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Abstract:
This study was made to try to devise a simple indirect method whereby the reserves of plants and their
effect on subsequent growth could be measured.

Root samples were taken with a soil tube from three varieties of each of three species of grass. These
plots had previously been exposed to three different cutting treatments; (1) cut for seed, (2) cut for hay,
(3) cut to simulate pasture. In May of the season preceding this study, one-half of each plot was
fertilized at the rate of 500 pounds of NH4SO4/acre. Core samples of bromegrass varieties were taken
from both fertilized and unfertilised plots.

Samples taken were subjected to the following methods of treatment to determine the apparent
carbohydrate storage; (l) Gores washed, placed in nutrient-free sand in paper containers and grown in
greenhouse.

(2) Cores washed, placed in nutrient-free sand in paper containers and grown in darkroom.

(3) Cores placed in river sand in clay pots and grown in greenhouse.

(4) Cores placed in river sand in clay pots and grown in darkroom.

Top growth made by the cores under the above methods of treatment was clipped, oven dried, and the
yields expressed as grams of dry matter.

On plots from which core samples had been removed, spring clippings were taken, oven dried, and the
yields expressed in pounds per acre.

The results of this study exhibited considerable variability.

Yield averages of cores from the seed treatment plots were higher than yield averages of cores from
other cutting treatment plots.

A different factor was being measured by spring clippings than that which was being measured by
methods.

Nitrogenous fertilisation apparently had little effect on the response of bromegrass varieties to previous
cutting treatments. 
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ABSTRAOT
•'■,This study was made to try to devise a simple indirect- method whereby the reserves of plants and their effetit oh SUbshqhetit' grewth could be measured,.
VHdof samples were taken with a soil- tube from three 

varieties-of each of three species of grass,' These plots 
had--previously been exposed to three different cutting 
treatments I (I) cut for seed, (S) cut for hay, (3) cut to 
simulate pasture. In May of the season preceding this study, 
one-half of each plot was fertilised at the rate of 500 
pounds of -HttLSOi/acre4 Oore samples- of bremegrass varieties 
were taken from ooth fertilised and-unfertilised plots.

.Samples taken were subjected to the following methods 
of treatment to determine the apparent carbohydrate storage-(!) Cores washed, placed in nutrient-free sand in 
paper 'containers and grown in greenhouse.'

(3) Gores washed, placed in nutrient-free sand in 
paper containers and grown in darkroom,

(3) . Cores' placed in river sand in clay pots and grown in greenhouse,
(4) Cores placed in river sand in clay pots and 

grown:in darkroom*
Top growth made by the cores: under the above .methods of 

treatment was clipped,- oven dried, and the yields expressed 
as grams of;dry matter,

•On plots from which core samples had been removed, spring 
clippings were taken, oven dried, and the- yields expressed ■ ■ 
in pounds per acre*

.The results of this study exhibited considerable 
variability,

• Yield averages.of cores from the seed treatment plots 
were higher than yield averages, of cores from other cutting
treatment plots*■' -

A different factor wad being measured by spring clippings
than' that which was' being measured, by methods.

Hitrpgenous fertilisation apparently.had little effect 
©n the response of bromegrass varieties to previous cutting 
treatments.
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, ,& timber of studies have hem gendneted, os the effect , !'-V 
of cutting treatments in relation to the storage of food '■;•.■ 
reserves and the -subsequent growth of grasses, As a result 
of these studies we now know there-are differences between

■ '1 ' V -  ■ ■ ■ ; ■ '•■

species-and-varieties- of a species in their response to 
previous, cutting: treatments*

The ability of a plant to store reserves has many inter- ; 
estihg .aspects and offers possibilities for practical appli­
cation,, to -the- field of agronomyIf differences between 
species.-and differences between varieties are found to be. 
Significantj- it might be possible to select those with higher
-. ■ -'.V-'"-. • ■ • .Storage- .coefficients $ under like conditiensj for breeding - 

purposes, in that these plants should have higher resistance. . ; 
to disease and other plant ehemi.es*

If we can know the storage abilities of different 'grasses •
- V. ■ . ■ : ' - -t'-'and their subsequent growth recovery, we may be able to rotate. •

. V  - , 1 -pasturing so as to allow for maximum storage- by the plant in 
order to keep- it in a highly competitive and vigorous- condition:,.,' 
Thus .we, -would, have a valuable aid'in rotation gracing* :

' V ' ; .  ■ . . . . .  ' ' V -  V

A knowledge of the problem may help in the application of V- . 
fertilisersQraber (5) ^  found that frequent and close 
removals .of .succulent top growth of .grasses having abundant

p&ge.
Vl- /'AZ-Mumbors in parentheses refer to literature Consulted,



reeefVee mad& foe a Geavy draft os the sappliee of av&Klable 
Bitragea with this eleweat sooa becoming the limltiag faetor 
of growth* Be also fomidl that whea regeneration Is constantly 
stimulated by abundant fertiliser*, the carbohydrate reserves . 
are rapidly consumed and may be&ome the limiting factor,'.

If we ean determine the periods of growth during whl&h 
the.IndividMal plant stores the lafgeet amount of reserves 
and those periods in which the least amount of storage takes 
place*. %e;#ay be able to regulate applications of fertilisers ' 
in order 4,b obtain a more desirable carbohydrate-nitrogen 
balande. within the plant*, thereby regulating growth to obtain^
a. maximum yield and storage coefficient*.

, . ■ . . '
%esa points and many others prove the .value of a more 

thorough knowledge of the ability. @f Plante to store food . . . 
reserves' and.ythe subsequent effect on early spring growth : 
and.total seasonal production as affected by different cut- 
tlhg ,treatments* %bla study was made to try to devise &■; • f ■ •
siaiple- indirect method whereby the reserves of plants and ;
their -pffeet on subsequent growth gould be measured*



JSl mmber of 'Studios hdve 'eeeu conducted on tlie effect 
of cutting treatments i% relation to- the storage of food 
reserves and the subsequent growth - df grasses*' -fhe results 
obtained from these studies indicate eenslusiwly a definite

:■'
' . T

correlation between cutting treatments and the - amount of-
V.: •'•root: reserves'*'
Weaver and Darlant (2 4) found that an excellent.test of

vigor under conditions favorable for development is that of -
prompt removal of growth in: spring after transplanting. They
transplanted ■ 'blocks of sod of vigorous Iiuestessjl needle grass,,
and tali'panic grass obtained from native prairie m  the spring:..
before-resumption of growth* These bleaks were transplanted:
in sandy"loam soil in boxes ten inches long, ten inches wide., '
and twenty-four inches deep* with one removable side» Plants
whichihad been dipped four times at weekly interval'̂ ' had'
lost.'mU:ch of their vigor* While all controls developed extend :
sive root system© during forty-two days, as revealed by wash-,-v,

V • ' ■ . ■ ■ ■ ■ ■lag away the soil,- clipped plants had very few or no roots*

• -■ :

‘ ,IS a similar test using eight species of range grasses*
they:found the dry weight of tops of weakened .plants -was 32 to .

.

Bi per. .pent ies-a than that of' plants which had good to fair 
vigor*.. Sew roots were always shorter and less branched, and ' 
dry weight was SB to 94 per cent less th.au that of controls*



Graber
' ftMarked. .quBaMtatiTe ,responses ef redI4. fbiaome* and 
top grew# of various- ■ grasaee.. grewa uader' 'field' and • -
,.gree.nho.use eendiliora are #©rrelated with outting ■ ,■
• S^edtmimta WMoh affeet tMe internal esfirenmenS.# St :.•.i'$ clearly evident that the prodmelive capacity of ' ..ĝraaaea .ie not only dependent wpoa adequate auppllae -
,,of. available Smtriahts■ a M --seiewre cMbSsed with • ...
lfayorahle light a M  temperaW r e  eanditioas $ 'Mt ala# I 
\;.:,Bp.M ,the feed reaervea of '-thd plant-, MhenpMtel- ydyathesi.s- is interrupted by. .frequent removal ©f top I
-%r.ewth the. IlmltafleM of1 suMerraaesm deirel©pmeut> • ■
■/may inuclw greater ewe eptiMlity to draughty Ies- . ’
. s.ened absorptive capacity and increased winter and' 
insect Injury**

'' ','McGarty (13) states $ lfGrass plants are living organisms 
and their Individual growth requirements must be considered
dm gracing, -practices if they are to- M  maintained ea the radge
.and moderate gracing use is .essential to allow for proper
carbohydrate food storage*"

.'There is' considerable variation between methods employed . - ■ ;-.; - . . '
by workers experimenting with the effect of clipping treat*-
fflents on various plants. These methods vary as to the fre*

AVbl' - ' ' - ' 'quencyV-.-tirn'ê  and height of cuttings»
,Gernert (4) found, that clipping native grusa mere than 

’ . • v ; ■ ■■■:■••twice annually did not- return enough additional production . .
in the. fifth year to- pay for the labor, As # e  number of
clippings.increased* production declined, . .. ,/

: - v - .- - V ' ' . .  - - - -  : ' • - ' -:':%ab# dnd !team found In working with bluegras# th&t'' At. ‘ - -% ■ • • • ' ‘ • ' ’ ,I' 1 ••■-/ 11 ‘ . • ‘
the height .of clipping greatly influenced any later prodw*.
tivity and concluded that "the photo synthetic parts of plants ; .'. ■



remain, after are aegreea of reserve-
foods."

■•;■■•"

■ ,*** w V4^w^-s-’i#as feand to be
■•■related, to low ̂  'detlining growth foloelty -ahd to be 
■ 'depeadeat upon the amount of leaf area available for ■ 
.'.■its' maaufatiture.* She- adrehb of. flowers and seed eeia*Aoouaulatiou
y/Viit.,; -A A %f4.C l , w a -
:%r:ow#i velocity aad la ###& active uear the elo&e of
■'.vthe-auuual growth cycle*tt (19)
jB;* '-B...Sturkie 122},- WorMhg with iohmedu grass3 found

#et,d%ttlBg late la the season, reduced the food reserves as
rrach'as -oottiimoas' out ting throughout the season, Cutting
dl&@e#t%au#d'i& the middle-of the aeaeaR permitted tbe^okn^ 
eon grass to develop forty per cent more rootstalks than
continued gutting* Usually IGtie largest yield of top growth

' •  . 'was ■ produced when the plants were out when the seeds were
' .'':'■■;/■ ■■•. ■ . in the:-:late- Mlh stage*

PiLeKTre and Bertram (10) in experiments with kudau regard- 
Ing the effect of number of (gutting; treatments on yields' and
on thd production of reserve foods in the roots brought out 
the following facts;
• 1 ..-V',;

.%& . The fewer the number of onttlaga- the greater la the 
production of root reserves* The roots of plants receiving- .. 
ai& cuttings per season decreased JLii weight during a period
of two; years, those from plants receiving four cuttings in- 
creased-.approximately 400 per cent, and those from plants 
receiving'..one cutting increased about per cent*;.-
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-r>.

' ' (2) XieMs of Mps wsrs fonael. So he dependent OS She.
amount'.of reserve food stored in the roots.. The greater the 
amomntiof root, storage  ̂ the greater is .the yield of tops'.

O  ) The'.greatest yield of tops was secured with the
• ■ , ,  • .two-routting treatment when' the roots were .of equal site at 

the,- ieginni'ng.of the Siperimentw Sue to the great amqant of; •' 
storage/ material formed in the roots during the first year 
froa. pl'ants. out only once g however? the greatest yield secured 
the second ■ .year was from the. one--cutting treatment.'

/•V

. v .  r , . • - - "  :

• Ths percentage of reserve starch and nitrogen was' '
.W "&QA# than &e in the- r@@## fysm plants-.',,

readying. si%.cuttings as jin- the root#' of plants receiving four.." ' Y : - • x . - : 
or:a:-'Iese number of cuttings, the percentage of total sugarsi 
' f ' I - - ' . ■ . . 'Ihoweyer., '.was found to be greater#. This is taken to indicate .

that a .change, from starch to sugar is taking place in the
raotslof plants receiving six cuttings in order to produce
• IV -I"' '■ ' ■ ■ . ' . . -isew-'tcp.'.-growth* ■ v'I.

' 'icdarty (15) in a study of the carbohydrate content of .'..
. ' l l ' . . . , Imountain .brome -states $

. ,"Except for. the hemicellulo.se fraction, Carbo* 
hydrate-,storage, is inversely related to the rate of 
'growth of the herbage, i.e*, high growth, rata, 'low 
-Carbohydrate storage*' Minimum values prevail.'is the1 
■.roots.'and stem.’ bases.,during the active, growth stages . 
.of ..the plantf and' evidence ,indicates .the utilisation ,'of' carbohydrates in exeess of their" manufacture dur* 
'ing. the' most active growth periods,s Maximum' storage 
.occurs during the autumn period after current seasonal 
1 and. secondary herbage growth is completed."



' . . #
QA*bebydra$eS a M  qthw ©r^afde foodeWe supplied %e green plants in a . eersmerolal way=- % e  

giving' plant must manufacture them Itself* the plant, 
producer nan vary treatment a© that formation, utlii-- 
.mtlen*. -storage and destruction of thee# materials'.

affeot the quantity and quality of the crap 
/&##&.* Sadb eultupai praatiw# Include aatting* gr6&» 
'.,lug* fertilidation^wlth nltrogmtua. fertlllaera'a#' '-limitations of lljiit*:fl {5}

'• ' ■' .
V ;v ■•■

/ t tr w .



' m w a w  &8B MEmDBa
Sod samples- were Beleeted from plots tmder cultivation 

and treatment at t&e Montana Experiment Station at Boaemaat . 
Montana-, m@@e plots were part of an experiment being eon* . ' /- 
daoted.by Dr. BU Stltt^ Aesooiate Agronomist, division of 
Forage drops and Dlaeasee, Bureau of Flaat Industry, Agrieul*- .. 
WraI^Seeearob Administration* #*&« Department of Agriculture,, ' 
and Sbe--MBntana Agricultural Experiment Station^

Planting was conducted the latter part of May* 1945* and;, .. 
i& September of that season all plots were clipped high* TBbree..
d l f f d W #  tupqaautaodXEttiB ware imposed upon lnditldnal plots of . -

.1 ; . ' ' "" ■,V.; :̂'.'each y^iety' in 1946, in 1947.*. and in 1948» IEbedfe treatments.. ,
were # )  out for seed* (8) out for hay* (g % out to simulate .
gacaaing,- . $bese cutting treatments and the clipping dates of ;
each''treatment for eab& .year are given'ln Table# I* 11*.- and' - / .,.- / '- ■' ■ . '111*.: (Fages 15* 16, an# I?) Previous to this study seed
piet&'were cut a total of three times* bay plots a total of
five times* and pasture, plots a total of waive timest--. Alao^.. ,/.
ih April.of 1948* & fertiliser appll&atism of five hundred -
pounds' of ammonium sulphate per acre was made to-one«half of
each plot*

. J • ’ ■ 1 . :.... ■ Prom, the above treated plots the following three species.
and three varieties of each species were selected te be Used ■ 

i#' this. study,I :



.fable I
Clipping dates of nutting treatments in the season of 1946, 
imposed upon species and varieties used in this study.:

Species & Variety Seed May Pasture

2S t f S S rGgaaereial (F. CL22934) 'Arboretum.
Daetylis glomerate 
Ft. ,Sllle'Strain 
Aberystwyth Sr 143 (Mont.) '•
Maryland
Brosms lnermis 
Parkland (Mont.} 
lineoln 
Utah.13

I Itll I;EtlEEI
7/22 6/28 & 9/26 4/25, 5/26, 6/14« 7/s, 7/2fe & 9/S
7/22 '6/28 & 9/20 4/25 , 9/20,. 6/14, 7/8i 7/2% & 9/57/22 6/2» & 9/26 . 4/25, 5/20, 6/14, 7/6; 7/28; & 9/5

8/5 6/28 & 9/20 4/25* 5/20, 6/14, 7/8; 7/28,; & 9/5$  If# I If# If#: IfS; I f e  f e  lfl: $ Sfl



Clipping dattis, of putting treatments is the season of 1947 " 
imposed Upos species and varieties used Is this study.

Species & Variety Seed Hay Pasture

Poa oratensis
HCI* 11%84 . Commereial
■ Arboretum

7/14
7/14
7/14

6/16
6A 6
6/16

5/20» &/19, & 6/13%  Vfk IVfa
Pt. Ellis Strain 
Aberystwyth S-143 (Montz,.)
Maryland

S/20
a/20 .S/20

704
Vftu VA i Vtt$/28, 6/19* & a/13

.Bromus Inemis • 
ParltlaM (Mont. ) Lincoln
Btah 13

^/20 
. A/20 

S/20 Vti
? A 4

VA VA £ S g
5/20* 6/19, & 3/13



Table H l
CLippSBg dates of cutting treatments in the season of 1948 Imposed uponspecies and varieties used in this study-.,.

Species & Variety

Poa pratensis.
P.I. l l W 4  . Somaercial (F«0,22938} 
Srboretw

Ft= Ellis Strain Aberystwyth S-143 (lost,} 
Maryland {F+G*22801
Bromus inermis
Lincoln
Btah 13

Seed=̂t Hay Pasture

i 6/28 & 9/7 6/28 & 9/7 6/28 & 9/? m m
7/197/197/19

6/28 & 9/? m $ v, i l l ;  11
7/197/197/19

6/28 & 9/7 6/28 & 9/7 6/28 & 9/7 i :  I l  11
=KOnly the seed head was harvested, the- remainder of growth was left*
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P.I, 119604 *■ ip introduction from furkey 
begins growth and produces seed earlier in the 
season than commercial hluegrass and is a less 
vigorous spreader.- v;V •

'V': v % Opramercial Cf.;,O4.309.34) ^ fro®, seed harvested In 
4$,:' :. eastern South Dakota *

Arhoretttm #?■ A selection from Missouri Botannical 
Gardens* Originally selected to he used as a lawn grass.*

ft*. Bills strain * A selection from plots, @f
mercial erchardgrass grown at ft* Bllis5. Montana,
Aberystwyth 8-142 (Mont0) - -A strain developed at • 
the Welsh Plant Breeding Station* Aherystwythf 
Great Britain* Plante are relatively spreading 
with a profusion of tillersf the leaves being 
broad and palatable*- Ihe strain is valuable for 
hard graalhg* eepadiaiiy on dry slopes, where- 
the sell is light* Plants in this experiment were 
grown from seed of plants' grown in Montana, whose 
original seed source was the Soil Conservation 
nursery in the state of .hew York»

• Maryland (F0G<,32883) - A selection made at 
Beltsville,. Maryland»

Smooth BromegrasS CBromus- lnerrais.)
Parkland (Mont *) A - northern strain selected
■ from a single plant, along -a roadway near Sas** katooUj, Banada= Rhizomes are present in the 
. strain;, but the spread of the plant is re* ‘ 
atriotedyto about sixty per cent of that ef'- . ordinary'bromegrass * Ihe percentage- of leaf is 
about fifty-two- compared to about forty*-two- for common bromegrass* This is due largely to a 
higher percentage of.sterile culms *. The strain 
is'adapted from semi-arid, to fairly humid eon- 
ditio n e a n d  to soil varying in texture from 
clay to sandy loam* ft does best in a- fairly cool summer climate. The latitude of adaption
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; Ia from about forty to forty*-five norW s to

the .Ximft pi northern settlement* The strain
... resistance and winter hardiness*;

is ■ comparable to common broraegrass in drought ■
.... __ . 1 ■ - ' • ' -'5. " . timoln & ge&e#l0m £ros old fields of •‘.l'v

' V grass at Superior^ Nebraska* A persistent* tall, /. V
■ 11 V-v : ̂ and'leafy strain*." ' I-:'''.
>,v; . Utah 11 •» A strain tracing to ten plants selected'
i;./;'. .the end- of the third flowering season on a{/x-i - ba#a of vtfgor* Five plaata-werd vigerouB apread*. / '!!I'; ors, 'fire were non-spreaders, and all were high ■ XlX 

yielding and leafy.*’ One of the best seed producers .,.." 
. in Montana. . -

. From plots of the above listed: .species and varieties.,- ■■
fear odd. samples- were taken from' each non^fertilieed plot ef ■ .,''
three, field replications and,.-in the case of the strains of
bromegraas,' from the fertilised half of the plot as- well <
Replications in this experiment are synonymous with the field. ....
repl&o&tiohe*, Bepll&atloa I takea e& %r&l 7* yepllea* . - -
tion 2 on April and ,replication 3 on April 11»- These 
samples were three inches in depth and three inches In diam-

taken, designed to find' a simpler method than chemical analysis.
wherebyVthe carbohydrate storage capacity of plants affected .

, ■ 1 ■ * . *. -

by various .-.cutting tredtmehts can be readily determined. These

three-inch soil tube was used to take the samples,.
being -driven,into the. sod, and. the sample then cut off at a
three.-inch depth. Sampling was dene as soon as the field * : ' 1became' readily accessible and at that time vary few green
shoots.:were- showing*.

-Four 'methods of treatment were imposed upon the samples



20
methods of treatment will be hereinafter referred to as Methods''; 
X if S5- 3.?' and 4, and will- be ■ described Iadividnally0

' Method I, -# Gores taken-from the .field were trimmed of old'' 
growth^, washed free of all soil.* and planted in quart waned 
milk .shake containers containing pure acid-washed quarts sand, '..., 
These,.containers were placed in the greenhouse and the sand . ■ 
therehjĝ iy wet down onoe daily with distilled water, until the',' 
foliage was euti

Plants-'were tut when it appeared that growth had dimin- . •■
Ished to such an extent that very little gain would be obtained. 
in dry %$ight of the tope by prolonging the growth period.
Replication I was cut on May 9f replication 2 on May 1$, ..and 
replication 3 on Eay 11#  the foliage from, each pot was clipped- . 
at the ...surface of the sand? placed in paper bags, oven dried . 
at 90°G for twelve hours and then weighed on a chain balance. 

.'-Method M Gores- taken from- the field were - treated as 'i..-jir ̂ ■' _ .,"1, ' I
in Method 1— trimmed, washeds placed in pure sand in waxed

■v ' .containers,, and grown in the darkroom rather than in the green­
house. ’Plants- were thoroughly watered once daily with die* •• ,,- ■ 
t i l l e d t e m p e r a t u r e '  of the darkroom was maintained-..- 
between 70 - and SO0F9 and the humidity remained at between 
40 and - 50s . Grown in this manner „ in the, absence of light and -'' 
nutrients, all new growth theoretically would have to come 
from those carbohydrates stored within the roots#
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Plants were harvested when the new foliage began wither'-*

Ing and-felling evar-f %aplleatlon I was ent April #6* 
cation. 2. an-April ad* end reputation 3 on May % e  foliage
was cut at the surface of the Sand4 placed in paper bags, 
otm dried at. 9O°0 for twelve hours and weighed on a chain -, .
balance*

,-Method 3 ■ dares taken from- the field were carefully - .
' •

trimmed, of all old growth, and placed in river sand contained. - ■ ;-v -.,. . ■ ;
in Six-*inch clay pots* These pots were placed, in the green* '
house-and watered once daily with tap water* These plants
wsro/.haFV'e&Wl while still maintaining a vigorous growth * . --
' . ; g ,; . - . - ' -'-i.
Replication I was cut, on May \$% replication 2 on Way ZQi and
replication 3 on May 21. Top growth was cut at the surface -
of the aore4 placed in paper bags# oven dried for twenty*four
hours .at a temperature of $®Q$ and weighed cm a torsion balance.*

"Method, I - * Gores taken from the field, were treated as .in."
method 3** trimmed# placed in river sand In sin-inch clay pets
and -then placed in a' darkroom. The temperature of the dark*. - j
room,was maintained between TO9 and SO9F,- and the humidity- -
remained-/at between 40- and 30*- The ceres were watered once
daily with tap water.

Plants were harvested when the foliage began to wither 
. ;■ - ‘ ■ ' ! and fall over. Replication I was cut April 29* replication 2 ..."

on and replication 3 on May 2+ Ths foliage was. cat
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at the .Gwrfaee of the Ijn paper bag#,.dried at :.'
9Q°6* for twelve hows a M  weighed on. a chain balanc e

' Spring ,Glipoinge - Ir order to correlate growth from 
these four methods with early spring growths clippings were 
made .May 24, on all plots from which the samples had been taken.,v • - w ■ • ■ ■ . .

-1'field. .samples were- taken from a tfepee^foot swath -eight feet,, 
long,, the swath being centralised within the plot* Olippihgs-;. 
Weraeyea dried., weighed.,, aad the weights converted to amd' i... 
-expressed la pounds- per acre-.

. - . . ' f::
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" '■ ' DafioleHGles •* Observations 8 r nutrient defi* '

",ci.enci.es were - made during the growth of the plants in method 
I in .which the cores were washed free of soil, placed in 
nutrient free sand in waxed containers and grown in the green 
house. Sutrient deficiencies became apparent at -the begin* 
ning. of the third week and an attempt was made to record them., 
Potash deficiency symptoms were the first to materialise inMy­
all '-oases wherein one limiting factor became apparent before'
other,deficiency symptoms could mask its expression, follow* .

. . ; ■ ' ;
ing the- -first potash symptoms it appeared that abnormalities,.'-.;

• r'V:were. due to more than one limiting factor and appeared in .-Y 
such' a" -simultaneous manner that it was impossible- to make. . ■
any further recording, as to which limiting factor appeared 
first. .- Mass symptoms observed were yellowing of leaves.
purpling of culms and margins- of leaf blades-, browning, of
leaf ,tips,, appearance of chlorotic spots' on the leaf blades ■ .'Y ■ • ” .
and the.. twisting and curling of leaf blades „'Yi' / ,

ltatidtical., Analyses * fhe yield data from the four IYY:..
methods of treatment of this experiment and from spring clip*
. ' "Y ■ ■pings, were analyzed statistically by means of analysis of 
 ̂ i 'variance. Additional, statistical analyses were made to

V--' . ■determine $ (I) correlation coefficients of different, methods;.
and spring clippings for the treatment means, with.each 
variety., yield total under individual cutting treatments for.

Vvi"

Y Y
.. - v. ’'

;V
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fertility levels being considered ss a treatment| (2) eerr,'-- 

relation coefficients between the yield .data from each methoda. I
and the-yield data of spring, clippings i O) correlation eo«-V--W-. ■ . . '
efficients'' between yield data of cores of bromegrass from

vd ■'plots previously fertilised with nitrogen and the. data from ,
' ... ■ ■ : . cores of, this species taken from plots previ-onsly nafertilisedv-
Combined fields lesponse fields as- affected by pre» ■'

vlpys tutting treatments are given in fable If* Methods I ,v-.- ■ ' \,V
and 2,/,;{eeres washed free, of soil) gave higher yield's of tops. : .
for the cores from plots previously cat for seed* Other
"■ .VVi- - : ; .:'v

methods, and ■ spring clippings exhibited the- same, general 1;
./'". '"V- ' ' VV;.trends.'"-tV ' . Vy-'V
' - % y : ' . fable IV

Average'combined yields of three varieties of each of three ■'• 
species/‘as affected by previous treatments-« lields express'**:.: 
ed in, grams of dry weight for methods and in pounds per acre .for spring-clippings*-

previous
treatment

Method .I 2 ^..grams of tops produced
_ ... _______^ ____

4 . Spring'-Clipping
■lbs*, per acre

Seed "
I ,Mill.

,!SI? *0793 1.39 ,1119
iji Ii1 ■ I IJj

102
Ray *0372 1.03 <0764 92
pasture «8279 1.26 .0929 m "
8&g* Biff *0492

..
B.+B* KS,



. average# dTrsaBt plote previeasiy .
fertilteed'- and unfertilised and their response to previous ■
■■ ".; - ' ■ ‘ ' cutting, treatments will he found in fable V0 the spring

elippihg yields of those plots previously hut for seed -were ■ V/r\M\
higher .than the yields of those plots out for hay or pasture -V- ...'■■ ■ . '
in the spring elipplngs =

- % m , e  ? -
Average of yields of-three varieties of bromegrass ̂ eaoh at, ■ ■■■•
W o  fertility, levels j, as affeeted by previous cutting hr saw 
meats. Tields expressed in grams of dry weight.for methods 1, •■ . • and in pounds- per acre for spring 'Clippings*.

Previous
treatment

Ifethod
1 2 3Grams of tops produced 4 Clipping . 

lbs* peracue

*1006 1^.
Bgy \ ^74 . *0641 114
.Pasture ' „12$2 " ,58 *1117 - 10$

Di f. W s S'* 29- . - '

■ ' Species. Sesoonse *> k comparison of species yields and 
their ,'differential response to previous■ treatment is given' ' 
in Table VI. (Page 26) Zn all four methods Orohardgrass 
produced more tops than bromegrass: or bluegrass.. This trend ■ 
reversed, itself for. the spring, clippings., in that, bluegrass 
and. hromegrass yields'were- higher than the yields of orchards . 
grass* ' ;



Table TI
IieldB of three species of grass not preiriensly’ fertilised as affected byprevious Outting treatments, fields expressed in grams of dry weightfor methods and in pounds per acre for spring clippings^

Previous' 
treatment

Srass
■species

...— ■ .........

■ 'Method.I 2 3
grams of tops produced 4

Spring Clipping 3k@» per 2.

Seed .. . Bluegrass 0̂56? .0361 1.14 <0854 126Orqliardgra as .3188 .1480 B.32 *1802 63Bromegrass .0797 .0485 *71 *0702 115Big, M f . . *1173 +0960 1.12 • . »0895 29
Say Bluegras s. +0483 *0159 .57 *0598 117Orchardgrass .1021 .0792 1.50 *1093 46Bromegrass .0633 .0167 1.06 . 60602 113Big. Bif* ' *0388 '*0168 *6% *0431 . 40
Pasture Blnegrass ' *070$ *0180 0 6:9. *0645 117Orchardgrass- il$ll +0540 1.96 &1443 74Bremegrass *0638 *0118 1,12 0̂698 1148*8. !, .0420 : »9? m e *. - ■
All Treatments Bluegmss ,0558 *0233 +80 40699 - 120'Orehardgrass• *1907 .0938 1.93 .1446 61Bromegrass ,0689 .0234 .96 i0667 114sig. mf * .0495 *0358 .43 .0377 21

Bif. necessary when comparing response of a species So previous cutting treatmezBluegrass N .So .0133 3̂8 H»S». ■Orehardgrass .0643 ■ ILS , 22Bromegrass HsS0 .. IL S 4 . :....-



3?
Fertility Levels *• S comparison ef core and spring clip­

ping yields from bromegrass plots ppevlowly-fertilised'and 
unfertilised is gite.n 'In table VII* (,Pagb 2B) Zn the seed, 
treatment of method I, the pasture treatment of method 2, 
and the.-seed treatment of spring .clippings)' plots previously 
.fertilised yielded significantly higher than those plots not ' 
previdwsiy fertilised#. In general,-this'tread appeared to \ 
be true, in any individual cutting treatment, and in, a combined 
average, of cutting treatments for all of the experimental

• -methods employed# '
■ Iafiety, Response *. Gomparisons Of bromegrass variety •

,yields'and their differential response be previous cutting •■' 
treatment is given in fable fill* (Page #j. These yields 
are derived by averaging the yields of the nitrogen and 
m  nitrogen values for -each cutting treatment* In the spring 
.clipping yields.̂  Mnoeln bromegrass yielded higher than 
either.-,. Parkland or Utah in the hay treatment and in an aver* 
age of.all treatments, and., was higher yielding, but not sigr ■ 
nifioantly sof for the other- W o  cutting treatments,* Park* 
land • appeared to be the highest yielding variety for each.- 
of the four methods *

'Bromegrass variety yields from plots not previously 
fertilised and their response to previous treatment are
given. l&,fable IX* (Page 30) and a oomparleon of tbaae
same- varieties, from plots previously fertilised is given



SabZe TfII
IieZds of broraegrass from plots previously fertilised, and- unfertilised as
affected by previous cutting treatment. Yields expressed in grams of

.'dry weight for methods and in pounds per acre for spring- clippings.

Previous .. 
treatment ■fertiliser ■ I

■ Method '2 3
grams of tops produced. 4

Spring
Clipping 
Tfetf &

Seed Mone *0797 +0419 .71 .0702 116Mltrogen .121$ 10203 i;05 .032# 133M g * Blf.. 10352 - S.S. a.s« \KS'. 46
Bay • Some *8633 .0112 " 1*06. 113 %Sftrogen *1017 10313 ' i.id +0630 n s'Mg* IKLfa B.8, B*S. M-d'S'e;
Pasture-. Sone ;o636 ;ona 1:12 . *0693 114Sitrogen +1365 .0457 *65 *1535 96M g .  Blf * .0203 B.S. KS. TioS-;,
H l  treatments Sonee *0639 .8334 .96 . .0667 114Sltrogen ■ H 366 .0326 :96 *1015 133 1M g .  Dlf. #*S. B.S. B.S. M+Co
Sig* Bif-, necessary When comparing .response of a species to' previousi cutting treatmentseme B.S* - K&.Sitragen‘ ' W * R+S, \ KS'+- 45



Table YIII
fields o f .three varieties of bromegrass as affected, by previous cutting treatments,
fields from plots previously fertilized averaged with yields of plots previously Un- '
fertilised for each, variety and- expressed in grams of dry weight for methods' and-' in ■

pounds per acre for spring clippings. *

Previoustreatment• Eariety I Method 
'2 3grams of tons produced 4

IW» p& £ 'Spring
. Clinnine

Seed I - - - .  "  ■ - - - Parkland *1126 .6390 «76/: ,/ .0733 146■ . :: Lincoln *0761 .0220 '..58'".: *0640 161Stah 13 .1111 .0156 .46. ,0721 129' - Sig* Bif^ &*&. - 3,8,.
Bay" Parkland *1376 *8277 6̂5 .0661 66Lincoln *0579 .0284 .71 .. »0666 169
-•- - - /: I - - - Btm 13 Big. gif * «8519 .0245 «66. IS! 6346

Pasture. Parkland .1670 .0311 *66 »2137 68Lincoln .0616 .0270 *39 .8630 %88Wt#  13 .1267 .0263 «49 .0556Big. Blf* B.S. » B.8* #.s.
ill Treatments Parkland «1456 .0326 »64 .1175 107Lincoln .0654 .0231 *54 .0730 163Btah 13 . *1016 .0226 .54 .0617 101Slg* Bif. #,s. m . 5 *

* 5 0 . 29
Sig^ Bif „ necessary when comparing response of a variety 7' Parkland ' -EjftS-* Iff J>..Ilneoln H. S» H*S*.Btah 1% .______ E.S._____ E .S.-

to previous cutting, treatmentIff ./S--O- N e S o- 3 i

. E r



Tields of three varieties of brcmegrass from, plots net previously f ertilized m  . 
affected by previous cuttiag treatments.= ' fields expressed in grams of dry weight 

■for methods and in pounds' per acre for spring clippings,'
Previous.
treatment Variety . Method

- 2 
grams

Spring 
Slipping 
lbs* oar1 A

Seed Parkland. . «1112 .0874 1.21 .0572 101Lincoln . . .0489 .0224 .60 .0663 132Stab 12 *0789 *0137 .31 .0870 115sig. mf. B.3.. 8.3» avs*
lay Parkland. .$449 ,0137 1.11 ,0551 103,Lincoln . *0759 *0191 1.16 >̂591 173Stab 13 .0691 *0171 ^4 ^ 66$ 62s&g* Sif. B.3& K 8*
Pasture Parkland. .0481 .0125 1.67 .1298 n oLincoln . .0419 *0121 *76 *0430 143. ■ ,1 . Btab 13 , ■ *1014 .0108 ■ . # .0366 88Sig* Bw-f B.S.. K.3. .43 *0647 8.3*
ill Treatments Parkland .0681 .0379 1.33 .0807 104Lincoln .054$ .0179 .84 .0561 149Utah 13 &0832 *0145 .69 *0634 88Slgv Dif. 8vS. ■ 43
Sig» Dif. necessary when- comparing response of a species to previous cutting treatmeiparkland «0172 . 8.8. 8*3. 8*8-.Lincoln 8.9+ 3J0.S« m s ... T ... ... . JGtsh 13 -1.3 *..... .8*3. . .44 8.8* B$«h§3e. .



"

I1S faMe'3C«- (Page 32) the W o  fertility levels
produced so effect on the fe&Oties of broaiegrass varieties' 
to previous, cutting treatments« Is general ̂ the reaction 
of: thev varieties under each fertility level to previous treatrf;
meht.is the same as that given' for Table fill* (Page- 29) ■ ;■*. />: 

■ .The yields of orchard grass varieties and their response' 
to previous cutting treatment are given in Table Ili {Page 33).

/■ - '■
Ih' the; hay and pasture treatment# of method 3* the Ft,* Sills

' ■:'

strain yielded higher than the Maryland strain, and in the
seed treatment of spring clippings,, the Ft* Sllis and Mary- 
lhnd'strains yielded higher than Aberystwyth 8*1434 In an
average of all treatments Aberystwyth 8-143 yielded higher .-. 
than-either of the other two strains in method

A comparison- of blue-grads varieties and their response . 
to previous treatment is given in Table XII* (Page M l  The . 
Ptl, 119664 strain produced a higher yield of tops for the 
seed .,treatment than for the hay treatment in method M  

Correlations - With the exception of the correlation 
coefficient for methods I and 4* correlation coefficients 
were:positive and highly sigaifleant for any two methods for 
the treatment means* (See Table XIll, page 35) Correlation.
coefficients were negative .and significant for any one

' . ’ ■. ■' , . "method and spring -clippings for the treatment means, with
the exception of method- 4*

V--



!able %
Iields of three varieties of br-omegrasg from plots previously fertilised as affected : ''
by previous- cutting treatments» Yields expressed in grams of dry weight for' methods

and in pounds per acre for spring clippings..

Previous
treatment Vari ety I Method ’2 3 grams of tons Broduced 4 SpringSlipping lbs. ner A
Seed Parkland lineoln 

Wtah 13Big. &ifl

,1140 'il07Z,1433K B .

«0239 "*0217 *0154
1.14 ' .93 1;07 BvS?,

,0895M 0l6.0573
190230143

Bay Parkland ■Mneoln ' 'Btah 13 Big. Bif; '

.2306,0399*0346
.0417i02l6;&319 ' 'KB.

1,44.96 .1.14
,0772 ,0731 ;0483 K S ..

; ' 7% 
KB*

S e ed ■ Parkland 
Mncoln ■’Gtab 13Mg. Bif. :

- ,3259 ' *001? M $19
40496 ' .-O41S
' i.04$a KS.

.96 - .42
K K

*2976 *0897 .;0?4? -K 8.
65

: 1H
ill. .Treatments • Parkland . MneolnBtah 13 Big. DIP.

'*2233' - .0763 »1200
.0384;92&4.0310R.8.

' 1,18 , . 7̂6 »93
41543;W 99:0601KB*

10917711345
-Big. Dlf. necessary when comparingBarklandllncolnBtaib 13

■ response &i a varietyK 8. K KK B .-M ,-
to previous cutting treatmentS*S.'o. ■ 32
3«$4 ' K 3. K K "



w a e  ZI
Yields of three varieties el aretertigrass as affected by previous- mittlcg treat,KieBtsir; '■ Yields expressed in grams of dry weight for methods and:1a pounds per; : acre for spring clippings«■

m m * Variety Method
I'tops: produced k

Spring 
Clipping 
3bSfr-pa? I

Seed ’■■■■■■•■'. Pt* BHia - . *W55 1##1 . HgOO 7#Aberystwyth' 8^143 CMont»} . .,3#3& 2.89 *1029 38;. Maryland ^313? ,9535 2*#4 .2676 82Sig. Sif-*. 14
Hay • Pt* Bills .1244 *8914 8.26 .1328 53Aberystwyth S-143 (Mont*) ,13S1 *1143 1*75 .1437 3# MMaryland *833# *47 .0513 W  wBig* Hlf*. 1 .6 1 8*8*
Pasture ' Pt* mils *9975 ,8797 2.34 *2232 82Aberystwyth Sr-143 CMont*-) ;3o# ^ *8686 l^g? *1651 68Maryland *#493 *013# 1.67 f#446 72Big. Mf, S»S* . R.8.- *50 H.S*. K 8*
m i Pt* Kllis *0&5$ %.#? .1687 66YreattiieBts Aberystwyth 143 (Mont *■•) *27$4 *1626 1,9# .1373 48i- Maryland »1334 *0331 2fOO *1279 68Mg*. Bif * *e#6o . ms.-. <r #*8* /
Sig*: necessary when comparing a variety response to previous cutting treatmentPt* Biiia . »10 B.S. BLS*--- Aberystwyth S-143 CMont3) H.S. BLS*Maryland 3LS.



Tields of three varieties of blnegrass as affected by previous cutting treatments.,
Tields expressed in grams of dry weight for methods and in pounds per acre for

Spring clippings,.

Previous.treatment. Variety I Method ' 2 3grams of toes orodueed 4 SpringClipping
2fes, ner A

Seed Kl.' 119684 %02.31 1.16 .»0771 120Commercial ..(P ,.C.* 22934) .035%) . .0562 . 1.03 *0764 112.. Arboretum . 3̂629 *0289 . 10.2.7 .1028 148.'Slg, BiK - E.S. . KB. -. M..- '
TT 'Bay . , K K  119684 *0491 *0157 <47. *0489 140Commercial ('PiC.,. 22934) .0281 . .0167 .58 »0517 95 VO-Arboretum. 0̂438 »0153 .67 .0766 1X7 ̂. Sigt DiK . K K  . 25
Pasture Kl, 119684 *0516 *0132 »66 »0523 155. Commercial 22934). .CI922 1OI32 «63 ■ .̂ 614 10?' Arboretum - 0̂277 *76 »0798 90Siĝ  Dif. a*s.. . K K
ail . - . Kl. 119684 .0309 *0173 .76 .0594 I38Treatments Commercial (P.C. 22934) ,0584 .028? 4,75 »0632 154Arboretum *0$8l .0240 *89 .0871 iia• Slĝ  Bifi KS.. B.S* K&.
Sig,/ Dif*:. necessary when comparing aW .  1196# variety response to previous cuttiag treatment .68 au&_ ala.Commercial. (F*C_* 229343 B.S. K 8 < ' KS . ' K  8. l.K.Arboretum. Ho S, &.C. ...K K



Table 2%IT
■Correlation coefficients be Ween different methods and' spring'-clippings for the treatment means, N * 36,

Method IX

........... .

m
. spring
flipping

'l : . ' 0*60** . 0 ^ 1 ^ ^

#  . " , J.—I .. .-W. . .
‘. ■

H l  . '. 0,65** ' *0 4 3

1% *0*21

' * %$ level of Slgnlfleande** ■ ifo level of significance rnO.424

4 statistical analysis, in which the yield data of each 
,method' Was correlated with the yield data of spring clippings 
produced no significant correlation coefficients* Correlation , 
coefficients of spring clippings with bluegrass were negative 
for methods' I- and 2, and positive in. methods I and k* . Orchards .

correlated '#roma#%e& W^t#ely: ,d0r̂ .'l .:
■•'. Vi:'. " '. I ' ■ ' " ' ■■•;■■'

reiat.W' for #11 four me#ods% (See Table page 36)
' '-I. ■ • ' -A.statistical analysisi in which the yield data of brome« :

grad# ̂rom- corea taken from plots previously fertilised were 
oe^rekted with the yield data of ewr.e.e from plots previously'
mhferMiisedy' produced correlation ooefflelepte ae f̂ollowsjf-

Spring 6lippingw,.4**.**-*'..***!Method 1« *#%*,$*»*,»*?**#&**** *
Method 2 v̂ ,, B **.»•,■»«* e»»; S e 0- it <t> *36
Method 3*# **4-* *-4*»**«** * * •».«** •.»■ »1T
Method 4># *1* *• <f jt» * ** ■#.4- * <1 * ft*.* ̂ ■ *7v^



. Gô relatl<?n saefflo&enta for spring ■ olippings and methods. K = 9 ,

- Table XlV

Spepiea
Hi " *  I . , I I . , . , U  . I , „  I,A n /  i l u - '

I Method1% - 11% IV
. . . .

Poa oratensis 6  03 * ,16 <17 ■ ■ *03.
Bactylis .slometata »’S1 . H'k-k1 .,57 '

Bromus'inermls ' *  ,2? ' » , 03 »  .PO



-
,fhere was & large margin oi variability in bMs study 

as shown by the coefficients of variability w&leh were as
fallowa* Spring alippiB&e, 9@*9% method, I, 90,8; method 8, - ' '
69,#; method 3 , 66.0 ; and method 4* 74*8* Thie variation
between methods and within methods was to fee expected due
SG the/GRtirely different set of conditions under which the '

■ . • ■•- ' ■ ' ' ' ' . V.plants -.of each method were grown and due to the large margin

37

for error in sampling and treating the cores« There were, 
however1 differences between species and between varieties
ih' theif response to previous hutting, treatment. Borne of
these, differences were statistically significant* but the
majority were not, and, therefore ean only be subject to
speculative theory*. - i.- h " -

There is little evidence to substantiate a statement as ' . . .  •.: ■ 
to which of the four methods employed gave the .most' exact

.■ •  •hA ■ i :• .' ,,
• •:

TV.■

measurement of carbohydrate storage* The interaction'between 
core' methods- and treatments was highly significant, indicate ' 
Ing that although all core methods may be a -measurement of
'V /' -T ■ • ' ' . ,,the amount of root reserves- stored* other factors due to the \ ■

■ • ' '•;■■" . ' '■ ' 'difference in methods were- affecting that measurement* On 
■ .-':;v ■ . .the basis of the coefficient of variability^ method 3 exhib- - ■-

ited the least variabilityindicating that it would, probably-;
be the most reliable of the four methods *-

Methods I and 8 gave significant values for "the. total .

'.v,

..-  ...- . > \



yields of tops of the seed treatment over the other two pre­
vious tutting treatments. The data of -methods 3 and k follow
the 8a#a general trend* although the differeneea were not ei#
nificant*.

It I S' evident that the methods used in this study are 
not measuring the same factor as is measured by spring ellp* ' 
pings  ̂ In all hut a few eases* orehardgrass yields were' 
significantly higher than the yields of either of the other .

1 ''"'vV •two.speeies for all three treatments and a combined average 
of treatment yields in ail four methods of the experiment,
Xti the Spring clippings this trend reversed itself in that
bluegraas and bromegrass yield# are significantly higher than 
the prcbardgraas yields for the seed and bay treatments and
in .a-.combined .average of all three treatment yields, (Bote 
Table VI, page S6 }>

'..$n taking root cores of a bunoh type grass such &s
orohardgrass* the soil tube can be placed directly ever the 
clone* whereas in taking root cores of a sod grass such as 
bluagraaa or bromegrass* the soil tabs Is plated randomly 
ever the sod* allowing for a greater variation in the amount 
of roots in a three inch core* The quantity of roots, there* 
fore, in a three inch core of orehardgrass should exceed the 
quantity of roots taken in a similar sample of a rhisomatome 
type grass such as bluegrass or bromegrass0 The subsequent 
growth from these cores would favor the bunch type grass .
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species ia 'fcbafc there would be a greater quantity of reserves 
due to the larger amount of root volume* even though the per* 
oentage of reserves per unit of volume or weight might be 
lower,..

In the case of the spring clippings in which the yields ,
of orcharclgrass were exceeded significantly by the. two rhi-

•"iy
somatons species* this trend could reverse itself in that 
under field conditions the r hi soma tons species have a larger... 
volume' of roots from which to draw reserves and consequently 
a larger amount of reserves *
, . Another possible explanation of the difference in behav-
lor of these species under methods of treatment as compared

. . '■to spring clippings might be found in the earliness of spring
growtĥ ;'; ' Under Montana conditions orchard-grass apparently

- . T f -

suffer-s..- a physiological disturbance during, the winter and
. f'V:early ..spring months which retards the earliness of springvv / : .  . .

growthy as was evidenced by spring clipping yields, Onder 
'the methods -some of the causes* such as temperature relation-, 

ship % -Po-Uld have- been alleviated* which would allow for a 
more normal type growth to be made by the species*

Apparently nitrogenous fertilisation had little effect ■ 
oh bromsgra-ss variety response to previous cutting treatment, 
In a .,combined, average of the three cutting treatment yields,• • 'r' -v . . .
farhiand was higher yielding, but not significantly so, for
• ' ,: -''-V ,the four methods, This was true in yields of cores from -.

• •> = 
. .  -■ . '{-
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previously fertilised plots aa well .as Im yields of bores 
from plots mot previously fertilised^ IMs trend earn hypo­
thetically "be supported in that Parkldnd is a less vigorous 
spreader.and would less likely be sod bound after four seasons 
of growth than the other two varieties and would consequently 
have more vigor and higher yields,

In. spring clipping yields from bremegrass plots previous*. 
Iy fertilised.as well as from those not previously fertilisedf 
the yields of limeoln bromegrass were higher than the yields ... 
of the other two species in-a combined average of cutting 
treatment yields-, Ihis trend is the reverse of that found 
in the methods used and lends further .evidence that a dlf» •
ferent; factor-was being measured in spring clippings than 

■ - .;, - - that/-which was measured in methods,
. in ..a combined average of treatment yields the ibery* • 

stwyth ;S-143 strain of orchardgras-s yielded significantly 
higher...in method 2 than the other two strains and in method I 
was higher yielding with a difference of yields approaching 
the'level of- significance* In the spring clipping yield . 
data . the trend appears to be for the Aberystwyth .$-143 strain 
to be the lowest yielding variety* This reversal further
substantiates, the theory that a different factor was being

' .. ' ' ' ■ , measured in' spring 'Clippings, than that which was measured ■
in methods*.

The yields of the arboretum variety of bluegrass appear

> .

• j



•to be higter than either of the other two varieties for all 
three o.utting treatments is. methods 3 and 4*. in which the 
cores were net washed free of soil?, This trend is contrary
to the' trend of the yields in spring, clippings wherein 
Pkl* 119604 appears to he the highest yielding in a combined 
average of treatment yields« P»,X* 119664 is an early bine*
grassland consequently it is to be expected that spring clip* " 
ping.yields would be higher than for the other two varieties,- ':; 
HoWever? the trend in two methods of the experiment was that. . •
arboretum stored more reserves, thereby again substantiating

- ■ ■ ■ ■ ; the statement that a different factor-is feeing measured in
spring- clippings than that which is being measured in methodsi

If. the methods data is a true Indication of root reserves,.
-• ' W  "-I:.; - ' ' ithe factor being measured by spring clippings may well be
: ■ I ; ' " -• ' ■ ■certain' capabilities#, inherent within a species or- variety, "vy •

for the' more complete and. efficient utilisation of those
reserves present. It would appear that early spring growth .
is' net' entirely dependent upon those reserves stored within ' - . ,
the roots, but also upon physiological elements affecting ■

■■ . I  ' 'the utilisation of those reserves^
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Boot core samples*- three Idehes in depth and diameter*
WQte- taken with a soil tabs from three replications- of three • / 
varieties of each of three species of grass, these plots had '. 
previously been exposed to three different cutting treatments?' . 
(I) put for seed» (2 ) out for hay* (3 ) out to simulate pastureo 
In May of'the season preceding this study* one-half of each 
plot 'was fertilised at the rate of five hundred pounds of 
HH^SO^/acre» Core samples of bromegrass: varieties were taken 
from.both fertilised and unfertilised, plots*

' -Samples taken were subjected to the following methods ■ 
of'treatment:-

(I) Cores washed, free of soil*, placed in nutrient*free 
sand.^n'quart waxed paper containers and grown in greenhouse..

(.2) Cores washed free of soilplaced in nutrient-free. 
sand,in quart waxed paper containers and grown in dark-rooms

■ j 'lit'■ Cores placed in river sand in six-inch clay pets “ 
H. ' : ■ ‘and grown in greenhouse.-
14) ,Cores placed in river sand in six^ineh clay pots
' : '■ ' ' and'grown.In-darkroom,...: .
Methods I and 2 were watered once daily with distilled; ■ .- 

water'i, methods 3 and 4 with tap water.-
' fop growth. made by the cores under the above methods ' -f 

was, clipped*,.oven dried* and the yields expressed as grams ' 
of dry matter.' ,



On plote from core aamplea M d  been remeved* spring
Gllppiage were taken, o?en drledf end the yields eapreeeed
In pounds per acre.

tleld'data of methods and spring clipping# were analysed 
statistically by means of analysis, of variance9,

The result# of this study exhibited considerable varia* 
blllty*'. '

.!.definite response to previous cutting treatment was 
noted when the yields of the three species .were averaged,. .. •
in that top growth yields of cores from plots previously
exposed to the seed mittiag treatment Were higher than those . '

■ ''''' 'of either of the previous, hay or simulated ,pasture cutting 
treatmentso

,! different factor was being measured by spring clippings 
than that which was being measured by methods, as was evidenced'' 
by a reversal of yield trends in thess measurements* ■ V

nitrogenous fertilisation apparently had little effect
oh tha.^espohse of bromegrass varietloa to previous cutting ,.y/,-'
treatments * Although the yields of cores from plots pre- • 
viously fertilised were higher than the yields of cores from 
plots .not previously fertilised,, they followed the same trend. ■



&ITBRATURB GONSW&TBB
I*-. ALBEITs Bo Studies on the growth of alfalfa and some 

• perennial grasses. Jour., Amer. Boo* Agroh.. 19:624-694? 1927*
2 * ALDUS# iU S« Effect- of different clipping treatments 

on the yield and vigor of prairie grass vegetation4
, Ecology, 11:752-799, 1930.

3* ELL&T, W, B. and O0RRIBR, LIMAN, The effect of frequent
clipping on total yields and composition of grasses,

. Jour, Amer, Soc.. Agron,., 7^ 9-^7* 1915,
4« Q,EBMBBT, W» B, Native grass behavior as affected by 

'..periodic clipping.. Jour, Amer, So®. Agron,, 28:447- 496. 1936,
5. OBABBB # L, B.« Food reserves in relation to other factors

. limiting, the growth of grasses. Plant Physiology,6:43-72. 1931.
6. , injury from burning off old grass on established . 

■ bluegrass pastures. Jour. Amer. Soo. Agron,, 18:815-819. 1926.
7. . ; Penalties of low food reserves in pasture grasses«

Jour, Amer, Soc, Agron*,. 21:29-34. 1929.
' "- . NELSON,'#. T., LB9%EL, #, A. and ALBERT, B.

Organic food reserves in relation to the growth of 
'alfalfa and other perennial herbaceous plants* Wis,
Agr. Bxp» Sta, Bul* 80* 1927.

9. ___and BEAM# K. W. SroWth of bluegrass with various
defoliations and abundant nitrogen supply„ ■ Jour,
Amer. Soe, Agron,, 23 :938-943 = 1931.,

IQ, HALL, M., ed« five hundred varieties of herbage and
fodder plants # Commonwealth Bureau of Pastures and 
field Crops Bui* 39,* 1948.

11* MCOAETt, I. C. Some relations between the carbohydrates, 
and the growth rate in the wild oat, Avena fatugu 
' Riverside Jun. Col, Oceas,-. Papers 6 , Mo* I, ' 1932*

12, . ■ ^ Seasonal march of carbohydrates -in Blvmus amblguus
and Muhlenbergia gracilis and their reaction under moderate' grasing use^ PTant Physiology # 101727-738, 1935»



IS* .I * The relation of growth to the varying d&rhti* :>■
hydrate content in mountain W o m e » IFSM Teoh< Bule
'598/ 1938.

14» MIlLBR, BBWI® -Ge Plant Rhysiologye Hew IorkjMoB-ratr̂
Hill Book Company* Ine. 19S&. (Pagee 885-912*)

15* NELSON, I* *$4 The effect of • frequent cutting on, the ■
production,- root reserves, and Behavior of alfalfa* . .
dour-*, Amefe Soee Agronu.* 17;IGCullS, 1925.

16. NIGHTINGALE, Gu T* The chemical composition of plants- 
in relation to. pho-toperiodic changes * Wise- Agr *.
Bxp. 8ta, Ree+ Bul+ 74+ 192?+ . . .

17+ PARKER, K, W+, and B AMmm* A. W+ Growth and yield of .certain Gramineae as influenced by reduction of photo- .- 
synthetic ' tissue. Hilgardia, 5;3ol->381» 1931.«,

18* PIERRE, W* H*, and BERfRAM, F* E*■ Kudsu production with 
.. special - reference to influence, of frequency of cutting 

on yields and formation of root reserves* Jour.* Amer*
. , . Boa* Agron+* 21;1097-1101* 1929* ' /

19* BWBON, A+ W«, and mOARTI, E* 0* The carbohydrate.. metabolism of Stipa pulohra. Hilgardia9 5:61-100.
. '1930, .

20* STAPLEBON* R. G*, and MILTON, W, E, d* Thh effect of
- ■ . ' different cutting and manorial treatments on.the ■

. '■ tiller and - root .development of cocksfoot* Welsh.
Jour* Agr*, .6; 166-174*'. 1930*

21* ..SflfT;,.. R*E* Gomparative stands, and' forage and • seed 
' yields, of Womegrass strains under dryland and 
irrigated conditions in Montana * Jour* Amer * Soti-.* .,■

. Agron., Vol* 41,•No. 5* 1949&
22* SfURKlE, Ba G* The influence of various top-butting 

treatments on■rootstocks of Johnson grass (Sorghum 
halepense)* Jour. Amer* Soc« Agron*, 22182-92. 1930*

23+ TRmBRlBGE, P* P*, HORGH, L, B* and MONfEN, G+ R+ Part T I .
■ Studies of the timothy plant* Mo*. Agr. Exp* Sta.* Res* • 

Bui* 20* 1915+ ' ' . . ■ ,
24* WEAVER., J. E*, and BARLAND* R+ W. Amethed of.measuring :.' vigor of range grasses,. Ecology,. Vols* 27-28* 1946-

1947.



MONTANA STATE UNIVERSITY I irbabtcc

762 10013360 O
*

H F =
C T 8 5  C o o p e r ,  C l e e  S 
c o p . 2 T h e  e f f e c t  o f  p r e v i o u

c u t t i n g  o n  a p p a r e n t  
c a r b o h y d r a t e  s t o r a g e  a n p  
s p r i n g  g r o w t h  _______

IOlSfIS- /̂ K'.X C‘SrtP' ̂

NAME An dAPOWSg*__

N 3 7 r

C . 7 / 5
6 » p . a

%  6/J


