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ARSTB4.CT

1>¡^od.ucfion, groúth and der¡elopment ef bromegrass (Bromus inermis

Leys*) tillers on Red River clay fertilized in spring, midsummer or l-ate

fall with IB5 Lbs"/acre of 27-I4-O and on non-fertilized areas lr/ere com-

pared at frequent iniervals r,r"nd.er three harvestj:ng systems. Seed yields

in the ra1rge 200-670 lbs./acre were obtained" Seed produ-ction in 1964

equalled. the combined- production af l965 and 1966" Differences in

favou.r of fertilizer ad.ditions were not evident until the third harvest

yearÇ

Forage dry matter yield-s were higher from tv¡o cuts per year than

from one cut and averaged 4"3 tons per acre in the most productive yeart

L965" Application of fertilizer in spring produced. the most eo^uitabte

d.istribution of forage between spring and summer cuts , enð. the appli-

cation of fertil-ízer in late falI produ.ced- the highest proportion of

dry matter in th.e first crrt" I'erùilizer application increased tota-l

dry matter yields by JO%"

Forage protein yields were highest from two cubs per year. The

first harvest year produced the highest protein yield of IOOO Lbs./acre

from fertilized areas ¿na 65O lbs"/acre from non-fertilized areas.

k^od-uction dropped Ia% Lo 2O'l per year in succeed-ing years. The second.

cut produced approximately half the protein of the first cut.

Deterioration of the bromegrass stand resulting in the rrsodbound.rr

condition t{as accompaniecl by reductions in density, height, and grol^Ith rate

of ti-l1-ers" Ad-dition of fertili-zer prevented or reduced the deterioration



of the stand, The time of year at r,¡hich fertilizer lrüas applied uras

not criti-cal-"

A temporary increase in growth rate ,¡¡as sometimes observed

after the appJ_ication of fertilizer in spring or summer.

Jointing in trromegrass started in early May, probably in

response to suita,ble temperatures and stopped in late August when

daylength became too short" During the joínting period, the rose'bte

tiller $/as an evanescent sta,ge betr¡¡een crovlrn buds and jointed tillers"

A harvest taken duri-ng fhis period removed all top grorvth and- returned

the growth cycJ-e to the point at which it had started. For a period

of 4 to 6 rveeks after the start of growth or after a harvest, the

number of crown bud.s was low" From late August to the cessation of

grovrth in late fa.ll , nertr tillers appeared continually from crolvn buds"

The rosette tiller stage represented a considerable proportion of the

tiller population, cutting did. not remove all top growth.
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extensively grown forage in Manitoba. Of the I.7 million cultivated

acres devoted to forage (2), perhaps seventy per cent consists of

bromegrass, usually in a mixture with alfalfa" Pure stands of

bromegrass are usually not grown, excepting a small acreage for seed

production.

Research to date has concentrated on varietal- testing and

fertilizer stu*j-es of an empirical nature, to answer the questions

posed by the farmer: which is the best varieby of bromegrass for

inay anð/or pasture production, how utuch ferùLJ-i,zer should be put ont

and what time of year is most suitable for application?

The answers obtained have not entirely solved the problems

presented by the growth pattern of bromeglâss. These problems are

the vigorous growth competing too strongly with associated species

followed by arrsodboundrt state after about three years growthr and

the inequality of high spring production and low sumrner production

of forage. !úork in the United States has indicated that poor growth

in summer is the result of mismanagement through insufficient

knowledge of the growth habits of the grass. Other research suggests

that rrsodbindingrt ca¡r be alLeviat,ed by applying niürogenous fertiU-zer.

l,ittLe is known about bromegrass tiller reaction to differeu.ces

in the environment, apart from studies in photoperiodism in connection

Smooth bromegrass (Bromus inermis Leyss) is the most

TNTRODUCTION



2

with seed. production. The folLowing study was undertaken to help

fill the gap in knowledge of the growth and development of bromegrass

u:rder both forage and seed production conditions.



season grass native to North a¡d Central Europe and to temperate Asia

(t]., 77¡. The plant has stout stems from one to four feet highr wi-th

lax, spread.ing leaves and a loose panicle type of inflorescence.

Vegetative propagation is by rhizomes which spread to produce,

initially, a loose maù and fater a dense turf which often becomes

'lsodboundrl.

Several introductions have been made into North America. The

first on record was in 1884 when the California Experimental Station

of the United- States Department of Agriculture received seedr probably

from Hungary. Shortly after thisr seed was imported to Canada from

Germany (tt). Later introductions to both Canada and the United States

came from Russia QÐ.

The diversity of these introductions, and of the selections made

from them has led to the recogni-tion of two fairly distinct types of

smooth Bromegrass: the Northern typer derived from North German and

Russian sources and adapted to the climate of Ca¡¡ada and the northern

United States; and the Southern typer originating mainly from the

I{ungarian source and adapted to the central part of the United States.

The ùifferences between the two types are of degree rather than of kind:

plants of intermediate type have been observed.. Newer varieties contain

genetic material from both Southern and Northern sources (27, 72, ,9).

Smooth Brornegrass (Bromus inermj-s Leyss) is a perenniaL, cool

REVIEhI OF LITT,RATUTE



For forage production, varieties of southern Ùype are superl-or

irr the mid-western United States (5, 74) probably because of their

higher optimum growth temperature (eO). This superiority is not so

absolute in more northerly âr.€âso In l4anitobar Southern types have

given h:igher yields in the past (68), but new varieties of Northern

or j.ntermediate genotype now under test appear to produce forage yields

equal to or better than the currently recommended Southern variety

trli:rcolnft (6t, 6Z). Knowles and üIhite (r4) found no differences in

yield between the two types when grown at several locations in triestern

Canada. In Michigan, Churchiil (10) found that Southern varieties

were best; on the other hand, Tesar and. Shepeta (65) observed that

Northern varieties were better on peat soils. Northern vari-eties

produce higher seed yields than Southern types (59, 6J-).

TLre extensíve use of bromegrass ùhroughout the centraL and

northern prairie regions of North America has l-ed to considerable

research into the production of forage and seed from it. Enpirical

experimentation with methods of seeding, and rates and times of

fertilizer applications has led to some conclusions for seed production.

These are that nitrogenous fertilizers will generally i-ncrease seed

yields (6, ?r 73r 53,55r 59r 6tr 62), that higher yields are produced

by brome gror^rn in rows rather than in solid stands Q, 5Ð, that

fertilizer applied in late summer or autumn produces the greatest seed

yield increase (l,z, l-9, 33, 53) and that the most economic rate of

fertilizer applicatJ-on may not be the one which produces the greatest



yield 37, Y7). -

Investigations into the use of bromegrass for pasture and hay

production are harder to assess. The afmost infj-nite permutations

that rate and time of application and. chemical composition of fertiLizer

can rnake with cutting date, height and frequency over the wide range of

cli-matic conditj-ons found where brome is grown, have Led to e:çeriments

which, whiLe possibly answering the imnediate problems posedt have

produced Little information speci-fic to bromegrass. A sampling of the

published results reveals that bromegrass¡ in common with other cool

season grasses will consistently give an íncrease in dry matter yield

(9, 14, zL, 24, 33, 4:.-, 43, 5r, 55, 58, 7r, 75) ana crud.e protein

percentage (8, L3, 21, 44, 66) when nitrogenous fertilizers are applied.

Pr.rre stands of bromegrass that have become rrsodboundrr cari be rejuvenated

by judicious applications of nitrogen (6, J-3, 66). The increased vigor

and yield resulting from nitrogen applications of as high as 2OO pounds

per acre have shown a positive linear relationship with rainfa].l ça3, 66)

j-n low raj-:rfaIl âr€âs. Tncreased production has not always been economic

(t4, Zt, 73, 66). Responses to the appli-cation of other macro elements

have been inconsistent (12, 59, 66). This is probably because they are

not so frequently inadequate for normaL growth.

R

For forage purposes, the use of pure brome stands has

superseded by a brome-al.falfa mixture ín the drier l-ocaLities

mixture of brome and Ladino or red clover in higher rainfall

factors most frequently influencjlg this replacement are that

been

and by

areas. The

a highei



forage yield is obtained from the mixture than from grass grown alone

(to, 26, h, 44,47,57r 59,6l 1 621 68, 71), a more even growth

throughout the growing season is mainbained (], 10, 75), t'he legume

can supply in part or in total the nitrogen necessary for continued

satisfactory grass production (9, 5Bt 7L, ?5)r arld a mixture of two

(or nore) widely differing species growing together lnsures against

crop failure should cond:itions become unfavorable for one of the

species (3, 58, 74).

The use of legumes in brome sta¡ds has added the problem of

competi-tion to the contplexities of brome production studies. Some

r'¡orkers have found that bromegrass will increase at the erpense of

the legume when the two are grown together (26, 4?, ?1). The converse

view has also been stated, namely that brome decreases as the stand

ages (31,5Br 68). However, the majority of the results ind.icate that

management treatments, and in particular the cutting treatments i-rnposedt

control the balance between brome and legume (12, 14, 28r 29r 3Or 66,t ?5)

a¡d indeed, whether the bromegrass will survive at alL (3L, 56, 75).

The evidence presented above is but a sample of the considerable

quantity of data which is availabLe concerning the overal-l effects of

fertj-Lizer and cutting practises on brone gror¡rn alone or with a legume.

Among it there is lj-ttle evidence to j¡¡dicate how the visibLe effects

on production are brought about. If maximum productíon is to be obtained

from bromegrass, it is essential to know how the treatments applied effect

the changes appearing as yield differences. For this, it is necessary to



study the effects of growing conditions on the growth a¡d development

of the brome plant.

The work of Gregory and Purvis, Cooper, Mitchell and others, on

a number of grasses has revealed some of the complexities of tiller

production and development: in particular that grass species d.iffer

in their responses to simiLar con*itions (16r 37r 38,19r 49r 54).

hiork of a sinilar kind on bromegrass is much less extensive" Most of

the work has been into i¡rvestigatíng inflorescence initiati-on and

development. Some disagreement has arisen over the precise combination

of short days and low temperatures necessary to initiate flowering in

brome. Allard and Eva¡ls (t) found that short day treatment alone

produced no flowering shoots. Ga]l (25) also observed that ch:illing was

necessary in most cases, with the exception of a l,lanchurian clone which

he found wouLd flower without a cold period. Newel-I (51) stated that

the clones with which he worked requj-red a period of growth under short

day and cool temperature conditi-ons. A consensus of opinion might be

that a period of short days is required together with cooL but not

necessarily freezing temperatures (J-7) " It is possible that the vari-

ation observed has been due to geneti-c differences in the material, as

is the case in Lo1ium species (f5, f6) and some range grasses (52).

Once floral initÈ.tion has taken place i al-I rvorkers agree that long days

are best for internode elongation and ffower excision (1, 24t 25, 51).

In timothy and meadow fescue, not all till-ers present, during a

period of treatment favourable to flower initiation rvil] develop



inflorescences (3?ÕB). Bromegrass appears to behave similarly (24r 36).

!'Jal-dron (69) fras ascribed clonal- variation of the ratio of fertile to

sterile til-lers produced by brome in spring to gene differences.

However, Lamp (f6) o¡served. in spaced plants that more fertile tj-l-l-ers

compared. to steriLe tillers emerged at the edges of his cl-ones than in

the centres, because, he suggested, of more favourable growing conditions.

The sterile tilLers produced concurrently wj-th and after the

fertile tillers appear to be important, for the perennial habit, af

least in timothy (37), where tillers rarely survived more than one year

irrespective of the time of their initiation. From available descriptions

of other graÊses including bromegrass, it appears that they too depend o'n

successive cycles of tiller production throughout the growing season for

thelr perennial habit. These tiLlers in a suitable stage of development

at the end of the growing season become dormant and remain so until

gror'iing conditions again become favourable (36n 37, 1B).

ïn bromegrass, tillers can be identified u¡ith one of the following

stages of development (16)z crourn buds and rhizomes, tillers with green

l-eaves in a rosette encl-osing a growing point which is at or slightly

below ground level, and till-ers j-n which the growing point has become

elongating internodes. The two latter stages of grorøth can be found

with either vegetative or fe::tile shoot apices.

t amp (36) found that the development of new tillers in brome

clones proceeded from the crovrrr bud to the rosette stage at whj-ch floral

initiation might or might not take place depending on temperature and



daylength conditions, genetic factors, and the level of fertility of

the soj-I as mentioned above. In either case, subsequent growth resulted

in the growing points being raised above ground level-. Eventually the

tiLlers either died or were harvested.

At the l-atitude of Chicago (16), bromegrass tillers r'¡hich

survived the winter \irere in either the crown bud or the rosett,e stage

of development" Growth startecl from the roset,tes :-n m:-Allrrarch and. more

tillers emerged from the ground shortly afteru¡ard. Lamp suggested that

the emerging tillers had also initiated growth the previous fall but

had had their development stopped by cold weather.

Growing point dissection revealed discernibl-e inflorescence

develo,omeni by rnicì-:41:i:i-1 ¿¡r1r;! g;¡ç,¡¡-ing ¡:oints continued. to develop into

flower primordia until internode elongation started in early l4ay. A

second period of new tiller emergence commenced at anthesis in early June

and continued until growth l{as arrested by cold weather in l-ate fall-.

It{ore nei,¡ tillers were produced- in late sumner and fall- than i-n spri-ng.

During internode elongati-on in spring, only a few new till-ers emerged.

Later observations by Teel (64) have substantiated this finding, and

Langer (39) tras reported similar variations j:r till-ering in solid

stands of timothy and meadow fescue.

From l-eaf counts during the year, Lanp (36) conclud.ed tlnat a

minimal number of l-eaves vlas required before a tiller v¡ould respond

to verna-l-isation. He further suggested that til-lers developing the

minimum number of leaves before internode elongafion started would



flower; otherwise they r,'¡ould remain sterile even though they produced

enough leaves to surpass the minimum number. However, the variability

of his minimum number (5 to 14 leaves per ti]ler) suggests that leaf

number is but one of several- factors lrhich interact to control tiller

readiness for vernalisation (25) ty their effect on the nutrj-ent status

of the tiller"

Nutrient status is a difficult factor to measure. I4any workers

have equated it with soLuble carbohydrate reserve level-s in rhizomes

arrd stem bases (ZZr 45r 461 601 72). They have found that the solubl-e

carbohydrate content of bromegrass rhizomes decreases in spring during

initial growth, and decreases after cutting or grazing a stand. Reduct-

ion of soluble carbohydrate l-evels to near zero has coincided with

death of the plants (63) ana high levels have occurred. at the ends of

periods of unjlterrupted growth (59). lrJhilst it has been demonstrated

that nitrogenous fertilizer ca.n j-ncrease tiller numbers and accelerate

leaf production (?O), it has al.so been stated that fertilizer ca¡not

replace carbohydrate reserves (72). If a stand is cut frequentlyt

recovery growth is soon reduced to a very low levelr in spite of a

high soil fertility. Presumably, carbohydrate reserves have been

reduced after each cutting and insuffici-ent time has been aLlowed for

their replenishment.

This review has attempted to summarj-se current knowledge of

bromegrass behaviour. There is an obvious imbalance in knowledge

between the well covereil fietd of treatment effects on agricultural

10



yield. and the barely entered area of tiLler population studies. fn

particular, little is knor,un about bromegrass growth in terms of tiller

reaction to changes in environment, apart from studies in photoperiodism

from the viewpoi.nt of flower a¡rd seed production.

1t



The bromegrass variety rrlincoLnrrr a typical Southern typet is

recommended to farmers by the l4a¡itoba Department of Agriculture for

its excellent forage production and good d.i-sease resistance. Seed

of rrlincofntr is al-so produced to some extent, mainly for export to

the U.S.A. where it is grown extensively for forage. The use of

trlincolnrt for forage production in lvlanitoba and the probably future

production of seed of this variety or of a similar Southern type for

export made rrÏ.incolnfi the varietal choice for this project.

The experimental area v,'as established on Red River clay in the

experimental field of the University of l4anitoba Plant Science

Department. The area was subdivided according to a split' plot design

of four replications with four main plot treatments and three subplot

treatments, giving a total of 48 subplots eadn 2J x 6 feet. On lt{ay 16,

J-g6Strrlincolntr bromegrass vras dril-led along the length of the subplotst

in rows nine inches apart, at a seeding rate of ten pounds per acre. A

marker row of Russian !üi1d Ryegrass was sown between each of the subplots

and around each replicate.

The fertilizer treatments described below were assigned to the

main plots.

(f) No fertiLizer Lreatment, as a control.

Q) 185 lus.,/acre 2?-I4-o, applied in the spring of each year.

ß) ]-.B5 las./aæe 2?-L4-0, applied in the summer of each year.

(4) l.B7 tas./acre 2l-I4-o, applied just, before the ground. froze

i-n late fa1l.

¡4ATMIALS AND METHODS
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Each fertl]Jzer application contained 50 pounds Nitrogen and 26 pounds

Phosphoric acid. The dates of fertilizer application are given i-n

Table l.

In the establishment year, annual weeds (mainly Barnyard Grass,

Echinochloa crus-gaIli) posed a considerable problem. A combilation

of hoeing, hand weeding, and close mowing was used for their control-.

For this reasonr no results were obtained until Late L963.

fhe following cutting regimes vrere applied at the subplot level

in 1964, L965, and 19662-

(f) The grass was al-Iowed to grow to maturi-ty and was harvested for

seed.

(Ð The grass was harvested. at fulI bloom, a stage of developnaent

consi-d.ered suitabl-e for hay production.

3) The grass was cut twice during the growing season; once in early

summer at the time of inflorescence emergence from the sheathr and once

in early fal-.l- r¡hen grovrth had almost finished for the season. This

treatment approximated to the management suggested by agronomists for

pasture use in fhe province.

Data was obtained in 1964, L965 and L966 by harvesting a.:n area

20 x 3 feet from each subpLot in each replication. Estimations of

forage production as green weight, dry r^reight and crude protein from

one cut and two cuts per Íearr and of seed yield ald thousand kerneL

weight were mad.e for the four ferti'Lizer treatments described above.

After the material had been removed, the remaining area of each subplot

L2
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was cut and the stubble was trimmed to a height of three inches with

a rotary ftotrlêr. Harvest dates for the three years are given in

Table 2.

samples of fifty tillers hrere dug from each subpJ-ot in the

late falL of 1963 ¡and at intervals during the growi:rg seasons of

lg64t L965 anð,1966 (Tab1e 3). The tillers urere chosen as a Sroup

by random selection of a location not immediately adjacent to spaces

left by previous sampling or to the edge of the subploù but within

the part of each subplot which was not used for estimating yield data.

This avoi-ded the introduction of bias into the yield data. The till-ers

were washed free of soil a¡d stored at -1Oo C until- they were dissected.

At the time of dissectionn quantitatj-ve data was recorded on the

following characters : -
(r) Height.
(¿) Number of exserted laminate leaves.

G) Leaf initials around the growing point.
(4) Number of extended internodes.
(:) The producti_on of leaf or flower primordia by the growi:rg poi.:rt.

(6) Anyvisible factors affecting the health of the tiller.
(Ð Height of the growing point above soil leve;- (1965 and 1966 only).
(B) Stage of tiller development.

Each till-er ltas classified inùo one of five grovrth stages

according to the development of its various parts. Tillers Less than

two inches long with no green leaves were classified as crowlt buds.

Tillers more than two inches 1ong, or w-ith green leaves were separated

into four types on the basis of the growing point being either at soil

l-o



Dlagrannratlc representatlons of the crown bud ånd rosette tltler grorth rtagea
in bromegrass
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Figure 2
DiagranmatÍc repres:enLati.ons of the jointed

i-n bromegrass

Sferïle

¡-iILer gror.rth stages
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level or on an extended stem, and either producing leaf primordia

only or havi-ng reached the fLowering stage. Figures 1 and 2 show

the salient features of the five tiller types.

The suggeste¿ (36) i-ntemeLationship between the five growth

stages is presented bel-ow:-

19

CROhIN \
BUDS /

For the purpose of this analysis, a tilLer was defined

arbitrarily as any bud or shoot longer than a quarter of an inch

having a livingr or apparently living growing point.

After dissectj-on, the tillers rJìtere sepalated into rootst

rhizomes, stems and l"eaves, a¡d dried at 180 degrees Farenheit for

hours. The separated plant parts were weighed when dry and ground

pass a 40 mesh sieve using a micro Vrliley mi!-. Analyses for crude

protein content were made on the ground samples using the micro

Kjeldahl technique (4).

STERTLE ROSETTE

TIT,LTRS

I
I
I

\.,t

FMTTLE ROSETTE

TïI,T,mS

STERILE JOINTED
TILLERS

Carbohydrate content of the rhizones $Ias estimated using the

technique of CoukeLf (fB) as modified by La0roix (35).

Solub]e carbohydrate content of the rhizomes was extracted by

reflux digestion over a boiling water bath for 4þ minutesr of a mixture

of 1OO millígrams of dried, ground rhizomer and 15 mil]ilitres O.O2 N

FTRTILE JOTNTED
TTLT,ERS
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sulphuric acid. After filbring, and neut'ralizing with sodium

hydroxide, the resultant solution was made up to 50 milli1itres.

To extract the i-nsoluble carbohydrate from the rhizomes, the solid

residue including the filter paper was subjected to reflux hydrolysis

over a boiling water bath with 25 mil-Iilitres of 2.25 N. sulphuric

acid for Z/ehours. The resulting solution r¡¡as filteredr neutrali-zed

with sodiu& hydroxide a¡d made up io ZJO millil-itres"

To estimate the sugar content of the solutionsr 2 milliU-tres

of t,he solution was mixed ,¡t;iL]n 2 millilitres of dinitrosalycilate

reagent (Append.ix 1) and heated in boi-ling water for five minutes"

After cooling in i-ce water, 20 millilitres of water was added. The

optical density was read on a colorimeter at a wavelength of 5O5 microns

against a blank made by repl-acing the unknown sugar solution with 2

mil-liLitres of watèr. Sugar content v¡as calculated as maltose from a

standard graph (Appendix 2).

To compare the effects of the different fertilizer treatmentst

separate statistical analyses v\¡ere made for forage production under

treatments of one cut and two cuts per year on the bases of both dry

matter production and protein yield per plot considered over the three

season experimental period. Additional analyses l^rere made on the yearly

plot production to compare the effects of the different seasons on

forage production. Similar analyses were made on seed yields and

thousand kernel weights.

The quantitative data obtained from ti^l-Ier dissection !€re redu"ced

¿v



'bo mean values

combi¡a.tion and

and ranges per tiller s'ba.ge

are presented graphi-calIy"

?T

for each treatment



The results and discussion are presented in two sections:

one devoted to bromegrass grohñt for seed production, and the other

to growth for forage.

The illustrations presented have several features in commonô

RESULTS AND DISCUSSÏON

These

(r)

22

are: -

A hori-zontal axis representing the ]ate fal-l of 1963 and the

three complete groling seasons of f964, L965 and 1966.

Vertical broken lines representing the harvest dates.

Vertical sol-id lines representing ranges of val-ues obtai¡led.

Mean values marked rrXrrwhere growth discontinuities occur a¡d

joined by solid l-ines where growth between sampli-ng dates was

uninterrupted.

Q)

G)

(4)



A. Seed Production

Seed yietds obtained from the experj-mental plots in the years 1!64

Lo 1966 are presented in Table 4. In 1964 and L965 respectively, the

non-fertilized plots produced 6lJ pounds and JOO pounds of seed. per

acre, compared to 527 pounds and l-92 pounds per acre for fhe plots

receiving )O pounds of nítrogen per acre in the fal-l" In I)66, tne

non-fertilized, plots produced 268 pounds of seed per acre compared

with 416 pounds per acre from the plots fertilized in the fall. The

same rate of fertilizer applied in spring or midsummer produced seed

yields interrnediate between these extremes in all- years.

Statistical analyses of the data by years (Appendix J) indicates

that significant differences (p<O.Ol) between treatments were detected

only in I)66 and only between faLl fert.ilized a¡d check pJ-ots.

The three year average seed production was slightly higher for

the non-fertj-lized than for the fertilized plots. Statistical analyses

(Appendix 4) showed that, differences in yearly seed yield were significant

(p{O.OI). hlhen averaged across al-I treatments, the quantity of seed

produced in 1964was 6O5 pounds per acre a:rd equalled the combined yields

of 1965 and 1966. Such favourable conditions as high soil- fertility,

good moisture conditions, and a relatively thin sta¡d of bromegrass in

the fal} of L963 and the spring of 1964 permitted strong vigorous tillers

to develop and these prod,uced large palicles and a large seed crop" The

fall of 1p64 was relativel-y dryr a4d this could have adversel¡r affected-

seed prod.uctíon in 1965"



Experiments both in Manitoba (61, 62) and in other parts of

North America (6, 7, 33, 57, 55) have shown that nitrogenous ferti-

Lizers generally increase bromegrass seed productionr parti-cularly

if the fertilizers are applied in autumn" Simila¡r though not

significant (p>O"O)) trends were noted in the tirird harvest year

only" That no response was obtained jn the present erperiment was

probably due to a high initj-al soil fertility l-evel in the experi-

mental- area.

The thousand. kernel weight (tabte l) ranged fron J.OJ grarns

to J.4B grams with little consistency alnong treatments. The non-

fertil-ized. areas produced heavier (p.O"o5) seed, in l-964 and T965.

Tn 1966, the plots receirring a spring application of fertil-izer

produced significantly (p<O.O5) heavier seed. than all other plots

(Appendix l). This may have been due to the relatively l-ate dat'e

of application of fertilizer t}raL spríng.

Significantly (pcO.Ol) l-ighter seeds were produced in 1p66

than in L965 and,1964" (taute ), Appendix 6). Seeds produced in1966

averaged 3.16 grants per'thousand conpared Lo 3.38 grams jn 1964 and

J.42 grams i¡ 1965. The lighter seed in 1966 was characteristi-c of

all plots except those fertilized in the spring¡ where seed weight

was the same as in 1965 (Tau1e 5).
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The pattern of tiller development under maJlagement for seed

production is shown graphically in Figures 3 to L3 and in Appendices

7 to 10. By the end of the establishment yearr the experimental-



Tab1e 4

Seed ylelds of ntLncolntr bromegrass

.applleatlons at

Tine of fertLllzer
appllcatlon

l{one epplled

Spring

Mlder¡nner

I¿te FaII

ïearly averege

ïle1d by harvest year
(lus/aere)

L96b L96j ]966

as f.nfluenced by fertLLizer

hlfnnlpeg

673.o#

625.o

597.5

527.L

6oj.6

30Q.2

260.9

26L.9

191.9

253.7

# nelde are the ayerage of four repHceteo

Three year everage
yield

26ê.5

343.4

327.2

l+L5.9

338.8

4L3.9

l+O9.7

395.5

378.3

À'vì



Thouaa¡¡d kenaet wstghù (s"*") of nld¡eolatr brouegness as influenced

by ferb{ltzer applloatioas at H5.nnlpeg

Îl¡e of fertLllzer
appllaatlon

Sone applled

Spring

Iiü.derener

Late Fqrì

ïearly averege

T¿þle 5

L96h

Ilarregt yoar

L965 L966

3.48 #

3.30

3.35

3.39

3.38

3.1ß

3.&

9.1+l+

3.31+

3,1&

# Values are the ayerage of fosr replieeües

3.L2

3.1+I

3.@3

3.ø8

3.L6

T¡rEetmeat
everago

3,;,6

3.38

3.27

3,27

l\)o\



plots contained brome till-ers at al-I five of the stages of growth

outlined above, although fertile til-lers made up only 4"1 of the

population. Tillers with one or more green leaves surrounding a

soil ].eve] growing poínt (hereafter called sterile rosett,es) made

up 6O% of the ti-l-Ier population, another L6% were sterj-l-e tillers

with eLongated internodes (sterile jointi-ng tillers) and the remain-

íng 20% were croh'n Uuds (Fi8unes Jr 41 5, 6). There were no

differences attributable to fertilizer applications the spring or

sunmer of the establ-ishment year.

The length of the crovün buds averaged O"B i-nches and. ranged

from 0.2) to 2.0 inches (Appendix 7). The average height of*the

sterile 36ssf@ was 4.5 ir¡ches and ranged up to 18 inches (Figure /),

while the number of green Leaves ranged to LO with a¡ average of 2.1

leaves per tiIler (Figure 1O)" The height of the steriLe jointing

tilLers averaged l-5 inches. Leaf production ranged from 4 Lo 24

Leaves per tilIer and j¡rcreased in the ma¡ner:- PLots not receivilg

fertiLizer < plots wiùh fertiLizer applied in spring < plots with

fertilizer applied in summer. The latter treatment produced by far

the greatest, range of leaf numbers (nigure 11). The prepond.era¡ce

of the three sterjLe tilLer cl-asses in the population in the fal-l-

of 1963 i¡rùicates that they represented the main growth and develop-

ment. pathway after the init,iaL seeùLing establi-shment in the spri-ng.
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The overlap in the ranges of height a¡d green leaf numbers

between the three fiLler groups suggests that the inj-tiation of



crown buds a¡d their further development was a continuous processt

aII stages of which were stopped by the onset of cold weather.

PresumabLy the jointed tillers were the oldest part of the populationt

as bromegrass requires 15 to l-6 hours daylength for internode

elongation (j.4) and days of this length do not occur at tdinnipeg

after the twentieth of August 6Z).

Growth in the three subsequent years fol-lowed essentially a

simil-ar pattern each year. Above ground growt'h present in the faLl

was killed during the winter. This affected the sterile jointing

tillers most, only an occasional- survivor idas found j-n the spring.

Regrowth commenced in April from the sterile rosettes and crown buds

which had survived the winter. Jointing started during the second

week of yray (Fígures J, 4, j, 6). Tn L966 in the sample taken on

the lIth of May, 441l of the tillers had inflorescence primordi-a.

The next sample¡ taken on the 6tn of June showed no further increase

in fertile tillers. It was concLuded that inflorescence primordia

production vtas complete by mid-l4ay.

Stem elongation contj:rued until nrid-July by which timer the

fertile tiJ-lers averaged J.J feet in height,, wi-th a range from 2.O

to 4.5 feet. The sterile jointed tilLers consistently averaged half

the height of the fertil-e tillers with a raTrge from O.) Lo J.O feet.

The numbers of leaves produced by a fertil-e tilIer ranged from 5 to 16

(Figure 12) though only a few tiLl-ers had more Lhan 13 leaves. On the

average, 9 to l-O l-eaves vrere produced of which quite consistently 6
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or 7 were elevated by the elongating stem (Appendix 1O). The leaves

hrere exserted in rapid succession in earLy spring and were followed

by the flowering head in mid-June (Appendix B)" The range of leaf

numbers found on sterile jointed tillers was from 2 t'o 19 leaves

(Figure 11)" The steril-e tillers produced leaves more sl-owly but

continued to exsert leaves after the fertile tillers had produced

floweri"ng heads. They also continued to expand nerni leaves after

mid.-July r¡,rhen st'em elongation slowed dovrn (Figure 11). As a result,

by seed harvest time in late JuIy or ear'Iy Augustt the average

sterile tiller had 1I leaves. Howevern the average number of l-eaf

initials remaining round. the stem apex decreased steadily from 6 Lo 3

duríng the period of spring growth suggesting that there is an upper

limit to l-eaf production by a tiller und.er field conditions.

Du:'ing the spring growth period, the proportion of rosette

tillers decreased from BO% to near zero and remained at this level

untiL after the seed" harvest. The rosette tillers consisted of

approximately equal numbers of fertile and sterile forms at the start

of internode elongation. The number of fertile rosette tillers

decreased nost rapidly as they gave rise to fertile jointed tillers.

By the end of l4ay, less than I% of the fertile rosette tj-lLers had

not elongated at least one internode, whilst 5% of the sterile till-er

population consisted of rosette tillers" There was also an indication

that the proportion of sterile rosette tillers in the population

presenb at seed harvest time d.ecreased as the stand aged (Figures J,

L r r\a¡ 2¡ Q)'
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The proportion of crown bud.s in the population j¡rc::eased

steadily durÍ:ng spring and early sutnmer until n by the end of JUJ-y ¡

abou.t half of the tilLer population consisted of crown buds

(Figures 1, 4, 5, 6). This is in apparent contrast to the results

of Lamp (36) and Eastin eb al (2a) wno found that fev¡ crown buds

appeared duri-ng the jointing phase of growth. Howeverr their

observations were made on tillers appearing above ground level.

Since most cror¡ln buds were less t,han half an inch long and remained

belorv ground leve1 until after the seed harvestt it is probable that

the differences i-n crown bud growth between the present observatj-ons

and those of the two reports cited above are due enti-rely to the

d.ifferent met,hods of data collection employed.

During the spring flush of growthr the dry weight of the fifty

tilIer samples increased considerably between sampling dates. Stem

dry weight increased from zero to ten grams in the period covered by

l4ay ald June. In the same periodr the amount of leaf material-

increased from 5 grams to 15 grams dry weight. From the end of Jrrne

to harvest, there h¡as a decrease, probably caused by an excess of

Leaf death over production and the continued increase in crown bud.s

which contributed nothj-ng to leaf material.

Zô

During the spring growth períod, protein levels declined.

Stem protein at the start of jointJ-:rg was equal to leaf protein

at IB% of the dry weight. The subsequent rapid stem increase occurred

concurrently with an equally rapid stem protein decrease to 2% at



harvest. Leaf protein levels decreased Less rapidly and levell-ed

off at B% Lo IO% in mid.-June. Carbohydrate levels in the bromegrass

rhizomes showed. a decli¡e during spring from 20% to 15% (Fieure l-3)-

The seed harvest removed most of the photosynthetic material.

Regrowth from the crown buds produced green leaves within a week

(Figures 3, 4, 5, 6,l-O) and some internode elongation took place by

the end of August,. From then until growth stopped at the end of

October, the number of crown buds in the population increased from 20%

to 15% or more with considerabl-e variation between years and treatments,

while sterile rosette tillers d.ecreased in numbers from over 50% to 25%

of the population (Figures 3, 4, 5, 6). Each year the till-er character-

istics height (l'igures 7, B, 9), leaf numbers (Fi-gures 10' 11 , l.2), and

dry weight of leaf tissue, showed only smal.l changes from mid-September

to the end of the growing season. The raÌrges of the plant characteristj-cs

measured overlapped and large changes in the proportions of tiJ-Ler types

in the population produced only smal-l changes in the characteristics

measured"

Acid solubl-e carbohydrates in the rhizomes showed a marked

increase from 20% to 75% during September and oêtober (Figure 13),

while leaf protein showêd a d.ecrease of 4ol , probably to some extent

because of increasingly severe frost damage as the growing season

came to a close.

The pattern of tiLler development described above agrees closely

with the descripti-on of the growth of bromegrass at Chicago (16).



Differences in the time of appearance of growth stages during the

season, carl be ascribed to the combination of shorter growing season

and longer daylength at lrrlinnipeg. At Chicagor spring growth started

about four weeks earlier and internode elongation was two weeks earlier

tha¡ at lrlinnipeg lJ6). On the other h.and, some jointing occurred at

the hJinnipeg J-ocation in mid-August, nhereas Lamp (36) tot:nd no joint-

j-ng after mid.-July" On this poi-nt, there are sone conflictsin the

literature, TeeI (64) stating that at Lafayettetrjointing in midsummer

is not infrequentrr. Accord.ing to Evans and trlilsie (24) an¿ GalL (25)

bromegrass requirés 15 to 16 hours of daylength for satisfactory stem

elongation. At l,rlinnipeg days of this length start in mid.-April and

end j-n late August. At Chicago, days of 15 to 16 hours daylight start

at the end of April and end early in August (6f). It is suggested

that the start of jointing in spring at' Chicago is controlled by day-

length, and at l,'Iinnipeg by temperature r a simj-lar situation to the

one found in timothy by Evans (23). The cessation of jointing in

sunmer in relation to the reduction of daylengt'h below 15 hours is

less clear. The evidence presented by Lamp (36) ana Teet (64) is

conflicting, but suggests that little internode elongation occurs

after the end of JuIy, the approxi.mate time of year when daylength

fal]s below 15 hours in the localities of Chi-cago and Lafayette.

In lrlinnipeg, joi:rting was observed to take place in some till-ers

until late in August, again corresponding to the time at which day-

length fall-s below the critical period. Undoubtedly much of the

inexactitude of the end of jointing observatj-ons compared to the

12



start of joint,ing lies in the relat'ive difficulty of deciding when

an i-nternode stops elongating as opposed to the ease of observing

when it starts.

ïmposed on the general growth pattern described above were

effects which, it j-s suggested, v/ere caused by the fertil-izer

treatments appli-ed, by year to year meteorological differencesn by

the age of the grass stand, and by interactions a¡nong these three

factors.

Of the thrée years for t^¡hich results were obtained, t)64 aata

showed marked differences fron those obtained in the two subsequent

yeaîs. The proportion of fertile tillers in the population in the

spring of l-964 showed a consj-derable drop from 6O% in late l4ay to

35% ín early July. The proportions in 1965 anð, L966 were relatively

constant at values of 20% and 35% respectively over the spring growth

period. There appeared to be no differences due to fertilizer

treatments (Figures 3, 4, 5o 6).

In at1 years, the proportion of cror¡m buds increased. after

mid-May, but only in l-965 was the increase similar between the various

fertilizer treatments, increasjng fron 5% to IO% in mid-l4ay to 45% Ay

the end of Ju1y. The plots receivilg fertilj-zer in spring produced

crorrn buds more rapidly in June than the other treatments. Tn 1964,

an increase of cror¡rr¡ buds iri aJ.l plots in early June was followed by

a decrease j¡r the plots fertilized i-n sprj-:ng and Late faIl. By the

end of July, non-fertiLized and summer fertilized plots lnad 50% of

11



their till-ers as cror¡rn buds whereas the other plots had on]-y 35%

crovrn buds. Tn 1966¡ the proportions of crovm buds in the popu-Iations

by harvest tinre were the exact reverse of the 1p64 proportions, being

50% for the plots fertilized in sprÍng and fal], and.75% for the others.

Especia1J-y notable was the rapid increase to 35% of crown buds in the

non-fertj-U-zed plots in May" The fertilized areas lnad only 20%

crohrn buds at the end of l,lay a.nd increased most rapidly during June

(Figures 3, 4, 5, 6).

Fertilizer appeared to have no effect on the frequency of

sterile rosette tillers in the population. Under afl treatments in

L965 and 19661 the number of sterile rosette tillers uras high in

early Mray and fell- to less than 2% Ay the end of JuIy. In L)64,

there hras a resurgence of these tillers from a low of almost zero

at the end of lt{ay to IO% in early July (Figures } , 4, 5 , 6) "
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Fertil-izer also had no effect on fertile rosette tiller

frequency. They decneased in number from 40% in early luiay to zero

by the begi-nning of June (Figures 3, 4, 5, 6).

The sterile joint,ing tillers rvere not consistent in behaviour.

In L964, all treatment areas had only Lo% sterile joi:rting tillers at

the end of Mtay. The non-fertilized and summer ferti-lized areas

remained at this proportion until the seed harvest was taken. Areas

receiving fertilizer in late faIl or spring showed. a rapid increase

of steril-e jointi-ng tj-llers after mid-June, and 25% of the til-l-er

population t¡ras of this type at harvest time" Tn L965 and 1966, the



numbers of sterile jointing tillers increased from the sfart of

jointing in early }4ay to 50% by early June. Their numbers then

decreased Lo 25% by the end of Ju1y" A fertilizer effect was

evident in 1966; non-fertilized areas produced jointed tillers

more slowly and had only 20% at' t'he beginnilg of June" A similar

but less distinct effect r¡ras present in L965" The areas fertilized

i-n l-ate fall also behaved differently from the general pattern in

L965, producing sterile jointed til-l-ers more rapidly in the early

spring than other treatments (Figures 3, 4, 5, 6).

It is clear that fertLlízer treatrnents, irrespective of the

time of application, had l-ittl-e effect on the proportions of the

til-l-er popu.lation occrtpi-ed. b¡r tlLe -l--ì r¡e b.i.-l "l r'-'r' -i.-r.i¡r:s cìi;-::i-trg the spring

growth period in the areas devoted to seed production. There uras

some evj-dence of a higher fertile/sterile tiller ratio ín l-966 in the

areas fertiLized in fa1l (Figures 1, 4, 5, 6). As the seed yield

from the fal} fertilized areas bras superior only to that frorn the

non-fertilized areas, it is doubtful if this fertiler/st,eril-e ratio

difference is of sig':rificance. Of greater interest is the cause

of the very large seed yiel-ds of l-964 compared to the 1ow yields

of 1965 and the moderate production of 1966" There was littl-e

difference in the fertile/sterile tiller ratios of 2t1 to ]:1 in

1p64 and L966 | although seed yield differences between the two years

vrere large (Table 4). Tn 1965, the ratio was 1:Il in favour of

the sterile tillers, and seed yields were 1ol¡" The evidence suggests

7q



that the relationship between fertile/sterll-e tiller ratio and seed

yields is not close. More probablyr seed production is affected by

factors acting directly by influencing fertile tiller sizer and

indi-rectly via the fertile/steril-e tiller ratio"

The faLl of L964 was dry between the end of August and November,

r^¡hereas the same periods ín 1963 and. 1965 provided much better soil

moisture conditions (Appendix 29). Also, in the fa1l of L963, tlne

bromegrass tillers in the experimentaL area l¡/ere much less crowd,ed

than in subsequent years, because of insufficient time for nev¡ tillers

to fill the spaces between the dri]l rows of the original seeding.

C1ear1y, the tillers enjoyed very favourable fertility conditions in

the faII af l.963 and early spring of L964. l,anp (36), working with

spaced. clones, observed higher fertiler/sterile tiller ratios at

clump peripheries than in the centres. He suggested that plants

with large numbe::s of leaves and"/or favourable growi-ng conditions

in the fall, could reach the state of deveLopment necessary for

floral initiation before growth stopped in the fa1l. Watkins (7O)

noted that nitrogenous fertiLizer increased and that shading decreased

the proportion of fertile tillers in bromegrass. Gall (25) aLso

suggested that factors such as temperaturen lightr age of plantr and

nutrition could all- affect the probability of flowering. On this

basis, all factors in the fall of 1963 a:rrd. the spring of 1p64 were

conducj-ve to flowering and a hi-gh seed yield t^rou1d. be expected.

Conversel-Ír in :.965 a lower seed yield would be expected because of

the dry conditions the previous faLl- accentuated by a relatively



dense ti]ler stand. Better moisture conditions j^n the fal-} of 1965

would be expected to promote flowering in spite of crowded tiller

cond.itions. A1so, on this basis the seed yield of unfertilized

areas should fa]L stead.ily for the first years after stand establish-

ment. This trend was observed in the seed yields.

Another factor affecting seed production is the photosynthetic

area during the period of seed development in early sullllller" This was

not measured directly, but some iJrdication of relative area between

treatments hlas obtained by counting the number of expanded leaves

on a til-1er. On fertiLe jointing ti1lers, leaf exsertion had effect-

ively ended by the end of May" In L964 and. 1966, the number of leaves

per tiller during June and JuIy remained relatively constant at nine

for all treatments. fn L965, only eight leaves h'ere present during

the same period.. Similarly, the raJlge of leaf numbers in 1964 and

1966 was from six to fourteen, while in 1965¡ the range was from five

to twelve. Both the averages and ranges decreased slightly during

June asrd Julyr presumably because of leaf death and maturation of

later starting tÍl-Iers. No divergent effects attributable to

fertilizer t^rere observed"

It is unlikely that shading of the fertile tiLlers by sterile

tíI1-ers would have had nuch effect on seed yield. At al-I times during

internode elongation, the fertile tillers were twice as tall on the

average as the sterile tiLlers and would thereby have the upper two

or three leaves above the sterile t.il-Ier level- (Figures B and 9).
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Hot¡ever, the range of heights found anong fertile jointed til-lers

was greater in A965 Lhan in other years, pri-marily because of larger

numbers of shorter til-lers" Tn 1965 sone ti].lers were less than 20

inches Iong. Only from non-fertilized plots r¡rere ally fertile tillers

so short in L966. Such tillers would be shaded to a considerable

degree by taller tilLers and it is notable that also in 1965, 3I%

of fertile tillers had either small sized or blind paniclesr compared

to 22% and 2I% for the years 1964 and 1966. Most bl-ind panicles hiere

caused. by what appeared to be a fungal jnfection just above the flag

leaf node.

No differences j-n tiller growth were produced durj-ng spring

and early srrrnmer by variation in the time of fertiLizer application.

The sterile jointing tillers produced considerably talLer growth

in T965 and. L966 on alL fertilized areas. In 1965, the average

sterile jointing tiller from a non-fertilized area grew to a height

of 15 inches by seed harvest time, wh:ile the average tiller of the

same type from a fert'ilized area was 22 inches tall. Tn L)66,

average heights from simil-ar treatments were l-6 inches and. 22 inches

respectively (Figure B). Leaf numbers $rere not affected (Figure 1I).

There were differences i¡r steriLe tiIler characteristics

between'1964 and subsequent years. There hras a positive correLation

between percentage occuïrence and height of crown buds i¡ 1964. No

such comel-ation appeared in 1965 and. 1966. ft is suggested that

the high fertiliüy conditions and the rel-ativèly thin tilIer stand
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in the spri-:rg of L964, which contributed to h:i-gh seed yields that

year also brought about an increase j-n tiller density during June

and July by promoting the developmental progression: crown buds

- 
st,erile rosettes + sterile jointed ùil-lers" This would result

in the phenomena observed, namely, the ra:rge of crown bud lengths

close to the maximum possible (O.25 inches Lo 2.O inches)

(Appendix 7), t¡re resurgence of sterile rosette til-lers i-n July

(Figures 3,,41 5,6), and erplain some of the comptex behaviou.r of

the sferile jointed til-Iers.

fn June and July of 1964, these til-lers exhibited reductions

in average height from 20 inches t,o L6 inches and in the number of

green leaves from B to ! leaves to 5 Lo 7 leaves for all treatments

except that of rnidsummer fertilization. This treatment produced

sterile jointed tillers in which the two charact,ers remained relatively

consta¡t at a height of 20 j-nches and rr¡j-th p leaves. Under all treat-

ments, the upper l-imits of height range increased steadily from 28

inches in l-ate May to J6 inches in early July. The lower Limits

d.ecreased during the same period from l-O ínches to t i-nches. The

green leaves produced- by the till-ers showed similar trends (Figure 11).

Both events were probably due to the simulta:reous growth of alread¡r

present steriLe joinüed tillers and the formation of new ones with

smaller dimensions from steri.le rosette tillers. Formation of new

sterj-Ie rosettes and sterile jointed tillers from crown buds in 1965

did not occur in the period from late i'{ay to mid-.Iuly, and in l)66,

no second surge of tiller production beyond the cror'¡n bud stage took
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pLace until after the seed harvest (Figures 3r 41 5r 6).

Yearly variation j-n till-er behaviour was greater than variation

due to fertilizer applications. The biggest differences caused by

variation in the time of fertil-izer application occurred among the

sterile jointed tillers. Faster regrowth in 1964 as compared to 1965

or J-966 produced a greater proportion of jointed tillers. By mid-

September, 42% of the till-ers in the plots fertil-ized in midsummer

had jointed., compared to 3?% in fall fertilized plots, 28% in spring

fertilized plots and only B% in plots not fertilized. These percentages

had changed to 30% for the summer fertilization and to 25% for t]ne

other treatments by the end of Octoberr largely as a resul-ù of croutn

bud production in the fertilized areas. The internode el-ongation in

the till-ers from non-ferti-lized plots und.er daylengths l-ess than

previous tests have shown to be required for internode elongati-on

Q5, 36) were for total stem lengths of the order of I to 2 inches

distrj-buted among 4 to 6 internodes - about O.2l inches per node -

a marginal internode extension which could have been a carryover

effect from the time daylength was sufficient. The effect was

negligible after mid-September.

Tn 1965, no fertilizer effect was exhibited in the regrowth.

Dny conditions at harvest time delayed regrowth wibh the resuLt

that less ttlerrL ,% of the tillers jointed. This left 70% of t]ne

tiLlers as steril-e rosettes and 20% as crohrn buds (Figures J,4,5,6).

In 1966, regrowth tillers frorn non-fertilized plots behaved
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as in 1965 - Iess than 5% of them jointed. In the fertilized plots'

30% of the tillers jointed, a proportion comparable to the same

plots in 1p64. Also, the production of nev¡ crovtn buds j-n the fa-l-l

of L966 was sma]I in unfertilized pIots, only ZZ% of tillers being

crown buds compared wj,th 50% in the fertilized plots (Figures 7, 4,

5, 6). The range of heights in regrowth tillers i¡t 1p64 was greater

than. in L965 or L966 (Figures ?, B), but variation in leaf production

among the same tillers remained about the same j-n all years (Figures 10,

11). Presumably, the plots in 1964 were stiLl benefitj-:rg as late as

early fall from better growing conditions than existed in 1965 anð. L966.

Under seed production conditions, carbohydrate content of the

rhizomes ìdas never so low as to Limit bud growth" The Lowest l-evels

reached were 10% of rhizome dry weight recorded in late May and again

in mid-August of 1964r both after periods of rapid growth without

significant photosynthetic areas to supply nutrients. A slight increase

to 20% was noted in June of L964, presumably due to conditions favourable

for carbohydrate production and storage" This sJ-ight increase did not

occur ín 1965 or L)66" A rapi-d increase in September and October

probably sustained il part by breakdown of longer chain carbohydratest

l-eft the plants with sol-ubfe carbohydrate levels of 30% to 40% of

rhizome dry weight at the beginning of winter. No differences due to

fertilizer were detected (Figure l-3)"

It shoul-d be noted that the summer tiller population in 1964

contained LO% fertlÌe jointing tillers, a considerably higher proportion
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than the 2% to 1% of succeedj-ng years. However, the same period

in 1965 produced 5% of fertile rosette tillers under conditions

which were not favourable for stem elongation. Fertile till-er

production in 1966 was negligible (l'igures 31 41 51 6). It may

be that favourable nutritional conditions both within and around

the ptants will lead to some fertile til-l-er production even with

an unfavourable daylength. If this is so, the reduction i¡ fertjJ-e

tiller production in l.ate summer can be considered as an indication

of worsening conditions of growth for indj-vj-dual til-lers as the

stand ages.
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B. Forage Productiog

t. One Cut Pér Year at the Hay Stage

Agronomic yields are presented in Table 6 as tons of dry

matter per acre. Total hay production in the three harvest years

from non-fertilized plots was 8.7 tons dry matter per acre of

which 1"1 tons was produced in the fj-rst harvest year'. Subsequentlyt

production declined annually by 6%, a non-significant (p>O.O5)

reduction (Appendix I1). The spring application of fertilizer

boosted total yield Lo IO.J tons dry rnatter per a-cre but here too'

yields decreased steadily as the stand aged. The midsummer ferti-

Ii-zer application resulted in a significant (p <O"O5) increase in

yield over the check area in 1!6lr and the late fall- fertili-zer

application produced a similar increase (p<0"06) over the check

yield in l-966 (Tab1e 6, Appendix 12). Both mid.summer and late fa.l-l

fertj-l-izer treatments resulted in three year total dry matter yields

of l-l.J tons per acre, significantly higher (p<O"1O) than product-

ion from the check plots

It is clear that the applicatian of fertil-izer has led to

consistent increases in hay yieì-ds. There also appeared to be a

slight superiority in production from'plots v¡hich received ferti-

Iizer after the hay crop had been removed, when compared with plots

receiving fertilizer in spring" Hoviever, the differences did not

consistently reach a statistically significant level (p=O"O)).

kevious reports have presented sj-mil-ar results frorn diverse areas

in North America (?,9, 14, 31r 4]-,43,66,7L). Fertilizer rates

-lb¿¡



currently recoÌnmended in l4anitoba are slJ-ght1y higher than the )O

pounds/acre of nitrogen used in this experiment (f¿) r and it is

possible that greater yield differences might have been obtained

if a higher fertilizer rate had been used"

Crude protein yields from bromegrass harvested for hay are

presented in Table 7. Five missing samples from l-fte L964 results

necessitated estimating their protein production from their dry

mat,ter yields" Since the correlation betl^¡een dry ma.tter and. protej-n

production for the eleven samples avail-able was O.pfr it is probable

that littl_e Joss of infornia-tion ,¡IeLs c¿r.i¡sed b1,,- -i.ìrc. riti-ssing resuLts"

Nevertheless, the 1964 protein yield estimates were not i-ncLuded

in the analyses of the data for d:ifferences in protein yield between

treatments (Appendix 14) or for differences in production between

years (Append.ix 13). However, results in all yeafs indicated t'hat

fertifizez' application, particularly in spring and fall, increased

protein production.

Protein production from the non-fertilized ptots was jþ4

pou-nds per acre in 1964, 383 pounds per acre ín 1965, and 299 pounds

per acre in 1966. Snring or fal-l fertilizer applications produced.

protein increases of 30% ín L)64, 4o% ¡n 1965 and 50% in 1966 over

the production from non-fertilized areas. Summer applications of

fertilizer appeared to have less effect on production; the higher

yielcis for this treatment in 1964 may be as much rel-ated to weed

control ín 1963 as to fertilizer application"
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Although the agronomic differences in protein yield between

fertilized and non-ferbilized areas were clear and consistent from

year to yearr statistÍcaI analyses of the resulùs revealed signifi-

cant differences (p<O.1O) between fertilizer treatments only in

1966 (Table ?¡ Appendix 14). Yields in l-966 vrere significantly

Iower (pco.ol) than those of :-965 (Appendix 1])" Protein product-

ion showed a distinct reduction as the stand aged (TabLe 7), unlike

dry matter production (Tabte 6) which remained relatively constant,

parti-cuIarly when the plots rvere fertilized" The results confirm

previous conclusions (8, L3, 2].., 44, 66) that nitrogenous fertilizer

increases crud.e protein production in bromegrass.

The tiller development pattern in brome grown for hay (one

cut per year at the early flor^rering stage of growth) is presented

in Figures 14 - 24 and Appendices 15 - 18.

The proportion of tillers in the samples taken in November

1963 wele: - crov¡n buds - ZO%; steril-e rosettes - 77%; sterile

jointed tillers - l%; and fertile til-l-ers - 2% (Figures 14, 15, L6,

LT). The average length of the cror¡rïl buds was o.B inches with the

range from O.25 to 2.O inches, the maximum attaj-nab1e (Appendix 15).

The number of l-eaf primordia around the crown bud growing point

averaged 6, and varj-ed between 4 and 9. The average height of the

sterile rosettes was 4.5 inches and ranged. up to 10 inches (nigure 18),

whi}e the number of green leaves was J.J on average and rangêd from

zero to 1O (Figure 2O). The fertilizer treatments applied had no

apparent effêct on the growth of crown buds or rosette tillers.
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As the plots intended for hay production Ìrere trimmed to

three ínches on September 21st, most of the jointed till-ers were

eliminated, Consequently, in the till-er samples taken in Novembert

the frequency of sterile rosettes was relatively higher than in

conparable seed production plots. Horr¡ever, the adùition of ferti-

lizer and its time of application infl-uenced the growth of the fev¡

sterj-le jointed tillers remaini-ng. Average height increased from

6.0 inches for check plots to f.ZJ an¿ B.Z5 inches for spring and

midsummer applications respectively. Heights ranged from 4.O ínches

to p.O inches for a]-L treatments (Figure l-9). Fertilizer application

al.so appeared not to infl-uence either green leaf production or the

number of internodes which elongated" ïn all treatments, an average

of B leaves (range 6 to 9) and 5 leaf primordia (range 4 to B) v¡ere

produced (Figure fB). Similarlyr an average of 6.25 tnternodes

showed some el-ongation (range I to 8) in both fertilized and non-

fertilized sterile joi-nted tillers (Appendix 16).

The tendency for overlapping in the ranges of plant, parts

between crourrÌ buds and sterile rosettes, arad between sterile rosettes

and sterile jointed tillers occurred with al.l fertilizer treatments,

alrd suggests that continuous crohrn bud production and further develop-

ment was not j-nteruupted by trimming the tillers to a height of three

inches in September"

Dnring fhe early spring growth phase, tiller development in

plots cút for hay was similar to the growth in the plots harvested

for seed. The lowest percentage of croriin buds for all treatments,
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5% in L965 arLð, lo% in 1966, occurred in mid-I4ay. Subsequentlyt

they increased in number (3OÁto 55%) ap to the time of the hay

cut in late June or i¡r July. Thus, at the time of the hay cut in

late June I L964, 45% of the til-lers hlere crobltl buds. In 1965, the

spring application of fertiLizer raised croÌvn bud proportion to 55%

while for other treatments only 4O% of the tiller population v¡as at

the crown bud. stage. Fal-L ferbj-Jized plots averaged JJol crown buds

by early July, L966' while plots fertilized in nid su¡nmer Ytad 45%,

a¡d the other plots had only 30% crown buds (Figures 14, 15, I(tr l7).

Rosette tillers reached a maximum in mid-lrlay; May IL | ,1966, 45% ot

the tiller population was at the sterile anð' 40% was at the fertile

rosette stage. Jointing tillers made up about 5% of the t'il-l-er popu-

lation (Figures l4, I5r 16, ¡-7). From then until- early June, the

proportions of rosette tillers steadily decreased to zero as internodes

elongated. During June, jointed tillers decreased (Figures 14r 15, 16,

A?). As there hras no observable quantity of dead tillers, the number

of jointed tillers probably remained constant while til-Ier density per

unit area i-ncreased as a result of an i¡rcrease in the number of crown

buds.

Jn late June, 1964, the hay harvest reduced the tiller popu-

lation to half its previous IeveI. The 1965 havvest removed,45% ot

the till-ers from the plots fertil-ized i-n spring and 6O% trorn the remain-

irrg plots whilst in l)66, the percentage of tillers harvested was 44

from fall- fertilized plots and 60 from al-l other treabments. (Figures 14,

15,l6, r?).
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the average heights of the sterile joi:rted tillers increased

rapidly from 5 j:rches in mid-l4ay 'r"o 20 to 30 inches by harvest fime

(Figure 19). Green leaf production showed a similar increase, from )

in llay to LO by the end of June (Figure 2]). In 1965 ar;rd L9661

tillers from the non-fertilized plots grew more sloruly than those

from fertilized plots and reached average heights of 20 inches in

both years. The fa1I fertilizer application had the greatest effect

on height in l-966 when the steril-e jointed tillers averaged J2 inches

high, In 1965, both fall- and summer applícations of fertilizer resul-ted

in average heights of 26 inches in sterife jointed tillers and in 1964

the mid-summer fertilizer application resul-ted in tilLers of 20 j-nches

average height cornpared to a I3 inch average height with other treatments

(Figure 19).

Sterile jointed till-ers a-t hay harvest ranged from ? to 4O

inches in heÍght. The only exception to this rvas the narrot{ 25 - 37

inch range observed Ln 1966 in fall fertj-lized ptots. The range of

green leaf numbers on steril-e jointed tillers changed from 2 to 10 in

mid-May to 4 to 16 just, before the hay harvest (l'igure 21). No

differences appeared between treatments in arly year.

The number of elongating internodes j¡ the sterile jointed

tj-Llers increased. ra,nidly during late May and June from J to 9 in 196, I

a¡d from 4 to tO in L966, In a)64, only 6 internodes ldere ext,ended

on the average (Appendix 16). The height above ground of the growing

points of the sterile jointed tillers was 1O Lo L5 inches by harvest

ol.



time in 1965, and 15 lo 25 inches by the same time in 1966. In

each year, grovring points j:r the non-fertil-ized plots were el-evated-

the least. .ð,ft,er mid-June, the majority of the growing points of

jointed tillers were above the normal mowing and gra.zing heights

irrespective of fertilizer treafment.

Fertile jointed tj-Ilers developed as in plots for seed pro-

duction (Figures 9, :2i Appendices B, tO)" They elongated approxi-

mately twice as fast as the sterile tillers and headed in mid.-June.

By the time of the hay harvest they were 40 inches high (Figure 9),

}iað- 7 to 10 leaves (tr"igure 12) wii:h 6 to 7 elongated internodes

(Appenùix 10). Observations suggested that the leaves v¡ere much

bigger on average than those on sterile til-Lers i'¡hich would compensate t

at least in part I for the fewer number of leaves.

The tilIer samples t/ere separated into leaves and stems for

dry weight conparisohs. As the crown bud.s were very sma11r and the

rosette tiller stage had essentially disappeared by the beginning of

June, leaf samples by harvest time consisted al-most entirely of

material from the jointed tíllers. Stem samples in entirety were

from joi:rted tj-llers. No separation into ferti-l-e or sterile tiller

material was made. In all years, leaf production by the fifty tiller

samples was about 1) grarns of dry matter by harvest time (Figure 22).

Differences between fertilizer effects in 1965 resulted in the non*

fertilized plots producing a slightly higher leaf weight, and the

plots fertilized in spring a lower leaf rnieight. More l-eaf material
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produced by the non-fertilized. areas in L966 alsor based on

)O tiller samples (Figure 22).

Stem production on a dry weight basis was lL Lo 12 grams in

1964 and 1965 r,¡ith no great differences between treatments. In L)66,

plots receJ-ving the spring or mid-sutnmer fertilizer treatraent

produced 1) grams of stem material per tiIler sampler while the

other plots produced 20 grarns per samtrie (Figure 2J).

It appeared that non-fertilized areas produced shorterr heavier

til-lers in 1966, but the stem,/l-eaf ratio was not affected. It shou-l-d

be noted that during June in all years stem dry matter tripled in

qua:rtity while leaf dry matter increased by 30% at most (Figures 22,

23). At the same time, protein content of the feaves fel:.- fton L5%

to IO% of the dry weight (Appendix 17) I and stem protein content fel-I

fron B% Lo 2% to 4% (Appendix lB).

Variation in the amount of dry matter produced by 50 tillers

(l'igures 2A, 23) d:id not account for the equal or greater yields of

hay produced by a lower proportion of jointed tillers in the spring

fertilized plots of L965 a¡d the fall fertilized plots in 1966

(ta¡te 6). Nor couLd yield differences be accounted for by variations

in the fertile/steril-e till-er ratio (Figures L4, L5, L6, I?). The

yield differences must have been due to a higher tiller density.

The hay ha¡vest removed almost all the photosynthetic materiaL

(Figures 20, 2L, 22, 23). After harvest the crown buds grevr vigorously

and had produced one or more green leaves withi-n ten days. Approxi-

mately three weeks after harvest, the number of crown buds in the



populatj-on was about 30% and 2A% in 1964 and. in L965 and- 1966

respectively" From these minima, the crohrn buds increased. slowly

to 30% to 40% of the till-er population by late faII. No d:ifferences

between fertilizer treatments were apparent in crown bud growth untiL

1966. In 1964r crolln buds continued to be produced and to gron to

subsequent stages of development (steril-e rosettes, sterile jointed

tillers) throughout the sutnmer- Al-l- sizes from recently produced

O.ZJ indn buds to 2 inch buds about to produce a green leaf were

present (Appenùix 15). Leaf initial number ranged from 4 to 9 t¡ith

ar. average of I over the whofe summer growing season. In I)6J, a

slight pause i¡r crorm bud development to sterile rosettes was apparent

in August, probably because of the sudden mass gror¡Ith after the hay

harvest. This pause in development was evident as a smaller average

length a¡d a reduced maximum value in height. In September, L)66, a

similar pause in development was particularly evident in non-fertilized

plots (Appendix 1)). Crown buds from non-fertilized areas also had a

lower average height (Appendix 15) and a lower average number of leaf

initials than did the crown buds from other treatment areas. The

ranges of leaf initial numbers present were not affected by any

fertilizer treatment in either 1965 or L966.

Some lJ"/o of the tillers left at the hay cut had developed to

the sterile rosette stage three weeks after the harvest date. Also

in L964 a¡d 1965, some ti]lers had started to joint within this time,

particularly in the ploLs receiving the spring application of

fertílizer. Under the no fertilizer treatment, growth was sLower and
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jointing did not occuï quite as soon after the harvest cut. Thirty

days after the hay harvest, the proportion of sterile rosettes had

dropped. to 50% and shortly after levelled off at 20% to 40% depenA-

ing on the treatment received (Figures 14, L5, L6, I7).

In the fall of 19641 the non-fertilized treatrnent had a slighü

but consistently higher proportion of sterile rosettes in the tíl1-er

population than had the fertil-ized pIots. In the same period of A965,

the proportion of sterile rosettes increased to 5A% in plots ferti-

lized in su¡nrner and late fa.].l and remained aL 30% in the other plots.

Tn L966, few tillers jointed in the non-fertilized plots, until early

September and then only poorly. As a result, the proporLi,on of

sterile rosettes j¡¡ the population remai-nea at BO% until September

a¡d then fell to 6O% ay the end of October (Figures 14, 15, 16, L7)"

Tn 1964 and L965, jointed tillers were produced more rapidly

in the plots fertiLized i-n spring. At the begirining of August in

1964, 35% of the till-ers in bhe plots fertilized in spring had jointed,

whereas on].:y LB% had jointed j¡ the other fertifized plots and only

12% nad jointed in the non-fertil-ized plots. By mid-September, there

l^ras no difference in jointed til-ler numbers in the fertilized plots;
. . l.a¡/ - -^^/aIL had 4Q%. The non-fertil-ized plots had only 30% joínted tillers.

By the end of the growing season only 20% to 30% of the tillers had

jointed (Figures 14, 15, 16, L7). The apparent l-oss of jointed

tillers was d.ue to the prevention of further jointing by the shorter

daylengths in the fal1.
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Tiller populations in J-!6þ shovred similar changes to the t!64

populations. By the end of August ¡ plots ferti-lized in spring had

55% oî their tillers with extended internodes. The non-fertiLized

plots had only 35% of their tillers at the jointing stage. By the

end of the growing season, both areas had only 35% of their tillers

at the jointed stage. Pl-oùs fertilized in summer or fall had only

27% ioínted tillers" Tn 1966, no differences were evident between

the proportions of joi-nted tillers in the fertil-ized plots. By

mid-September, 35% to 40% of the tillers hrere at the jointed stage

and this proportion had fall-en only slightly by November. fn the

non-fertilized plots, only IO% of the tilters had jointed by the

end of the grovring season (Figures 14, 15 | L6.- I?).

Little fertiLi-zer effect r¡¡as observed at the rosette till-er

stage in the summer growth. Non-fertil-ized plots produced slightly

shorter tiLlers in August, 1966, when their average height vras !

inches as opposed to a 6 ::rctr average for the ti}lers from fertilized

plots. The same dj-fference uras maintai-ned in September. Rosette

tillers from plots fertilized in the summer of l-966 showed an

increase in height to 10 i-nches by the end of October, while the

other treatments showed no change from the previous month or even a

loss in average height. This growth was probably due to the effect

of the added fertj-lizer al-though no differential growth was observed

in the same period in 1964 and 1965. Rosettes from plots fertilized

in Late faLl showed reductions in height and in l-eaf number during

early falI in all years (Figures 18,2O), probably because of cror^rn
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bud development to small rosettes (Figures t4t t5, I6t I?).

The number of green leaves present on the rosette tillers

showed trends very simi-lar to height" In al-I years, the tillers

produced 3 to 4 leaves. In L964, tillers from the non-fertilized

areas produced. hal-f a Leaf more on average than did the tiLlers

from fertil-ized plots. No differences appeared in other years

(Figure 20).

Varj-ation of sterile rosette tillers in both height and green

Leaves i,ras greatest in 1964. In aLf years, the small-est rosettes

were 1 to 2 inches high and had only one leaf at all summer sampling

dates. This showed that nevr rosettes were being produced continually

from crown buds. The tal-lest rosettes in 1964 were 20 j-nches high,

had 9 feaves atd were present in samples taken after the end of August.

In subsequent years, the taLlest titters were IJ inches high and hað' 7

Leaves (Figures 18, 2o).

steriLe jointed tiller recovery growth after the hay harvest

was similar in all years, but only in 1964 did they approach the

size of those present before the harvest. In aLl yearsr heights

reached l-O inches by mid-August" In 1964, growth continued until

the average height of the joint,ed tillers from fertilized plots

was t5 to l? i¡ches. Tn L965 and. 1966, little growth occurued

beyond the 10 inch aveÍ"age (Figure ]9). In all years, jointed

till-ers from the non-ferti-lized areas were 2 to 4 inches shorter

than those from fertilized areas (Figure 19). At no time nere
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sterile jointed tillers shorter than 5 inches. By the end of

August of 1964, the tallest ones vlere 25 inches high, wheres in

1965 arLð,l-966, they were only lJ inches high at the same time of

year (Figure 19).

Leaf production remained similar in all three years at 6 to

/ leaves per tiller. In all years, jointed tillers had at least J

leaves by the end of August, but had a maximum of 15 Leaves in 1964

but a maximum of only 12 in :-965 and, f966 (Figure 21)" No differences

in lea.f production were evident betr,¡een the different fertifizer

practices"

The height above soil level of the growing point of the sterile

jointed tillers was J inches on average in both 1965 arrd 1966. This

average was reached in mid-September in 1965 bvt not until October in

L966" In both years, non-fertilized plots showed less internode

elongation in the summer growth" Thisshorter growth v¡as contríbuted

i-n part by fewer elongating internodes (Appendix 16)"
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Development of fertil-e tiLLers after the hay cut r'¡as minimal-

except in 1964, when 5% of the ti-llers sampled showed evidence of

infl-orescence develonment.

The much poorer growth in summer compared to that ma.de in spring

was most clearly shown by the amounts of oven dry material produced

by the above ground parts. The 50 tiller samples produced some five

grams of l-eaf material (Figuie 22) and fess than one graln of stem

material (Figure 23) each surnmer" Little difference v/as exh:ibited



befween either years or fertilízer treatments although the spring

fertitizer application produced slightly higher amounts of material

each year.

crude protein content of leaves v¡as simifar in th.e summer

growth to that in the spring material at the same sfage of development"

Protej-n as a percentage of the dry weight decreased from 20% two weeks

after the hay cut to tO% by the middle of September when grovith slowed

d.own because of low temperatures (Appendix 17). The protein content

of samples from non-fentil-ized areas v¡as invariably lower than from

other samples but not markedly so" Stem protein al-so d-eclined from

LO% shortly after the hay harvest fo 5% in mid-September (Appendix 1B)"

As the amount of stem in a tilter sample was small, fluctuations of

stem protein in suüuner are considered. to be of small importance from

a practical vierupoint" Protein content showed no marked year to ¡rear

or fertilízev tteatment variations.

Soluble carbohydrate levels in the rhizomes behaved differently

ín Ip64 compared to the following years. In L964 there Ì{as an inilial

Íncrease in the percentage of solubl-e carbohydrate from L5% at the

end of IIay to 2O"/" in mid-June. This increase is interpreted as a

recoverlr from lov¡ carbohydrate levels to which the rhizomes had been

::edu-ced by grov,rth demands in the early spring. In 1965 and L966, the

carbohydrate content of the rhizomes $Ias 20% to 25"/" of dry weight' in

early and mj-d-May (Figure Z4)" Presumablyr-the level at the start of

spring growth in Apfil was eVen higher" In all yeers, carbohydrate

Ê\(J



levels d.eclined from their spri-ng high values to lO% of rhizome

dry vreight two weeks after the hay harvest. clearly, spring grot^rth

and recovery growth used. more carbohydrates than the tillers coul-d

manu.facture.

From the 1or¡l storage levels after harvest, rhizome carbo-

hlrdrate content increased rapidly to 4O% of dry weight by mid-October

(figure 24)" A difference appeared. after the mid-sìtmmer fertilizer

application" Rhizomes from plots receiving fertilizer in summer

contained 5% Iess carbohydrate by mid-September than rhizomes from

plot.s subjected to other fertilizer practices" Howeverr by the

middle of october, differences in carbohydrat.e contênf had

d-isappeared. from rh¡zome samples from afl- plots (Figure 24)"

7o

2. Ttuo Cuts Per Tear Simul-ating RotationaL Grazistg

Dry matter production from each harvest., for each year and the

total production for the three harvesL years is presented in Tabl-e B.

The stage of development which bromegrass had reached at harvest time

Varied from year to year. In 1964, the first cut was taken early in

June, shortly after the seed heads had emerged from the flag leaf

sheath. 'Ihe second cut was taken in mid-August" In L965 anð' I)66,

the first cut was made in late June, at anthesis, while the second

cu1, was taken late in September in 1965 and early in Octobet in L)66',

when growth had been checked by cool temperatures.

Yields of dry matter from the first harvest cut in the years
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Acid soluble carbohydrate percentage content of rhizones of bromegrass growü for hay
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L964, L965, and. 1966 l¡/ere respectivel-y 1./ tons, 2.3 tons and 2-I

tons per acre for the non-fertilized plots and 2"3 tons, J.4 tons

and 3.O tons per acre for the fertilized âTêâs. Yields were highest

from fall fertilized plots" Undoubtedlyr part of the higher first

cut yield ín L965 compared to 1964 was due to the later cutting date.

However, other factors were probably operatingr as lol^ter yields in

1966 were obtained from a harvest taken a week later than in 1965.

The second forage harvest of each year produced its highest

dry matter yield.s )n 19642 L.Or 1.8 and- 1.5 tons per acre from check,

spring, md- sunmer or fal.l fertilized plots respectively. Tn L)6J,

the same treatments produced 0.8 tonsr l./ tons and 1.2 tons per acre.

In L966, plots fertilized i¡ summer produced O.p tons per acre from

the second cut compared to 0.6 tons from plots fert,ilized in spri:ng

and O.J tons from the check a¡rd faIl fertilized plots.

In both spring and summer cuts, dry mat'Ler yield from unfert'i-

lized afeas was lower than from fertilized areas, though not signi-fi-

cantly so in 1964 or L965. In the second. harvest of L966¡ plots

fertilized in mid-su¡nmer produced. significantly (p< O.O5) more dry

matter than plots fertilized in spring, and both yielded more than

plots fertilized in l-ate fall or check plots (p< O.O5) (Appendices

rg, 20).

It should al-so be noted that an i-nterval of two months of

growth between the appli.cation of fertilizer and the time of cutting

produced an increase in yield from the treated area above the increase



The Lafluenee of f,er'ùLlizer on dry natter produetloa froa rl.ineølnF Þronegraee

cut for forage triee per y6ar at tflnulpeg

ïe¿r rlne of fe¡tlltzer
. applleeËLon

l{oa-fertill.zed
Lg6h Sprlag

[ldsu@er
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Hoa-fertllized
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Lg(Á Spning
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Iete FaIL

fbree t¡en-ferttUzea
yeer Spring
totel HLdsuqer

I¿Èe FaLL

Table I

Ðry natter pr.oduetfoa (toas/ecre)
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L.1t
2.2
2.5
2.5

2"3
3.2
3.L
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2rL
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1.1

# Iields are ühe averege of four replleates

Total

2.7
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ø.3
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o.g
4.4

2.I
4'l
3.6
2.9

Icarly
avêreg€

3.6

h.3

3.9
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caused by application of fertilizer at, other times of the year"

Jn Scotl-and, Moon (50) tound thåt fertilizer applied at feast

three weeks before harvesting the forage increased productlont

but that if the Ínterval was less than this, results were erratic

in &y years. It is suggested t,hat, as observed the interval of

growth required for the same effect in l4anitoba would generally

be longer because of the drier conditions in comparison to Scotland-

The first cut produced substantially higher amounts of d'ry

matter than the second cut, and. this difference became more pro-

nounced. as the brome stand aged. Spring applications of fetLiJ.izet

mini¡nized the yield differences between the two cuts while ferti-

Ij:zer applications in late fall- accentuated the ùifferences

(ta¡te B). However, production over the total period was not

markedly influenced by the time of fertilizer application; aI1

applications i-ncreased dry matter yields by about 50% (Table B)

with significantty (pcO.OI) higher average production in l-965

than in 1964 and f966 (Appendix 2l).

kotei:r production for each harvest, each year and the three

year total production is presented. in Table ! as pounds of crude

protein per acre. A number of plot sarirples from the second cut in

1964 were l-ost before they could be analysed for protein content'

Frotein yields for these plots were estimated from their dry weight

and the average protein content of the plot samples r¡¡hich remained'

Correlation between the dry weight, and the protein content of samples

which r¡rere accounted for was O.99, so the use of estimates for mi-ssíng
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The lnfluenee of ferùillzer on crude protela produetion by trLfaeolntf bremgreso

eut for forage üriee per ¡reer at Htlalpeg

ïeer Tf¡e of fertilizer
appllcatloa

L96b
Hon-fertllizsd
Sprlng
Èlldermer
Iate FaLI

l{on-fertllized
Sprtng
!fi.dsr@er
I¿te Fell

Uon-tertflized
Sprlng
$l-deumer
tate Faìr

ùon-ré*,ttlged
$pri¡g
üLdsr¡mer
tr¿te FeLI

lable 9

L965

6n¡de protefue produeüioa (lbs.facre)

FLrst, cut Secønd, ent lot¿l

t966

three
year
tota-l

L¡
LTLJ
6l,ø
737
755

385
6tz
559
692

2¡
234t
IÃE¡

iw
L38
276
2è3
232

40q
2s3

89

l¿o
780
$9
6gt

g P¡otel¡ estfnated, froa dry welght

Tl-eLds ere the averegê of four replleates

29@
6ls
I'Pg
588

I@89
L9L7
L72h
2s25

6t*6
Lø6?
to84
ro71

523
908w
9U

39@
722
6gt
67r

Lt+99
26g7
2557
26|¡6

ïearly
average

96?

797

5t9

evr



protein values wifl have inbroduced litfle error"

kotein productíon per acre from the first cut decreased

in the non-fertilized areas from 4]4 lbs. in l-964 to 2pO lbs. in

L9661 in the areas fertilized in mid-summer from 737 lbs' to

4ZB f¡s" and in the a-reas fertilized in late fall from 755 Lbs. I'o

5BB f¡s" over the same period" lield from plots fertil-ized in

spring remained constant at 63O - 650 lbs, per acre at the i-nitial-

cut of each harvest year (Taute 9).

I)I'otein production from the second cut showed precipitous

decli-nes during the course of the experiment in each of the checkt

spring fertilizatj-on a¡rd falI fertilization treatments. The protein

production per acre of check plots in summer feIl from 232 lbs. in

1964 to 40 Ibs. ín L966" Summer a¡d fall fertil-ization 'treatments

produced 1"5 - 2 times the protein of the check plots at each second

harvest. Protein produced from the second. cut of the plofs fertilized

in mid-summer fell less rapiùLy from 34? Lios" per acre in l-964 b ZAJ

lbs. per acre in 1966 (Table 9).

Average protei-n producfion lìras highest in 1964 and lowest

in 1966" Yearly differences r¡rere signifícant (p<o.o5) (Appendix 24)-

The maximum production of protein in L964 lvith a dry matter production

significantly less than in 1965 (Appendix 2I) was probably caused

largely by the earl-ier cutting dátes of both harvests, and demonstrates

that higher quality forage is produced by cutting before the grass

stem has matured and become high in fj-bre and low in protein.
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At, al-l harvest dates, non-fertil-ized areas produced less

protein than the fertilized areas, but not sj-gnificantly so in

1964 a¡d L965. In L966, the fertilizer treatments doubled protein

yield from the first cut and the summer fertilizer application

produced significantl-y (p<O"OI) more protein in the second cut

than ûid the other treatments (Appendices 22, 23). fhis last

difference vlas probably caused by the very late date of the second

harvest perm:itting the summer application of fertilizer to exert a

large effect on growth.

Over the three year period, the application of 18! Ibs. per

acre of 2?-I4-O fertilizer almost doubled crude protein production.

Slight yield differences rrlere in favour of late faLl or spring

applications (Table 9) but were not significant (p>O"05)-

The growth patterns of the various til-ler stages are presented

in Figures 25 to 35 and. Appendices 2J Lo 28" The plots were trimmed

to three inches on August 23, L963" This removed the joint'ed ti-l-l-ers

at a time r^rhen daylength had shortened to a val-ue marginal for inter-

node elongation. By the beginning of Novembet, IO% of the tillers

present had elongated internodes (Figures 25t 26t 2?r ZB). It is

likely that most of these h¡ere present. at the time the plots were

trimmed but had their growi-ng points less than the three inches above

ground level at which the rotary moller was set. The sterile rosette

til]er stage contaj:red 65% ot the tillers, and 20% of the tillers

v\¡ere crown buds. The remainder of the til-ler population was at the
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fertile rosette stagen resulting in 5% ferLlLe til-lers in the

/-, ^a ^o\populafaon (-u'lgures l2t ¿o, ¿/, ¿o).

At the end of Llne 1963 grovring season, the cror^In buds averaged

O.lJ j-:ndnes in length and had 6 leaf initials (Appendix 25). The

sterile rosettes had an average }ength of 4.J inches and an average

l-eaf number of 3"5, but heights ranged from I to 14 j¡rches and leaf

numbers from O to 9 (Fieures 29, 1I)" The sterj-Ie jointed til-lers

averaged 9 i-nches in height with 9 leaves al:d 7 extended internodes.

Their heights ranged from 6 to l-4 inches¡ leaf numbers ranged from

6 to lZ and elongated internodes ranged from 5 to 11 (Figures 3Ot 32)"

Obviously some grov\,th took place between the end of August and the

beginning of November. AIso, the considerable overlap in the ranges

of the tiller characteristics suggests that till-er inifiation and

growth trere a contj-nuous process as suggested by Ienp (36) and that

the trimming of the plots at the end of August did not interrupt this

process"

Tiller growth i-n early spring fol-1owed a- similar course in each

of the three harvest years and was very similar to the growth pattern

described previously as taking place in the plots harvested for seed

or for hay. In 1964, tiller samples were taken from plots only once

before the first forage cut on June þ. At that time' crown buds

constituf ed 35% to 4o% of the tiller population except in the plots

fertilized the previous faIl, v¡here onlry 24!l of the til.l-ers were at

the crown bud stage. The rest of the tilLer population was nade up
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of jointed tilters, IO% sterile and 50% to 55"Á fertil-e (Figures 2),

26, 2?)" Plots fertilized the previous fall were aga.in the exceptions

wiLl_ 65% of the till-ers at the fertile jointed stage (figure 2B)" At,

the time of the first tiller sampling in 1964, few tillers vrere at

the rosette stage of growth (Figures 25t 26t 271 2B)"

In both 196, ana 1966' till-er samples were taken twice before

the plots were harvested for the first time. In both years, an increase

in crovrn bud representation from IO% to 30% took place between the tu¡o

sampling dates, fn both years, plots fertilized the previ-ous sunmer

had fewesf crown buds; on]J 20% at the time of ihe second sampling.

At the first sanpling date in 1965 Llne rosette stages of til-l-er d-evelop-

ment formed 25% to 35% of the tiller population, and. the jointed- tillerst

50% to 60%. At the second. sampli-rig date, the rosette stages were absent,

and the jointed tiLlers formed. 6O% to 70% of the titLer population"

The rosette stages of til-ler growth predominated at the first 1966

sarnpling date, containing 90% fo LOO% of the tillers. By the time

of the second sa.mpling date, the rosette stages had been replaced by

jointed tillers which formed 6o% to 7a% of the tiller population

(Figures 25t 261 271 2B). Thus, at the tj-me of the first cutting, in

al-l harvest years, all plots consisted of jointed tillers which vrere

harvested, and crovtn buds, which represented the potential regrotith.

Bg

By the time of the first harvest cut, sterile jointed till-ers

from fertiliæd plots i¡rere approaching 20 inches in height ¡ had 8-r

leaves and 4 to 5 leaf initials r ard had extended 6 j.nternodes v¡hich



raised- the grovring point 10 inches above the ground" Sterile jointed

tillers from non-fertj-lized- plots were simil-ar in most respects but

averaged only ]5 inches in height and had raised their growing points

to 6 inches above ground Level (Figures 30, 32; Appendix 26). Fertj-le

jointed- tillers vrere JO inches ta1I, had 9 ]eaves (? leaves ín 1965) 
'

and had elongated 6 internod.es (Figu.res 9, IZi Appendix 10). Flov¡er-

ing heads rirere emerging in l-964 and had emerged in L96, a¡d L966 at

harvest time, Fertil-e tillers from non-fertilized areas were slightly

shorter than those from fertilized areas in 1966"

Leaf dry matter prod.uction from the 50 tilter samples ùaken just

before harvest in 1964 ivas 15 gra$s from fertilj-zed plots and 12 grams

from non-fertilized plots. In 1965 and 1966, leaf dry matter from 50

tilter samples was betr,reen tO and 14 gralnsu ruith non-fertiLízed tiller

production being the lower (Figure 3r)" Sfem production short¡ed the

same trends, 4 to 6 grams in 1964 and 2 to 4 grams in L96, anð. 19661

with non-fertiLized tillers producing the lowest dry matter weights

(Figure J4).

By the time of the first harvest, a differentiation between

jointed tilLers from fertilized areas and from non-fertilized areas

was evident in tiller height and dry weight. These differences l,rere

reflected in the arnount of dry matter harvested from the plots

(Ta¡te B). Differences in the ra-tio, jointed tillers/cro¡n buds

between fertilizer treatments within years, ald ¡rear to year differences

in the ratio appeared to have no relationship with dry matter yield at
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the first harvest. The year of highest dry matter prod-uction in

the spring of Ig65, al-so was the year of the lowest ratior ioi¡ted

tilLers/crown buds" The converse was not true, for the year of

l-owest dry matter production i-n the spring of 1964 did not ha.ve the

highest, ratio. It is concluded that dry matter yield is coruelated

positi-vely with the size of harvested tillers but not with the pro-

portion of such tillers in the population. Probablyt the absolute

number of harvested tillers per unit area affected yield. In the

final year of the experiment, it was clear that a larger a.rea of

turf had to be taken from non-fertilized plots than from fertilized

plots to obtain fifty tillers. This supports Vrlatkinsr conclusions

(70) trrat ni-trogenous fertilizer increased the tiller density per

unit area"

After the first harvest, the crovJrl buds grew rapidly and two

weeks later¡ when the first til-ler samples after harvest were takent

the proportion of tillers with Sreen leaves in thepopulation was

between ?o% and 95%. At this time, jointing commenced, and shortly

after an increase in crollrn bud production took place (Figures 2.5,26,

2?, 2B). Thus, the till-er pattern changed rapidly during July in all

harvest years. The pattern differed i-n detail- between the years"

This was probably caused in part by the refativel-y late second cuts

in L965 and 1966 in comparison to 1964 (ra¡Ie 2)"

9r

In 1964n jointing of the regrowth till-ers raised the growing

point,s of nost of them above ground leve] by early July. The spring



application of fertiLizer induced the most rapid growth. On July S

BO% of the tillers had jointed, leaving on]-:y 5% at the rosette stage

(Figure 26). The sJorvest growth occurred. in the non-fertilized plots:

only 65% of the tillers had. jointed by JuIy @ and 20% remained at

the rosette stage (Figure 25). Areas given fertilizer in mid-summer

or late fall developed a proportion of jointed tíI1ers intermediate

between the two extremes (Figures 2?, 2B). The heights of the jointed

till-ers on JuJ-y B al.so sholrred fertiLizer effects. The mean height of

jointed tillers from plots fertilizeð, in spring was 16 inches; of simi-

l-ar tillers from non-fertil.ized plots it was 12 inches, and of tiLlers

from other treatments, 14 inches (Figure JO). The range of heights was

not affected by fertilizer and was 6 inches to 22 inches (Figure JO).

Other jointed tiller parts were not affected by fertillzer. On JuIy &f

all treatments had, jointed tiLl-ers with arr average of 5 leaves (!-igure

3Ð, 5 leaf initials, and 4 extended internodes (Appendix 26).

During l-ate June of a964, crown bud replacement was slot¡r. They

had increased from B% to Iz% ('Fíe.ures 25, 27, zB) ¡y July Bth except

in the plots receiving the spring application of fertiLÍzer where the

crovrn bud proportion of the population rernaineð, at, 6% (Figure 26)" A

rapid drop in average crohtn bud length from L.3 to 0"5 inches took

place over the same period, and the maximum length also dropped from

2 inches to L.25 inches (Appendix 25)" ft is suggested that new crown

bud production during this time was negligible.

During July of 1964, nehr crown buds were produced in large
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nu¡¡bers and by the time of the second. harvest in mid-Augustr crol¡Irl

buds accounted for 52% of the till-ers in the pIots. Alsor by the

second harvest, the remainder of the rosette tillers had jointed

so that 45% ot the tiller population consisted of sterile jointed

tillers (Figures 25, 26t 2?, 28)" No differences i-n the jointed

LLLTeT/crown bud ratios vrere present between fertilí'zet treatments

at the second. harvest, but differences in jointed tiller heights

were the same as at JuIy BU, the average heights having increased

only one inch in the j:rterval-. However, the green leaves had increased

to 9 on the til-lers from fertilized. plots and to B on tilLers from non-

fertilized plots, and Lhe range of leaves had also increased and was

Z Lo L3 with littl-e difference between fertilízer treatments (Figure

3Ð. The number of extended internodes per jointed tilLer at the

time of the second harvest rvas 8.5 in fertiLized plots and 7.5 ín non'

fertilized. plots (Appendix 26). Clearly, there vras no leaf accumulation

by unextended internodes at soil- level as occurred in fall and early

spring when conditions rr¡ere unfavourable for internode eLongation.

After the first cut in L965, regrowth took a similar course to

the one it had taken in 1964, except at a later date d'ue to L}re l-965

first cut being made two weeks rater tha¡ in 1964 (ta¡le 2) ' By the

end of July in 1965, 6O% to ?5% of the tiller populafion had jointed

(Figures 25,26t 271 2B). Unlike the 1964 growth, inr)6J, plots

iéceiving a faII application of fertil-izer jointed most rapidly.

Rosette tillers made up IO% of the tiller population j-n plots ferti-

]ized in spring or fall, 20% in non-fertilized plots, and 30% in plots
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fertilized in summer.

The crown bud portion of the tiller population also showed

consid.erable differences between treatments. During July of 1965,

the proportion of crown buds in check plots a:td plots fertilized in

suümer remained constant aL 22% anð. IO% respectively. In plots

fertilized i-n spring, the cror,ün bud proportion rose from LO% t'o 26%

and in plots fertilized in faL1, feII from 22% Lo L2% (Figures 21,

26r 27, 28). Apparently, the spring application of fertilizer caused.

a rapid replacement of crovrtl buds in July of 1965. An increase in

crown buds from IO% of the tiller population at the end of July to

30% aL the end of August was attributed to the su¡nmer applica.tion

of fertilizer. Crown buds in the check plots and the plots ferti-

lized in fall increased only slow1y during the first part of August

in L965, and rnore rapidly in late August and early Sept,ember. During

early September, crohrn buds in the plots fertilized in spring and

summer declined in numbers. At the time of the second harvest of

1965 rcror¡rn buds made up 4O% of the til-l-er population of plots fertÍ-

lized in the faI1¡ 30% in check plots and plots fertilized.irr springt

and,20% in the summer fertilized plots (Figures 251 26, 27' 2B).

A reduction in the average croi¡/n bud length as occurred in the

summer of 1!64, also took place in July and. early August øf L965.

Starting in l-ate August, a marked increase in crorsn bud activity

occurred resulting in an increase in average height Lo O.75 j-nches

a¡d a marked increase in maximum height from 1 to 2 inches (Appendix

25). At the same time, the proportion of rosette tillers increased
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from near zero at the end of August Lo 20% by the middle of September

for all treatments except that of summer fertilization where the pro-

portion of rosette til-l-ers increased. to 50% (trigures 25 t 26 | 2? , 2B).

Also, during the last week of August and the first tvro rnreeks

of September, the average height of rosette tilless from plots ferti-

lized. in summer decreased from B inches to 4 inchesr and the average

height of rosettes from other plots decreased from 6 i"nches t'o 2"5

inches (Figure 29). The nu-mber of green leaves on rosette till-ers

decfined from 3 to 2 (Fi8ure 5I) a¡d leaf initials increased- fron 3.5

to 6.5 during the sarne lnterval"

As a result of the increase in crovJn bud a¡.d rosette tiller

nurnbers in the late summer of 1965, the proportions of jointed til-lers

in ühe population at the time of the second harvest were JJol in the

plots fertilized in s;oring, 45% in check plots and plots fertilj-zed

in fall, and. 25% in the plots fertilized in summer (l'igures 25, 26,

27, 2B). There v/as no evídence that the decrease of jointed tiller

percentage representation in the population was caused by an absolute

decrea.se. As in L964t the apparent l-oss of jointed tillers was probably

caused by increases in crol/\rn bucts and-, particularly in 1965, by

increases in rosette tillers.

During tlne 1965 sumner growth peri-od, the height of the jointed

tillers was notably influenced by fertilization in spring, By the

time of the second harvest, jointed tillers from these plots'averaged,

16 inches in height r^¡ith a range of p to 29 inches" The other treat-

ments shor'¡ed similareffects: jointed till-ers rvere l-l inches tall with
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a range of J to 2o inches" Lea.ves¡ leaf j-:ritials and. the number of

extended, internodes l4rere not affected. differentie.ll¡r by the varions

times of fertilizer a,o"o1ica,tion" Joìnted tílrers had on average B"j

lear¡es (Figure 32) | 4 leaf initials and B elongated internod.es

(Appendix 26) a-V the time of the second cut on Sept" 2Or 1965" The

hei-ght' above ground of the grorving points of joint,ed. tillers r^ras

affected- in the sa-me l¡ray a.s the total- tilrer length" Groviing poi::ts

of joi:rted tillers from plots fertilized" j-n sprilg avera-ged B inches

above ground level; growing.ooints of tíllers from check plots and-

other times of fertilízatíon a.veraged on1.y ) inches above soil l-eveI"

Ïn 4.11 plotsr the majority of the jointed tillers h¡ere removed by the

harvest cut"

In 1966, regrowth after the first forage cut agaÍl proceed.ed

most quíckly to the joínted til-ter stage in the plots fertilized j:r

spring" By mid-August, 55% of the tillers in the plots fertilized

ín sprj-ng were a-t the joínting sta.ge, comparea. b l+5% in check plots

an.d. faLl fertilized. plots¡ a-nd only 30% in plots fertilized in summer.

Rosette tillers showed a converse relationship, having l-o% rosette

tillers in the plots fertilized in springt 25% in plots fertilized

fu fal-l r and in check plots ¡ and 30% Ln plots fertil-ized" in su.mmer

(Figr-rres 25 | 26.. 2? r 28) "

Cror"rn buds i-n the fertilized a:reas showed very similar increases

fron 5% to IO% two v¡eeks after the first forage cut to fr% to 35% by

the mid"dre of August. The non-fertilized area had 20% crowm buds
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two weeks after the first cut and. this j-ncreased. only to 25% by

mid-August and to 33% by the end of September" By this tj-me' crohtn

buds in plots fertilized. in spring had increased to 4O%, i-n ptots

fertilized in fa]l had renained at 3O%, and' in plots fertil-iøed in

summer had fall-en to 20% (Figures 251 26| 27, 2B).

CIearIy, the tillers in the non-fertilized plots started.

regrowth more slowly than in the fertilized areas. Alsor it appears

that the spring apptication of fertilizer caused a¡r increase in crovtn

bud production i-n late August, and. the summer application caused an

j-ncrease in joint,ed tiller producti-on at the same time (Figures 21,

26, 2?, 2B). These two effects are hard to reconcile. Howevern if

the effect of the summer fertiLizer application in l-966 is considered

the same as j:n L965t except for affecting tiller i:tcrease one growth

stage later, and. if a later spri-ng application of fertilizer in L966

than in 1965 affected crown bud production an equal intervaL J-a-tert

it can be seen that the dlfferences between regrowtl'L in 1965 and in

).)66 are not great.

The effect of the different fertilizer treatnents on the average

length of the cror¡rn buds was consistent with the supposit,ion that its

application would increase the rate of growth. Two weeks after the

first forage cut jn 1966, the non-fertilízed plots had the longest

crohrn buds,0.6! inch long, presumably because of faster regrowth in

the fertilized plots (Appendix 25). By mid-August, all plots had

crown bud samples of O.þ inch long. During late August and Septembert

the summer annlication of fertLLizer resulted in a slower increase in
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height of crown buds from that treatment (Appendix 25) because,

it is suggestedn the fertil-izer increased the growth rate, causing

the longer crown buds to develop leaves, thus entering the rosette

stage and leaving the shorter cror/'/n buds behind to lower the average

height compared to crown buds in other treatments. Similarly, the

larger rosette tillers i-n late August would joint, and so increase

the proportion of the jointed tiller group at about the sa¡ne rate

as the crown bud group decreased.

The heights of the rosette tillers reached their maxima some

time after the application of fertifizer to the plots. Non-fertil-ized

plots produced tillers which increased in height, throughout the period

between forage cuts from 4.) i-nches two weeks after the first, cut to

6.5 j-nctres before the second cut. The fa]l fertilized rosette tillers

decreased in height over the same period. from 6.5 ínches to 4.) inches:

their average height had. reached its maximum in the two weeks after the

initial cut a¡rd jointing after that time affected a reduction in average

height and representation of the class from then until jointing stopped

at the end of August (Figure 29). The application of fertilizer in

spring 1ed to a maximum height in mid-August of B inches. The summer

apprication of fertj-l-izer at the end of July produced. an increase in

roset,te ti1lqr height from 6 inches in mid-August to I inches in mid-

September (Figure 29). Green leaves on rosett.e tiLLers showed a

simil-ar behaviour to fertÍlizer as rosette height., but diverged. little
from 3 leaves for most of the sunmer of L966 (Fieure fI).
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After the tillers jointed, faster growth occurred in fertilized

plots" By mid-August, jointed tíll-ers averaged 12 inches in height on

fertilized plots and only Ç inches in height on non-fertil-ized plots

(Figure JO)" This relationship was maintained until the second forage

cut, only tillers on the plots receiving fertíLizer j-n summer increased

in height after the niddLe of August.

Jointed tillers were larger in non-fertil,ized than in fertilized

plots two v¡eeks after the first forage cut in 1966. Leaf count was

6.5 compared. to 4 from other treatments (Figure 32), nutker of exbrded

nodes was 5.5 compared Lo 3 for tillers from other treatments (Appendix

26), anð, their gror,ring points averaged two inches above ground leveI

compared to O.) inches for til-l-ers from the fertil-i-zed plots. Appar-

ently, the survival of some jointed tilLers v¡hich had growing points

Less than three j-nches above ground level af the time of the first cut

produced ùhe above results.

By the time of iìre seconrl cut at the end of September, jointed

tillers from plots fertilized. in spring or faIl had produced. 8.5

l-eaves on average, compared to 7.5 on til-lers from check pJ-ots ald

plots ferbili-zed in summer (Figure 32), Corresponding means for

extended internodes rrere 7.5 and.6.5 (¿ppend.ix 26). However, the

height above ground of the gror,uing points of the jointed tillers vras

greater i-n plots fertilized in spri-ng: 4.25 inclnes compared to J

inches for other treatments.

hlhen the second. forage cut was taken in 1964 only jointed



till-eis were present in addition to the cror¡In bud-s. Tn L965 and

19661 substantial proportions of the tiller populations $/ere at the

rosette stage of growth. OnIy leaves were cut from the rosette

till-ers a¡d the groiving points remained wi-tln 3 to 4 inches of leaf .

,: Fifty tiller samples taken just before the second forage cut

produced 6 to ? grams of leaf dry matt,er in L964 (Figure fJ).

Differences between fertilizer treatments v¡ere small but were in

favour of fertilízat|on in summer or fal-l. Stem production from

the same samples was 1.5 grams from plots fertilized in spring and

2.) grams from each of the other treatments (Figure i4). trlhen stem

and leaf dry matter production were add.ed together, a distinct corre-

lation appeared between dry matter of the fifty tiller samples and

dry matter production from the forage harvest"

In L965, nine grans of leaves and three grams of stem materiaL

were produced by )O tillers from plots fert,ilized in spring, compared.

to ) grams of leaf material- and 1 gram of stem material produced by

tillers given other treatments (Figures 33, 34). l^fhile the tÍl-ler

sj-ze from plo'bs fertilized in spring vras clearly larger than on other

treaLments a¡rd could have accounted in part for the superior yield of

those plots at the second forage cut, the relative equality of tiller

size produced by the other treatments and the check is in contrast to

the marked yield differences in plot forage production. Presumably,

the density of tillers per unit area produced the variations in yield

between the clifferent fertilizer treatments.
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During the summer of 1966, similar amounts of l-eaf material

were produced per tilLer as in f964 (¡'ie:u¿.e 13), but much less stem

materiaf. The samples taken just before the second forage cut in

1Ç66 produced less tha¡r one gram of stem material (Figure 34). This

is surprisi-ng in view of the long growing period (faUte 2) - even

longer than in L965, and the apparently adequate rainfall (Appendix

29). The material harvested at the second forage cut j-n 1966 was

also lower in quantity (Table B). Presumably, the til-ler density

per unit area r{as Iow at that time.

Leaf protein at all cutting dates r¡ras approximately LO% of

dry weight. Slightly higher protein content at all sampling dates

ruas evident in leaves from fertilized plots (tígare JJ). In particu-

lar, the addition of fertiLizer in the summer of L966 prevented the

usuaL steady fal1 in leaf protein leveL that occumed with alL other

treatments (Appendíx 27).

Protein content of the stems generally remained at about half

the level- of the leaf protej¡. Again I in 1966, the addition of ferti-

Iizer in sunmer i¡creased protein j-n the stems (Appendix 28). As

Little stem was present in the materi-al harvested at the end. of

September, the higher protein content was of little advantage. It

is notable that stem protein content at the time of the first haiveEt

ín L964 was L5%, compared. Lo B% in T965 a:rrdtA|l in 1966 (Appendix 28).

This difference could have caused the higher protein yield of J-964

frorn a smal-l-er dry matter producLion. Treatment differences in l-964

rol



were in favour of the plots fertil-ized in summer or fall, and

protein yields from the first, harvest in 1964 produced more protein

frorn the plots fertilized at those times (fa¡te 9).

Regrowth after the second harvesù was extensive only in l-964,

because of l-ate cuts in L965 and L966. In l-964, crolìrn buds in

fertih-zed areas rapidly produced green leaves, and two v¡eeks after

the second harvest, only Lo% of tillers in ùhe fertiLized plots were

croï/n budsr the remainder being mainly rosette tillers. on the non-

fertilized areas, crohrn buds constituted 20% of the ti]ler population

two v¡eeks after harvest and were reduced Lo Lo% three vreeks fater.

Although til-lers i¡r the non-fertilized plots grew more slowÌy immedi-

ately after harvestr by the end of the growing season, a1l plots con-

tained similar proportions of croun auas (25%), rosette tillers (?o%)

and jointed till-ers (5%) (Figures ZSr 26r ZTr ZB). The few jointed

tillers vrere probably too short to be cut off at the time of the

second harvest.

The hei-ght of the rosette tillers shor,'¡ed. a d.istinct fertility

effect in the falI of 1964. Rapid grovrth from an average height of 4

inches resulted by the end of the growing season in an average height

of p inches for rosette tillers in plots fertilized. in summer and ?

inches for rosettes from other treatments (Figure 29). Heiglrts of

rosette ti]lers ranged from I inch to 14 inches from mid-september

to the end- of the growing season. A similar effect was present in the

few joi-::ted tillers present. Those from plots fertilized in summer
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had an average hei.ght of 1J inches, compared t,o 11 inches for jointed

tillers from other treatment,s (Figure 3O)" Leaf nurnbers were not

affected by the various times of fertilizer applicafion a¡d remained

at 4 for rosette til-lers and 6 for jointed titlers (Figures 3I,32).

After the initial production of rosette till-ers from crown buds

shortly after the second forage cut, little further d-evelopment of

crown buds took place until near the end of the growing season" This

is made clear by the maximum length of the croidn buds. In nid--

Septentber of 1964, the longest rvere 1.O inch lrhereas in early November

the longest r.¡ere \.lJ ).ncl'res, at which length they are usually groruing

rapidly (Appendix 25).

In l-965 and L966, the late cuts apparently had l-ittle effect on

til-ler growth. ïn both years the relati-ve pro,r:ortions between the

different treatments of rosette til-l-ers showed little change from

'bheir positions before the second harvest. Increases in their numhers

trrere probably due to the removal of the jointed til-l-ers by the harvests

(Iigures 25, 26, 2?t 2B).

ït is suggested that in I)64 a third harvest could have been

made at about the time tha-t the second cuts were made j-n 1965 andf966.

Yj-e1ds would have been lovr, as fifty til-ler samples prod.uced only five

grams of leaves and little stem (Figures 33, 34) but would have been

high in protein (Appendix 27)"

ro3

Soluble carbohydrate l-eveIs shonred- two l-ow values comesponding

to the two harvest cuts only in 1964, and in that year only in rhizomes



from fertilized plots (Figure J5)" The first low val-u-e, of 5%

rhj-zome dry weight of carbohydrate occu::red in mid-Ju-ne, two r,¡eeks

after the first forage cut, and occurred. in al-l treatrnents. The

second low value, of LO% occurred at the end of August, tr^lo weeks

after the second harvest cut" Values from the non-fertilized plot

were not affected and increased d.uring that period fron 12% Lo I5%.

At the end of Augu.st in 1964, the carbohydrate l-evel in the rhizomes

subjected to the summer fertilization fel-l- to 67;. Duri-ng the

remainder of the growing season, carbohydrate values j-ncreased

ra,oidly to 37% by weight, 'although the carbohydrate l-eve1 reached.

nnder summer fertilization lagged. some 3% untl1 November.

Tn 1965, only a slight dip in .carbohydrate values at the 20%

level occurred in early June under fertilizatíon. The lor¡¡est values

of IO% occurred in late JuIy near the end of the period of rapid

till-er regrowth and jointing. Carbohydrate levels again jncreased.

rapidly jn fall to levels of 30% (l-íeure 55).

In 1966, perhaps in part because of more widety spaced sampling

datesr less a.brupt changes in carbohydrate values were measured. Val-ues

d-ecLined from 20% in early spring to LO% in July, and. then increased

again to 3O7ó by the end of the growing season (Iigure 35). In t)66,

there appeared to be a definite trend t,ov¡ards a,higher ca.rbohydrate

content in rhizomes grovln wlthout added fertiLizer.

ro4

The cyclic reduction in carbohydrate contenf of the rhízornes is

in accoid with previous evidence that storage organs supply energy



Relative proport,ions of the five tiller types in bromegrass grown on ê non-fertill-zed aree
and cuü for forage twíce per year
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Relative proportions of the five till-er types Ín bronegrasa grovrn on an area fertilized
in spring and cut for forage twlee p€r year
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Belative proportfons of the five tilLer types in bromegrass grolrn on an area fertilized
in midsunner and cut for forage twice per year
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Relative proportions of the five tlller types in bromegiass grown on an area fertlllzedin late fall and cut for forage twice per year
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Helght, of sterile rosette till-ers ln bromegrass cut for forage trice per yeaf
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Height of sterile Jofnted tillers in bromegrass cut' for forage twice per year
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Number of leaves on steril-e rosette tlllers in bronegrass eut for forage twlce per year
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Nunber of leaves on sterlle Joínted tillers f"n bronegrass cut for forage trrioe per yeer
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Dr1¡ weight of stems of a fifty tÍIler sa,nple from bromegress cut for forage twice per year
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requirements during periods of regrowLh (45, 46, 6o, 63t ?2). However,

it is considered that only in June of 1964 did carbohydrate levels sink

to values at which reserves might become the limit'ing factor controll-

ing regrowth. At all obher times, ad"equate reserves were present.

J-l-o

A visual examination of the experimental area each spring in

the interval between the melting of the snohr cover and the start of

bromegrass grovrth revealed that all- the jointed titl-ers and most of

the leaf material had been killed during the preceding winter. In

other words, the photosynthetic area htas close t'o zero. This situation

hras very similar to that of the shrard immediately after a harvest

(Figures 23, 33) when al-most all the photosynthetic materiaf had been

removed with the joínted tiLlers.

In each case, the regrowth patiern l/\ras basical-ly the same:

a development of crolln buds to rosette tiLlers by production of green

leaves, and. development of rosette till-ers to joi-nbed tiLl-ers by the

elongation of internod.es. Hov,tever, the time of year at r^rhich growth

reached the rosette stage had a profound effect on further development.

Three periods were observed:

Feriod _t - The spring period-. Growth at that tj:ne of year was less

fron crown buds than from rosett,es which had survived the winter. The

principal differentiating factor of the spring period was tiller



fertility. At some stage during the wj¡rter' some bromegrass growing

points reached a ttripe to florr¡errr stage Q? , 54) " Vísually, this vras

detected only when the development of the tiller apex had reached the

rrdouble ridgerr state.

of the maay tiller growing points exami-ned, only two from crown

buds were classified as developing infforescences. All other growing

points which had reached at least the rrdouble ridgerf stage were from

rosette tillers or jointed til-lers. It is clear that the claim by

Lanp (36) that detectable inflorescences appear first at the rosette

tiller stage was sustained by the present investigation.

It was less clear whether any change in growing point apparent

status from sterile to fertile took place after internode elongation

commenced.. However, in the data coLlected in 1966 (Figures 14, 15, 16,

I?r 25r 261 27,28) the proportions of fertile jointed tillers at the

end of }4ay after internode elongation had been progressing for three

weeks hrere never greater than the proportions of fertile rosette

tilLers at the start of jointing. This fact suggests that Lamprs

conclusion J6) of no fertile tiller production after the start of

jointing is correct.

Fertile jointed tillers gre\¡t approximately twice as fast as

sterile jointed till-ers (Figures 8' 9)' Along their four feet of

stem length at maturi-ty were 6 to I leaves. Along the two foot length

of the steriLe tillers were 11 Lo 12 feaves (Figure 11). No measure-

ments were made on the relative production of stem and l-eaf of the

TT7



two jointed til}er types individually" Howeverr the leaves produced.

by the fertil-e tillers hrere observed to be much larger than the leaves

produced by the steril-e tillers a¡d this would i:r part compensate for

their fewer numbers. It j-s likely that part of the spring Ïlush of

growth a¡d the consequent preponderence of forage material produced

at that time (1o, 47,,59) is due to the presence of the fast growing,

large fertile tillers.

Period 2 - [he summer period. Growth after a harvest during the

period June bhrough August was principally from crovrn buds because the

rapid. jointing in late spring reduced the rosette tiller nunbers to

near zero. The distinguishing feature of summer regrowth was the

infrequency of fertile til-lers. The small-.proportion of fertile

tillers which appeared can be ascribed to l-ate starters' from the

spri-ng jointing perJ-od having evaded clipping by having their growing

points too near the grounð" $9) or to a small- number of tilleE or

plants which have Iit,tle or no cold requirement for flowering Gf.2Ð.

They constituted less than five per cent of the till-er population at

all times after the first harvestn had no effecù on the main tiller

development, during most of the year and so after the spring period of

growth they were ignored.

I-IÕ

A principal feature of both spring and summer gror,tth was the

transitory nature of the roseLte til-lers- As soon as the rosettes had

accumul-at,ed three leaves on average, jointing commenced at the internode

betv¡een the first a¡rd second leaf. This resulted in sterile jointed



tillers whích had on average, one more leaf than the number of extended

internodes per tiIler (Figures 11, 2f , 32; Append:ices 9, L6, 26),

During the spring and siunmer periods, bromegrass growth showed

a distinct cyclic nature. Growth started in mid--April- a¡d prior to

mid.-l4ay, internode elongation commenced. During L964, L965 arld 19661

top growth was harvested at several dates in June, "Tuly and early

August (ta¡Ie 2), each time removi-ng most of f,he photosynthetic tíssue.

Ïn each case, regrowth from crown buds commenced j-mmediately and had

progressed through the rosette stage and had produced jointed till-ers

within a 30 day period from the date of cutting (Figures 3, 4, 5, 6;

L4, L51 16, r?; zj, 261 z?, z8).

The shortest period between the start. of gror^rth from crov¡n buds

and the harvest date was seven v¡eeks and extended from the start, of 
:

growth in mid-April to the harvest, on the fifth of June in 1964. By

this time, cror¡nr buds represented 35% bo 4a% of the tiLLer population,

and subsequenb regrorøth demonstrated that crown bud density was

satÍsfactory for replacement of the tillers rernoved (Figures 2J, 26.'

2?, 2B).

feel (64) gave four growth stage characteristics of a brome-

gra-ss sv¡ard which indicated when semi-dormancy would follow cutting.

These r¡rere:- rapid growth, internode elongation, 1ow carbohydrate

reserves, and an absence of new tiller growth. He further qualified
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the stage to wh:ich he attached. the term rrjuvenilerr as endi:eg when

panicles emerged from the flag leaves of the fertile tillers. In

the present experiment, the cut on June 5ü in 1p64 was made at the

stage when panicles were emerging from the flag leaves. As this

cut rvas taken afüer the shortest growÍng interval during the entire

experiment, it is clear that there was little danger of induci-ng

dormancy durj-ng the cument series of studies.

A closer examination of some of the data revea] ed that for a

period after a harvest¡ the proportion of crov¡n buds i¡t a population

was only IO% to 20% (Tieures 25, 26, 2?, 2B). Apparently, the reason

for no new ti-ller grovrth during Teeltsitjuvenile stagetr(64) was that

insufficient croltrn buds were present. It should be noted that large

numbers of smalL nodal buds at a very early stage of development vrere

observed in al.l tilLer samples. These buds were much smaller than

crow:n buds, had only I to 3 leaf initials surrouadi-ng a very small

growing point and were too immature to produce aerial tillers

immediately in response to a growth stimulus.

An interval of from four to six weeks elapsed between harvest

and the conmencement of an increase i-n crown buds in the sward. Rernoval

of the top groi+th in this int,erval r,¡ould delay or reduce regrovrth

because of insufficient tiller apexes to prod-uce the regrowth. Clearly,

both this work and that of Teet (64) agree that a critical stage exists
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during the growth of bromegrass, that this stage encompasses an intervaL

during which rapíd growth and jointíng are occumj_ng, and that very

poor regrowth wil-l occur if a harvest cut Ís taken while the grass is

at this stage of growth.

Period J - The fal] period" This interval extends from mid-Augusr

to the end of the growing season in late October" ft consists charac-

teristically of falling temperatures and shortening daylengths. During

this period, crown bud initiation and gror..rth were found to take place

continuously. The first two weeks overla.oped with the summer period

and in a965, some development of jointed tilLers occurred (Figure 25)"

After August, tiller development stopped at the rosette tirler s¿ageâ

At no time in the fal-I period was cutting data critÍcal for tilrer

development. As many growing points were at or below ground revel,

only very close grazing would remove all the photosynthetic tissue.

Under the conditions appliedo three inches of stubbl-e remained after

harvest. consequently, a cut during the farl period removed Leaves

only, and growing points together r^rith a consid.erable amou¡t of photo-

synthesising tissue remained" Gror^¡th did not have to start from crown

buds so the cyclic nature of growth characteristic of spring and. summer

uas not present in the fall.

The harvesting of bromegrass in September reduced. the photo-

syntheti-c tissue considerably. vrlhen al-falfa is cut in september, the

storage of food reserves for winter survival is interrupted (59). In

bromegrassr this hlas apparently not the case. The increase in sol-uble

carbohydrate levels in the rhizomes continued lvithout interrur:tion
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through the harvest period (Figure J5). Fertil-j-zer added to the

plots in midsummer produced a distinct slowi-ng down of soluble

carbohydrate accumulation in the falI fol-lowing the fertilizer

application, but this reduction was temporary and the percenta.ge of

so]uble carbohydrate in the rhizomes by the end of the growing season

v¡as simil-ar und.er a-l-l treatments (Figures lJ, 24- 35)"

The rapid. increase in soluble carbohydrates in the rhizomes

during late summer a:rd fall vras caused partly by photosynthesis and

partly by the breakdov¡n of insolubl-e carbohydrates. Experimental

hydrolysis of the insoluble carbohydrates l-eft after extracting the

sol-uble ones produced variable resul-ts due to inadequacies of the

technique, but there \^ias a consistent decrease of insol-uble carbo-

hydrates in the rhizomes during the fal-I period for each sample in

each year. It is suggested tha.t the known (59) refative insensítivity

of bromegrass and of grasses in general to fall ma¡agement ,oractices

in relation to winter survj-val- is due to a large proportion of the

soluble carbohydrate apparently needed for winter being produced. from

the breakdown of insolubl-e carbohydrates already in the rhizome tissue

and so being unaffected by management practices"

No definite effect on fertile-sterile tiLler ratio could be

ascribed only to harvesting in the fall" However, the fertíIe/sterile

t,ill-er ratio in the non-fertilized plots in the spring of 1!66 was

Iov¡er under the two cuts per year regime than under. the one cut per

year treatment (Figures 3, 25)" Possibly the combined effects of 1ow
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fertill.ty and two cuts per year recluced the proportion of ti1lers.

V/atkins (7O) oU"*rved that the addition of nitrogen to brone plots

increased the fertiler/sterile ti].ter rati-o rvhilst shading d.ecreased

it" If cutting off til-l,ers had a simil-ar effect on the sward as

shading, the grazing or mowing in the fall- of bromegrass regrowth

could have led to reduced seed yieJ-ds fhe fol-loiving year" The apparent

opposite effect noted in Russian !úild. Ryegrass (El-ymus junceus),

name1y that faII grazing is necessary for good seed yields (42), is

due to su.ch treatment forcing the growing points to remain below soil

level and so being protected during the winter" Bromegrass growing

points are alwa¡r$ produced below soiL level" In the present experiment,

seed was not harvested from plots given an additional mor^ring treatment

in fall-, so a comparison of seed yields under one a¡rd two cuts per

year could not be made"

From a forage production viervpoinf, fertile tillers are not

important per se; vegetative production is the important factor. The

effects of adcled fertÍl-izer on tiIler vegetative growth a¡d development

cari be considered from two viev¡points; the long term effects and the

immediate effects.

The long term effecis of fertilizer applicabn to bromegrass

areas have been described and discussed extensively in the literature

(6,,9, L3, t4r 55, ?L). In short, bromegrass stands, in the absence

óf additional sources of fertil-ízer, particularly of nitrogen, ha-ve a

much lower tiller densi-ty per unit area than areas ad.equately fer-r,ílized,

and forage yields are also much reduced. By L966 the non-fertilized
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plots in the present experiment shor',red similar symptioms whích v¡ere

clearly refl-ected in production (Tables 6, 7, B, 9).

On an individual- til-l-er basis, differences in grorrrth between

fertil-ized and non-fertilized areas were mainly reflected ín height.

sterile jointed tillers from non-fertilized areas were shorter in

the regrowth in 1964, and were shorter at all tj-mes in the 1965 ana

1!66 growing seasons (tr'igures B, 19, ll}). A similar difference in

the fertile jointed til-lers did not appear until Ip66 (Figure 9)"

Alsor shorter sterile rosette tillers were most clearry present in

non-fertili-zed areas only in f966 (Figures /, IB, 29). Vúatkins (ZO)

also observed increases in till-er height when bromegrass v¡as fertilized.

It was observed that til-l-er growth rate was frequently slower in

non-fertil-ized plots. This 4rpeared j-n the results as a difference in

the relative proportions of the five tiller groups in the non-ferti-l-ized

areas compared to the fertilized areas. The difference vras particularly

evj"dent in the plots cut onry once per year. rn the L)66 re}rowth, few

jointed tillers were produced j-n the non-fertilized areas: grov,ith was

slow and daylength was insufficient for j:lternod.e elongation by the

time grorøth of the rosette tillers !ùas sufficiently advaaced. rn

contrastr areas receiving fertil-izer produced a proportion of jointed

tírlers in the regrouth similar to the proportion in the spring growth

(Figures 2, 4, 29, 3I)"

¡ aJ,L¿+

crown buds were replaced more slowly in non-fertirized areas,

partícu1arly in I!66 (Fíg,ures J, I4r 25). The sl-orøer growth of crown



buds in a low nitrogen regime resembl-ed the behaviour of couchgrass

(AFropyron repens)in simil-ar condj-tions. Mclntyre (48) found that

couchgrass crot{n bud.s usually remained. d.ormant when the soil nitrogen

level was l-owr but that at high nitrogen levels, tiller emergence vras

markedly increased.

The more immediate effect of fertilizer apr:lication was to

j¡rcrease growth rate for one to four weeks after tire .OAition of ferti-

liz,er. The effect appeared most clearry in the till-er regrowth after

a harvest, and particularly in plots fertilized in spring. Jointing

of the rosette tillers proceeded more rapidly (l'igures l-4, 15, Zrr 26).

The same effect was produced later in the year by the application of

fertilizer in midsu¡nmer (Figure 5).

The faster growth rate was also visible as an increase in tiller

height, leaf and stem protein content and as a decrease in ::hizome

carbohydrate content. there was no clear evidence for an increase in

the rate of l-eaf production as lr/atkins (70) and Mclntyre (48) observed

when they appried nitrogen, but as they found the increase to be smal-l

and of short duration it is probable that the effect would noù be

detected in the 'oresent results"

Not every application of fertil-izer produced a det,ectable increase

in the observed fea'bures, and it was frequently difficult to differenti-

ate between ùhe temporary effects due to the sudden improvement of

nutrient status and the accumulative differences between growth on

fertilized and on non-fertilized areasr
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The effect,s of fertifi zer l'¡ere confounded to some extent with

water supply. Growth duri-ng the experimental period. was entirely

dependent on the amount of winter snowfall retai-ned as soil moisrure

in spring and on the rainfall during the growing seasono

Few jointed tillers r¡rere produced in the dry period following

the seed harvest 3n l-965 (Figures 3, 4, ,, 6). Regrowth took place

only to the rosette tiller stage and response to fertilizer was not

obtained. It is possible that drought delayed growth sufficiently

to prevent tillers reaching the jointing stage until after daylength

was too short for j-nternode elongation. Jointing was not prevent,ed

by a similar dry period after the hay harvest on the 7ü of .IuIy¡ Lg64,

but was accelerated in the plots fertilized that spring.

Other harvests were followed wi-thi:r a short time by rainy

periods¡ but not by consistent fertilizer responses. Clearly¡ the

present study has not completely clarified the complex relationship

of fertil-izer status, available water and. bromegrass growth-
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, 
CONCLUSTONS

Bnomegrass eonmences growth in mid-April at the latitude of

lilinnipeg from rosette tj-llers and crohtn buds r'¡hich have survived the

winter. Few tillers remain dormant.

Jointing commences i:r the second v¡eek in May and its start is

controlled by temperature. The majority of tillers vrhich start growth

in the spring produce jointecl- stems.

If bromegrass is left undisturbedr a second phase of crown bud

grovlth conmences not earlier than the end of July" There is no single

factor controlling the resumption of crov¡n bud activity" Probablyt

factors affecting the deveLopment of crown buds prior to their

production of feaves determines when the second growth phase commences.

The second growth phase continues untj-l the end of the grolring

season in late October. Duríng this perÍodr growth from crown buds

to jointed tiflers takes place continuously. Tillers are initiated,

develop to maximum crovÌn bud size and produce green leaves. Further

growth to the jointed tilIer stage takes place only in August.

Throughou-t this second growth phase, all sizes of al-l tiller stages

can be fourid.

r27

During the period from the end of l4ay to mid-Augustr cutting

bromegrass results in a recycle of the early spring growth pattern.

Cutting after rnid-August does not deflect regrorvth from the pattern

of the second grotnrth phase"



Jointing stops in late August" Its cessation coincides with

the reduction of daylengt'h to less than 15 hours.

The only ti-mes in the year when there are too fev¡ crown buds

for adequate regrowth j-s J t'o 4 weeks after growth starts in spring

a&d 3 to 4 v¡eeks after a harvest cut has been taken i¡l the period

ending in mid-August" At all other times, sufficient cror.¡n buds are

present to replace the tillers removed.

128

A single cut per year or a tr,lo cuts per year management sysfem

did not deplete carbohydrate reserves to a level at which grovith was

adversely affected.

The addition of nitrogenous phosphatj-c fertj-:-:j.zer (e?-f4-O) at

1Bl pounds per acre prevenLs or reduces the steady diminution of

forage and seed yields v¡j-th j¡rcreasing age of stand which chara-ct,erizes

non-fertilizeð. bromegrass aïeas. The diminutj.on in yield is caused by

reduced tiller density per unit area, by reduced size of jointed

tillers and to a lesser extent of rosette til-lersr and by a reductj-on

in protein content of plant parts. Fertilizer, irrespective of the

tinre of application, prevents or reduces the diminution jn tiller size,

density, and- protein content.

Fertilizer use al-so causes a more rapid regroi'rth immediately

after a harvest, particularly if applied 2 to 4 weeks before the harvest

date. The fast.er regrovrth is reflected in an increa-sed. loss of solubl-e

carbohydrate reserves during the same peri-od"

Apart from the temporary effect noted a.bove, fertilizer has no



effect on the rate of leaf exserti-on nor on the final- nu-mber of

leaves produ.ced.

The effect of fertilizer on the fertile/sterile tiller ra-tio

r¡as not clear. There was an indication that fewer fertile tillers

were produced from non-fertif-ized arees r^rhich were cut in late

September" Further research ¡¡¡í11 be necessary to clarify this

relationship"

12a

An application of fertilizer in spring produced- the most

ec¿u.itable distribution of forage yi.eÌd betlveen first and second cuts.

The reason is probably that faster regrdr,rth after the first cut

enabl-es the swa-rd to take fuller advantage of the good daylength

conditions during July arrd June.

An application of fertílízer ).n l-aie fal-I v¡a.s most effective

in producing the highest yield at the first forage cut j-n spring. It

is suggested that the ferti!ízev application late in the fal-f enables

the sward to take maxi-mum advantage of favourable spring moisture

conditions. An application split between late fal1 and spring might

obtain the advantases of both times"

An application of fertilizer in midsummer i-ncreases forage ald

protein yields from harvests made in late September.

The relative insensitivity of bromegrass to winterkill caused

by mowing or grazì-ng in September is due to the fact that, a large

proportion of the soluble carbohydrate reserves necessary for v¡inter



survival are produced by the breakd.own of insoruble carbohydrates

already in the plant. This fact,or renders the plant relatively
independent of photosynthetic area in early fal_l.

The relationship between rainfa]r- and production of forage

or seed was not cl-arified. The evid.ence indicates that the moisture

factor interacts v¡ith fertj-lizer effects and. possíbly with daylength.

A dry period followíng a harvest cur, may cause poor regrowth.

The information gathered from this study suggests that brome-

gra.ss grown al-one can be harvested for forage three times per year;

in early June, in early August, and. in early october. Fertilization
in spri-ng (early l4ay) will j-ncrease the rate of growth after the first,
cutr and fertilization just before the second cut wirl increase pro-

duction from Lhe third cut. The thírd cut, i^¡i1l never prod.uce a high

yield and would probably best be utj-lized as pasturage. production

frorn the second cut may also be poor i-f soil- moisture is l-ow durinp

the early part of the second grovrth peri_od.

A light grazing in the first week in l4ay i,rirI probably do

little harm arthough groruth might be slower afterwards. cutting or

grazing in the period starting around mid-l{ay and extending for three

to four weeks rnight cause the semi-dormant reaction observed by Teel

(64)r because of ínsufficient croum buds to replace the tillers removed.

A pèriod of similar length shoul-d be left after any harvest. taken before

mid-August.

For maximum hay and seed. yields, application of fertilizer the



previous fall appears to be best because of the faster growüh

produced early in the year after application. Removilg in september

or october the regrowth after a hay or seed crop should. not reduce

the stand density. The effect on seed. production could be

delet,erious.

For forage production, bromegrass might best be e:çloited

during spríng and summer for either hqy production or rotat,ional

grazing with a six week recovery peri-od betlr¡een grazings. rn the

falI, continuous grazi.:eg would not greatly har.m it.
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APPENDIX X

Preparation of the Dinitrosalicylate Reagent Used For

Carbohydrate Determination

Moisten 10 grams J,5-dinitrosalicylic acid with

Add 2OO millilitres 2N sodium hydroxide a l-ittte
continuously.

I3B

Add 5OO millilitres distilled wa.ter to dilute"

!ühen the sodium dinitrosalicylate has dissolved, add JOo gra.ms

sodium potassj-um tartrate and stir.
All-ow the reagent to cooI, rnke up to one litre with distilled

waüer, then.-'filter.

distilled water.

at a time sti-ming



APPENDTX J2"

Preparation of a standard Graph of the Relationship Between the

concentration of Martose in a solution and its optical Density

After Development with Dinitrosalicylate Reagent.

A solution of 1.2 granTrs maltose per litre v¡as made as a

standard. This was diluted according to the folrowing schene:-

lzq

,fitandard
Solution (m1.)

I2

.L\J

I
Þ,

4

À
¿

¿

Disti].led
Vrlater (mf .) resultant solu.t,ion

To esüinate the col-our density, 2 nlllilitres of maltose soLution

was mÍxed with 2 millilitres dinj-trosalicylate reagenü and h.eated. in
boiling water for exactly five minutes, cooled. in ice water and.

diLuted with 20 miIlílitres distilled r'¡ater. The optical density was

read. on a colorimeter at a wavelength of JoJ míe;rons agai-nst a blank.

¿

4

h

B

l_o

22

tose in 2 m1.. o

al.' ¿.+

à,0

l.b

1.2

o..B

0.4

O¿2



The optical density of each of the seven dilutions rvas plotted

against its maltose content. The graph obtained r¡as used to

estimate unknown sugar concnetrations by interpolation.
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Anelyses of variance of ¡rearly eeed yields from rLlacolnn bronegrass gro$n at Stnnlpeg

ïeer of
fbrvest

Source of
ïI¿riatisn

Lg6t+
lotel
RepllcatÍone
FertilLzer
Errsr

lotal
BeplLcations
Fertlllzer
Error

;,
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Replf.catlons
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1965
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AppendJx 3
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3
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lnalyeis of verl.anoe of totEl aeed ¡rLelda øf trtrLncolnE bronegraes grorl¡ s! gtnnfpeg

rtth fertiüzer appll@atLons aù dlfferent sêaaoas of the year

Source of
Verl.etLon

Total

Eeplteatloae

FerÊLllaer treetneata

Errer I

ïears

Beplf,cetionE x Ïeare

Fe¡{l.Ilzer x leara

Error II
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Freedon

Apperdlx &
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8r4gl.l3
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Ïear1y analysea of varLanee of tbousand kernel we5.ghts of seed produeed by trldncolnË bromegraEg

under varLous fertlllzer treaùments at lrEn¡¡ipeg

Ïeer of Source of Ðegrees of Sr¡n of Mean Ïlariance Level ofllervest 9ariation .Fredon Squareø Sqtrare Ratlo Slgnl.ff.cance
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á'nelyeia of varlaaee of thousend kernel nef.ghte of seeds of Bl"lacslar bronegrasg

produeed at Hfnnlgeg

Sonrce of
Va¡.latlon

Bepllceùloas

Fertillzer treetneats

Errør I

ïeara

BeplicatJ.onE x lears

Fertlllzer x ïeara

Error Il

Ðegrees of
Frcedon

Appendfx 6
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Appendix 7

Length of crown buds in bronegrass grown for seed
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Number of leaf initial-s on fertile Jointed tilrers of bromegrass

19 64
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Number of elongated lnternodes Ín sterile Jolnted tíIlers fro¡n bromegrass
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Number of eÌongated internodes in fertile Jointed tillere of bromegraso
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¡n¡lygf.s of va¡'ieace of total dry natter productf.oa by ühe bay out of Etrdneolnn brønegreøs

grorcn uader va¡{.ous fe¡ttllzer treatneats ¡t Etnnlpeg

Source of
V¿riatf.on

1oüaI

Eep1Leatloras

Fertllfzer treaüneatg

Error I

ïeerc

Bep}leatLoas x Ïears

FertLll.zer r Tearg

Error ll

Ðegreea of
F¡eedoa
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Analyees of varLanee of yearly drXr natter production by the hey cut of nlfacolnlr bromegrase

grorn rurder varlsug fertllLzer treatments at Winn:tpeg

ïear of $ource of Ðegrees of $r¡n of Mean Ve¡'Lance Level of
Iblsest Variatlon Freedom Squares Square Eatlo $lgnificance

Total L5 35.3L5ILg64 Beplloatlons 3 o.ogó4 o.o32l ø.o2 N.S.
Fertilizer 3 zO.5Lt+5 6.8382 L.Lg 5fiError 9 Ll+.7A¿+2, L.6338

lotal L5 l+'t.55ú
L965 BeplLeations 3 I,6?88 0.'|Í'96 o.I3 N.S.

Fertlllzer 3 6.7t+39 2.2488 O.jZ N.S.
Error 9 39.L279 4.31+15

Total 15 Il+.94æ
L966 Beplicatf.one 3 O.3Ol+,tl O.tO15 O,Ol+ N.S.

Fertlllzer 3 23.8094 7.9365 3.1+2 6fi
Error 9 zo.gTaz 2.3Lêg
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Anaþsle of varLance sf total cnd,e proteln production by the þy eut of rLf.neolnn bronegrasg

grown r¡ndcr verloqs fertLllzer treatneaüe at Wtnnlpeg
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Analyses of varlance of yearly erude proteln produetion by the hay eut of ttlLncolntr bromegrasg

grown ¡¡nder varlotrE ferùilizer treatnents at trfinnfpeg

Year of Source of Degrees of St¡n of Mear¡ V¿ri¿nce Level of
llrrrest VarLetlon F¡'eedom Squaree Sqr¡¿re R¿tlo Slgnlflcance

L965
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Cmde proteln content of stems from bronegråss grown for hay
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Analyses of variance of dry natter production fron the early st¡l¡mer cut of alinooLnr bromegrrass

han¡esüed for forage triee per ¡¡êêr at trlinnipeg

Tear of Souree of Degrees of Sun of Èfean Vari-ance leveJ. of,
Itrarvest YarLation Freedom $qrrares Square Batio Slgnl-ficance

lota1 L5 25:5øLA
Lg6t+ Replications 3 O;l+9O3 O;L634 o;rl N.s.

Fertlltzer 3 IL;o569 3;6856 2'.38 N.s.
Error 9 L3.9538 L.55Ol+

Total L5 8I;3475
1965 ReprLcations 3 1;S91,7 a;$ú o.rL N.8.

¡'ertflizer 3 28.L6Lt+ 9.387L L.65 N.S.
.Ernsr I 5].29tl+ 5.6994

ÎoüeL L5 46reQ69
Lg66 Repllcations 3 LL.2685 3.7562 L.65 [f .s.

Fe¡tLlizer 3 Ll.Lab3 5.Q346 2.2L N.S.
Error 9 20.411s1 2.27TL
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Íneryses of v¿riance of dry neùter productloa froa ùhe earry f¡lt GEt of nt{Ì¡E6lnü bromegrasg

b¿l:vested for forage trd.ce per y€ar at Wùan:lpeg
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l¿rLetl.on

L96h
Tøtal
Bep}[catlona
Fertl}[zer
Error

lotal
Beplf.eetf-oas
Fertllizer
Error

Total
BepllcetÍons
FerbLlizer
Error

L965

Appendtx 20

Degreee of
Freedon

L966

L5
3
3
9

Suu of
Squares

L5
3
3
I

25.69t2
o:0615
e;$3s

L5.g75g

27.r32ê
2.8551+

u;6ê1?
w.gg57

9ol1{.[
o.5532
6.557L
2.0041

üeea
Square

L5
3
3
I

o.0272
3.2LL3
L.775L

Verl.enee
Batlo

0.g5rg
3.8939
1.4440

o,o2
1.81

Iæve1 sf
Slgrú.fiaenee

0.1844
2.L957
ø.2227

o.66
2.7A

¡1.s.
r.s.

0,83
9.81

[.S.
!I.S.

P\rt
@

H.S.
Lfi



ÂnelysÍa of, variesec of tot¿l dry natter productioa fron rïÁncolnrt bronegress h¿ryeeücd,

for forage t¡rlee per year et [Itnnlpeg

Souree of
llarl.atLon

lotal

Bepllcationa

FertLllzer treatnents

Error I

leers

Beplteetlona r, ïeera

Fertlllzer x leare

Error Ll

Degrees of,
Freedop

Appendfx 21

l+l

3

3

9

2

6

6

r8

Sb of
Squares

411.94

L7.23

JJ5.7g

L51.98

58.2h

e&e

lo.60

A,8.82

MEaa
Squ¿rc

Tarlanee
R¿t1o

5?7h3

38.595

16.86g

29.L22

L.5l+8

L.766

2.7l:2

Level of
Slgai:fLcanee

O'31+

2.29

LA.7h

o.57

o.65

N.S.

F.S.

Pvr\o

t#

N.S.

H.S.



Aaalyaea of varLaace of cn¡de protein product!.oa f¡on the early su¡@€r cut of af,.ineolnr bronegrees

h¿rrested for forage trrlee p€r ys&r at lllnnlpeg

ïear of
HarveEt,

Souree of
VerLatLon

L96h
Total
BeplleatÍoae

" FertLlLzei
Errsr

TotaI
Beplieatlona
Fertl.}[ger
Error

Tot¿1
Replteetlone
Fertll.Lzer
Ernor

L965

åppeadtx 22

Degrees of
Freedon

L966

L5
3
3
I

$un of
$quereo

L5
3
9
I

L.2l+62
O.0r+6r+
9.56a6
o.6g92

r.3580
o.0517
0.3919
o.gl44

1.1598
ø,2588
9.5615
a333'

He¿n
Square

L5
3
3
9

Varlanee
E¿tie

0.0153
0.1869
0.0710

ø.øL72
o.L3A6
CI.t01ó

Leve1 of
Slgnifl,eance

o.22
2.63

o.o8ó3
0.1692
@.ø37t

0.u
L.29

tritr.s.
l{.s.

2.33
5.IO

S.9.
Ii¡.$,

H
C'\o

ü.S.
5fi



Analyeea of variance of c¡qÄe protefil production frsn ühe earþ felL cut of nl.Lneolar bronegrêss

haweeted f,or forage trrLce pcr year at tiluulpeg

ïear of
Harveet,

Souree of
Yar{.etLon

L965
Tote1
Eepllcatl.ons
Fertlliscr

Âppeadfx 23

L966

Degrees of
Freedom

lotal
EepllcatLoaa
Ferùllf.zer
Error

L5
3
3

Sun of
Squaree

L5
3
3
9

ø.2896
o.øb65
9.1015

$ean
Squere

orr444
0.0079
0.L137
Q.ø228

Teriance
Bstio

0.0155
@.0338

0.0026
@.4319
g.æ25

Ievel of
Slgnifleanee

ø.gg
2"L5

L.o4
L5.24

ü.S.
It.s.

H
o¡.H

H.S.
lfi



ånelysf.s of verla¡ree of totel pnoteLn prodactLon fron nl,lncolnü bnønegrass ha¡gcgted

for forage tryloe per ¡rear at Sfanipeg

Source of
T¿riation

1oùel

EeplieaüLoas

SertllLzer treatneats

Error I

ïeero

&epltcatioas x Ïears

FertilLser x Ïcers

Error II

Ðegrees of
Freedon

Appendlx 24

h7

3

3

9

2

6

6

T8

Sum of
Squerea

9.o39¡

0.4,[19

2.5A54

2.6793

2.L582

0.15ó4

af5z5

L.O45h,

lfean
Square

V¿rLa¡nee
Eatlo

o.wt
CI.835r

o.zgT',l

1.0791

0.e261

0,008ê

0.0581

Level of
Signtff,canee

ø.1+9

2;8L

t9.57

@.1+5

g.l5

fi.9.

Lú

F-
l\'

Lß

}T.S.

lI.S.



Fertilizer
Applicotion

c

Appendlx Zj

Length of crovn buds f.n'bromegrass cut for forage twice per year
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Nr.¡mber of elongated Lnternodes on sterile Jolnted tillers from bromegrass
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Crlde protein content of leaves from bromegrass cut for forage ùulce per yeer
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Cmde protein content of stems from bromegrass cut for forage twLce per yeer
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PrecipJ.tatLon at the

and the

L67

Appendtx 2p

UnLverslty of üanltobe ¿wing tbe

gronlng seasoas of 1964 to 19ó6

Seven day perl.od
eudiag

Aprll

lfay

?
14
2L
28

5
L2
L9
26
2
9

T6
23
30

7
14
2L
2ê

l+

Lt
18
25

1
I

r5
22
29
6

L3
20
27

L963

June

Rstnfell

L96t+

Jaly

fall of 1963

Atrguct

in lnchea

L965

0
0
0
0

1.14
0.20
o,o8
0.08
0

0,02
0.44
0.80
0.46
0.50
0.r2
o.o5
0.60
L.85
o.72
0,15
L.5l+
2.1+4
o.o4
o,r3
o,0g
0.46
0.e8
o

o.ø5
0

Septenber

L.53
0.90
0.80
o

L.g3
o.22
o.55
0.94
o.98
o.g3
0

o.20
r.4g
I./+7
0.05
1.éO
0.15
0.?g
o.o3
0.03
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o.62
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I

O.IÉ
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0,16

0etober

L966
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