
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




28 2 5 2 5~~~ 11111 ~~J 1111/2811111 . 11111 .B'" =1.0 1.0 '1'..-:.1

b Illil~~ g~ 111112,~ .2 
u~~~ tl~Jb. ~F13 6,- "lIr;;, I';' iI~ 

i- I-
~g 2.01- I;. 

II 
... I
t.. ~ ... ~1.1 ...... ~ L. ... ~111.1 

111111.8 IIIIIJ8 

111111.25 111111.4 11111 
1

• 
6 11111,·25 111111.4 111111.6 

MICROCOPY RESOLUTION TESl Cf-IAHI MICROCOPY RlSOLUTION TLSI CHARl 

http:111111.25


, .-


TECIlXICAI, Bl'LI,ETIN No. 598 [Alil"AIW 1'!3R 

r~ITED STATES DEPART:\lENT OF AGRICCL'ITRE 

WASJ-U~GTO;-'<, D. C. 

THE RELATION OF GROWTH TO THE VARY

ING CARBOHYDRATE CONTENT IN 


MOUNTAIN BROME12 

13y ]~J)WAnJl C. MCCAU'['Y 3 

Inter/noul/lain Forest (1u(/ Rn/({fC R;cJ!I'r/:I/I('/l1 Station, F()re.~l Service 

GONTI~NTS 

]'ngr 
Introdnction ••••••••••.•• _._ •••••. , .•.. I (Jrnwth stages nlld till' march of the carho.
Thl' J)rolJlf.lJl1 .. ~_~ .. ~_+ ~ .. ~~~~.. 2 hydrnles-C'olltintwd.
'1'1w (lXpCrilIll'ntal flrca~ ... ~ . ., ,_ l'lower stlliks first in !'I'ldrllCl' to head;
).rethods ('lIllllo:'('(1, ......... . 
 :1 rully ou!... .... _.... ... , ...... ',

('ollection nud Prl'parntioll oC SlllllJllrs :1 Hends fully OUL to lIowl'rs'in hl,IOlll ...... . 
C1wrnicnlnnnlys(ls, ~." ~-~~~-- .. -." ., I'loll'('rs in hloulIl to sl'l'd hIlly ript' .' ••.
Growth ll1rUSllTl'IIlI. llts' 5 Sct'll Cull~' riPl' to th(, l'ud or the SIlOW·rn't'Growth stages,. ... ' .... 5 flerio(L __ ~~~_. ,~ .... ~~ .• _____ ~_~ .. ',~ .. _~_.,

('lilllnte 01 the cX)I('rlrul'n(nlllrclI, .4 
GrowLh "lid "lIrhlJh~'drntl\ storngl' ... "' ...... .Air t(\mJlllrat.ur~sT _ 1"'I'ho h'Towth made from ~t(jn'd foud .... , HiRoil tcmperntun's. _.~ IlIdepOllll(mt growth nlld yll'I!L.. _...... .. I.])r(lCiJ1itlltioll~ __ ._~. ___ ."~_ .., _. . .. ~rht\ stora~tu of carl)ohydrntcs_ . ., .. __ ~>.. ~ ~ I,

~'emll('ratlln' relntions or thl' h'Tllwth Tllo rtlst pl'rio(i. __ .... _.. __p _ ~ ... __ ~_~ ....... ~" _
.. ____ ~ i!Jslngos. _. _.. ~_~.~ .... 4 •• _____ • _~ ___ .. S Apillieution of fl'sultS to rango mUllagclIHHlt_ ~ 20Growth stnges nnd thl' 1II11reh of tllL1 cllrho· ltlln~(' grllsst,\s nrc living ()r~l1I1iSII'JS_ ... ~ .. ~._ ~oh~t(lTnte:-; _. _ .. ~~ __ .• _._~ .. 10 l\lodmIto gmzing essentiaL............ .. 20
'1'Iw nnnuni ~rowt,h (·yell' ____ ~ ___ _ 10 ]),'fcrrl'd nnd rOlntioll grllzlllg illlportnnL. 2JOrowth llrior to 5110\\" disllPJlt.!arnnl'(' , 10 SUlllmury.................................. .. 21
SI!OW l!isnJlI)l~lrull('C to 1l0ll'l'r Slalks first 12/.L.ill'TIllUre eited ...._..........__ ............ . 23
III evldcucc_'" ___ .. _.. ____ ............ ~ ........ ~~ 


lNTRODUCTION 

)'lountain rn.nge lands fUl'llish abundant and yuried fOl'l1ge for lin' 
stock. Although brol1,d-lell:Ycd plnn ts of these lands 11m yaluablc for 
grazing, percllnial grnsses, because of Jflyorn.ble growt.h habits, are 
bettcl' adapted to this lise. ])I'eSl'ITH,tion of' these l'lU1ge grasscs 
depends upon the manufacture and storage of earbohydmtes by the 
pll1nt in cxcess of those consumcd ill growth. .1\.lIY system of grazing 
that pcrmits ('omplete and :fJ'('qUCllti remo\Tal of the green shoots, 
th~l'cby prCYCIl t.iug mnnufacture and storage of en.l'bohydmtcs, is 
injurious aml may result in the dcstl'uetioll of the b'TIlSS covel'. Such 

'ltccoi\'ed ror puhlicntion .Tune I,wai. 
.J Brcmw.'i CUrin(lt1l8. 'Phis rulher \'nrinhlc grnss j',lIfoi lwon rej.:'urdcd hy ~()llm holnnisls us ~·otIlPoscd of three 

5~parnte ~pecies: (I) Cliliforllill hrome (lJ, cl/rirj()l/l~), (1) big bromo (U. IIHITfli/Ulirl.,), lind (:U Plll\'fllllhus 
bi-OIne (8, pO/YUill/illS), IIlthuu~h tlleso wore fre<lllelltly Jumped tuget.her in the Forest Sen'lce'1\5 "hill 
ruqUlII',lin bromos." 

'1U'his posthumous bulletin IIppcars in n rorm (),II~'sliJ(htlymudiOllll from thnt in which ilwlIs prepared 
hl:."the Iluthor Who, us helld or the :BotlillY i)epllrllllclIL or tile Hi,'(!rside .lulIinr ('(Jlll'At', ){il'erside, ('nlif., 
\V1IS'ellgn~ed during the SlIlIlmer lIull1(hs hy Ih(l.lllh~rrlloulltllin Stlltion ill the rllpacilr oC nSSlwinte Corest. 
ecolo~ist: 'Pho chemicnl 1I11lllyscs Inl'ol\'(~(1 in lim 5lUtI~' were muun ill tho IllhorUIUr~' of the cullege undllr
I>r. l'vtcCurty's inllucdiutt~ super\·j~iOIl* 

].1107°-:18-1 



('x('/;'ssin' lise lends to l'etrog-ressiyc FU(,C'l'ssion, whiC'h mny in turn be 
followed by erosion nnd g-elH.'rnl impon'l'islnllent of the soil (19),1 

AJlDunl g-J'OWtll of fl. pel'ellnilli gl'liss is relnt(,(j to el1yironl11eutnl 
fndol's uud to speC'ifie llutl'itionnl und J'('pl'otiudin' proC'esses, Con
sicipruble l'egulfl1'ity is lllullif'esteci in th{' suC'('ession of these physiolog'
lettl pro('('sses, Initinl g-rowth of the he1'bnge in the spring 1S mncle 
nt the expense 01' the C'fLl'bohycirnte n('cullIulutiolls ston,d in the busHl 
ol'g-ans eluring the preceding- seuson, COl1<'Cntrn tion of cfi1'bollydrll t('s 
in botb herbnge nnd busnl orgn.l1S or th(, plunt is inversely relnted to 
the I'll te of herbuge growth, This 1't'1:I tionship is 11111intllinec1 through
out tIle entil'e ullnufll c:ye1(' of g-I'o\\,th, The UC'C'UllluJution of eill'bo
ltyclrnte stort's is deluye.d, thel,t'fol'E', until most of the IUllunlllel'bugf' 
gl'owth is produced (13, 20), 

Oue ('omplett' clipping of t1le hHbnge nt UIlY time during the oC'tiw 
growing period or nt the close of tbe CUl'l't'ut sem;on of growth tn.lISf'S 

dimillished cnl'holl),llt'ate ('onct'lltrntion ill the l'ent'wecl hel'bnge 
growth as well as ill the steHl blls('s und roots of the plnnt (12,13,20), 
Since cnrbohydrnte llcetllnulntion O(,(,UI'S dmil1g the dosing Vbnsc of 
the nnJlual growth eyrl(', till' nmolLnt stored in plnnts subjceted to 
(,Jjpping:is directly 1't'lnh'd to tlH' totnlll'llf nr(,:1 pn's('ut nt the bt'gin
ning of the stOl'uge p('riod (13), 

Pl'('yiolls Iood-storng" studies of grnssps hnyt' I)(\('n Inl'g('l~' COnfil1l'(l 
10 the growth interYllllwtwcen snow disnppenJ'HJlCC find 'ripening flnel 
disst'minntion of tlw fl'uit, On Jllolll1t.nin l'ong('S nnnuni gro,,:th of 
n gnlss has b('en considered to tnke pln('e during the pt'riod from snow 
disnppeUl'Ullee in the spring to its l'eH.ppeHrnn('e in the nut,unm, 
Howe\'el', the c'urhohyd rH to C'onceutrntion in the bnsnl organs of 
mountain bronw (BrO'lYl'lMI carinatus) und oth('1' gTllSS(,S is Ht the mini
mum ]('y(,] at tllP oub:;et of tb l ,,;now-free p(wiocl,' suggesting the O(,C'lll'

1'('11('(' of in('ipiell t growth stnge's pl'ior to Inelting of tIl(' snow in thc> 
spl'ing', FUl'th<'!'!1lol'<', lllilintenuIl(,(, of thE> !lilti\'(- l'ililge gl'fisses 1)['('
slIpposes grm:ing use ill ngl'N'ment with thpi!' llutl'itionnll'eCjuil'emonts, 
'f11('I'eI'OI'e, udditionnl inl'Ol'l11::itioll ('ol1('('rning t.he b('huyiol' 01' tlH' 
(,I1l'bohycll'l1tfl fl'l1dions throughout th(:' Olllllllli growth (',Yc]t' of im
pOl'tant rnugp gl'nssps :is 11('l'{h'd, llS wpH as uC(,lIrnt(\ del('I'minntion of 
('l1pj I' llll t t'itiollul :Illd food-stol'Hgl' l'(\sponses under clofinih' systems 
of ;l!TH:r.ing 1IS(', 

THE PROBLEM 

'I'll(' oh,i('d or till' Pl'PS(\l1t study wns to (\e(el'lllinp for mountain 
1>1'0111e (fig, 1), fill impoJ'tunt f(II'nge plllilt ('01l1lnOn to n lurge part of 
w('sU'l'll Jlloun tnin I'n ng('s, til(' following husie :in fOl'llla tion llPC'PSSnl'Y ill 
the d('YelopnH'nt 01' ])1'0])('1' gl'u:r.ing prnv:il'Ps for mOUll tnin rnngo Innds: 

1, TIle dlfl.l':'d('I' of g'ro\\"th. . 
~, The nnnllHl IllHl'eh and uut lIml1 nnd \\'int!'l' hl'iluyiol' or ('ul'ho

Iw(ll'!\tps, / 
';{. 'fhl' !,(ll:ltiOlI 1)('(\\'{,PI1 tilelJlul'('il of ('lll'lJo!lydrut('s ami nnI1111l1 

gl'(l\dh, 
'l'HB EXPERIMENTAL AREA 

Tilp l'xpPt'inH'ntnllll'en. is lo('u,ted nt the On'Ht Bilsin bl'llIlCh of the 
TnteJ'llIolJntnin ]i'OI'Pst nne! Rnngr Expprimt'ut Stlltioll in EphJ'llim 
('nI1Y011, VtHl1. '1'11(' soil of tlw HI'PH, a dUl'k-C'oiOl'{·d elny lonm, of 
Jil11('StOll(' ol'igin, ('ontnins {'ol1sidl'I'nble orgnnie: mnt.tet· nne! hus n 
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good water-holding capacity. The dominant vegetation is C'hul'neter
istic of the nspen-fir type at that altitude (8,850 feet), with un undel'
story of snowbelTY (Sllmphorica1'pos o7'eopldl'U.s) and a generous 
admixture of perennial gmsses, predominantly mountain brome and 
broad-leaved herbaceous plants. 

The experiment was concluded within an enclosl.Il'e whieh was 
seeded to mountain brome in the spring of 1925. Samples of plant 

F268939 

!'!Gnu: 1.-1Ifollnloi1l hrollltl (I1rrrmu.~ ctlTi1U1/11S), II highly IllIlutuhlc runge forngu grow,. 

muteriul for food-march determinations were eollceted from an area, 
within the enelosure approximately 75 by 100 feet. 

METHODS EMPLOYED 

COLLECTION AND l'nEJ'AnATJON 0.' SAMI'LES 

Random sampling was employed nnd t!.U eollections were made 
between the JlOurs 01' 9 a. m. and 12 noon. The snmples were taken 
appro:-..-imately at lO-day intervals during fhe:' snow-fr('(', pNiocl and 
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at monthly intervals dUTing the winter. From (3 to 10 plants yielded 
a stem-base and root slLmple weighing approximately 40 g; the herbage 
from these plants generally exceeded thnt wcigllt. Samples were 
prepared by clearing the soil from the Toots with a small band brush 
and cutting the tops from the bulblike stem bases. Herbage samples 
analyzed consisted of the culme and green leaves from which all dead 
or discolored matcl'ial, and inflorescence when present, were Temoved. 
Root samples consisted of the bnlblike stem bases and root frugments, 
ranging from 1 to 10 em in length, that were not detached in har
vesting and cle!1ning. After preparation, all samples were preserved 
in 95-pereent alcohol. 

CHEMICAL ANALYSES 

After Oven drying and grinding, a 5-gram portion of each of the 
preserved sam pies was used for the complete chemical analyses. 
Each portion wal:. extmctcd with hot alcohol, nnd to the extraet was 
added a, corresponding portion of the alcohol in whieh the sample 
had been preserved. The residue remaining after the alcohol had 
been evaporn,tcd from tIns extract was dissolYed in distilled water, 
tmnsferred to a volumetric fiask, and made up to volume. After it 
had been cleared, nliquot portions of the sample were pipetted into 
two smaller volumetric flasks. One fitlSk wus made up to Yolume, 
and the reducing sugars. were determined by use of copper sulphate 
aeeording to tbe method described by Schatrer and Hartman (21). 
The sec-ond portion was hydrolyzed according to the process described 
in Off.iellll Methods (2). After neutralizing and making IIp to volume, 
the Teduction power was determined a,nd the resultant fraction re
ported as total sugars. The difference between the two determina
tions was sucrose. 

The residue remaining from the sugn,r extraction was dried in an 
elet'tl'ic oven, transferred to a ball mill, and Totatecl for 60 hours. 
Distilled water, boiling hot, was added to the fine residual powder 
and the contain~'r plaeed in a water bath at 1000 C. for one-half 
bour. After cooling, 6 cc of saliva, a few drops of toluene, and 
approximately one-tenth of a gram of sodium chloride were added, 
and the suspension was agitated for 12 hours at 370 

•. The container 
was then transferred to an incubator and maintained at that tem
perature overnight. Subsequently, the container was placed in boil
ing wn,tcr for 1 hour to aLTest the enzymic nction. The solution was 
then separated from the residue, and aliquot portions of the former 
were h:Vdrolyzecl with 2.5 C(~ of concentrnted hydrochloric acid. 
After n0utrnlizing and clem'ing, the reduction power of tIns solution 
was determined. Although this fraction is reported as starch, it 
actunlly ('ontains both true starch aud water-soluble starch. 

After being washed, tIle remnining residue wns transferred to an 
Erlenmeyer flnsk, and 2.5 cc of concentrated hydroehloric acid, 
diluted to 100 ec with distilled water, was added. The hydrolysis 
was en.1"ried out with nn I'ketrie hot phte, cnre being used to keep 
the volume constn.nt. T1le suspension wns Dnnlly diluted with dis
tilled wntl'!", neutl"ulizcd, trnnsl'elTecl to n yolumetric flnsk, llnd made 
tJ p to voluInc'. Upon filtering IIDd eJenring, the Jw[uction power was 
cletelmined, using nliquot portions or this filtrate. This fraction is 
reported as llCmieelluJose. 

http:constn.nt
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The severnl solutions of the unknown substance were cleared with 
basic lead acetate solution, and dC'leaded with disodium pbosphate. 
All determinations WE're made in duplica te, the results being rC'pol'tcd 
as reducing sugnr, based upon the ash-free clr~T "weight of the sample. 

GROW1'H MEASUREMENTS 

~laximum und aVE'rage height-growthmeaslll'ements of chech: plnnts 
were made at 5-day illterntis, and a clllllulative growth curve was 
constructed from the average measurements. The slope of the curve 
was determined by lines drawn tangent to the curve at convenient 
points. The tangents of the angh,s formed by the cOllvergence of 
these linE'S upon the X-m..is WE're computed, and rate c.urves were eOll
f'trnctf'cl from the rE'sultnnt Ynlm's (8). 

GROWTH STAGES 

The annual growth cyclC' o/: lllountnin brome illcludps foul' dE'finite 
denlopmentnl stages ul1d OfJ'C'1'8 a cOl1Yel1iellt basis for prese1lting the 
experimental dntn. These stages fire: 

1. Snow clisnppearnllce to ilowt'!' stalks first in e,·iclPl)(,C'.5 
2. Flower stnlks first in eyi·Jence to heads fully out. 
3. Heads fully out to flowers ill bloom. 
4. Flowers in bloom to seeds fully ripe. 
In 1932, the four intelTals WC'],C' , l'Psppcth·C'ly, :J,~, 20, 11, and 30 

days in lenp;tll. An udditionnl :31 dnys wns J'Pquil'Nl for tlle dissC'lllin
fition of the fl'uie 

CLIMATE OF THE EXPERIMENTAL AREA 

Tbe climate of the expprimental al'en is typicnl of that of mountnin
OllS regions. It is chnrncterized by a shOlt gJ'O\dng sC'ason with 
l'elatiyC']y llniform tempel'ntl1l'es amI by I'n'quellt frosts O('culTing 
dlll'ing the enrly and lnte snow-free l)eriod. 

AIR TEMI'EItATUItES 

Extreme tel11IWl'atll1'Ps are (,ol1lparatiyel~· rnl'e. In general, the 
dnil~T l11itximn Imd, minima incl'C'llse progressi,-e!y from snow disap
pC'nnmce to thC' scasonnl mnximum in .Tuly. AYel'agc daily tcmpel'H
tUl'es fire fnil'l\· unil'orm and nre crenerally a hoye 50° F. c1l1l'il1 CT the 
111on\11s of .Tulip, ,July, August, unit R('ptell1ber; this was also tJ'L~e for 
these months d tiring t he ~XI)(,J'illlpn tnl ppriod except September 1. 934 
(tnble 1). Tempel'ntuJ'C's !tnye risen ns high ns 88° dllling ,Tuly nnd 
dropped ns low ns 11 ° in S('ptpmbel' and ID o in June. 

The extrPlllP Il1tlximul11 tempera tun's l'ecordpd d ul'ing the growing 
senson of tlIP YC'Ill'S 1£131 to 1934, inclusiv(', were 88°, 83°, 84°, and 
84° F., l'especth-ely; and the extrpmp minima, 15°, ID o , 30°, fillet 25°. 

The 1n:31 cxtr'enH' tpmpPl'fI turps \\"C'I'e record high nncllow, the former 
occurring on .Tuly 23 IlncL 24, the luttC'I' Oil !\'lay 21, 27 dn~Ts nfter snow 
disnppeaJ'ancE'. 

& 'FIOWPf stnlks W('r(l ('UllsJdl'fl'<! 10 lie il1l\\"itiNll't' wllt'n f\ slight swcIliu/!, l'nust'd b~l tlwiuf)off'sl'l'l1.t'l', l'01111l 
J,t· 'IN..~t~d hy <lm\\ in~ Ihl' Ihu11111 Itlllillngl'r "'"N til(' Stlrrnl'l' Of til" IIPPl'[most l~,\rslH'ath. 
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TABLE l.-j)fonthly '/IIoan '/II (/:t:l:'1/1. 11 III, mean mini'lllll 'Ill" anrZ mean air tempcralllJ'e,~ 
during the growing seasons oj' 193,2 Lo 1934, inclusive, Bphraim Canyon, naft 

1934 

:Month lI;n-X'-I'\'-~\-I-III-i''II'-~-I"l"- -lI-rn-x;-.)'111;111. ; lIr . lIfnXi'j' Milll'!-:I-"
111ll1B I mUJII ; .\' u n IlIum mum Ir eUIl .IlIUUI mum ~,(lnn 

---------- ------ ------ ~-,'--- ..--...-
OF, o Jf" °P. OJ.', 01", 0 Jf', 01'\ OF. "J:. 

1\fny................. __ .... .. 5.1. ; 3t.:! 4a,4 47.8 24.7 :l1l.3 02.2 nl ,111.1\ 
June....................... nll.2 as.o 51. H 71.7 42.4 57. () 02.7 a7.iI W.I

n.l 46.2 51l, n in. 7 ,1\),4 (;2. (j 70.8 48,4 02.0l~~~,isC::::::::::::::: :::. 71.2 ·1<\,8 fJo.O 72.:1 42. a 57. a 72.2 40.2 liU,2 
Septemhor..... _ .... _ .. . 1iI1. 5 :li.l 51.S fiR. :1 '10.1 54.2 fl2, (j 30\.4 -Is. 5 
October................. .. fIO•.'i 25.2 :l7.8 .18.11 32.0\ I 45. Ii 55.8 30.2 4:!. I) 

FTOStS hn,ve occurred during nllmonths. l(illing frosts may oectll' 
when the minimum temperature declines to 26° F" wJlereas light 
frosts may result between 27° and 32°, inclusive. Records for a 
decade, 1925-34 (18), SllOW that an average of 3.4 killing frosts and 
7.1 light frosts oeel11' anmislly during the first growth stage, "snow 
disappearance" to "flower stnlks first in (widence"; whereas dUl'ing 
the 3 years of the study an averfige of 2,3 killing frosts and 8.7 light 
frosts occl1lTC'd. The J'cmainder of tll(' growth stages during the 
experimenttll period were hee from frost except i'or three light frosts 
during the second gl'owth stage in 1934. 

SOIL l'EMl'EItATUItES 

Ap, shown in tnhle 2, tempern.tuT<'s of the soil nt. a, depth oj 6 inc1ws 
show greater variation than those .H t depths of 12 or 24 illehes, the 
nenr-surface tempern,t.ures being mOTe closely rela,ted to HiI' tempera
t.ures. The surJnce byer warms up following snow melt ill the spring 
and jf sufficient soill1loisture is present, freezes as wint,el' appI·oflches. 
]i'rost nULY occur at a, depth of R inches, ns wns noted on Jnnunry 6, 
1933. 

'Yhen removing root samples during the winter snowfall period, it 
'wns observed thnt the surJ'n.ce layer of soil remains frozen under the 
snow lmtil ahout 8 w('eks to 3 l110nths prior to snow disH,ppenrauce, 
depl'Jlding upon the (,UlTl'Ut weather ('onditions, Ht which ti1l1e melting 
tlsllully O('.('.llrs find the soil may becomc entirely f1'('c from frost while 
there is yet no snow ('o\'e)'. Complet.e thawing of the soil WHS noted in 
l'lldy Apl'i11933 uIlder no snow cover of 36 inches, and in early Fehruary 
] 934 under no snow eon'!' of 27 inches. 

Roil thawing prior to the melting of the snow may he pnrtly a J'('sult 
of hea,j; conduction from tIle deeper soil stratum i additional heat is 
released at the uppeT smJace by the absorption of the sno\\,-"ll1el t 
water. Spreading fiuorescein on the snow surfa.ce during ",nrIll 

wen liher revealed well-defined (·.hollllels and a. general dO'\'l1\\'Urcl 
vcr('oln,liion ·of wuter throughout the entire snow milSS (5). The 
grea.t1y a.ugmentedsoil-moisture supply appm'ent whell root samples 
were taken during the several winters of the study evi.denced the 
penetration of this wnter into the soil. In fad, where SIlOW coyel' is 
deep, a tl1ll1 sheet of lee mny he JOl1necl at the soil surJuce. 

http:surfa.ce
http:surJ'n.ce
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TAHLJ~ 2.-Jtl'nn 1 soil temperatures at vnTiou8 depths during lhe (Irowing ,~easml.' o! 

19812 10 1.93.j, inclu.shJc, Ephraim Canyon, ('Iflit 

~------'-'-' .•..-.-..-~--.------

'.('l'lJIp(·rat.urcs nt. dept.h indi('nlt'<1 in-

I-~--------.----·-···-·------ .......--..----! 
11l:H;\fonLh 

OF. a,... tiF. of' ~~\... oJ.', 0}o~. cI', 
43.1l 40. () :14. a :1:l.5 ,M. , M. S fil. 8 ." 1 
112. a 4R.,1 iJU.O ii:J.2 47.2 50.2 fm.8 oil. J 
flO. 2 55.·' 04. I) 00. i [.ft a Of" ~ fiJ. S t17. S 
;,8.2 fi5.S fi2. 2 [,U. fj flf;, 8 112. i (10. () ~~. ~ 
ii2. [) .S2.2 on,7 ,;5. (\ 54.2 b5.5 55. jim. 3 
4:1, I I -15.1 ·14.8 "1i.2! 4i.4' '14.0 4f>.' 4i.4 

111.2 , 15.S 30:21'!!i::!" ;~li_;I:2Im:uI-_,ILO 
I 'l'cUlperatUTl'II( H II. III. plus thllt. III r. p. 11I.liil'id(·d hr 2. 

I'ItECII'I'J'A'I'ION 

~fenn annun,l precipitation for the aTC'fl, fOT the period 1914-33 totals 
29.48 inches, n.nd n,s shown in the following tn.bulntion most of the 
precipitation fitl1s during the wintcl' months (O('t. 1 to ~:fn.y 1): 

17/('//(" 11I .."r".Jalluary___________________ ,. __ Attgttst. __ ,_ .... ___ ._. _________ • 1. SO3.1.5Fel>ruary _______ • _ _ ______ _ 2. H.5 ScritCIIII)C1'. ._. - ... _. __ __ ____ _ _ 1. 5tl 
:\'Iarch___ . ____ • ______________ _ O(:tulll'r _______ . __________ ._. 1.!J2 
.-\ Pri L __ .. _____________ .. ______ _ 4.11 

No\·oml)('r. __________________ • 2.10l\lay_________________________ _ 3. M 
DccC'lIl bel' - ... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3.2U2. 44JUIlC_________________________ • 

. H.5,J ttly ________________________ .. 1. 81 TotallLllllttILL. _______ .. 2(1.4H 

Total precipitation :from lvfay t.o Octol)('r during 1932, ] 933, and 
1934, as shown in tnJ)le 3, n,vprn.g('(l less thn.Tl onc-third of the HlUlllnl 
totn.J. Preeipitntion from snow clisnppenl'lmee to seeds l'ipe for thest' 
snme yon,rs was 4,48,3.04, nnd 4.13 inches, respeetivt'ly. Snowstorms 
hn,vo oecUJTed in PYPl'y month of the year; they are frequent in ]:)te 
:\:fay and usunl in St'ptpmbpJ'. Short summer thunderstorms nnd 0(,

('nsionnJly hailstorms pl't'vn:il during the snow-free pt'riod, nlthollgh 
rains mil,}, ('ontiuue for ll. w('('k d !Iring the sumll1t'r rniny St'II"OI1 in 
,July. 

TAIII,!" 3.--· .1/on/ltly 71r1'c-ilJi/alioll, .'!wn III ()elo/}('/' 1,982 ;3-J. /'7phroi/ll COl/yon,
{",,,It 

--~----~-~- - ~ -~ ------.- --~.~-~--., - .-.-.<-", 
• I I 'rolalYellr April ~IIIY ! .J11IH' ,Iuly AtI~II~~ 1. ~llptl'lTI· f O('toller (7\10)" to 
i 1I('r; j Ot'tnh,'rJ 

~~~----,-..-...,. ,-..-~ ---'!- "'--1---'
!. !J2j' 1.;,0 11.111 1 2. ·(5 2,70 1),21 I. I. 11 - ~ ,~
!l.:lU fJ. if! .():! 2,(JU l.IO .sa Loa 1 10,"2

,.1 2, CIS ,:12 t J.ia 1.42 .:!7, I./)2 j.·I~ 

" . ·--1 .... ----:;--- - ;;-u;; 
~---'--':":!-.-----'-- -_.,-_....._-..... 
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TEMI'ERATUUE UEI,ATIONS 0.' THE GltOWTH STAGES 

).Iaximum and minimum nil' tE'mpemtll1'('s that o('.(,lIlT<.'cl during the 
seyernl growth stngos ·01 the p'lnnt in the ('ourse of tilC study n1'e ('om
pnred with the IO-yen.r menn re('onl~ in figllTe 2. As shmnl in this 

80 

/75 1--- ""7'""-1-'-' ................. ---- --.~ ~ 
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.v------I-~~ ......... 
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/ ;:......-~ v,·/i v· ........ 

~ --, ......

40 --.'f,/ 
f..--"-d --

F-"'"/ 
.B V 

?-O 
SNOW - TO- rLOWER STAlt<.S-TO -HEADS fULLY_TO __ FLOWERS IN_TO_SEEO FULLY 

C!SAPPEARANCE FIRST IN EVIDENCE OUT BLOOM RIPE 

--- STAGE 1->- -- STAGE 2. -- "'- STAGE ;; ----- - STAGE 4-.-

MEAN 1925 - 34 -- - - SEASON 1933 

- - - SEASON 1932 - •• - SEASON 1934 

FJf,t m;2.- :'fenn mnxillllllli U) nnlln1!'un IIlillimu1l1 (Ul nir Il't11ll\'rulllrE'< fur llI:l~, I\!:lS, ami !!la·l. nntl 
In'Pf'1J!£l JJlItxbJlu1Jl flud luhlimuUl mr lPmp(,I',IltllfIIS for liw p{lrind W2r;-34, In r{llntion to Hw ttW'filtW d('\'(lt
opu,routul ~tn~l'!\" or moulltain hrOlllt"li. • 

figUT(" Hlltxinlllln Hlld minimum t.('mppl'ntu['('R during t.he sl'Y('rill 
gl'owllt stng('s in 19:32 nppTo!lciwd the 10-),('111' llH'iUl while the km
pt:'l'nturC's during tliC' growth stngps 01' 19;33 WPJ'P nb!)\'{' nY('1'nge for flll 
stngC's iLll(l thos(' 1'01' 1934 Wl'1'('. Iwlow ('x('('pt for the fiTst HIld lust 
stnW·s. Thus, yl'!lrs of 11('tn:-flV('rnge, abOye-fiYl'!'ngl', and Iwlow



!"" 
r------ ---.------r-~ 

?, Deep snow (10 inches plus) __ __ < //>, 

I /Spolty snow cover __ __ __ " /' G6f ,/I :>f ~Snow oppeors ______ .__ _~..::..__,/., / /,/ c:: 
....Seed disseminoled ___ -,. __J/;,-" 
c 

_.....::,:/1__ . "" ~ t;Seed being disse.minoled -- II / / ::= 
Seed ripe______________ ,f/'/ . ::

>, 
.-. 

.--,-~~
Shoot and root growth rebeginning n~l/ iii' I I I I I 

oSeed in dough ___________ ! /' y. 
H 

Seed in succulenl stage --- / 1/,~ 
~ 
;,:; 

Flowers in bloom_______ I Jill I I I I I 
~ 

gHeads fully out ----------- ". / I 
....Heods begin to show ------- ,:/ ;:'1;: --><--1932 ...... 
C 
GFlower stalks in evidence -- --- _-;,~/ I --0--1933 Y. 

d· L~~Snow Isoppeoronce ---- /' I __ ----/1 -----,;-----1934 -
H 
:;.. 

, v,/
Rool growth begins ____ -- _--:V-oy ---0---1935 - ~ 

4--./-- ::.:--. / ,-Shool growth begins ____ --
~ 

o-,/.. /Frosl oul ofground ______ -¥ __ .... 
.-.Snow cover ________ __ .::c:":'~--I 

JAN. I FEB. 1 MAR.\ APR 1 MAY 1 JUNEt JULY t AUG.! SEPT.l OCT. I NOV. I OECI JAN.I 

l·'Jnl:HR 3.~AlJuual growth :-.l:1!!l'i:-- of tIlollutain hrlllllt'. 1'~Jlltrailll (':.1I1YOU, \·l:lh, w:t!-a:t.. 
-c 
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tlvernge tempern.tures (lll1'ing tite growth stnges of tit(· plnnt O('C'ul'l'pd 
in the course oj' the study. 

The vnrintions in tt'll1l)emtllre during the growth stnges W('1'(1 l'e
fi('cted in the length of the netin' gl'Owth period of the plnnt. 111 
1932, whell tempemt.ures npPl'oll('hecl the menu, the length of tile 
growth intervt11 bet\n'(lIl snow disiLppenr/l.ll('e nnd seeds )'ipe wus 9-1: 
dnys. The length of the growth, period in 1933 WI,lS 81 dnys with 
temperntures n.bove the men,ll, nod In 1934, lOG clu,ys wIth 1;empel'aturp::;
below the menno 

The prevniling t(,lllp('rntlll'es dlll'illg the gl'owth stnges of the plfl.Jl t 
nrc nlso l'('f1ect('d in the 1(,lIgth of til(, gr'owth stnges. The growth 
stag<' "SIlOW disapp('nl'fl1lcr" to "flow('!' stnlks first in evidence" ill 
19B3 was 11 dnys short!'!' tlwn the slime p('l'iod ill 1032, as the result 
of higll<:'l'-thnn-t1ycrng'c tenll)('mtu['('s. On the oth('1' hnnd, the growth 
stnge "1Iow{'1' stnlks first.; in evid('n('('" to "IH.'llds full~r out" in 10;H WII;'! 

1:3 dllYs 101Ig(,I' tllHn thr saJll(' pt'l'iod in Ina2, ns thp !'('stIlt of lower-tllfln
nyprnge tCl11Jwrnt1lTps (fig. 8). 

GROWTH STAGES AND THE MARCH 01<' THE CARBOHYDRATES 

'I'I-m ANNUAl, GlW\\,TH cyel,," 

A1l11llnl growth or HlOlilltnill hrOlllP is ey('li(' in nntul'{" mdng in pnrt 
to atmospit('l'ie t(l111IH'l'HtUI'('S nllt! ill pnrt to the plnnt's repl'oduetiw' 
l)]'o('rssps (fig. 4), Thp growl h <'ycl(' illdudps C'lll'l'Cllt seasonnl growth 
of hcrbngp, sPC'ondnl'Y hl'I'bngp growth, nnd root growth. CUITpnt 
spnsonnJ growth ine1ud('s growth mndp priM to snow disnpppnrnIHol' 
nnd the Y('gl'tntin' sh()ois which Pl'OtillCp j hc flow('l' slnlks, Sccont!nry 
hprbngc growth C'ollsists of shoots whieh nrisp 1'1'0111 buds situntcd fit 
th(' hnse of tIll' st(,111S or ('.t11·I'C'llt S(,HSOllflL growth. Hoot growth 
111('lu(I('s til(' n(/\'Plltitious roots which grow from thc plant crown nnd 
spring from (itt' I.HHM1IllO<lps or thp stPl11. 

GIIOW'I'" PllIOH '1'0 s;-;ow IlISAPI'EA!tANCE 

, Jnitinl growth oj' 1l10nntnill hl'Oll1(' O('CUI'S SOIlH' 4.:') to ~O dnys prior 
to sprillg SllOW IIIplt Hlld is uSllally ('ollfinp<! to HlP pl'Oc1uetion of lellYl':" 
nlthough Toot growth nlso IIlH.," O(,CUI'. III In;:;:1 neth'c shoot growth 
",ns !lotNI on April lR 1II1d('[' n snow {'OYC]' of a,4. 111('hes (fig, 3). Al
though thp SIIOW d('pth in('I'pHSl'd to 54 il1('h(,8 ill Mny, th{' shoot:" 
111('11 Ilwhi1(' nttnil1(,(/ n. heigh t or (j ('m.. Gl'Owth of ndY(ln titious roots 
WII8 dis('('rnihlp on 1\1 n~~ ] 3; WltplI thp snow disnppcnl'('d on ~rllne 2 
til<,y -W(,I'(\ 4 ('111 long'. During In:~4 nlld 1935, 11{'W shoot gl'owth begnll 
nV1)roximntC']y ]<'('brt1nr~T l' nllt! li'plmlnJ'y 27, l"('sJ)(lciiy('ly; root 
growth wns ObSl'ITNI on Apl'i1 5 nnd April 21, respcctiy<>l~'; whi1(' thp 
dn tps or snow disnpppnrnl1('p WPI'C' April]!) find MilY 28. Ask('nns,\" (1) 
rnnd(' ('ompnrnhlr 01>5(,1'\'nt10n5 showing thnt sweet chel'ry buds ill
('I'l'f1sNI in siz(' during the )'{'st p('riod. Rimoll (f32), on the other hnnd, 
J'('pol'ted thnt mUIlY tl'(,(,S ]ltociuC'(' ]'oots during the most int{,lIsp rest 
ppl'iod of th('il' buds. 

Tilp cOllct'ntl'utioll of til(' ellJ'holtydl'ut{'s in the herbngp dm.ing this 
pNiod wus nL n mnximum (fig, 5), while t11(' ('ol'l'('sponding vnlnes in 
the )'oots Hlld slNns npPI'ofl('hed tite minimulll (fig. 4). TIl{' concen
tl"fltion oj' HIP SligHI' nnel stlll'('h j'l'fldions ill til(' ptinln tpd shoots eol
ket{'c1 ut snow disnpPNII'flI]('(' in HI:32 nlld in 1!):~4 wns ] 7,R4 llIHI 18.0,1 
J)t'l'c(,llt, respectivt'J.v (tnbl(' 4), whik· the ('ombinpd SligHI' find stnl'{'h 
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yuIlIes in nC'wIy dpveloped shoots collected 011 ~lur{'h 30, H)~~5, 59 
days prior to snow clisnppearance, were IS.13 pprcent. Comparison 
of these values with the concentrations of tlH' combined sugar ami 
starch vnlues in the. herbage thTonghout the snow-free period in 19~~2 
(fig. 5) idel1tifi('~ tiWl1l as the mnximUIll vulues. The combined sugnr 
and stnrch i1'l1~ttons in the stelll bases n.nd roots nt snow disappearancl' 
in the ~'('al's 1932 to 1935, inrl11siw, WC'I'C' 3.70, n.77, 8.01, and 4.11 
1)(>1't'C'nt, ]'C'specth~C'ly (tnble 5), whC'l'('us the mnximulll slOI'C's of these 
cUl'hohydrntes dUl'ing tbt, nntnmn in the snmp )'('1\1'" wpre 21.11, 
16.41), nml 18.00 ]Wl'C'(lllt, l'PspC'<'tin-ly. Tltp c'oll('Plltrntion of the 
hpll1iC'plluIose inc'l'C'ased in the busHl orgHIH; prior to Sl10W disnp
prHr:lJH'e. 

TAlll.}: 4.-' ~ ('(ll'lwitlllil'u/(' fmc/ions in '/1/1)1/ II/Ilin bronle her/Jage srIl1l7J7(',~ col/ec/ed (I( or 
prior 10 NIl()lI' tliNllPfJf'(lI'III1/'r, 1!J.'1J, 1l1.1.1, (1111/ l{},H

r--"-'--' ..'- -_._-
1 H",lucing 

Ilall' "r~Ol1l'cll()1l iltl'tll,H'lng: i:l1U'rOl'I' \ :1'<:101 f'llIr(.It! ~~~:~~~:, IIII'mil'~'J. 
,lIgorb Sll~nr" nnd ' 111111>1 

~-----\--J---l----,---... '--~.~~ --- 
. .' "J 1 l'I'fCl'lIl 1 I'trcr~/., I Pfrcellt Pacrlli 1 J'ar"1I1 1'rrr"1/1

7>111)' 1:1. IH;j~._ .. .. l\A;ln)l,l,lII.l__ .... _.. !~.illl 1.28, 1°,01 lil·soi 17.S1 IUI.~l~: 
'.113 .:.11 ,,_.\pr. 1\1, J!I:H .... , . pro III, JII:lI ........ ~ 3.\11 1.1l2, 1 1".0, 


1\1 ny ~"'I HlJ.j~ .... ~ ~ .\llIr.:IO. l!Ja;, 2.:1\1 a.O(l' 11.0:; 12.US I~. 13 ItO.; 


TA 1l1,1, ,i.-('(ll'liOhydmlr f"(ldio/J..~ in .~I!'I/l. l)(ls/'s (tw] ,.ool.~ of 1II01l1//(lin brollle (I( 
snow dL~/l71J1r(ll'/1l/ce, j[18.3-3:i 

iHt'durlng' 
DOll' or ~l1(l\\' <1is· IItr,rtucin)," ~111'r(I"(' 1\ 'I'oWI sUg-nrs, I]11·ml(.('I·

,'pp('nTllnce J)[ll~ of Coll!'I'1 lOll ~lIgllr~ I" 0 sugars ~Hnrl'h \ ~lIernSt'~ 1111n~ 1. !\I 1\1 1 _.

I stnr~l1 ! 
I I-------1--------- ---I----~ --- .--"'-)'-, .....

i'frccllt j"crrl''lll Pi'rer11! Percent I Pacrnt l'rra lit 
:1>(11), 1:1. 1(I~2.. . .MIlY [3. 1932 1.H U.22 1.:m 2.34 t 3.70 21. O~~ ~ ~ 

lllf)JUIW 1, 1!,a,:L .1Ulll' 2, III:!:!, 2.07 3. ~\I 2.8K 1 n. ij 2:1.11 
{APr. 1f1, II):!·\' .. :1 I.Hi 2.2·' 4. II 3.110 So 01 21. if! 

J) q-Apr. HI. 1\1:14 Apr. 211, 1!I:l4. " -,,·1 ....... f . ron 2.II:l 2.5~ 5.-li 2~tG2 
1\IIIY 4. 1\1:14 .. 1 2.07 • O~ 2. ifi 2.11, ·LUI 2a.fifi 

1\rn~~ 1'-1l 111:1:"; )'\II\~' 2S. war. I .8S .·j2 1.30 ::, 'I. 4. 11 ! 22.2.i 
I 

Tltc' rntc of herbage growth nft<'l' snow disnppenrnnc'e nnd until 
(\O\\'PI' stnlks nrc first in C\'idenre bpgins to show murked f1uetuntion, 
nftpI' whirh the gl'Owth Tnte is l'Pturded and ihc growth CUlye dpclines. 
This deC'lille is followp<i by II sP('on<inry Tis(l of highpl' mngnitude f01
10\\'('<1 in turn by nnothel' retnrdntion. During this growth stnge in 
In:~2, l'('lntiy('ly ]0'\' flbnosphl'rie teJ11jlel'nttn'('s pl'evailpd nnd irpquent. 
{1'ostS oerUl'l'Nl; WhPI'PHS during the snme period in 1033 tempPl'ftturps 
We'l'(' higlt('l' nlld there wpre no killing fl'osb;. Tn 1934, fl'Osts of all 
kinds WPI'O 1'0\\' but tlte tempernt.ure level resemblNl thnt of 1932. 
SH('h tpJll]Jer·nt\ll'('. rhnl'nett'rlf'ti('s WPTe l'pllp('wd in the gl'tlwth of tht' 
11("'hnge (fig. 4). 

('oi"ll('idrnt wiUI the pedods of nC'('C'h'rfttion lind l'c'tilJ'(lntion of til(' 
Tntoe of h('!'hnge growth during this period, pronounC'ed flu('tuntions in 
the \'oJ)ecntl'atioll of the s('.\'C'rnl cnl'bohydrntc fl'netiolls in the hel'bng(' 
orcUlTC'd (fig. 5). Although the sU('l'ose vnlues w('J'e high nt snow 
disnppeHl'fUleC'J this frn('.tion wus reduced to the sensonnl millimum 

http:f'llIr(.It


during the fiI's/: 10 days of the snow-free period, .Also, as the result 
of nccelerntion in herbng(~ growth, the seasonnl maximullI. diminu
tions of these severnl fl'UC'tions oC'cul'I'('(l in the stem bases and roots 
dul'ing this Sllmo period, nlthough the hel11irpllulosp frnction eontinll('d 
to inel'l.'llse (fig, ()), 

' .... _-OL-__~-~~-~-~-~-~-~=-=-~-~-~-~-~~~~__~~~______~ 
4~-------r-------r-------.--------r-------·~------, 

~ 
RATE OF 
~ HERBAGE GROWTH 


h. 

~ 2~------+-----~+-.r+---+-------~------~----~ 
~ 
~ 
~ ______ ______-L______ ________ ______ ______O~ ~ ~ ~ ~ ~ 

MAY1 JUNE 1 JULY AUG.1 SEPT,1 OCT.! NOV.! 

Combined fractions, I - Snow Disappearance To flower Stalks first In 
Reducing Sugars, Evidence, 
Sucrose And Starch 2 - flower Stalks first In Evidence To Heads Fully Oul 

--- Reducing Sugars 
3-Heads Fully Oul To Ftowers In Bloom 

------ Sucrose 
4 - Flowers In Bloom To Seeds Fully Ripe.---- Starch 
5 - Seed Disseminollng.------ Hemicellulose 

------ Herbage Growth 6- Seed Dissemination Compleled. 

1'111\'111, 5.-Tlw rhun~e of cnrhohYllnltl's in thl' lwrhn~e In rt'lntion (0 11111111111 ~ro\\'th of IIlllUnluin hrollil'. 
gl'hruiJll ('u11)'011 , nuh, 11132. 

The growth stnge betwC'C'll the time whell Huwer stnlks lIl'e Jil'st in 
cviden('e find thnt when JWllds flrc fully out i::l ('hnrnciel'izC'd by the 
maximum gl'owth 1'[1 te of the hel'lJuge; 70 to 80 per('ent of the nillltlul 
top gl'Owth is ('ompl('i.ed by j h0 tim£' the hends £'111C'I'ge from the 
shenths, llllPid growth of the infiol'C'secn('C' lind II ('('el('1'11 (ion ill tlll' 
lengthening of tIlC' flowl'I' stHlks nlso ('lulI'lIC'tC'riz(l this internd, 
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A nml'ked dedine in the f'.tnr('h hart,ion and 11 lesser cledine in i,he 
reducing sugnt's were illunedint<.'ly J'e£lected in the herbnge as the 
result of the uccel\,\,u ted growth of the Yegctl1,th'e r!wots. The simul
taneous increase of hemicellulose in the h(wbage, however', was n,ppJ'ox
imntely equnl to the loss of the combined sugnl' und stlll'eh valtleH, 
nnd the sucrose fl'twtion continued at the minimum leycl. 

Low concelltrutions of the sugar nnd stnt'ell fmet.ions prevaile,cl in 
the basnl ol'gnns in J 9:32; slllail in(,l'eH~eS were noted in 1933, Low 
g'l'o\\,th l'nte ('oincided with the low menn temperatures of this stnge of 
~leYelopment, in] 9:34, howeyer', and the illitiul stores of sugar lind starch 
\\'('1'(, deposited. This neemllull1 tion ('onfil'lned the results of previous 
,f,rrnss st.udicsto t.be efTeet that low 01' 'deelining cf.ll'boitydmte yu.lues 
in the basnl ol'gnns nppelll'cd dming intel'Yals ofn.coclemted gt'owth 
l'nte, 11,ud high 01' asoending YUllleS n.ceompnnied low or declining 
growth l'nte of the herbage (12, 1S, 20). 

HEAUS l'Ul.I.Y OUT '1'0 }<'I.OWlms IN m.OOM 

The gl'owth stnge ocelll'ring between the time when .hcuds lll'P fulJy 
Ollt, nnd thn t ",11('11 Jlow(,I's nI'e in bloom is UHlwlly eompleted in npprox
imntel,v 10 dnys, nnd dul'illg it both neeelcrntion Hnd clodine in the 
mte of hCl'bl:lge gl'Owth tnke pIn Ct'. 

All suglll' null stitl'e\t "uhles in both h(,l'bngc lind stem bnscs and 
roots inel'enscd while the hemicellulose fraction in t.he stem bases nnd 
J'oots decreased sharply and varied somewhu,t jn the, heJ'bnge. 

Jo'LOWlms IN m.OOl\[ '1'0 SEEIJ l'Ul.LY .lUI'E 

During the growth stnge bet\\'cen the time when f1ow(,l's were ill 
bloom nnd that when Reed were Jully l'ipc additional height gl'Owth of 
the flower stnlJ\:s 11Sllfilly follows the explillfiion of the flowel's und the 
('U1'1'ent seilsol1nl hel'bngp growth is completed before ripening of the 
fruit. New Ilch"entitiOllS roots ilud seconcllll'Y shoots were n1so 1)1'0
dueed during this growth stage. 

C'one<.'I1tration of the sugur find stnrch ynJlIefi of both hCl'buge Hnd 
st(>1\l bnses Hud roots rose during fhe ollrly pUl't of this stnge but 
decl'{'tlsed dlll'ing the Inttet' pI1l't., occnsiOlH'd by the neeelel'llt.ed uWizn
t.ion of cllrbohydt'jttes b,Y the sP('ondnry llel'bnge growth. The deeline 
in the supu' auel r-:tlll'elt ya]ues in the bnsal org!UlS oecuned subsequent 
to ;July BO, Augnst 11, nncl July 3, l'cspcetiYely, of the ;relll'S H)82, 
103;~, and 10M, Helllicellulose in both hCl'bnge nnd roots continued 
to sllow opposite renetioll t,o tlu1t. of the stnl'ehcs nnd sugars. 

SEBD ~'UI.(.\' IUI'E '1'0 THE END O~' THE SNOW.!<'ItEE I'ERIOD 

Dl'ougJlb WHy delay l'oot growth nnd scconcln,ry shoot gl'owth until 
tJH' growtJI stage (lce.uning bct,,'een the t;ime when seed liTe fully ripe 
MId t.he t:'nd of the snow-free period. But thig period is lIsu:dly 
ehnmetel'iiled by ripening of the Jl'lIj~ fl.ceom.panied by '\\"lming .yitnJity 
in t.he eUJTcmt sensollnl shoots, 1llmufestccl chiefly by the dL'ymg n.nd 
hl'owning of the :fl'ldt Rtnlks. It'o}Jo\\'ing these m'euts it GOlldition or 
11101'C OI'1eS5 ('ompleLc dOl'lnn.l1ry :is rl.'nehed. 

AdditiionnJ stlll'eh nnel SU(,I'ORO were noted llpon ti1(\ t'essll t,loll ~Jf 
"pcondnry growth; in 1932, mllximulll vn1ues eoineided ill both h(,l'bnge 
[mel hnsal orgnns. AUl1unliv tb1'oughout the experiment mnximulll 
:::;UgiU' nnd stnreh yallles in 'both lWl'hnge nnd stem bnseR lmd roots 
WCl'e deposited hrfol'c i.he pel'manont nutlUlll1ul snow1'n11. SeeonclHl'Y 
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shoots ma~1T remain green tmtil tl1e appearance of permanent snow 
coyer, resulting in some additions to the carbohydrate stores (Oct. 
22, fig. 6). The hemicellulose values usually remained low, although 
tlus fraction increased nt the end of t.he snow-free period in 1932. 

GROWTH AND CARROHYDRATE STORAGE 

THJ~ GIIOW'I'M MAIn; F1WM STOIIED FOOD 

Grow-tll lllade pre.yious to snow disappearance is ll1rgely confined to 
cell division nnd, owing to low temperatmes alld perhaps to the 
limited light intensity underneath the snow, the photosynthetic 
power of the young etioln.ted lenxes mH.y be considercd as negligible. 
However, the building of protein and protoplasm, incident. t,o meristem 
neti"dty, {mel the ditTel'(mtintion and enlltl'gefllE'nt which follows cell 
dh-ision, consume re.httively huge lLl110unts of t1le soluole carbohydrnte 
stores. 

"':'hen 1ittle growth otlwl' than the swelling of the buds WitS vet 
perceptible in 1933, the loss in the combined sugar Itnd starch fI~ac
tions, based 11 pon the l11!L).i.m um storftge values of tht'se materials 
found on September 28 of the previous autumn, IlUlounted to 56 
percent. At snow C\isl1.ppenntncc, J1Ine 2, the diminution amounted 
to 67.9 percent, wllt'rens the 1111l.xi1l111111 height growth attained on 
this dn.te wns but 6.6 pt'l'cpnt 01 the total annual increment. By 
,Tunc 21, wIlen approximately 25 percPllt of the current nnnuni ht'l'h
nge b"'owth had IH't'll made, the. stored sugHr und starch fractions 
were diminished by 81 peJ'('cnt of tJU} llln,A"imum. Losscs jj) stoJ't'd 
SUgiLl'S and stn,Tcllcs which oC('U1'rNI during n. eompl1.1·n.ble pcriod in 
1934, based upon the vnlurs Jouud SeptPlnbp,r 22, 1933, Itmounted to 
35 pcrc,cnt, at initial b",'owtb of the herhngt', 55.9 percrnt at snow 
disftppeal'nnec, and 72.0 p(I1'('e'nt wlH'I1 the minimum concentrfttion 
of these carbohydmte's was rCflcbrd, :Mu,v 14. Diminutions in the 
total stores obseryed wlien shoot growth \H'gan in the spring of 1935 
we're 40 pereent, and 77 percent n,t snow disn.ppeal'nnec. 

Thus, growth mn.de j)I'eyious to snow disn.ppeltnmec and during 
enrly sprill~, which consists of the production of herbage and nch-en
titious roots, consume's n,pproxima,tely 75 percent of the combinE'd 
sngltI' lind starch H{'cumuln.tions stored in the hnsaJ orga,lls of the 
plant during the previous fall period. Th('<:e findings ngree essen
tinIly with those of J\.orstin.n,. who, in a study of certnin ('.oni[e1's, 
detel'1nincd thn,t, the stored foods were e'xhn,ustcd during the incipient 
stages of Ci.nTent growth (10). 11ow('vel', the nmount of these cnr
hohvdrn.te stOt·cs ('onsllmed hefore snow disappem'ance appCII.rs to be 
dispI·oportionn.te to f·he amount of growth Jnn.dl', n.nd exemplifi('s the 
rnplteity of mcristemn.tic :letivity to monopolize tho avitila.ble CI1I'

bohydl'n.te supply of the plnnf... . 
The 1'('sidunJ sugu.1' Hnd still'ch fractIOns not used 1U elwly growth, 

npproxill1lt.tely 25 pe]'('('nt of the ll1!1,ximull1 stor('s of tlll'sCl loods, al'(' 
not" rdilln.rily used. How('n'r, if tlwll('rbngc growth is removed b:'o' 
clipping, nnd if 1'('n('\\"(\(1 Jlpri>nge gl'Owth follows immediately, dimi
nution of this T('sidunl in the stl'lI1 hnst's nnd roots of the plilnt l·l'SllltS. 
This WIIS demonst1'ld.l'd hy dipping two S('ri('s of plots tlm'e times, 
1 inch from the soil lin(·. The first dipping was llln.dc !I.t snow dis
fLPpC\I,rn.n('e, the seeond 5 dil.Ys In,tc'l', and the thit'd nt the t'nd of the 
second 5-day period. On the Ii fth <In.y Jollowing the third ('lipping,' 
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the basal organs of each plot were l'cllloy('(1 and analyzed, Although 
on these dates the seasonnlleyel in the undipped I)iants showed a 
diminution of 80 pereent and 81 percent, rcspcctrn:-l,r, the r('siciulli 
sugnI' and stitJ'eh viLlues in the stcm bnses and roots of the dipped 
riots W(,Te reduced to R6,8 PCl'c('.nt und 87,5 pen'('nt. In it study of 
otipa, IJlllchra, diminutions in the busal ol'gnns TPsulting from one 
dipping rnnged from 2 pereent to 56 pel'eent (20), and in Al'l'7la 
jatua the dililinution WitS proportionnl to the l'nte of growth n t HH' 
tirne of dipping (12), These results indicate that following complete 
rpIl10yal of the herbn,ge the I'Psid uul sugn I'S und stfLl'ch mH,y be lls('d to 
produce new shoots. Helice, the ]'('si<iuul cUl'bohy<il'n,tps n'pn'spnt 
an excpss or t.he stomge ftlIH'tion whieh ma,\' be complLJ'ecl to the 
chflrltcteTistie C'xet'ss oj' bioiogical fUlletiulls ill gPLlerul. 

INDI,I'EN/)EN'I' GROWTH ANI> )'IELIl 

Sinee siO]'pd eHl'hollydrn.tps rNlch n minirn um lp,T(,) prnC'tienlly n t 
snow disnpPplu'uIH'e, ns sllo\\"n in the pn',Tious spction, nllll sin('e tllf' 
mflxImum hC'igbt growth or tht' hNhnp;l' nt thnt slngp do('s lIot px('('('(1 
10 J)(']'C'('nt of til(' lotnl Hl1111WI height growth of the plHnt, it is ('lenrl~' 
('yidp)1 t tho t nOl'lllnl ('UI'I'('nt growth find ~Til'\d :ll'(' inc\('I)('ndpl1 t of 
stored sugnrs nne! stn]'C'JI('s find nrC' products of tltp ('ul'holtydmte Toods 
11Wl1ufnctuI'('(1 (,uITelltl~T in the IIPrlwgp of tile plnnt. In this Tl'SPf'C'i, 
tb('t'efol'e, Rntltutl. growth or n JWl'Pllllial gl'l1SS plnllt is C'ompn'(;.hlt' to 
til.lt or WhPHt or otbrl' nm111:11 grnssps, Pl'('Yl011'S food-mardI. stuclil's 
of grnssl's (l3, fHJ)!l eonfll'lll lhis' finding. 

'I'H~] S'I'OltAG I> O~' CAltIIOHYDltA'I'F.S 

.\s showll In" ligurp 1I illP c1wll[!'es of tilt' neid-hnlrolYl',nhk h(-ml
('P1111105t' find {)f the eornbillpd stl~nl' nnd stm'C'h fi'neti<ins nl'p morp 
01' It'ss in in\"('1'sP lll'OPOl'tlOIl. Thls hf'h:1Ylo" sllggl'sis thnt. ('nzYmnti(' 
tJ'olnsformfl lions Jrom the ltpll1icpllulos(' mil ,- Ill" lldd('d to thl~ SI!":!I' 
or to the stm'ch frtl('tions. Si!!nilknnt d('l'IlIH's in tht' eonct'l1trati;lls 
of the ll('mi('(,lIu\osp np;p;l'PgntIllg 2,;Hi, 2.SS, nnd 1.42 pC'J'{'ent WP1'(' 
ohsPl'yed \wtwel'n .Augll~t H nnd Spptemht'I' 2S, All~U;';t. 21 nnd St'p
tpmlwl' 22, and ,\UgllSt 2 Hnt! Odol)('l' 22, duriJ1~ H132, 193:3, find 
11tH, TPSlw<'ti\Tely. Till' SU~lll' Hud ",ttll'('il rrndions ill(,I'eur;Nl dll1'iIlg 
this SIlIl1(' lJPriod, 

Thnt. tilt' )wmi(,t'lIulo",t' 1I1i);; 1)(' n po"Riblp SOlll'('(' or the' It,;,;::; ('(lmpl x 
clIl'hollydl'H tPR is fUl'tlwl' :-;uJ,;gestNl h~' th(' hehu "iol' of 1 h('s(' s('nrn I 
m'ltt'rinls in UI('· busnl Oq!;HIlS ulld('l' the willt(lt' SllO'" CO,Tpl'. '{'h(' 
diminutions in th(' cornhilH·d SUg-tll' nnd stfll'ch frnl'tions, ,Tnln1flI'~- (j 
to ,lulle 2, Hn3, D('('·('mher 0, 1!):~3) to April 1(i, 10:-:14, flndD('('C'rnhc'l' 
1,1:134, to 1\IIIY 28,1$.);31),\\"('1'(' [(l.Ol, G,O, nn<l.10.ii:1 PC'I'CP/lt, ],C'S})('('
thT('\Y. Tilt, ill ('l'l',lS<'Sin the' hNniC'pUulosr durillg tht'st' int('.lTni" wp('(' 
8,11, 1,25, flnd 1.04 pel'('Pllt, Tesp('('fin'ly, Siller' eft]'hoh~Td]'nh' syn
tll('sis undpI' till' will Il'l' snow C'()n~1' wns C'n til'('ly SllSPf'IH\pd, till' nddi
tiona] hC'rni(~('llul()se ill ('neh insbuwp prohHhl~T W:lS ('ollstl'ud(l(\ from 
111:1 tC'l'iuls del'i \'eel frolll the sug-al'ft nd stnr('h fl'n('/iolls, 

OIl th(' othN hlllld, th(' hydrolytic products ['(',Htltillg fl'Olll tll(, 

dimin u tion in the hemi('pllulosl' dltrillg tite r{';';lwcti yp in tpnTHI:;, 
A ugmit 9 to Sl'ptPIl1 hPl' 2ii, H);{2, Auguf;t 21 to SI'ptelll \)PI'22, 19g:i! 
nnd Aug-u;;t 2 /oOdolwl' 22, 1n:i-l, 01' ht't\\'('('l1 til(' s(,ed-fuIlY-l'ipE' 

., Also \lIlI'IIIlU$llI'd dllll' oli.IU"'I'lml/l "IIIi/llii, .lm/mllO'/I)l1 ,lr"/J(lIil", .1./1111111. tllulllollldollll It/r.<II/n, 
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stuge, llJl(l tlle completion or the stornge P1'O('('ss, Wt'I'O in ull pl'Ob
nbility utilized in the ll1{'tnholie j'uuetiOllS of th.a plant, Although 
the quftntitics of the trn;nsfol'll1cd l'n.rhohydrate mntrl'inJs were slllnU 
in enell enge, the ])('l11icpIIulose mn~T he ('.onsidpl'rd stoJ'('d food. Eo\\,
ryrr, the sp('cd of tlH'se tl'nnsJormMiolls is nppnTrntly very slow, 
possibly so slow llS to fnil to supply suffiei('nt soluhle sugnrs to sntisfy 
the denumcl when su('h foods are being used nt a rnpid ra.te. 

,Yhen eOllsidcred in l'('ln.tioll to the nutritional rcqllir(,lllcnts of the 
plant, the relative vnlues of the hpmicellulose IlUt\. of the sugm' and 
starch frort1011$ nre b:'{ no Jl)('UIlS equaL Thc sugnI' nnd stnrch frne
tiolls fluetun.te with ('hn,ngl's in growth nC'C'('lern tiOll , whcrclls this 
relationship does ]lot obtnill in the JlCmierll11lose vnlues. },.t{oreowt', 
'when clipping is pl'nctic('(1 in suJficien t ill t;rllsity t.o de('.l'(mse sllgnr 
nnd stnrdt vu.Iues pI'onouIH'(ldly, Hie )wrnieelllllose tends to equnl, 01,' 

to ('x<.'eed, the fl1ll0unt contninecl in the eOlltroh; (J2, 18). oI'n.\)(' I' 
rt 111. (6), ill the study of a~fu1fI~" determined thnt tIle diminution in 
the sugnr und stUl'l'h mntel'lHls 1H the roots of the plant I1.t fnll dol'
Illlme}, wos proportionnl to tile frequency of (,lItting' of the top gl'o\\'tb, 
but thn.t ]10 J1H1J'kecl vnriatiolls in the hemicellulose resulted from the 
clippings. Fmtl){'J'llloro, in cf'l'tllill gmss studies, plallts with gl'<.'n tly 
dimillished stores or sugar and stal'ch showed u. high mOl'tnJity dmillg 
the will tor, despi te the nbsel1eo of compnrllble dimillll tion in tile 
llemicollulose :fraetiol1,7 These fit.cts lend to the eOllclusion that the 
Rugflrs flnd stn)"ehrs (('hiefly SllCTOse find stnJ'('h) SITe the more potent 
of the stored cnrbohydrn.te foods, nnd tbnt the presence of sueh :foods 
in relatively high C'oneentrntioJ] is es[:;ontinl to wiJlt('1" sU1Ti\Tnl DS wt'll 
ns to vigorous growth during tho su('('eeding senson, COllvenwly, the 
lwhHvlol' of the lleid-liydroIYZH,hh' hemicel1 ulose sllggests thn t this 
ellrboliydrnte is employrd lnl:gel~~ itS stI'u('tlll'ill mn,t.rl'inl. 

Stol'ngc of tIle slignI' nnd stnreh fl'tlet.ions Pl'CSllllWS 111(\ synthpsis of 
these l1lutcl'inls in eX('rSs of theil' lise in the melnbolie functions of the 
plHnt, EvidellC'l' hom t.his shuly, how('\'PI', indiC'ntes utili7.ution of 
titt'sc mntcriills in l'X('PSS of their InnllufHetur(' dUl'ing inLcnnlfl of 
netiye growth. ' 

A('('Ullllllntion or :1 eonsid(,I'n hIe pOl'tion ()f OIC ('lll'hohydl'nte ston's 
(I('C'luTed during the flowel'ing s(,nge n nd tll(\ de\,ploplllcn ti of the. fl'uit 
in ] 932 nlld IH;):). During H)34, the initial nceulludutioll nppel1l'ecl 
1Ij't.(,1' the Yegetllth'c shoots wel'e fully dt'Ycloped, As hns be(ln 
lH 'cyiously shown, tllis initinllH'('UlllltilltioTl ntt.l'udcd low f!I'(Hdh Tnte, 
whidt (',oiTleide(1 with the low tt'mlwru LUI'e.s pl'cYniling b('1\\'<'en "flower 
stnlks first in eddcllCP" and the blooming stngc of ] 934, DUl'ing eneit 
yen]' of lihe. study enl'hohydrHte storage ('('nsed simu\tnneously with 
new root growth nnd s{'('ondnry slloot gl'owth; n.loss of slightly more 
thnn 2 pel'eent, }ll'inC'i PH lIy in the SlI{:l'osn n!lel stHl'dl of the ('om hillcd 
sugn r und stareh JI"Il ('1,jOIl$, reflultNI. As l'eycn led hy the. ynrin tions in 
t.he ('011 ('.entm tions of Ole sugn I' nnd stlli"ch fl'iH,tions, the st;orn~r of 
!llese muticl'inls is inltihited b.vn·w·tntiyc g'l'ow1 h, the ])I'O('('$S of widell 
lS completed nTtel' the sred mil f.t11'(·S, 

For tile purpose of discussion, the St.lll't of seed dissC'rninntion mi1.v 
be eonsiclcl'pd !IS the. dnt,e of seed. mniurity whell many fruits Ill'e. bl"Owlt, 
with WJlit~(>, finn ('IHlospel'mfl, Tile jnJlol'esc:pnee lind fT'uit stull~s I1)SO 
nrc then mntul'e, In ]!J:12, ]9::1:3, lind 1934, serc\ mntlll'ed August: JR, 
Sppt(,lIllwr ], i1l1d Augllst; n. Pel'mnn(>n Ii sllowfnlJ Clime on Oetobcr ] 8, 
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October 3], find Ortober 20. Cn.rbohyclrnte dpterminntions C'OITesponc1
ing to these dotes mny be seloc··ted from the food-mnrch sCI·ies (fig. 0). 
ill 1932, determinations were made on August 18 and Oet,ohel' 18, 
wherens the determinations mn.c1e on August 31 nnd :\'Oyembel' 2 
conespond nppro).:illlately to the dotes of seed mnturity nnd the perrnn
nent snow of 1933. By interpolntion, the combined. SU[.!:Hr and starC'h 
stores on August 6, 1934, were 13.84 vereent, and the totnl deposits of 
these mnterinls on October 22 were 18.09 pereeut.. The amounts of 
the stol~ed sllgnr and starch fl'netions on the latter dates, or fI t the time 
of the permnnent snowfall of cneh of the yeurs 1932 to 1934, inelusiYe, 
were 5.94, 5.78, and 4.25 pel'eent, respeetiyely, in exeess of the Y:llues 
found nt seed maturit;y. It is obvious, therefore, thnt eurbohy(\rotc 
neeumu}ntion is ineomplete at seed mnturity, the nutumn bcing th(' 
pcriod of storage of these mnterinls. These SCY('f'ul steps of cnl'boh~-
dmte storog'e ill the [.!:rowth cycle of rnollntnin brome conform to the 
snme geneml pattern found in fOl'l1l!'I' g'l'nss st.udies (13).8 

THI~ REST PERIOD 

The inteJ'ynl of eompnrntiye innei,iYlty wbl'n n('liYe. l)crhnge g'l'Owth 
censes begnn in Hl32 on Sept.emher 2R, when the sp('(.1 hnd been dissemi
nated and tho hcrbn[.!:e ,,'as mntllre. Comparnble int:('rYnls wel'e noted 
September 22 und September] 1; l'espeetiYcly, in ] n:);~ and 1034. At. 
this t.ime no further nclditioml were mnde to the enJ'hohyclrnte stores, 
nncl t.he insoluble foods exc(wcled the sugHr frnd.ions in coneentrntion. 
This eonc1ition e01'responcled to the nuddle rest period whi('h Johannsen 
(.9) desel'ihed ns tlle intel'yul of' complete innctiyity. Howewr, the 
physiologi('[ll netiyity in mountnin hrome does not eease· with the end 
of actiye growt.h 01' the so-en lied rest; period, which, nC'('.ordinp: to 
Simon (22), represent.s merely a rcduction in some prO('{'flseS nnd nwlli
fiCtltion in others. 

IJH'n1'inhl~r, tho ('hnl'n.('t.erist:i('nn~· low n.utllmnal tpll1pCrfl.tw·('S 
stimulu,ted enzymnti(', ndion, )'eslllting in incrcnsNI COIH'.pntrntions of 
sucrose at HIe expense or the stnreh Jrnct:ion. TIJ('sl' l'l'nctions he~nn 
nfter s('('ondnry growth, tlle mnXill1l1111 COIH'('nt:rntiolls or slierose hcing 
]'c!tehed hefore the first pC']'ll1nnent sllowrnll of the wint.cl'. The mnxi
mum GOIwC'ntrntiolls of su('.)'ose. dUTing the Hutumns or ] 0B2nnd ] 0:3:3 
l'xceecled those or the sinn'h fnldions, inclientin[.!: rdationship to til(' 
depth of the host in the soil. In the lIutUll1n or 19;i4, lIoweycr, with 
little or 110 frost in the soil, the stuT('h fl'nc.t.ion persistpd ill exeess of tlw 
SlH']'ose (,oneen trn tion throughou t the win tel'. Tl'tll1SrOJ'IlHttions from 
the insoluble to the soluble:ill the cl1rbohydl·nt.e ('onst.ituPllts of plnllts 
lire related to low temperat.ures, H('(\()]'dillg to l\liynk6 (.14), Lewis illld 
Tuttle (11), Korstian (10), H.nd o til (,I'S. l\:lUlIf'1'-Tl1111Wlll (15) ('on
eluded thnt clinstn ti(1 netioll wns stim uln.ted II ti the freezing poin t. 
Hopkins (7) showed thnt the )'nip or )'cspil'ntion incf'(1Hsecl with deeline 
in temperature from 37.40 to H2° li'. 

These b'nnsforll1atiolls or insoluhle eilrbohv<'irutes into soluble 
forms result, ill part, in till inercllsed wn,ter-hoidillg (,j),pneity. The 
plant is exposed to the desi('.('u,ting influence of low J'(~ll1,tiYC humidity 
and deficieu t soil moisture before the first perJl1tl1Wll t snow. The 
moisture eon tent of HIe. st.em bases lI,nel roots or tlH1 plant during thc 
tlutumn wns maintnined ilt :~2 to 4;' percent-, ",lIt'reus the sllilll10isturc 

, l'npu\tlislw,l dlltll Oil species listed in foolnot" 0, 
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nmged from 8 to 17 percent. It is eyen eonceh-ahle that fi, l'ehLth-ely 
bigh autumnal sap concentration affords some protection against 
excessive water loss due to the low l'elative humidity of both air and 
soil. ., 

The hardening off of tIle plant also is n:A'ected hy the increase of 
sugars during the flutUlIIll, Altbough the snow blnnket affords p1'O
tee'tion against extremely low temperatures, the formation of an ice 
sheet at the soil surface may expose tlH' young growth to j'l'eezing. 
The newly formed shoots are relatiyely high in RugaT con('entrn,tion, 
wlliC'h appeal'S to be a i'u.etor in their rrslstance to low tempemtllres. 
Chemicml nllfllys('s showed e.ll increu.se in S\lcrose in the stpm bases nnd 
roots from 0.85 pprcent on Septemher 8 to f),3 percent 011 Oetoher 18, 
] 932; inC'l'efls('s in this fradion also o('('\lI'J't'd chu'ing corresponding 
periods in 1033 n.nc1 1934, Supplemcn tnr,\- to tll<' illC'l'euse ill SlWl'ose 
before the firRt permanent sl1owJnll, m!U'kl'd dimirnltlolls ill the redu('
ing RUgUl'S cleye]opNI. In this eonneetion, Nc\don (Hi) repol'b.; that 
the pl'pC'ipitn tioll of protpins due to fl't'('zill~ is ])I'p\'('n tN\ hy th(' pres
p)1('e of sU(,1'OSe ill solution in the cell snp, Chnlldlc'r' (4.) found that 
applc !lnd ])e:1('11 hlossoms plucpcl in solutions of' sn~n]' nnd glycerin 
l)('cnme mol'C J'('sistant to ('old, while Newton nnd Bl'own (17) sho,,'ed 
thnt higher Sllgfll' cOl1ccntmtions provuilcd in the hnrdier yftl'ietips of 
",hcut. Althol1gh JW1'dulPl'ls in plnnts l1.PP(,lll'S to d(1)('nd 11])On !1.1lUD1

her of c.ell C'onstihl('nts, the ])]'('sPI1CP or tIle sugars in I'elntiycly high 
('OlH'('lltrn,tion is ohviollsly ft contrii>utjng' ffletor~ Tlti5 f'ddencc WIll'

rflnts the eOIl<'iusion that l't'intiY('i:y higli eOll('entrn,tions or tllP sugurs 
in t1l(' hn.sftl 01'gftn5 nnd in the lH'wly d('y('loped shoots of mountain 
lwoll1P fire nsso('intpd wi til TcsistnTl(:e to low temper:! tur('s !lnd nrc 
p5spntifll to \\"intp1' sun+inl of till' plnnt.s, 

APPLICATION OF RESULTS TO RANGE MANAGEMENT 

Thp f;tudy ot' the 111n.]'('11 of ('Hrboln-dl'ntpp, ill ('('Intion to growth of 
mOlln tnin \)rof1)f' ]'('(,1lI pilHsizps til<' fiwt thn t l'l1ng'p grnss('s', t \1(' kp~· 
fomge plnnts of rnoulltnin rnn~ps, ill'(' IiYin~ orgnnisms nnd must hp 
mflnng('d ns su('h, Early sprillg growth, w1\i('h i;-; Jll'od lI('('(l \)('I'OI'P 
snow disuppeurs, is Hllld(' n t thp (,XP(,llS(, of rfll'bobydrn tps StOlW[ ill 
tht' roots nnd stpm bnst'R during tbe pn"'iolls alltUJlln, Subs('CLll('nt 
.he1'hnge growth, 11('\\' root d('\'e/opmellt, flower-stalk fonnntioll, p,ped 
proc1uetion, s('('()l1dal'~' 1l('l'bn~(' growth, ulld OtllPI' growth "tn~('s, 
:follm,- ill II /'('gllllll' order', TllP l'('flppf'Urnn('p of' n ppf'lntlfl('nt willtPl' 
SllOW ('0\'('1' ('11I15p5 n !iempOl'fll'~r Iwlt in C'lllTpllt hl'l'bflgl' ~rowth, bllt 
the physiologj('lll uctivHy COn til11l(,5, All tu mrll!1 t('mp('l'H tUn's stirn (f
lutp ('Ilzymntie tlction, l'N;ultin~ in th(' LI'llIl;;rormntiol1 of jJH' insohlhi(' 
('.fl1'bolrnJr:1 t'('si 1I j 0 soh, bl(' forms for win j('1' IISP. 

The ,rnl'iOlIS growth sLng<'s tire ps;-;pl1tinl to tlip Ii "in/2: gl'nss plnnt. find 
proyisioJl mlll;t: 1)(' 1J1iH]P jll :rrlJ1gp 1l111l11lgt'JIlPJlt plllllS I'or' thpi!' d{'Y('lop
:nwnt in ]).1'OJ)(I), SC(I1.I(,I1(,(, if th(' plnnts nrl' to H'I1Wlll on thl' J'ang(' nnd 
C'ontribut(' tllPjr mnXillltrlll forllg(~ Yllltr('. 

J\lOIHmATI'; (lItAZING I~HSEN'I'IAI, 

Since thp ('urboh,vtll'aLt's store·a dUl'in~ tiw PI'("'iout; autumn in the 
Toots Ilnd 81.('111 hm;ps of' mOtJlltnin hl'OI 11 f' T{'Il('h t.heir minilllllJJ1 I('yei 
wilPI1 1l0tIl1()f'(, thnn 10 ppl'l'f'nt of th(l totH\ R(,HSOlln\ \lpight. gr(lwth of' 
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the plant has been attained, it is clear that subsequent nOTmal growth 
and yield are independent of stored eal'bohydmtes and that they n.re 
products of eal'bohycimtes manufactured eurl'ently by photosynthesis. 
This indicates that enough herbage must be left n,ftereaeh ~JTil.zing 
period to permit suffieient manufneture nnd storn.gc of cllrbohydmtes 
to muintain the life am1 proper vigor of the plantsj in other words, 
moderate gra,zing is essentinl. 

DEFEIUtED AND nOTATION GRAZING IMPORTAN'I' 

As shown by this study, stor'ngc of cfl,rbohydrn.t0s in mountain 
bromc is at lL minimulll d llrillg the nctiye growth stngrs, flnd ('yid('nco 
strongly indien,tes the utilizntion of these mnt0rlnls during tJ1('se 
stages in ex('pss of their mn,nufnetul'e. Also, mnximum ston's of ('11.1'

bol~ydrn.tes nrc not dpposi t,ed unLil seeds nTe mn,tlllw1 and il('tiYe grO\\,tb 
hits ceased. :Most of t.he food mflmri'netul'ed by the plnnt. is utilized 
to support its seY(\1't11 growth proeesses; IH'uC'e, lluL\.'imU11l storage 
C!tllIlOt. tnke p1ilec un til t1J(\se growth stn.grs !lrc completNI. 

Contilluous heay:\, grnzing during tlJC i'ormation of the flower stnlks, 
whell eflTbobydrn,t~s storef: :lrc flt n, minimum, undoubtedly would 
inf1iet considpl'Ilbh· injury on nnd disrupt the biologicnl function of the 
plant., nec('ssitn.ting the usc of pn.rt of the 25-percent residue of the 
enrbobycirH h·s st01'es to support regrowth. Con tin lIOUS lll'lI,yy gTilzing 
at or nfter s('('d muturity, during the fl,utumn storflge period, would llot 
only pJ'eYent nOJ'll1nJ st.ornge of cnrbohydrates but n.lso ,,'ould stimulnte 
fmtbel' herbnge growth. This stimulated growth would be produced 
at the expense of the cn.rbohydrn.t,es nlren.dy stored, resulting in further 
depletion of cllrbobycirutes, nnd the plant would cntel' the wintc}' 
period ,dth diminished st.ores. Consequently since it lllls been shown 
that suI:fieient etlTbohydrntes 111 ust he stoTed in the roots .nnd stem buses 
at the outset of the" winter period to prey('ut wint0l'-kil1ing flnd to 
promote em:ly spring growth, nny Byst.em of grllzing thnt will result in 
depleted ca.1'bohydratc ston>s will be detrimentn.l t.o the plant. 

Therefore, it. is strongly indiented t}ln t some form of the deferred and 
rotation system of grazing (8, P)J. 60-65) is importnnt as fl, prncticnl 
method of utilizing l'nnge grasses for fomge 1'01' 1iycstock. In this 
system of grazing, tire pIn n ts are not grnzecl ('ontinuollsly during nny 
one season 1101' nt the snme tillle in eonse('utiYe yea.rs. The plants 
are ai.ded by tJlis eontrol1ed use in depositing normal or nenT-llol'mal 
stores of enibohydrntes. 

SUMMARY 

A detailed {j(.1cl nnd ]n horntol'Y si ully wus made at the Great Basin 
branch of the Illtrrll10unt.nin li'oJ'Pst und Range E~,;pel'iment Station 
during t.he period ] 932 -34, to dct('J'mine the ehn1'U('Le]' of growth uud 
the time and ronount of cllrbohydrui;e food storage in mountnin brome 
(Bl'OmU8 carinai7l8), n, highly plllatn.bJc l'flnge fOl:ago grass llntiyc to (L 

lnrge part of westrl'n mountn.in l'flngelllncis. The exp(·rimcntal nrea is 
located n,t nn e1eyn.tion of 8,850 fl'rt in Ephmim Canyon, rt.nll. 

AllIlUftl g'l'owth of ll1011utnin hrOl11 0 is ('velie in nature, owing in pn,rt 
to at;mospheric tcmprrutures I\,nd in ])Ill·j; to the plnnVs l'epr()ductiYe 
proeesses. The growtJI eyelc includes current seHsona.1 growth of 
llcTbnge, seeondflTY herbnge growth, Hnd. root gr·owth. AlIIHllllllerbnge 
gl:owth begins some 45 to 89 dn.ys (d('pcuding upon Hlr senson) before 
wmter snow disnppeul's. ScconuaTY shoot growth follows the produc

http:mountn.in
http:nlren.dy
http:storn.gc


tion of the. current sensonnl shoots nnd flower stnlks. Three interyuls 
of ndvent,it,iollS root growth were noted; they QC'C'tIlTed immediu.tely 
preceding snow disnppen I'nnce, at the ('on('lllsion of ('unent sensonnl 
shoot ~rowth, and n.t the close. of the snow-fl'ee period in the autumn, 

1Yllllc the coming of tb'l winter snow tempol'f1rilv IlHlts sen.sonnl 
llel'bngc growth, yet the physiologicnl ac~ivity in inollntai.n bn:lI11e 
does not ('ense. AutuIl1nn.1 tempel'ntures stlll1uln ted enzymntw fictlOn, 
resulting in the tl'nnsfo1'll1n.tion of insoluble cllrbohycll'n.tes into soluhle 
forms. 

Except for the he1l1ieellulose frfirtion, 0aJ'bohydmte storage is 
inveJ'sel)T relnted to the mto of growth of the berbage, i. e., high 
growth rnte, ICJ\\· enrbohydl'nt,e storngl'. Minimum vnInes prC'n1il ill 
tlt(' Toots nlld stC'm buses during the n('tiyc growth Rtnges of the plunt, 
find evid(>11('e indicates the utilizntion of ('HJ'bohvdrllteF; in excess of 
th<.'il' mU111lfnet1l1'e during the most artiye gro\\·th periods. .Ma:o-.:i
mum storage. occurs during th(' II Iltuml) pCI'iod ·nfter C\\I1'1'el1 t seasona1 
find seeonclnl'Y llerbugc growth. if'. complete'd. 

Tho gene1'lil trend of the ('om bined suguJ' and stul'rh fructions is 
from low yulues during the fOl'math'e stnge of shoot development fo 
high ('ollcentrntiolls following (,lIl'J'(,llt, s(,Hsonul nnd seeondnl'Y llel'bnge 
growth. The stnl'rh Yflilles in hoth h('l'hnge nnd busul organs exceed 
the sugar YUhl(,8 i their l'('spe(,tiv(' seaso11al trends correspond to those 
of the ('omhilled sugur and stnJ'rh frnrtions. l\1inil11ull1 S1lC1'ose' 
('ollrentl'fltions ill the herhnge pl'enlils from sno\\' disuPPE'nrmwe into 
S('pt ('m bel', nnd ill tlH.~ stE'1H buses ulld roots during the forl11atin' 
])priod of hel'hnge growth. The highest coneentmtioll of sU(,1'OS(> 
nppE'uJ'('d in both herbage und bnsal organs ('oincidE'nt witl~ declining 
fllltumrml t(>ll1prrnttn'cs. Maximulll values of the reduC'mg sugnl's 
in the hel'hnge flllcl lCl\\' yalups in the stem bnscs find roots obtuin 
dl(rill~ tI\(' l'ormntive stag(' of herhnge growth. Although tbis fl'nction 
ill('l'NIR(>S in tho stpm hases nnd roots llS the ('Ul·.1·ent seilsonfll growth 
dec-linE'S, low yulu(>s \\"P1'e· found in hoth herhage nnd hnsnl orgul'S 
simllHnr1(~O(lsl\r with tlle nutul1111nl ill(,Tpns(' in surr05e cOll('cntl'ntions. 
l\fnxinnllll COiH'Pll trn tions of ht'l1li('C'llu]ose pr('vnil in the herhllge find 
in the bnsnl Ol'gfll1S dUTillg tIle fOl'mntiv(I growth stngp; low vHlnes 
coincide with the dey('lopl11(,l1t of the :/'ntit find the storngC' of titp 
SligHI' find. stur('iJ mlltpTinls. 

Th(' stud)' Ipnds t.o the eonr1usion thnt sllgnl's flllfl stnl'ches (eltidl:,-
Sll(,J'O;;(, fllid stnrdl) m'(' the mol'(' pot.ent of tIle stOl'pd Cill'holiycil'ntp 
foods. Com"c'l'sely, the IwhnYior. of th(' f1rid-itvdl'o]yzuhle hemi. 
cellulose suggests' titnt titis cfll'hohydl'nte is eniplo~-e(t lnTgpl)- ns 
511'11('lu1'l1] Jlllltpl'in]' 

1\JinilllU11l yn]ups of' cUThohwlrnt('s in th(' roots and ste111 bnsp" 
or('ulTed shortly after snow ciisnppenl'C'c1, whieh eienr]y Rhows thnt 
lInlHlill he.l'bnge:growth llnd :v..jC'ld of 1llollntnill hrome :u:p product" of 
(,f1J'hohydrn t.es llHll\uft,('.tmed (,u:TentI~- in the herhnge. B t'Il('(',hel'h. 
nge growth of p('l'ennillllllountmn b1'0111e is ('ompul'U hI(' to the growth 
of whent or ot1l('r n.nnual grasses. 

Eyidence from the study wnrl'nnts the conelusion thnt ]'elnti\'pl~
lrjgl! ('ollcc'lltl'ntion of the sugnrs in till' bnsnl 01'gnns Hlld ill the 11('wly 
dc,yeloped shoots of mountn.in brotl1(' fil'C fiSSOclilt('d with r('F;isfnl1('C' 
to low tt'lllpel'ntUl'e find fIrc ess('ntinl to wintcr sUlTinli. or the plillltS. 

TIle results of th('stllc/v I1Hye fL dil'pct !>('flrillg on prneti('nt rnnge 
mflllugell1ent in flint they' (1) ]'('('mphilRizc the i'fl('t thut J'tl.llg(> b'1':1SS 
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plants are li\'ing orgnnisl11s nnd t11nt their indh'idunl growth requir<.'
ments must be considered in grnzing prnetiees if tite~- are to be mnill
tnil1ed 011 the range, (2) sirt's::; that modt'rfl te grn zing lise is essell tinl 
to allow for proper (,f1rboh~'drnte food storngC', and (3) indiente titC' 
impOI'tnuee of some form of tile defe]']'('d nnd rotn tion s~~stem of grn zing 
as a, prndi('nl method of utilizillg 1'Il1lg(' grnss('~ ns forng(' fo'l' 
liwstoek. 
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!lfl:HL1';l'lmHGlA. <lHAClLIS, AXil 'l'HJ::lIt HEAC"I'I()S {'\,JJI';lt M(JJ)I~HA'l'l': 
(lH.~~I!'.'O wm. Plallt Phy.;;iol. ](): 72, 7:1S, ilill.-. 

(14) M.lYAK.I~, K. 
In02. 	os 'I'lIg S'l'AIl('1I 01' 1,Vlmc.:nEg;o; '-"An:H A-;D 1'I'S ItI~I.A'I'I()=' '1'0 l'BOTO

SYXTHJ::SIS Dntl!'.'(l TilE \l'1:\Tlm. Bot. (:uz. ;1:;; a2.1-:~40. 
(1.i) 	 Mi.IJ,I.gH-TlIl'lWAU, H. 

1~~2. UEIIEn z e('KEHAN lIAt'I'l'S(; I=' 1'I'1.A '(ZESTII gl I.ES I'" l'Of.(:E :s'n~))gHElt 
'1'I';l\I1'~;nA~'l'lt, Lalld\\,. :Jahl'h. J l: [,;; Ij.s:!s. 

(Hi) N'l~W'J'O:s', R. 
] 1)24. '1'lIg ,,'ATUIIE ASIl J'lttH'TWAI, JlIEASI'HE:ln:S'I' OF I'HU;;'!' I!ESI8'l'AS('l~ 

IS \\'I:s'~'gn WIIENI'. AlI)('rln rllb'. A/-(I', Col. ]{l'S('lLl'('h HIIII. 1, 
53 pp., ill us. 
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(17) ;\I,WTO:>. }t. ttllcl B,lOW,..., ,Yo n. 
IU26. 	SEASONAl, ('JlA.'I1CmS 1.'11 THE (10~II'OSITJOX OF WI;\"TEIt II'HEAT t'1,AXTR, 

J:{ J(gl,A'I'IO:-1 '1'0 }'J!OST ImSISTAS('J'J. JOUI·. Ap;r. :-;ei. lEIlp;llllld] 
W: 1;:'22J "j3B, illus. 

(11') PltH'E, n., lLlld EYA:>S, H. 
1037. 	('I,IMATg 01' THE W~Js'r }'HOX'J' OF TilE WASATCH l'I,ATJ,Al' IX CE:\THAI, 

l.'TAJI. L R. 1\'lQuthly ,reathl'l' H(,I'. 0,): 2!Jl~,:mJ, illus. 
(111) 	 S,UIl'SON, :\, 'V, 

InH). I'J.AN'r sn'CESSION 1:0.' Iml,A1'lOS TO ItA:o.'(;E :'IA:\Mll'~IE"'J'. ·c~. 
Dc·pi. AI!I'. Bllll. 7n], 70 JlP., i11us. 

{2()) -----. UJlcI 1\1('CAlt'l'Y, E. C, 
1oao, 'J'1I1~ C\\ 1t1l()Jl YDltATg 1I1J,TAIlOL1S~1 ()~. R'I'I1'A IT1,('11 itA. II ilguJ'(]ja .3: 

[Oll,JOO, illllS. 
(21) HHAFFEIt, ]'. A., ltJld 11 A 111':'I,\XS , A. F. 

1 \)21. 	 ~'IJJ~ IOIJ01lJ1!:TJtJ(' .lJE'I'Elt1l11 XATJOS (H' (,OPI'E It A:o.'ll ITR 1'RE 1 X S n;Alt 
AXAJ,YSIS. 1. 1,lJl'!I,IIlJUA IS 'J'JII,) ngA(,'I'l(i:\' Im'J'II'}J~JX COPPEIt 
SI'LI'A'(,E A:o.'J) I'm'Allsn':'1 lOJ)JI)"'. .Jour. BioI. Clll'JlI. 4.-): !{4!)-;)OO, 
illus. 

(22) RnIOX, H. 
1\)00. 	 l'N'nJ'tSt:(,III':,;ng:-; 'i'm,,! DAB \,.I~ItIlAI,'J'g ..... .I"XfOBIt \\',l('lIS'JT:'I"

Fl':\'K'I'I():o.'l:J'\ SO\\'II; IlI~Jt <\'1':'1 {' XfiRTX'l'J(l KJ,rr DJ':lt I,A l'll 1I()r.ZI-:H 
WXIIHl;SIl JJ1m Itnml'gH](Jj)I~. ,Jllhrh. "'iss. Bot. 4:1: 1-41-\, il1t1~. 
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