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UNITED STATES
DEPFPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

Growth and Carbohydrate Content of Im-
portant Mountain Fm'uu‘c Plants in Central
LUtah as Alfected by (.lll)])ll]“ and Grazi ng"

By Fowaen C0 MeCanry " and Waovmosn e !
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INTRODUCTIHON

SBustained furage production on western mountain vange lands,
together with the wellare of the Tivestock industry and (he other
enterprises tiese 1]!1(':;‘-1”)[)0[[ depends largelys on the vigor and pee-
sistenee of the herbaecous perennials that are the prineipal lorage-
producing plants of the region. Rince these plants die back near the
soil line wpon approach of winter, 16 s imperative that they should
make proper growth and store sollicient Toods l]llI‘lIlU" the growing
season (o enrry thent threough the winter period amd o ]JIO([[I(('
initinl growth ts the spring. Thus it follows that the hinrvesting by
livestock of the forage crop when it is most needed and w hen the
herbage is palatable apd nutritions iwust be so controlled as to permit
the plants to earry on their proper growth and nutritional funetions,
To determine the nature of such control, it is necossury to study the

1 MepervesF inr pisiiention Juiy, 191l

2 The ehuanical mndvses invelved g s 2000y were mmde wider the supeevisinn of the seaior aathar
in the Labwestury of the Botaiy Depousimens of Riveesisle Danior Caoflese, Riverighe, Catif, Maiph Stoek-
v, forrtreeks Hebil goststaet @t 1l Tetermountdne Forest amd lanee Eypweriment Staeion, ussistod in the
clirmieal analyses, made soetie of Lhe ol l“ll{ll].\[l“ll.‘{ ol vheaticnt it and oowviewed (he antiseripe.
Fhe sitiedy wons begun et (e dipoerinn of 0 L Paesling, assiaant ehuef of the Forest Bervies in elidee
of forest peseteteln, st ditector of G0 Tolereslngain st . . .

3 Lair huasd of The Bopany Departnens of the Biverside dunior Collepe, Riverside, Colif., aod enenced

duribg (Te Stntiter montles by e Dstermeotntain station in the enpacity of asociate forest eeclogisg.
CEemior Forest Vealostbsi, SWashunaton Qe of the Division of Ratee Resenreh, Forest Service,
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growth and nutritional characteristios of the principal palatable fornge
plants ns well as their reaclion to harvesting and grazing,

Bampson (/.7 in an carlier study bearing on the problem of corve-
lating livesfock wrazing ase with the growih requirements of mountain
range vegelntion, observed closely the above-ground growih and ve-
actions of the plants under various systems of grazing and coneluded
that deferment and rolation of grazing are necessary for proper growth
of the plants under rather heavy graving use.  Later, Bnnpson and
Malmaten {12), as ¢ means of determining plant response {o harvoest-
ing, assigned index values, based upon ealories of essentind root
comstituents, o chemies! data of roots. For plants harvested four
times in o senson for three conseenlive vears, the index was less than
100 {or plants harvested {wiee vearly, more than 250; for phinis
harvested onee yearbv, more than 300,

Sumpsen and MeCarty (£3), waorking with California needlegrass
(Stipn prudehray, nnd MeCavty (5, 8), working with wild ont (Avena
fertues, wild-rye (Fdymus ainbigeusy, and mountain mubly (3fahien-
brrgin montanay, found that the annunl growth eveles of grasses are
influcticed by enviroumenlal factors and by specilie nutrilional and
reproductive procesees. tmidinl growth of  the horbage of the
perential grasses, aecording to their findings, 18 madoe by expenditure
of carbohydrstes * stored i the basal oreans during the preceding
season: secenmulation of enchohydeates in both herbage and basal
oreans of {he plant &= wversely velsted o curvent rate of herbage
growth; sceeumulation of earbohvdrates iz delaved un{il most of the
herbage growth has been mude; after ane close elipping of the herbaee,
at any fime during the vearly season of growth or at s close, ear-
bolivdente content s lesa than norial i the venewed herhage and
aiso in the stem bages and roots: and the quantity of earbobvdrales
stored in plonts subjected o clipping s divectly velated Lo the total
lea{ aren present during the storage period,

These Hndings, together with (he results of the numerous investi-
gations made concerning the growth requirciients, fife histories,
fornge vield, root development. and hasal growth of eange foeage
plants have great value as o bosis for determining the proper season
andd docroe of grazing vse. The usefnlness of the vesults of the nu-
tritions! studies s, howover, hmmited by the faet that they were
Inieoly confined to the interval beginning with snow disappearance
in the spring and ending with diasenination of the ripened fruit, and
that they have not been tested onder various harvesting and grazing
treatments,

Tz bulletin preseats both season and vear-long erow(h  and
carholivdsate-nutrifional date for two species of perennial forage
grasses and Dwo species of bhroadienf herbaceeous perennial Torage plants
nntive to the Wasatels Mouninins in ecenteal Utnh; as well as data on
the trends of storage of cavbohydreates in these plants onder several
conteolled elipping trontments and as n result of livestoek grazing
during the $-venr period 1032 35,

S idie mambers B parend heses pefor T BAtermiae Eiimt, g0 50

& Parlier fappardlishied s <dtelies by &€ Moty o Gyrepran amithit,  Endeopagan sopuefis, 0 hilfi,
aml Bowtefona hlroet, isliontod that of the seceml elnees of fornde utilizesd by piaats, snoely proteiing,

Ints, Bad oncbahivelmibis, fhos ST s ol ceenbesd imporiaee ociobydetes form the Bassdntiot madoriel
for the cohstruetivn of fals sl pratems
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D EsCRIFTION OF STUBY ANEAS

The study reported here was made ot the Great Basin beanch of
the Tntermountain Forest snd Range Experiment Station, leeated in
Ephratm Canyon, on the Wasateh Phateau, Utah, Fiold tests were
on three sepaente aceas it the vicinity of the branch headguarters,
whicl s situnted wilhin the aspen-liv zone (11 of centenl Utah nt
an_elevation of 8850 feel,  Location and deseription of each field
unit are summnirized briellv as follows:

HEAIH ARTERS NI

Deseription,  Permanent enclosnre of aboul 2 acres in an open,
relatively Hat packlike elearing, slope 3 pereent, exposure southwest;
850 Teet elevation, near centor of aspoen-liv zone.

Vigetation,  Ainost pure stand of notive mountain brome (Bromus
carinalusy® planted in the spring of 19250 Apen surrounded by dense
stad ol even-aged aspes (Popdus prenadoidesy with a mixiore of
Douglas-fiv (Pecudutsuga terifoliy andd white fiv CAbles econcolor), in
which the predominant hecbaceous perenninl making ap the under-
story is stieky gevaninm (G rainium piseossissimuny.

Soil - ~Clay-loam of linestone origin, - Tota) nitrogen, §.389 percent;
argamie matfer, S5 percent; moisture equivalent, 55.5 percent.

BLURRELL U'NIT

Pheoseription.  Temporary hurdle plots 16 by 16 feel in an open,
flatlike arven, slope 10 percent, cxposire northeasi ; 4,000 feet elevation,
near upper hmits of aspen-fir zone.

Vigetation.  Greass-weed ™ (v pe consisting eliefly of mouniain brome,
slender wheatgrass  CAgrapyron trachpeanfunn, oniongrass  (Melica
bulbosay, pentstomon (Ponstomon rypdborgin, miceerhead  (Rudbeelsia
oceidentalixi, and vavvow Cledilloe danulosay.  Aven surrounded by
aspen intermixed with Douglas-fie and white fir,

Sod. Clay-loam ol limestone origin, Total nitrogen, 0.334 per-
cont; orgiiic matler, 7.2 pereent; motsture cquivalent, 32.4 pereent.

DUNEKON UNIT

Pleseription,  Permanent enclosure of 1 acre on an open, flatlike
shell, slope 13 pereeni, exposure west: 0100 feel elevation. al upper
himit of aspen-fir zone,

Vigetation.  Native stand of slender whes terass with slicht misture
of Letterman needbegrss (Npa ilermaniy. mountain brome, poni-
slemon, yarrow,  nmnv-lowersd  suallower (3 iguieora neiltiflorad,
Feadler vose thosa fondlord, and commaon sevviceherry (Cmedanchior
aliifdis,

Sailo - Clay-loam of Bmestone origin. - Total nitrogen, 0.376 per-
cent; organie malier, 16 pereent: moistore crpuivalent. 34.6 pereent,

Db et vovrielde e e Bren pernnbe) I corme bt s Diee sepa e seeies. £ 18 Csliforin
broow  Foeacimptee 0 dag brany 80 marginates el v ped et i< - TR petimathne . Frogquentiy
1 has Beern Razesa 11 00t Foreet =ebvaer byt negre > Tae ttiatban Lo

T TR e el s e by pefees L Bhe Berbtesos, ooggeieslibe planios ocearring on che THIRE,
vfleg b pefepeedd toees Rorh "t
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Crisare

Wealher rocords are available for the headquarters field unit only.
However, ingsinuch ns the two upper ficld units are within thrmu
fourthis of a mile (rir-hine distance) of the headguarters unit, it i
belioved that the following elimatic data for the beadgueriers htltl
unit are fairly representative for all,

Yenrly maxinuun temperndares nee reached W oy and vearly
rrtnimn in Januaey (able D, Avoerage dadly lomperatores Tor June,
July, Mogrust, and Seplember. the growing season, are shove 30° 19,
Temperatares bave visen as high as 88 Sduring July and dropped as low
as 1% dp Sepiember and 192 0o Glune. The average length of the
frost-free perisd is 87 days, nlthough frosts iave occureed during all
months t#)

Tavie L Mean monthly wiv temperatires {1803 34 and precipilation (1815 23,
al hewdguarters unil

M air !I

Mean pre-
Montly Ietiui- A
THre ' eipHilEing

S iy
Mo [IUNTEETR
311

Moenn i
cipiintion

@ Frciie
Junuery R A4 RETM] . 8,1 1.0
Febwinry SN AL Repleinlur . filh. 1. 5
Moreh win 0. Cheinler . LT 1.5
Ajril KR 2 Novenber H wy, L]
May * RS Frogedishe : 7 3.
ETH S . E
July . I A nreast Al o)

Mare than dhree-foorths of the average annual precipitation of Tess
than 38 inches ovenrs as snowlall duving the winter period, Octobep
to April inclusive (1, Showstornis have ocenrred inevers month of
the year,  During the growing season, which avernges approsimately
B3 daars, precipitation oceors ns Humdeshowers.

For the suow-free period of May 1 1o Septenher 30, before snow
forms a continnous cover, average soil temperniores (averages of 8
e and 5 puoan. readings, 1924 340 at the 8- 12-0and 24-ineh depths
were 5487033407, and S0.8°K. 9. The seil is warnest in Iade dole
and coldest in May and September, When the ground is eovered
with =now. solt temperatnres are alimost the sane b all theee depths
and renmin practically constant,

Soil molstire is loghest al the tine of snow dizsappearanee, averge-
ing 30 percent of the dev weight of the soil, Thevealter, the moistire
contenl of the soil decreases steadily, reaching the seasonal minmnm
i the latter part of June or in doly,

Sampsoen, e earlior plant growth stadies (77) ot this same site,
found that sunshine doration and nlensity were practically the swme
1 the thiree major vegetalive trpes in K phrain Canyon, naiely, outle-
brush. aspen-fir, and spence-fir. This indicates that total Tength of
day and sunshine duration and intensity, except for slight variations in
direct sunlight from plot to plot in (‘lll\' morning and evening, were
ahout the same ol all theee areas of the nresent study. Observations
from a white exiinder-type almonweter dlu]mr the months of July and
August for n d-veor period indieate daily evaporation ol 29.2 em 3
Iul_\ atd 24.4 o in Angust,
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Prare I Range fornge plants used inthe stndy L1, Mountadn rome; 8, slender

whentygruss; €, ~licky geraniun: and £, niguerhead.
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Srircies Usep v StTuny

Plant species used in the study were mountain brome, slender
whoeatgrass, sticky geraniune, and niggerbead.

Mountain brome {pl. 1, 24 is o moderately conrse-stemmed, short-
lived perennind bunchgrass, widely distributed in the range Statos,
The plant attains o height of 1 Toot to 4 foet or more and has numerons
basal leaves abont 6 1o 12 inches long and 5 (o0 5 inehe wide, 1t [ro-
duees abundant seed, and is bighly palatable ta livestoel, nutritious,
and Tairly resistant to dronght (29). In the aspon<fir zone of centeal
Utah, withiv witieh the experimental aveas are foraled, monntuin
breme forms dense stands il is o key forage plant by means of which
degree and infensgity of wrazing use are estimated,

Slewder swheatarass (ph 1, A w native perennial bunehgrss with
erect. slender stems Trom 0.5 fool to 4 Teef high, s also o kex forage
plant i eenteal Utahi. 1S widely distributed, ranging from Now-
foundland to Alaske and south to Missourl, Nansas, New Mexieo,
and Culilornin. [ starts growth early, produces abundant seed, is
very natritions, highly paintable to Hvestoel, droughi resistant, nrul
withstunds grzing use (/5.

Sticky geranimin (pho 1L ) alse o key Toree plant,is anadive coarse,
lealy. hranched perennial herh 1 fo 3 feet tall, widely distributed
thronghout the West. I palatahility it s faire for sheep el fair to
poor for eabtie and horses (/31,  In Uie vieinitsy of the experimental
areas it occurs abumdantly, In association with mixed grasses and
weeils,

Niggerhoad (pl. 1, {5 s a0 course peronnial herb of the sunilowoer

family with a stout ridged stenn, veensionally 8 foet high, and a con-
gpicnons)y conv-sliaped head that is dark hrown hath hefore s aftor
Howering., T s wilely distributed, seeurving in most of the Western
Siates, and is considered the most inportant range species of the genus
(Jav In the vieinily of the experitiental areas, nigeerhbend is not
padatable to livestoek undil Lute Tall,

Gusensa Py or Srepy

The study had three phases: (1 Growdh and ndeition phase, or
determintion of the chareter of annaal crowth and of the toe, rae,
extent, and type of carbohydrate storaee in the phats ander normal
conditions sl total protection frony ITvestock geazing: and (he (2)
clipping wod 03 grazing phases, or determination of the ofloct of
severnd elipping treatmonts, and of seasonal lvestoek grazing, on -
hohydrate storage in the roots and stem bases of the plants and on
lorage vicld sl plant vigor.  Mountain brome and slender whenterass
were ineluded inoall phases of the study, Sticky geraninn was ot
ineloded in the grazing phase, and glecerhead was ineluded in the
nulrition phase only.

Mouwntain brome was shudied af Headgiartees and Bluebell nnits;
slender whentgrass af Bluchell and Dungeon units: sticky geranium
al Desdaguarters; niggerhend al Bleehell, The auteition phase -
cluded studies at Teadquarters on mountain broine wnd  sticky
geramun, at Bluehell on nigeerlead, awnd ot Dungean on slendor
wheatgrass. The elipping tests were contered at Headguarters and
Dungeon, and grazing tests at Bluebell only.
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GROWTIL AND CARBORYLRATE CUNTENT UF MUUNTAIN PLANTS 7
GROWTIH AND CARBOHYDRATE 1'OOD RATIOS

On momntain broine and slender wheatgeass, the nutrition phase was
carried on from Max 16942 to Moy 1033, |r-~ull|.|<r I eontittuous yenr-
long records. The investigadion on \tlt'l\'\' eranium began in May 1932
and was continued (o mid-Oetober venrly (or 3 veurs, giving conlmuotis
records for three annual snow-free periods. That on nigeortiead was
starfed in dune 1935 and carricd continuously (hrough April 1936,

GRASS STAGES T T - - l e T e v ooy 'I}
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Iyaene 1. A comparizon of the relalive progress macde by the four species of
s wiel pvwnnl i herhs tweedst nsed in {his stady, From snaw disuppenrance
Lo enilb uf wrowing seasoen Based on s ernges for I‘]"I BEN

MuTHODE 0F MG HEMENT AND ANALYSIS
GROWTH MEASTREMENTS ANDE PREPARATION OF SAMIMLES

Muximun and avernge helght growth were determined and aheno-
[owical observations made at S-ay intervals thoughont the snow-feee
preriod of t‘m'il vear on about 1 plants of cach speeies o each field
unil g, Also, evidener of growth was noted on root samples
collpetied illllllt“ the winter season.

Colleetions ol material for analyses were mde between Lhe hours
of Sa i and 12 noon. Fach s ample ol the grasses meluded six to cight
plants, and eacli sample of The other berbaceons plants inehuded four
o six plnts. Samples were colleeted at 10=lay intervils during the
snow-free period and ot monthily intervals during the rest of the season

steh vear.

The grass simples were prepared by removing the soll from the
raats with hand brushies and elipping (he berbage fron the stem hases,
Herbage and rools of cach sample were weighed and separilely pro-
served in U5 pereent aleohol. Herbage sumples ns propared consisted
only of culms and groen Teaves: all dead and discolored materind and
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any infloreseence present were removed.,  Rool samples (rools and stem
hatses) consisted of rool crown and whatever fragments were ot do-
Lached in harvesting or eleaning.  The root samples, on the average,
woighed more than 40 &, each; alter start of getive height growth, the
weirhl of the herbage sawnples generally excecded that of the rool
samples,

The prepamtion of sticky aeraniionn and nigeerhesd samples was
siminer to thal of the grass samples, except that the tibrons rools ehare-
acterigtic of these plants were sphit in half and all dead materind
serrped away with o dolb knile. The oot samples of slicky geraninm
aversged about 80 o wnd those of niggerhead averaged more than 100
. Heebage samples of sbicky gernmam averaged about 60 g,

CHEMICAL ANALYSES

The carbobivdrates determined were aeid-livdrolyvanble hemieellu-
fose, sinreh, suevose, wd redueing s s,

The wleohol having been dentned off, the somiples wore oven-dried
#U TH% O Tor 240 hours, then geotrnd and agnin deied for 12 hours at
R07. A S partion of each sample was used Tor the complete chemienl
annlvsis, L was exteactod Tor 02 hours with hot sleobol (o which was
added o corresponding portion of the aleohol ju which the sample bad
been preserved, The oleobol extrded the sugnes; the hemieollofose
and =laveles remnined t the extenetion himble,

After the aleohol bnd been evaporated the residue was dissolved
i distilled water, Gansterred fo o volometne flask, and mnde up to
volhuwe, After i bnd boen eleared, aliquot poctions of the saniple wore
pipetied info two smallor volinsetete fasks. One flask was naede ap o
volume and the reducing sugaes were delormined by use of copper
sulfate, according Lo the method deseribed by Sebalfer and Hapt-
mann (L3 Thesecond porfion was hvdrolyvaeed secording Lo the divee-
Hons wiven in Official Methods (D0 Alier aentealizing and manking
up to volume, the reduction power was deternined. The vesollant
eaction is reported as total sngaesGoud the ditlercnces between the two
deteriningtions is reported as suerose.

The resithue remaming from the sugar exteaetion was deld i oan
cloctre oven, transforred to g balt mill, and rotated for 60 hours ffor
slicky geraninm, 30 hours was sullicien)), Distilled water, boiling hot,
was pdded o e fine residun! powder, and e container was phieced in
aowader bath ot 100° O for one-lalf hoor.  After cooling, & cm® of
safiva, o few drops of Lohienes and approsimstel 00 w0 of sodiinn
ehloride woere added, and the sispension was acitalogd for 12 hours ot
A37%. The conlainer was then feanslevesd (o an menbalor and smain-
tamed ot that Lemperafimree overnighl. Rubsequently, the confainoer
wis plisced in boiling water Tor 1 hour 1o arvest the enzxmice action,
Phe solntione was then sepaented Trom the residoe, and an aligqust
portion of the former was hvdreolvzed withe 2.5 em @ of coneenteated
bvdrnehlorie acid. After neutealizing and eleaving, the rafuetion
power of this sohilion was detertuined. This fraction, ceported as
starch, coniains both trae sineeh and waler-soluble starch.

The restdue remuining affer the staecl sepaealion was washed and
transferred (o an Eelenmever flask, amd 25 em® of coneentrated
hvdrochlorie aeid, dilited to 100 col® with distilled water, was added.
The hydrolysis was carvied out on an elecirie ot plate, eare being
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taken (o keep the volume constant. The suspension was finally
diluted with distilled water. neutenlized, transferrod (o g volumoelrie
fask, and made up to volome, Upon filtering and clearing, the
redaction: power was determined by use of aliquotl portions of this
lilteate.  This Feaction is reporied as hemieellulose,

Al determinations were maile in duplieate. The results, based
upon the ash-free drey weight of the sample, were reporfed as reducing
sugar. Clesvings werd made with basic lesd neetate solution and
detended with disodinm phospliaie.

Rist s or OspEry vPioss
MO AN BHOME,

Snnuad growth of mounton brome is evelic in nnfuree (s, 2 anld 3,
owing in part (o e influenee of elinmtic faetors and in parl {o the
plant’s veproductive eyele (2, 7 Seasonal luetuntions in precipita-
tHon and tenperature enuse definite hucinations in the growth rade,
Depressions in growth eate nlso cotucide with the advent of lowors nndd
formation of fedt. The growth evele ineludes seasonal growth of
herbage, secondury berhage growtl, and root growth.  Annual herb-
age wrow th begins under the snow approximately 44 to 89 days bofore
winter snow disappears, Secondary shoot growth foliows the pro-
duetion ol seasonal shoots and flower stalls,  Root growth nlterates
with herbage growth in theee main periods, (1) immuediatoly precoding
snow disappearinee, (2% at the conclision of seasonal shoot growtli,
and £33 0t the elose of the snow-Mree period i the antumn,

The combined sagars and stureh content of the herhage tends fo be
vy bigh immediiely following snow disappenrance, to reach s
seasonal aninimumn during flower-stalk formation, and (o rise (o a
secondsiy peak newr the cloze of the snow-free period. After this
secondary seasonal vise the values drop, probably as a result of trans-
location. A inal nptuen s canged by o rise in suerase toward the end
of the season, which may result Trom transforation of the insalubles,

Stareh content shows almost the same lnetuations as the combined
value,  Suerose content s afsa high ot snow disappesrance, but ree-
mains near the seasoral minimum thronghout the remainder of the
rrowing season, until the muximuem near the elose of e snow-[ree
preicd. Reducing sugnes, at their maxinmum at snow disappearanee,
stesehily deeline theaughout the growing season to o mininum during
soed dissemination, aftor which they nerease lichtly until the enel of
the season,

Conversely . hemieellulose is Tow in the herbage ol snow disappear-
anee, reaches its i duaring the Tormative wrowth stage, and
deelines fairly <teadily when fhe Teait s developing and sugnr and
stareh maderials are being stored,

Sugar and stareh storage in rools amd stein hases is inveesely relaied
lo ete of herbage growth. Phe trend of sugnes and stareh combined
i= [rom low virdnes during the Formative stage of shoat development Lo
high valies fotlowing the main seasonal and <ocondaey horbawe growih,
Mibhoneh individual feactions show similar (rends, high valines of
suerose and Tow values of stareh coineide with deelining autuinnal
Cemperatures, iudicating translarmation of insoluble to soluble eatho-

2TanT o oqn o




10 TECHNICAL BULLETIN 8§18, U. 8. DEPT. OF ACGRICULIURE

hydeates, o change that undeubiedly influences the plant’s hardoning
off.  Maximum values of hemieelhulose prevail during the formative
growth stuger fow values coincide with Truit development sod with
storage of sugars and staech, The latter faet sugeests that hoemi-
cellulose is more tmportant s o steuctural than as @ stornge material,

GROWTH STAGES

P

R4aTE OF
HERBAGE GROWTH

CENTIMETERS PER DAY

STORAGE OF
CARBOHYDRATES

T RERCENT S
o

g

e
_~
5
&

I

[ SRR - : | - N :
e A
e e e e v

" Ly = 30 i o] [ 28 ‘3 %
Lt Juey AUG SPT Qi

Q= Lrw Lropre
Y- Fiawor stomn roe, denpa ——— Combined Gugars it Slarch
2 Heads fuiy gl —— = Nutrate

% - Fiowers st oom — - ~—— Ryiue vy Sugors

d - Geeds turly ripe —_—— Sipren

- Geed o sseronglng

H Fralns
W Bead dosseeionobisa completad amretulose

Fracas 2.0 Monntain brome: Aumual herbage srowth in relation to the trend of
herbage storage of carbobvdranies, 1932

although it 18 possible that cazvintie transformations from hemi-
cellulose nre wdded to the sngnes or the stareh,

OF the sugars and stavel <torad in the basal orgnns of the plant
during e sntamn, approximately 75 pereeut is consumod by physi-
ologien) ncetivity during the winter period s by early apring erowth
in the form of production of berbage and adventitions roots,  The
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retmaining 25 pereent ordinarily is not used, although it is diminished
il the herbage of the plant s completely removed by elipping or
grazing and renewed herbage growih follows immedintely,

inasmuch ns the stored enrbohydralos ronch their nermal minimum
soon after snow disnppearance, when not more than 10 pereent of
seasonal growth and development has taken place, iU is clear that
normal current growth and yiekl are almost solely the products of
enrbohydrates manufaeinred currently by photosynihesis.

Curvent seasonnl growth and developmient, culminating in vipening
of the fiuit, keep the stornge of envbohydrates af 8 minimum; in faet,
evidence indicetes that during periods of most aclive growth greafer
quantities of these materials are ulilized than are currently manu-
fnetured (fig. 3).  Carboliydrate starage reaches ils maximun for the
yvenr during the antamn, starting afier seeds have vipened. Physio-
logrienl wetivity n the plantis not balted by the coming of winter show.
Euzematie netion is stimulated by sutamnal temperatures, with the
vesull  that insoluble eavhohivdratos are transformed into soluble
forme. Respirntion ard other physiologien] processes entse the sugais
ardd stareh content to decline progressively theoughont the winter
period,

SLENDER WHEATGRASS

Growth of slender wheatgrass definitely {luctuntes aceording (o
season and stage of reproduction (figs. 4 and 33, moeh as does that of
mountain brome.  Comparison of the annoal growth stages of (he
two grasses and their vespeetive growth-rate corves reveals their sims-
harity in these respeets, witho only minor differences resulting from
differences in habitat,

[n manufaetore and storage of enrbohydeates in herbawe and in
roots and stemn bases, slender whenterass also follows the (eend of
mauntain brome.  Although the maximam of combined sugars aad
starch i the herbige s lower by 6 peveent, the general (rend of devel-
opment and the storege of these materials, colleciivoly and singlv, is
the sanie for the two speeies, The stareh values are somewhal fower
in slender wheatgrass and the hemicellidose value somewhat higher,

L the roots aud stem bases as in the herbage, the combined laial
of sngars and starches s also lower for slender wheatgrass than for
moimtain brome, but the goneral trend and intervals of sterage are the
srne. The individual carbohydeaie fractions also ave similar, exeept
that suerose s consistently lower in slender wheatgrass, making the
sum (otal lower for this species. On e ofher hand, the stareh andd
hemicelfutose vadues tond T be slightly higher,  Reducing sugars are
shout cqual. The quantity of earbohydmios in each species varies
from year ta vear, owing o diflerences in the length of the growing
season nnd possibly ta the diflferences of 1he two species in habiiat.

As is e of mountain hrome, normal growth and vield of slendoer
wheatgrass are made almost eniively by expenditure of earhohydratos
mannlactured eurrently, nod growth made prior to snow disappearance
and the initial growh in the spring ave made al the expense of carbo-
hydrates stored during the previons avtumn.  Also the principal
stornge perind o5 during the autumn. Storage affer seed maturity,
however, ranged Front 115 pereent in 1933 10 0.0/in 1934, wherens the
range nomountein hrome was from 3.4 pereent in 1932 1o 4.25 percent
in 1934, The portion of the stored enrbohydrates that normally
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remains in the roots nnd stem bases following early spring growth
amoeunts Lo 30 pereent in stender whenigrass (table 2), as compared
wilth 25 pereent i mouninin brome,
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Ar lemperatures beeome lower v autumn the soluble forms of
arbohiyderntes inerease i slender whenterass at the expense of the
insoluble forms, wnd duving the winter, as aoresull of growth and
physiological nctivily carbobydrate vontent steadily deelines (talle 29,

BROADLEAYT FORAGCE PLANTS

Growth charmetetistios and numulaetore and siornge of carlohy-
drates follow (he same general trends o sticky germnium and nigger-
lead, exemplilying brogdleal herhaceous lorage plants, as in moan-
tiain brome and slender whewtgrass, although “with some nofeworthy
differences. Annual growth  floctuates somewhat  similarly - with
season and with stage of reproduciion (figs, 6, 7, and 8). Sticky
geramium. however, unlike the peeennial Torege grasses, makes no
seeondary herbage growth,  Niggechead  produces secondary basal
eaves diring the atumn, just belore The flower-stalk leaves begin
to dry, and these remain green nntil the end of 1he snow-lre por il

\vwl\' formed voots were neted o geranium in mid-May, and
ngain in lnte July during seed dissemination,  Similar development
i nigeerhend was noted in mid-JTuly, just before the plant hlooted.
Noew oot development of niggerhead may normally tnke place at
olher periods. bat was neted only at the one pertod during the season
ol slucdy,

Buds are usually formed in the crowns of both broadleaf specics
toward the end ol the snow-free peried. These buds eloszete under
the snow when conditions are favorable and produce the first shoots
and leaves in carly spring.

Sticky geranium starts active height growth early and matures
enrlicr {han the other plants. 1 is one of the first forage plants to
thaplay autwnn volor. Niggrerhead develops later and  continues
growth Taler in the autumn,

(%u:mlil_\' ol earbohydentes in ihe herbage was determined for
sticky geranium {fig, 6), hut nat for niveerhend.  Geneeal tremds for
sticky geraniunt are e sime as for the seasses studied, but trends
of reduring sugars and stareh values (|ifl'|-1‘ surnewhast in the two types
of plants. Values of rediecing sugars are hicher and starel values are
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lower in geranium thao in the grasses,  This difference and the fact
that the starch valoes in the moots and #len bases of geraminm are
exceptionnlly high soggest that sticky gevaniunm may  manufacture
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carbohydrates in the form of reduocing suears and <tore them in (he
form of starch. Ay the cud ol the snow-free period there i an abeupi
dectine o podueing <ugaes, and o slicht deop in ctarch, Hemieek-
lulose and <uerose values show trends sisailar (o those in the srsses,
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In carbohvdrate storage in the roots and stem bases, niggechesd
and sticky gerantum differ outstandingly Trom the wrasses,  Differ-
ences include 11 abrupt beginning and eather briel durtion of
carbohydsnte storage (table 3); (2) storage of ereater quantities of
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These differcuces pesult chiefly from differences in growth habits,
Fhe faet that browdleaf plants prodiee large quantitios of photo-
syithetie tissre within a comparaiively short period would condition
the time amd manner of storage.  The presence of faree quantitios of
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starch i the roots appenrs o be relnted to the produaction of large

fibrous taproots.
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EFFECTS OF CLIPPING

Conenrrently with the growth and notrition phase of the stady,
tests were made with a view to determning basic principles resarding
the nature and oxtent of the mannlaetire and storage of the several
carbohyvdrates ander controlled elipptng. Momntain bronwe, slender
wheatgrss, and sticky geranium were clipped with hand shoars at
dilferent stages of their pormal gvowth eyele and in different fre-
QUUNEIes,

Procipuni

The elipping plan followed {or miouniaia brome and stender wheat-
grass 1= outhaed o lable d and tha for sticky geranium in table 5,

Twenty methods of clipping were applud to monniaein bhrone snd
w sfender wheatgrass all of them elose elippings, down (o 1 ineh from
the xoil D, except as ofherwise speeified), ench treatment bheing
wpphied on a sevies of four 1= by 040 plots designated by letter,
tn addition, a controd plol (69 was beld voelipped. The mountain
brome plots were mechanieally arranged i sevies; the slender wheat-
grass plots were placed throughout the enelosure. Five series of four
plots each (K, LN M, P)Y were elipped onee dorving the season, fhve
were elipped bwice (8, /0 1 L0 ) and ive more theee times {1, B,
O F, 6 one sertes (03 was clipped cighl Limes ab D-day inlervals
throughout the growing period ) two seetes (70 U7 were elipped three
ties al S-dav intervals daring the carly paret of the season only; two
ot Ny were elipped 1o o beight of 4§ inches from the soil line at regulare
mtervals doring the growing period,

Tl snme general plan was followed with 18 treatinents applied to
sticky gersimum, exeept thai cach was apphied (oo separite series of §
individually stnked plants located throughont the timbered area, and
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b were close elippings,  8ix series were elipped onee (14, K, L M,
N, P); 5 twice (I, EF, 1. J); 4 three times (4, B, O, Y and 1 ot
Fa-duy intervals (). DilTerences in time and number of clippings
were due {o differences in growth habit between this plant and the
rrasses.  The early and 4-ineh elippings were omitted.

All elippings were timed aceording to the siage of development of
the control group, beginning af the date of snow disappenrance cach
yenr, excepl forseries LS, Toand 170 The clipped herbage was oven-
dried and s weight in grms was recorded.

Tante 4.~ Clipping plan foltmeed for siv different series of plots of slender wheat-
grixs ud mowmtafn browe, 1932 341
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Al the close of the snow-Tree period of cach of the three vears of
treatment, roots of plants on one ol three sueeessive plots of each FI08s
series and roots of two sticky geranivm plants of each series were
removed and analyzed for carbohydrate content.  Phe fourth PSS
plot of each series and the venmining two sticky geranium Mants of
each treatment were used as eheeks. Methods of preparing  the
aamples and of determining carbohvedrate content were the samo as
i the notrition phase,

Viells were reconded in the dry weight of the herbage present at
the time of elipping,  Tterbage produeed alter the plots were clipped
was not measured, inasmucl as this would have upset thoe clipping
schedule, Consequently, yield data for the various clipped  plots
only represent the quantity of herbage proditesd from the date on
which active growth began uniil time of elipping,

Hesvrrs Werne Movvras Browe
PLOTS CLIPPED ONGE

As nelehin table &, the differences in total quantity of enrbohydrates
stored under the varions systems of elipping are not great, bhut they
wre believed to be significant. The faet that they are smadl is due in
parl 1o inevitable loss in the digging and eleaning processes of roots
weakened o dewd as a result of elipping, as well 58 some of the smaller
live reots. Season also influenced the vadues; as, for example, the
ahnormally long growing season lollowing clipping in 1934, But
the general trends mdicated are the sume for ll years wiider the various
clipping freatmienis,

The quandity of the combined earbohydrmtes stored was less as
time of elipping approached e end of the growing scason.  Plais on
which (he plants were elipped when 4 inelies high and prior to the "p-
turn of the earbohydrate storage trend (series A ranked hiches( i
storage of sugars and starel, exeept during the Inst vear, when they
e second Lo the end-of-season elipping (series 217 Plants elipped
when seed was ripe {series A contained less stored carbolividrates
thar any others and considerably less than those on the control plot,
despite the faet that usnally 67 percent of the normal maximum
quantity ol carbohydrates is stored at that stage.  Plants elipped
when sied were in the milk stage Geries 1) had mtermediate values.
Through amistake in elipping no data were obtained (or plots elipped
when heads were high in the oot series LY, In the st 2 veurs, plots
clipped at the end of the snow-free period, when all herbuge growth
was complete, showed nenely as high eombined earbohydrate values
as plots elipped when plants were 4 inehes high and exceeded them in
e tast vear.

Suflickend, time elapsed between the end-of-senson clipping and the
lifting of the plants on the control plots to necount for part of the
dilfevence between the quantities stored.  The relations indiented
were essenlinlly the same ineach year of (he study, although vearly
influence was noticeable. In execptionally dey 1934, when the growinyg
stason extendd into the fall. the plants on all plots had an unusually
long period of growth remaining after they were elipped. were able to
produce sullicient herbnge (o manufacture the necessney earbohye rate
loads, ind henee stored almost normal supplies.
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The length of the interval between elipping and the ond of the
snow-free period and the resultant quantity of pholosynthetic tissue
present during Lhe nermml aulnmn storage period (August and Sep-
tember al the study arens) appear to be the determising fuctors in
the quantily of carbohydrates stored.  Close clipping disrupts the
natural growth processes, bengthening the vegetative period. Al the
same time new growth is stimulated amd there is o tendeney to repent
the novmal growth stages of the plant- for example, production of
Hower stalks. This new growth deaws upon the carbohvd rates alrendy
stored, redocing the tetal stores present ol the elose of the snow-free
period. When this period is of maximam length, s in the clipping of
plants that Tuve altained 2 height of only 4 inches, the growth evele
care be conploted and almost normal quantities of earbohydratoes
<tored,  On the other hand, when planis aee clipped af seed ripe, the
average of 70 davs remaining i insudlicient for complete rogrowth and
adeguate cavbolivdrate slorage. Morcover, elose elippings made when
seeds are ripe seem Lo indlicl permanent injury on the plants, related
to the process of reproduction.  Reprodoction lends o physiological
inertia or fatigue, and in amnuals is followed by death of the plant (8).
Removal of the flower sialks and secds at this stage involves g Very
severe luss of materisl, restoration of which would regnire an exees-
sively long wrowing perkod.

Chipping at the end of the growing season tsevies 7Y, when slorage
s opractically complete and only o fow basal feaves of the plants re-
Dt green, cenders v sebstantial rogrowth impossible, henee (he
stores are ot depleted to any great extent. However, yeurhy close
clipping at that Gme may resull in severe injury, inasmuch as eom-
plete removal of berhage to a height of 1 ineh Teaves the erowns of the
plants exposed to winder temperatinres.

The wdividual sugaes and starch fractions of the clipped ErOUPS
showed reactions similar to these of the combined gronp. The diminu-
tion in starvel, which appenes propartional to length of interval he-
tween elipping and the beginning of the winter season, exeerded that
in total sugars {table 8). The hemieellolose Traetion showed ne
signiflicant ehiange in the elipped groups, which further indieates Uhat
hemicelldose s nsed nminly for stenctural pieposes and uot as n
storod Tomd,

A signifiennt relation is evident bebween The 1932 vield of each
once-clipped group and its vickd in subsequent years (fig, 9. Plots
ciipped only 2t the end of the senson produced grenter viekds in 1034
than in 19320 Those clipped ondy when the plants fisst renched 4
cies high yvielded ittle, sinee foliage development is normally not
far advanced ot that tme: but the vields were maintained throughout
the course of Wthe study. Yield of the plots elipped at intermediate
crowth stages was reduced, 1hal on plots dipped when seed was ripe
showing the greatest veduction of all. Annual viekl, (herefore, s
relatod notoonly Lo quantity of earbohvdrnles manufaciured currently
by the pland but sise to quantity stored in the basal orgaus of the
plant during the preceding autumn, Reduction of autumn slores
results in a wenkened condition of the plints af the start of active
height growth the following season, and thus Bmits the quantity of
foraee produced in that season,

The ellect of elipping on the vieor of monntsin brome was clearly
evident,  Plants elipped when 4 dnches high had sufficient growing
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time remaining to complete their growth evele, producing flower stalks
and viable seed {table 7). Plants elipped at intermedinte stages did
not: have sufticient growing time for these functions; the flower stalks
they produced were short, and their seed nol mature.  Also, a greater
proportion of these later-chipped plants died than of those clipped
early or at the end ol the growing season (pl. 2).

[ - ST

TIME OF SLENDER
CLIPPING MOUNTAIN BRCME WHE ATGRASS
T T 1 T 1

4.inch - ‘ |
heght . ) : I
1

(K

x

Heads high ;
n boot I ' !
L)

Seeds
in milk

(M)

Seeds BRI

fully ripe W///A SN
o

End of
season
(P}

SARARNT S
R T

)
S58S

o 20 40 €0 80 100 200 20 40 €0
YIELD (GRAMS)

11932 1933 1934

=y

Fiavrr 8, Vields from a single clipping at different stages of seasonad rrowth;
monitain brome mud slender whemgenss: 132 30, (Serive 4 for moanisin
bratme, miselipped, is viitied

PLAYES CLIPI'ED TWHIE

Rusults of elipping to a height of 1 ineh twiee dving the growing
season elearly show that close elipping either during or af the close
of the tnlense reproduction perkod results in Tess storage of enrbohy-
drates (ablestand 71 During Lhe 3 vears of the study, plants elipped
carly tseries Ty stored T2 to 87 pereent as moeh carbohivdrate as the
control plants, nud plants clipped during reproduction plus an wddi-
tional elipping Tnter i the season (series ) stored only 61 to 65
Jrereend.

EEhN 412 o
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TanLe 7.— Movniain brome yields and rombined sugar and starch stores, 1982-84,
and number of floweer glalls wnd height in 1934, under different mnetiiods of ciipping
during growing seasony !
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Liowss o dornge vield was alse much greater for plants subjeeted to
elipping during the more intense growing period {fig. 10 and tabie 7).
The 1934 vield of plots clipped in midseason, o Serics J, was only
aboul 20 pereent of the 1932 yield, whereas the plots chppwl early
(series ) vielded G0 pereent. \Imtullt].r was high in plants clipped
twiee during the later growing period; many of the tussocks were
dead at the ead of the experiment. On the oty elipped plots,
aithough some tussoeks died, survival was good.

On the three series of plots first elipped when the plants were 4
inches high and clipped ngain durving the carly (sevies I}, middle
{series I, and inte fseries I ports of the growing season, wlhen repro-
duetion was aefive, total quuntity of carbobvdrates stored did not
differ grently, but it is elenr that sevies D suffered most (tables 6 and
7). This difference s also relleeted slightly in lorage production;
series 1) yielded only 38 percent as much in 1934 as in 1932, whereas
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Prave 2.0 Plots of mountain brome al the ond of season after 2 yveacs’ elipping
toa height of 3 ineh from the soil line durings the reproduction period, eompared
with one elipped before and after the reproduetion period:  Beries N, clipped
ance during the reproduetion period (sceds ripe); series X, elipped onee during
the reproduction period and onee later (hends high in hoot and seed dissemi-
nated} s series ¢ elipped Lwvice during the reproduetion periad and at the end of
the growing sensan (zeed in dough, seed ripe, and seed disseminatod) ;) serjies £,
elipped. before and after the reproduction period and the sormal maximum
stourage period (plaots 4 inehes high and seed dissemination bhegun).  White
pegs wmark positions of former living planis,
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the plants on the two other plots vielded 60 percent and 66 percent,
respectively.

Results on three series of plots where the plants were first elipped
in the carly, middie, and late purts of the growing season and were

SLENDER
WHEATGRASS

TIME OF
AR MOUNTAIN BROME

4 inches and
6 inches high [ :
Y " |

i

R R R RN AN I I A
. . W A A O O R R N - NS
4 inches high  E555555

and seed in milk f‘,/\y//////////% f,
o) B |

PR

R

]

. . TR, o
4inches high  [NUETONINNNIN

N

and seed Wﬁ

disseminating : ;
(E) ! i

Head high in PSRN, ::E\;\‘;::E\:::i\b\:i

boot and seed 777771 | : 00

disseminating £3] : i
rH) | , |

- s O A
N e N A Sy e

Seed in mitk /////%‘,/% )
() et : RESeoRend

ond disseminated i
! i

C 20 40 &0 B8O 000 20 40 60 8O
YIELD {GRAMS)

1932 ) 1933 X 1934

USFESWG -194]

Fraone 100 Yields from two elippings at ditferent stages of seasotin] growth;
monntnin bBrome and slonder whealgeoss; 1932-34.

elipped a socond time labe in the season (series 2, H, and J) give
Turther evidence that close elipping is more detrirmental if made lnter
in the growing season when reproduction is active.  Series /7 and J
yieldd only 14 percent and 20 pereent of their 1932 vickls, whereas
series i yielded approximately 67 pereent. The same relationship
holds good with respeet to earbohydrate storage, series J faring worse
and series 7 and £ suecossively botior.
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PLOTS CLIFIED THREE TIMES

Results on plots clipped three times to o height of | inch during the

growing season corroborate the evidonee already presented, that early

clipping permits greater vield and greater storage of earbohyvdrates

than leter elipping fig. 1) and tables § and 7Y 10 was evident also

that close elippings are detrimenta) if made during the most active

———————__

i SLENDER
TIME OF
| CLIPPING MOUNTAIN  BROME WHEATGRASS
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-and heads si0wing //'
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(8

Seed ndough, £ AR O NI AAROY ;._‘\ !

I
seed fully ripe, ) A AT A AT B TR R S

seed disseminoted / : ////////////////}
: - SN
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& nches fugh,
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seed dissemingted
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1 doys ofter
seed dissemmated | :;'Q&;{(E;;{i:g

fl oSty

(A}

00 C
YIELD { GRAMS)

, 1932 07771933 g 1934

i
e e s

BRI B IR B H
Fistrre 1 Formge yviek? of sistintain brome and slender whenterass clipped
three times ot varions <tupees of growth, 1432 31,

seriod of wrowth and repruluction, which begins with Hower-stalk
[ A A e

formation, usually when the plants wre 6 inches high, and ends when
Hie seeds matore (pla. 3 and 43,

PLOTS CLIFPED THROUGHOUT $EASON WITHOUT RESPECT T GROWTH STAGE
Plants clipped to s height of 1 ineh at 5-day intervals throughout

the growing season, beginning 15 davs after snow disappeasnee (serios
. produced less foliage and stored less carbolivdrates in their roots
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than plants treated otherwise {fie. 12 and fahle 7). At the ond of
the first and second yvears of treatruent the combined sugars and
starch in the roots of these plants smounted only to 37 pereent andd
49 pereent. respeetively, of the quantities in the roots of this contro
serice. At the end of the third vear of treatment, Insullicient plants
remuined o make up o 5S¢, saople of roots for analyses,  Forage

1

TIME AND R
HEIGHT OF MOUNTAIN BROME SLENDE
CLIPPING WHEATGRASS

19-doy intervals from
snow off. tolwnch
G}

15-day intervals,
from heods showing:
1o 4 inches

f5)

Heads showing fiowers
in bioom,ond seedin
dough: to 4 nches

(7)

1932 41933

L L "
Fravee 120 Porgge vields of mooniain Do and <lender wheatgrass aftor
clippping ot 1a=tlay intervals ta §inch veertes 0 and 1 tavhes sseries S omaad
clipping Lo inches theee times doring ety e grawth perind (zerive K0 Close-
elipped series £ indicated greatiost redartion in yietds of all pluis, whercas the
modderate elipping w4 Inehes ix wmong those with lowoest reduction,  Seejos &,
clippudl at 1he sanie intervale as sevles foodig, 1) ~bowed acslight gaiag

yiold showed sinvilae {rends; ot the end of the third year of
treatiment it amountsd only o ahout @ pereent of the LR vivdd,
Continuows retnoval of the photosvathetie fissue prevents suflicient
earhohydide storage and {eaves the plants o weakened condition,
with the result that the planis die of starvation or are wintee-killed
3). ¢

Differences in carbobydmte storage between plants elipped at
varins freguencies were not marked, Carbobvdeaie resorves af

TNl conelusion i soppoected ik by bt darn eolleetsd by chie semer wultor oo Lgraggrea
Sundton, Ludropagan senpaeeiix, L hedfor, wned Howdetoug L,
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rave 3 Flower <tadb= of jomttain Deadne Trome plasea~ 60 wnehpped s 1
chpped before aud after thes reprrodpetion perod s and I8 elipped onee eariy
i thes aetive poriodd of repraduction sl apee dirive soed dissemination Close
chpping during tie reprodaenon: period net onls injires the plamts ot also
profoapgs vogerntive grow H, winel resolls e =ubmoemality of grow te aand earba-
iy dlrnte storape.
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Pravs d. Plots of momnisin brome phoagsal oad of hivgd season of vlipping three

limes o venr to g beight of Tineh Frorn the sofls Serfes €0 Dwieo tefore repro-
duetion is aerive wed onee inovacly reprodaction: series £, hriee durites acetive
reproduction period: series ¢, Inice during petiod of seod ripening and onee
afier active reprodurtion. Onosll these plotz, plunts woere losi as g result of
clipping made during the setjve Srowing senson, Lo was preatest on The
plot= that reevived bao elippings during this pueriod, espeeially oicthe une elipped
during the seedaripening poriod,
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plants clipped twice and three times during the growing season nearly
cqualled those of plants clipped onee. le.nllty of carbobiydimde
resorves in the plants af the cad of the growing season appears Lo he
mfluenced more by time and degree of (Il])pll]l" thaon by feequency,
When, however, ¢lippings are mude hotl fr ceprently and intensely, as
in the ('nnllnumlwl_\' clipped plots, low values of vield and ¢ nhohyflnllu
reserves resyll,

PLATE CLIPPED FOLUR INCHES FROM SO1L LIXNE

in addition to the L-ineh elippings, plants of two series (£, 8) were
chipped to ncheight of 4 mebies from the soil dine; series & at the seme
La-duy intervals as seriex O, bt starting 36 davs later, and series B al
the sume three stages i the aaddle of The growing season as series B

The plnnta elipped (o a height of 4 inches ai a-day intervals (series
S, see plo A and table 6) had consistently greater quantities of ecombined
sugnrs and starely in their voots than those inoseries €, and 1933 had
practically as moch as the control gronp. Tn 1934 the vield of plants
i series & was about 72 pereent of lln-il‘ 1932 vield, whereas that in
series O was only aboul W pereent tig, 12, table 7).

Similar although smaller differences were found in the two series R
and A elipped three times during the middle of the growing season
4 ine IIt'H and 1 ineh, respectively (able 63, The plants elipped 1o 4
inches showed more sugars and stareh storage ineach year exeept 1934,
a vear when the growing season was pmlnng d. Their vield inerensed
slightly during {he experiment,  Final vield (in 19343 of the SOries
(Ilppml to 1 inch was only about 4 percent of is 1932 vield, whereas in
the series elipped fo 4 inches 16 was shightly over 110 pereent (table 7).

The results of the 4-inel clippings also demonsteate that stthsequent
forage yiehl and quantity of carbohydrates stored appear to e
reluled 1o the quantity of plmlna\'nlln'm‘ tissue left after harvesting,
The 4-ineh clippings [eft Ierbage sullicient (o manefuceture nnd clore
nearly normad supphes of carbobyvdeates. Btods belioved, howevoer,
that prelonged elippings at Va-day intervals or elippings coneentr od
in the middle of the active mrowing season, cven to a heighd of 4 inehoes,
would eventually result iy perinanent injury to the }ll.lll|h.

The individual fractions of redueing sugars, sucrose, and stareh
follivwed the snme trends under the various elipping treatments as the
combined Tractions,

PLOTE GLIFPED REFEATEDLY DURING EARLY GHOWTH

A the elose of the first vear of the study, o question was raised
converning the elfectz of repeated elipping ¢ dose to the soif line during
the varly gx'n\\lln period. Aeveordingly, two series of six plots each
(7 and 1Y were establishied at the Gowe of snow disappearanes in 1933
ani elipped theee times ot H-clay intervals, the elipping starting on
series {7l the time of suow digsappearance amld, oncoservies 105 days
after snow disappearaner,

Ivve davs alter the thivd and final elipping of eaeh series. the roots of
the plants on one plot of cach series were removed and analyzed for
carbohydrate content in comparison with roots of unelipped plunts.
At the erud ol the growing scason, the roots of the plants on a second
poi were similardy compared with roois of unelipped plants. This
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same procedure was followed cach vear for 3 vears. The restdling
duta are presentod in table 6.

These data show (1) no signifiennt difference in the gqunniity of
carbohydrates stored by the two elipped series, vither ad (he end of
the enrly elipping period or at (he close of the rowing sensom ; (2) eon-
siderable difference in gquantity of stored carbohvdrtes between (he
chpped plants 2.6 to 6.4 pereent) and the unelipped plants (3.9 to
2.6 pereent) al the end of the early elipping periad: and (31 as arent a
earbohvdrate content in the elipped planis as in the unelipped plants
ai the close of the growinge senson.

Nutritional delicieney appeared in the herbage aftor the st
clipping.  Growih seemed to bie relarded and new folinge did not
attain o bealthy eolor until about 10 days after ihe final clipping.
Branching from the erown was delaved and dinmeters of flower stalks
reduced. The Mowers didd not open and dead stamens were Tonml in
the Qoeal bracts along with caevopses. The roots of (he clippid plants
woere shorl and matled and nany of them wors dead, Bepletion of
carbohydentes by the end of the thivd clipping smounted to aboul 78
percent of the total stored during the previous autumn, in contrast Lo
70 pereent in the control group,

Sufliciend time remined in the growing season afier the final
clippings, however, to allow the planis (o recover. at heast in [rarl,
and complete their erowth evele, AL the elose of Che IR Senson,
roots of plants in the elipped geoups contained as imoeh carbobyideate
as those of plant=in the control @ronn, and in some eases more,

REsrirs werd SLeEsner W ik vronr ws

Results with slender wheatgrass undor the severa! clipping treat-
ments were inomost enses similar (o those with mountain brome.
General relntions were (he same for both crazses under all elipping
trentments. A descending trend in carbobydmie storace was ovidend
as cltpping was delayved ttables & and W7 The signifieant points of
ditference displayed by slewsder whentgrass in coumparison with
mountain brome in ihe elipping lests were (1) ronsistentiy lower
vitlnes of earbohydentes; (2 maintenance of greater pereentage of
forage vield: (34 inerease of forage vield in the early elipped plots; ()
smallec differences hetwoeen the results of the differend clipping svstiems,
cspecially between I-ineh elippings and  1-ineh clippings: and (3)
ability of slender whenterass plints (o maintain yield and stove fajr
quantities of curbebhydeates under elose and lvequent elippings.
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Prare 50 Clipped sod nonelipped plats of mountain I)IUEI!(‘ pluniz at end of
sreoud senson: Series 0, elipged to | ineh from the =oil line 2l {3-day intervals
rimm;, tHhe prowing seisn Lwhile pegs aark foroer positions of living plants);
~erits S, clippeil to F inches from the soil line st U-day jntervaix (Iuring thes
rv}umi::(tinn periged s series € nnelipped. Clippingg Lo U inel From Hhie soil line
al Peday jnleryanis femulbed T bow carbohydrate stornge and lhigh mortalily of
the plant=: elipping o 1 inehes from the soil line al the <ame futervals allowoed
mdernbe crrhohydenie storsge aond did net nppear o danage the plants,
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TavLk 8.— Nlender whengrass yivlis nnd combined sugar and sturch soves, 1938 34,
aned number of fower stulks wod height in 1985, wader difforent methods of cdipping
iluring grawing seasons t
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The amaller vatues of carbobydries in dender wheatgmss under
elipping treatients are explained by the fact, shown in the nutrition
phase of the study, that slender wheatgrass plants normally have less
stores of eavhohivdrates i their reots and <tem bases than mountain
brome,  Its wrowth habits explain in part other dilferences. Sleader
whentgrass s a long-ived perennial plant and theeefore may have
been less nfluenced by sge tan the short-lived mountain brom.
Azo, <leader wheaterass prodoees more short basal Jeaves than
mountain brome wid s capable of endarging its (ol area by tillering
ipl, B, A and 0 Beeaose of die shorter basal leaf growth, stender
w heatarass plants sutorally have wore photosyuthetie dssue rematin-
my after caeh clipping tnn mownain brome and therefore are abie o
store nore carbohydvates; and the planUs ability o inerense by
tlering minkes (1 more resistant to close elippings. Cenetie differ
erees of thie two planis, also, wiay account in part for their differont
responses e the elipping treatinenis,

B tor= Worre Srieny {umovary

L weneral, the resalis with sticky geranim showed trends =imilar
to those with moumeain brone aid slender whenteess, The plants
subjecied (o elipping before and after the intensive growth and repro-
ductive perisd showed iore carbolivdrate storage and less foss pereent
of forage yield than these clipped doring the middlbe of the active
growing <eason.Phe differcoces i this plant s pesponses to the several
clipping Lreatreats, and the variability of the resol iz obiained in some
eases. ean be atteibuted eliefly o the growth babits of the spevies,
Stiely geraninm pois foeth many lone-stemnned leaves that arow from
the crown of the plant tplate 1040 A< isshown by the resndis of the
nuwrition phase dhigs. 6 and 7 this herbage mntures relatively
early. coabling  cachobivdente storage 10 hegin promptly amd be
completed o relatively short thime, This secounts Jor the favor-
able resulis from elippings ite o the growing season,  Figures 13
ated 14 wive comparntive vields,

The fact thar only v planes were used for ench annlyvsis in the
ehipping serics may have resolied o misoe diserepaneies in gomie of
the resoltss Moreover, close elipping of sticky gernntnn tnkes all
photosvnthetio tissue sond berbage muost again be prodoceed Trom the
erowii befere manultacture ol encholivdrates ean be pesumed.  Thus

wlipping cause seveer shoeh o the planes,

The quantiiy of combined sugars and starch in the roots and
stom based of the plants elipped once during the season was lowest
when the elipping was made docing o ot the immediate close of the
intenzive reprodoctive pectod tiable 1, with the exeeption that in
1033 planes elipped after Hower bods were in evidenee s{ored more
carbehydrotes than plants elipped earliee. The growing season in 1933
wits shorter than norpl, decreasing the storge peviod of the plants
elipped caely and preventing regrowth in the plams elipped aterin the
seasoit, and this cansed less diminution of Toods aleeady stored in these
plants, The several individoal sogars and starch Teactions showed
treneds shintlar (o those of the combination dix 61, The main diffor-
enees were in the valoes Tor starch and reducing suwear,

Resuits with plants clipped twice at various 2tages o growth
(fir, 13 and fable 10) vary somewhat, with no marked dilferences in
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quantitics o earbohydrates stored exeept in series 1) during ihe Inst
year. This series, elipped 15 days alter snow off and again 10 days
alter full bloons, showed a steady loss in pereent of Torage vield,
Plants elipped theee times during the early or Inte portion of the
growing season (fig. 14 and Table 10Y had higher earholiydite storage
than plants clipped three times during midseason or plants clipped

E CLIPPED 3 TIMES
" Eorly in season:
! t5 doys ofler snow off,
; 2-4 inch height, 5 dnys
! before huds burs! I
ic) ;
Midseason: f
S days before full bloom), '
15 doys belore seed ripe ;
(8} i
£nd of season: ~ W
15 doys before and 5 days SIS - ..]
ofter seed ripe, Sdoys ofler [ //;’._//ﬁ;ﬁ
seed dissemingcled “\
G/ -
Throughout sedqson: . ‘ ]
15 doys olter snow off, full " e E N I A
bloorm: 5 doys ofler seed =
dissermnated R ; :
(4a) ! !
| REPEATED CLIPPINGS S
i BRAATOCANA T
: At 15-day ;\\t:o:ect\s_.‘q::\\‘o;ﬂ;t
Intervals i :r
ro) g |
i ]
! . ;
i o 20 40 60 80
: YIELD {GRAMS)
t TNy 1932 V721933 1934

TTVAT A0 -pal

iavny 1d--Blicky geraninm yields from 3 clippines during season, and from
clippinas st La-day intervals, 1032 34,

three tines throughon( the season. The pereentage of vield, also, was
higher in the plants elipped early and late.

Plants elipped at 15-day intervals throughont the growing season
had less envbobydrate stornge and more reduction in vield than plants
clipped under any othersystem (fig. 14 and table 1), Plants remain-
g alter the third year of this treatment were vearly dead and fur-
nished barely coongh rools for the ehemieal analyses.



http:I'l,dlldio.ll

o e . ) ST HOTC : : LHIS10%
: LU L REUI L H R UEE TR I [ 1 N R FTEER TR TR LTI ] P TR
[T W, 3 . _ i i B LD BT SHER Y
bl 1 : : FRG It
1151 : ’ L Wiy d U Jr

PNOEYHS LD L SHINLL B O

AGRICL

or

S S EE ek : P St e S UL [T JAE = St el -pe

o b1 s VR X I ¥ : 5 ST OIS e KRN ORI -

b L1 NG : : Al L el * 100 380kt 3011 S XN ]
iRl th o - ttnofy

110 WHJU SSRER DE POk [0 50 Rl SN LT -fF

g o : FE MWOUE D E SR U ) <7

bl

[ENTE) ¢ UDSNb H1 it——

et ; - BRNRLL LN TN A

TN R IR SALIE Y

by . ) : b Al L RPN Sy e sSupg 74
e, Y : 1 R i STRE EE TUARIL AL
n : N i 2 i 3 . . RECERELHI A NV SV PR T PR B Y

S18, U.

fir FAtR | [TERITS ol v et : : pracdilipaun
BL RNt TEGL i ] pas 4| Tt REUT . il il
STt T T SHPIAIE o I e e

2 LY N : : : .
AFUENe AL oYL “.“w:.‘m.._._:u/__"_,. Qe LISERIEF [ PRI ST SIERTl EhnILpey |

ECHNICAL BULLIETLN

DAOHLNGLY UL LLLRN

VEe ey Muadi gy oo siragefis
wea i apun o fop fo posad uy Scosas el e fie o p sasong acgs g spng w3 paingE SRNIpRyoqany Juiminsa L N T I LD




GROWIH AND CARBOMHYDRBATE CONTENT OF MOUNTAIN PLANTS 43

M elippnrees toa height of 1ineh abose proumi line,
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EFFECTS OF GRAZING

Preliminary tests of the stornge of carbolivdraies in roots and stem
bases of mountain browe under grnzing by range eatte were made at
the Bluebell field unit during the 4 vears 1932235, Similar tesls of
slender wheatgrass were inande during 1935 only,

Thesp oF CaiioinybirarE CoNrest

Koot somples of six (o cight ungrized mouniain brome and slender
wheaterass plants loeated ngide an enclosore weree talen at approxi-
malely 10-day intervals during the period from June 2 10 September
10, inelusive, 1935, Ou the same dates, root samples from six to
cight plants of the s species that had been moderntely grazed fav
eattle were laken in e vieinity of the enclosire, Grazing Teft Ui
plam= 2 o 6 inehes high and was restrieted o the peciod from mid-
dune to mid=-September, Mountain brome was grazed fisst aond to o
greater degree, heenuse of 1= higher palaiability, doabtless due to the
higher sugar content as indicated in the mnriton pliose, The plants
analvzed wers grazed, on the average, three times during the season,

The carbohydyate content af the mountain hrome that was gramed
was gignificantly less shiorty after weazing hogan than that of the une
grazed plants ties 15,0 On Jule 26000 aversged shout 78 pereent :
by Mucus=t 26 100 had diminished to 55 pereent: and by Septeriber 10
it inereased only 1o abount G6 pereent, or less than the corresponding
percentage Tor any of the vlipped lots except the plants elipped at
i-day intervals,

The earbohyideato content of the roots and siem hases of grazned
slender wheatress plants renained within 90 pereent of that of (he
ungrazed  plants unGl July 16 olies 150 Thereafior it diversed
abraptly and oo July 26 and on September 11 waz only 70 pereent.

Two pois stand out in these results that agree with (he resulis
of ihe nutrition and elipping phases:

The earbobydrate content of the roots and stem bases of (he (wo
wrasses reached the seasonal minimum during the formative vrowth
stagre and the seasonal iaximum alter cureent sessonai angd second-
wry hievisee and root crow te was completed.

Grrazing, especially dhiring the reproduetce period and during the
normal storage period, reducs] the quantine of carbolivdemtos stared
in the roets of the plants ni the end of the srowinge seagon,

CARBIOIDY DRATE STORAGE BY SEGGON O0F G RGZING

Figure 16 shows the quantity of earboby destes stored in the rools
and stem-bases ol mountain brome and <lender wheateess planis
ungler o1 moderate grazing durine (he summer season Grom mid-
June too mid-Seprembers 125 moderiie grazing after sesd matnrigy,
and 3 fotal protection. The chemieal determinations were made
v each ense with roat swmples of six e vight plants collected at the
enl of the snow-free periad, In mid-Octobor of each vear,

As ghown by figure 16, the planis wrazed season-long {eeazed on
the average threee (o Toue fimes during caceh season (o heighits of 3 (o
Bonchest had consistently less carbohydimtes stored in their roois at
the end of the season espeelally in 1932 and 1933, when grazing was
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somewhat heavier.  Tn 1033, earbohydrte stores in @mzed mouniain
brome ranged Nrom 47 to 68 pereent of those in uneenzd lants and
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Frevre 13 Trewad of the coonbined sopars and <tarel content of roots and
~tene-bases of grsed wd angeazed L monutain beotne nand 4 <leneder w hieat=
grus plant= 1 (35 ln monatisn beome ow raot geowth 003 1o 2 e
and pew shoot mrowth 22 ey appenred abont Aogust 1.

i slender wheareenss amounted ta ghout 70 preevenl. Planis vrazed
only alter seed maturity, near the emd of the vrowinge sensan, bhoad 84
t 96 percent as muech carbohydrate stornee ws the unerazed plauts,
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or considerably more than plants geazed during the intense orow- ®
ing period. The Litter results resemble those with planis clipped g

the cad of the season iplot 223, which had from 84 to 91 pereent of

normal earbohydete stores.

Mountain brome:

Moderote grozing
during summer

Moderate grozing

ofter seed maturity \ \\\\\}\X\‘\%\ T
AR

AR
SO0 e

No grezing

.

=
o

Slender wheatgrass:

Modercte grozing

R
o A%
during summer  Favmeag it

Moderate grazing

ofter seed moturily

Mo grozing

CARBOHYDRATE CONTENT { PERCENT)

Ej1933 Y /934 (25 1935

W

L.

Frivre 160 Sngar wwd <tarch content of oot~ aml stomsbees of trotinLain

Breoe - 1932 35 and <letuler whentarme-  TH35 amler
SUAMMARY AND CONCLL SHONS

The tindings of (hese stadies of Ue vrow it ad earholiyidente
nuteition of twe pereenninl e grsses and two broedleal herbieonus
range plants native to the Wasaieh Moantaing in centeal Utah, under
natural conditions and total protection. elipping, and eattle seazine,
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are of importance as o basis for conservation measures and  wise
grazing use on weslern mountain rnge inds.

Anoual growth of the plants is o exvelie process in which intervals
of rapid growth alteenate withcinfeevals of depression in erowth mie.
Seasonal retuations in precipitation and temperatuee eaose definile
ftuctuations in the growth rate. Depressions in mrowth eate also
coincide with the advent of flowers sd Tarmation of frit,

Tl annual exele ncludes growtl of Derhare, growith ol roots,
fowering, and seeondary wrowth of herbage. The aonual herbage
growth beeins hefore the winnter snow disappears, Root growh occurs
in enrly spring immedintely after winter snow disappears; at the con-
clusion of shoot growth; el near the close of the snow-free poeciod,
alteenating with hierbage srowth. Secondary herhage growth lakes
place doring the satmm when the Ioliage developed in the speing s
deving, Shoot bads forin o the erown of the plants duving the
foltowing seeondary herbage growth, These buds peesist vnder the
winier snow and prodoee the eacly spring shoots,

The storage of carbohydrates s also evelie and s related to the
eaele ol amual mrowth in the following manner:

Storage of varbohydrmtes s 0 g minimnn during the periods of
vrentest growithe Maximom storaze ocenrs during the autumnn
Awgrust and September with the completion of seeondary herbage
vrowil.

Farly growtho in the spring is dependent upon reserve foads in the
plantss Approximately 75 pereent of the toial earbohvidrates stored
i the aotimon are consumed o the preduction of 10 pereent of Lhe
Herbare growth,  Subsequent erow th iz dependent upon the eurvently
siinilated Toods,

Phrvinge the winter metabolie setivities are great Iy redueod.  Respira-
Hon ot g low rte ecantinnes in the living tissues amd the soluble
carbobyvidrates inerease at the expense ol the insoluble enrbobydiates.
[Meh concentestions o 2owars in the basal oveans appear to be
associated with vold resistanee and survival,

Stero=e and starel are the prineipal carbehydemtes stored, lomi-
eellilose appenes (o be more impeeiant as a cell-will constituent,

Tl uantity of earbolivdries stoved is weenter in the broadleaf
plant: than in the geasaes. Proportions ol the severs] esebohydrmte
Mesetions atso vary somewtt for the tw o tepes of plants;sugar content
i oreater in (he grasses and staveh content §s greater in e hroadleal
plant<. Carbohydrate-siorage vaboes woere bicher i mountain hrome
than in slender wheatgrass; sugnr storage in particudne was higher
nomuetain brome,

The vievions systems of chpping applied (o mountain brome, slender
wheaters, and sticky gersninm vielded the following resul{s:

With few exceptions, forare yield of all plans elipped teenerally to
a height of 1 inehr was Tower at ibe elose of the stwdy than at the
hecinping,  The exeeptions were plants clipped ot the elose of the
rrowing season, those elipped theee Goes durmye the senson to o heieht
of 4 inehes, and slender wheaterss plangs elipped when 4 w0 6 inclies
hierh,

Carbohadmne atorage of all elipped plants, exeept the sticky
goerantum plants clipped at the close ol the growing season, was fowoer
thisy those of unelipped plangs,




18 TECHNICAL BULLETIN $15, U, 8, DEPT. OF AGRICULTURE

Among elipped plants, highest pereentages of vield and greatest
earbohydrate storage occurred in plants efipped carly when 4 and 6
inches hich  amd at the eloge of the growing season when folinge was
dev. For mountain heome and slender wheatorass plants dipped 1o
1ineh when they first reached § inches and these clipped ot the close
of the growing season, carbobivdrate reserves avernged abont 90 and
88 pereent, pespectively. of those in unelipped planis. Lowest ear
Bobivdeate storage, and grontest pereontage of loss in fornge vield,
vecuried in plants elipped to Finely ot Da-day antervalz seasen lone and
during the growing periods Hower-gtall formation o seed ripening.
The plants elipped when seed were eipe avernge only 67 pereent of the
conirol-plot vabues, Others elipped whea seed weve i the sk stawee
averaged aboul 73 pereeni of the eachohydrate reseeves of unelipped
plants.

The quantity of reserve carbobydrates stored in the roots and sten
bases of the plants i related to the smount of Tolinge present during
the normal =toruge poriod  dogost sad Sepreaber al thie stady see
and is less as the nterval decreases between clipping and the normld
storage periad,  Close yretnoval of herlage celippige 1o 4 inehy al any
time during the storage period reduees the earbolivdeaie reserves, bl
i done st the beginning it not ooly prevents pormal storage of carbo-
hvdeates but also stimulates regrowih, sl the expenditore of carbo-
hivdeate foods previously stored. B herbage i3 elipped early in the
season when 2ullicient Gine vet remains Toe the plant 1o make new
crowth and complete e normal growtl eyele belore the onset of
winlor, tiestr-noesaal i':!l'hn]\_\‘{fl'nh- pesery ol e ol nned.

Similar vesulis with the two gies species were obbained by elipping
Pwier and three Gines tooo heieht of §inel dovinge the erowing sceasen.
Plangs elipped early and a1 or pear Hhe close of The season naintained
# geeber perecni of Tomee vield aod bad gronter eavhohydimte reserves
than plants elipped doring the midde of the season when reprodoetion
wis i pregeess, When eardy and elose clippings ttheee elippings at
A-day ntervads) were vepeated, bowever, the immediate cosolis wepe
di<tinet ctoelaCon and rediced earbolivdiate slores; b with oo
furthier elippings the plasts completed nea-pormal carbobocdiie
stores by the end of the season,

Whien elipped tiree tines bo g heielit of 1§ inches from the <oi) fime
the mennisin brome sl <lender wheaterass plots attained aboves
average vields and eschohvdrte wserves, In the monntain brome
and slender whentorass plants elipped 1o this height every 15 days
durine the growing =eason, the cavhebvdente reservies avernged abouot
S pereent and 77 pereent, respectively. of (he reservis o the unelipped
platis,

OF plants elipped during the growing season, those elipped 1wice and
theee tines nearly equadled those clipped onee i carbohydrate reserves,
This indliestes that quantiity of eavbolivdrate reserves in the planis
ab the vl of the feason i infhienend Tz by frequeney of elippine
than by thone and degvee of clipping. When elippings were made both
fregquently and ntensely oo booa beighit of 1 ineh st 15-day intervals,
fow values were obtained in both vield and carbobydimte reserves,

The several elipping trestments of sticky geranbon furnishad evis
denee sinnilar to that from tests on the fwo giasses, in that plants
clipped ut the elose of the grow ing season nmintaised v greater pereent
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of vield and higher enrbohydente reserves than planis elipped during
the main purt of the growing season,

Results obtained lrom eattle grazing closely resenibled those fram
cotnpirable clipping treatments. The geasonal trend of earbohvdrtoe
reserves inder repeated grazing was markedly below that of (he un-
grazed plants, and at the end of the season (Ocetober 10 the tofal
reserves for monatain brome and stender wheatgrass amounted o
ahout B6 pereent amd 70 pereent ol the reserves i ungrazed plants,
Under maderate season-tong srazing (3 (o 1 inelies Trom id=Tune to
mid-Septembery during the davear peciad 1932 25, carbohivdete
reserves ol mountain Brome averaged abont 38 pereent of those in
ungrazed plants, whereas under iodersfe wrazing alter seed maturity
they avernged aboul 88 pereent. Similar treatments of slendoer whea (-
wrass vickded 70 pereent and 85 pereent, respectively . in earbohydeate
I'e

SOV e,

Fron theze resulta the Tollowing conelusions ave drawn with respeet
Lo proper season aind infensity of wrazing on high mountain sommer
ranges i the West, gupporting stands of mountain hrome, sionder
wheatgrass, and sticky geranium plinis

Lo Adbhsousgh presence of snow and infloenes of ofher adverse elimatie
clements make it necessary (o ufilize kigh nonntain eanges during the
=ummer season when the plunts are growing and prodocing herbage,
stch arazing should he so coordinated with the eritieal crowth and
desclopmental stages of the principal pecennind Tovge plants that
the plants may assimilate and store sofficient plant foods (o maintain
wrow the and prodiee herhage for forage in snhsequint vens.

20 Critieal periods in the Jife evele of the plants studiod, ax meas-
wred by the enrbohydeate reserves at the end of the growing season
and yield am! vigor of the plants, are 018 Trom Bower =talk formation
e and ineheding seed ripe the active reproduction pertod: and (23
durings the forepart of the noemal carbobalente-stornge period, whicls
i the mountains of Utal takes plrec during Augnst and Septenthber,
Carbobydrate storage i3 w0 a0 minimwm during the reprodaetion
perivd and subseqoent sturage is greatly reduesd by eiose utilization
during that periad. Morcover, reproduction leads (o phvsiologieal
inertin or Tatwie 18y, and elose havesting during this period appeses
i dnflier added injury on the plants, Again, harvesting duving the
vortnal storage period, pacticularly at the heginaing. delays and pre-
ventznormal storage. Usaally insullicient time eetinins in the growing
<eason before the date when masinnm storage wakes plaee 1o allon
Jor soflicient regrowth and normad storee, Grazing should be slaek-
ened during these periods,

3. Karly grazing, when planis aee 4 to 6 incles high, provided Tt s
not ton Teequent, and grazing near the elose of the erowing season.
when the herbage 3s dey or deving, appear 1o be the safer periods of
use a0 grazing is 1o be vestUrieted as to periods. Grher faclors, how-
ever, sueh as the uprooting of plarts by pulling and trapiing by
livestoek, as the result of early gz on wer and spongy sail; or (he
ik ol saflicient Torage at this tine (o waintain lvestock in theifiy
condition, as eutlined by previous investgntions (. 141, prevent tao
rarly grnzing use, Onothe othier land. reduced palatabilite of the
plant herbage and adverse weather conditions alzo militate ngainst
extended Tall gmzing,  Restrietion of aetual grazing perfods may not
thierefore e practionlile,
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4. The key to practical and sound contimied use of the snnnal
forage crop produced on high western mountain ranges suppor ing
stands of mountain brome and slendoer wheslgrass apponrs (0 be
woderate use  grazing the grasses (o an average height of 3 to 4
inches ot about monthly mlervals or foss frequentiv: and allowing, at
least periodically, for the slackening in the inlensity of wrazing during
the tntense reproductive period and the forepart of the fall storage
period,

5. s reconmended that sueh grazing nse be rotaied so that no
siven portion of the range is grazed at the sape (e every vear,  This
provision will allow for the production of secd and the reseeling of
the range previously Tound 10 be necessry (70, 1 and miny wlso obvi-
ate the necessity of slackenod grzing during the ervitieal periods of
plant growih.
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