll' ('io;;;\, elippin~ of 111<' hprhnge, 
nt !lll\' (iIllP during th(· \'('nd". S(,USOII of f!I'()\\,th or ut its do;;;(', ('l1r
holl\'(i I'l\ tp ('Onh'Il (' is \1'"',, ! h:; II IIUl'llI:d ill till' 1'('1\('\\'(·<1 h('l'hng(' nnd 
niso' ill I h(· S(('nl hns(';;; :lIld rools; nIld tll(' 'I II:! III it," of (,ul'h(lh~'dl'n!('s 
s(ot'(·d In plunls suilj('dl'd to ('iippin~ is din·('1[y n·lnt('d tn flIp tolnl 
[('llf nn'n prpspnt dUl'illg' tllP ;;;1 o I'll g!' (l!'riod. 

'1'11(';;;(' findiIlgs, !ogptlJ('1' wit h (\11' 1'('SUlts of til(' IlUn1l'I'OllS in\'(';;;ti
gfl!ioIlS mndp ('OIl('prIliIlg th(' g('()\\'!h rr'quin'nwn(s, lifl' Ilislol'ips, 
fOl'ngp \'iI'Jd. roo! d(·\'ploPlt\PIlt. nlld hm:nl g('()wth of I'IIIH!(' inl'ag(' 
pl:lI;(s ilfl\'(' gl'(':)l \'alul' :IS :t b:tsis fol' d{'I('I'Illining- till' 1)(,01;('1' s(':lson 
nne! d('~l'p(, of g-1'1l7.illg' liSt', Tit!· IIs!'fulll('SS of tlt(· 1'('slJils of the' nu
triliollnl studi('s is, II()\\,('\'('I', limit('d In' thl' 1':1('( tllnt tllI.'\' \\'prp • 
IHrgl'I,\' ('onfilwd to I h(, intpl'\':t1 IwgillIling \\'ith sno,,' di;;;nPP(::tl'nncl' 
ill II\(, sprin~ and Plldillg' willa diss!'lllillali(ln of till' l'ip('Ill'f/ fruit. nne! 
thn! th!'\, !tll\'(' IlO! IH'(,(I (('sted uIld!'!' \'Hl'inu:; hUI'\'ps(ilw :lIlel !!I'IIZiIl(T
trpntlll(,I~ltS. '" , '" 

Tlais InJill'tin \l1'('s('nl;; holh S(,IIROIl alld .\T!'nl'-loIl~ ~I'o\\'11a nnd 
('II I'hoh,nl r:ll!'-Illltri I ionnl d:l! n 1'01' I wo slW('ips of lJl'rpnll in I f()('Ilgf' 
grn";;(·s lind t\\'o RIW('i(':; of hl'ond If'll f Ill'rlHI('('OIlS PP!'NI n ill I fOriIg(' pin nls 
nilli\'(' to tlu' \rusnt!'l, ~louIllnills in ('('Illnd Ctllla; itS \\'('11 n;;; dllln on 
th(' [r(,IHls of s(orllg!' of ('arl>olaydl':tt('s ill 111(',w pIIlIl!S lImlpl' S('\'1'1'111 
!'oIltl'ol1pd (,lipping! 1'('lItnH'I1ts :tIld liS n I'esult of liq,:;to('k g'l'n7.ing
dUl'iIlg I h!' 4-,\'('1\1' JH'l'iod I !):~:2 :3fi, 

~ Itnli('lIllrntlflr'" in pllfl'ntlu·N· .... ""(,'r tu l.it~lrultln· r"ill'd. 1'. 50 
" r~Hrlh'r ftll1ptlhli~lH'di "'IIHliI·~ hy I;;. C' "'I ('Carly 011 Jurl'fJrlr(W .~milhii. tnlirnp(JqMI .1"()/larill,~, .1 hill/ii.

ii.nd Houlrlouu hlpw'it. h1tlkntt·(\ that He Ill., "\''1..'t1\t ('h\"'''t~'' of rnqd~ uti1i7\ltl hy plntlt" nnmdy prot~in". 
rutS, and (·Hrliohyclmt{'.... th('lfl~t 1" hfL'J't'nt'·... l iUIII01'1HI1(,'I,' (~nrh()hydnltt.'" (orm 111(' fnuwlntion mntf'rinI 
for tho (,'onstruc"t.ion of fots nnll prnlt'in~, 
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Thr s( lId~r 1'1'1)0I'! I'd it ('I'(' WHS mnd P nt lIl(' (; I'('n t Bllsin hl·n.Il('h of 
lit!' \n(l'1'1I10unlnin FOl'('st Hnd Bangl' EXjll'l'illll'nt Stntion, \o(,Htt'd in 
!~pitl'llim CUIl.\'on. on titl' \\'nsait'it Plntpnll, l'tnit. \i'il'ld (pst::; wt'n.' 
on titl'\'l' s('pHl'n(' an'ns in (Ill' "il·init." of till' hl'nlleil itPIHlqllnl'tpl'S, 
witi('it is sitlln(('d wititin tit(' aSIH'Il-fil' 7.0111' (Il) of ('('IIII·ttl lTtn.h nt 
nn l'l('nllioll of ~,~ii() fl'l't. LO('ltlioll nlld dl's('t'iplion of ('ueit field 
ullit Iln' S1I1I1I11111'i7.l'd hl'il'(ly ns follows: 

IIE\IH,II \BTEB.' l ;>;1'1' 

Ihg('riptilili. PPlTlIll.II(,lll 1'I1('InSIII'(' of nhollt :2 n.(·I·('S in nn 0rWIl, 

('('IHlil'l'l" lint IHll'klik(' C'\('nl'ill).!'. slopl' ;) 1)('1'('(,111, ('XPOSUI.'t' souLitwrst; 
8,~;i!l 1'('('1 ('I{','ntioll, 11('11.1' ('(,lIt('1' of aSjH'll-lil' 7.0Ill'. 

\ 'If/tllllio!l. ,\llI1os1 PilI'(' sland 01' Ilnli,'(' IlIolllttnill hl'oll\p (Hrmmls 
curilla/lIsl,' plnlllpd ill IIt I' SPl'illg or 10:2;>. ,\I'('n SIII'I'OIIl\(lpd I,," dplIs(' 
slnlici or p\'C'n-ng(,d nSI)('n (I'll/lit/liS I,., III II/oidl sl with n IlIix(UI'(' of 
\)ouglns-Iil' (/)s(/u/o!slI!I({ trl.J'doli(f) nlld wllil{' fil' (.·tbi(',~· conc%r) , in 
witi('it 11Il' pn'dolltill:Jllt Iwrlnll'p!lIIS 1)(>l'pllllinl nlilkillg up litl' undpl' 
sinn' iR s( i(' kl' g:(,l'n n i 11111 ((/( /'a 1/ i 11/1/ l'is(,(Jssissinll( III l. 

,'i';lil.-C'la.~'-t'()nlll or lillll'StOIlI' ol'igin. 'I'olalllill'Ogl'll, O.:38\J prn'I'llt; 
oq!ulli(' IIln[[l'I'. !Ul;i 1H'1'('(,lIl; IllOisllll'P ('quinti('lIt, 55.5 IH'I'('Plll. 

IILl' 1':11 El.I. l"\'I'I' 

/hs('riplioll, '!'Pllll)!)!':II'Y itul'dl(, plot;; In hy In fppL ill nil nflI'll, 
flnllikl' :11'1':1, :;Iopt' In 1)('I'('l'l1t, ('XPOSIII'P Illlrlll(':lsl; n,O()!) fl'C'l ('h"':1tioll, 
IH'lll' IIPIlt'1' lilllils of nspl'lI-fil' 11011('. 

\ 'I [/I If/I iO/l. ( ; I'HS:;-\\'('('<I' t Ypl' ('oll:;is( ing' (·11 i ('11.1' () I' 11101111 l n ill hl'()111 P. 
sll'lltil'l' \\'itl':llg!':ls:; (.Iwo/lilm/{ !1·1It/1!l1·((ull/liIl. oliiollg'l'n:;s (.Ift-lica 
blllb".'II). IWll (st ('II!!)I I (1)llIsl! mOil I'!ldhl ('!Ii i1. 11 igg('r1ll'l)d (Hlltll}(ckia 
IIccit/lllfalis), alld nIITO\\' (~'I('lti//(I/ 1((1111/118([ I. AI'(,:I SlIl'I'olllldC'd In' 
:t;;Jl('n ill!l'J'mix('d \~'il it f)ouglas-fil' :tlld ,\'Ilil(' fil'. . 

,)'oil. ('lny-loHII) 01' lililI'S(OIl(' ol'igill. Tollti lIitl'Og<'ll, ().;~:)4 1)(,1'
('('Ill; oJ'gallic mult('I', 1.:2 1)('1'('1'111; 1I10i:;(III'(' ('qui":til'llt, 32.4 IH'l'cl'nt. 

IJrSl'l'i/l!inll, PPI'Il111 11('11 l (,1I('loSIII'(' of I :1<'1'(' Oil nil (1)('11. IIntlikr 
sit('lf. :;Iop!' I:~ 1'1'1'('('111, ('XjlOSIII'(' w('sl; D,·IOO 1'('('1 (·I(·nt! iOIl. al UPP('I' 
lilllit of :lSIWII-fil' IIIlIH'. 

I "fIIll/finll. :\nlin' slnnd of sl('IHI('I' \\,lH'nlgl'Hss \\'ith slight. llIixl,lIl'f' 
of LI'l(,l'l1ll1ll IH'('dl('gnls'4 1......'li/1l1 1i1111'IfI([lIil, 1I10Illl(:lill hl'ollil'. 1)(,111
StC'1l101l. ,I':lI'I'()\\,. 111:lII,,'-(lO\l'('I'(,d slIlrfl(l\\'(,I' ("i(llli( rrr mIlIIUl()!'([)' 
FI'ndll'l' I'OR(' (Rusa (( /II/Ii ril, nlld ('0111111011 s('I'I'i(,(II)("I'I'1' L:lmr/((lIc/tia
al II i (Illill).' . 

,.....;Ilil. ('I:l.,--Io:tlll of lill)('S(,OIl!' (lngill. 'I'olnl l1itl'ogC'll. (U~I(i r)('l'
('('lIt; OI'g:l1.llil' m:),1 li'l'. I (j 1)('1'1'('111; II1Oisllll'(' Pljllil'1til'lIl. :~'I.(i IWI'('('III. 

~ Thl .... f'lJl .. \!Hia 1·11' 'j..·,.a ..... h:l~ hl'~'u It'l'~l nl('rl 11~ 'HIIII' holnnl""'" !1~ t hrpl' "flpn m Ii' ":PI'C'jps, , l' California 
hrurrh' II ,'rl .~i"'I/~!ft .':.! \Ill! IlloUH '/' '/Nr'li'II,llIx' ~ :lIld ," pnly:wllI11,:: I ,r-.tI!p , U. p,dli'UltlO~\-'. F'rNIIII'ntlyI 

It ha .. IlI't'Jt hIlP\\ n 111 tJJt FIJI(·:--t ~1'1 \ lI't b~ till" WllP(' Hhi~ 111011111:\10 1,toIHt· .. 
- Tilt' Il'qIJ ·'\\l'i',1.'· ~I'" hl'll" 11"'('.(, rl'('t~ to tll(' hl'ri)!\p(·(JlI .... 1l('II).!r:t:-:--lihl' plant" O('(llIrriul! Uti till' rnn~(l. 

oCh'll at ....... n'Cl'l'fl·d l"a" ··rllrh,H 



CLIMATE •Wl'n t.itC'r 1'(I{'ords :1 1'(' nvn.ilH hil' 1'01' I Il!' lif'n.dq nal'tl'l'S fh,ld Illlil; only, 
llo\\'('\'(II', i1lllS1l1I1{'11 u.S Ih(1 I.\\'() IIPIH'r lipid uilits art' wil hill U\I'('(' 

rOlll'ths of H mill' (ail'-lill!' disl:I,llet') of I h!' lil'ntiquarll'rs ullit, it is 
hplip\'Pd th:ll lhl' foll()\\'in~' l'iilll:ll ii' dala for (.111' hl'Htiqllllrll'l's fil'ld 
unit :11'(' fnirly 1'(lpn'sl'IlI:lli\'(1 1'01' nil. 

Yen.d,\' IIt:lXilllU1l1 I l'1II()('I':II 1I1'0S :t.r(' l'l'lll'lil'ti ill .Jllly :lllti ,Y('IIl'iy 
lllinimn, ill .J:lIllI:!I',\' (l:!hll' I). ,\.\'I·I':tgP till.il,\' klll(l('rllllll'l'S for ,JIIIII', 
.Jul.\', AII~IISI, alld S"plt'llilH'l'. th!' ~1'O\I'illg- SPIlSOIl, art' I\,ho\'(' fiOo F. 
'1'1'1111)('1'1\ 1 III'('S hn\'(1 l'isl'lI its II igh lI!4 SS ° ti IIrill~ ,J Illy :t lid d I'OPPl'ti llS 10\\' 
us 11° ill SI'pt(,lllh(11' Hlld I!l° ill .JUII!'. 'I'II!' n\'('l'a~(' Il'lIg'th of t.hl' 
fl'osl-fl'!'(' ppl'iod is Sf till.ys, nl[h()lI~h frosts hit\,!, O('l'III'I'(·d dllrill~ :til 
monlhs (m. 

TAIlI,}, l. ,\I(([1t /IIo1/lhill rdr lr/llIWralurc.< {flll8 ;18, (lurl l'rf'cIJlilol-iml (1,1)/4- d."", 
III ht·odfJ/lf/.rir'rs III/it 

\11'1111 nil' :\1('1111 air\Il'llll pl'r~ , [ :-'I('all pn'·;\Irnllh It'Hll'llm~ :-'Iollih tt'1II1\"11l{'ipitlltiol1 ! ('ipWlliontiln' IIIn' •F IlIdj(.~ o V~ 111('/1,'0.; 
J6nuno~ :!I ,I :1. lfi \1I).!1I"" 5S. I , 1.;'11 
r~f'hrui\ry ~:1 a :!. "r~ ;O::(I111PJJlhl'r .111.1 1. riO
.\I,trt·h 2:t ~ .1. II tkfoit{'r :lS, II 1. !i:! 
.\pril :11;, :t iI,1 :\ort1t)lhl'r 2H.O 2. I~I 
;\10" .,~. " !!,·I·I 1}f'l'I'tlIh", ~O.:I :t!!j,
Jnnr ;;a. -; . Xi} 
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~Inl'l' th:lll Illn'I'-follI'IIIS of 1111' :1,\'('1':I~I' allllu:l1 jll'l'('ipitatinll of ft.ss 
tltllJl :W illcll('s ()('('III'S :I,S SlIo",f:l.11 dlll'ill~ thl' willt!,1' 11f'l'ind. Odol)(,1' 
til _ \ pl'il i nclusi \'P (t)). SIIO\\,slol'IlIS Imn' (l('('uITt,d ill ('\'('1'.\' 111011 til of 
thl' ,\'Pltl'. I )lIl'ill~ Ihp ~I'o",ill~ Sl':tS(lIl. ",llich a\'('I':I,~I'S ;I,PPI'OXilllH.II'I.\' 
1·1;') d:l-,\'s. Ill'!'cipil:l.li()11 O(,('III'S ;IS tltlllldl'l'show(·l's. 

FoJ' th(· -';110\\'-1'1'('(' pl'l'iod of :-'1;1.,\' I to Sl'pt('llIh('1' :m, Iwfol'(' SIIO\\' 
fOl'll\s lI. COl1tiliUlIIIS ('0\'(,1', :l.n'I':I.f!,'I' soil tl'III\H'I':lttll'('S (:I.\'('I·:I.gi'S of S 
n.. III. :I.lld ;) p. 111. I'(';ld ill~S, I 02--l :~,I \ at I hi' 0-. 12-. ;I I1d 2--l-illc11 dl'pl liS 
Wl'l'l' i)·I.So, ;j:J.Oo, ;I,lId ;')()X'F. WL Th!, soil is W:t.l'lllpst ill lal(' .Ju"· 
:I.lld ('old('si ill :-'In.,\' allti S('pll'llIhl'I', \\'hl'l1 thl' ~1'()lIlld is C\I\'I'I'(';1 • 
wi th SIlO\\', ~oil tt'lll PI'I':t.1 II rps al'l' :1.llllosl tlil' s:t.Il\(' :t.t all tllI'!'(' til'pt liS 
:t.nd l'('lll:t.ill pr:lctieally ('OnS(:IlrI, 

Soil 1ll0iStlll'(' is Ili~h('sl :t.t I lip 1illl(' uf SIIOW tii,;apl)('nrn,II('('. n\'('1':I~
in~:W Pl'l'('l'llt of tilt' dl',\' \\·!·i~lil of I lit' snil. '1'111'1'1':11'11'1', llil' IIIOis(IlIT 
('onlc'nt of till' soil d(lel'l':).s!'S stl'ntiih', !'(,:Icliing til!' :w:lsollal lIlillilllUll1 
ill thl' Inth'r pari or .JUII!' 01' ill ,lul,\:. ' 

Sn.lllpson, ill (1:t.l'ii(lr plant ~ro\\'t11 sl udi(,s (f I) at this sail\(' sil!', 
foulld. tlmt sUllsltill(' dUI':I,lioll 1\'\ld inll'llsily WI' I'!I pl'adi('ally ti\(l S:l,II1(' 
ill thl' tlirl'l' lll11jOI' \'(lgl'ln>1 i\'!' I)'I)('S ill Ephrailll ('allyull, 1I:11l11'1,\', oak
brush, nspl'n .. tir, nntl SPI'lI('(I-til'. Tliis ill<iieat('s IhM total IPIl~tlt of 
dIL,\' and SIIIlSilill{' tlU1':I.tioll and illtt'llsit,\', I'X('l'pl for sli~ht \'nrintions ill 
dirl'('f s\lllli~li( 1'1'0111 plot to plot ill 1':Il'iy ntOl'ning' H,nd (,\'l'nill~, \\'(11'(' 

about fhl' S:I.IIlI' 1\.( :1.11 tlil'('(' :t.I'(II\.S of thl' "('(';Wllt study, OhSl'lTn.tiolls 
frolll It. whitl' C',dilldl'l'-I,\'IW U.tlllollll'll'r d;ll'illg till' 11Ic'IIlths of .lul)· lJ,lId 
August for n. :~-,n',\.1· pl'l'iod illdicntL' du,ily l'\':t.pomtioll of 29,2 ('111. 3 ill 
.Iuly and 24.4 {,1l1. 3 in .\ug'ust. 

• 
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• 


• 


PI.,\'I'~] I. Illlll!!(' fmlll-(\' plllllt:, 11~('d ill til(' "t Ilfl,"; ,I, ~luulltailllJrulllc; 13, slclldcr 
\I h('lIll-!:r:l"~: C, -tieky 1-(\'I'UllilJlIl; :llId /), Jli!-(gl'rll(':Id, 

• 
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SPECIES USED IN STUDY 

Pln.nt specirs lIsNI ill ('.Il(l study \\'(lI'P mOlllltn.in brome, slendor 
wll(lll.lgm.ss, sti('k.'~ g('I'l1.llilllll, lWei lliggprill'l1.d . 

.:\\Olllltnill bnHIIl' (pI. I, .d) is H. ll1ociPl'al;ply ('OH.I'R('-stc'flIIlIPd, Rhol't 
j i\'pd W'J'('lln in,] hllllcligrnRR, widPly d iRLI·i hu t;pd ill t.il(' 1':t.llg(' Stai;ps, 
'l'lIp pln.nt. ;t.t.I;niIlR n, h(ligilt of I foot:. t.o" 1'('('(: 01' 1II0l'P :l.lld has 1111111('1'0118 
b;I.s:tl INI,\'(,s a,bout. (j {.o 12 il1cil('s IOllg nllei I:; to :l" illch wid(', It pl'O
dUl'!'s n.hulldallt s('('d, nlld is hig-Illy palaLn!>l" to lin'slo('k, lIulTitiollS, 
nnd fairly i't'sistn,llt to dl'Ollght: (Ui), III t.II(' :\'spt'll-fil' ;';011(' of ('(,lIlnd 
Flail, withill whi(·1t I.hl' P:\jll'l'illlPlllnl 1I.I'(,Il,S :1.1'1' IlWIl,tt,d, IlIOlllltaill 
bl'(:tlll' fOl'lIlS cil'lls(I sln.llds alld is H. kl'.\' fOI':Ig'<' plnll! by 1I1('lUIS of ",hidl 
dl'!!l'l'(' II.lld illl('llsih' of gi';t;.;illg IISI' :1,1'(' ('sl illlnll,d, 

Slpndl'1' wlll'n!gl';lss (Ill. I, 'U), n, IIHti\'t' Jl\'I'('llllin.1 I>lIllI'hgl'lI.sS witl! 
('n'ct. ;:;ll'lIdl'l' sl('IIIS fmlll n,ii fool II) 'I fppt high, is also H. k(,," fo/':\.g(' 
plnllt ill ('('lItnd l'tah, II;s \\'ilkl,\' di;-;ll'ii>utl'd, 1':I.lIgillg fmlll. 1\1'\\' 

foulldialld t.o Alnska nllci sllillit to :\lisSOUl'i, KHIIS;l,S, 1\('\\' :\1 ('xico, 
Hlld Califol'lIia, I I sln.rts growth ('nri,", pl'Ilciu('('s :I,hullllllllt sp('d, is 
\'Ny lIutl'itious, Iligldy pnl:t.l:t.1>1e 10 lins{o('k, dl'llll,!.'.'111 1'('sisln,lIt, and 
wititstn,lIds g'l'u.;.;ing IIS(, (Iii), 

Slick," gPI:nlliullI' (pI. I, ('1. n.ls() a kl'Y I'o rag!' pln,lIl, is :1, lIatiyp (,OILI'SI" 
It':1f,\' , iJl':l,lH'lll'd IWI'('lIl1inl IlI'rll 1 til :~ 1'1'(,1 tall. ",itil,ly distrihlltl'd 
titr()Jlgitollt titt' \\'('st, In pal:t.lahilil,'- it is fuil' for sit('('p allti fail' to 
pOOl' for en,(;tl(, and itOI'SI'S (Iii), III CII(' ,-icillity of tlll' I'xpl'l'illl('lIt.lI.l 
lUl';I.S it oceul's n.l)lllldniltly, ill :lssociatioll \I'ilit lI1ixl'd gl':l.ssl's and 
w('('ds, 

XiggC'l'it('nd (pI. I, f)) is :l (·on.I'SI' 1)('I'(,lIlli:ti itl'l'h of litt' s\IItflm\'l'1' 
fnrnih' \\'if'll n· stout, l'iti!!;l'ti SII'III, ol'clIsioll:ilk X f('1'1 itigit, alld a ('011
spiclI()Ilsl,\r ('oIH'-slmIWt! 'itt':I.d I It:t.! is dark 1)1'(;\\'11 hoi It h;'flll'l' alld nft,PI' 
floWPl'ill,!.'.', Ii is widl'I," disll'illlll('d. (w('IIITing ill IIIOS! of till' \\'I'stl'l'll 
S!:J.ll'S, :tlld is ('ollsid('I'(,d litl' IIIt1S! illlporl:llli I'allg(' spl'('il's of titt' gl'I111S 
(/:)1, III till' \'icillil,\- of 1111' l'xlH'rilllt'lilnl :l.I'(,:1.S, Iliggl'dll'ad is !lot 
palu.ta.hlt' t.o linsltl('k 11111 il I:ltp f:dl. 

Titt, stud,\' had 1111'1'(' plmsps: (I) (;J'()\nh ;lIld I1Ii1Titioll pllasl', 01' 
dl't"pl'llIilmtioll of tltt' ('11:11'111'1('1' Ill' nnllunl !!;1'IJ\\'th nlld of I.ltt' tillil', 1'It.i(', 

('xtl'nl, alld l."[ll' (If (':J,I'i>nit,,'dl':t.I(' ;-;tol':!.g(: ill till' pl:l.llls IIl1dl'l' llol'lll:t.1 
contiiliolls nlld lotnl fll'oll'dioll 1'1'0111 li\'t'stock ,!.'.'I'Hzillg; alld tit(' (2) 
clippillg n,lId (;{) gl':I:t,ill,!.'.' pit:ls!'s, 01' d('I(,I'llIill:l,1 iOIl or till' ('11\,('( of 
s(,\'pml eiippillg 11'(':I.IIIII'lils, nlld of SI':J,;-;tllln.1 li\'l'stock gl'll.;.;illg, Oil (,HI'
holtydl'nl'l' slol'ngl' ill III(' I'(lots n.lld SII'III I>:lS('S or f'll(' plaills :t.lld Oil 

rOl'ngl' yil'ld nlld pllllli \-igol', :\IOllIlI;l.ill h 1'011 It' :t.lld sl('lIdl'l' \\'itt':I.t,!.'.'I'ass 
\\'('1'1' ill('lucil'd ill all pit:l.s!'s or tit(' slllti,'" Slick," ,!.'.'(Il'lWilllll \\':lS not 
incillti('d ill tit(1 gl':I;.;ill,!.'.' pit;ISI', alld lIig'g't'l'itl':ld w:t.s illeiudl'd ill till' 
lIutl'itioll plnl.Sl' IInly, 

:\(olilltnil1 hl'tH1II' \\,:I,~ ~llIdi('d :1,1 1II'aciqllll,I'(pI'S :I,lld Blu('h(,11 IllIits; 
SI(,lId('I' wll('a(!!!'aSs III BIIIl'\JI,1I :11111 DlllIg(,lIl1 IIl1it~: :,tiek\' !!l'l':lIIilllll 
:l.t 111':ldqllHl't~'l's; niggl'rill':ltI al BIIIl'lll,i'I, 'I'll(' l1utl'itiol'l j)\t:l.St' ill 
('11I<il'd sludj(,s u.t Ill'adqll:lI'{I'I'H (11\ 1ll001111n,in hl'OilU' alld ;..;1 il'k,\' 
~l'mIlillll1, nt Blu('h('11 OIl 11 ig!!;('I'II('!ld , Hlld :II \)1111!!('1l11 nil Slt'IIt/PI' 
~\'\tl':\tgl'nHS, Till' ('lipping I(:;-;Is '\'('1'\' ('l'lill'l'l'd at LIl'ndqUlLl'tl'l'S and 
DlIllgt'OIl, n.nd gl'H.;.;illg I('sts nJ BIII(,llI'lI ollly, 

• 

• 

• 

• 
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GltOWTII Al' D CA H BOil YDHATE .FOOl) ItATLOS • 
7 

On IllOllll ll1.ill hmllw alld sl(llld(l(' ",1t('lItgnlss, till' 1I11 t!'i t ion phase was 
(,11l'J'i('d on fro II I :\II1Y 1!1:~:2 t.() ~1n.y I!):~:'i, I'('sidting' ill ('OlltillIIOIIS ~Y!'nl'
IOllg 1'('('OI'(/S, '1'1t(' in\'('stig'ntioll 011 sticky g'('nl.lliulll !lPg-lIll ill :\Iny 1!):3:2 
nnd WlIS ('Oll tillu(,d to III id-()e(.oh('I' )'('111'1)' for:3 Yl'lIl'S, g'i\'illg' (,Oil till lions 
I'('('ol'ds 1'01' tlll'p(' II II lIulIl SlIow-fl'('I' 1H'l'ioc\s, 'I'ltll t Oil II ig-g't'l'h!'lId WIIS 
stu,l'tpd in .julI!' 1036 B,nd eH.l'l'it'd eon tilluollsly tllI'ollgh Apl'il 1930, 

,. --\----1- -.-.._-- IGRl\SS STAGES 
WEED STAGE.S 

, , I 1I __ -
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X( 
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~' ''''( , JlJU I AUr;O::.r I S(PTEMBER: 1 octOBER t 
._ ....------. -------~~~ 

Fl(lI'ltr; I. A eUlIlpnl'i':OI1 of til(' I'('lnlin' pnlgl'(,"~ lIlud(' lly thf' foul' :;pcci('~ of 
gra",p, Ilud IH'J'('l1l1ial h('I'Il" (\\"I'('d,,) u:'!'d ill t hi" study, fmlll SilO\\" disap]Jl.'lll'lLIlCe 
to (,lid .,f I!rfl\\ illg S(':lSOII. ll:\,,!'d 1111 a \ Pr:lg('~ for 102·1 a4. 

• <:110\\'1'11 m';\'-;IIII':'\I,;:'>O'I'::; A:'>OIl l'IIEI'AII\Tlo;\, OF :O;UII'LES 

~Iaxilllllill ami ;1\ I'I'Ug'I' itl'ig-Itl g'I'(\Wllt W('I'(' dl'!l'J'Il1ill('d nlld pill'lIO
logi('al () hSt'I'Y;11 iOI IS II Iud (' ;I,t :i-du~' ill Lt'n':ds lit I'Clug'htlu t till' sllow-fl'('P 
IH'l'iod of ('111,11 )'(';\1' Oil aholll 10 plnllts Ill' P:I('1t Slll'ci('s in PHelt 1i!'ld 
ullil (fig. 1). .\Iso, p\'id('IH'1' of g'1'(lWlit Was lIol('d 011 I'oot s:lIl1pl('s 
('olll'l'il'c\ dlll'ill~ tit!' willtl'I'SI':lSOII. 

('IlII(,('t iOlls (:,1' niH ((,I'ial 1'01' HII:dys(~s W('J'(' llI:1dl' 1)('1\\'('(,11 till' itours 
of n:1. III. :lnd 1~ II (10 Il , 1~:1('1t s;"IIIJ;II' of till' g'l'llSSI'S iJl('itlllf'c\ six to !'igitt 
,,1:lllls, lind (':Idl S:lIlIJlII' of till' l)tltl'l' hl'l'bll('t'OIlS pl:lllts ill('itldpc\ fOlll' 
to six plllllts, :-;lIllIpll':-; W('I'I' (,011('('11,<1 ut IO-tlHY illtl'n';ds dUl'illg' til!' 
SllOW-I'I'('1' 1)(Il'iod Hlld :II 111011 tidy illl(,I'\':ds dlll'illg' lltl' I'('sl of til(' 8(':1S011 
1':l<'it \,(':11', 

'I'll;' g'I'USS S:llllplps \\'('1'(' PI'('llHl'l,d hy l'('lll(l\'illg' titl' soil 1'1'0111 till' 
)'(lots witlt 1t1l11<1 hl'ush(,s alld ('lipping' til<' Itl,r\):lgl' fl'olll til(' Stl'lIl bn.s!'s, 
1II'I'hllg'(' n.lld l'Oots or I'ltl'it SlIlIlpll' "'('1'(' wl'igJl(,d 1I11(1 sepantt('ly pl'l'
S('l'y('d ill H:i J)I'I'('(,II! IIlcoitol. 1II'l'ilng'I' salllpil's liS PI'('P:IJ'('c\ ('IJllsistNi 

• 
(lldy of ('ldlllS Itlld g'I','('1I II'a\'!'s; 11.11 t\l'nd I1l1d dis('olo('(,d IlI:tll'rin,] IUld 
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H,lly inflol'ps('('Jl('P PI'PS('lIt\\'<'I'(' 1'1'1110\'('1/. Hool sn.lllpil's (I'OO(S and stf'1l1 
bnsl's) ('ollsis(l'd oJ I'Oot" ('1'01\'11 alld Wh:l.iI'I'(,I' fl'llgllll'lItS I\'('I'C' Ilot (1<0
(nelll'd in IlH,I'\'('stillg Of' ell'lI.lling, Thl' I'oot sllmpll's, Oil lh(' 1l.\'('l'llg(', 
wc'igh!'d 11101'(' (hall 40 g, c'uch; al'l('1' slnl'f of al'li\'l' hc,iv,ht gl'Ol\'th, tile 
\\'{,igll l of th(' h('I'bag-(' S:l.1I1 pl('s g('"I'I':III~' ('X('C'('dl'(\ lfmt of t hI' mot 
!'ltmpll's, 

Th(, pl'l'pnl'lltioll of sl icky gC ' I':l.lliulIl n,lld lliggl'l'll('nd snlllpks 11':1$ 
similHl' In Ihnt of lli(, grllss Slllllp(l'S, ('X('ppt 111:11 th(, libl'olls !'OO(S dml' 
1l('\['l'isli(' of 1111's(' plllilis 1\'1'1'(' spli( ill half Hlld llll dl'lld Illnll'l'in.1 
S('l'lIp(,d 1l\\,1l~' willi n dldl klli!'!', 'I'h(' root s:l.lllpll's 01' sti('k~' gl'l'llI!illJIl 
1I.I'('I'ngl'd n.holll (iO g, alld tims(' of II iggt'1'l1t'IHI n\'(,I'Hg'(,d 1l1()l'c' thall 100 
g.IIl'l'lmgC' SillIlP!c'S of sli('ky I-!,'I'l':lllillill :II'C'I':ll-!,'pd 1Ii>(llil Oil g, 

'I'll(' (,ill'hohydndt'~ d('It'I'llIilll'd \\'('1'1' :l<'id-hydroIYiI;lhlt' h(,lllic'pllll 
lo::;!' , ::;llIl'dl, ~il(,"()::;I', IIl1d l'('dlll'11l1-!,' ~ll~:II'S, 

'I'll(' :lkohnl 1III\'illl-!,' h('l'll dl'lIill('d ofr. fht' SlIlllpll'l' \\"('I'i' m'I'll-dl'il'd 
ut ,So (', 1'01' ~·I houl's, 1111'11 }.!;l'Oulid 1llld lI}.!;llill <ll'i\'d 1'01' I~ houl's n,t 
i-\Oo, ,A S-)!.', POl'tiOll of ('H('II sll;II[,I(' 11'11:'; 'I;\(',i 1'01' Ill(' ('olllpll'lt' cill'lIlil'nl 
:1I1Idy::;iR, 1111':1::; 1':-.:11':1.('(('<1 fol' I~ II(Hll'::; with hoi :d\'ohollo which \\'IIS 
IIdd(:d II ('OI'I't'::;POlldillg pOl'l iOIl of till' 111('01101 III 1I'llidl thl' l'IUllp!" hlld 
bp\'11 1)I'I'SI'I'\'\'d, '1'111' :dl'ollol 1':dl':lI'l('d I h(, ::;lIg:u'::;; 111(' lil'llIi('I,lIldos(' 
lllld ::;(lIl'l'h('s l'I'Ill:1ill('d ill I III' ('xl 1'11('1 iOI1 thilld)I!', 

Af(pl' (lip Hkohol hlld bl'l'li ('\·H.p0I'II(\,d thl' I'l'sidu(' \\'Il~ dissoln'd 
ill dislill(,d 11'1111'1', tl'lIllsft'l'I'I,d 10 II \'oilllllt'll'ic flnsk, IIlld llllld(, up to 
1'01111111', ;\I't('1' it IlHd hl't'll ('I ('II 1'1 ,d, IIliquol plll'l iOlls of I h(' SII,fllpl(\ WI'f'(' 
pip('II(,d illio (\\'O SIlIHllc'I'I'oillllll'll'i(' fllIsks, Ollf' flll~k \l'IIS IllHd(' up (0 
Ynltlillc' IIlld til(' I'(,du('illg suglll'S 11'1'1'1' /lpl('l'lIliIlC,d by lIS(' of ('OPI}('I' 
sulfll«', ll('('ol'dill}.!; to thl' 1lll'Ihod d('s('I'illC'd In' S('llllr!'(,1' :lIl<l 1i1lrt 
III Ilflll (1,n, 'I'll(' s('('olld po 1'1 iOIl 1I'1lS lt~'d 1'0 I~'ilc'd ':l('('o I'd i Ilg I tl I hI' cl i I't '('. 

tiolls }.!;i"PIl ill O[(ic'inl ~Ic'(h()ds (/1. ,\1'1('1' 11I'lllr:i1iilill!!: 1llld IllHkill!!: 
liP (0' \'0111111(', III(' 1'('cltl<'lioJ) POII'('I' 1I'1lS d,.II'I'llIilll'<I, 'Thl'I'('sll1lnll'(' 
fnH'(ioll is I'l'por(l'd ns lolnl SU}.!;III'S, nlld Ihl' dif!'c'I'('Il('('s hl'lwl'l'lI fit<, two 
dl'll'l'lllinld iOlls is l'Pj)nrll-d :t::; SI)('roSC', 

'l'IIf' 1'I,,,idlll' n'1I1nillilJg- 1'1'0111 lhl' slIgnl' ('xlr:l('lioll 11'11,::; dl'il'd in HII 
('\('('ll'il' (lYc'll, 1I'IlIlsfl'l'l't,d In II h:lll mill, n,lId minII'd for tiO hours (for 
::;1 id:y !!:!'l'lIl1illlll, :{(] hOlll's II'ns slIflil'ic'lII), Disl ill\,d 11'1111'1', hoilill}.!; hof, 
\I'm; lilfclPd \0 til(- lilli' I'l'sidll:d pOII'd!'I', lI11d IIII' ('lllllnilll'l' \\'IIS pln;'\,d in 
n, II'HII'I' bllill :II l(Hlo C, 1'01' ollc,-Imlf hOIlI', ;\fII'1' ('001 i II!!:, Ii ('Ill? of 
sllli"II, II fplI' dl'np~ of lollll'lll', Hlld IIPpl'O'\illlllll'ly n, \ .}.!;. of sodium 
elllol'ici(' W!'I'!, Hddl'd, lind IIII' SlISPC'lISioli \\'IIS lI!-"illl\l'd fol' 12 hOIIl's:lt 
:rio, 'I'hl' ('oll(:lilll'l' \\'II.S (hl'lI 1I'III1sf('IT\,d In :Ill in(,lIhlllol' lilld IIlnill 
IlIilll'd nt lIlIIl !I'IIIPI'r:illlI'[' (lI"PI'lIigllf, SlIhsl'qlll'lIll~', 111(, ('ollfllilll'l' 
WIIS pll\('('d ill h\lilil\~ 11'1\(1'1' 1'01' \ houl' (0 111'1'1',:,1 111\' ['llilYllli(,lIdioll, 
Th\, SOllllioll \\'IIS IIlc'1I :-wP:lI'Hl!'d fmlll Ihl' I'c'sidlll', alld 1l.1l :diqllot 
pOl'tion of til(' forllll'1' \\'I\S 1t~'dl'()IYI'.I'd wilh :l,;i ('IIl.:! of l'Otl('l'lill':ll('d 
hydl'Oeld()J'i(' :H'id, Aftc'l' 1ll'lllndiilill}.!; :llId ('11'11 I'i II !!:, til<' !"dllC'linn 
prl\\'N of Ihis su(ul iOIl wa.s dl'll'l'fllill(:(\. '('his l'l'Helion, 1'\'p<JI,tl'd n~~ 
slnl'ch. CPII \ IliliS bolh 11'111' sllm'li alld Wllll'I'-solll'>I!' "In 1'(,11. 

'l'h(1 I'l'sidlll' 1'(,lIl1linillg Hftpl' Illc' l'tlll'l'" sl'pn!':I!inll II'tlS 1I'llShc,d Hud 
Irnnsl'!'!'l'l'd 10 1111 1~l'Ic'llIlll'\'(,I' IlllSk, IIllcl :!,;"; ('111,:1 of ('ollc'C'lIfl'lI\C'd 
h\'dnwlJ!()I'i(' HC'iel, dillll"d 1(; J(}() C'IIl,:' lI'ilh dislillc,d Will!.'!', 1\ liS HeldI'd, 

• 

• 


• 


'fhp hydl'olysis II'IIS ('IlITi(,d (JII( Oil HII I'll,(,tl'il' 1101 pln(('. ('nl'(' IJl'illg' 

• 
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tn kl'll to k(,l'p t It I' \'0111111(' {'OIlSt n II t. 'rlH' SUSIWIlSioll wns Ii Ilully 
diltllt'd Il'itlt distill!'d wnt('I', IH'utl'nliz('ci, tTIIIlSft'I'I'('d to It volullldl'ic• 

9 

flnsk, :llld Il1l1dl' lip to \'01111111', l'POIl (illt~l'illg nlld (']('nrillg, thl' 
I'('duct iOIl POW(II' WIiS dt'tl'I'1l1illl'd hy lIS(' of nliquot pOl'tiolls of this 
filll'ntl', TIIis fl'tl('tioll is l'I'IHlI'l('ti :IS h{'111 i('('11 II lost', 

.\11 (jpt(II'lllil1ntioIlH 11'('1'(' IIIHe/\' ill dupli('lIl!', Th!' 1'('stIlts, hmwel 
UpOII till' :lsh-fl'l'(' dl',\' wl'igltt of tltt' S11Il1pl\', W('('(' 1'('POI'tl'(/ us I'NIII('ing 
SligHI', ('I(,lll'il1gs 11'1'1'1' Il1nd!' witlt bHSi(' 1('IHI i1('C'tnl{' solutioll !llld 
(kll'IHll'd witlt disodiull1 pllosph:lt(,. 

I{ 1,,,[ L,),,, OF OnSEHI \'1'111.";:-; 

\101''\,),\1'\ BHlnlE 

• 

,\111111:11 gl'll\l I h of' 1I1011lltnill III'IHIII' is ('\'l'Iil' ill lint 111'(' (fig's, 2 :llld :~), 
owing ill 1~':lI'1 to I Itl' illllu!'III'(' uf ('Iilllnt'i(' 1'11('101'1' nlld ill' PlIl't to Iltl' 
plnllt's 1'l'J)I'()dll('fil'{' (',\'1,11' r..:, 7'1. SC'IIS01l:i1 fi\l('(u:ltiolls ill p('('('ipit:l 
lioll ullci t('llllll'I':IlIlI'I' C':llIS(' d!'fillill' fillC'tll:ltiolls ill the' gl'owth I'ntt', 
!)('pl'('ssiolls ill gl'Owth I'nil' IIlso ('(lilH'id(' I\'ith th p :ld\'('111 of flowl'l's Hlld 
fOl'lll:llioli of fl'uit. Thl.' gl'owth c'.FI(' ilWludl's S{,H1'OIl:lI gl'owtlt of 
ilt'l'h:lgt', S('COllti:lIT hl'I'h:Ig'!' g'I,()\\'th, :llId 1'001 g'1'(lwth, .\ullu:i1 hl'l'b
ag(' g;'()wth hl'gills' IIl1dc'l' t'ItI"SII()\\' :lPPl'oXilll:lt('I,\' 4:"; to SO dB."s 1)(11'01'(' 
l\'ill[1'1' SIIOI\ dislIPPI':II'S, SC'('ollcillI'Y shoot gl'Owt h follows thc' pro
ductioll of S{':lSOIIIII sllOuls lllIti II(}\\'('I' stlilks, Hoot g;l'owth 1I1t(,l'lIat!'s 
wilh hl'l'iJIIg'1' grOWl II ill t 11(,('1' Ill:lill IWl'iocis, (I) illllllt:di:l!l,ly PI'(,('(ldillg 
sno\\' Ii i';l1 PJlI':II'IIIH'(', (~) II t (hc ' ('()Ilt'! I!sioll of S('lIsoll:d shoot g'/'()Wtil, 
:lllci (:~l lit [II(' c,ln,.;!' of tl\(, SlloII'-fl'c'l' Jl01'iod ill Ih!' IIl1tUlllII, 

Thl' ('oll1bill('eI SIIg'lIrs lllld sIll I'd I ('Olltl'lll of th!' hpl'hllg'C' h'lIds 10 bl' 
\'PI',I' high illllll(ltii:;tC'ly followillg SilO\\' disIIPP('IlI'lIlI<'P: to 1'('Hcil its 
sl'tlsollnl IIlillilllllll1 cilll'illg' finl\'C'I'-stlilk 1'01'11IIItioll, :llld to rist' [0 :l 

s('('olld (I ry 1)('11 k 11('111' tll\l' ('losC' of t hI' SIIO\\--fl'l'C' 1H'l'ioel. :\ 1'1 1'1' this 
S(I('(lIlcilll'Y S('IIS(IIIIII ris(' [1)(, I':IIIIC'S dl'op, pl'o!,:lhl." liS Il 1'('slIlt of tr:1I1S
1()(':lt iOll, .\ fi 1111 I IIpt 111'11 is (':lwwd hy :I I'is(' ill SUI'I'OS(' IO\\'lIrd till' l'llel 
of [II!' SI'U"OIl, II'hi(,h IIIIIY I'I'SIII! I'I'OIil 1l':llISfol'f1ll1tioll of tli(, illsnlllhil's, 

• 
SIIII'I'il ('OIl(I'II( silo\\'s':llrllost fhc' S:III1(' filll'tlilitiolis liS tlll' l'OlllhillC'd 

"tillll', ;-;1I1,(,(\SI' C'Olltl'lIt is :i1S!) high lit SIlOW ciisnPPl':II'III\('(" hilt 1'1'
II111illS 111'111' till' S('IISOIIIII IIlillillllllli throlluholl[ (III' I'('Jllnill<il'l' of (h!' 
groll'ilJg SI':1S0Il, 11111 il I II<' III11Xilllllll1 IIl':1;' t hc' dosc' of IIII' sIIO\\'-fl'l'(' 
[lC'l'iocl, /<I,dll('illg SII~!'IlI'S, lit tli('il' I1I1IXi1llll1l1 lit SIlOW ciis:lPJlI'III'IIlI!'(', 
stc'ndih' cll'c'lill(' (h(,()llg'holif (hI' gT(\willg; S(':lSOIi to :I /Ilillillill/ll dUl'illg' 
s('C'd diss('llIill:ltioll, rdt'll' whi('h fh!T ill'('I'(,:ls(' slightl\' Illllil Ih(' ('/HI of 
[II(' SI':ISOII. " , 

('(lfll"'I',.;!'ly, hC'lIlic'('lIlliosl' is low ill 111(' hl'l'h:q.!.'(' :II SilO\\' disIIPPl':1I' 
:11]('1.', 1'(':I!'!It'S its 1111I.\illllllll cillrillg th(, fOI'III:ltil'(' gl'oll'lh Stllg'(" 1I11e! 

dpl'iilll's I':liriy "tl'lIciily II'h('1I fhl' fl'llit is d(,I'C'lopillg' IIl1d sugill' lind 
st:ln'li l!lntc'l'illl" :11'(' hl'ill!.!: s(ol'('d. 

;-;\1":11' :11111 S[:II'('II stol'II;"C' ill roots IIllti S(1'1I1 h:ls('s is illl-I'I't'ply 1'('llIt('d 
to 1':1[(' of IIpl'iJ:lgl' gl'Ollt 17_ Thl' t ('('IHI (If slIg:ll'S nlld st:ll'eh (:olllbill(ld 
is fl'Ol1i low 1':li1l1'S dlll'illg tllC.' i'Ol'llIlItil'(' st:lg(' of shont d(,I'('loPllI!'llt tn 
hi"h I'nlllc's followillg' till' Illnill s('ns,III:l1 II lid SI'I'Olldll/T hf'rbllg'(' g'l'oll'th . 
•dlll()l(l,·h illdil-iti\l:il fnll'tiolls "how silllil:!1' tl'l'llcis, hig'h' ,-:i I III'S of 
S\1r'I'()-;I'~lIlIcl 1[111 1'/lluc's of s(III'(,I, ('uill('idl' wi(11 ill,('lilli'lIg' IIUtUili/wl 
[l'lllIWI'II[UI'('S, ill<ii(':!lillg I I'll IIsfol'lll:llioll of illsoluble to ::;oiubll' (':11'\)0

• 
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hydl'l1.tl's, n ('hnl1~(' tlwl UlldouhlNlly inllu('Il('PS thl' pln.llt'8 IlHJ'd(,lIill~ • 
011'. ~1n.xillJt"ll v!llll('s of hl'ltli('('lIulos(' pJ'l'\'uil dUJ'ill~ tltt· fOl'lllutin' 
~J'O\dll stn~l'; h)\\' \'ullI!'s ('oillC'id(' witll fJ'uif d(·\'(·lopnH'lIt nllt! with 
st OJ'Il~(' of "lIp"'s nlid stlll'('II, 'I'h(· In t t.!·I' fnet SIl~~('8ts thn f h(,111 i 
cellulos(' is 11101'(' illlpoJ'Lnnt liS U sLnldul'al (ilull w;; II sloJ'H~l' Illuterinl, 
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. r.f JlJlY 
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1 P!!)'IICf ~1,;jKf", q'", t'v·,denr.(' 
2 - Hp.o(l'. lu it / 0:;1 
:.. ' rIowers ,.., b :Jom 
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.7> See,j tksSefTi.'nal~G!"\ cOnlplpip.d 

• 
- - - - Rpdu c ng Sugors 

----- Slo'Ch 

-- --- --- Hemicel1ulose 

r ",,\ i 1>11 

FIllt'IU} 2,-- Moul!tain \lrrllllt': Anllllal hl'rhllgl' growth ill rl'llItillll to thl' tr('IHI (If 
III'rIJ1L1!(' ,,(ol'ng(' (]f ('IIr1wliydrlllp." 1\):12. 

nltholl~h il is possihll' llilit l'1I%Yllillfi!' lr:lIlsflll'III:1Iiolls f!'Olli h(,llli 
('('111110';" UI'(' lIc1dl·d to I hr' ';1I~:lI'S 01' I III' sllll'c'h, 

Of til(' ';1I~:lJ'S IIlld ';(111'(,11 '-4lol'('d ill tilt, hu,;ul 0I'g':l1I'; of Ih(' plulrt 
dllJ'ill~ th .. IIl1flllllll, IlJlPI'oxilllUI(·I.\· I;) PI'I'('('1I1 i,; ('Ollstlllll'd h,\' plly,;i 
()1(J~i(':d udi\-ity dllrillg' thl' Willl!'I' pC'I'ioel IIl1el h,\' ('lIl'ly :;pl'illg' !!l'Ilwth 
ill til(' forlll of pl'odudioll of I1('1'1 IIIg'(' ulld nci\'('lltiliollS I'O()t~, Th!' 

• 



• • 
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l'('mnilling- 2.5 PPI'('('nt Ol'ci ill 11 I'ily is 1101 uSNI, nlUlOug-h it is diminished 
if till' hpl'hllg<' of thl' plnllt is ('omplt't(oI.y I'PlIlond by dipping- 0[' 

gl'n;t,ing nnd 1'{,II('w('d hl'I'hngl' growlh 1'0110\\'8 iml1lpdillll'ly, 
.l1111smll('h ns till' slol'"d t'll.l'bohvd raIl's 1'{'I\eh thl'ir HOl'mal 111 in imulll 

80011 nftl'I' SIIO\\' disnPIH'IlI'IlIH'(', '\\'h(,11 nol 1l1OI'P lllnll 10 J)(,I'('l'1I1 of 
s{'nsollnl gl'Owlh alld dl','l'IOPllH'lIt 11I1s tnk!,11 pln('(', il is ('kill' f.lwt 
nOl'lIInl ('ul'I'PIII gl'owlh lind :vir'lei al'(1 nirllos( solpl), IlIf' products of 
CHl'hohydl'lltt's 1IlI1IlIlfndul'(,d ('UI'I'(,lItiy h)· pholm;,Vntill'sis, 

('UI'I'('lIt sl'nsolllli gl'owlll nlld dp"l'lopnlt'llf, ('ulillillnl illg ill l'ipPllillg' 
of Illl' 1': uit, k('('p lh(' SIOl'flg'l' of ('nl'lloll,Yril'n.«'s nl n 111 ill illllllll ; ill fnl'f, 
l'vi<il'Il('l' indi('nll'S lhnt dllrillg' IWl'iods of /lIost f\eliv(' g'l'o\\'lh g'I'P:\I('I' 
qUHlIlitiPR of IlIr's(' mull'l'inls HI'(' ulili;t,('d Ihnll HI'I' ('ul'l'(,lItly nll1l1l1
fnl'flll'('d (fig, :3). CIII'i!oll,Ydl'nlp sIOI'Hg'(' 1'(,:\('111'8 ils IlIfixi III 1I11l for til(' 
."Pill' dUl'illg' {hI' nil I Willi, 81111'1illi!: IIfl('1' sl'!'ds 1111\'1' l'iPl'lIl'd, Physio
Ingi('nlu<'li\'ily ill IIIP plnlll is lIolllllilNI hy Ill(' ('oilling' of winh'l' SI1()\\', 
En;t,Ylnllli(' ndioll is slill',ulntC'd by 11111 UIII 1111.1 I PlllJwl'nl UI'I'S, willi III" 
l'('sull Lhlli. illsoluldl' ('lIl'bohvdrnl('s 111'1' trllllsfol'lllNI ill(·o solubll' 
fo rillS , /{('spi I'll I iOIl IIl1d 01 hl'l: physiolog'i('n I PI'O('l'SSl'S ('llIlS(' I h(l SUg-HI'S 
nlld stnl'ell ('oll[('nl (0 ei('('lilll' pl'ogl'l'ssin'ly thl'ollghout Ih(1 winll'l' 
p(,l'ind, 

Ol'O\\'th of SI(,lIdl'l' \\'hl'iI(~I'liss ei{'filli('I," f1u('llI:lIl's 1It'('(JI'(lillg 10 
SNISOII fllld sl:lg'l' of I'PPI'Ot!1W1 iOIl (fig'S, ~ filld Ii), IIl1l('h as dOl'S tlillf of 
mounlnill bl'OIlI(', ('Illllpnl'ison of fill' nllllll:t1 gl'O\\'lh s(:lg(IS of lht' 
(wo ~I'nsst'" Hilt! I hl'i I' I'I'SI)('('1 i \'(, i!:"O\\'( h-ralt' {'UI'\'('S n'n'a Is (hl'i I' si III i
lHl'ity ill I hl's(' I'l'SIW('(s, wil h ollly millol' eiif1'(""'II('('S I'l'sllil illg' 1'1'0111 
difJ'r'I'('Il('('S ill habitat. 

III mlillUflll'llll'1' 1I1It! s(ol'ngl' of ('lIl'hohydl'llf,'s ill hl'l'ilag(' :llId ill 
roots IIl1d "h.'1lI I>:lS('S, sll'll<l('1' wht'll l!.('I':lSS HIso foll()\\'s till' 1I'I'IId of 
moulltaill hl'(HIIl', _\lIhOlltdl lilt' '1I11.~iIllUIII of ('oillbill(,d SUg'HI'S 1I11d 
s( III't'iI i II I hI' 1l<'l'hllg(' is I()\\:('I' hy Ii Ill'j'('l'lI (, (h t' g('IIt'I':l1 11'('11(1'01' t!"\'I'I
OPIII('I1 I H lid t hl' stcml~l' of I h(,s(' 11111 (t'l'illls, ('0111'('1 in,ly a lit! sillgl,\', is 
thl' Sllllll' for (hl' Ilro SIWI'i('s, 'I'll<' slnl'('h \'nlu('s HI'(' sOIlH'whnl 10\\'('1' 
in sl(,II(I('1' whl'tllg'l'lIsS 1I11d III(' hl'llIit'l'lIl1losl' \'nlul' sOllll'wllll1 hi!.rh('I', 

III I hI' I'OO!K arid S({'111 h:lK('s ns ill I hI' hf'l'h:lg'I', lh,' ('oillhill(,d 'lolnl 
of ,,11!.rIlI'S nnei s(:II'('III'S is nli;o IOWI'I' for sll'lI"('1' whelllg-l'llSS thnn 1'01' 
1I101llililill hl'lllll(', hll( III(' !.rl'II('I'nlll'('IHI nlld illll'lTIlis of ~IOI':Ig'(' 111'(' lhl' 
SI1I1I(', 'I'h!' i'ldi\'idIlHI ('I1'riJohydl':Ilp fl'lwliolls also :II'(' Silllil;II', l'x('ppl 
Iluli SU('I'OS(' is ('oIlSiS(f'11I I,\' IOWI'I' ill SIPlld('I' whl'lli gl'HSS, Ill:l k i IIg t hl' 
811111 lolal 10\\'1'1' I'm Ihis SIW('il's, On 1111' nlh('I' halld, thl' st:II'l'h and 
h('llIi('('lIl1losl' nllll('s h'll<l 10 Ill' slightly hig-hl'l', i{l'r1\1('illg SUgHI'S 111'(1 
ni>nUI l'((l1lI1. TIl(' qllllillily of ('IlI'hoh.vcil'Hh's ill ('n('h sJwl'i('s nll'il's 
fl'Oll1 ,\'(':11' 10 yl'i1l', owillg' 10 dir1'('I'l'IH'I'S ill th(' I(,Jlglh of thl' growillg' 
fH'IlS011 /llid possibly 10 til(' dir1'('I'('II('PS of t hI' Iwo SI)l'ci('s ill hnhilnL 

,\s is Il'ut' of nHlulllnill \)1'0111(" Ilol'lllni g-I'(n\'th nllt! vit'ld of "ll'I](I('1' 
whl'lItgl'lli;" 1l1'(' IlInd!' nlmosl· ('lll.il'i,I,v hy ('~p('I)(litlll'l' oj' ('Hrhoh,\'dI'HIt's 
nlflII 11f1l('1 111'1'r1 (,1I1'1'(,1I I Iy, nlld g-l'Owt h 11111(11' prior {o SIIOW d isaplwlI rnll('p 
Hilt! (h(' illilinl i!:I'o\\'(11 in Ihl' sprillg 111'(' 1I111r1l' lit Oil' I'XIJl'IISI' of ('Hrbo
hydl'n.(l'>l slol'l'd dllring Ihl' pl'('\'ioIiS lIullllllll. ,\Iso thl' pl'il)('ipnl 
;;(orngl' pl'l'iod is dllring thl' tllltlllllll, Slol'lIg'l' nfl(,I' s(,pd Il1nturily, 
h()\\'P "(I 1', rllngpd fl'oIIII,J:i 1)PJ'('('11I in I n:3:{ 10 o,n ill J9:i~, ~wht'I'('n" Ihl' 
rll.llgl' ill 1l1OUI1tllill Im)lll(' \\'IIS 1'1'0111 ii,!l4 1H'1'(,l'1I1 ill Jn:i2 to 4,2ii J)('I'C'pnt 

• 

• 

• 

in 1934. The p0I'Lioll of lhe stol'ed cllrbohydnl.i:('s that nOl'lllnlly 

• 
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• 
GHOW'I'H AND CAHnOllYDHNm ('O,,'!.'I·;,,'!' (H' :\IOl'NTA1N PLAN']'::> .13 

l'('m!tins in thl' I'oots nnd 81('111 hllt;!'s followillg pn"',v S()f'illg gl'owth 
amounts to :W (WI'('('lIt ill sl('IHlpl' wil{'nlgTllss (111"1(' 2), ns ('OIlI(1I1I'('d 
wiLh 2ii (H'I'{'PIII ill IllOll/linill "mlllP, 

.-...--- ._---- ..---------~-.-.----------, 

3 
10 

~ RATE OF .~ HERBAGE GROWTH i 
2 


Q

eJ --r--- I--~ 

~ 

4J 

I~ 
~: 

l.j 
'-l 

2~ 
,: 'i 

~ - T - - - - -,). r' - • 
0 

I ) :... ... J "1 I ...
I .. .. ')"'I~--l- -'~"'rj-..·?O 

I ISTORAGE OF 
~ ::;: CARBOHYDRATES ! I 
l<i --r
'-l 15 .j ., I --~~-j
e:, i 'f 

Q ! I ' 
'
~- I I I 

I 
,--- -t' "~~ to 

. lg
t) 

• OL-~;~'I--~--~--~--~~~~~2~O--~3~O~~9~~1~9-=~2~9==~8~~18~~2~e--~ 
MAY JULY AUG. SEPT 

1932 

O· Snov, dlsoppear'onre 
1- Flowur slfJlks in evidence 

Combined Sugars and Storch2-Heads fully oul 
3 Flowers In bloom - - -- Sucrose 
4·Seeds fully ripe ------- Reducing Suqors 
5-Seed dlsseminoltng ----- Storch 
6-Seed dlsseminollon compleled------- Hemicellulose 

US FSWO ·1941 

1"\(;l1ltl': ,I. Ripill h'l' 1I'1tl'1I t!,(T:t.~~: A 111111111 hpl'lmg!' gl'owt h in n'ln tinn to til(' trend 
or hl'rlmg(' ,tom.!.!;!' of (,:tI-iHlhydl':tlp"" IDa:.? 

• 




• • • • 
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~ 

GROWTH STAGE;SC' '--l, ..0...-... ,., '~"--'l" ..1- '-, _-~-~ .....-$"t4 2449 50 
23 " 5 & xx X X X 
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l,0: RATE OF, HERBAGE GROWTH' , 
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b~, ! j~l~ : > ~ . A /\_. ," .-"~. ~ ) . -. -+.~- t" 
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3) t:" 
STORAGE OF CARBOHYDRATES ,__ : : , ' I 

'-~~---~-~ 

~::" ---'---':---'--'~":------'" ----,-,:/ -. -"\,--,------------- ____ <-'---:---'------------------'--.---J_----;--,- ~ z 
~ 

<:r. 

,e: 5' - _______ ~----+ ____ ...-------t---~ CI:~ ~:::1 
~ 

... ~ ,~'O--- . - -~ -~- . ,------, -",~ . --~-
~ 

~ :' "'~-'" /"''-..'" "'~"'-' ~-"\ ---.... 
() /' . ......... . / --- u: 

" 5 . • _", . _ - , ~,,- /<:,-,:" V',, i_/,,: ' • , ___,-,~J 

2':o =~;:;<,<~.~:;-_=~~_ :-~:'~~~,: '~:;;:='''':'':><::= ~~~~:~:~',::-:.-~.~".' ..c..:=:-- ~ 
!",!Jl,( JUt'.f JULY AUG SEPt OCT APR MAY JUNE JULY AUG SgPT. OCT. NOV APR. MAY JUNE JUL:r ALiG SEPT OCT. NOV. MAR APR MAY 
'----~_r_ J' ~ • ~.-.--.....,- I----------~ 

1932 1933 1934 .935 c 
0- Snow a,soppeorance 

>1 - rlower Sla!~S ,11 eVIdence ____ Ccmb\r·e(!; S\.l.=;':l~"s \.,.f"·d S\ofch 
2 ~ Heads fl,.l:!y Out '" 

---- Sucrose ;::: 
3 - Flowers In OiQom 

---- Reoucing S ...gors ":4 • Seeds fully f1pe 


5 - Seed dlssemlOollng 
 ----- STorCh 

6 .. Seed dlssemtnaT·on c.ompleted --------- Hemicellulose 
X,. 5no.... cover (fLqures .nOTcole 

ceplh In lnches) ~ 

::::.: 

FIGURE 5.-Slender \\'heatgrn~,,: AllllUal lwr\)agc' growth in ]'('l:dion to the trend of foot allel ;:tell1-ba:,e storage of 

cariJohydrate'''' 1032 --3,i, 




1.11 

• TABI,t; 2,' U(,t!l/diol/,~ in carilOillldra(c ("ilIIC'II1 of ,~l"I/t!('r 1I.'hcllll/nrs,~ frolll tmt! of 
_,loru!I" pcriod 10' ,I-iI/cit }wi!lhl' !lI'IJI/'lh, 1.'1.1,1 ,~:"j' , 

I C'nrhllh)'" H!'fiu('lion AVt1raJ!l' 
1)ivision fir n'''' Jlt'I'lod tlrnt(l$ in ('llrho tinily 

i III ,turn!!\' lIytlrntl.\~ n'dll('tioTl 

lltrrtll{ /', rft!lf IJI'rt'''ul 
:-,lmoLl!P)wth, ;4l'pt. ll~(h·l. 2:! 1 100 ~n. ~:! lV. 7~ n, ,IS~ 
llorlll:\lH'~', 0('1. :!:l-Ih'l'. ~~O J '0.\(1 ~:! liH ~~ III, :11 • liM 
":'hoot J.!rO\\ tho 1>•.1(', !H·-\lfll'. :IO·~ ,i(I, S ..... rd, !Jr. l7.u;t .Iml 
Hoot ~rl1\\ th nw'w ru(ll~IJ ;\tur.:\1 JUII(, '{' :'1. -,;. 11. HH n. !ilj : . lila 
EarlY lil'hdn ~rowth, JIlIIt' ·1~.JuIlP tt 6 ,II l~I··:m, XIl 11.10 I 

1 I\nd or --1(lftU':l' pl'riod, I'~\('t\~~ uf !'olllllhlt· 11\'",. ill""olllllh· l'arhon~dralt''''. 1':xpnnsiOIl of htld~ :H hll • ..:nl 
'lOdt''s ill n'~poli:-ii' 10 fU\'nmhh' 1l101.. tllrt" 'OIHliliflIlS. Tlll':';:p ...hoot ... JIlH) I'I"r~bt into wilitior ill n dnrnumt ('011
-!ilion. t~torm ~l'pt, 21, !Iuds n"st~r\'l·d hur~lilll.! (jet. J. ~ ()t" :!:! ~hlHJh o,t to l,a irH.'lws IOIll! nllti ruot,,-O.2 
lllt'h IliIlC, 

. Luw..!" IplIllll'mt tin's, !"urfnt,\., :-:011 fl'll'l,(,tl dtirilll' IIlu.s1 of thi.. Iltlriclil. '0 growt.h jl('ii\'lt,y oh~t'n't'(L 
'~lIiI tllHw('d. ;\j'W l·tiol'llt-" shoots 'i ill<'ht's ItlIll~ ohsl·rn·d \ll1H'h ~"';. 
tOil April 1211(1 fllflhl'r ",hoot growth W1\:-;: itl t'dd\'fI('t', Hout ~ruwth (ih~I'I"\·(·d lin Apl'il :la. ~tlOW di!;

'lPlwan'd J tllll' :l. 
l .\liniltltlTH Il)\,('1 of {,Hrh()ilytiruh's JUIll' la, 10 dll~'s 11£11'1' "'1It1\\ tl>,npP\'HniTu'l', J'hllll:-:. Wl'rt, I irl('h IWt'rnJ.!t! 

h\.\i~ht Oil .JUllt.' (I all(l un ,hUll' 1;:, tllt~ H\'t'fllJ.,:t.' Ili'ic.hl "'U:: .1.\1 iue!!I'" \\ itlt n IlHt~jlllllln of~) illt'lw!' • 

• 
•\~ (t'IIlP('J':Illll'('S h('('OIlI(, 10\\"('1' ill :l1I(lIJr1Il 1111' solllhip fOl'llIs of 

('nr1)()lIydrnt('~ ill('I'(':IS(' ill SI(,lId('I' \\'iu':It!!r:Iss:lt till' ('X1)('IIS(' of lil(, 
ill~(lllIhl(' fOl'lll~, :llId dllrill!!; (11(' \\'illt('r, :I~ :I I'Psllit of f.!:l'Owtit alld 
pllysiologinll :1 t'I i \'i t ,\', ('II r"t;II,\'d nil (. ('Oil (·('111 "t (':I d i 1,\' d (,(,I i I;(,S ((.11 hl(' 2), 

1I110,\I)!.E,\!" FOliAGE 1'1.,\ 'iT:-; 

(:I'()wlll dUln!('tl'lis(i('~ :llld III:1I1Uf:l('tlll'(' :llId s((II':lgl' of ('nrboll,v
dr:l(t's folio", (11(, S:lIIU' trPII('I':1I (n'nels ill "lif'ln "('I':lIIiulII :llld lIi<r<rt'I'
1l('nd, ('x('lnplifying hl'(I~dll':lf hcrhal'('()U~ fon;g(:-'pl:lnt", :IS in "~~111-
l:lin hn)llll' :llId ,,1<'lIdl'l' \\'hl':lt.!!I'ns~, nltllOlI!!it \\'ith SOIlH' no('worth,· 
dit!'('r!'ll<'!'s, Allllu:l1 !!I,O\\,th' f1l1t'1u:!t('S S()11I('\\'h:lt siluil:lrh' \\'ith 
s('nson :lilt! \\'i(b ;';!:lg;' of l'('IJI'ollll('t ion (figs, (i, 7, :lilt! I'll. ' Sti('k," 
!!('I':l1I i trill, II o\\'('\'!' I' , IInlik(' till' IWI'(,IIII i:1I fUlng!' gnl"S(''', 11 HI k('s no 
~('('olld:II',\' h!'rh:lg(' growth, I\igg('rll(':ld prodll('('S S('('OIl<i:lI','- h:ls:" 
1I':lYI'S during thl' Hlltllllln, just hdol'l' tit!' f1()\\'('I'-~t:llk Ip:I\'('S Iwgill 
tn dry, :llId {hl's(' 1'l'IIl:lill gn'('11 IIIlIil th(, ('nd of th(' SllI)\\'-fn'I' JH'riod, 

• 
:'\('wh' forllwd roots \\'1' I'! , Ilo«'d in !!('r:IlliUllI in lIIid-,\I":t\'. :tnd 

IIg:lill il'l l:lI(' .Jul,\' dUl'illg' s('('d dissl'lllill;l!ion, Silllil:tr dl'\'('!t)PIIll'IIt 
in niggt'rlll':ld \\':lS Ilo!t'd ill III id-.J II I.\', jll,,( 1)('1'01'(' t hI' pl:llli "1(lOllll,d, 
:'\('w !'Oo( d(,\'('loJllIll'llI (If lIiggl'rllI':td 1II:t," II 0 rlll:l II," (lIk(, pl:l(,(' lit 
ntlll'r IlI'riods, IlIlt \\'ns lIot('d oldY:lt tltl' 011(' p('l'iod during till' !'(':tSOll 
(If ,,(lId\', 

Bud; 111'(' usu:III,v fnrlll('d ill (It(' ('I'O\\'IIS of hot II hl'():ldll,:t1' SIH'('i('s 
10\\,lIl'd til(' ('II(I of tll(' SlIo\\'-fl'l'(' Iwriod, TIII'S(' hllds ('lollg:III' IllId('I' 
{It£' SilO'" \\'!WII ('ollditiollS :11'(' f:I\'onlhl(, :llId PI'O<lII('(' tit!' first ~ltoo(s 
:llId 1l':I\'ps ill ('llrl." spl'illg, 

Stil'k\' tr('rlllliulll ,,{:lI'{s :l<'ti\'(' Itl'i!!lIt !!I'o\\'l!t (,:lr'" :lIId IIH1llln'S 
p:lrli('1' llt:~1 lll(, otlt('r pllIlI!S, It is ;1111' (',I' III" tirst (orngt' plnllis (0 

,Iispl:l,'- :llltlulIll ('0101', :'\ig'g'I'rll('nd d('\'('lops !:tter IIl1d t'olilinu('s 
growlh I:ltpr ill IIII' :lIIIUII1Il, 

OU:llll it \' of ('lI rholl\'d nit I'" ill 1111' hl'I'II:!!!!' W:lS dp! ('l'Illill('d for 
"li('I~y i-!:I'r;llIiull1 (Ii~, (j\ 1)111 Ilot for lIi~~('rhl::!d, (:I'lIl'nll 1I'I'IIds for 
"Iil'ky !!t'r:!lIil"lI :In' lI\(',,:II1I1' :I" 1'01' thl' !!nls:-;(':-; sllldi/'d, hill tn'lIds 
of n';lu~'illg ""~:lI';; :I lid sl:ll'ch \':I,lul's dit!'pr' ,,011\('\\'11:11 ill lh(' two (yp,,~ 
\11' pl:llll:;, \'nlll('s of I'l,ducilli-!: sUg'lIrs III'<' Ili~d\('r :llld ':(111'1'11 nllll('s 11-1'(> 

• 
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10"'('1' in ~(,l"iIl\illm thnn ill thl' ~I'nss('s. This difl'c'I'£'II(,(' llild th£' 1'11('( • 
lImt til(' ,,[:11'('11 nilll('s ill th(' I'ools lIlId ;:;I('m hns('s of ~('I':illiulIl nl"(' 
l~x(,l'pLiollll11." Iri~h sll~~('sl UlnL :;ticky g-('l'ulliulIl Il1n.' '111:1111If:l('tlll"<' 

..~ ...--

-~-+---.--j---. 

• 

• 
0- Snow ll'soppeurance Comblneo ';'~,,(Jrs and Storer 
1- Flcwe, bJds Ifi e"ldence SUC'<.lse 
2-F:owers 'n fIJ'! bloom Reduc"lg Sugu,s 
3- Seed "pe Storch 
.J. Seec dlSSerr''1Qled Hecnlcelldo,e ,___...J 

F«ll'H~~ Ii. ;o;UCh} g('!'/lIlilllil: Alillll:tI h('rhaR!' grq\\ til ill I"PllltiOIl to Ih.. tl"l'lId 
or hl'rlJII!.((" .("mgt' or e/lrlJOh.ldntlp•• In:):!. 

('111'1,0111'<11':11(';:: ill till' f01'1I1 or n'du('ill!!: ,,1I!!::II'S nil!! ";(01'(' 1I1l'11l ill Ih(' 
f01'1Il oj' "tnl'('it. .\1 {It I' f'lId of [II(' ";II\1~\·fl·('1' pI')"il)(1 titt'I'C is :111 n 111'11 (>1 
!l1,elill!' ill 1'l'!llwing- ";1I~:lI·";. :111(1 :1 slig-Itt limp ill ";1:II'\'b. II ('llli('I'I· 
11IIosl.' IIl1d :,1I1'l'tJ:-iI' nill/t's "how In'lId" "illlillll' to lito,,\, ill tlH' g-I'II:'''('S. 

• 
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III ctlrhoh,nlrni(' st,orn~(' in til(.' roois n,lId st('m Ill)8('8, lIigj!('cil(,IHI 
llnd stieky g<'I':1llilllll <lill'!'r Ollt';(:llIdillgly from !lIt' ~r:l';S('~, Difl'('r-
1'1l('(,S in<"iu(\t' (il niJrllpt ]H'gillllillg nlld r:ltltl'r ])I'id duratioll of 
(,ilrhoh~nlJ'H(' MOJ'Hg(' (tnbl(· 3); (2) s(oragl' of gJ'I':ltl'r qUHlltitit's of 

'~" " . 
" ~ , .. 
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('lIrholtydr:1tt's ill tltl' l'Oot~. (',;p!'('inlly of nig-gprhp:ld; (;{I ltig-lu'I' slnreli 
y:llu(',;; :lilt! (-I) low ht'1I1i('('lilllos(' \':illll'S. 

Tllt's(' difl'l'J'I'II('('s I'('SIIII cilil'fh- frolll <lill'l'I'('II('('S ill ~1'O\\'tli hahits. 
Tht' fll('[ tltllt hl'(wdh':lf plllll!S' JlI'odlll'l' Inrgt' qUillltftips of photo
synlh"til' lisslI(, \\'i(hill 11 ,'olllpnr:lth'('I~' short JlPriod would ('onditioll 
tI\(, lillll' :lilt! )Il:llllll'r of S(Ol':lgl', Thl' pn':-H'II(,(' of Inr!!"!' quantili('s of 

• 
427f1HT"' ·I:! a 
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;;tn,r('h in th(' 1'00t:, :Iv/wan; to Iw ('('/n((,d to till' produdiOIl of llu'gc • 
fibrous tn,prools. 

'--,--r-_-_-,..-_-G:R~O~W~T~H~:S~T~A~G_E--rs- _-_-_-_-_-_-T-_-_---'-r_-_-_-_-.,.-_-_--------T"---:-'.~~~~_--_"_'~_~: 
"'"" r-'-,,---.--,o. -.......- ... ~... "--'r+-~ ------, 
 I 
~ 401-_-tt___2__-f3____"_-t-6'_'_ 12' 
~ ---">"1. 

<l; RATE OF 

HERBAGE GROWTH
lQ 

~ 2 I--J~-h'---+----' 't 

~ j 
~ I 
~ O~-~--~--~-~--~--~------------~--J 
30.--~---_.--~-_,--_.--,---r_--'~--------__-_. 

STORAGE OF 
CARBOHYDRATES 

251---1-

• 

FEB I MAR I APR I MAY I 

1936 

0- Snow dIsappearance ----- Comb,red Sugars and Storch •
I • Flower buds ,n evidence -- - -- - Sucrose 

2 ' Flowers 10 full bloom 


-- - - -- Reducing Sugars
::. - Seed flpe 

4 - Seed dlsseminoJed 
 ------ Slarch 

X - Snow cover and deplh in lOc;hes - ---- --- HemIcellulose 


us C'swo. ~t94t 

F,l(1l'ltI> R, Xi/-(/-(l'rhead: Allllllal hl'rlJII/-(l' /-(t'Owt h ill relnf iOIl to tlll' trend of root 
lliid AI'III.i>al'l' l'iOnl/-(L' of l'lIrilohydmh'.-, I!Jail ali, 

(how! h Hnd ('II 1'1>0ItI'd I'll t('-:,tOn\gl' 1,('1:1 t ion,; of t Itl' hl'IIIl(lIl'llJ hl'r 
hn<'('ollf; plnnlf; U\'(, in\:I'I'f;I'ly 1'1'1:111:11, n:-- in tltl' pl'n'lIl1i:l1 !!1':1f;:'!,l', tilt' 
IH'I'jod of nl:lXiltlllll1 f;loragl' following t hI' ('l'';';:l1 ion of a('( i\'(' lH'rh:l!!l' 
growth. 

• 
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• TAB I.E 3." --.If inilll/l In (l1/(! /I/II.rilll 1/111 CO/lc/,lIirlll i(JII,~ 0/ 1'0111/);11(''[ ,~lIgt/.rs (l1If! starch 
ill I'o()l~ awl ,~//'/JL tH_/sr, alld lilll(, I'('lfllircd for c/w"II!lc; three sp('cies, 193:2-34,- nnd 
ni!l!lcl'liuII!, JfMJi 

I .. I 'I'illw fl'quircd 
~\11I1I1I1111l1 \111\:111111111 I 

('OIlt.'II' ['0111 (ll1t 

Dates ; Inten'ul! 

':\lol1lltnin hrotne: -- "1- j:I'fC'flII ; })t'rr,'111 /)(JY,'._." ••• _______ • :\'~~I111:12 21. 11 .II1IH' ~ ~lIPI~:!~ .. _ ~.~ ~.~ .... ~ Illl __ '..________ a \I~ 
U:I1\1:1:1 111.1;' .111111' 21 "::('pt. :!:!,

111:1-1 "'-'Ill \lnylltkL:!2 WI•• __ ........ _______ •• 0<_ 
 I.W, 

1S. 55 ,J IJIH' a (h'l.;j. 124 

~lt'l\lh'r \\ lWHtgfHSS: 
1\1:12 'I. 77 I la :r; .II1IW:! ~I·IH. ',;.~J I III 
1\1:~L :t 71 ~ 1:1. :1:/ ,I II",. 21 O('I,'! In:1 
JV:l-l ._ ·I.:t! W. 1)7 ,\lu~ ,I ~i\pt. 1t ; 1:10 

).I, I:! ~\lny ;U)- ~t'PL ~ 117 
1'= 

$Ul'kr !-!(·rtUliulIl: " W:12 .• "_______________ _ /I. :IS , 
.111111" HI Juh 2H 40111:1;1 . ". ___________ •• I em i .'lIn.~2.~ :-:"I;I.:!1! ~ n:1 

• 
1ll:J-1 ""--._" __ •________ ." 1___ :1.,12 \111) lH-Jllly., w . - - ----- .... _______.._.. I=~, ,1.7:1 111.11 61 

"h.!~(·rlJlInd : 
W:l,~ 1I.i:1 J"ly :l-()('t. 2_ 91 

Ou Jllly ~', so dnr:-. :aft~\r minimlllll l'OIl('f'lllrHtiOIl, SlIl!l1rS nut! swrf.'ht'g rNlclwd n. total of 16.72 pcr<.'cnt. 
1mt. t.his ""US, [llIllwlliul('l~ rt',lu("'d n~ II n'Slllt or SI'(,(lllclnry ~rowlh. 

EFFECTS OF <:1.11'1'1.\(; 

('(lIH'IIIT('Ii! Iy wit h til(' growt h ltlld II Iii I'it iOIl phll~1' of Lit(' study, 
l('~l~ W('I'(' IIll1d(' with II \'il'\\' to dl'tc'l'lIlillillg Imsic pl'illcipl('s n'gl\.l'dill~ 
til(' IIl1tll\'(' IIl1d ('Xt(,lIt of tll(, 1Il:1.llIll'a('tlll'l' /l,lId s(omg!' of ih(' s('\-l'l'Id 
('lIl'hohydl'lltl'S II 1It/(' I' ('(lllil'oll(·cI ('Iippillg_ ~IOllld:l.ill hl'OlIl(" sI"lId"1" 
\\'h"lIlgl'uss, :lllcl ;;t i,'\':y g(·I':l.llilllll W(,I'I' dipp"d with halld shl'lI.1's at 
difrl'I'(',1I1 slng!'s of 1I11·il' 1101'111:" gl'Owth ('yel(· :l.lld ill dill't'I'I'llt fl'o
qll\'IH'I('S, 

1'110«:1':11(111 E 

• 
 Till' clippillg plllll I'ollo\\'('d 1'01' 1I101l1l1llill hl'l)fll(' IIl1d SI('IIi1I'I' wIH'nt

[,(I'IISS is (llitlill('d ill tnllll'" :Il1d thnt 1'01' ;,;(i('ky g('I'1I II ill III in tnhl,., fi, 


'\\\,1'111:--' III!'tllods Ill' ('\ippillg \\'(,I'l' IIppli,'cI til 1l101I1IIaill hl'ollil' IIlld 

to ~1(,lIc1I'1" wh!'utgl"ass (1111 of th"1Il ('Iosl' dippillg~, tlll\\'1I to I illt'h fmm 
th(, ~oil lillf', ,'XI'('pt liS nth"I'Wis(' SIll'('ifil'd), (,lIl'h tl'I'atl/Wllt Iwillg 
u,pplipd Oil n H!'l'il';'; of 1'0111' 1- h)- 0,;1-111, plot~ d!'sigll:II"d by IPl 1{'I', 
III IIdditioll, :1. ('olltl'Ol plot (j) \\'us h('ld 1Illl'lipp('d, 'I'll(' moulltail/ 
1>1'0111(' plots \\'1'1'(' 1II1,('h:llli(':dly :IIT:lIlgpd ill ';(,I'i"s; till' ,,1(,lIdl'l' wh(':lt 
gl':lSS pl()t~ \\'('1'(' pla,'('d t 1II'(jugholl! th,· ('11('10';111'(', Vi\'(, s('I'il's of 1'0111' 
plots (,:I<'h (f{, I.. , S, ,1/, I)) \\'1'1'(' clippl'd 011('1' dUl'illg tlIt' ~I':I~OIl, liy!' 
W('I'I' ('lipppd twi('(' (/), I~', fl, I, .1), nlld lin 11101'(' thn'(' tilll('s {.tI, B, 
(', F, OJ; (JII(' sl'l'il';-i (0) \\':lH (,lipPl'd ('ight tilll(,~ at J;j-dny illtl'lTnl::; 
(hl'OlIgholll till' gl'!l\\'illg IlI'l'iod; two ;-i('l'ips (T, ('j WI'I'(' ('lipllI'd lill'!'(' 
(iIIlPS at ;j-dll~' illtl'l'nliH dllrillg' til(' (,:lri), p:ll't of (lip SI':I"OIl 0111:--'; t\\'o 
If(, ,'-I') \\','1'1' cliplWd to H Iwighl of" ilwll"s 1'1'0111 til(' ~oillill" nt /'(Wd:ll' 
illt"I'\':lI~ dllrillg till' gl'l)\\'illg 11I'l'iod, 

Till' SlIlIlt' gl'II(,l':d pl:l1I \\':lS followl'd with Hi tl'P:IlIlIPlils :lpplil'c\ (.0 
Hti('ky g(,l':lIlilllll, I'X"I'pt th:lt 1':1(,11 \\":lS :lpplil,d til n ~I'p:lI':i.lI· sPl'i,'" of R 

• 
illdividun.lly st.ukl'd plallts locHtl'd thl'oughollt til(' lillil)(,I'l,d al'l'u, fwd 
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all W('rt' dogp dipping's. Six SPl"if's wpr'p eliPlwd OIl('C (11, K, L, }'rf, 
N, P); 5 (wi('(' (n, Ii', .P, T, J); 4 tim'<' tinl('s CA, B, 0, 0); fl,nr! 1 fl,t 
15-dny iIlU'r"':llg (0). Difr('I't'Il(,(,s in Limp fl,lId llurniJPI" of dipping's 
w('n' due to difrl'l"pn('!'s ill gTowtlt Itahit hdw('NI tltis plu.llt and the 
grnss(\s. TIt(' PIl.I'I)' alld 4-inC'h C'lippillgs W('I"I' orniUNI. 

All dippillgg W('!'t, lillH'd Ilc'cordillg to til(' singl' of d('yl'iopnll'l1t of 
tllP contl'Ol gl'Ollp. !lpgillning at 1111' did·\' of snow disll'PIWll.I·:Hlep ('fl,C'h 
yl'l1.1' , l'x('ppt fol' s(,l'i(,s O. 8, 7', and l T. Th(, e1iplwd 1l('r1mg(' wus O\'(,ll
driNI nnd its wpigltt ill gl'ams WllS I'(·('ordpd. 

TAnt••: 4.- Clipp,:ng II/fill Joliml'f'I/ for si:r r/ijT,'rclI/ seri('s of 71lots oj ,~/Clu/r.r whcu/
(Jrt/.,,~ 1I1If/ 11/01/ II/will bro/lu', [[/8184 I 

..\ "t'fl\l!t' (,ljppj'~1 ,('lipp,'d ('lipPI'1I ClipP"dl'It111~l~d , ""rly i C'lipl'l'dOTH't' (J", I I wil'" (n,' at iUIi.'$ ('ut'l) 15tiUH' l'IippiUl:! h04 ifll'lit'Sr. ..I/!)' .\. "'.11./,./1 (.1. II. ('" duys (01(dny" F,O.\ ('1'. (') I (U, SI 
I 

fl. j SIIOW dl$II!>I'\·lIrnll('l~ ••_ . _ ••• _. __ • ___ .. _ 
f 

5 
10 

III I'lnllls·1 11Il'i,,'s hi~h I, D,I';, i ~x:~·· .~ 0 

:It) P1HIII~ fi ill(·ht·:-; hi~h ... 
 I A, e, F 0
3" f~~~:~~l~rl~~I~ki;l ':~{~(~t\'illl\flt~ ... " L ....-~ /(4(1 ··0.... . ---.,. 4.'> 
[II 11{llhls ... howillj.! _ HJ;~~ 

m II "nels [lilly 0111. '·0"" "-"'" U.Sf., Flowtlrs irl 11100111 B' 

;5 ~t"'d:-: hi milk AI F (j'-
 N, S 
SlI 
~!i , sri, G!o) o I ; ....9" ~t't'd~ fullr riPI' l\T G
HIO R!'l'd di&;t'1I1illnt ion h(,~lln /c',. II 
Hl5 oI III I S ... . 
I~ 

S1:1" .J F, G o 
A

1M ., '~nd or !'('n~oll p 
1-15 

·~k.~===== 
1 l·nh~,,"i nt1WfwiSt, s,II't,'iflpt!. ntl t'IiIlPitll!"- \\ ('n' Ilind., nl 11 lh·iJ,.dll o( 1 illt'll frolll lilt' snillinl', S~rit.'s 0 was 


nut l'IIPI"·'!. 

1 Rlngt'$ or f!f1\'ll!npfIlc'fil Im.I.\t1t! 011 ('olltrol plot, ~('rit'$ O. St.'''' fi~lln'S 21uld S. 


'!',IIlI.I' 5. ('Ii,l/II'/IO p/llnjol/o/l'('r/ for slicky {/('rt/llium, lOSt! 34 I 

I 
,..\ \~l'T1I1!(1. . ('IiPlIl'i1 Clipptid 

OIH'(, (It. ; l'lip(H.'d ('IiPI.,tI(!lUll:'l'd Ifm~' , t \I'j{,t' (I, 
D. II, .II. f.'; /J, g. I thril'l' (.-I. pueh 15(tllI),S) . (', H. (IIN'./J, .II dnys (0) 

(I ! HIJ()w disuPPl'nrnlH'l' 
15 .1 1\ I, n. h' i A,e o~O PllIl1l$!! 10·1 irlf'lU's hidl L I, P C
2.~ FIO\\','f hlld ... fn ,'ddt'JI('u 
:10 
:1" C, B·10 . Bllds 1"'''lin!, 
4.'i I 
fiO )1""11 hl'"1I1I A,B 

o· 
!'Iti Ai -. ···--.D 
110 
fir, jr 
7ft B,G
"5 N 
!~) 
Ufj alOll 
110 
115 
I~~l 

J A.G 
oI!IO p 

• 

• 


• 


I All diP/llnJ!!-l WI'fI' mmli'lif n twi!!hl IIf I iw'h (rum Ihl'soil Ifrl!l 
2 StnJ!l' Il dnVl')oPlHl'ut bllSI'\I nn ('(lIl(rol !Wrll'~o{ (), whieh was IIOt. C'lippt)(L 



• 

• 


• 


• 


GROWTH AXf) (,:\HB()IIYDHA'I'~~ COXTEX'I.' OF i\lOl'XTAIX PJ,,\N'l'S 21 

At til(' ('Ios(' of th(, SII(I\\'-fl'('I' IWl'ioel of PI1.eh of tlw thl'('(' )TpiL!'S of 
tn'ntml'nt, roots of plallts Oil 011(' (If tlm'<' SlIC('('ssin' plots of ('1I,('h gmss 
s(,l'i('s n,lId roots of two sti(,ky gl'l'll.lliulll plallts of <'i1,Clt s(,I'il'S W(,I'(, 
l'l'lllo\'pd alld 1I.IlIlIv?l,d 1'01' e:l,I'hoirvtil'll,i't' ('ontl'nt. '!'Itl' fOlll'th ~1':l.Ss 
plot of (':wh :wl'ies' alit! the' l'l'lllail;illg t\\'o st.ieky }!!'I':l,lIilllll plall'ts of 
Pitch (n'H,tllll'lIt \\'1'1'(' IIsl'd as ('11('('ks, \Idirods of 1)J'!'p:l.l'illg til(' 
slullpl,,::; Il.lld of ddl'l'I11illing eal'hoh,vdl'll,t(, contl'lll W('I'I' Lh., same as 
ill tltl' 1l1l(l'itioll pi lHSt' , 

Yi!'lds \\'1'(,(' 1'I'('ol'd('(1 ill t.1lt' d1')' \\'pigh t of the ]H'loI>:tgl' PI'('S('Il t Itt 
th., tilll(' nf l'iippillg, IIl'l'hagl' pl'Odll(,l'd aftl'l' tlH' plots W('I'(' ('lipPl~d 
WIIS 1101 11l1'IIS1ll'l,d, ill:I,Slllllcil n,s tit is \\'ould it:!y(' u PSI't till' (,I ippillg 
s('It!'dulto, ('OIlSi'qll('IIt1,'" yil,ld datil. for the \':l,l'ious elipppd plots 
ollly I'I'Pl'PSl'llt thl' qIlILlltil," of hpl'llIl.gl' PI'O<lu('l'd fmlll the dILte Oil 
",hi{,It IIdin gl'o\\'th hl'gall IIl1til lilll!' of ('Iippillg, 

HERe!.TS \X 1'1'11 \1 (lI'''T\I 'i BIIO\IE 

l'I.0TS C!.II'I'EIJ o'iCE 

As IIl1tl'd ill tabl!' (\ th!' difJ'I'I'('II('('S ill total !fu:I,lIlit,'- of ('ll.l'h()h~Tdmtes 
:;;tol'(,d Ulldl'1' til(' \'al'iOIIS S,\'SII'IIIS of ('Iippillg :1.1'(' 1I0t: gl'P:I.!, bllt thl',\' 
H,I'(' Iwli('n,d to 1)(' Si!!lIi(i('allt:. 'I'hl' 1':1('( th:l.! the'\' 11.1'1' slllall is dll(' in 
pll.l't to ill('\'itahlt.' 10Hs ill (;lIP diggillg and e11':Lllil;g I)J'OC('S;;I';; of mots 
\\',':lkpll('<I 01' dp:I,d as a 1'('slIlt of clipping, as w('11 as S,)JJI(' of till' slll:!,II!'!' 
Ii\'(, I'\lotS, SP:lSOII also illfllll'II('pd till' \"1"'111':;;; :1.S, for l'x!l.lllple, the 
nhllol'lltnlly long growillg spaSOII followillg' dippillg' in 10:34, But 
thp ~('I1<'I'al tl'l'nds intiic:I,tl'd iLl'(' till' sn,lIl(' for all V('MS IIII(kl' the various 
('Iipi)illg tTl'atlll\'nt.s, ' 

Thl' q 11:111 I i t~· of til(' ('.0111 hilll'd ('lIl'bohyd I'll tl's stol'(,d was l('ss as 
lilll!' of c1ippillg Ilppl'ollcill,d till' 1'1111 of Ih,' gl'OWillg S('I1Son, Plots on 
which thl' plallt;; \\'('1'(' l'iiPlwd WitI'll 4 illeill'S high alit! prior to Uln "p_ 
til rrr of till' ('urhoitvd rat" ;;t OI':I!!1' t 1'(,lId (st'I'il';; l\:l r:1,n kpd Ir idu1sl ill 
ii\Ol'llg" of Sllg:II'S :I:lld ;.;t al'cit , ('~(','pt dlll'illg till' I:lsl yf':LI', wl;l'lI UH'Y 
(,filliP sl'('ond to thl' l'lId-nf-sf':lSIlII clippillg (sl'l'il's Pl. Plallts rliPlwd 
\\'llI.'lI S('l'<I WIIS I'i pI' (sPl'i(,s S) ('OIIl /I illl'd I(,ss "iOI'I'd ell,l'holryd I'alps 
than :Illy olll('l's alld (,ollsid('r:lhl~' I('ss tlmn thOS11 011 ti\(l ('olltl'ol plot, 
dl'spill' lill' fa('\ tlrat IIslIulI~' 1i7 1)('I'('('llt of tll\' IlOl'nl:d Ill:lXilllll1ll 
Ijlllllltity of (,lIl'hnh~'dr:rtl's is stol'('d III (hnt st.Il}!(', PI:I,llls c1iPIWd 
\\'III'n 81'I'd \\'1'1'" in till' llIilk Stll~(' (s"I'i('s .\f) had illtl'l'llll'<iillit' \'II.1II('S. 
'l'lll'llllglr :r. Illislnkl' ill ('Iippillg ilo datil \\'('1'1' ohillill"d for plots ('lipPNI 
Whl'lI h"lIds \\'\'1'1' Irigh ill till' hoot (sl'l'ips L), III th,' first :2 ~'..aI'S, plots 
diPI)('d lit Ihl' (,lid of tit .. sll,,\\'-fl'(,(' 1lt'l'iod, \\'11('11 1111 1II'I'i>ag(' growth 
\l'IlS ('0 III pit'll', sh()\\'('d Ill'arly liS high COIII hi II I'd ('al'hoh~'d rate V:litll'S 
liS plots !'liPIlt'd whl'1I plallis \\'('1',' 4 illeill's high iI,lId ('xl'('('dpd th('1ll in 
till' Inst "I'H.I', 

SlIflil'i'I'IIl. tinw ('h'lls\'d Iwt\w('n fhl' I'lId.-of-s('HSOIl dipping Il.Ild til(' 
lifting- of tlr(, plants 011 (,\", ('olltl'Ol plots to llt'eOllllt for Pili'!; of tilt' 
dil'i'I'I'I'IU'(\ bl'twl'l'lI til!' qlllllltili('s stol'l'd, 'I'll(' 1'I'IIItiolls illdi('nli(,d 
WI'I',' ('SS(,II I ill II,. till' SII III I' ill (,Il('h Y('1I1' of thp sl'wi", IIlthOllgh v('ndy 
ill flllI'IH'" \\'I\S 11'0 ( i('('lIhl(,. JII ('x('('pii()II:lIl~' dl'y I n:N', WIIl'II th~' gl:()will~ 
S('IISOIl ('x(l'lIdl'd into til(' filII, till' plants 011 :III plots Iwd lUI UlIllRIrn.II~T 
IOllg 1h'l'iod of gl'owtlr 1'('lIlllining' III'I.PI' llr('r \\'('1'(' t'liPIWd, W('I'\' IIbh' to 
pl'odu('(' slIfIi('il'lIt Irpl'hllgl' to mallllfnl'llll't' tilt' 11('(, ('SSII I')' enl'bohy<il'ntl' 
foods, IIlId h(,lIc(\ ston'd II.lrllOSt 110 1'111 nl sllppli('s. 
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Thl:' 1('II!!th of t h(, ill h'I'\'1l1 Iw(wt'ell dipping alld thp (,lid of thl' • 
sII0w-fn'(' lH'l'iod lI11d th(1 l't'slrltll.11t qUlI.lltity of pholos),lItht'lie tisslIl' 
]lI'I'S('lIt c1UI'illg ti)(, IIol'lllill illlllllllll slol'H!!t' jWl'ioti (AlIgllst lllld S(,P
1(11111)('1' Ht LlH' study II.I'I'IIS) H,PPI'I\'!' to hI' thl' d(ltl'l'llIillillg' fadol's in 
till' qUllIli ity of ell.l'hohydl'll.tl's stOI'('(\. ('Ios,' clippillg' disrupts th,' 
llutU I'll I !!I'()",th P1'0('('£';St'S, II'II!!t hl'II ill!! th!' "Pg'f'til tiy(' 1H'l'iod, A t till' 
SHill!' tim(' Ill' \\' !!I'owlh is slillllrilitt'd :tnd thl'l'(, is 11 tl'"d('"(,~· to I'(IP(':lt 

thl' 110l'ml11 growth stll!!('S of lh(1 plallt..- for ('XIIIllpln, produeiioll of 
flow!'I'slnlks, This Ill'\\' growth dl'ilWS lIpOll thl' (':ll'hoitydl'll,lt's 1t.lI't':]d~' 
,.;tol'pd, reducing th!1 t.ollrl £.;tOI'('£.; pl't'st'nt :11 lit!' <'lost' of tt.(1 sllow-fl't't' 
IH'l'iod, ,"h,'n tlds IWl'ind is of IlIlIXillllllll Jpllgth, flS ill till' ('Iippillg of 
plllllis thll.t haYtI attnill(ld II itt'ight of ollly 4 in('hI'S, tIlI' growth <'yell' 
(':III 1)(' ('0111 pld!'d 11.11(1 :r11110£.;t 1101'111111 q 1111.111 i l it'S of ('II "'lOh~rd I'at I'S 
~1()I'('d, 011 thl' oth!'1' h/lll<l, wl)(11I pllllltS 11.1'(' ('lipPl'd nt' £.;t'l'd l'ilW, thl' 
:l\'(II'Ilg'1' of 70 dll~'s l't'II1llin illg is insll f1i('i!'11 t fnr ('0111 pi 1'1(1 l'('gl'Owt h n lid 
:ld!'qulI.h' Clll'hollydr:lI(' «lol'llg(', :\101'1'0,\('1', ('losl' ('lippillgH II1l1.d(' wh!,11 
s!'l,ds 111'1' rip(· S('t'IIl (n illflict 1)(,I'II1/1.1)('lIt illjlll'Y on lh!· pl:lllls,L'(llutNI 
to th!' PI'll('I'SH of 1'('pl'o(llI!'! inll, \{"Pl'Odlll'lioll 1('Hds 10 phYRiologienl 
jllt'l't ill or flit igUl', Il.lld ill 1lIlllllIIIs iH follo\\"l·d b~' d('lIth of th(, plllll! (8), • 
HI'IlHW:1I of thl' (loW,'I' st:llks :11)(1 s"l'ds at this St:lg!' in\'()"'l's II \"(,IT 
''::I'YI'I'l' loss of 1I11l1"l'i:l!. I'('slor:ltioll of whieh would I'('qllin' 1m "X('('S
~h't'I~' IOllg gl'Owillg p"l'iot!, 


Clippillg 11\ t h(, I'IHI of t 111' gl'O\\'illg RI'IIHOIl (s"l'il's 1)\, w.ir1'1l siol'ngl'

i" PI'Il('\ i('illl~' ('olllpll'tl' :lIld ollly :\ f,,\\' bllsnl II'II,\!'R of thl' pllllltS 1'1'

Ilwin gl'l'l'll. ;'(,lldI'I'H :rlly suhstll.llli:1I 1'{'gl'O\\'tll illlpossihit', hl'lWI' thl' 

"to!'t'S 111'(' 1l0( el('pl(,t('d to :lll)' gl'!'lIt ('xl"Ilt. I/o Wl'y!' I', Yl'lId~' elm;(' 

{'Iippillg iI,1 thlll tilll(' 1I11l~' 1'l'slIlt ill sn'('I'(' illjlll'Y, illllSIIlIlell m; ('0111
pl('!1' 1'{,1l1O\':1I or In'l'h:lg!' to:l IlI'ight 01'1 illl'h 11'1I'\('s lhl' ('!'OWIIS of (hI' 

plllll ts ('xposl'd to will I 1'1' tl'll'l)(,I':I.t tll'{'S, 


'I'1r(· illdi"idulll ~lIglll'S lind :.;1:II't'h fl'lletiolls of tll(' cliplwd grollP:'; 
showl'd 1'('/)('ti()n:.;~illlillll' (0 tlr()~(' uf Ih,' ('OI11hill('d grnllp, Thl'dimillU
tion ill :.;1111'<,11, wllich IIPllI'lIn.; PI'o(Jol'liolllll to 1"llgtll (If ill t !'I'\'II I 1)('
t w('(' II clippillg IIlltl tI)(· Iw!!illllillg of Ihl' willl,'1' Rl'IlS0ll, ('x('t'l'dl'd thnL 
ill tollll :.;ugll I'S (t :d)I(, 1\), 'I'h,' hl'lIlic(,lIl1losl' fl'll('t iOIl ;.;how('d no 
Sigllificllllt (:h:1I1g(' ill (hf' ('Iipp('d !!!'OIIPS, which flll'tll!'1' illdie:lt"s tlwl 
ir(,llli('('lIuloH" i;.; us('d nlllillh' for st I'Ilt't 1I1'1r1 PlII'POH(';'; IIlld Ilot liS II. 
slOl'(,d food,' • 

A signifi['IlIl\ 1'1'11I(iol1 is ",·jdl'll( bl't,WI'(l1I thl' In:~2 ,'i(,ld of 1'lIdl 
Oll('('-e! i pp!'d gl'IlU P Illld i Is yi(·ld ill Hlt!ISI'(\lH'n I ,wnl'R ({ig, n), PI(){~ 
(·lipl)(·d ollly III lh(, I'IHI of Ihl' :';('IlS01l prodlll'(·d gl'l'llIpl' yil'ld;.; ill In:H 
Ihlln ill In:~2, 'I'hosl' l'iipp!'d on I," wh(11l th!' plnnt>; first l'pII('hl'd ,1 
ilwill's high ,"j(lldl'd lit I II', Hill('(' fulillg(' d{'\'('lnpllll'llt is 1l00'IIInlly Ilot 
fn,1' nd."III1('l'd lit (hll( lilliI'; 11111 til(' "il'lds \\'('1'(' III:lilltlliltl'd t1I1'(HlldlUlIt 
thl' ('Olll'S(' of Ul(' ;.;1 lid.", Yi(,ld or' til!' plot.s dipl)(ld II ( illtl'l'l1l('di:ril' 
growth stllg!'s \\,Il~ I'l'dll('(,d, that. Oil piotR ('lipPl'd wh(,11 s('('d \\'/IS I'ipp 
.,\towing th!' !:rI"'11I ('st I'(,dtwlioll of :t1I.;\IIlllliti vil'ld, t111'l'l'fol'l'. iR 
1'(·IIHl'd'no\, oilly t.o qlllllllity of clll'bnhydl'lIl('s nmllilfll('tlll'l'd (,lllT!'lItly 
II," t·h(1 plnnt but nlso to qllllntit,'y stol'('d ill til!' hllS/tl ol'gllnR of th(, 
plil.nL dllrillg thl' PI'p('pdillg nllt '"1111, R(·d,,!'! ion of IIl1t II III II StOI'('R 
1'(,SlIItS in II w(':\I\('n('1\ conditioll of th(l pl:lIlts at lh(' start. of ndin' 
Illlig-hl. g'l'owth Ihl' followillg ).;('11;:;011. nlld t.hlls limits litr qlluntit.y of 
fOl'ngp PI'Odll('l'd ill (.llIlt Sl'nsoll. 

1'h(, ('fl'l'(, ( of ('lippillg Oil th!' "igol' of II101llltnill bnllll(' was ell'lIr1y 
('vid(,11 t. Plall I;; (~Ii PIH'd whl'll " illt'h(,s high IlIlt! slIflieiPll1 gl'()willg' 

• 
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• 	 time \'('mflining t.o eomp\t'lp L\t('iJ' gJ'owt.h <'yclr, prodll('.ing f1nwpJ' stnlks 
lind vinbh' SI'(·d (j,abh' i), Ph\.l1(s l'iiPPf'd n.!. intl'l'IrwdiIlL(' sl.lIg('s did 
not hn,\'(' sllflieil'n(, gl'Owing Lillw foJ' titpsp funeLions; (II(' f10W(' I' stltlks 
tiH'Y pJ'odu('('d \\,(,1'1' sitoJ't, and thl'il' sl'l'd not mnt \II'P, Also, fl. gl'NIj,er 
proportion of t1H's(' 11I(,I'-l'lipIWd plants d.il'd (hu.u of thosl' ('lipped 
Plldy 01' ILL Lilt' (Iud 'of till' gJ'owing Sl'IlSOn (pI. 2), 

.---- --~ 
TIME OF 	 SLENDERMOUNTAIN BROME
CLIPPING 	 WHEATGRASS 

4·inch 
heigh! 
(K) 

Heads high 

in boot 


• (L) 

Seeds 
in milk 
(M) 

Seeds 

fully ripe 


(N) 

End of 
season 

( P) 

o 20 	 40 60 80 100 120 0 20 40 60 

YIELD (GRAMS) 

f:~:'~:11932 ~1933 ~1934 

Flf1l'ln: fl. Yit'ld" frlllll II ,.,ill~l(' ('Iippill/!:It diff!'I'PJli l't:l!.~I'S I)f ~1'1I;;"nlil f.(rowt.h; 
1IIIllllliHill IlI'ClIlIl' Hnd ,,1(,11111'1' \\'!tI'lllgl'm;s; 111:l2 a·I, {~l'l'i .." L fill' lllO'"lfllin 
hnHlIl', 111i~('lippl'd, i~ IIJIlil (I'd,l 

PLOTS CLII'PEIl TWICE 

j{I'sllits or t'iippillg to II Iwigit( III' I ill('it (wi('1' dUJ'ing Ihl' gl'Owing 
S\'jI.SOll ('ll.'ad,\' show I hu.1 ('Ios(' (,lipping l'illl('J' during OJ' II.! thl' dosl' 
or f it!' in I t'IlS(, /'('1' rod lI('\iOIl 1H'J'iod /'t'sld I S in Il'ss sllImg!' of eaJ'bohy
d 1'1\.1 ('S (I II hl"s (j and i l. ])lIri Ilg th(· ;{ ,\'('a.ril of I ht· sl IId~', plnn Is c1iPIWd 
l'iI.d,\' (Sl'ril'S /1 "Ion·d i:{ to Xi 1)('r('l'nl a$ nllli'h (':t.rbolt~·e!rll.t.(' ns (,he 
conlrol pbnls, nne! plants l'lippl'd during n'IH'odllt'lion pillS an n.c1di
tiolml dlppillg Int 1'1' ill lilt' :'H'asoll (dt'l'i(':; ,ll sto!'('d olll,v (j I to (if> 

• 

lH'n't'll t. 


~~7~"T ·12 ·1 
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T .... B(,~; 7.--Mol/./Ilnln lirollle 1I1:eldN nnd rOlllbined sligar and starch stores, 19."12-34. 
and ,lulIIllt'r of flo1l't'/' sl(llk,~ (lnd hcighll:n 1934, 'under different methods of clipping 
during gr011'{"g ,~r(lS(ln~ I 

l'Nl'LlPPI';!) (,ON'PHOI, 

~\ "('rucl'Flower cnd-o[-sm.""n~tnlks 
1l('I~ht 

.Vllmber em. 
Q-unclillped I ill o.~ 

-'~-;-l) \' -"-~-13n-·j-Int'll hl·r~hl 'l!i-!H 
M-~,lIl In mIlk I)~..~q : 15 
N·",,,,d rir.' .~h~(S 30 9 
P--t.'ml or !,t,\H~OIl ';4-91 145 , 62 

1·..... ·IInd f.-lm'h h"i~hIS no. 2 7:I-8i -1:1 
D·· "-inl'h 11I'1~hl lind ~l·"d In milk M'.2 OO-Q4 :I 
E ··,4·itwh Iwight nnci sl'pd cliS-sI.'lIIinniioll liNmn Ott [} 77-S0 1:11 
1l~'·l1ends hiJ!h Hull :;t,I(ld dis:;t"lIliuntioll IIl'J,:lin 13. II ! 05-7ti 21 
.J seed In milk Hllci di~':-:l'lIiirlfll ion Ill\dl'l1 111.7 /iI-fo5 2I 

('·--4· ,ulli O-im'" hei~llIs. hl'lltiS sho\\'ln~ S:1.8 Si-104 t 19""'--4. [uul n·illl'h IwiJ;ill,s, IOtI~l)·S nflt'r $(l('d disselJlina· 
tion IWC'lIl1 ,~O. .1 7n'..B] I 5U 

F--·lHnrh ht'ight,~l'(\d ill 111 ilk nllti dis~l'''lilllllion !!U••~ .~I-S1 2 
1J~-hef\tl$'.showhH!~ Umn'rs ill hl(1oll1. :-:\'('d ill dnutrh ·Ia. !J ;;J-Sfi O· \I 
R- hemls lihowiu:r. I1nw\\r~ jll 11100111, I:jit'd ill dotJ"dl 

(rliJlPt'flln .1 inl'ill's) 11(), ,~ ,0-112 ! S' I" 

G----$t~ed in tlolJl!h. Clllly ript'.lIlId dis!'t'lIlil1Hl ion I'nd~d 15. , 'S-.~O 
, 

(,1,II'I'I':1l 1"IU';l/I'I,:-:'I'J,Y IJl'J(INO (lJ(O\\'I:-:n SI·;.\SOS l 

o-every 1ft dnys (X l'iippirH!s I () I ilH'lu 9.·1 ;Jj ,~IU 4'g Is-.~twerr 15 dny~ (Ii <"IiJlPirlV~ tn·' iudle") i2.2 ,,-100 10 

l All ('lIppiIlK to I int'lll'X{'j'pllll-i ~lw('inl'd. 
! ~() tlntn f)hlf\ill~ld (fir !'il'ri('S I.. 
I nnsl'd ()It ~l'rill$ q. 
4 Series I( wus 10 ('111. wlH'fI ('UL; ,0\/, fi2; J\"', rh~; P, li2. 
• Serit!!' 0 yielded 22.5 (·tII or n.·~rnwlh nrtt.'r ('lippings in IO:H; S, 11.5; Nt 14.1); H, 14. 

Loss ill forng-l' ,\'ipld ",n.s II-Iso mucli g-n·ntt'1' 1'01' plallts subj(,(·tf'd to 
dipping- dUl'ing- til(' morp illtl'JlS(' g-I'owing- 1H'l'iod (fig-. 10 alld tn.bk I). 
'I'ht' 10:34 yield of plots elippf'd in mids('ltsoll. ill Sl'I'il'S J, WItS only 
j],hou t 20 Iw/'{'(·nl of thl' Ina2 yidd, wlIpl'('as til(' plots diPIWd ['II.dy 
(:-;l'l'it's I) .vi(lldNI {iO 1H'1'('t'Ilt. ~IO/'tn.lity wns lIigh in plallts clipPl·d 
twic(' dUl'ing t.lJ(' latl'l' gl'Owillg- IWl'io(\; lIlallY of til(' tussocks w('/'(' 

(\('I1.d nt the pnd of th(· ('xIH'l'inH'llt. Oil (III' ead.," e1iPIh'd plots, 
nlthoug-II SOIlH' tussocks died, SUITi\'lti was good. 

On the tlm,'(' sl'l'i('s of plots fil'st elipp!'!! wll('ll til(' pln,nt.s w('n' 4 
inches hig-It alld clipJll'd ag-nill dUl'illg- tl](· PH.dy (sl'ril's I), middlp 
(st'ril's f)), Itlld in tp (st'l'ips I';) 11I1.l'ts of tlI(· growillg Sl'ltSOIl, wlwlI rppro
duction wn.s ndin, total quantity of earboh'\'dmtC's sto['(ld did not 
difl'('r g-1'('iJ.t;\y. but it is ('\1'a1' thnt sPl'il.'s D sufl'PI'l'd lIlost (tabIPs (j and 
7). This difl'pJ'('II('l' is nls(I I'p/lt'(,tf'd slightly in fOl'llg(' production; 
SNi(·s f) yil'ldl,d ollly 50S pel'c(,lIt ItS IlIul'h ill 19:34 as in 1932, wheroas 

• 

• 


• 


• 
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• 

• 

• 

PI,Nm 2.- Plols of lIloulltain braille HI, the l'lld of "en;;on after 2 years' clipping 
to II height of I inch from Uw "oil line during the reproduction period, COlli pared 
wit h (JIll' clipped beforo llnd after the reproduction period: ~erieR N, clipped 
once during the reproduct,ion period (Heeds ripe); HerieH 11, clipped once during 
till' r('I)I'oduclioll period llnd once latcr (hcnd;; high in boot and secd disscmi
IIlltl'd): ;:<'rip;; U, elipp<!d twiel' during t lip rl'(lrocilldioll pl'riod alld at. t.he elld of 
thl' growing Ht'nSOIl (Hl'l'd ill dough, :;('('i! ripl', and ,:('('d di;;:;t'lliinated); seric;: I?, 
cliPIWd ill'foI:!' Illid Ilftl'r fh(' r('produdion (ll'riod alld (hp norlllal lIIaxilllulll 
stol'llKI' pl'riod (plllllts " iliClil'H high Ilnd ~l'l'd di:;~elllillatioll begun). White 
pegs lIIurk position:; of forlller living plant:;. 

• 
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thc plants on thc two other plots yielded 60 pt'rCtmt and 66 pcrcent,
respectivcly, 

Uesults on thr('(' series of plots whero tbo plants wore first clipped 
in the cady, middlc, and late parts of th(, growing season and ,,'ero 

TIME OF SLENDER
MOUNTAIN BROMECLIPPING WHEATGRASS 

4 inches and 
6 inches high 

(/) 

4 inches high 
and seed in milk 

(0) 

4 inches high 
and seed 

disseminating 
(E) 

Head high in 
boot and seed 
disseminating 

(H) 

Seed in milk 
and disseminated ~"""'Lf-i."""""f"L..< 

(J) 

o 20 40 60 80 100 0 20 40 60 80 

YIELD (GRAMS) 

t~~'\\'11932 ~1933 ~1934 

US F:SWO.*1941 

li'IGlmE 10. Yi('ld,.; fl'Ol1! two ('lipping,.; nt difl'l'I'l'IIt ~tRg('S of ~l'Rsol1lLl growthi 
IIl0lll,lllin IJI'OIlI(' alld ,.;1('1)(1\,1' wlil'aigmss; 1\)32--34. 

cIippl~d n. R(,C'OlHI tilll(' In.tl' ill till' R('U.SOIl (s('('i('s H, n, and J) givl' 
fUltll('r ('vidl'n('t' thnt eios!' ('Iippillg iR 11101'(' ddrinlclltn.l if mal\(' 11l.t(,I' 
ill till' gr'owillg Sl'U$OI\ ",II{,II I'cprodllet;ion is aetivt', SNil's n alld J 
yielded only 14 P!'I'C'l'llt I\.lId 20 1h'I'('pnt of thl'ir .1 H:~2 ~'il'lds, Wh('f'l'ltS 
series E yit'ldNI apIH'(lxilllntd.v (l7 1H'I'{'pnt, TIl(' snnw rl'\atiollship 
holds good wi tit J'('S(l('('t to (':l.rbollyd 1'1\./1' stOI'l\.g(', SI'I'i!'" J farillg worse 
and s('I'il's n a.nd E SlI('('('ssi \'('1 ,V bd,t'PI', 

• 


.. 


• 


• 

,. 


.'I 

! 
I 



• 


• 


• 


• 


UHUWTH AND CAHIlOH YUHATI!: ('ONn:NT OF ~f(WNTAIX PLANT::; 29 

PLOTS CUI'I'IW TIIII EE Till E"; 

Result,; 011 plots dippl'd UII'('l' tilll(''; to II II(·ig-ht of J ilWit durillg tht' 
growing 8I'/l.SOIl {'orrobol':l,t(' tht' \'\'i<l\'II('{' n.ll'{'a.dy Pf'('8l'lIff'd, t1I,I.t l'il.dy 
{'Iippillg Pl'l'lliits g-I'('H.t.\'r yit'lt! alld g-r('n(!'r ,.;lorH.g-{' of {'11.rhoh,nlmtNi 
thllll IMpl' dippillg- (fig-, II alld I:l.I,I('s () alld 71. It wa,; {'\'idpllt 11.150 
tlll.t ('Ios(' dippillg,; aI'(' ddrilll{'lItal if III11.dl' durillg- tilt' IIIO,.;t adin' 

TIME OF 
CLIPPING MOUNTAIN BRaME 

SLENDER 
WHEATGRASS 

4 inches and 
6 inches !'1igh 

:and heads s: IONing 
(e) 

Heads showing, 
f lowers in bloom 
seed in dough 

(8) 

Seed Indaugh, 
seed fully rtpe, 

seed disseminated 

(G) 

6 inches high, 
seed in mil k. 

seed disseminated 

(F) 

4 Inches high, 
6 inches high, 
to days after 

; seed dlssemlnaled 

(A) 

0 20 40 60 80 100 o 20 40 60 80 

YI ELD (GRAMS) 

['/":.'j 1932 ~t933 ~1934 

FIGnt~: II. Foragp "il'ld or 1l101I1It:till 1)J'()!lIl' IIlld .,I(,lIdl'!' II 1I('Ilt I!nl"'" clipped 
th;'('(' till\['" at lari(JlI~ ~tHgl''' or growth, 1\):32 :1I. 

1)(,l'io<l of g'l'o\\'th Hilt! (,('Pl'otilll'tiOll, ",hl('h hl'g'ill"; with f1o\\'\'I'-slalk 
fOl'll1H t iOll, USIlld Iy wilt'll till' plH II Is 11.1'1' (j ill('II('8 iI Igh. :\,Ild ('I His wht'll 
til,· sl'('ds 11I11.t Ill'(' (pis. :~ alld ·n, 

Ph1.l1ts ('Iipp('(\ to H. h('igill of 1 illCl1 at 1,;-.1:1",' illl\'I'\'als thmllg'hollt 
thl' g-I'owing :;t'aSOIl, lH'gillllillg I;; da.,vs aft"I' SIIOW <lisappl':l.l'all('1' (sl'l'il's 
0), (.ll'Otill('('d L(':;s foling-(· ILII(\ stoJ'(·d It's:; eal'iJoh,nlni.lps ill thl'il' roots 
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thu.n plllnh, 1;'(':(1('<1 otlwl"wis(' (fi¥. 1:2 :tlld lahlt, 7). At tlJ(' Plld of 
til(' fi rst alld St'('OIl<l \'PIl.I"i' of 11'1':1.\111('11 I I h(, ('0111 hiliI'd slI~nrs and • 
starch in th(' rools of 't1H's(' plll.llls nillollllll'd ollly to :{{ ()(":('('Ilt :tlld 
49 pt'r(,pnt. l"t'sp(·di\«'I.\T, of Olt' qll/l.lltili('s ill tilt' rools of till' rOJllml 
Sl'l"i('s. At till' I'lld of thl' Ihird ."('/1.(' of I "1':1.1 IIl1'lI I, inSllflll'i,'lIt piallis 
I"t'llIuillPd to IllHkl' IIp a ii-I!:. s:lIllpl!' of mols for :ul:Ii,'"sl's. VOnll!:!' 

TIME AND SLENDER 
HEIGHT OF MOUNTAIN BROME 
CLIPPING WHEATGRASS 

15-doy mlervols from 

snow off: 10 I Inch 


(O) 

•15-doy intervals, 

Irorro heads shOWing: 


to 4 inches 

(5) 

Heads showing, flowers 

m bloom ,and seed m 


dough: to 4 Inches 


(R) 

o 20 40 60 o 20 40 60 i , 

YIELD t GRAMS) 

r<~.:~<~j 1932 ~1933 ~1934 

•~."~-""""""'--~-
~' -~. ... 

Fin l'ln: 12. For:q.«, yi,'ld~ of IIIOlllltaili 10000)llIe alld ~1t'I"I ..r wh,'a (~ra,.;" lI(tt'l' 
('Ii)lpil\~ at I :i-day inl,'!"y:t!,. til I i1ldl I",-ri"" 01 and I illl'llP" ',pd,',,; ,'i! and 
('lippill~ to·1 ill("ll!';' thrp{, (iIlIP" dllrill~' :i("ti\(' ~rll\\"th Ilt'rind (",'ri,-,. HI, ('10:'('. 
clippp!! ",,'ri\'" () illdil':d,'d grl'atp,,( n'dlll'jitlil ill yi,'ld- o( all (1101.-, wh...rl'n:- th\' 
modemt!' ('Iippill~ Ltl ·1 jlll'l\('>, j" :1111011/1. t hu,,(' wit h 10\\'(',,1. n-dlidillll. "";"ri,',. H, 
clip(l,'d lit t lil' <':1111(' IlIl,-n'llI:- :I.~ ";l'ri('" If dig. III, .-1/0" ('d Il "light .l!llill . 

.vil'lt! sllo\\'I,<I Si'lIil:II' tr('tlds; al IIII' 1'1111 of till' tlli"d ,\',,:1.1' of 
trt'lttIII \'nt it HIIHlllllt"d otll.\' \.0 ahout H pl'n'PIlI of Iht' I!I:{:.! yidl!. 
COli t illllOtiS /'1'1110\'11.1 (d till' pllolus,rll tllI'l i(' t isstll.' 11J"-"I'1l ts SlIffi"il'll t 
(,:I,l'bohytil':l.(I.' stnl'lIgt' H.nd 1t':lSPS UlI' plll.llls ill :I. wl-akt'lll'd t'ondilioll, 
with tilt' J't'stllt thnt UI(' plants dil' of ::llnrvnlioll or i\.J't' willtl,,'-kill('d 
(3), Q 

Dilr(-I-('III'(':'j ill ('arhohydrnl(' st,OI"ll!!:!' 1.1'(\\'('1'11 (llnllls. ('lipPI'" at 
\'lll'iOIlS ('/'t'q It('nei('s wI'n' not Itllll'l.;l'\1. ( 'arhohyd 1':1 It' I'I'St'n"t's or 

'ThIs t.'Olwlll ..illn it' slipporlNlnl:-;u h~ PJIIPllhlJ',lll'" duin "olJ(I(,tNI hy thl' :-t'rl1C1r mulJor ou ,turf/pvrol/ 
Sllulltli~ . tllllruJ1(1{1un sropttrw.'t, "L. IUll/H, Hull Uouldllu(J hi(.'aa({~ • 



WWWTll .\"Il L\HI\OIIYIlHYI'!-; \O:\TI';:\"(' OF .\IOl'''T,\I'' 1'1..\:\'1':- al

• 

• 

• [ 
\ 

1'( \ 

l \ 
r , 


~ _-1 /7 

I'I.~H:{ 1,10",-1' 'l:dl-.- !If IIII"11I111ilo 111'011\1' fnull piaut' (.I' IIIJ!'lipPI'(l: .1
1'lqlJlI'tl 1",[,,1'1' 1I1,tl afl!,I' lilf' \'('PI""tlll('II01l P"l'Io,!. 1111<1·/1 l'lipP('d {l1l('P l'al'l,\ 
ill Ill!' 11('11\., p,'l'ind "I' 1"'prodll('litlll nlld 0\1('1' dlll"iw! ,1'!'t1 di'-"lIlill:iliOI1 ('I()~l' 
,'IIppillg: lillrtlll!. Ihl' \'('I'I'..tlll('tll'll 1"'1'1,,,1 1101 (J1I1,\ IlIjlll'I" tlw pl:lIll,. 1,111 :lbo 
pr"r"IIg:,. U'L!:l'l lit h (' I!.\'('" ill, "hi('11 1'1',1111,.. ill ,-11\ IlIlll'lIll1lil,\ \If !!I'U\\ 1II :llId (':11'\)0
h,\til":lil' "IO!':I!!(',

• 
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• 

• 


• 


PI,A n: ,.I. Plot,.; of InOll1l1 Hill brolll!' pIHIII,; HI !'lId of third ~"a~OIl of l'iipping;Uln'p 
till\{'~ a ,I'par til a h('ig;hl of I ill(,1t 1'1'0111 II\{, ,;oil: "'I'ri('''; C, Iwie,' hl'fo\'(' \"('pro
dll('lioll is a('li,,!' and 011('" ill "arl), I'('PI'l II Illet ion: s('ri .. " 11, thd!',' durillg; a('1 in' 
rl'I)I'odll('\ illil pl'riod: "('I'i .. " (:, I II i,'" dllrill!.!; III·riod of "'I'<,d rip('lIin!.!; alld ()II!'!' 
lifll'r adil'p rppI'IHII\t,tioll, Oil all Ih",;(, plot,;, pia III,; wpn' lo:.:t :1'; a re:>ult of 
('lippillg Iliad ... ,lilrill!{ t hp al'l in· !.!;r""'ill!{ -,c'aSOIl, LO'N wa.~ 1-(\"(':1(p~t Oil I he 
plot~ lh:tin','pil' ..d t\l'O ('\ippill/!" dnrill!{ I hb pl'riod,l':<p('l'iall.l' Oil til!' (JII(' c1ipp<'d
dllrillg t hI' ,.. ,'(,d-ril"'lIilll-( pl'riod, 

• 




• 

• 


• 


• 
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pllllllS ('lipp('11 twi('(' and t.hl'f'(' t·illl('s dUl'ill~ th(' ~I'owill~ S(,1I8011 lI('nrl~' 
('qulIlINI dlos(' of plants diplWd 011('(,. Qualltity of cn.l'iJohydl'atl' 
I'('S(,I'\'1'5 in tht, plants at. th(' end of tilt' growing sc'nson n.PPf'II.I'S t,o hI' 
iIlJlut'IH'{'(1 11101'(, hy (illH' alld d('gTC'(' of c1ippin~ thull by fl'(\«u('Il('Y. 
\VhPII, ho \\'(' \'('1', (,\ippill~s an- IllUc/l' hoth fl'('qlll'lIll.\' and illt(,IISt'iy, liS 
ill th(' ('olltilluously dipPl'd plot's, 10\\' nt.lu('s of .\Ti('Ic/IlI1d. ('lll'hohydrnt,e 
(,('S(,IT(,S ('('sid t. 

PLOTS CLII'I'IW FOl'lI I'\CIIES FIIO)I SOIL LINE 

III addition to thl' I-illdl dippill~S, 1'111 lit,.; of two st'l'i('S (H, 8) W('I'(' 
(.lippl'd to n. IH'ig-ht of 4 ilH'hl's frolll til(' ,.;oil lilll'; ";(,I'il's 8 n.1 Ih(' samp 
l:i-dllo\' ill!(,IT:tiS liS s(,l'i('i' 0, hut startilll! ;{;j tillY:; III 1.('1', alld s(.'l'il's U at 
tht' S:;,1I1(' tlin'(' SIHI!l'S ill t,llI' Illieldl(, of thi' I!nl~\'illl! s('asoll liS s(,l'it's H. 

Th(, pllllltS dipp'pd to II hl'il!hl of 4 illl'iI(,S lit I ;j~dll,\' illt('I'\'II.1s (S(,l'i(,H 
8, S('(' pI. fj alld tllhl(, Ol hlld ('OilsislI'll t.ly g-I'l':t!,(,(, «lI:llIlili('s of ('ornhillPd 
SUI!III'S alld stan'h ill t.\H·il' I'ools Ihall thosl' ill Sl'I'il'S (), IllId ill \!};{;~ had 
pl';I!'li('ally HS IIl1l1'h as t.h(' ('(Htil'Olg-l'Olip. III IU;{4 Ih!' yil'ld of plallts 
ill sNil's .,,' WIIS ahout 7:! 1)('('('('111 of Ihl'il' I !):t2 .\'i('ld, wlll'l'('/l.s Ihll\ in 
s(,l'il's () WIIS 0111,\' ahOII! \I pt'('('l'lIt (til!, 1:2, tllh\(, 7). 

Silllilar alt hOUl!h sllIall(,1' dif!'('I'I'II('('''; \\'('('(' foulld in Iht' I wo s(,l'ips H 
IIl1d H ('Iipp(,d tl;\'(·(, lill\('s dUI'illg- Iltt' middl(, of Ih(, I!l'owillg- spa~nll 10 
4 illl'ltl's nlld I illl'h, l'('sp('cli\'l'ly (Ln.J,k (il. Th(' plallts dipped. t.o 4 
inclt(·s :;ltow(,d 11101'(1 su~ar" alld sllll'('h slol':lg-I' ill ('adI ,v('111' ('x('epl l!):H, 
II. 'y1'1l1' WitI'll! h(, g'l'owilll! spasOIl was prolollg-l'd, Tltl'il' ,vil'ld 'illl'l'Plls('d 
sli~lttly dUl'iJlg' 11t(, ('XllI'rill\(IIlI, Finltl yil'ld (ill 1!);~4) of 01(' sl'ripS 
dipp('d to I ill('1t WHS ollly aJ,oul, 44 P('I'('1'1I1 of its I \):~:2 yil'ld. ",hPI'PHS ill 
UI(' sl'l'ips dippl'd (.04 illd\(,s ii, was slil!ltll,\' 0\'('1' tlO 1)('('('1'11\ (1n.1I1(' 7). 

TIt(, ('('suits of 11t(' 4-illl'lt ('Iippil\g'~ also dPIllOIISi.I'II\(' tltat slIJ,s('quPIII 
fOl'llgl' yil'ld alld qualll,il,\' of l'lIl'hoit,vdrl\tl's storl'd II.pPI'HI' 1,0 III,' 
1'(,IIl,t,('d to lIH' quail Ii I,y of pltolos,V1I t,lu,t i(' I iSSI\(' Il'ft aft ('I' hn.l'\'('sl ing-. 
TIt(, 4-illl'lt dipping-s Ipfl 1t!,l'hllg'!' sufii('i('llt 10 IlIa,lIufa('t 111'(' and !'tOI't' 
IIl'ad,\' normal supplips of (,:t.l'holt,nl r:t.\ ('S. I t is Iwli('\'l'd, itoWI'\'('I', 
t,lm!' pl'()lolI~l'd ('Iippillg's 11,1 Ili-dny int('ITals or ('Iippillg's ('OIl('PII\nlil'd 
ill t hl' lIliddlP of t It(' ad iv(' g-I'o\\'illl! spnson, ('\'1'11 10 a hl'ig-Itt, of 4. irH'h('s, 
wOlrld ('\'I'II\IIIt1ly I'('sull, ill 1H'1'11I111l(,llt illjul'Y to Iltl' pllllltS. 

Tit!' illdi\'idll:t1 fl'al'! iOlls of 1'('(It\('ill~ sUg'ars, SI 11'1'0";(' , alld ::;(.I1I'('h 
follo\\'(,d tit!' SHIIH' tl'(,lIds undl'l' U\(, various dipping- I I'(·alll\('nt.s liS Ih(, 
('olllJ,irH,d 1'1'11«'1 ions. 

PLOTS eLlI'I'EII IIIWE\TEIlLY IH'III~(: EAIILY (;110\\'1'11 

AI tltl' dos(1 of tlt(' first· ,\'('111' of tltl' stlld,\', n <\III'stioll was I'lIisl'd 
('oll('PI'llillg- t,ltp pf!,(,(,ts of rl'l)('lItl'd dipping- (,los!' to tltl' s(Iil lilll' dllrin~ 
I It I' ('II rly g-('()w[.1t IlI'l'iod. A('('ord illgly, t,\\'O sl'ri('s of six plots (':1('1. 

(T alld r') WI'I'(' ('sl a.J,lisl\(,d lit t h(' ! illll' of Sllll\\' disllppl'al':1.IH'p ill I n;~;{ 
lind r1ipp(,d 11\1'('(' [in\('s lit :i-dIlY illt(,\'\'ltI:o, III(' l'lipping' SllIl'tillg' Oil 

s{,l'i('s (' H,I tIll' (illl!' (If SIIOW disapP('IlI'all('(' :llld, 011 ';('I'i(,s T, 5 dllYs 
:ti'I{'1' SilO\\' disnppl':ll'llnl'l'. 

Fin' dllYs 111'(('1' II\(, tllird IIl1d fillnl dippillg- of {,:f('It, s('l'il's, Ih(' I'OOls of 
tit!' piallis Oil OIl(' plol of (':l.I,1t s('ri('s W('I'(' l'I'IIl()\'('d :lilt! luwlyzt'd fo(, 
('Ill'hnhydr:tll' ('011 tl'lI t ill ('I\IIlI>:J.risoll \\'it h root;: of 1l11('1ipPl'd plullts. 
At thll Plld or !.II(' g-I'()",ill!! 5(':lSIIII, tit!' 1'00ts of III(' "Inllis 011 fI. seeond 
"Iol. W('I'(' l'lilllil:l.rly ('Olllpllrpd with rools of 1l1l<'liPIH'd plallls, This 

http:g-('()w[.1t
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"llIlH' PI"O('C'dlll'(' \\'IlS fOIlO\\'('d pnch 'ypu,r for :3 .\'pars. Thp rt'sultilll! • 
dllill HI'!, pn'sl'nlt,d ill IHbl(' U. 

Th(,,,t' data show (I) nO "il!llifi(,1l1l1 difrl'l"\'Il('(' ill 1/1(' qult.1l1 it.', of 
eHrboh.nlrnt('s slol"{'d h." th(' hm ('Iippt'd seriN;, ('ith!'r n,t tit(' plld of 
titr rnrly clipping IWl'iod 01' III I II(' ('Ios(' of Ihl' grO\\'ing sc'nsnll; (:2) ('Oll

sidprnhl(' difr('rt'lw!' ill qlllllllil,y of slorl'd ('nrboh,"dr:i!('" 1)('1.\\'('('11 I hI' 

(,\ipppd plllltl,S (:2,!i to (j.4 1)(,1'1'('111) nnd Ihl' 111l('liPIWd pialltS (:~,!l to 

i.G p('rl'('1l1) nl tIll' t'IId of nil' l':lrl," dippilll! ppriod; H.lld (:~) n,s 1!I'('111 It 


('nl'boitvdrnt(' ('onl('lt! ill Iltt' t'lipPl'd plnllis I\.S ill thl' 111l('lippl'd plnllls 

n t t.h!' ('Ios(' of 1.11(' growin!! St'nson, 


~lIlriliollill dl'fic'i('Il('." IIppt'lIrt'd ill tI\(' h('rhngl' 11ft 1'1' (fll' first 
clippillg. (;1'O\\'tl, ,,('('IIII'd In III' 1'\'llIl'IlPd IIlId IIt'W folillg(' did 1I0t 
nttnill II 11('1111 h,\' t'olor lint il nhoul I tl dllYs Idt(,I' I/\(' filllli dipping, 
Br:lllf'hillg frolll til(' ('1'(),,'11 \\'IIS d,.III\·"d IIlld dinlllt't('r:-; of f1')\\'I'I' "tldks 
r{'(lu('('d .. Thp !Iow!'r" did Ilot (lPI'I; IIlId tI('nd stnlll('IIS w,'rl' fOlllld ill 
tIlt' nom I hi'l\('l S IlIOllg wi I II I'll ryopsl'S, Th(, roots of I lit, (·1 i ppl'd pili II Is 
w('n'short llIlc! Illllll('d IIl1d 1111111," of lh(,11I \\'1'1"\' <I('I\(\. DI'pll'tioll of 
clirhohy<lrlll('s h," (\H' 1'111101' lltl' third ('Iippillg 1ll1l01llltl'd to IIhoul 78 
P('I'('I' 11 I of (\1(' lnlnl storl'd dllrillg tI\(, pn'\'ious 11\I!11l1l1l, ill ('onlnls( to • 
iO IWI"('I'llt ill Ihl' ('OIllrol gl'OlIP, 

:-:'ufli('il'lll lillI(' 1'l'lIlllilll'd ill flit, growill!! s('nSOIl IIfl('r Ihl' fillld 
dippillgs, hmn'\'('r, to IlIlow thl' pllll\l" 10 j'(,('(j\'PI', lit It':lst ill PIlI'!, 
IIl1d ('(llIlpl/'11' Ihpil' growth ('.\'1,1(" .\t tht, dos,' of Ih(' gl'owillg- SI'11SOll, 
I'oots of pill Ill" ill III(' 1'lipllI'd gl'OIII>" ('onillilll,d liS 1I11H'1t ('lIl'ilohydl'lItl' 
Hs lhost' of pllllltS ill lil(' /'(111\1'0/ group, lInd in ,,01111' ('IISI'S 11101'1', 

H1,;:,l'I:l':, "1'1'11 Sr.E'IIEII \\ II E \Tf:1I \,,:' 

1{(,:;lIlb; wit h sl('IIII(,1' whl':ltg-I'IISS 1111111'1' I Ill' sl"'(,I'I11 dippillg 11'('11(
1l11'1l!:; WI'I'I' ill most ('nOlI'S Silllillll' 10 titoSI' "'illt IIIOllllillill hl'OIl\(', 
(i('II('I':1I J'(,llIlillllS \\'('1'(' IllI' SIIIII(' 1'01' hoth ~I'IISSI'S 1I1l111'I' :dl I'lippinf!, 
tl'(':lIllIl'lIls, .\ (\('s('('lIding' 11'1'11<1 ill ('lIrholl\'dl'llll' StOI'lIg'1' "'liS ('vide'lll 
liS ('lipping- \\'IIS dl'luYl,d ('llIilll's ~ 1I1lc! nl. ' Thl' sigllifi'('lIlIt poillis of 
difr('rl'Il('p displllYI'c! hy sl(,lld!'r Wh('IIIg-I'IISH in ('()llIplll'isOIl with 
IIIOllllinin 111'01llt' ill till' dippillg ('sis "'('I'l' I I) ('()llsiH(,llfly 10wl'I' 
,':l1l1l's of t'lIl'bohydl'll\(,s; (:2) 11IIIillll'IIIII1('/' of gl'l'lItl'l' pl'l'l.'('Il\ng(' of 
fOl'llg(' yipld; r:n ill('n'IIS(' of fonl!!(' \'i('ld ill lh(, (,Il"'y l'iipJwd plots; (.l) • 
sllI:dl('1' difr('I'('Il('('S h('t \\'('1'11 I h,' I't'"ldt" of t hI' di frl'l'('ll I dippillg sy:;ll'lIls, 
('spl'/'illlly ilpl "'('('III-illl'll dippillgs IIl1d I-illdl dippillgs; :lIld Ui) 
nililit,\' of "lpIIII(,1' "h"lIlgl':1sS plnllis to Ill:lilltllill yil,llI Illld S((II'I' fail' 
qllllntilil's of ('IIr1,ohydl'ul/,s 111111(,1' dosl' nlld fn'qll('111 ('lippillgH, 

• 




• 
a.jGHO\\"TIl AXI) l'AHBOllYDHATIo: (,()XT~;XT (n' :-'IOl'XTAIX PLAXr;-i 

~ -, I 

,'" •• )00' ~....... .. 


• 

• 

1'1..\ n: ,i. ('lippl'd and 1I1H'IipPl'd pin!" of IIlollnl:tin brollll' pia Ill:; at end of 
"-('('wld ,;pa:;oll: H,,'ri,''; 0, e\ipPf'd t I) I in('h frlllll till' ,;oil Iilll' al \;)-d:\y inf..I'IT:tls 
durillg: t h,' ~rol\"ill~ "l'a"OIl (lI'hi\(' pl'g;; lltark fOl"lliPr pl.l"it ion,; of Iidng plant,;); 
~('ri,'", S, ('lipPI'd to ·1 illch",; frolll till' ,;oil lilll~ at I:i-day illt\'I'I'a!,; during I hI' 
n'prnt\IIl'lilJll Pl'rio<i; "I'ri,''; 0. IIn('lipPl'd. ('lipping to I in('h fr()lll III(' ;;oil lilll' 
:It J.i-day inll'l"\ al" (''',,11111'11 in 10\\ l'arbo\Jydratp ,;tora~(' lind high 1II0rt:tlity of 
tlw plant ... : ('Iippill~ fill in('hl" frtlnl I hI' ;;oil lillt' al I hp :4:tIlI,' illtl'l'\':II:< allow!'d 
Inod,'rlll)' l'arli()h~'drall' ,"'(oragl' and did 1I0t apppar to d:lInagt' the plant;;. 

• 
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'L\lII••J 8.- SI""d",. Wil,'III!/fIlS.• I/;'·Id.• IIl1d "Oll/bill,'d ."'aar mid 8Iar(''' .•Iof('s, If)8!!! 84, • 
(I/ld 1111111111'r of .I1(}/I'ff ,~llIlks IIl1d "ciaM ;11 1.98.:, III/dc/' dUT,'fI'ul IIIl'lhods 0/ clippillg 
dUrill!1 grcJIl.ill{l S'.'CIIWIIS I 

('HI'l)oh)'~ 

~cril"~ l1tH1 t iJlll' uf l'Iippiul! dmlt>


,';,'1<1 FloWl1I' ':\'·t\rnj!l· 
f'llfl-II("!"I"' 

!':tOrl's, ~Oll hpif,!ht
,10:12· IIH/) ~lHJk ... 

l't,Tt't'lIl ~\." IIIbtr()-	 uul'lipl',,!1 1i:1 

I, 	~·iI",h h"i~hl • H~~. U sn ua IS~uI. 	 h",,,I, hi~h ill hunt 1111 S SI Sh :1 105.Il ''''<\ ill lIIilk tiS 7 fii S4 ., 5
\" 	 5,\~ld rI Pt> .,1i~ '\0 7ll :!/iI' 	end of";t\l\~ol1 It).! .. I.\U tl!! ~I; 'lb 

('I.II'I'EI) 'l'1I"1t'I': I<:Al'1I ~I':A~()N 

1 4· alld ';-"11'11 1"'lghl' Ihl. -I ~1I Sli 41 
J) -4'llwh Ilt'iJ,!ill and !-t'I~d Illlllilh 41! :1 i(1 itt oJ.: 	 +ult'll hlli~lit nud ....I·d dls"'l'llIillat.iollllt'~'lIli 1:1Ii " 7[, .""'5 ,~I
JJ 	 ht';hb hiL!h !illd ""I'd di"i!'oI'miHHIion 1II'I!tlU 711 ·1 li~ S5 
~J 	 :-4!t'd til milk and tli"'~I'lIItnuIJClII t11ldt'c! •S(I 4 lit! is o 

(' 	·1 .. and ti-iru.'h lll"'l~ht~! lwnd:, shU\\ III).:. I-III.!! ~o \~I S.1 	 -I-anti ti-ilwh lH~lUht, In dtl~ ~nrtt,'rsl'l'd db:-:t'lItlllni ion 
hll 1!UII [,4 S ~ft' Si (..

F 	 I}-iudl h~~i~h(. !"I.·l\d ill milk IUld di~~t~lIlinllti(}u 4ti I IiI;' Ut) ()
H ht'ad;.;. sho\\ ill!!. UOWt'r:-o in 1>IUOIII, ~llf~d if, dOIl!!h bl .. ."12 ~7 I)
If lwmls .5hO\\IIlJ.!. 11(l\\l'r:-- ill 11100ln, ':"c'll in dt)lI~h 

u"hppi:'t! to ·1 lIIf'hl'~'" I lot!! H SG,tl:{
(;.. ,sl'l·d in tlolIl!:h. rlllly ripl', nlld dis:wlllinntiol1l'lhh'd tij 2 

III 
iH ~7 0 

() ,'\('r) I'" tlay:-; f' t'lipplIIl!'" to 1 ilU'llI (t'2, !, ,111 -sO o 2.5
~'" t'n'Q' tb dt\)!o' (,) ('lippillr!-o 10 ,luH'}u'$' ·17. (j iJ-SU () III 5 

tAli ('lIppiuj! to t Iud) l'\('t'pl n:-,,~pl'i.·ltlt'd. 
1 B~l,!'.('d nil :-"'ril'~ (). 

" ~I'rit'!-l g \\ n:-- ~ ('III. \\ htlll ,'ut. J., 1-1 • •\1, ~r._5; .\,', ~j> 1',211. 

4 Towl : 1I~ld \ llr) ~lUlltl. 

s Clippl~d. 


e ~l'rjl'!- (): it'ldt·" I:! II (·ltl. of n',.,rmqh ;I(tj~r l\lipp)II!!~ III W:i·1; S. !!.H N, !!.f): Jl li.S • 
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Thl' ~III:llIpJ' I'lllll(,~ of (,llrhohydr:lks ill ;;II'Ildl'r whpllIgrnss lIndpr 
{'Iippillg In'lItllll'Ills III"(' I'XpillillPd by (hp I'lId, shown ill till' nut.rition 
phlls!' or I ht' siudy, 111111 :;Ipll<i{'r Irll('n 19r1l';s pilln Is 1l0I'Iwdly hll \'(' II's8 
;;torl'S of {'lIrh(lh\'(lrllll's ill lhl·ir rool,; ll11d slrlll hils!'s thllll moulltllill 
!)('(lllll', I (S gl'Il~\lh Iwhil'; l'xpl:lin ill plIJ'1 otill'r dil!'l'rl'III'p";, SII'IHIl'r 
\I IIt'H (gl':I;;;; is II IOllg-li I'l'd pel'PllIl in I pl:l III lind (1II'I'prOr!' 11111,\' hll I'P 
1)('('11 11';;s illflll('Il{'('d 1)\' llgP Ihnn til!' ,;IH)J't-lil'I'(.i IIlolllllnill bl'OlllP, 
,\Iso, ,,1t'lldl'l' II 1It':ltgr'lIs,;' prodllt'('''; Illorl' "llort Im,;:d IpIlI'('S tlllIlI 
1I10llllt:lill hl'Ollll' :lIld i" t'llpllhlt' of t'1l1:lI'l;illg il,.: Illfl IIn':I b,l'tilll'ring 
IP!. I, H :lilt! ('I, H('(':III":t' of titP ;;llorl(,I' 1,:1--111 1(':1f growII!. sll'lIdpJ' 
\l1I1':ltgJ':HS (ll:lllls 1I:llllr:llly hlll'P IlIOI'l' pllolos,I'lItlu,ti(' li;;su(' 1'l'lIl:1in
illg lIrl\'I' (':\(,11 l'iippillg tltllil 11I()lIl1lllili IJ/'IIIIII' :llId Ihpl'don' :lrp flblp to 
..;lol'!' Ilion' ('al'boll,nlrllt('s; :Il1d lilt, ]JIIIIlI',,; :lhilil,I' 10 illl'I'P:I;;(' h." 
tillpl'illg 111:1\.;('" it 11101'(' n'si;;I:llIt In do,.:\' I'lippillg", (:('III'lir' "ifrl'r 
('111'1'''' Ill' till' [\1(1 plallls, ItI,.:O, 1I1IIy n1'('011 11 I ill pllrl for tlwir difJ'I'I'l'nt 
1'(,;;POIl:'('S to tltl' I'lippilig 1l'I'a I 11I1'11l:;, 

III gl'Ill'l'nl. Ih(' rl''':lIl1;; with ;;Ii('k\' g('I':lllilllll ,.:how('d tn'llll;; ~illlilnl' 
(n llll')sl' with 11IOlilitnill hrolll(' :llld ,;'II'lldl'l' wlll'atgl'ns;;, Thl' pl:lllts 
:iuiJjl'('I('(1 10 ('Iippill!.!; 1H'i't))'(' :lilt! :11'1('1' till' illtl'll"in' ~T(lw[Ii :llId J'('pro
dl)('lil'!' IH'l'iod "ltuwl'd IIIOI'!, (,1I1'i)olt,nll':ltt' ;;(ol'ag(' :lilt! 1\,,;;; los;; Pt.'IT('nL 
of r()I':t~(· ,I'il'lt! I 1t:11I IIHI";!' ('lipp!'d durillg til(' Illiddl!' of' lit!' n('1 in' 
g'I'OIl'illg' ":(':1";011, '1'111' dif!'!'I'!'IH'!''; ill t Iti;; pl:lllt 's I'(''':POII'';P''; to till' ,,\'I'I'I'ul 
dippillg' 11'(':11111('11(";, nlld illl' 1':ll'inl,ilily of' thl' 1'1';;1I1t;.; ohtnill('d ill sOllie 
{'II":t''''. (':111 1)(' aUl'ihllt(,,, ('hipll,l [0 III(' gJ'()\\lh 11:lIJil"; of tli(' ,.;p('cil's, 
Slil,kY!.!;l'l'allilllll plIt,.: forth 1111111.1' IOIl!!-"tl'lIll1ll't! 1P:l\'P": lltat ~T()W from 
I It I' ('rollil of thl' plllill t pl:lt!' I •• 1I, .\,.: i,; ;;holl 11 hy lhp 1'('';ltlt;; of [Ii(' 
I1111l'ilinll plta,.;(' tlig,-. Ii :II1d (I, llli" Iil'l'h:lg{' Ililltlll'l';; n·l:tlin,I,I' 
('al'iy, (,11:ddilig (':II'hoity"nill' ,;lo!':I!!(' 10 Ilt'gili IH'Olilptl,\' :llld Iw 
('()lllpl(·tl'd ill :I l'l'l:l1 in'ly ,,111))"1 I ilill', Tlli;; :I('I'Ollllls 1'01' I hI' f':lI'OI'
z1hll'rpsltlls fro II I dippillg,.; 1111(' ill 1111' gmwillg "l'U;;OIl, FiguJ'('s 13 
IIl1d 1·1 gil (' ('OllIP:II':llil'(' yiPlds, 

Tltl' fz}('l Illut Oil 1,1' lwo pl:ll1l~ II'PI'(' u,,,,d 1'01' (':Idl :l1l:t1ysj,.; ill tlip 
('Iippillg' ":l'l'i(';; 1l1:1,\' It:ll'(' n''';ltlll,d ill IlIillOI' di,;(')'('p:!ll('i('''; ill SOIll(' of 
IIII' 1'('';111 Is, :'Ilon'OI('I', l'!u,.:(' ('Iippillg of "til'k,\' gPr:lllilllll t:lkes nil 
pi IlJ I 0';,1'11 I it !'lie' [j.;SUI' :llId IlI'rh:lg(' 11I11;;t :lgnill bl' prodll('('d I'nlill [hI' 
(TOil II hpf(l~'(' Ill:lll II f:1t'1 111'1' of ('lIl'iJllhl'llr:II(';; (':III b(, 1'('SUIIl{,d, Titus 
('lipping 1':1 uSPS ;;('1'('1'(' "hilI'" III I hI' pf:lllt,.;, 

Th!' qlI:llltilY of ('olilbilll'd SII!!:I),S nlld :-laJ'(·1t ill (II{' 1'001:- tlnd 
:,tPIIl b:l~i':' of 111(' plnlll;; ('liPI)(,d OIH'P dllrillg till' S(':lSOI\ II'n,; lrJln';;t 
\\,11('11 lit!' ('\ippillg \\:1:- 111:1"(' dlll'ilig 01' at (Ill' illlllll'tli:ll(' (,10:-(' of tlte 
illlpl1"iI'I' 1'['PI'odlll'lil'(' 1Jl'l'iu" (Iilhl(, 101, \I illl til(' ('xl'pplioll tlt:!l in 
I!)::\::\ pl:lllt,.. l'iip(l(,d :11'1('1' 110111')' hlld;; 1\'('1'1' ill ('I'iel('lIt'!' ,.;(1)1'1''' Illorr 
l'ul'hohytil'lll('S (hUll pl:llllS <"I1PI)(,<I ('ndl('I', '1'111' gn)llill!! "(':\";1111 ill 10:33 
\\lIS sh()l'tl't' [hnll 1l(lI'III:!!. d['('I'p:lsillg tit!' s{oJ':lg(' IH'ri(l(1 ul' till' plillll;; 
diPIWd ('ad,I' ;llId 1)I'('I'Plllillg 1'('!!I'OInlt ill (ltl' pl:ll!{": dipIJl'd lat('I' ill lite 
~l'Il~()II. IIlld litis (':III"!,,, 1(''';" dilililllllioll of rU()"~ IIln'lllly "tlll'(,d ill tltl·,.;e 
pin 11 [;;, TIll' S('I'I'I'al ill" i \' iii 11:1 I ";1I~':lI';; n lid ;;[ :\1'(,11 fnll't iOIl;; ,.:h(,"'pd 
tr('lllls sitllilnl' 10 tlto;;!' of [ht' ('olltiJill:ltioll {fig, {n, Th!' III:lin difJ'pl'
('1)('(';; \1'('1'1' ill lh!, \':l11I1'''; 1'01' ~[:Il'dl :llId I'('dlll:ilig SlI!!:lI', 

H{':'H1lt~ II ilh pl:tlltS ('liPllI'd llli('(' til 1':lri(;lI"; ~Ingl''': of !!I'owth 
(fig, I:~ nIld tuble 10) \'ary ";U1I1l'II'llIlt, wi{h 110 1I1111'kl'd dilJ'('I'(,IH'(,8 ill 
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• 
CLIPPED ONCE 

15 days ofler 

snow off 


(K) 

At 2· to 4-inch 

height 

(L) 

10 days after flower 

buds in evidence 


(H) 

10 days after 

full bloom 


(M) 

Seed ripe 
(N) • 

End of season 
(P) 

CLIPPED TWICE 

15 days after snow off 

and 2- t04-inch height 


(/) 


15 days after snow off and 

10 days after full bloom 


(0) 

15 days afler snow off 

and seed ripe 


(E) 

•2- 10 4 -Inch height and 

10 days after flower buds 


( F) 

15 days afler full bloom 

and seed disseminated 


(J) I 

o 20 40~1YIELD (GRAMS) 


1,'.-«';1 1932 ~1933 ~1934 


~~--. 
~,t.ttS·.\n1.19.al 

FHII'I(I': I:t I"flra~p ,l'ipld" or ,,( i('ky I-(('ranilllll rrolll ] and 2 ('lippill!-(il thrOll!-(lIout 
I Ill' gnlll illg "'11;;011, I !l:!2 a,!. 

• 
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• qllnntitil's of eltl'boh)'dl'n(l·g s(oJ'NI ('X('('p! in s('J'i('s f) dlll'ing (.11l' lust 
~,('nl', This s(,l'il's, l'iiPIH'd 1!3 dll,Ys af'll'J' SIIOW oil' Hild IIgnill 10 dllYs 
nftpl' full bloom, sho\\'l,d /I, s( pndy loss ill J)(>J'('('llt of fOl'flgl' yipld, 

I'lnllls dipp('(1 (hl'l'(' lillll'S dUl'illg lll(' PllI'j,y 01' In(' pOl'(iol1 of til<' 
~l'o\\'il1g s('nS()1l (Iig, 14 nllt! (flhl(, 10) hnd highpJ' ('nl'hoh,\'dl'lt!<' s(ol'ngl' 
thnn plnllts c1ipPl,d (hl'l'l' (illll'S dUl'illg mi<ispllSOJI 01' pluills dipped 

I--~-~~~~E;~~-IMES 

Early in season: 

15 days afler snow off, 

2-4 inch heighl, 5 days 


before buds burs! 
(C) 

Midseason: 

5 days before full bloom, 

15 days before seed ripe 


• 
(8) 

End of season: 

15 days before and 5 days 

after seed ripe, 5 days after 


seed disseminated 
(G) 

Throughout season: 

15 days afler snow off, full 

bloom: 5 days alIer seed 


dissemmaled 
(A) 

REPEATED CLIPPINGS 

Atl5-day 

Intervals 


(0) 

• o 20 

~1933 

I1'IGl'Hg l'l.···Sticky p;pJ'allilllll yipldi; from 3 clippil)!'!:~ dllrin/!, Sl'IlSOn, and from 
eiippinl(:-< at lii-dny ill I l'I'\':ti:-<, 19B2 B4, 

titl'Pt' t:illl!'s (hl'OlIghollt thl' S('IIS0JI. Till' IH'J'('l'lI(ngp of ,"i('ld, nlso, was 
highl'l' ill lit(' plnllts l'iipp('d ('ndy lind In(l'. 

I'IHlltS l'IiPlwd lit. Iii-tillY illll'l'v:tis (itl'OIJghollt (hp gl'owillg' S('llson 
hnd I('ss ('nrilOhydnlll' slonlg(' ilild II1OJ'l' I'l,dlldio.ll ill yiC'Id Umll plllills 
('Iipp<,d II lid 1'1' 1111," ulit('/' Systl'l1l (fig. 14 nnd tllblC' 10). I'IHlltS 1'('1I1nill
ing aft(,1' IIIl' I it il'd \'(,:11' of this (1'('11 (1111'11 t \\'('1'(' 11('11 dy dend and ful'
lIi~hl'd hlll'l'lv l'Il()II~h roots 1'01' (itt' dlf.'lIli(':11 II 1111 In;ps."" ~ . 

• 
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EFFECTS OF GRAZI:\G •Pl"plimilll1rv h'st" of til(' slol'u!.!:1' of ('nrholl,'drntps in mots fllld sh'm 
hl1~(,s of lI1ou'lIlaill bro!ll!' IlIHI(,I:!.!:nl:r.ill[[ h" 1":In!.!:(' ('at til' Wt'I'P !l1:ld!' lit 
till' Blul'llPll fit'ld IIllit dUl'ill!.!: U;p ·l "~'Ill'~ H):{~-:{:), Silllihir t.('sts of 
slendrr wht':llgl'ns" \\'1'1'1' ill/Hip dllrillg IO:{i) ollly, 

Hoo( SlIlllpll'R of "ix tn ('iglil IIngl'll:r.pd IIIIl\IIl\lIill hl'(\lll<' 11 lid slNld<,1' 
wh('ntg!':ls'; pllllll,; 10(,lIlp<I ill,;i<il' till (,lIdo';IIf'(' \\'('1'(' 1:lkl'll :11 nppl'Oxi
Illllt('ly IO-dny in\pl'\':ds dllrillg (lip 1H'l'it)(1 f(,(.llil .111111' ~ to SI'p(,llIl)('1' 
10, illl'lu;:;iy(', 1!I:{:'i, Oil Iii!' ::;11111(' tin (!',;, root ";11 III pi,,::; from six lo 
('igh( plnlll::; of (lip ";:1111(, ;:;pt'('i,'''; (Illil lilld 1lf'(,11 lIIodl'l'lI(pI~'gl'azf'd h," 
!':lttll' \\'('I't' Inkt'll ill (hI' \'i('illity of tll(' t'llt'lo,.;tll'(', (;l'lIzil1g Idl till' 
plall!S ~ to Ii illf'IIP"; high IIlld \\'n,.; l't''';ll'i('t(,d til (lit, ppriod 1'1'0111 Illid
.IUIH' to lIIid-St'pt(,lllhl'l', .\IOIlI1(lIill hrflllll' \\':1"; gr:l:r.('d fir,.;t Hild (n II 
gl'l':tl(,I'dl',!.!:n'(', IH'('uu,.;P of it,.; IIigh,'1' pul:llnhilit,\'. doul,llt',,;,; dll!' (0 th!' 
high!'r SlIg:II' ('01111'111 II"; illdil':I((·d ill I IIp llutl'itioll ph:l,.;t', TIi!' pili 11 t,.; 
:lIlIlIY:r.l'd \\'('1'1' !.!:l'lIz(,d, llll tht, U\'('!':I!.!:l', (lin'(' tilllP"; durillg lit!' ";1':18011. • 

Til(' ('lIl'holt\'~Ir:iI(' ('Ollt1'1l1 of tllf" rntlun(lIill 1)('01111' Iltu't \\'u,.; !.!:1'I1z('d 
\\':lS ,.;igllifil'IIIl'1 h- 1(',.;,.; ,.;ltorl h' :It'11'1' g!':l:r.illg h('[[tlll tlt:11I 111:1 I or ('It(' tlll 
grn:r.('d plnnl", ifi~" In), (ill .lllly:!tl il 'tl\(,,"ngl'd :d,utll 7:l 1)I'ret'lIl: 
h,\- .\llg11St .:?Ii il hilt! dirnilli"llf'd to :it) Pf'(,('(' I I I : lind h,\" Sf'pll'nti)('r 10 
il illel'(':Is!'d only to nhollt liB P"IT"Il[, or 1(',.;,.; 11t:11I (It I' ('OIT('R(lOlldillg 
p(,I'(,pn[:lgl' I'M :lily or till' dipPt'd lot,.; "X('''1l1 till' plnlll,.; dipped nt 
l;i-d:l\' illll'l"':I}";'

'1',,;. ('lIrboh\'til':1t(' (,01l1t'1I1 of tllf' 1'001,.; IIlld stPll1 bll";!'''; or l!'!':1Zl'd 
,,11'11\11'1' \\IH'nl~!':l";s pl:llIts ('('!II:tilll,d wil Itill !)(l 1)1'('('('111 of tll:ll 'of lit .. 
ullgl':1:r.I'd pin Ill,.; lIlIlil .July IIi di[[, 1:)1, TIH'l'(,:trtt'r it dh'l'l'gl'd 
nhl't'lJlly Hlld Oll .lldy :!(; ;I lid (lll ;-i('PI('II11H'I' 11 wn,.; Oldy 7() P"('('t'IIL 

'I\\'() pllilllS .;tlllld (Jilt in tlt(,,.;(' ('(''';lIlt,.; Iltnt :t,!!('('P with till' 1'1''';1''(:'; 
of till' lllllritioll nlld ('Iippill~ plt;l";!'';: 

'I'll(' ('111'1,(111,'111';11(' t'lllltl'lIt or till' !'Ool,.; Hlld sll'm I>II";t',.; of (It I' (\\'O 

[[I'IIS';('''; rt':lt'\lf'~1 till' ;;P:t,;oll:1I Illillillllllll dlll'Ing (11(' rOI'IIl:lli\'(' !!'!'O\\"lh 
~(Hg(' tllld (Ill' .-;1'11-;011:11 mUXilltlll1l :11'1(,1' ('I/lT;'llt ";('I1";(llltti 1111<1 ~('I'Olld
aI','; IWl'llll,!!(' II lid root grO\\'t Il W:lS ('olllpl('I('d, 

(;razillg, ('sl)('('i:dl,\ dllrillg til!' J'('pl'odlU'ti\'" 1lf'l'iod :llld dllrillg' (Il<' • 
II0I'III:tl s([)l'ng(' 1H'l'iorl, 1'('dUt'('d thl' qlllllltil,\' or (';I ('\,oh,\"(1 I'll t(',; ,.;tol'('d 
in (Iu' !'Ools or till' pl:lllls ilt till' (,lid or lit" l!;1'1)\\'ill[[ ";":ISOII. 

Figul't, IIi sho\\',.; tllf' ljll:llltil.\' of (';I('IHlllydl':lt(,,.; ";Io('('c! ill tIll' ('00(" 
and ::(I'Ill-h:1SI'''; Ilr IIlOll.III:tili l)I'(lllll' :tlld ;;ll'lId('r \\'11I':11!.!:nls:'; plnll[s 
lIndf'r III IllOd('I'II\(' !.!:(,:I:r.ill!.!: dlll'in!.!: Ihf' ";11111111('(' :,('IIROIl [from lIlid
.JlIlll' to Illid-:-;pplf'lllhpl'l, (~i IIl0d"nlll' g!':lzillg ;lftf'l' ";l'l'd IIl:lllI('it,·, 
nlld (:ll ((I!1I1 (ll'fli(,(,tioll, TII(I ('llI'lIlil':d dl'll'l'lllilllllillll"; W('I'(' Ilw;l!' 
ill l':l<'1t (,:1";(' \\ itlt rout ;:;tllIlpl",.; of "ix to l'i~'ltl (lllllll"; ('(lllt,(,It,d nt till' 
<'lid of !It!' silow-fn'(' p('I'iod. ill 1I1id-( kluhl'r of (,:tl'h ,"1':11', 

As shown h,\' li~lll'(' I ti, (h" pl:llll,.; g!':lz,'d S(':l!'oll-lolIg (gJ':I:r.f'd Oil 
(IH' ll'"Pl'lIg!' (111'('(' to fOlll' (ilill'S dllrillg t':I('1t ,.;(':t;:;OIl to hl'i!,dl(::; of ;~ to 
() incl"'!'1 Iltld (,(III;;i"ll'lIl1\- 1(',.;,; ('lIrholl\-dl':ltP"; "IOI'f'd ill tlll'il' roo(s nl 
the ('lId of lIl!' "t':ISOll ('~pl'l'i:t1I,\' ill Il,i;{:! IIlld I u;):~, \\'Ill'll gr:l:r.illg \\,:1;; 

• 
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• SOIll('whnt IIPlwi('I", Til In:Hi, (,:lI"i>ollycil"nlf' ~1(JI"f'R ill !!I'/lz('d lI10ulltain 
bl'ollll' I'lIllgl'd frolll 41 10 {iX IWI'('('Il{' of 1I1()~(, ill Illl~'I'nZ( d plnllts llnd 

16r---.----.---.----r---.-__-.__-.____.-__.-__-.__-.____.---, 

I
14 -!-

12 

• 

• 
H 23 2 I,! 22 I' ~l 1JULY AUG. ::'C:PT, OCT 

Ungrozed planls 

'''Iaderately grazed plants 
L ____• 

\J SFSWQ.194! 

1-"1\;)'1\1': I:;, Tn'lIti of tlH' eOlllhiJit'd ~lI~a)"" alld ,!:l)"('il ('Ollil'lI! of J'()"I~ and 
'!!'llI'·"a,(" of l!:r:I/('" IIlld 1IIIj,!,l'a/('d .1·;lIollllt:lin hl'lllJl(' Hlld ,H ,h'lul(,1' II Iwat
.l!:W" ,,1:1111, ill I\la.i, III 1IJ111111 III Itl 1>1'1)111(' 111'11 nm! ~I'()\\ tll ,0,:; !Il 2 ('ilL) 

Hud Itt'll ,h.,,,t 1.(1'0\1 tli !2 ('III. apP",u','d alH)tlt .\tl1.(lI,[ In, 

ill ,,11'11111'1' \\·IIl':iI!.!I':lS"; nillolll,!"d 10 :lholll III IWI\'('tll. PI'l111s !.!T:lZl'd 

Illl'" 111'[1'1' :'('(,d IllHt'"'it\,. Il('nl' liJl' ('111101' (it(' !!I'O\\'ill!! ;;l'.l 0.;0 II , hnd S4 
to {Hi IH'I'('('l\l n" 111\1('" ;'nl'hlJ!lydn\t!' ,.;Iul';),!!(' n" thl' ulI,!!I'.,;,.!'d pi:Jllts, 

• 
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01' ('on>;id(,I':Ihl,'- II1On' thfln plnnt>; ~r:lz('d dUl'ill~ till' inh'lls(' ~row- • 

il1~ 1)(,l'iod, TIt(, InttPI' 1'(,Htill>; I'('spmhl(· thos(' ",itlt plnllts <'iiPlwd at 

titP ('lId or lit(· "Pllson (plot I»), \\'hidl IIlId rl'UII1 X4 to HI IWITl'lI1 of 

llonlli!1 (':1 l'iJoh,nl 1':1[(' ;;[01'('>;, 


Mountain brome: 

Moderate grazing 


dunng summer 


Moderate grazing 


after seed maturity 


• 
No 	 grazing 

Slender wheatgrass; 

Moderate grazing 


dUring summer 


Moderate grazing 


after seed maturity 


No 	 grazing • 
o 	 5 10 15 20 25 

CARBOHYDRATE CONTENT (PERCENT) 

, CJ 1932 CJl933 ~t934 E?f.ft~1.lI935 
L 

!'((;nn: 	IlL :-;l\~:II' :t/III -IHI'('lt ('UIIIPIII of I'f)uh alld ,tPIII-hu-l', of IlllJlllltain 
ht'lllllf' . I n:l~ :;:) :111<1 .,h"ult·1' \\ ill'lIl ~r:t" I II:l,-) IIllllpl' ~r:lI.ill!!. 

Sf 	 \I \1 \In \ \ () CO\CLl Slo\S 

Tit!' Jilldill!,(:i or 1111''';(' ..;llIdi(,,, or IIII' ~!TII\I III :llld (':II'/'oll\'(ll'n[(' 
IlUIl'ilioli of I~I() P('I'!'lllIinII':III!'(" !!:r:ISS/'S nil" two h\'lln d 11'11 I' 11l'l'h;II'('olls 
I':lllg" pl:llIls 11:lIil(' to lit,' \rns:tldl ~1{)lllIlnills ill ('('llll':lll'!nh, 1111<1,,1' 
Imllll':t! ('oll<iiliol1::; :lnd 1(llnl prol/'I,tiol1, l'Iippill,!!. nlld {'nlll!' ~rnzill~, 

• 




• 


• 


• 


• 
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11.1'1' of illlPOl'tlllH'1' Ill' il. IInHil' fol' ('OIl;;I'I'\'lItioll nWnSUl'l'H lIlId "rise 

gl':I.Zill!! UH(' 011 W('stl'l'lI 11Iolllltllili I'nll!!(' In lids, 

, .\l1lill:d gl'owtlt of tit" (llnnts is II (',n'li(' PI'(Il'('SS ill wllieh il1ll'l,\r:tis 

(If I'lipid gl'owth :dtl'l'l1l1.t(' witlt illl!'I'\':ds of d,'pl'l'ssioll in gl'owlh 1'1I1l', 

S!'II:;oll:d f111('lunlioll:; in (In'eipi!:l!ioll 1I11d tl'IIl()!'!'ntlll'" ('nIlSI' (kfillil(' 

f1ut'illlltiolls ill tl\(, growllt I':t!(', /),'pl'('ssiolls ill gl'()wth I'nU' nlso 

('oin('id,' \Iith th" lid \"('111 of f1oll'('I'S nnt! fOl'lIlntioll of fl'uit. 


Th!' :lIl1ll1nl ('y('l" il)('lud!'s ,!!rowl h of 11(,l'hll!!!', gl'OIl'1ll of I'oots, 
f10Il'('I'ilw:. nlld SI','(II1"nl'\' !!1'I1\\'11t of 11(,l'iJnu'(', Tltl' nl1l1unl IWI'''lI!!(' 
!!I'owllt I,l'gillS IlI'fo 1'(' I h':\I'11i I 1'1' SIlOII dislIP(il':lI':', Huol gl'owtlt ()('('llI'S 
ill PH"'y :'pl'ing il1l1l1!'dillll'l,\' :1/'('1' willt(,1' SIIOII disllPPl'lIl'S; lit !h" ('on
('Illsion of sltool gl'owlh; lIlId n(':11' III(' ('\o:w of till' sllow-fl'(,(, (1!'l'iod, 
:dt('l'liulill!! willt 1II'l'llIl!!(' !!l'oll'lh, S('('OIlt!III'\' 1II'l'llll!!(' !!I'owth tnkl's 
p/:t('" dUl'i'lig Ih" :tutll,,'lIl ~dll'" III(' foli:lg(' ili'I'plop"li ill 1111' spl'illg is 
"I',\'ill!!, SI1f)o[ huds 1'01'111 ill 1111' (TOWIl of till' pl:lllis "lIl'illg Ihl' 
followillg ;;",'oIHln I'," 11I'1'11I1g(' }.!,TOII' I It. TIII's(' "uds (ll'l'sist ulldt'1' t hl' 
wiulpl' SilO\\' :tilt! (>I'(ldll('(' (ltl' (,:lI'I,\' spl'ill!! Slloot", 

T"I' stonl!!!' of (,lIl'holt,'dnlll's is IIlso (,\'('lit' nlld is 1'I,I:ilt''' 10 till' 
(" ('II' uf 11111111:11 gl'Oll'tlt ill th(, 1'0 II 011' i II!! llI:illlll'l': 
. Slonlgp of {':ll'holrnlrn(I'" is nt II Illillillllllll dllrillg tlt(' (Wl'iO"l' of 

!!1'1':l!('s( !!I'(lll'til. ;"Inxillllllll SIUnl!!!' U(,,'III'S cllIrill~ til!' 1I11tlllllll 
.\llgIlSt :I'lld :-'('p\(,I11I)(.1' witlt. llt(' ,'ompl(,tioll of St:('olld:II',\' h('l'ilugl' 
!!rl)lI tit, 

1'::11'1." !!1'0\\,(!t ill t\r(, sprillg is d"(H'lIdplit IIpOIl I'l'spn"(' foods ill titl' 
pinlltS, ,\pproxilll:lt('ly 7;) ()(,I'('(,1I1 of Ill(' tol:t! (,:lrlwlt,,'r1nlt('s stol'('d 
ill tlU' IIU(IIIIIII :In' ('OIlSUIII('c\ ill till' Pl'(l,itw(ioll (d' I(l (H'I'I'(,II( of till' 
Ill'rlllt!!(· l!'1'I1\l11r. SuiJS{'qUt'111 l!'!,O\l't" is d{'()('lIliPllt IIpOIl thl' ('ul'l'pntly 
nssillliin (I·d fuods. 

I )11 ri II!! lht' lI'i II \!'I' lIlt'tniloli(' neli\'ilit's nn' gn'ntly r('(/u('('<I, H('spim
lioll III II loll' 1'1111' ('(Hllillll!'S ill IIII' li\'ill!! tissll('s tlllt! til(' Rolubl(' 
('nr!lo\!nlnllt's illl'l'(':lSI' III tltt' l'X(lI'IIS(' of til',· ilisolllhll' (,Hl'holt,nlnltl'S, 
Iligh "IlIl('('lIlrntiolis of ';lIl!'lIrS ill Iltt' hasnl org:llls :I P(>(':I I' to be 
IIss(wintpd \rilll {'old I'l'sisl:IIH'I' :llId slll'\'int!, 

SIIl'l'll:-'1' nllc! stnn'll al'l' 1111' prill('ipal ('al'hoitytinttl'R slol'(,(/, lIl'rni
('I'III1I(h(' :lPP(':lI'S 10 il" 1I1lll'c' illl(lOI'(:llIt :IS n ('I'II-\\,nll ,'ollslilll('lIt. 

'1'111' qll:llltity of ":ll'hollydnlll's stlll'l,d is l!'1'!'ul('1' ill tll(, hl'ollrllcnf 
pl:llll:: tllllll ill lit,' g-nISS('S, 1>I'O(H1rtiolls of tit!' SI'\'1'1'1I1 (':ll'hohydnlt!' 
f1':1 (' t ill liS II Iso ":11'.\' SOIl)('II'It:l I fill' I h" I II II !." P"" 0 I' plnll ts; slIgn r ('0111 ('II t 
i" "1'(':11('1' ill tit" gl'nss!'s :111<1 s(:lrt'i1 ('0111('111 is g-I'I':l!('r ill thl' "rnndll'n.f 
pl:;II(::, (':lrr,oltydnrll'-slol'ng(' 1':t!II('S \\'('1'(' Idgll!'1' ill Illoullt:lill bronl(' 
lh:lll ill slc'lIdl'l' \lIIl'nlg-l'a:'s; slIgnl' stol'ngt' ill pal'li('ul:ll' was highl'[' 
ill 1I1111llllnin hrollll', 

Tit!' I"Ill'iOllS :'."S!PIIlS of l'lippillg applil'd to IIlolullaill 1Ji'()tIH', sil'lIdl'1' 
\\'IIl't1I~I':lSS, :lllti Sli('''.'' gl'nillilllll yil'ltI"ti IIII' following 1'('slr/ls: 

""itlr 1'1'1\' ('x('ppliolls. I'o I'ng!' ,"il'ld Ill' nil plnllls dip(l,·t! (g('nl'l'all," to 
n Itl'itrlrt of I ill!'l" \I'ns 10111'1' at tit!' I'IOSI' of thl' ~tIH'" l"lIlI :II till' 
h!,gili~lillg, Tit!' l'x(,t'pliolls 1\'('1'(' pl:lllls dippl'd :Il lit;, ('IllSI' of tlte 
growing- Sl'lIS01l, t It os!' c'lippc'" t 1lI'I'I'lilll!'s durin!! thl' :'(':I,;on to :I h('iglrt 
(If" ilH'III'';, nnd ,,1('lIdl'l' \I'llI'n Igl':lSS (ll:lllt~ dipp!'d WIt('11 4 to 6 ill('lrl's 
Iti!!h. 

(':ll'hlllrydl'nt,' SIOl':lg(' of nil ('lip(lI'd pl:lIl1s, I'X('ppt till' sti('ky 
gl'l':lllilllll plnllls l'lip(lt'tI :II tltl' d()s(' of tltt' gl'(lll'illg St':l80Il, WlIS lower 
tll:1I1 thost' of 1I111'1ip(H,d plallls, 



-t-8 T~~('IJ:-;ICAC Bl'LLI~TIN SIS, l:, S, I)I~I''I', OF AGHICI'UlTnl~ 

Among eli Plwd pl:ll1 tf;, h ig-IH'f;( 1)(,1'('('ld ng'!'s of yil'ld IIl1d grNdI'''; ( • 
rnrhohydr:lll\ slnrngl' ()('('\IJTt'd ill pln!)(;.; dippl'd l':lrl,,'wlwl1 4- nlld (j 
iJlch(,:::. llidl '1I1ld at UI(' l'io:w of til(' gl'owill!! SI':lSOIl ",h('11 folia!!1' \\':15 

dry, Fo'r 1lI01l1linin ],\'01111' Hlld Skl\dl'\' will'algnl;;"; p!:llIlf; ('lip'fWd I() 
I ilH'1i ",hl'lI tilt"" first I'l'a('IH,d 4 il1l'lll's IIlld (ftoS(' l'iiPlwd :It tfte closl' 
of til(' !!l'owil1g SI'nSOII, ('HI'II()\t\'dl'a\t' 1'1'f;I'I'\'I'S :I\'l'nl!!l't! nflolll \)() :llld 
SR 1)('1'("1'11[, 1';'spC'di\'I'I,\', of lho~;p ill 'IJI('lipp(·d pl:liJts, Lo\\'('sl ('HI' 

hob,nit'lIl I' SlO\':Ig-P, Hlld g-I'I'II t ('sl ()('I'('\'II l:Ig-1' of loss ill fOI':lg-1' .\' it'll l, 
0(,(""'1'1'<1 ill phllis l'lipP('d 10 I illdl :1 ( I :'i-da,\' illll'n':iIs SI':I;;OI1 IOIlg- :l11<1 
dUl'illg- (f\(' g-I'owillg- IWl'iod:::. (lO\\'I·I'-slnll\. formatiOIl (0 s(,l'<I l'iPI'llillg-, 
TI\(· plllllts eliplwd WIIl'1I s(,('d \n'1'1' !'ip" :l\'PI':lg-I' 0111,\' (ii IWI'{'('II( of till' 
('\\11[1'01-(111\( \':lIl1l's, O(lt!'I'S ('lipped \\'111'11 sl'pd W\'I'(' ill (Ill' milk s(:q!l' 
H\'('I':l}!('d :t!loul7:\ 1)('I'\'('lIt of 111(, 1':ll'holiydl':lII' I'('SI'I'\'('S of unl'iipppd 
pIn II (S, 

Till' «lI:1l1(ilr of I'('S('I'\'(' (':1 1'''01 I.'"d 1':1 ll's ,,(ol'\'li ill 1111' I'oo(s Hlld S((,II1 
hnsl's of Ift(' plllll(;; is 1'(.(:1(1'" 10 I hI' :1111(\11111 or roli:lg-I' 1"'I';;I'1I1 dlJt'ill~ 
th(' 1I0t'11I:1I slol'lI}!I' p('riod .\IJ}!II;;t 1I11d S('ptl'lIli)('I':l1 llil';;1 lid," :11'1':1 
:lnd is 11';;';:1'; (III' illl('n'ni dl'('I'I':lSI':-; 111'(\\'1'1'11 l'lip(lill~ :I lid III(' 1I0J'J1l1l1 
SIOI':Ig-l'llI'l'iod, ('10;;1' I'l'lIlllnll Ill' 1lI'l'h:lg-t' -dippill}! to I illcltl :d :111," • 
(illl(' dlll'illg- II\(, ;;(OI':I}!!' (II'l'iod l'I,dlll'{';; Iht' (·:ll'ilolt."dl':ll(' 1'(',';('1'\'1';;, hill 
ir dOIl(':l1 I hI' I)('~illllillg- il nol IIIIly 1>I'I'\'t'lll;; 11111'111:11 ;;1 o I': Ig-I' or (':11'1111
linll':lll';; hll( :lIS(I :-;Iilllld:lll',-: n'~I'll\rlll, :11 till' I'x[)('lIdillll'(' or !'lIl'ilo
ltydl':l11' roods pn'\'illllsly "Ion'd, If IiI'l'il:I!!!' is 1'liPllI'd I':ld,\' ill III(' 
"1':1S01l \\111'11 sufli('j(,111 lilli,' ,\'1'1 1'\'1I1:li1lS 1'01' Ilt l, pl:11I1 to IIl:1k(, Ill'\\' 
g-J'IIWI h :llld 1'(Ill1pll'!l' till' 1101'111:11 g-I'(I\\ I Ii ('yell' Ilt,fon- I h(, o II";!' I or 
\\jlllt'I', 111':11'-11111'111:11 1':lI'j,ollnlr:llt' 1'1'';1'1'\ I'S :If'(' :II 1:lillt'l!. 

Silllil:11' 1'\'"lIlls \\'jlll IIII' li\O ,!!r:l';'; ,,:p('('i,''; \\('J'(' oiJl:lill!,d 1J,'o ('Iippillg' 
I wi('\' :1 lid I IIn't' [illll'S 10 H Itt·i!!ll! of I illdl dllrill!! I iiI' !!rO\\'ill!! "(':1;;011. 
Plnlll,; diPIH,d 1':lrl,\' :llId:l1 Ill: 111':11' Ihl' "lo;;t' of 1'111' ':I':lSIIIl 11I:lilll:lilll·d 
/I g-rl':1 I 1'1' P"J'('('II! (\1' rOI':lg-l' yi,,11I :llId lind g'J"':l1 1'1' (':I l'!Joltyd 1':11 l' 1'1';;('n°t's 
111:111 pl:llll": ('liPIH'd dlll'ill}! tht, IIliddlP or tll(' ";1':1':011 \\'111'11 l'I'pl'IHIIII'tioll 
\\":1'; ill p!'1I}!I'I'';;;, \\'ht'll ('nd,\' :llId 1,11l';1' ('Iippill\!;;; 1I 111'1'1' I'lippill!!,;; :II 
,i-<ln,\ illtl'IT:lis) \\"('/'1' I'('P!':I I I'd , 1'11\\1'\'('1', 1111' illlllll'di:II(' 1'(';;IIlls \\'('1'1' 

di-:lilll'l ('Iiol:lt'oll :11111 l'I,dllt'l'd 1':ll'hllll,'dnil(' ,;101'(',,' hu. willi Ill) 
1'II1'Ihl'I' ('Iippill}!s lli(, "inlllS ('lIlIlpll'II'li 111':11'-1101'111:'" ,':1 I'hollyd 1':1 1(' 
;;loJ'('s h\' IIII' I'lld of II,,· S(':I "1111 , 

\YIJ('li l'!iPlwd 1111'1'(' lillll'S \0 :I ll('i~,dll 01'1 illl'!l('S 1'1'0111 Ih,' ,:oil lillI' • 
tI\l' 111 III II I I n i II broil\(' :ll1d -:II'lId(,1' WIlI':IIg-r:l;;S plol:{ :III n i III·d :I "0\'('

:1\'l'r:l!!I' "jl,ld,; lllld ('nl'hnhnll':I\1' I'I'';I'I'\'I'S, III th" 1l101I1I1:lill hl'011l1' 
IIl1d ';1,,";1,,1' \\III':lI!!":ls~ pl:lIl1,: t'lippl,d to Illi" IlI'i\!;III 1'\'1'1'\' I [j <1:1\':'; 

durill\!; till' !!I'm\ ill\!; -:I':I:4Ull, \Ilt' (':ll'hn!J,'dl':I\I' I"'SI'I'~'I'~ :1\'I'I':I'!!!'d :I1,(ill! 
Xli (lI';'I'PIII :lIlt! 7i (11'1'1'1'111, n'':pl'I'lin'ly: or till' I'(,,;,'I'\,,'S ill Ill(,'lll\('lipPl'd 
plnnl,;, 

Of plnlll~ ('lipPl'd dlll'ilig-III!' ,!!I'Il\\'illg- SI':I,;(\II, tllo,:/, c1ipp!'tl t Wii'l' :llIrI 
\ it I't'" Ii 1111''; II "lll'l.\' t'l( ,\:II It,d lito:{" ,,' i ppl'd 'lIlt'\' ill {'n I'huhy d \,:1 \ I' 1'1':i('I'\'I''', 
Tlli,; illdil'nll''; \11:11 IIII:lnlily of ('nl'iloll."dl':ll(' I'V";('I'\'I'S ill III!' pl:llll,.; 
nt till' Plld tlr (lit' ';I':ISIIII i;; illll\l('!ll'(,d It,,;,; 11\' 1'\'('II"I·III'.\' of ('lippillg 
tl\illl IlY lill1\' 1111.1 t!('gT'·(' or I'lippill}!, \\'hl'lI c1ippillg-s \\'(,\'(' Ilwdl' bolh 
rl'/'IIU/'II!I,\' IIlId inl I'I",,'I,\' , :IS 10 :1 IIpig-II I III' \ i!lch:1\ \i)-dllY intl'I'\':il,;, 
low \,:11111''; \\'('1'1' "ill:lilll·d ill 'w(II ,'ipld IIlId t'nl'(,oll\'III':l11' 1'1',,/'n'('8, 

'1'11(, ";1'\"('1':11 ('Iippillg II'l'nlllll'JlI; or ,:! il'!,y gl'l':llli\ll11 fllmisl\l'd \'yi 
d(,/H'I' ~illlil:lr III llinl rl'llJll 1/'-:1,; 011 lilt' t\\O g-r:l""I'S, in Ih:1I pl:lll!;; 
dipPl'd III til(' ('Io;;!' of thl' ,!!I'O\\ illg- ';(':1 so II 11I:liJl\:Iillt'ti 11 greatPI' pI'n'l'lIt 

• 




• 


• 


• 


• 
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of "i('ld Ulld lIiglll'l' ('U I'i>oll"d 1':Ii I' I'I'SI'I'\'('S Ih:lll pl:llll;; ('lipPt'd dlll'ill~ 
thl: IIlllill p:l1'1 ;)1' tilt' ~I'o\\'iil~ :-i('1I;;011. 

Ht':-iults ohtllill(,d 1'1'0111 (':It til' !!'I'IIi'.ill!.!; ('10';,,'" I'l'HI'IIt1,jl'd 1110';(' 1'1'0111 
('OIlIPIII':lhl<, ('Iippill~ I 1'l':I I 111('11 I,;,' TllI.:sl'lI,;nll:il (1'1'1111 of ('urhohydl':l\l' 
!'l'';('I'''(''; 1I11dl'1' !'I'P('1I11,d ~I'IIi1illg \\':lS 1II:1l'k('III," hplo\\' lhal or I hI' 1111
~I':li\pd plnll\';. IIl1d III Ihl' I'lld or (ill' ';1':1';011 (Odllhl'l' Ill) thl' (01:11 
1'('8('IT1'8 for 1I1001l1l:lill hl'OlIlI' nlld ,;11'11(11'1' will'll!gnl';'; :1 III0 II II \l,d 10 
nlHlul (Hi )\1'1'('1'111 :llId iO 1)('1'("'111 or till' 1'1'';('1'\',''; i'll ulIgl':liI('d pl:III(S, 
l'lItil'l' IlIod('nIt!' ,,;p:I,;oll-ll1ng !.!;I':lilill!.!; I:{ (n I ill('hl's rl'lHII IlIid-.lulI(' In 
llIid-~('pt!'lllh(,I') dlll'ill~ U;,,' ,I-,\'(,:il' p"l'iod I \1:';:2 :~;J, 1':ll'holl,\'dnlll' 
1'1''';('1'\'1''; of 1l111IlIlI:lill hl'OlllI' :1\'l'l'n~l'd ni>oll( ,')n p('n'I'II( or thos\, ill 
1I11g:nlill'ti plllll(;;, I\'h"I'I'II'; 1I11l1,,1' III(HI"I':lI(' g:l'nilill g :11'11'1' ';l'l'd I1lHIUl'il,V 
thl'" :l"I'I':lgl,d IIhllll( SX PI'I'('('III. ~illlillll' (1'1'111111"111'; of :-dI'll d1'1' ",111'11[
g-I'n,;,.; yil,ldl'd iO PI'I'('I'l1t :llId Xii 1'1'1'('1'111, I'('SPI'I'( in·I,\', in (,lIl'hoh,nll':lte 
1'1'';1'1'\,('';, 

From thl''';I' 1'1';;1111;; 1111' i'ollollillg "()II('IIIHilln;; :11'1' dl':lllll ",ith I'l'sppd 
to PI'OIH'I' ';p:I';OIl 1111(1 il1fl'lI;;ily or ~r:lilillg Oil hi~h IIlllUIII:lill ';11/11 IIIPI' 
rHlIgl'''; in (h(' \\'1',;1. ';IIPIHII'(illg ,;t:llld,; or IIIUIIII\.:lin 111'01111', ,;ll'lIdt'1' 
",I!('nlgl':l';';, :lnd ,;1 i('k," gl'l'lIl1illll1 pllIlIl;;: 

I, ,\It I10 IH.!;! 1 PI'I'';(,III'I' or ';1101\' :I lid ill II 11\'1\('1' of olhl'l' :111\'(,1'';(' ('Iilll:llil' 
1,Il'llll'nl,; I\llIk(· i( 1I1'('I'';';:II,\, (0 uliliill' higll 1I1011/11:lin I'nll!.!;I''; dUl'il1!.!; till' 
';UIIIIII,'I' ";I'n';ol1 11'111.'11 I hI" plnnl,; IIi'(' gl:o\\'illg :llId pl'odl'l('illg hl'l'il:lg'I', 
-:U('IJ gl'll iii II!.!' ::llotlld 11(' so c'olll'dillllll,d lI"ilh (iiI' ('l'i(il'lll !.!To\\'th :llld 
d(,'l'loplIlI'lilnl ,;Ing(',; or tlil' pl'illC'ip:l1 !lpn'lIllilll ronlgP 'plnllls (Ii:lt 
till' pl:lllts Ill:ly n::silllil:lll' :lIId sInn' ';lIl1ic'il'lll )ll:llll rood,; to Illllilll:lill 
gl'(J\1 til :llId PI'OdUl'(' 1Il'I'II:lI!e' 1'01' i'clI'Ilg'(' ill suhsPqll('lIt ,\'1':lI'S. 

~, ('l'ili(':l1 pf'l'iod,.; ill thl' lir!' ,'ydl' 01' Ihl' pl:llll,; ::ludil'l!. :I:: 1I1(':lS' 
Ilre,d 1)\' Ihl' !':ll'holl\'dl':l11' 1'l'::('I'I"I'-: nl thl' ('lid Id' IIII' gl'oll"ill!!; ';(':1';011 
Ilild ,\'i;'ld :lIld ,'igor'pl' III(' pllllll,;, :11"1' (11 i'J'{)1ll IIm\t'1' ~I:"k r(;I'llllltioll 
to :md ilwilidilig ';('l'd I'ipl' till' :I"til(' I'c'pl'odtll'tioll ppriod; :llld (:!) 
dlll'ill)! (hI' rlll'I'p:l1'1 of 1111' 1I1l1'1I1t1l ('lll'hlJh,"dl'll(I'-';(Or:11!1' )ll'l'i(ld, ",llidl 
ill (lIc' IIlotllllnill,; or l'lnh (:lkl''; pl:l('(' dlll"illl! .\U~'\I::1 nlld ~l'pll'llIll('I', 
('lll'holiyt!l'n(p ";\{II':lgl' i,; :II :I Illillillllllll dUl'ill~' tlic' I'l'IJI'oc!llI'lion 
1)Pl'ille! :lilt! ";lIh';('((II('1l1 ,;11l1':lgl' i,; !.!;I'l'lllly J"(,e!Ul'l't! h,\' ('10';1' IIliliz:llioll 
dUl'illL!: 111:11 pl'l'ind. :\101'1'0,"1'1', I'P)lJ'()(111i'1 iOIl I(':lll:: (0 pli,,'siolol!il':l1 
ill('l'lin Ill' flllil!lI(' (8), Hild (,Io..;p 1i:l1'\"l'Slillg dUl'ill)! llii,.; p('l'iod IlPIW:II'S 
10 illfli('l 11(1(\(od illjlll'Y Oil I hi' pili III..;, .\gllill, h:II"'I',;1 illl! dllrillg' (h" 
1101"111:11 ";lol'lIg(' ppriod, )l:ll'li('liI:lI'I," nl (II!' IH'I!illllilll!, dl'ln.":: :lilt! PI'(' 
"('III,; 1101"111:11 ";(Ol':lgl', l'';ll:dl''ill';ldli('il'lIt lilllf'I'I'III:1ill'; ill (Ill' gl'U\\'illL!: 
";1':1";01\ IH,rol'(' [1i("d:III' lI"hl'II'1I11L\illllllll ";(OI':lI!" t:d'I'" plll('(' 10 :11101\ 
for ';ldlic'i"111 "('gl'mrfll :lilt! 1101'111:11 ..;tllr:l:.!f'. (;I':lilill!!; ,.;1111111<1 1)(, ,;I:ld,
I'llI'd dlll'ing Ihl''';(, pl'l'iod;.:;, 

:L I~:lrly gl':I;.:ill!!;, \\'111'11 plnlll;.:; :11'('·, to Ii illl'll(',; hi!!'h, prPlid(,d il is 
Illlt (00 1'I'I'qll!'lIt. 1I11c! gl'lIi1illg 111':11' til(' ('Iosl' or 1111' gl'()\lillg ,.;('n';OIl, 
l\'hl'lI (Il(' 1II''''':lg!' is ell',\' 01" drying, :lPIH':II' 10 1)(, I lie' ";llfN IWl'iod,; of 
U,;p if gl':Ii1illl! i,.; (0 hI' /'(',;tl'icll,d n:: (Il pl'l'iod,;. Olh(,1' 1':1('(01'';, how
""1'1', slI('h :1'; [Il!' 1I»l'oolill,!!' or pill!'!,; hy 11IIIIillg :llld lnlll:plillg by 
li"I''';!!)(''', ll"; (h(, n',;tlll or (':lI'I,\' gl'1IilIIIg' 01111"('1 :llId ';IHlII,!!'," ,;oil; 01' (h" 
1:I('k of ';lIflil'il'lIl I'o I'll !!'" :It (Ilis (ill\(' [0 IJI:tilll:lill lil'p:-:lo('k ill (hl'ift,' 
,'olldilioll, :t~ 1l1l1Iillt'li' II,\' PI'l'I'iOIl'; ill"I'~tig:ltiplI'; (1. Ill, PI'I"'('1I1 Iu'o 
I':II'/Y gl'lIi1illg' 11';(', Oil Ihp o!hpl' h:llld, 1'('dlll'l'd p:d:tt:liJili(y of Ill(' 
[ll:llll III'rllIl,!!'!' lIlId :1,,,"('1'';(' II (':lIh('I' l'Olldili(lll~ 1IIso Illilit:llp :lgllillSI 
('x(l'lId(,d 1':11/ gr:lilillg', HI',;ll'il'lioll of 11('111111 ~T1Izilll! 1)(,l'iod~ 1IIll,\' 1101 
I hpl'prol'l' I", PI':I"j i('nl,II'. 
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4. 'l'hl' kl'Y 10 pl'il!'!i('nl fllld ~oulld ('onlinll('d lIS(' of Ih(, II 11111111 I 
fOI'Hg(' ('I'OP pl'Odu('l'd Oil high \\,('SII'I'1l Illounlnill I':lIlg('S suppol'l illg 
stHnds of IllOlintnill hl'OllJ(' lIlld sl('I](II'1' whl'lItgl'Hss nplWfll'S 10 hI' 
1Il0dpl'ntl' liS!' gl'lIZillg' thl' gl'lISS<'S to lIlI n\'l'l'lIg<, IIt'ig'hl of a 10 "' 
int'hl's III niloutillolltidy intl'l'nds ol'I(,ss 1'1'('<llIl'lItly; lind Hllo\\'illg', nt 
1('lIst IWl'iodi('II11y, 1'01' t h(, sllll'kt'llinl! in I hI' illll'lI';ily of gl'lIzillg dlll'ing 
thp illtt.'lUw l'I'Pl'odlldi\'(' pel'iod :111<1 III(' fon·p:l1'1 of till' f:dl. slonl!,!'(' 
pl'l'iod. 	 ' 

:j. It is 1'('I'onlllll'IHll'd th:lt slI('h !,!'I':lzill!,!' II';!' h{' Wl:lll'd so fllIIl 110 

gi n'll port ion of I hI' 1'lIl1gl' is gl'lI z"d 11'1 IIII' ~il Jill' t illlf' 1'\'f'I'Y ,\'1'111'. 'I'll is 
pl'o\'isioll \\'ill 11110\\' 1'01' till' Jll'odJl('t iOIl of ';Pf,d IIlId t hr' I'l'sl,,'dilig of 
thl' I'tlllg'(' JlI'I'\'inusly found to Ill' 11t'I·PS;:;:,,·,\' (If), ,/i lIlld 11111.\' :11;:;0 nll\'i 
nIl' thl' 11t'1'l'ssily of ;:;Inek('nl'd !,!'I':lZilig dlll'illg' tllf' l'I'ilif'ld IH'l'iods or 
plnllt 1!J'()\\,th. 
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