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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

THE RELATION OF GROWTH TC THE VARY-
ING CARBOHYDRATE CONTENT IN
MOUNTAIN BROME*®

Iig Bpwann € MeCanry 3

Indermouniain Forest aud Range Brperiment Station, Farest Seevice
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INTRODUCTION

Mountain range lands furnish abundant and varied farage for live-
stock.  Although broad-leaved plants of these lands are valuvable {or
arazing, perennial grasses, because of favorable growth habits, are
better adapted to this use. Preservation of these range grasses
depends upon the manufacture and stornge of carbohvdrates by the
plant in excess of those consumed in growth. Any systenm of grazing
that permits compleie and frequent removal of the green shoots,
thereby preventing manufacture and storage of carbohydrates, is
imorious and may result in the destruction of the grass cover. Such
mnuhlimtim: RETLITE N 15 v

2 Bromey curinntus,  This tnther verisbic gross hog begn repurded by snne e naists us compnsed of three
separnig species: (1) Colifornin browne (84, carlantus), {23 big brome (71, avcrgipatund, wnd G4 poiventhos
broane (5. polyamthes), althoueh these were Feguently Do topeiber o the Forest Survice os “hig
Tuouninin hromaes

F0his posthpmeus bullotin siqrears io & forn ooy stightly modified from that in wheich iL wis proqrire)
byztho nuthor who, ns Lead of Lhe Howany Duepnrtient of thy Riverside fonior Calloge, Hiverside, ulif.,
wag eheared during Lo sinmer woaihs by Hie Yntermotntain Sttioh (o e eapagity of sasorinde forest

ceofopist., ‘Tho chumical aunlyses Invalved in the stody were rude it laborntory of the cullepe unier
Lir, WeCarty's imniedinle supervision,
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excessive use leads {o retrogressive sucecssion, which may in turn be
{ollowed by erosion and general impoverishment of the soil (79).4

Annual growth of » perenninl grass is related to environmental
factors and to specific nutritional and reproductive processes. Con-
siderable regularity is manifested in the suceession of these physiolog-
ical processes. Inifial growth of the herbage in the spring s made
at thie expense of the carbobydrate accumulations stored in the basal
organs during the preceding senson.  Concentration of earbohydrates
in both herbage and basal organs of the plant is inversely related to
the rate of herbage growth. This relutionship is maintained through-
out the entire annual ¢vele of growth, The accumulation of carbo-
hydrate stores is delayed, therelore, until most of the annual herbage
growth is produced (73, 20).

One complete clipping of the herbage at any time during the active
growing period or a¢ the close ol the eurrent season of growth causes
dimiuished carbohydrate concentration in the renewed herbage
growth as well as in the stewn bases and roots of the plant (12, 13, 20).
Since carbohvdrate accumulation oecurs during the closing phase of
the annual growth cyele, the amount stored in plants subjected to
elipping s divectly related to the total leaf area present at the begin-
ning ol the storage period (73).

Previous food-storage studies of grasses have been largely confined
0 the growih inferval between snow disnppearnnee and ripening and
dissemination of the fruit. On mountain ranges annual growth of
s grass has been considered to take plaee during the period from snow
disappearance in the spring {0 its reappearance in the autumn,
However, the carbohydrate concentration iu the basal organs of
mountsin hrome (Bromes carinatus) and other grasses is ot the mini-
i level at the outsel of the snow-free period, suggesting the occur-
venee of Incipient growth stages prior to melting of the snow in the
spring,  TFurthermore, maintenance of the native range grasses pro-
KUPPOSeS grazing uae in agreement with their nutritional requirements.
Therefore, additional informdtion coneerning the behavier of the
earbohvdrate fractions threuchont the annual growth evele of im-
portant range wrasses 18 necded, as well as accurete delermination of
their nutribional and foed-storage responses under delinite aystems
ol erazing use,

THE PROBLEDM

The ohject of the present study was to deternine for mountain
hrome {fig, 1}, an important forage plant common {o a large part of
western mountain ranges, the JoHowing hasic Information necessary in
the development of proper grazing practices for mountain range lands:

1. The charvcter of growtl .

2, The annual mareh and autumn and winter behavior of carbo-
hivideates, '

3. The relation between the mareh of earbobadeates nod annual
growth,

THE EXPERIMENTAL AREA

The experimental area is located at the Great Basin branch of the
Tntermouniain Forest and Range BExperipent Station in Rphraim
Canvon, Utuli. The soil of the area, a davk-colored clay loam, of
Hmestone origin, containg considernble organic matter and has =

fEptbe unhers b porentliosgs refer (o Biterbure Clted, po 26,
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good water-holding capacity. The dominant vegetation is character-
1stic of the aspen- fir type at that altitude (8,850 feet), with an under~
story of snowberry (Symphoricarpos oreophilus) and s generous
admixture of perennial grasses, predominantly mountain brome and
broad-leaved herbaccous plants.

The experiment was conducted within an enclosure which was
seeded to mouniain brome in the spring of 1925. Samples of plant

253939
Frorun L—hlauntnie brome (Hromtey cerinefng, 1 highly pndeinble reoge fornge grass,

material for food-mareh determinations were collected from an ares
within the enelosure approximately 75 by 100 feet.
METHODS EMPLCYED
COLLECTION AND PREFPARAYION OF SAMPLES
Random sampling was employed and all collections were made

between the hours of 9 a. m. and 12 noon. The samples were taken
approximately at if-day intervals during the snow-{ree period and
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at monthly intervals during the winter. From 6 to 10 plants yielded
2 stem-base and root sample weighing approximately 40 g; the herbage
from these plants generally exceeded that weight. Samples were
prepared by clearing the soll from the roots with s small hand brush
and cutting the tops from the bulblike stem bases. Herbage samples
analyzed consisted of the culms and green leaves from which all dead
or discolored material, and inflorescence when present, were removed,
Root samples consisted of the bulblike stem bases and yoot fragments,
ranging from 1 to 10 e¢m in length, that were not detached in har-
vesting and cleaning.  After preparation, all sainples were preserved
in 85-percent alcobol,
CHEMICAL ANALYSES

After oven drying and grinding, o 5-gram portion of cach of the
preserved samples was used for the complete chemical analyses.
Hach portion was extracted with hot aleohol, and to the extrack was
added a corresponding portion of the alcobol in which the sample
had becn preserved. The residue remaining after the alechol had
been evaporated from this extract wuas dissolved in distilled water,
transferred to a volumetric flask, and mude up to volume. After it
had been cleared, aliquot portions of the sample were pipetted into
two smaller volumetric flasks. One flask was made up to volume,
and the reducing sugars were determined by use ol copper sulphate
aceording to the method described by Schafler and Hartman (£7).
Tho second portion was hydrolyzed according to the process described
i Officinl Methods (2).  After nevtralizing and making up to volume,
the reduction power was determined and the resultant fraction re-
ported as total sugars. The diffcrence between the two determina-
tions was sucrose.

The residuc remalining {rom the sugar extraction was dried in an
electric oven, transferred to a ball mill, and rotated for 60 hours.
Distilled water, boiling hot, was added to the fine residual powder
and the container placed in & water bath at 100° C. for one-half
hour. After cooling, 6 ce of snliva, a few drops of toluene, and
approximately one-tenth of a gram of sodium chloride were added,
and the suspension was sgitated for 12 hours at 87°. The container
was then tronsferred to an incubator and maintained at that tem.
perature overnight.  Suobsequently, the container was placed in boil-
Ing water for 1 hrour to arrest the enzymic action. The solution was
then separated from the residue, and aliquot portions of the former
were hydrolyzed with 2.5 cc of concentrated hydrochloric acid.
After neutralizing and clearing, the reduction power of this solution
was determined.  Although this fraction is reported as starch, it
actunlly contains both true starch and water-scluble starch.

Alter being wasbed, the remaining residue was transferred to an
Erlenmeyer flask, and 2.5 co of concentrated hydrochloric acid,
diluted to 100 co with distilled water, was added. The hydrolysis
was cutied out with an clectric hot plate, care being used to keep
the volume constant. The suspension wes finally diluted with dis-
tilled water, neutralized, translerved to a volumetric flask, and made
up to volume.  Upon filtering and elearing, the reduction power was
determined, using aliquot portions of this filtrate. This fraction is
reported as hemivellulose,
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The several solutions of the unknown substance were eleared with
basic lead acetate solution, and deleaded with disodium phosphate.
All determinations were made in duplicate, the results being reported
as reducing sugar, based upon the ash-{ree dry weight of the sample.

GROWTH MEASUREMENTS

Maximum and average height-growth measurements of chock plants
were made at 5-day intervals, and a cumulative 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 angles formed by the convergence of
these lines upon the X-axis were computed, and rate curves were con-
structed from the resultant values (3).

GHROWTH STAGES

The annual growth cyele of mountain brome includes Tour definite
developmental stages and offers a convenient basis for presenting the
experimental data. These stages are:

1. Snow disnppearance to flower stalks first in evidence.’

2. Flower stalks first in evidence to heads fully out.

3. Heads fully out to flowers in bloom.

. Flowers in bloom to seeds fully ripe.

In 1932, the four intervals were, vespectively, 38, 20, 11, and 30
davsin length,  An additional 31 days was required for the dissemin-
atior of the fruif,

CLIMATE OF THE EXPERIMENTAL AREA

The climate of the expertmental area is tyvpical of that of mountnin-
ous regions. It is characterized by a short growing scason with
relatively uniferm temperatures and by [lrequent frosts oreurring
during the early and late snow-Iree period.

AR TEMI'ERATURES

Iixtreme temperatures are comparatively rare. In general, the
daily maxima and minimn inerease progressively from snow disap-
pearance to the seasonal maxinium in July.  Average daily tempera-
tures are fairly unifornt and are generally above 50° P, daring the
monthg of June, July, August, and September; this was also true lor
these months during the experimental period except September 1934
{table 1}.  Temperatures have risen as high as 88° during July and
dropped as low as 11° in September and 18° in June.

The extreme maximum temperatures recorded during the growing
season ol the years 1931 to 1934, inclusive, were 882, 83°, §4°, and
84° I, respectively; and the extreme minima, 15°, 19°, 30°, and 25°.

The 1931 extreme temperatures were record high and low, the former
occurring on July 23 and 24, the lutter on May 21, 27 davs after snow
disappearance,

3 Flower stalks were consirlored 10 Tie b vvidenee when o slight swelling, oaused by the [iloreseenee, voulid
B adoveeleel by et fng Hhee Hhapmb ad gt ovar Uhe surhivee of L appecmoese leal shenth,
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Frosts have ccctirred during all months,  IKilling frosts may occur
when the minimum temperature declines to 26° F., whereas light
frosts may result between 27° and 32°, inclusive, Records for a
decade, 1925-34 (18), show that an average of 3.4 killing frosts and
7.1 light frosts ocour annuolly during the first growth stage, “snow
disappearance’” to “fower stalks first in evidence”; whereas during
the 3 yoars of the study an aversge of 2.3 killing frosts and 8.7 fight
frosts occurred. The remainder of the growth stnges during the
experimental period were free from frost except for three light frosts
during the second growth stage in 1934,

SNL TEMPERATURES

As shown in table 2, temperatures of the soil at a depth of 6 inches
show grenter variation than those ot depths of 12 or 24 mches, the
near-surface temperatures being more closely related to nir tempera-
tures. The surface layer warms up following snow melt in the spring
and if sufficient soil moisture is present, freczes as winfer approaches.
Frost muy occur ab a depth of § inches, as was noted on January 6,
1933.

When removing root samples during the winter snowiall period, it
was observed that the surface layer of soil remains froven under the
snow until about 8 weeks to 3 months prior to suow disappearance,
depending upon the current weather conditions, st which time melting
usually occurs and the sod may heeome entirely frec from {rost while
there 1s vob o snow cover.  Complete thawing of the soil was noted n
early April 1933 under a snow cover of 36 inches, and in early February
1934 under a snow cover of 27 inches.

Soil thawing prior to the melting of the snow may be partly a result
of heat conduction from the deeper soil stratum; additional heat is
relensed st the upper surface by the absorption of the snow-melt
water. Spreading fluorescein on the snow surface during warm
weather revealed well-defined channels and a gencral downward
percolation of water throughout the cntire snow mass (9). The
vreatly augmented soil-moisture supply apperent when root samples
were taken during the several winters of the study evidenced the
penctration of this water into the soil.  In fact, where snow cover is
deep, a thin sheet of ice may be Tormed ot the soil surfnce.
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TanLr 2—Mewn ! sail lemperelures af various depths during lhe growing seasons of
1982 to 1934, inclusive, Ephratm Canyon, Ulunh
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PRECH'ITATION

AMean annual precipitation for the area for the period 1914-33 totals
29.48 inches, and us shown in the following tubulation most of the
precipitation falls during the winter months (Oct. 1 to May 1):

Inchex {nchex
. 15 .50
2858 : . . . . &b
L 42

210

. 2y

Total wnmual . oL L. 20048

Total precipitution from May to Qctober during 1932, 1933, and
1934, ns shown in table 3, averaged less than one-third of the annual
total. Precipitation from snow disappearance to seeds ripe for these
samne years was 4.48, 3.04, and 4.13 inches, respectively.  Snowstorms
have occurred in every month of the year: they are frequent in late
May and usual in September,  Short summer thunderstorms snd oc-
casionally hailsterms prevail dwing the snow-Iree period, although
1;1.i]ns may continue for a week diving the summer 1miny seasen in
July,

Tanng B Monthly precipitation, April tn Octobor 1932 83, Fphraim Conyan,
{tak
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TEMPERATURE RELATIONS OF THE GROWTH STAGESY

AMaximum and minimum air temperatures that occurred during the
several growth stages of the plant in the course of the study are com-
pared with the 10-venr mean records in figure 2. As shown in this
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figure, maxtmum and minimum femperatures during the several
growth stages in 1932 approuched the 10-year mean while the fem-
peratures during the growth stages of 1933 were above average for all
stnges and those Tor 1934 were below except for the firss and last
stuges. Thus, years of near-avernge, above-average, and helow-
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Fravre 3o—Anunual growth stages of mountain brome, Epliraim Canyon, Utab, 1932-85.
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average temperatures during the growth stages of the plant eccurred
in the course ol the study. _

The variations in temperature during the growth stages were re-
flected in the length of the active growth period of the plant. 1
1932, when temperatures approached the menn, the length of the
growth interval befween snow disappenrance and seeds ripe was 94
days.  The length of the growth period in 1833 was St days with
temperatures above the mean, and in 1934, 106 days with temperatures
ielow the mean. '

The prevailing temperatures during the growth stages of the plant
are aiso reflected in the length of the growth stages. The growth
stage “snow disappearance” to “flower stalks first in evidence” in
1933 was 11 days shorter than the same period in 1932, as the result
of higher-than-average temperatures.  On the other hand, the growth
stage “lower slalks firs in evidence™ 1o “hends fully out’ in 1934 was
13 duyslonger than the same period in 10832, as the result of lower-than-
avernge temperatures {fig, 3).

GROWTH STAGES AND THE MARCH OF THE CARBOHYDRATES
THE ANNUAL GROWTH CYCLE

Annual growth of mountain brome is ¢yelic in nature, owing in part
to atmospherie temperntures and in part to the plant’s reproductive
processes (fig, 4).  The growth eyele mehudes current seasonal growth
of herbage, secomndary herbage growtl, and rvot growth. Current
seasonal growth includes growth made prior to snow disappesrance
and the vegetative shoots which produce the flowerstulks,  Secondary
herbage growth consists of shoots which arise from buds situated at
the base of the stems of current sensonal growth. Root growth
ineludes the ndventitious roots which grow [rom the plant erown and
spring from the basal nades of the stem,

GROWTH IPRIOE TO SXOW DISAPPMEARARCE

Initial growth of mountain brome cecurs some 45 to 89 days prior
to spring snow melt and is usually confined to the production of leaves
although root growth also may occur. In 1833 active shoot growth
was noted on Apeil 18 ander a0 snow cover of 34 inches (Ag. 3).  Al-
though the snow depth inereased to 54 inches in May, the shoots
meanwhile attained a height of § e Growth of adventilious roots
was discernible on May 13; when the snow disappeared on June 2
they were 4 em long.  During 1934 and 1835, new shoot growth began
approximately  February 17 and February 27, respectively: root
growth was observed on April 5 and April 21, respectively; while ihe
dates of snow disappenrance were April 10 and May 28, Askenasy (/)
made comparable observations showing that sweet cherry buds in-
ereused In size during the rest pertod. Simon (22), on the other hand,
reported that many frees produce roots during the most intense rest
period of their buds.

The concentration of the enrbehydrates in the herbage during this
period was ot n maximum (fig, 5), while the corresponding values in
the roots amd stems approached the minimum {fig. 4). The concen-
tration of the sugnr and stareh fructions in the etiolated shoots col-
lected nt snow disappenrance tn 1932 and in 1934 was 17,84 and 18,04
pereent, respectively {table 4), while the combined sngar and starch
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values in newly developed shoots collected on March 30, 19335, 50
days prior to snow disappearance, were 18.13 pm{‘ent. Comparison
of these values with the concentrations of the combined sugar ang
starch values in the herbage throughout the snow-free per iod In 1942
{fig. 5) identifies them as the maximum values. The combined sugar
and starch frastions in the stem bases and roots at snow disappearance
in the vears 1932 to 1935, inclusive, were 3.70, 8.77, 8.01, and 4.1
pereent, respectively (table 5), w hmonc; the maximum siores of these
cmhohvdmtes during the antumn in the same vears were 2111,
16.45, and 18.09 pm{(‘nt respectively.  The concentration of the
hemicellulose inereased in the basal organs prior to snow disap-
pearancee,

‘Panis do-- Corbalupdrate fractions inoanauntain browe herbage samples callecled ol or
wrior i snow disappesranee, 1032, 183, and 1835
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HNOW IMSAPPEARANCE T0 FLOWER STALHS FIRHT [N EVIDENCE

The rate of herbage growth after snow disappearance and until
flower staiks nre first in ovidmwo begins to show marked fluctuntion,
alier which the growth rate is retavded and the growth curve declines.
This decline is followed by n secondary rise of Intrhm magnitude fol-
lowed in furn by another retardation. During this {rm\slh stage In
1932, relatively Jow atmospheric femperntures ])Ie\'mlod and fr oqucnt
ros(s oeeurred ; whereas during the same period in 1933 temperatures
were higlier and there were 1o kiling frosts. Tn 1034, frosts of all
Kinds were fow but the L('nipmnluw fevel resembled that of 1932
Such temperature charcteristies were reflected in the growth of the
herbage (hig. 4).

Coineident with the periods of acecleration and retardation of the
rte of herbage growth during this period, pronounced fluctuztions in
the concentration of the several en I‘I){}hvdmto fractions in ihe herbage
oceurred {(fig. 5).  Although the sucrose values were high at snow
disuppearance, this fraction was reduced to the seasonal minimum
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during the first 10 days of the snow-free period.  lso, as the result
of acceleration in hel'bz‘ge growth, the seasonal maximum diminu-
tions of these several fruetions oceurred in the stem bases and roots
during this same period, aithough the hemicellulose fr action continued
to increase (fi, G).
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FLOWENX STALKS FIRST IX EVIDENCE T0 HEADS FULLY OUT

The growtl stage belween the time when flower stalks are firs} in
evidence and that when heads are fully out is characterized by the
maximum growth rate of the herbage; 70 to 80 pereent of the annual
top gzossth is compleled by the fime the hesds emerge {rom the
sheaths. Rapid growth of the infllorescence und aeceleration in the
lengthening of the flower stalks also characterize this interval,
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A mirked decline in the stareh fraction and a lesser decline in the
reducing sugnrs were immedintely reflected in the herbage as the
result of the accciornted growth of the vegetative rhoots. The simul-
buneous increase of hemicellulose in the herbage, however, was approx-
imately equal to the loss of the combined sugur and stateh values,
and the sucrose fraction continued at the minimum Jevel.

Low concentrations of the suger aud starch fractions prevailed in
the basal organs in 1932; small incresses were noted in 1833, Low
growth rate coineided with the low mean temperatures of this sta ge of
ttevelopment in 1934, however, and the initiul stores of sugar aud starch
were deposited.  This accumulation confirmed the results of previous
grass studies o the effect that low or declining carbohydeade values
in the basal organs appeared during intervals of neeelerntod growth
rate, and high or uscending values accompnnicd low or declining
zrowth rate of the herbage (72, 13, 20).

HEALS FOLLY OUT 10 FLOWERS IN BLOOM

The growth stage ocourring between the time when heads nre fully
out and that when fowess are in bloom is usually completed in npprox-
tmately 10 days, and during it both aceelerntion and decline in ihe
ribe of herbuge growth take place.

Al sugar and starch values in hoth herhnge and stem bases and
roots increased while the hemicellutose fruction in the sten bases and
roots decrensed sharply and varied somewhut in the herbage.

FEOWERS IN RLOON T0O SEBD FULLY RIPE

During the growth stage between the time when fowers wore in
bloom and that when seed were fully ripe additional height growth of
the flower stalks vsunlly follows the expansion of the flowers gud the
current seasonal herbage growth is completed before ripening of the
fruit.  New sadventitious roots aud secondury shoots were also pro-
duced during this growth: stage.

Concentration of the sugar and starch values of both herbage and
stemn bases and roots rose during the carly purt of this stage but
decreased during the Intter part, occasioned by the aceclernted utiliza-
tion of carboliydrntes by the secondary herbage growth. The decline
in the sugnr aud starch values in the basal organs oceurred subsequent
to duly 30, August 11, and July 3, respectively, of the years 1932,
1933, and 1934, Femicellulose In both herbage nud roots conbinued
to show opposite reactlon to that of the sturclies and sugars.

SEEDR FULLY REIPE I'0 THE END OF THE SNOW.-FREE PERIOD

Prought may delay root growth and sceondary shoot growti until
the growth sbage oceurring bebween the bime when seed are fully ripe
and the end of the snow-free period. But this period is usually
characterized by ripening of the fruit accompanied by waning vitality
1 the current sensonal shoots, manifested chiefly by the dryving and
browning of the frujt stalks.  Following these cvents 2 condition of
imore or jess complete dormancy is reached.

Additionn] slareh and sucrose were noted wpon the cessabion of
seeondary growth; in 1932, maximum values coincided in both herbage
and basal organs.  Annually throughout the experiment muximum
sugar and stareh values in both herbage snd stem bases and roots
were deposited before the permanens avbumnal snowfall.  Secondary
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shoots may remain green until the appearance of permanent snow
cover, resulting in some additions to the carboliydrate stores (Oct.
22, fig. 6). The hemicellulose values usunlly remained low, although
this fraction increased at the eid of the snow-free period in 1932,

GROWTH AND CARROHYDRATE STORAGE
THE GROWTH MADE FROM STORED FOOD

Growth made previous to snow disuppearance is largely confined to
cell division and, owing to low temperutures and perhaps fo the
limited light intensity underneath the snow, the photosynthetic
power of the young etiolated leaves may be considered ns negligible.
However, the building of protein and pretoplnsm, incident to meristem
activity, snd the differentintion and ealergement which follows ceil
divisien, eonsume relatively large amounts of the soluble earbohydrate
stores.

When hittle growth other than the swelling of the buds was yet
perceptible in 1938, the loss in the combined sugar sud starch frae-
tiens, based upon the maximum storage values of these materials
found on Septeruber 28 of the previous autumn, amounted fo 56
percent.  Ab snow disappearance, June 2, the diminution amounted
to 67.9 percent, whereas the maximum height grewth attained on
this date was but 6.6 percent of the fotal annual increment. By
June 21, when approximately 25 percent of the current annual herh-
age growth had been mude, the stored sugur and starch fractions
were diminished by 81 percent of the maximum. Losses in stored
sugars and starches which occurred during a comparable period in
1934, basad upon the values found Septermber 22, 1933, amounied to
35 percent at initial growth of the herbage, 55.9 percent at snow
disappearance, and 72.6 pereent when the minimum concentration
of these curbohydrates was veached, Mav 14, Diminutions in the
total stores abserved when shoot growth hegan in the spring of 1935
were 40 percent, and 77 percent at snow disappearance.

Thus, growth made previous to snow disappesrance and during
enrly spring, which consists of the production of herbage and adven-
titious Toots, consumes approximately 75 percent ol the combined
sugor and starch accumulations stored in the basal organs of the
plant during the previous fall period. These filings agree essen-
tinlly with those of Korstinn, who, in a study of certain conifers,
determinec that the stored foods were exhausted during the incipient
stages of curvent growth (10). IHowever, the amount of these car-
hohydrate siores consumed before snow disappearance appears te be
disproportionate to the amount of growth made, and exemplifies the
capieity of meristematic aetivity to monopolize the available ear-
hohydrate supply of ithe plant.

The residual sugar and starch fractions not used in early growth,
approximately 25 pereent of the maximum stores of these foods, nve
not « rdinarily used. However, il the lierbage growth is removed by
clipping, and if renewed herbage growth follows imosedintely, dime-
nution of this residunl in the stem bases and roots of the plant results.
This was demonstrated by elipping two series of plots three times,
1 inch from the seil line.  The fivst elipping was made at snow dis-
appenrance, the second 5 diys lnter, and the third at the end of the
second S-ay period.  On the {ifth duy following the third elipping,



http:bohydl'n.te
http:dispI�oportionn.te
http:appCII.rs
http:hohvdrn.te

CARBOLYDRATE CONTEXT OF MOUXNTAIN DBROME 17

the basal organs of each plot were removed and analyzed. Although
on these dates the seasonal level in the unelipped plants showed o
diminution of §0 percent and 81 percent, respectively, the residual
sugnr and starch values in the stem. bases and roots of the clipped
plots were reduced to 86.8 percent and 87.5 percent, In a study of
Stipa pulehra, diminutions in the basal organs resulting from one
clipping ranged from 2 percent to 56 percent (20), and in drenq
fatue the diminution was proportional to the rate of growth at the
time of clipping (22). These results indicate that following complete
removal of the herbage the residual sugars and starch may be used to
produce uew shoots. Hence, the residual carbohydrates represent
an excess of the storage funetion whieh may be compared to the
characteristic excess of biologienl functions in general.

INDEPERDENT GROWTH AND YIELD

Sinee stored earbohydrates reach @ mininmum level practieally at
snnw disappearanee, a8 shown in {he previous seetion, nnd since the
maximum height growth of the herbage at that stage does not exceed
10 poreent of the total annual height growth of the plant, it is elearly
evident that normal cwrent growth and vield ave independent of
stored sugars and starches and are products ol the carholiydrate foods
manufactured currently in the berbage of the plant.  In this respeet,
therefore, annunl growth of a perennial grass plant is compuinble to
that of whent or other annual grasses.  Previons food-march studies
of grasses (/3, 2N conlirm this (inding,

THE STORAGE OF CARBOHYDRATIS

As shown by figure 6 the changes of the aecid-hrdroiyvanble hemi-
eellulose and of the combined sugar and stureh [ractions are more
or Jess in inverse proportion.  This behavior snggests that enzymatic
transformations from the hemieellulose max he added to the sugar
or i the staveh froctions.  Significant declines in the eoncentrations
ol the hemicellulose agoregating 2,35, 2.88, and 1.42 percent were
observed between Aogust § and September 28, August 21 and Bep-
tember 22, and August 2 and October 22, during 1032, 1933, and
1934, respeetively.  The sugar aud stareh fractions nereased during
this smine period.

That the hemicellnlose may he u possible sourvee ol the tess compl x
carbohydrates is lurther sugzested by the behavior of these several
materinls in the hasal orruns wunder the winter suow cover.  The
diminutions in the combined sugar and starch {ractions, Junuary 6
to June 2, 1633, December 6, 1033, to April 16, 1834, and December
1, 1934, 1o May 28, 1935, were 10.01, 6.0, and 10.53 pereent, respec-
tively.  The tnercases in the hemicellulose during these intervals were
3.11, 1.25, and 1.04 percent, vespectively.  Since carvbohydrate syn-
thesis under the winter snow cover was entirely suspended, the addi-
tional hemicellulose in each instance prohuahly was constructed from
materials derived from the sugar and stareh fractions.

On the other hand, the hydrolvtic products rvesulting rom the
diminution in the hemicellulose during the respective intervals,
August 9 to September 28, 1032, August 21 to September 22, 1033,
and August 2 io ‘October 22, 1034, or hetween the seed-fully-ripe

£ adgo anpubbishid data o o dgreperon amithii, | adoapo seoparfas, (8 bt wdd Hontelonn fiirsiin,
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stage and the completion ol the storage process, were in all prob.
ability utilized in the metabolic functions of the plant.  Althoungh
the guantities of the transformed carhohyvdrate materials were smail
in each case, the hemicellulose miny be considered stored food.  How-
ever, the speed ol these transformations s apparently verv slow,
possibly so slow as to fail to supply sufficient sofuble sugars to satisly
the demand when such foods are being used at & rapid rate.

When counsidered in relation to the nutritional requivements of the
plant, the relative values of the hemiceltulose and of the sugar and
starch fractions are by no means equnl.  The sugar and starch frac-
tions fluetuate with changes in growth accelevation, wherens this
relationship does not obtain in the hemicelldose values. Moreover,
when clipping is practiced in sufficient intensity to decrease sngar
aud starch values pronouncedly, the hemiceliudose tends to equal, or
to exceed, the amount contaived in the controls (72, 18). Grabor
et al. {8}, in the study of alfalla, determined that the diminution in
the sugar and starch muterinls in the roots of the plant ut full dor-
mancy was propertional to the frequency of cutting of the top growth,
hut that no marled variations in the hemicellulose resulted from the
clippings. Furthermare, in eertain grass studies, plants with greatly
diminished stoves of sugar and starch showed a Iugh mortality during
the winter, despite the absence of comparable diminution in the
hemiecllulose fraetion.” These facts lead to the conclusion that the
sugars and starches {chiefly sucrose and starch) are the more potent
of the stored carbobydrate foods, nnd that the presence of sueh foods
m relatively high concentration is essentinl to winter survival sz well
as to vigorous growth during the succeeding season.  Conversely, the
hehavior of the acid-hydrolyzable hemsicellidose suggests that this
carbohvdrate is emploved largely as struetural ninterial.

Storage of the sugar and starch fractions presumes the synthesis of
these materinls in excess of (heir use in the metabolie functions of the
plant.  Evidenee from this study, however, indieates vtilizntion of
these materials In excess of their manufucture during intervals of
active growth.

Accamulation of a considerable portion of the carbohydrmte stores
occurred during the flowerlng stage nnd the development of the [ruit
in 1932 and 1933.  During 1934, the initinl accumulation appeared
alter the vegetative shools were fully developed. As has been
previously shown, this initial aceumulation attended low growth rate,
which colneided with the low temperatiures prevailing between “flower
stalks first in evidence™ and the blooming stage of 1834, During each
vear of the study carhobydrate storage censed simultnneously with
new root growth and secomdary shoot growth; o loss of slightiy more
than 2 percent, principally in {he sucrose and starel of the combined
sugar and starch fractions, resulied.  As revenled by the varintions in
the concentrations of the sugar and starch fractions, the stormge of
these materials is inhibited by vegetative growth, the process of which
is completed aftor the seed matures.

For the purpose of diseussion, the start of seed dissemination may
he considered as the date of seed maturity when many fruits are brown,
with white, firm endosperms.  The inflorescence and fruit stalks also
are then mature. 1In 1932, 1933, and 1934, seed matured August 18,
September 1, and August. 6. Permenent snowinll eamie on October 18,

U agnelislied duls oqn L iprappeay anidinii,
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October 31, nnd October 20, Carbohydrate determinations correspond-
ing o these dates may be selected from the food-march series (fig. 6).
In 1932, determinations were made on August 18 and October 18,
whereas the determinations made on August 31 and November 2
correspond approximately to the dates of seed maturity and the perma-
nent snow of 1933. By interpolation, the combined sugnr and starch
stores on August 6, 1934, were 13.84 percent, and the total deposits of
these materials on October 22 were 18.09 percent. The amounts of
the stored sugar and starch fractions on the latter dates, or at the time
of the permanent snowiall of cach of the years 1932 to 1834, inclusive,
wore 5.94, 5.78, and 4.25 percent, respectively, in excess of the vilues
found at sced maturity. 1t is obvious, therefore, that carbohydrate
accumuilation is incomplete at seed maturity, the autumn being the
period of storage of these mnterinls.  These several steps of earbohy-
drate storage in the growth cycle of mountain brome conform to the
same general pattern found in former grass studies (13}

THE REST PERIOD

The interval of comparaiive nnetivity when active herbage growth
ceases began in 1932 on September 28, when the seed had been dissemi-
nated and the herbage was mature.  Comparable intervals were noted
September 22 and September 11, respeetively, in 1933 and 1934, At
this time no further additions were ninde 1o the carbehydrate stores,
and sthe insoluble foods excesded the sngar {ractions in concentration.
This condition corresponded to the middle ress period which dohannsen
(9) described as the interval of complele Inactivity., However, the
physiological activity in mountain brome does not cense with the end
of “active growth or the so-called rest period, which, according to
Simon (22), represents merely o reduction in some processes and modi-
fieation n others.

Invariahly, the characteristieally Jow autwnnal  temperatures
stimulated cnzymatic action, resulting in increased concentrations of
sucrose ab the expense of the stareh fraction.  These renctions began
after secondary growth, the maximum concentrations of sucrose being
reached before the first permanent snow{all of the winter.  The maxt-
man concentrations of suerose during the autumns of 1932 and 1933
execeded those of the staveh fractions, indicating relationship to the
depth ol the [rost 1n the soil.  In the autumn of 1934, however, with
little or no frost in the soil, the stureh {raction persisted in excess of the
sucrose conceniration throughout the winter.  Transformations from
the insoluble to the soluble in the carbolivdrate constituents of plants
are related to low temperatures, according to Mivakd (743, Lewis and
Tuttle (11), Kostian (70), and others.  Miiller-Thurgau (13) von-
cluded that diestatic action was stimulated at the freezing point.
Hopkins (7) showed that the rate of respiration increased with decline
in temperature from 37.4° to 32° K.

These transformations of inscluble carbehydrates into soluble
forms result, in part, in an increased water-holding capucity. The
plant is exposed 1o the desiceating influence of low relutive humidity
and deficient soil moisture before the first permanent snow. The
moisture content of the stem bases and roots of the plant during the
autumn was maintained 8t 32 Lo 45 pereent, whereas the soil moisture
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ranged from 8 to 17 percent. It is even conceivable that a relatively
high autumnal sap concentration affords some protection against
exciessive water loss due to the low relative humidity of both air and
soil.

The bardening ofl of the plant also is affected hy the increase of
sugars during the autumm, Although the snow hlanket affords pro-
tection against extremely low temperatures, the formation of an ice
sheet at the soil surface may expose the vouny growth to freezing,
The newly formned shoots ave relatively high in sugar concentration,
which appears to be a factor in their resistance to Jow tem peratures.
Chemical analyses showed an increase in suerose in the stem hases and
roots from 0.85 percent on September 8§ to 9.3 percent on Getober 18,
1932; increases in this fraction also occurred” during corresponding
periods in 1933 and 1934. Supplementary to the increase in sucrose
hefore the first permanent snowlall, marked diminutions in the reduc-
g sugars developed.  In this connection, Newton (76) reports that
the preeipitation of proteins due to freezing is prevented by the DIes-
ente of surrose in solution in the celt snp.  Chandler (4) Tound that
apple and peach blossoms placed in solutions of sugar and glveerin
beesme more resistant to cold, while Newton and Brown (77) showed
that higher sugar coneentrations prevailed in the hardier varieties of
wheat.  Although hardiness in plants appears to depend upon a num-
ber of cell constituents, the presenee of the sugars in relatively high
concentration is obviously o contributing factor.  This evidence war-
rants the conclusion that relatively high concentrations of the sugars
in the basal organs and in the newly developed shoots of mountain
hrome are associated with vesistance to low temperatures and are
essential to winter survival of the plants.

APPLICATION OF RESULTS TO RANGE MANACEMENT
RANGE GRASSES ARE LIVING ORGANISMS

The study of the mareh of carbobydrates in velution to growth of
mountain brome reeniphasizes the fact that range grasses, the kew
forage plants of mountain ranges, are Hving organists nnd must be
managed as such,  Bary spring growth, which is produced before
siiow disappears, is made at the expense of carboliydrates stored in
the roots and stem bases during the previous autwn, Subsequent
herbage growth, new root development, Howerstalk formation, seed
production, secondary herbage growth, and other growth stagres,
follow in o regular order.  The reappearatice of a pernianent winter
snow cover causes A lemporary halt in current herbage erowth, but
the physwlogieal activity continues.  Auntummal temperatures stimu-
Inte enzymatic action, resulting in the transformation of the ingoluble
carhohydrates into soluble Torms Tor winter use.

The various growth stages are essentinl to the living grass plant and
provision must be made In range mansgement plang for their develop-
ment I proper sequence if the plants are to remain on the range and
contribute their mxinuum Torage valne.

MODERATE GRAZING ESSENTIAL

Since the carhohydrates stored during the previeus autumn in the
roots and stem bases of mountain brome reach their mintmum level
when not more than 10 pereent of the total seasonal height growth of
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the plant his been atinined, it is clear that subsequent normal growth
and yield are independent of stored carbohydrates and that they are
producis of carbohydrates minnufnctured currently by photosynthesis,
This indicates that enough herbage must be lefs after ench grazing
period to permit sufficient manufacture and storage of carbohydrates
to muintain the life and proper viger of the plants; in other words,
moderate grazing is essentinl,

DEFERRED AND ROTATION GRAZING IMPORTANT

As shown by this study, storage of earbobydrates in mountain
brome is at o muinimum during the acéive growth stages, and evidence
strongly indicates the utilization of these materials duving these
stages 1 excess of their manufacture.  Also, maximum stores of car-
behydrates are not deposited until seeds are matured and active growth
has ceased.  Most of the Tood manufactured by the plant is utilized
o support ils several growth processes; hence, maximum storage
eannot take place until these growth stages are completed.

Continuous heavy grazing during the formation of the flower stalks,
when carbohydrates storeg are at & minimum, undoubtedly would
inflict considerable injury on and disrupt the biological function of the
plant, necessitating the use of part of the 25-percent residue of the
carhohydrates stores to support regrowth,  Continuous heavy grazing
at or after secd maturity, during the antumn storage period, would not
ordy prevent normal storage of carbehydrates but also would stimulate
further herbage growth.,  This stimulated growth would be produced
at the expense of the carbohydrates already stored, resulting in further
depletion of carbohydrates, and the plant would enter the winter
period with diminished stores.  Consequently sinee it hos been shown
that sufficient carbohydrates must be stored in the roots and stom bases
at the outset of the winter period to prevent winter-killing and to
promote carly spring growth, any system of grazing that will result in
depleted carbohydrate stores will be detrimental to the plant,

Therefore, 1t 1s strongly indicated that some form of the deferred and
rotation system of gruzing (8, pp. 60-65) is important as a practical
method of utilizing range grusses for forage for livestoek. In this
system of gruging, the plants are not grazed continuously during any
one season nor i the same time in consecutive yvears, The plants
are aided by this controBled use in depositing normsal or near-normal
stores of carbohydrates.

SUMMARY

A detalled field and Inboratory study was made ab the Great Basin
branch of the Intermountain Forest nnd Range Experiment Station
during the period 1832-34, to determine the character of growth and
the time and amount of carbohydrale food storage in mountain brome
(Bromus carinatug), o highly palatable range forage grass native to o
large part of western mountain range lunds,  The experimental area 1s
located ot an elevation of 8,850 feet in Ephraim Canyon, Ttal,

Annual growth of mountain brome is exvclic in nature, owing in part
to atmospherie temperatures and in part to the plant’s repreductive
processes.  The growth eyele includes current seasonal growth of
herbage, sccondary herbage growth, and root growth.  Annual herbage
growth begius some 45 to 8¢ duys {depending upon the season) before
winter snow disuppesrs.  Secondary shoot growth follows the produc-
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tion of the current sensonsl shoots and flower stalls.  Three intervals
of adventitious root growth were noted; they oceurred immedintely
preceding snow disappearance, at the conclusion of current seasonsl
shoob growth, and at the close of the snow-{ree period in the autamn.

While the coming of thie winter snow temporarily halts scssonal
herbage growth, yet the physiclogical nctivity in mountain brome
does not conse.  Autummnal temperatires stimulnted enzyroatic action.
resulting in the transformation of insoluble carbohydrates into soluble
forms.

Except for the hemicellulose fraction, carbohydrate storage is
inversely relnted to the yate of growth of the herbage, i. e., high
growth rate, Jow carbohydrate storage.  Minimuam values prevail in
the roots and stem bases during the active growth stages of the plant,
and evidence indicates the utifizution of carbohydrates in excess of
their manufacture during the most active growth periods. Maxi-
mum storage oceurs during the autwmn period after current seasonal
and secondmry herbage growth is completed.

The general trend of the combined sugar and starch fractions is
from low values during the formative stage of shoot development to
hich concentrations Tollowing current seasonal and secondary herbage
growth. The starch values in both herbage and basal organs exceed
the sugar values; their respective seasonal trends correspond fo those
ol the combined sugar and starch fractions. Minimum sucrose
conceni{rations in ihe herbage prevails from snow disappenrance into
September, and in the stem hases and roots during the formative
period of lerbage growth. The highest concentration of sucrose
appeared in hoth herbage and busal organs coincident with declining
aulumnal temperntures. Maximum values of the reducing sugirs
in the herbage and low values in the stem bases and roots obtain
during the formative stage of herbage growth.  Although this fraction
inereases in the stem buses und roots ns the current seasonal growih
declines, Jow values were found in bhoth herbage and basal organs
stmultancously with the autanmal inerease in sucrose concentrations.
Maximum concentrations of hemicellulose prevail in the herbage and
in the basel organs during the formative growth stage; low values
cotneide with the development of the fruit and the storage of the
sugnr and stareh mnterials,

The study leads to the conclusion that sugars and starehes (chieflv
sucrose and starch) ave the more potent of the stored carbolivdrate
foods.  Conversely, the behavior of the scid-hvdrolvzable  homi-
colfnlose suggests that this carbohydrate is emploved largely ng
structural material,

Minimum values of earhbohyvdrates in the roots and stem basos
occurred shordy after snow disappeared, which clearly shows that
annual herbage growth and vield of mountsain brome are products of
carbohydrates manmuifuetured currently in the hechage,  Hence, herh-
age growth of perennial mountain brome is comparable to the growth
of wheat or othier anmual grasses.

Evidence from the study warrants the conclusion that relatively
ligh coneentration of the sugars in the basnl orguns and in the newly
developed shoots of mountain breme are associnted with resistance
to low temperature and are essentisl to winter survival of the plants,

The results of the study huve n direct bearing on practical range
wanagement in that they (1) reemphasize the fnet that range ariss
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plants are living organisms and that their individual growth require-
ments must be considered in grazing practices il they ave to be muin-
tained on the range, (2) stress that moderate grazing use is essentinl
to allow for proper carbobydrate food storage, and (‘3) indicate the
importance of some form of the deferred and rotation system of grazing
as & practienl method of utiizing range grasses as forage for
livestock.
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