THE EFFECTS ON RAPID ESTABLISHMENT AND SUBSEQUENT TURF QUALITY

OF AGGRESSIVE GRASSES SEEDED WITH POACPRATENSIS L.

By

James Terrell Green,‘Jr.

B Theéis submitted to the Graduate Faculty of the 
Virginia Polytechnic'Institute‘and State University
'iﬁ partial fulfillment of the fequi:ements for the dggree of
MASTER OF SCIENCE
in

- Agronomy

APPROVED:

- Dr.- R, E. Schmidt, Chairman

D¥. R. E. Blaser T ~ Dr. T. R. Terrill

- “May 1970

Blacksburg, Virginia



ACKNOWLEDGMENTS . .
LIST OF TABLES. . .
" LIST OF FIGURES . .
- INTRODUCTION, . . .

LITERATURE REVIEW .
‘Turf Mixtures.

[

‘e

e

°

&

3

©

'TABLE

°

Competition Among Species.
Mowing Management, « + « o
Seeding Seasons. « « o« o
Root and Tiller Development. . o o« o &
Sod Development.

Nature of Plant Inhibitors .

MATERIALS AND MilTHODS

Data Collection

°

(3

3

@

o

L)

‘e

OF CONTENTS

e @& o' a8 e e

o & o o o e

o o e o e e

.o o‘o-o

Sod Strength and Rootlng Ability + o .
InCubatlon Study e o e e o ¢ o o .,.o_ .

‘Root Interactions in Soil Média., . .« « .

RESULTS . .

©

. Botanical Composition. . .
- Plot Coverage. . ‘
Turf Quality o o o o o o o o ¢ o o o »

Seedling Stage Relatlonshlps ©eiee

Sod Studiess .

©

L

‘e

3

o o 2 o o o

e o 9 o o o

e .e & o o @

Incubation Study s « « v o o o o o o &
Root Associations in

DISCUSSION. o o o «

SUMMARY - AND CONCLUSIONS

o LITERATURE CITED, .

VI TAc o o e ©:e o o

e

<

o

©

Soil Media. o .+ . 4 -

ii-

HFRPONUVWLWWW

e

‘ Pagef‘

iii

Cdv

wvi -

-

13

16
17

- 18

19

19
30

35
42
42

- 50

54

56. -

65

68

73



‘ACKNOWLEDGMENTS

The author is indebted to  for serving as
chairman of his committee, outlining his grad#ate program, and ﬁaking
helpful‘suggestions throughout the study.

. Special appreciation is alsbvextended to and
for the encouragement and helpful criticisms, as well as
serving on the graduafe committee, Graﬁitﬁde is alsé exteﬁded to
. for helping with the computer analysis; to fellow
graduate students for their suggestions, and to | for
typing-the_manuscript.ﬁ
The greétéét épprebiation is expréssed‘to the author's wife,
, for her endurance and encéﬁrégement:througﬁoﬁt the\étudy aﬁd.

preparation of this manuscript.

iii



LIST OF TABLES

Table I. Composition of seed mixtures expressed on a weight

baSiS. o e o o e o o o o . * o L] . . ¢ o . L] o o . e o . 3

Table II. The effects of fall seeded companion grasses with
- two clipping heights on the percent Kentucky bluegrass
at three dates . o ¢ o« o ¢ ¢ o o o o o o o s o s o o o s o

Table III., The effects of spring seeded (May 1969) companion
grasses, with combined clipping heights, on the percent
Kentucky bluegrass at three dates. . . o+ ¢« 4 ¢ o ¢ o « « &

Table IV, The influence of clipping heights on the percent
Kentucky bluegrass in spring seeded (May 1969) mixtures. .

Table V. The effects of summer seeded (July 1969) companion
grasses, with combined clipping heights, on the percent
Kentucky bluegrass at three dates. o« + v o o o ¢ o o o & &

- Table VI. The influence of clipping heights on the percent
Kentucky bluegrass in summer (July 1969) seeded mixtures .

Table VII., The effects of companion grasses on the percentage
of Kentucky bluegrass six weeks after seeding. « . « « o &

Table VIII, The influence of companion grasses and clipping
heights on the percent Kentucky bluegrass one year after
Seeding in three SECASONS o o o o ¢ o o o o o o o o o o o

Table IX, The influence of companion grasées seeded with
Kentucky bluegrass in fall (Sept. 1968) seedings on
ground cover (combined for two clipping heights) . . . . .

Table X. The influence of companion grasses seeded with
Kentucky bluegrass in spring (May 1969) seedings on
ground cover (combined for two clipping heights) . . . . .

Table XI. The influencé'of companion grasses seeded with
Kentucky bluegrass in summer (July 1969) seedings and
clipping heights on ground cover . . « o « o o &« « o o o &

Table XII. The influence of companion grasses seeded with
Kentucky bluegrass in fall seedings (Sept. 1968),
combined for two clipping heights, on turf quality . . . .

Table XIII, The influence of companion grasses seeded with

Kentucky bluegrass in spring seedings (May 1969),
combined for two clipping heights, on turf quality . . . .

iv

Page

14

20

22

23

25

26

28

29

31

33

34

36

38



LIST OF TABLES (Cont.)

 Page

: b Table XIVl. The'lnfluence of‘cllpplng heights and age on turf
quallty of spring seeded (May 1969) Kentucky bluegrass -
mlxtures (comblned for seedlng rates of companlon grasses) ‘o

 Table XV. The 1nfluence of companlon.grasses seeded w1th
Kentucky bluegrass in summer seedlngs (July 1969) and
i cllpplng helghts on turf quality eie o s s e o & 8 e e e o e

iTable XVI The average helght of the turf seedllngs three to
four weeks after spring, summer, ‘and fall seedlngs of .
companlon grasses w1th Kentucky bluegrass. """'v9_‘ « o

' Table XVII. Helght and weight of Kentucky bluegrass 4 to 5
: weeks after fall seedlng w1th varlous companlon grasses. ..

Table XVIII ‘Sod strength of one—year—old fall seeded (Sept
' 1968) Kentucky bluegrass-companion grass mixtures cllpped

tO a 2"'1nCh helght e e o o o o o . e 6 o o o o o BC ] e o o o

beable XIX, Sod ‘and root strengths of one—year—old fall seeded
- (Sept. 1968) Kentucky bluegrass-companion grass mixtures
‘ cllpped to 1— and 2—1nch heights v « ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o @

- Table XX, ‘Root strength of: one-year—old fall seeded (Sept.
1968) Kentucky bluegrass—companion grass mlxtures ‘clipped
tO a 2‘lnch helght . .' . vo e * o o o o o o o o '}o s o o o o o

Table XXI. Sod strength of one—year-old spring seeded (May
1969) Kentucky bluegrass-companion grass- mlxtures cllpped
toaz-nlnchhelght..'.v.._......,. .»ooooo‘opoo‘

~ Table XXII. Sod and root strengths of one—year-old sprlng seeded-

(May 1969) Kentucky bluegrass—companion grass m1xtures
, cllpped to l— and 2-inch heights Cee e "'\’*’ o e e e s

' ‘Table XXIII Root strength -of one—year—old sprlng seeded
‘ (May 1969) Kentucky bluegrass—companlon grass : mixtures

,Cllpped tO a 2—1nch helght e & o e e e s s e s & e e @ . ..'.;

I‘:Table XXIV The effects of ryegrass seed and seedling
~association on germination, root length and shoot :
length of Kentucky bluegrass R

Table XXV. The influence of ryegrass root systems on
Kentucky bluegrass topgrowth s e e e e e sie 0 s e e s &

39
4
“

w5

47

48

49

51
52

53

55



LIST OF FIGURES
Page

Figure 1. The relationship between air temperatures and time
of seeding several turfgrass mixtures in three seasons . . . 61

vi



INTRODUCTION

The necessity for rapid turf establishment, with excellent sub-
sequent turf quality in virtually every season of the year has created
a challenge to turfgraés managers and researchers. One way‘tp meet the
challenge is by sod production and installation, but this is not always
feasiable, especially with a limited budget.

Another approach to the problem of ﬁroviding rapid coverage and a
permanent high quality'turf is that of mixing a species with Kentucky
bluegrass that would quickly germinate, yet alléw a gradual, uniform
transition tovpure bluegrass. Such mixtures could eliminate erosion,
satisfy the people who judge turf by the rapidity that green graés
appears, and provide'high quality permanent turf,

For turfgrass spécies.to be compatible in a mixture they should be
able to.withsténdvclosé, continuous mowing while proﬁiding a dense,
uniforﬁ sod ofrhigh aesthetic value. Kentucky bluegrass provides an
excellent high quality, persistent turf, but it is slow to become
established. 'Howevef, gsome turf species such as the ryegrasses germi-
nate quickly and provide ground cover in a few weeks, but théy_may not
persist; therefore, they areanot generally recommended unless erosion
is a hazard. NK-100 and Pelo are persistent perenniai ryegrasses that
germinate rapidly, and they tend to allow bluegrass encroachment when
used in mixtures.with them. Creeping red fescue is widely used in mix-
tures in the cool regions of the United States because of its shade
tolerance and fine texture, but it does not germinate as rapidly as the
perennial ryegrasses. Redtop germinates quicker than bluegrass, and if

it makes up a substantial part of the mixture could increase the



initialvcbver"HOWever;:it isusometimes‘ijeCtienabie beeause:ef ttsfb
wide, ‘pale green leaves that show up ‘Wlth age. |

| With the above factors in mlnd an experiment was conducted to
determine the fol»low;ng pbjectu}esz Co |

(1) To evaluate the rabidity'ofjturf_deﬁe;epment when aggressdue‘

grasses were seeded With Kentueky biuegrass in>fall; snring; and summer
seedlngs‘ (2) to study the Shlft in botanlcal comp031t10n and turf
quallty w1th two mowing helghts' (3) to measure sod strength and rootlng:

ablllty of the various mlxtures, (4) to determlne 1f annual or perennlalk

ryegrass excrete. inhlbltory substances ‘that retard bluegrass germlnatlon v

and early growth;'and>(5)'to determine if bluegrassﬁyield is reduced
when roots of annual and perennial ryegrass are groWn"in*association

with_bluegrass_reots in a soil media.



LITERATURE REVIEW

Turf Mixtures

Turf monocultures are generally more attractive than a,mix;ure
of several species. However, turfgrass mixtures provide for wide
adaptation to soil and climaﬁic conditions (Blaser et al., 1956; Blaser,
1963), more tolerance to pests (Beard, 1965), quick sod establishﬁent'
(reduced erosion) and lower seed costs (DaVis, 1967).

Turfs made of mixtures seldom have uniform texture, and the faster
growing species tend to inhibit the slower growing, often the most
permanent grasses. Few species are equally compatible to giveﬁ maﬁage—v
~ments (Erdmann and Harrison, 1947; Musser, 1962; Davis, 1967).‘ |

Because of the severe competition that cértain grasses impose on
the permanent grasses, some researchers (Juska et al., l956)lquesti0n

the use of rapidly germinating species in mixtures.

Competition Among Species

Clements's definition of plant competition, as recorded by
anald (1963) states: "Competition never occurs betﬁeen two plants as
long as the nutrient materiél, the water content, the light, and'theb
temperature are in exéess of the needs of both. Wheﬁ,the immediate
supply of a single nécéssary factor falls below the combined demands of
the plants, the coﬁpetition begins." Competition in seedling communi;
ties is usually influenced by éize éf séed, rate»of germination, and

rate of development. Blaser et al. (1952) also stressed that seedling

competition was a strong factor in later botanical composition.



'v> GrasSes which become dominant‘invmixtures are generally charac-
'vterizedbby good édaﬁtétiqn to natural and iﬁposed environmentalrcondi—‘
tioﬁs,-excélléhé persistencé during étreSS‘periods;.and}a rhizomatous 
or stoloniferous growth habit (Schmidt and B1aser, 1969).

‘,FIn Ohio, a‘mixtﬁre of 60% creeping red fescue'and 40% Merioﬁ
bluegrass.was'ééseﬁtially all Merion within one year aftefva Septemﬁer
séedi#g](Davis,.l958). Aiso in Ohio,_an initial seeding of 907 téil

_feégue and 107 Kentucky bluegrass gradually shiffedvto blﬁegrass'wﬁéﬁ‘
wéil fe£ﬁi1ized (Miller,‘l967)./ It.ﬁas inferred that this bdtaﬂical
cémﬁ?Sition was altéreq by winter injury of feséué; In 1959,7Jﬁska
'aﬁd“ﬂanson‘found'that tﬁe best qﬁality_turfkwas‘pro&uced by miktures
!fo7SZ Merion biu§g:as$ and 257 ted fescue mowéafatf1-3/4 inches.
ﬁixtures with domestic rjegrass'inqluded had least désifable
’éppeéréﬁée, with the poorest mixture being thevcne ébntaining'902
Merionvb;ﬁegrass'aﬁd 10% ryégra58~(Juska ét.al., 1956).  Schmidt et
'fa;. (1967) reéprte& that 20%Z by wéight'of annual ryeérass in'avmixfure
.7inhibit§d,biuegra$s sod development and decréased ground_cover énd
g ¢oloru£elatiﬁe to bluegrass seéded"albne. Howé&er,'sz by weight of.
ifedﬁqp fesulted in betﬁer cover and color than bluegtéss'seeded alone.
Using drylmatﬁer as . a ¢ri£eria, Blaser et él. (1956)'and:Parks
:andkﬂenderlogg (1967) cléssified“annual and‘pérennial rYegrass as’the'v
ﬁost éggressi?e‘of the turf>g;aSSesv$tudiéd., Cfeepingired fescue wésr
considered néhaggréssive'byrﬁlaser et al.;(l956) and'és intermediaté
by Parks and Hen&erlong (19675; aﬁd both éropps conéidered'Kentucky

bluegrass and redtop nonaggreséive.



When sown alone in greenhouse (Erdmann and Harrison, 1947) and

in field experiments (Juska et al., 1956) annual ryegrass followed by
redtop were first to germinate, and they made the fastest growth.
Bluegrass growth was hindered whén sown in mixtures of both grasses.
Erdmann and Harriéon (1947) found that annual ryégrass inhibited
creeping red fescue and Kentucky’bluegraés more than redtop. Juska

et al. (1955) later showed that redtop was mﬁre competitive to Merion
ibluegrass than domestic ryegrass when seeded on equal weight basis.
Although éreeping red fescue hindered Kentucky bluegrass establishment
(Juska et al., 1956), the inhibition was less than that with perennial
ryegrass (Engel, 1961). Engei (1961) reported that Kentucky blue-
grass was a very poor competitor in the first 8-12 weeks of seedling
growth, and annual ryegrass was more cbmpetitive toward bluegrass

than perennial ryegrass, and redtop was less competitive than either
ryegrass. Kaerwer (1968) stated that NK-100 perenni:l ryegrass, in

a mature sod, was highl§ compatible with Kentucky bluegrass.

Mowing Management

It is agreed that most cool season grasses generally persist best
at 1-1/2 to 2-in. mowihg heights. However, lower clipping heights aré
used to evaluate grasses for specialized turf, such‘as golf fairways
(Juska et al., 1955; Davis, 1958; Younger, 1962; and Goss and Law,
1967). |

Botanical composition of mixtures can be altered by height of
mowing (Juska etbal., 1955 and 1956; Davis, 1958; Schmidt and Blaser,

1969). Low clipping, 1/2-1 in.,tends to aid creeping red fescue and



Kentucky bluegrass in their competitive relationship with more
aggressive grasses such as redtop and ryegrass (Juska et al., 1956).
Bluegrass and creepiné,red fescue were more resistant to invasion of
bentgrass under a 2-in. mowing height than at 3/4 in. (Davis, 1958);
also non-stoloniferous grasses were favored by 2-inch clipping height.

Engel et al. (1969), with a mixed Kentﬁcky bluegrass-bentgrass-
fed fescue turf at cutting heights from 3/4 to 3 in, found: (1)
bluegrass was most tolerant of severe intermittent defoliation and
red fescue was least tolerént; (2) Kentucky bluegrassbappeared more
competitive at intermediate cuttiﬁg Beights (1-1/2 to 2 in.); and (3)
speciesvbélance did not shift quickly with the varied mowing procedures.

MoWing alsq affects root development of several grasses as repor-
ted by Stapledonvand Milton (1930), Crider (1955), and Juska et al.
(1961) . The rate of root initiation aﬁd extension was draétically
vreduced by intensive mowing (Frazier and Daniel, 1960).

It was observed that root growth stopped féllowing removal of 46%
or more of the foliage from forage species (Crider, 1955). Sfapledon
and Milton (1930) found tillering and root inhibition of Dactylis

‘glomerata were directly associated with the severity of clipping. Turf
clipped at two incheé was more favorable for rhizome growth of Kentucky
bluegrass than at 1 iﬁ; (Juska and Hanson, 1961), and l-in. cutting was
more favorable than l/2_in._(Goss‘and Law, 1967). Lobenstein and
Daniel (19625 found that three selections of bluegrass clipped at 3/4-
in. produced 627 less rhizome growth and 52% fewer crowns than at 3-
in, clip?ingé but the"nuﬁber of tillers per crown were not altered

significantly by clipping height.



Cool season grasses cut at 1/2 in. were significantly lower in
wear resistance than those cut at 2 in. (Younger, 1962), but turf
quality scores were better for 2-in. clipping as compared to 1 in.

(Juska and Hanson, 1961).

- Seeding Seasong

Blaséf (1963) proposed that mixtures be altered for different
seeding seasons due to seasonal changes in microclimate, soil, and
biotic.factors. Davis (1967) emphasized that Kentucky bluegrass was
slower in germination and growth rate than ryégrass, redtop, or
creeping red fescue, especially in a spring Seeding.

Frazier and Daniel (1960) acknowledgéd that the best germination
of Merion bluegrass, red fescué, tall fescue, and bentgrass occurred at
the most favorable temperature for continued growth,vwhich would
presumably be.in spriﬁg and fall, The'optimum temperature for germina-
tion varies with species from 20-90°F (Koller et al., 1962). Species
showing marked depfeésion‘of germiﬁation by 1bw temperatureé (40~50°C)
would not appear to‘be suited fof'Very early spring sowings in the
field (Chippindale, 1949). | |

| The bptimum germinatidn of Pelo ryegrass and Park ahd Merion
bluegrasses occurfe&:at 75—65°F:day-night temperatures (Henderlong,
1970). -Sprague (1943) observed a reduétion of Kentucky bluegrass
germination at 70-85°F when compared to lower temﬁeratures. Com-
petitional effects are:greatly increased wheré species with differen-
tial temperature requirements are sown together (Chippindale, 1949).

Blaser et al. (1956) found that Italian ryegrass, perennial ryegrass



and red fescue were 2,2-2.4 times as vigorous when seeded iﬁ‘March as
in August, The growth rates of redtop and Kentucky bluegrass were 1.5
and 4,5 times as great in March as in August. Of the turf-type grasses
studied by Blaser et al. (1956), Kentucky bluegrass appeared to be
hindered most by August seeding and redtop least. These researchers
attributed thé differential response inlgrowth to the variable tem-
perature and moisture status during March aé compared to August. The
. low soil and atmospheric temperatures along with high soil moisture
during the spring season were more favorable for the cool season
grasses than the high temperatures and low moisture of the August
seedings.

Composition of mixtures containiﬁg bluegrass and ryegrass, six
weeks ‘after fall and spring seeding, revealed less bluegrass in the
spring seeding; and Keckley (1969) contended that it was an indication
of more competition from ryegrass duriﬁg spring season.

Morrish and Harrison (1948) reported that the April seedings
produced excellent coverage in Michigan, fegardless of mixture‘or
seeding rate, and that June seedings Were-péorest. Domestic ryegrass
produced the quickest cover of the June seedings; The August seedings
of bluegrasses and fescues produced a much better cover by September
than similar seedings ﬁade in June. Mixtures with domestic ryegrass
or redtop tended to dominate the more desirable species in the early
stage of growth, and establishment of turf cover was better when the
more permanent species were seeded alone,

After a four-year period, Park bluegrass provided bettef coverage

than Kentucky bluegrass, and Davis (1958) attributed the difference to



time of seeding. Park bluegrass was seeded in April and Kentucky blue-

grass was seeded in September.

Root and Tiller Development

| Tillering is of considerable importance to some grasses as a
means 6f lateral spreading and increasing their size (Soper and
- Mitchell, 1956; Musser, 1962; Daniel and Roberts, 1966; Hanson et al.,
1969),

In Rhode Island, (Stuckey, 1941) new tillers developed very
quickly after gseedlings became estabiished, especially on Kentucky
bluegrass and perennial ryegrass.

Langer (1963) stated that optimum temperatures fpr tillering
&iffered with genotype, and Mitchell (1956) recorded tillering to be
rapid at 55 aﬁd 64°F in perennial ryegrass and 64 and 73°F in short
rotation ryegrass. Henderlong (1970) declared that new tiller
initiation of several cool season grasses was generally greater at
rather high témperatures (90-80°F day-night), whereas total root
development was favored by a lower temperature (60-50°F).

Peterson and Lommis (1949) found that short days increased the
tillering rate of cool-season grasses; therefore maximum tillering of
most turf species would take place during early spring and late fall.
Jacques and Schwass (1956) discovered seasonal trends in tiller
numbers of italian ryegrass, perennial ryegrass, and tall fescue with
an appreciable reduction of tillers and roots of Italian ryegrass

during the summer.
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Excellent sod production depends on rhizome formation, and
rhizomes are of immense value for spreading into vacant areas. If
seedings could be made in seasons favorable for rhizome production,
dense sod couid be obtained more rapidly.

Brown (1939) observed that Kentucky bluegrass rhizome formation.
was encouraged by high temperatures, and Wakins (1940) acknowledged
that the maximum number of rhizomes were produced under normal day
length in late spring or summer, Hanson and Juska (1961) also
observed that Kentucky bluegrass produced very few rhizomes from
September to April, |

In general, root aevelopment is favored by‘cooi tempefatures,
high light intensity, and short to medium day lengths (Soper and Mitchell,
1956; Hanson and Juska, 1961; Henderlong, 1970). Stuckey (1941)
recorded maximum root growth at soil temperatures of 50-60°F and a
ceasation at 80°F. Beard and Daniel (1965) contended that root
growth rate of creefing bentgrass was no different at 60, 70, and 80°F,
but was reduced at 90°Fj however, the total amount of roots decreased
as temperature increased,

Several résearchers have.noticed a retardation in root growth
from June till October, with maximum root and tiller growth occurring
during spring (Stuckey, 1941; Juska and Hanson, 1961). However,
roots of Merioﬁ bluegrass, red fescue, tall fescue, and bentgrass were
generally more vigorous in fall than in spring (Frazier and Daniel,
1960) .

Stuckey (1941) classified root systems of Kentucky bluegrass as

perennial and redtop, meadow fescue, and perennial ryegrass as annual
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root systems.

Sod Development

The vigorous rhizome development of Kentucky bluegrass plus its
broad adaptation to cool, humid enviromments are principle reasons for
its wide use in the sod industry (Beard and Rieke, 1969). Without
rhizomes, Kentucky bluégrass sod is easily torn (Daniel and Roberts,
1966); therefore rhizome or stolon development is considered as a
criticai factor in both sod strength and rooting capabilities (Beard
and Rieke, 1969).

Rieke et al., (1968) developed a device to obtain an estimate of
the contribution of roots and rhizomes to sod strength. Sod strength
was recorded as the weight required to tear a sod piece at the inter-
face of a mobile and a stationary platform. Dunn and Engel (1970)
used a device that allowed them to determine rooting abiiity by
pulling a piece of sod hofizontally from the soil surface, and they
equated rooting ability t§ resistance to shear, King and Beard (1969)
constructed a block and tackle technique where the vertical pulling

force measured the root development of a recently sodded turf,

Nature of Natural Plant Inhibitors

There is a vast amount of literature on tﬁe subject of biologiéal
inhibitors, and several investigations have shown that the development
and activity of seeds and seedlings may be affected by the metabolism
of neighboring species (Loehwing, 1937; Bonner, 1950; Woods, 19605.,

Loehwing (1937), in a review on the effect of plént extracts and
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exudates on germination and growth, concluded that literature did not
providevevidence of soluble toxic substances in any normally aerated
soil, Bonner (1950), in a review of ﬁhe literature, suggested that.
evidence of sﬁbstances éffecting the growth of other plants did exist,
and that the association or non-association of different species as a
result of specific chemical compounds seqreted by them may, therefore,
be of common occurrence,

‘Ahlgren and Aamodt (1939) bresented data that indicated that
harmful roct interactions may occur between various species of pasture
grasses and legumes, including Kentucky bluegrass. Bonner and Galston
(1944) found‘that substances unfavorable for the growth of guayule_
plants emanate from the roots of actively growing plants of this
species.

Osvald (1949) reported that grass exudates (produced by three
weeks of growth) absorbed by filter paper had small effect on the
germination of rape seéd; but a very obvious effect on the development
of the seedling rape root. Perennial ryegrass extfacts caused very
abnormal root development of rape seedings. Fescue, growing in
association with rape plants in nutrient solution or distilled water,

; éignificantly reduced ﬁhe growth or rape leaves (Peters, 1968).
Also, when hélf the rape and fescue root systems were indebendently
supplied with nutrient solution and half of their root systems were
grownvtOgetﬁér in distilled water, fescue inhibited the growth of
rape roots in distilled water (Petérs, 1968), thus suggesting root

exudation and not competition for nutrients.



MATERIALS AND METHODS

Five companion grasses were seeded at three rates, with Kentucky

bluegrass (Poa pratensis L.) providing 15 mixtures and one check of

- 100% bluegrass. Grasses used were redtop (Agrostis alba L.), Pennlawn

creeping red fescue (Festuca rubra L.), domestic ryegrass (Lolium

multiflorum L,), and two improved turf-type perennial ryegrasses

(Lolium perenne L,), varieties Pelo and NK-~100. The Kentucky bluegrass

-component was made of a 50-50 mixture of Merion and Kenblue.
The seeding rate was calculated to give a population of 3600 pure.

2.

live seeds (PLS) of Kentucky bluegrass per square foot (1 ft.
Companion grasses were seeded at the rate of 5, 10, and 20 percent PLS
of bluegrass to make the mixtures (Table I).

One-tenth gram lots of seed were weighed and counted to determine
the number of seeds per pound. PLS was calculated from percent
germination and purity tests.

Mixtures were seeded on September 7, 1968 (fall seeding), May
13, 1969 (spring seeding), and July 16, 1969 (summer seeding).

A split-plot field design was utilized with cutting heights of
1 in, and 2 in., as the main piots and mixtures as sub-plots. All
mixtures and cutting heights were assigned at random within seeding
seasons with three replications.-

The experimental area was a Frederick silt loam, deep and well
drainéd soil with 3% slope, at the Virginia Polytechnic Institute

Turf Research Center, Blacksburg, Virginia. The area was tilled and

haﬁd raked to a uniform grade; debris and rocks larger than 1 in.

13
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Table I. Composition of seed mixtures expressed on a
weight basis.

Companion Percent Companion Grass (PLS):
Grass 5 10 20
Percent by Weight
None*
Redtop 1.7 3.4 6.5
C. R. Fescue 20.7 34.3 51.1
A. Ryegrass 37.8 54,9 70.9
Pelo 25.6 40,7 57.9
NK-~100 29.8 46.0 63.0

*Bluegrass alone.
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in diameter were removed. Results from soil test analysis indiﬁated
pH values of 6.1-6.7 with mgdium to high P and K levels.

Before each seeding,.two pounds of nitrogen per 1000 ft.2 from
13-3-9 fertilizer was raked into the top onebinch of the seed bed.
Sawdust, as a carrier, was blended with the mixtures to obtain
uniform seedings on 6 ft.x 7.5 ft. plots. The soil was lightly
rolled immediaﬁely after seeding and irrigated daily until the
seedlings were well established. After establishment, the grasses
were irrigated only when p1ants appeared to be moisture deficient,

One half the initiai fertilizer rate was applied to the fall -
seeding the following spring (1969), and all seedings received one-half
the initial fertilizer rate in October 1969,

The grasses were generally mowéd so that not more than one-half
of the leaf area was removed at any one time, except the first
clipping. Plots Were mowed on a five- to six-day schedule during the
growing éeason, and clippings were removed whenever top growth was
exces’si&eo All plots were initiélly mowed at thé‘two?in. height. The
lower mowing treatment (1 in.) Began on April 24, 1969, June 27,

1969, and September 4, 1969, for thevfall, spring, and summer seedingé,'

respectively,

Data Collection

Visual uweasurements, as commonly reported in the literature
(Davis, 1958; Juska and Hanson, 1959; Roberts, 1959; Blaser, 1963;
Miller, 1967) were used to determine turf quality and botanical

composition, Botanical composition of mixtures was established at
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six weeks and one year after seedihg. Plot coverage was determined
by estimatipg the percént ground cover several times during the season.

Appearance ratings, dépendent on uniformity in texture, color,
and ground cover, were estimated at the same time as covér.

Height ﬁeasurements of ten plants per plot were taken from each
mixture in each seeding before the first clipping as indices of vigor
of the various companion grasses. Also height and weight measuremeﬁts
of ten randomly selected bluegrass plants were taken from the fall

seeding to evaluate the influence of the companion grass competition.

Sod Strength and Rooting Ability

Rooting ability and sod strength of the various mixtures main-
tained at 2-in. cutting height were measured one year after the fall
and spring seedings. Three ft. x 1 ft. x 1.5 in. sod blocks from the
fall seeding wefe evaluated on August 23, 1969. One end of the sod
was clamped to a mobile platform and the other to a stationaiy plat-
form. Sand was added to a pail, which was attached to the mobile
platform with a cable, until the sod broke., The weight of the sand
and container‘required to break the sod was designated as sod strength.

After mixtures were tested for sod strength they were immediately
placed into 12 x 18 in. flats with 1/4 in, wire mesh bottoms, similar
to those reported by King and Beard (1969). The flats of sod were
placed on a well prepared seedbed that was fertilized with two 1bs.
N/100 ft,2 from 13-3-9, After a roofing period of six weeks, the
amount of energy required to remove the sod from the soil was deter-

mined in accordance with the procedure prepared by King and Beard (1969).
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Sod strength measurements for the spring seeding during May
1970 (sod‘one year of age) were conducted in a similar manner as for
fall seeding. The difference between tﬁe procédures was using a-
winéh to move the mobile platform. A spring-scale, placed between the
sod and the winch, determined the energy required to break the sod.
The sod was placed in the wire mesh flaté and permitted to grow for
four weeks before testing for rodting abilify. The principle of
determining rooting ability for spring seeding was aé for the fall
seeding, except that a spring—scale hung from the tripod between the
flat and a block ahd tackle, determined the maximum energy required to
lift the sod.

All values for rooting ability were corrected by subtracting the
‘weight of soil.which was attached to the root system.

Mixtures containing 57 companion grass at low clipping height
were tested for comparison with the high clipping.

All data were subjected to analysis of variance. Least significant

difference (LSD) served to ascertain differences between means.

Incubation Study

Seeds of Kentucky bluegrass and ryegrass were placed on blotter
paper atia ratio of 2:1, lf25:l, and 1:0 (Kentucky bluegrass:ryegrass)
using annual and perennial ryegrass (NK-100).

Treatments were replicated four times in a controlled growth
chamber in a randomized complete block design. Conditions in the
chamber were eight hours of light at 25°C and 16 hours of darkness

at 15°C, Distilled water was used for germination.
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On the l3th, 19th, and 21st days after first.watering, the per-
cent germination and root and shoot lengths were determined from five

randomly chosen bluegrass plants per blotter.

Root Interactions in Soil Media

Boxes were used to grow Kentucky bluegrass rooté in the presence
and absence of ryegrass (annual and NK-100 péfennial) root systems,

The root systems were képt separated by seéding each species (bluegrass
- and ryegrass) in a different plastic bag (placédbin a box 4 in. x 12 in.
X l8,in.)»containing the‘aame VOlume Sf soil with the same surface area.
“Where the root éyéﬁems were allowed to grow‘together, plastic bags were
not used, but there was a transparent surface divider through the middle
of the box-to_avoid seedvdrift and overlapping of top gréwth into
ppposité sides of box. :

A Frederick silt loam soil with a pH of 6.3 and high P and K
levels was placed in tﬁe containers and seeded with 180 (PLS) annual
and NK-100 ryegrass seeds and 3600 (PLS) Park bluegrass pér ft.z. A
check consisted of bluegrass-séeded on.the entire area of‘a container.

Top weights of Kentucky biuegrass were recorded (dry weight)
at weekly intervais for the sixth through the thirteenth week to

determine the effects from association of ryegrass root systems.



RESULTS

Botanical Composition

Fall Seeding

Generally; high (2 in.) clipping and heavyvrates of seeding the
companion grasses reduced the pefCentage of Kentucky bluegrass in the
turf population (Table\II); the percentage of 5luegrass being inversely
proportional to the percentage of the companion grass seeded. Low
(1 in.) clipping generally favored the bluegrass population, and the
competition from the companion grasses further decreased after one year.

The companion grasses constituted greater percentages of the sward
the sprihg foliowing establishment.eXCept forvmixtures containiné -
annual ryegrass and redtep; where the'Kentucky biuegrass percentages
were 576 and 9% lerger than the previous fall., Mixtures of creeping
red fescue conteiﬁed 307 less bluegrass'in the spring than fhe previous
fall: The two lowest rates of seeding the‘perennial ryegrass had 35%
fewer bluegrass plants‘in.the spring than in the fall, but at the .
highest eeeding rate there was 527 more bluegrass in the spring after a
fall seeding.

After one year at low clipping, the mixtures with 5, 10, and 20%
companion grasses, respectlvely, averaged 79, 77, and 71% bluegrass.
Under high cllpplng the bluegrass averaged 63, 57, and 53% of the turf
population. Bluegrass—annual ryegrass mixtufes, regardless of clipping
height or seeding fate; were all bluegrass after one year.

The_bluegrass‘population for all mixtures with red fescue

decreased 20%Z from that of the previous year (combined clip?ing heights).
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TablevIIQf The effects of fall seeded companion grasses w1th ‘two cllpplng helghts on the j
o percent Kentucky bluegrass at three dates. o ,

Companlon

Percent Companlon Grass (PLS)

Oct,

10

April Oct.
1969 1969 -

Oct.

. Grass

Redtop

C. R. Fescue
A, Ryegrass :

Pelo
.Nk-lOQ

.Redtop

C.. “ R, Fescueeb

A Ryegrass
. Pelo
'vNK-lOO

1969

90.0
'80.7
100.0

65.0

. 86.0 -

70.0

100.0

31.0

" “Percent Kentucky Bluegrass

o Cut to a

" Cut_to a l-inch height

86.7 87.3

65.0 77.3
'81.7  100.0
13.3 58,3

23,3 61.0

‘9-inch height.

91.7  86.7

73.3 - 62.3 i
78.3 ~ 100,0 -
13.3  18.3

21,7 16,0

1969

79.0

707
.100.0 .~

50.0 "

:56.0 'vﬂ

71.7
61.7

12.3
20.0.

»LSD ( 05) 8 5 appllcable to dlfferences between cutting helght means at the. same mixture and

date.

LSD (s 05) 12 7, appllcable to dlfferences between two mlxture ‘means at the same cuttlng height

: 't and date,

LSD- ( 05) 12.3, appllcable to dlfferences between two dates at the ‘same cuttlng height and

. mlxture.
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For all redtop;bluegrass mixtures, bluegfass averaged 797 in the fali;
of 1968 and remained about the same (83%) one year later,

In the fall of i968, the lowest perceﬁtagé of Kentucky bluegrass
(22%) occurred in the perennial ryegrass mixtures. After one year the
bluegrass percentage in these mixtures héd increased from 22% to 58% |
under low clipping, but there was no.significanf‘change (25% to 21%)

under high clipping.

Spring Seeding

Generally there was an inverse relationship between the Kentucky
bluegrass population and séeding_rate of companion grasses (Table III)
in #he spring seeding.

The percentage increase in'bluégrass from June thru October, 1969,
~was slightly largef for thé highesﬁ rate of seeding the companion
grassesy however, during October the mixtures df the lowest seedings
were an average of 1087 larger ﬁhan the mixtures with 207 companion
grass (Table III). After one ?ear there were no differences in blue-
grass populétions regardless of. the rate of seeding the companion
grass.,

There was a significant increase in bluegfass from June thru»
October, 1969 (Table IV), but under low clipbing a vast reduction
occurred in the bluegrass population during the winter of 1969-70,
while there was no change in composition at high clipping.

Although (Table IV) the population of bluegrass at low clipping
significantly increased by 33% from June until October 1969, percentage

of bluegrass at one year was only 137 larger than at six weeks.



Table III.

‘The effects of spring seeded (May 1969) companion grasses,
helghts,'on the percent Kentucky bluegrass at three dates.

with combined clipping

Percent Companlon Grass (PLS)

~ 20

1407

vcempanion i June  Oct. = May - June . Oig - May - June Oct. May
Grass 1969 . 1969 1970 1969 1969 " 1970 1969 1969 1970
H | Percent.KentuckaBluegfass L ¥ ‘

Redtop 91.8  85.0  73.7 84,2 80.7 715 75.0 8.7 62.8
C. R. Fescue ‘55.8 | 76,5 62.5 149f2 70.8 - 59,2 30.3”_ 62;5 fSé;Q
A. Ryegrass 3.3 79.2 1.2 25.0  40.8  64.2 20.3 38,3 56,7
VPeloe‘ 25.8  39.2  13.7 | 19.0  33.0  13.3 7.3 17:0 'ej11;7f
NK-100 2.7 51.0  20.8 32,8 18.5 6.0 13.5

S12,0

LSD (. 05) 13.2, applicable to dlfferences between two dates of estlmatlon for the same :

mlxture. }

'LSD (.05) 13.2, applicable-te differences between‘two'mixtures on the same date,

7z



23

Table IV. The influence of clipping héights on
the percent Kentucky bluegrass in
spring seeded (May 1969) mixtures.

Date of Observation
Clipping June . Oct, May
Heights 1969 1969 1970

Percent Kentucky Bluegrass

1in. 42.6 . 64b 47,5
2 in. 41.7 48.0 48,0
Means 42,2 56,2 ) 47.8

LSD (.05) 8.2, applicable to differences between
two cutting heights on the same date.

LSD (.05) 4.7, applicable to differences between
two dates at the same cutting height,

LSD (.05) 3.3 for separation of date means.
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Six weeks after seeding, companion grasses could be ranked
according to percéhtage of bluegrass in the mixtures as follows:
redtop (84%) > creeping red fescue (45%) > annual ryégrass (26%) ,
| Pelo (21%), and NK-100 (162). After one year the rank was: redtop
(69%) , creeping red fescue (58%), and annual ryegrass (64%) > Pelo

(13%), and NK-100 (17%).

Summer Seeding

Although there~was‘a decreasg in'bluegrass'composition with
_ingreasgd rates of seeding redtop or creeping red fescue éix weeks
“after suﬁﬁer seééingb(TableﬁV), there werelno>Significant differences
aﬁong ryegrass miifureé regardless.of seeding rate. The inverée
relationship between bluegrass and seeding ratéé of companion'grasses
was.étill evidenf-gfﬁer oﬁe‘jeaf; | | |

| Low clipping geﬁerally favored ﬁentucky bluggrass, averaging 127
more than fof.high ciippiﬁg (Tabié>VI);’ After six weeks, the average
Kentucky bluegrass population in mixtures Was as fqllows: creepiﬁé
red fescue (68%) > redtop (39%) > annual ffegrass (147%), Pelo (13%),
and NK-100 (15%). After §ne year the relationsﬁip was: redtop (752),‘
- creeping red fescue (65%), and annual ryegrass (69%) > Pelo (10%),'and |
NK-100 (10%). When averaging all mixtures for the summer seedings,
Kentucky blﬂegrass,iﬁcreased By 45% from six ﬁeeks to one_yéar after

seeding.

Botanical Composition Six Weeks After Seeding in Three Seeding,Seasons

Fall seeding averaged 16 and 43% more favorable for early develop-

ment (six weeks of age) of Kentucky bluegrass than spring and summer -



Table V. The effects of summer seeded (July 1969) companion grasses, with combined Cllpplng

heights, on the percent Kentucky bluegrass at three dates..

'Percent'Companion Grass,(PLS)

50

Companion ‘ Sept. Oct. 'Jﬁly Sepﬁ. Oct. July
___Grass 1969 1969 1970 1969 1969 1970
‘Percent Kentucky Bluegrass

Redtop . 51.7 48.3 83.0 » | 24,7 37.5“ e70;8
C. R. Fescue 87.8  86.3 70.8 - ;49.2 65.8  55.8
A. Ryegrass 14.5 .1s.d - 75.8 11.7 7.2 62.5
Pelo | 17.8  10.0  12.5 7.7 4.8 9.3
NK-100 o 115.5. 11.0° flo;s ' 10.2 5.8" 8.2

LSD (.05) 7.8, applicable to dlfferences between two dates at the same mixture.

LSD (. 05) 10 3, appllcable to. dlfferences between two mlxture means on the same date.

4
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" Table VI, The influence of clipping helghts:on‘fhe
- .percent Kentucky bluegrass in summer ,
(July 1969) seeded mixtures.

" Date of Observation

~ Clipping - Sept Oct. July

" Heights _ 1969 1969 1970 Means

Percent Keﬁfﬁcky Bluegrass =

24n. 33.5 31.6 46.0 37.5
Means 342 341 49.5

'LSD (.05), 2.3 for separation of clipping ﬁeahékf”
LSD (.05), 1.9 for.sepafatibn of date'meéns.

~LSD (.05), 2.8 appllcable to dlfferences between two dates“
at the same Cllpplng height. S _

LsD (. 05), 3 7 appllcable to dlfferences between two
' cllpplng helghts on the same date.
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seedings, respectively (Table VII). The fall and spring seedings of -
mixtures with redtop had over two-fold more bluegrass than the sumﬁer
rseeding.‘ The fall seeding of miktures contéining creeping red fescue had
547 moré'bluegrasé than spring and 29% more than summer seedings. The
fall seeding of mixtures with the perennial’ryegrasses had 43 and 67%
more Kentucky bluegrass than the spring énd summer seedings, respec—
tively; whereas spring’séeded mixtures with.annual ryegrass included

116 and 92% more Bluegrass than the fall and summer seedings respectively.

Botanical Composition One Year After Seeding.in Three Seeding Seasons

Fall seeded mixtureS‘a&eraged 43% more'Kéﬁfucky bluegrass after one
year than those Séededfin spring;-and 387 more than those seeded in the
summér (fable VILII). | o

Fall seeded ﬁiitﬁreé including redtop had 22% ﬁore bluegrass aftér :
~ one year than when spring seeded, but only 10% more than summer séedings;
Fall seeded mixtures with creeping red fescﬁe,’clipped at one and two
inches respectively, had 28 and 147 more bluegrass than spring seeded
: ones,. but oﬁly lZlaﬁd 4%~m§re than thé summer seeding, for the
respective»clippiﬁg h;ights (Table VIII).

After one year df_loﬁ ciipping, fall seedéd mixtﬁres with anﬂual
ryegrass contained 66% mbré.bluegrass than spring seeaed,‘and only 24%
more than the sumﬁer seeding. However, at high'clipping, the fall
seeding had 74% more bluegrass than when summer seeded and 50% more
than when spring seeded. |

When fall seeded mixtures with Pelo and'NK—100‘weré clipped low,

five-fold more bluegrass was observed than in summer seedings, and



Table VII. The effects of companion grasses on the percentage of Kentucky bluegrass six weeks‘

after seeding.

Companion 5 4.---.-;-z~1o R T RS

Grass: B - Fall SEring"Summer"' Fall fSprlng ‘Summeér - - Fall = Spring Summer

Redtop . 87.8  91.8  5L.7 ' sods 84.2 417 68.3  75.0  24.7

C. R. Fescue 93.3  55.8 87.8  88.3 49,2 67.5 82.7 30.3v'”?é9:2
A. Ryegrass 22,5 33.3  14.5 1.8 25.01 | ,'14,'5 ) 7."Q' 20’:_.'_31_ ‘11_".‘,7_':
Pelo 36,8 - 25.8 17.8 20,0 19.0  14.8 | 13;7» 4-;713f 7.7
NK-100 32,5 26.7 15,5 22,2 14.7 v"18.7,e . 15.8 5"6,0.;_;10.57

LSD (.05) 7. 9, appllcable to dlfferences between two mlxtures w1th1n the fall seedlng.
LSD'(.OS) 12, 2 appllcable to dlfferences between two mlxtures w1th1n the sPrlng seedlng.,

'LsD (.05) 9.2, appllcable to dlfferences hetween two mixtures w1th1n the summer seedlng.;

gz



Iable“VIII The influence of companion grasses and clipping helghts on. the percent Kentucky
' : bluegrass one year after seedlng 1n three seasons.

R , RS .1;Percent Companion Grass (PLS) :
“Companion 5 | ' 10 - 20
.-Grass .~ - Fall - Spring Summer Fall Spring Summer . Fall  Spring Summer

Percent KentuckXABluegrass

Cut to a 1—1nch helght

- Redtop . .90.0 78.3 84,3 87.3‘ 74,7 - 75,0 -~ 79.0  58.2 73.3
C. R. Fescue .80.7 61.7  75.0 - 77,3 61.7 71,7 . . 70.7 55,0 58.3
A. Ryegrass .+ 100.0 65.0 . 90.0 . - 100.0 61.7 - 81,70 . 100.0°  55.0  71.7

© Pelo S 65,00 - 12.3  14.0 58,3 13,3 10,0 = 50,0 - 11,7  10.0

NK-100 60.0 22,7 - 12.3 61.0 16.0  12.3 56,0 - 13.3 8.7
Cut to'a 2-inch height A

Redtop - 86,0 69.0  8l.,7 86,7 68,3 70,0 . 71.7 . 67.3  .68.3

C. R. Fescue. 70,0  63.3. .66.7. . 62,3 . 56,7 66,7 . 61,7 51,0 = 53,3

A Ryegrass - .100.0 77,3 6L,7 ~  100,0. 66.7 58,3 . 100,0  58.3  53.3

. Pelo- . 310 15.0 - 11.0  ~ -18.3  13.3 8.0 12,3 11,7 8.7

NK-100 . - 27,7 .19.0 9.3 '16.0 21:0]~1_11 7 . 20,00 10.7 7.7

~ LSD ( 05) 3 3 appllcable to dlfferences between two cuttlng means at the same mlxture and in
: the same season. h;‘v-.v . :

LSD (. 05) 14, l appllcable to dlfferences between two m1xture means at the same cuttlng height
and 1n ‘the Same season, : ' SRS :

LSD ( 05) 13 3, appllcable to differences between two season ' means at the same cuttlng helght
and the same mlxture.“> : .

- 6C
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_ three~ to four-fold more than when spring seeded (Table VIII).
Under high clipping, fall seeded mixtures with perennial rye-
grass had 1137 more bluegrass than when summer seeded, but only 43%

more than when spring seeded.

Plot Coverage

Fall Seeding

Six weeks after the September (1968) seeding, plot coverage
tended to improve as seeding rates of redtop or the peremnnial rye-
grésses ihcreased, but the reversé was true'of‘mixtures with creeping
red‘fescue and anﬁual ryegrass (Table IXj. The 207 ratebof seeding.
éompanion grasses witﬁ bluegrass had 34% lesé‘caver during February;
while the 5 and 10% rates of seediﬁg had 22 and 28% less cover,
respectively., | | ‘ |

After the winter of 1968—69; éoverage was ggnerally»inversely
proportional to the rate of seeding NK—lOO, Peio, and anﬁual fyegrass,
while the coverage of the Kentucky bluegrass blend and mixtures with
redtop and creeping red'feécue remained about the same after April,
regardless of amount seeded (Table IX). Pérceng grouﬁd cover six
weeks after seeding was significantly lower thén at any other time,
except duriﬁg February (1969). There were éignificant increases in .
ground cover ‘from February to October 1969. Six weeks after seeding,
mixtures coﬁﬁaining redtop, Pelo, and NK-=100 averagedkabout 7% more
cover than pure bluegrass or mixtures with red fescue, or annual ryegrass.

Mixtures with annual ryegrass caused the largesf‘average loss of

stand (43% reduction) thru the winter, and creeping red fescue the
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Table IX. ‘The influence of compahion grasses seeded with Kentucky
bluegrass in fall (Sept. 1968) seedings on ground cover
(combined for two clipping heights).

- Dates of Observation .

Companion 1968 1969
Grass _Ogt.  Feb. Apr, May June Aug. Sept.  Oct.
Percent ground cover |
‘ 5 percent companion grass (PLS)
None® 72,5 60.0 89.7  88.7 88.3 93.2 94.3 95.5
Redtop 75.5 61.7 89.5 87.2 88.2 92,5 93.2 95.3
C. R. Fescue 75.7 65.0 90.7 88.7  87.8 91.8 92.5 95.2
A. Ryegrass 75.8 50.0 71.7 75.8 74.7 85.0 90.3 91.2
Pelo 77.3. 63.3 87.0 88.0 89.2  87.2 90.5 92.2
NK-100 78,8 60,0 86.5 88.5 88.0 87.8 91.5 93.5
10 percent companion grass (PLS)
None#
Redtop 80.0 63.3 88.2 88.7 88.2 91.8 94.2 94.8
C. R. Fescue 74.7 60.0 89.7 89.7 88.5 90.8 93.0 95.3°
A. Ryegrass 74.7 41,7 64.2 69.2 68.3 83.8 88.5 91.7
Pelo 80.5 61,7 86.2 87.8 86.7 82,8 87.2 93.2
NK-100 82.8 58,3 83.7 83,5 85.5 84,5 91.2 92.5
20 percent companion grass (PLS)
None*
Redtop 84,7 61.7 89.0 90.2 88.7 91.2 93.5 96.3
C. R. Fescue 72.5 61,7 91.3 90.2 90.0 90.7 93.2 95.7
A, Ryegrass 70.5 28.3 33.3 48.3 45,8 71.3 85.2 89.7
Pelo 84,5 56.7. 79.7 83.0 85.7 82.3 88.3 92.7
NK-100 80.2 53.3 74,2 81,7 80.0 83.8 87.3  89.7

LSD (.05) 5.1, applicable to differences between
same mixture,

LSD (.05) 5.5, applicable to differences between

same date,

*Bluegrass alone.

two dates for the

two mixtures on the
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least (16%Z). After one year, all mixtures provided the same amount of
cover as the Kéntucky bluegrass blend, with the exception of the high
seedings of annual and NK-100 ryegrass, both of which were significantly

‘poorer (Table IX).

Spring Seeding

Four weeks after seeding, ground coverage was directly propor-
tionai to the rates of seeding all companion grasses (Table X).
The direct relationéhip continued throughout the season for mixtures
with redtop, but coverage by the mixtﬁres céntaining:ryegrass was
vgenerélly inversely related to seeding raﬁe after the fourth week
(June 12); vBetween’June and September (L969), coverage by mixtures
containing creeping red fescue was beét provided by the 20, 5, and 10%
rates of seeding, in that order. At four weeks, the most rapid ground
‘coverage.was provided by the mi#tures in the following ofder: annual
ryegfass (84%) > NK-iOO (68%), and Pelo (63%) > redﬁop (41%) > Kentucky
bluegrass (32%), and creepiﬁg red fescuel(BQ%) (Table X).

Pure Kéntucky bluegrass provided as much ground coﬁer ﬁhree months

after seeding (August) and thereafter as any mixture.

Summer Seeding

| Plot coveragé, at the low c¢lipping heigh£; increased directly
wifh seéding.tates'Of redtop and.creeping red féséue, but was generally
not affected by seeding rates of the ryegrasses'(fable XI). At high
clipping.the percent éover was not affected by rates of seeding the
compaﬁion grasses,

Under low clipping, the mixtures containing any of the ryegrass
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Table X. The influence of companion grasses seeded with Kentucky
bluegrass in spring (May 1969) seedings on ground cover

(combined for two clipping heights).

Dates'of Observation -

NK-100

1969 - S
Companion June June  July Aug. Aug. Sept. Oct,
Grass 12 24 13 2 30 27 18
v Percent ground cover
5 percent comwmanion grass (PLS)
None#* 32.3 49.5 69.8 85.8 86.7 86.5 86.8
Redtop 38.3 52.5 63.8 - 80.5 85.3 84.8 85.7
C. R. Fescue 26,2 46.7 63.3 . 78.7 83.2 83.5 82,3
A, Ryegrass 74.5 79.0 51,5 70.3 75.0 80.8 81.7
Pelo 45,8 74.8 74.3 84.3 83.0 85.0  84.5
NK-100 58,2 8L.8 . 75,2 83.3 81.0 82.5 84.5
'lo.pefcént companion grass (PLS)
None¥* — - ‘
Redtop . 37.0 48.3 64.8 82.2 83.5 83.3 85.0
C. R. Fescue 27.5 42,5 52.2 71.3 81.2 83.0 82.3
A, Ryegrass 84.5 64.3 28.0 48,8 '59.5  76.5 80.7
Pelo 63.2 82.8 75.0 80.0 75.2 83.7 = 84.3
NK-100 68.0 83.2 68.8 78.5 76.0  81.2 80.3
20 percent companion grass (PLS)
None® ——— e - -

. Redtop 46.7 73.3 76.7 87.7 88.5 87.0 86.3
C. R. Fescue 35.0 58.3 72.3 84.8 87.8 86.5 85.8
A. Ryegrass 91.7 61.2 8.7 28.3 44,7 66.2 72.5
Pelo ' 79.7 86.5 67.5 66.5 63.5 75.3 81.2

79.2 79,2 50.8 56.0 60.2 ~ 77.7 - 82.0

LSD (.05) 8.9, appllcable to differences between two mixtures on the

same date.

LSD (. 05) 10 6, appllcable to differences between two dates within
‘ the same mixture,

*Bluegrass alone.



Table XI. The influence of companion grasses seeded with Kentucky bluegrass in summer (July 1969)
seedings and clipping heights on ground cover.

Percent Companion Grass (PLS)

10. 20
" 'Date of Observation =~~~ ] o
1969 199 1569
Companion Aug. Sept. Sept. Oct. ‘Aug., Sept. Sept. Oct. Aug. Sept. Sept. Oct.
Grass 24 7 27 18 24 7 27 18 24 7 27 18
Percent ground cover ' '

Clipped to a l-inch height
None* 48.3 57.7 . 66.7  72.0 ,
Redtop 59.7 63,3 83.0 83.0 83.3 - 74,3 85.7 84.3 80.0 76.3 84,7 87.7
C. R. Fescue  55.0 60.7 78.7 73.7 61.0 63.3 76.0 79.0 62,7 71.7 . 77.3 78.0
A, Ryegrass 83.7 60.0 78.0 83.3 77.0 49.0 73.3 85.0 ~ 78.3 52.7 80.0 83.7
Pelo 80.0 65.3 78.0 83.0 83.3 63.3 80.0 85.0 84,7 61.0 70.3 86.3
NK-100 83.3 63.3 73.3 84,7 82.7 63.3 76.0  83.7 83.0 57.7 70.0 85.3

‘Clipped to a 2-inch height
None# 77.0 85.0 - 82,7 85.0 :
Redtop 85.3 86.0 89.0. 89.7 83.0 84.7 90.0 89.7 86.3 84,7 89.3  89.3.
C. R. Fescue 80.7 84,7 87.3 89.3 76,7 81,0 85,3 86.3 81.0 83,7 87.3 88.3
A. Ryegrass 84.0 65.0 88.0 81.3 81.3 70.7 86.0 -86.0 75.0 69.3 84.3 ° 86.0
Pelo 73.7 74.7 88.0 89,0 80.7 73.3 86,0 88.0 78.0 74,7 85.3 88.7
NK-100 8l.7 80.0 87.7 88.3 83.3° 77.3 86.3  88.3 82.0 70.7 84.0 87.0

LSD (.05) 9.3, applicable to differences between two date means at the same cutting and mixture,

LSD (.05) 13.2, applicable to differences between two mixture means at the same cutting and date.

LSD (.05) 15.1, applicable to differences between two cutting means at the same mixture and date.

*Bluegrass alone,

we
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sufferéd a significant ioss of stand between the fifth and eighth
weeks whereas‘under high clipping there was only a slight reduction
in cover. It appears that plot coverage was generally favored by
high clipping. |

Generally, ground coverage at four weeks was better with mixtures
than with bluegrass alone. All mixtures.provided slightly more
coverage thaﬁ pure bluegrass at low clipping.(Table XI).  When
clipped high,pure bluegrass provided about as much coﬁer as any mixture

during the season.

Turf Quality

Fall Seeding

Collectively, the quality of turf significantly decreaéed with an
increase in percentage of ryegrass in the mixturgs, but quality of
mixtures containing creeping red fescue was not geperally affected by
rate of seéding (Table XII).

There was a general increase in the quality of the fall seeded
turf as time progressed. However, the increase in quality of pure
bluegrass turf or mixﬁures with redtop and creeping red fescpe was
not significant.

The qualtiy of Pelo mixtures was usually slightly superior to
those of NK-100, especially at highest seedingvrates. bTurf quality
of all other mixtures was significantly better than for those mixtures
containing annual ryégrass.

Companion grésses did not appear to significantly improve the

turf quality over pure bluegrass at any time; in fact, pure bluegrass



Table XII.

Tne influence of companion grasses seeded with Kentucky bluegrass in

(Sept. 1968), combined for two clipping heights, on turf quality.*

fall seedings

Percent Companlon Grass (PLS)

5 v ‘10 o 20
Com- Date of Observation
panion v 1969 R 1969 i 1969 :
Grass Feb. May June Aug. Sept, Oct. Feb., May June Aug. Sept,'Oct,"Febw May  ‘June Aug Sept, Oct.
- Turf quality
None 5.7 5.7 6.9 7.3 6.9 7.9 === —mm s mem o mme mmm e e e e e
Redtop 5.8 5.8 6.8 7.3 7.2 8.1 5.8 6.0 6.5 7.6 7.2 8.0 - 5.2 6.0 6.9 7.4 ’7.i 8.1
C. R. , . ‘
* Fescue 5.5 5.8 6.8 6.8 6.8 8.3 5.5 5.8 6.7 7.1 6.6 8.1 5.0 5.7 6.7 6.9 6.7 8.0
- A, Rye- v : A .
grass 2.7 2.8 2.8 6.3 6.0 7.4 2.3 2,8 2,2 5,9 5.1 6.8 1.7 1.7 1.5 4.1 3.8 5.8
- Pelo 3.8 6.5 6.5 6.1 6.0 6.9 3.8 6.5 6.3 5.3 5.7 7.1 3.2 6.2 6.0 5.0 5.8 6.9
NK~-100 3.7 6.3 6.0 6.0 6.0 6.7 3.2 5.8 5.4 5.6 6.0 6'9, 2.8 5.8 5,1 5,1 5.3 6.3
LSD (.05) 0.8, applicable to differences between two date means at the same mixture.
LSD (.05) 0.8, appliCable to differences between two mixture means on the same date,

*Turf quality includes the combined effects of color, unlformlty in texture, ground cover, disease,
- and mowability,

TBluegrass alone.,

Ratings were 1 to 10, 10 being the best.

,99
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turf was significantly superior to all ryegrass mixtures at all times,fi'

except May and June 1969 (Table XII).

Spring Seeding

Six weeks (June 24) after the May 1969 seeding, turfgrass quality
was generally in&ersely related to the seeding rate of the ryegrasses,
while the highest seeding rate of redtop and creeping red fescue
tended to provide better quality than the lowest (Table XIII).

‘The highest seeding of redtop or creeping redvfescﬁe tended to
improve quality over pure bluegrass, while the lower two rates did not.
Also, the mixtures composed of perennial ryegrass provided a slightly
better quality than the bluegrass blend at six weeké, but all mixtures
witﬁ annuél ryegrass were inferior to all othef‘mixtures and pure blue-~
grass, Thelélipping heights had similar effects on turf quality of
mixtures during most of.the season, but. at the beginning of the fall
seaéon (Table XIV), the high clipping tended to give a slightly bettgr
quality for all mixtures.

By August 1969, the quality of mixﬁures containing redtop or
creeping red fgscue were about the same as for the Kéntucky bluegrass
bleﬁd. Quality’ofiall mixturés, including the standard bluegrass
turf, tended to deteriorate after Auguét (Table XIII).

In October 1969, the turf quality of pure bluegrass and mixtures
including redtop or créeping red fescue‘were similar (Table XIII).

The turf quality of mixtures containing perennial ryegrass was
significantly inferior to bluegrass, but definitely superior to mix-

tures with annual ryegrass.



Table XIII. The influence of companion grasses seeded with Kentucky bluegrass in spring see&ings
- (May 1969), combined for two clipping heights, on turf quality.* : ’

Percent Companion Grass (PLS)

5 - 10 , » 20
o , - Date of Observation’ B
Com- , 1969 o 01969 oo 1969
_panion June July Aug. Aug. Sept Oct June July Aug. Aug. Sept, Oct ~-June July Aug. Aug. Sept.Oct.

Grasses 24 13 2 30 27 18 24 13 2 30 27 18 24 13 2 30 27 18

, ‘ e _ R _.Turf quéligz R
NoneT =~ 3.9 5.5 6.5 5.9 5.2 5.3 @ === mem mmm mmm mmmmemmee e eem em e e

‘Redtop 3.8 4.3 6.2 6.1 5.5 5.2 3.3 4.3 5.9 5.6 5.3 4.7 4.8 5.0 6.6 6.2 5.7 5.0

. ¢. R

 Fescue 3.4 5.0 6.6 5.8 5.1 5.1 2.4 3.8 5.6 5.6 5.3 5.3 4.3 5.7 6.9 6.3 5.6 5.0
grass 2.6 1.5 2.9 3.4 2,3 1,4 2,3 1.2 1,5 2,1 1.6 1.3 1,8 1,0 1.0 1.0 1.7 1.0
Pelo 4.0 4.0 5.6 4.7 4.9 4.0 4.6 3.0 3.9 4.2 4.3 3.8 5.8 2.2 2.7 3.3 3.8 3.8

NK-100 4.7 3.3 4.3 4.6 3.9 3.5 5.0 1.8 3.8 4.3 3.7 3.3 4.2 1.2 1.7 2.5 3.7 3.4

LsD (.05) 1.0, applicable to differences between two-&ates-for~deteimination»of'quality‘atjthe same
mixture, » : , N E _ ,
LSD ( 05) 1.2, appllcable to dlfferences between two mlxtures on the same date of determlnatlon.

*Turf quality includes the combined effects of color unlformlty in texture, ground cover, dlsease
-and mowablllty. Ratings were 1 to 10, 10 belng the best.

+Bluegrass alone

- 8¢
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Table XIV. The influence of clipping heights and age on turf
quality® of spring seeded (May 1969) Kentucky blue-
grass mixtures (combined for seeding rates of
companion grasses).

Date of Clipping heights

Observation 3 1 in. 2 in.

Turf quality

June 24, 1969 o 4,1 3.5
July 13, 1969 3 | 3.2
August 2, 1969 ' | 4,5 | 4,5
August 30, 1969 | 4.2 4.7
Sept. 27, 1969 - | 3.9 4.5
October 18, 1969 3.4 | 43

" LSp (.05) 0.4, applicable to differences between two dates at
the same cutting height,

LSD (.05) 1.1, applicable to differences between two cutting
heights at the same date.

*Turf quality includes the combined effects of color, uniformity
in texture, ground cover, disease, and mowability. Ratings
were 1 to 10, 10 being the best,
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Summer Seeding

Tuff quality as related to seeding rates of companion graeees was
quite variabie, but the best turfeafter seven weeks (Sept. 7) was that
which contained 5% companion.grass (Table XV), with the exception of
annual ryegrass. After thlrteen weeks (Oct. 18), the best turf quallty
generally occurred with the higher rates of seeding the companion
grasses, |

Seven and tﬁirteen weeks after seeding, turf qualityeof mixtures
containing redtop or cfeeping red fescue,and.the Kentucky bluegrass
blend was better at high elipping theﬁ at 15w; Mixtures_including
- perennial ryegrass had significantly better turf atftwe-inch c;ipping
at seven weeks, but after thirteen‘weeks the low clipping tended"to'have
promoted the best turf.;t | | |

The qqality of all bluegrass—ryegress mixtures;lespecielly those
containing annual‘ryegrase; was signifieantly inferior tevany others at
both clipping heights.

‘After thirteen weeks, mixtures containing 10 ahd‘ZOZ creeping red
fescue or redtop had better quality than pure blﬁegraés clipped at one
inch, At high clipping, the quality of mixtures with redtop was similar
to pure bluegrass, but mixtures containing creeping red fescue were
superior to either. |

Low clipping, relative to high, seemed to be more harmful to
quality of purevbluegrass, mixtures centaining redtop, or creeping

red fescue than to the ryegrass mixtures,
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Table XV, The influence of companion grasses seeded with Kentucky blue-
grass in summer seedings (July 1969) and cllpplng helghts on
turf quality.*

Percent Companion Grass (PLS)

5 ‘10 : 20
Dates of Observation ~
1964 o 1969 o o 1969
Companion Sept. Sept. Oct., Sept. Sept., Oct., =~ Sept., Sept. Oct.
Grass 7 27 18 7 27 18 7 27 18

Turf Quality

Clipped to a l-inch height '
Nonet 3.7 '
Redtop 4,2
C. R. Fescue 3.8
A, Ryegrass 2,2
Pelo 2.3
NK-100 1.7

None® 6
Redtop 5
C. R. Fescue 6
A. Ryegrass 2.
Pelo 3
NK-100 4

LSD (.05) 1.0, applicable to differences between two dates at the same
cutting height and mixture.

LSD (.05) 0.9, applicable to differences between two mixtures at the same
cutting and on the same date,

LSD (.05) 1.1, applicable to differences between two cuttings for the
same mixture and on the same date.

*Turf quality includes the combined effects of color, uniformity in
texture, ground cover, disease, and mowability. Ratings were 1 to 10,

10 being the best.

+Bluegrass alone.



42

Seedling Stage Relationships

Vigor of the turf planfs as measured By height (Table XVI)
indicated that annual ryegrass was the most vigorous in all three
seeding seasons, followed by NK-100 and Pélo. Vigor of cfeeping red
fescue and redtop was similar to bluegrass. The ryegrasses seemed to
be more vigorous relative to bluegrass in the fall and summer seedings
than in the spring seeding. As the rate of seeding the ryegrasses
increased, so did the height of plants.

Results of 4- to 5-week-old Kentucky bluegrass seedlings from the
fall seeded mixtures revealed that bluégrass'plants were significantly
lighter when grown in mixtures with annual and perennial ryegrass -
(Table XVII). The bluegrass in mixtures of annual ryegrass was etiolated,
but only the high rates of seeding NK~100 and Pelo tend:=d to cause stem
elongation,

The height ana Weight of bluegrass in mixtures with redtop or

. creeping red fescue were not significantly affected.

Sod Studies

Kentucky bluegraés sod (one year of age) maintained at two-inch
clipping height was over two—fold stroﬁger.than the best sod containing
the perennial ryegrasses, but only 12 and 237% stronger, respectively,
than sod con;aining creeping red fescue or redtop (Table XVIII). The
trend was toward weaker sod with increased percentage of ryegrass in
the mixture. Sod strength appeared to incréase with increased compo-

sition of creeping red fescue but varied with redtop composition.



Table XVI. The average height of the turf seedlings three to four weeks after spring, summer,

Percent Companion Grass (PLS)

Companion 5 10 : ' 20
Grass - Fall Spring - Summer Fall Spring Summer ~Fall Spring Summer
Heigbt (incﬁes)

None* 1.1 0.9 1.0 —— —— —-— — — —
Redtop 1.6 0.9 1.0 1.7 0.9 1.2 1.7 1.1 1.5
C. R. Fescue 1.5 0.7 0.9 1.4 0.9 0.9 1.4 1.0~ 1.0
A. Ryegrass 5.2 2.8 4. 6.6 3.5 5.2 8.5 4.8 6.5
Pelo 2.9 1.6 2.4 3.1 1.9 3.5 4,0 2.3 3.6
NK-100 3.5 1.9 3.8 2.2 3.7 4.9 2.9

3.0

4,0

LSD (.05) 2.1, applicable to differences between two mixtures in the fall season.

- LSD (.05) 2.0, applicable to differences between two mixtures in the spring season,

LSD (.05) 2.4, applicable to differences between two mixtures in the summer. season. .

*Bluegrass alomne.

€y
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Table XVII., Height and weight of Kentucky bluegrass 4 to 5
weeks after fall seeding with various companion

grasses.,
Companion ' Percent Compaﬁion'Graés (PLS)

Grass 5 10 20 510 20

weight (mg) Height. (cm)
None#® 62.4 | 2,5‘ _— ——
Redtop 78.6  67.1  65.5 2.5 2.5 2.3
C. R. Fescue 58.6  56.0  66.9 2.8 2.5 2.1
A. Ryegrass 17.5 12,6 8.2 3.0 3.7 4l
Pelo 23.4  20.1  17.8 2.5 2.4 2.8
NK~100 23.5 205 14.2 2.6 2.7 2.8

LSD (.05) 11.9 mg 0.6 cm -

*Bluegrass alone.



45

Table XVIII. Sod strength* of one-year-old fall

seeded (Sept. 1968) Kentucky bluegrass-
companion grass mixtures clipped to a

2-inch height.

LSD (.05) 8.7

Companion Percent Companion Grass (PLS)
Grass 5 10 - 20
Sod strengthl_lbs.*.
~ Nonet 41,7 —— -
Redtop 34.0 28.3 '32.3 '
C. R, Feécue 23.0 35.0 37.0
A. Ryegrass 21.3 13.5 5.7
Pelo 18.2 12.8 11.7
NK-100 18.3 17.0

10.7

*Pounds required to break a strip of sod one foot wide

and 1,5 inches thick.

*Bluegrass alone,



46

Low clipping did not sighificantly_affect sod strength of the
mixtures seeded witﬁ 5% companion grass (Table XIX), although high
clipping tended to be best. Sod étrength of pure‘bluegrass was
reduced by 96% due to low clipping, whereas mixes of redtoé and creeping
fescue were weakened by apprpximately 21%. The sod strength of mix-
tures with Pelo and NK-100 was 53 and 187% less, respectively, at 10Q
than at high clipping.

Although the rooting strength of sod clipped at two inches did
not differ significantly afterva knitting periéd of six weéks, the
mixtures tended td have:mére rooting strength than tﬁe bluegrass blend.
The mixtures with perennial ryegrass héd 28% more réoting\strength
than the pure bluegrass sod,vwhile‘mixtures contéining redtbp, annUal
ryegrass;..and cxeeping'?ed féscuevwere 12, 11, and 5%vstroﬁger;:‘
respectively, than pure”bluegtass fTéble'XX), |

Root strength of mixtures with 5% companionvgrasses‘was not
significantly affectedvby clifping heights, although'tﬁpf clifped at
two inches averaged 137% stronger than that clippéd to one inch (Table

XIX).

Spring

Although none of the spring seeded mixtures improved sod strength
over pure Kentucky bluegraés (Table XXI) when clipped at two iﬁches,
the average of the companion grasses (excluding.annuélvryegrass)
increased sod strength by approximately 6%. However, the mixtures
containing 5 and 207 annual ryegrass formed an average deZlZ and ZSZ

respectively, weaker sod than pure bluegrass.



Tabie XIX.
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Sod* and root! strengthé of one-yeat—old fall seeded

(Sept. 1968) Kentucky bluegrass—companion grass mixtures
clipped to 1- and 2-inch helghts.
Companign . _ Cl_pp;ng He;ghts"“'ti. ~~~~~ o
Grass 1 in, 2 in. Mean 1l'in. "2 in. Mean
Sod strength, lhs,® ‘RodtJStréngtﬁ;}lﬁé.+
None’ 21,2 41.7 3.4 157 173 165
Redtop 27.8 34,0  30.9 145 194 170
C. R, Fescue 30.7  37.0  33.8 161 183 ) 172
" A. Ryegrass 10.7 21,3 20.5 190 199 194
Pelo 12,0  18.3  15.1 193 '213 203
NK~100 15.5  18.3  16.9 185 210 197
2.1 28.4 172 195
LSD (.05) N.S.. 9.2 N.S. N.S.

*Pounds required to break a sod one foot wide and 1,5 inches thick.

TPounds required to lift a flat of sod (198 in ) after a 6-week

rooting perlod

FThe companion grasses were seeded at 5% (PLS) rate, except

creeping red fescue, which was 20%.

§Bluegrass alone.
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Table XX. Root strength*.of.one—year—old fall seeded
(Sept. 1968) Kentucky bluegrass—companion
grass mixtures clipped to a 2-inch height,

Companion Percent Companion Grass (PLS)
Grass - ) 10 20

Root 8trength, lbs.*

None™ R T T —— o B
Redtop | 193.9 194,5 - 193.7
C. R. Fescue 177.4 183,2 182.9
A. Ryegrass - 198.7 173fl 205.9
Pelo 213.0 244,9 218.0
NK-100 209.8 215.9 234.7

LsD (.05) N.s.

*Pounds reduired to 1ift a flat of sod (198 inz) after
a 6-week rooting period.

+Bluegrass alone.
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Table XXI. Sod strength* of one-year-old spring seeded
(May 1969) Kentucky bluegrass-companion
grass mixtures clipped to a 2-inch height.

Companion v Percent Companion Grass (PLS)
Grass , 5 10 20

Sod strength, 1lbs. %

None* 61.0 C e ——
Redtop 68.3 64.0 64.0
C. R. Fescue | 61.7 74,0 64.3
A. Ryegrass ‘ 50.3 . | 40.7 48.7
Pelo 61.7 71.0 66.0
NK~100 | 65.7 63.0 53.0
LSD (.05) 15.1 | B

*Pounds required to break a sod one foot wide and 1.5
inches thick.

+Bluegrass alone,
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Although clipping did not significantly affect sod étrengtththﬁeﬁé‘ﬁc
spring seeded mixtures containing pure bluegrass or 5% éompanion grasses
(Table XXII), the high clipped turf was 277 stronger than that of a low
clipped. Low clipping appeared to affect mixtures with creeping red
féscue leést and thosé with annual ryegrass and NK-lQO most.

When averaged for all mixtures, the addition of redtop or éreeping
red fescue did not increase the root strength»over pure bluegrass in
the épring seeding} whereaé annual, Pelo, anvaKmlOO ryegrasées incréased
the root strength by 30, 40, and 12%, respectively (Table XXIII).

The only mixtures that significantly increased root strength over pure
bluegrass were-the 10 and 20% seedings of Pelo and ﬁhe mixture c;ﬁ—
taining 26% annual ryegrass. Root strength of sod containing mixtures
with redtop and creeping red fescue tended to increase with inéreased
seeding rate of ;Be companion’ grass.

. Low clipping tended to increase root strength of the 5% blue-
grass-companion grass mixtures (Table XXiI), over high clipping;

but rnot for éure Kentucky bluegrass.

Incubation Studzv

The percent germination of Kentucky bluegrass (Table XXIV) was
not‘sigﬁificantly influenced by the incubation witﬁ annual or NK~100
ryegrass; however,;l3 days after the tests were initiated, the percent
germination of bluegrass ;n association with annual and NK-100 er-
grass was 28 and 397 better thaﬁ control bluegrass.,

The root length of Kentucky bluegrass (Table XXIV) did not vary
significantly wheﬁ grbwn (3 weeks) in association with the ryegrasses.

On the 13th day the roots of Kentucky bluegrass in association with
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Table XXII. Sod* and root*t strengths of one-year-old spring
seeded (May 1969) Kentucky bluegrass—companion grass
- mixtures clipped to 1- and 2-inch heights.

Compaﬁion Grass ClipEing Heights
Seeded at 5% PLS 1 in. 2 in,  Mean 1l in, 2 in, Mean
Sod strength, lbs.* Root strength, 1bs. T
None™ | 46;3 - 61.0 53.7 62.2 66.5 64,3
Redtop 54.7 68.3  61.5 71.9 57.5. 64,7
C. R. Fescue ©59.3 617 60.5  75.4  59.7  67.5
A. Ryegrass 33.0  50.3  41.7 92,5 84,1  88.3
Pelo 46,3 6L.7 54,0 86.5 71.4  78.9
48.7 _ 65.7 57.2 " 71.5 ‘57,4 64.5
48,1 ~ 61,1 | : 76.7 66.1
LSD (.05). ‘ N.S. 11.2 - N.S. 16.3

*Pounds required to break a sod one foot wide and 1.5 inches thick.,

' 2
TPounds required to lift a flat of sod 198 in. after a 4-week
rooting period.

4=Bluegrass alone,
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Root strength® of one-year-old spring
seeded (May 1969) Kentucky bluegrass-
companion grass mixtures clipped to a
2-inch height. :

Companion Percent Coﬁpanion Grass:(PLS)
Grass 5 o 10 20
| Root étféngth, 1bs,*

None' 66.5 | v | ";*‘, '  ———

Redtop 57.5 68.1 ., 79.3

C. R. Fescue 59.7 '_69;1, S 76.5
 A. Ryegrass 84.1 ’ : 59;82>’ Vja 116.6

‘Pelo | L4 110.0 - 7  97.6

NK~100 o

57.4° © 91.8 740

LSD (.05) 27.3

*Pounds required to lift a flat of sod (198 in2) after
- a 4-weéek rooting period. '

TBluegrass alone.



Table XXIV. The effects of ryegrass seed and seedling association on germination, root length,
and shoot length of Kentucky bluegrass. S

No Seeds Days after Seeding" o
Bluegrass _ Other 13 19 21 13 19 21 13 19 71
Germination (%) Root length (mm) Shoot length (mm)

100 0 ’ 39.0  62.0  74.0 2.9 7.8  10.9 1.5 10.2  14.2
60 30 A.R.*  50.8  70.8  77.0 4,9 - 9.0  11.3 4.7 9.6  13.0
60 30 N.K.T 55,0 70,0 74.5 4.6 9.4 o 12.1 3.7 10.3  14.9
50 40 A.R. 49.5 645  73.0 - 5.4 9.4 . 11.0 b6 10,9 13.4
50 4N.K. 535 725 79.5 44 7.4 1L3 3.9 8.7 12,7

F-value, N.S.

€q

*A.R. Eepreéents annual ryegrass.

N.K. repfesents NK-100 perennial ryegrass.
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NK-100 and annual ryegraéé,ﬁéfe'about-SS'and 78%_loqger than the
control. After 21 days the'length of Bluegrasé roots was similar for
all treatments. b‘ | i | |
Although bluegrass’shobf length tended to:be longer on thé 13th;
day Whén in:aséociation with the ryegrass, they wereinot significantly

affected (Table XXIV),

Root Associations in Soil Media

Kentucky bluegrass top'gfowth was not significanfly influenced by
the presence of aﬁnual or NK-100 ryegrass roots (Table XXV). Where
the root systems of‘annual.ryegrass and bluegrass were separated, the
bluegrass foliage yield was 107 greater than ﬁhen their roots were - .
allowed to grow in the same area. But when the root systeﬁs of‘NK4lOO
and bluegrass were in cohtact, the yield of biuegrass foliage was 367%

larger than where the two root systems were separated.
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Table XXV. The influence of ryegrass root systems on Kentucky
bluegrass topgrowth. - -

Treatment® . Average Daily Top Weight
‘mg
Rvearass Roots separated 358
yee Roots not separated . 324
Ky. bluegrass (100%) 422
Perennial Ryegrass Roots separated 364

Roots not separated : 496

F-value, N.S.

-%Kentucky bluegrass was seeded in one-~half of each container with
the ryegrass in the other one-half.



 DISCUSSION

‘Coﬁpanion grasses are often used in turf seedings ﬁo provide a
ground cover quickly and as insuranée against failures because of
pésts or poor adaptation of some species (Blaser, 1964; Davis, 1967).
Aggressive companion seedlings often eiiminate many slower growing
seedlings of the desirable grasses, and the subsequent lack of persis-
tence of many companion gfésses méy cause bare areas, variable color
and texture, and pollution from soil erosion. In mixed plant communi-
ties with dense stands, certaih s?eciés tend to dominate the sward
through plant succession. Plant succession has been attributed to two
general categories: (1) natural plant growth inhibitofs, and (2)
competitioﬁ attributed to morphological and physiological interrelation-
'sﬁips.

Some researchers have suggested that natural plant gfowth inhibi-
tors play a role in plant compétition (Ahlgren and Aamodt, 1939;
Osvald, 1949). However, results in this thesis ffom incubating blue-
grass seed in association with annual and perénnial ryegrasses indicéted
that there were minor effects on bluegrass:germination and root and
shoot length. Also, there was no reductioﬁ of bluegrass top gréwth when
its roots grew in association with annual and NK-100 ryegrass in éoil
medias, The élightly beneficial stimulation of.youﬁg bluegrass in the
incubation study coyld have béen attributed to excreted sugars (Brown
et al., 1949) of ryegrass seeds orvéeedlings; »Since there was no
evidence of harmful inhibitory substanges whén seeds were incubated

together, it is very unlikely that such inhibitors could be a factor in
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field conditions where there are dilution effects.

In these investigations the botanical shift among the turf mix-

. tures during establishment was apparently caused by morphological and

physiological factors and their interplay. It is generally conceded
‘that the differential responses émong herbaceoﬁs species.to'imposed
and natural environment are major faqtdrs in plant succession
(Blaser et al., 1952; Donald, 1963).

Of the companion grasses studied, annual ryegrass was the most
competitive during the seedling stage‘towardbKentucky'bluegrasa becuase
of its quick germination and rapid»grbwth. ‘The improved perennial
ryegrasses (NK-100 and Pelo) germinated'as'quickiyaas anﬁual ryegrass,
but they were less aggressive becaﬁse pf'less ééedling vigof. The
fast groﬁth of ryegrass seedlingé hés been attributed to large caryopsis
in séeds and genetic factors (Blaser.et al., 1952). |

Kentucky bluégréss seeds are»small, and according to Daniel
(1958), they have enough carbohydrate rééerveé to grow pl;nts 1/2 to
3/4 inch high; thereafter, survival aﬁdAgréwthiof the seedlings déﬁéhds
on photosynthates. -Bluegrass seedling weigh£s.froﬁ the fall—seeded’
mixtures with ryegrasses, at 4 toc 5 weeks of age, were_depfessed and"‘
the foliage was etiolated, éspeciaily in the mixtures with annuéi rye—‘
grass. The etiolation was mbré severe with added increﬁents of rye~
grass, because of more shading with the higher ryégrass popuiations.
Competition ébr light is récognized as a primary competitive factor in
plant communities (Donéld,l963; Blaser eﬁ al., 1952). Nutrients and
soil moisture were not likely competitive factors in this investiga-

tion because of liberal fertilization and irrigation during seedling
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establishment.

Redtop and.creeplngbred fescue were mil& competitors; as they did
not affect the weight or height of Kentucky bluegrass seedlings.' éeed-
lings of these two species were similar to bluegrass inrmorphclogy'and
growth rate, thereby ainimiéing competitica for light. Mixtures with
redtop and creeping red fescue consistently had more bluegrass than the
ryegrass-bluegrass mixtures; however, these t@o companion grasses did‘
not generally improve groﬁhd cover and turf quality duiing early estab-
lishment as‘compared to bluegrass alone. |

After one year there was genefally more bluegrass in mixtures with
redtop, creeping red fescue, and annual ryegrass than in mixtures wifh
perennial ryegrass, which was a persietent‘competitor, especiallylwith
high clipping; Redtop and creeping red fescue were not aggressive
after a year, and most of. the annual ryegrass was kllled by the tempef-
ature stresses (malnly Wlnter) whlch allowed bluegrass to encroach
readlly.

Differential seedling populations also{influecce'sufvival and
plant succession (Donald, 1963). With coastant rates of blﬁegraes,
increasing the components cf‘any ccmcanidavgrasa generally reduced the
bluegrass population because this»augmented competition,~hct ground
cover was genefally imprcved. The added increments of redtop or
creeplng red fescue did not cause severe competltlon to hluegrass;

»however, annual and perennlal ryegrasses almost exterminated the blue-
graSS'seedlings during development. This severe competition caused
‘. a later decline in turf quality. Such declines in turf quality were

partly attributed to reduced bluegrass populations and slow encroachment
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bgcause of dense stands of ryegrass. It is not known how NK-lOC and .
Pelo would respond ét a low seeding rate, but if they maintained‘their
persistence and narrow, sﬁort stems and multiple tillers as reported
by Kaerwer (1968); they could be effecfively used at a‘low percentage
in mixtures on léwns, playgrounds, and golf courses to provide groundvv
cover and reduce soil erosiﬁn. ‘ |

It has been a common practice to compound‘séed mixtures on a
percent weight basis. In this résearéﬁ the individﬁal companion gfasées
were inéluded on the bésis-of 5, 10, and 207 pure_liye seed (PLS).
If the ryegrass hadvbeen seeded at 52;weight bésis;>tﬁis %ould have
corresponded té’l% PLé; which would haye‘béen.aboﬁtf36bPLé)ft.2..‘
Thus, reiative to the weigﬁt basis of méking seed“mixtufés;ftoormuch
fyegrass and too little redtop seed was used (Table l).‘

Because of the large differeﬁces in seed size, coupled with 7
- inherent differences among species in viability, gerﬁinatioﬁ, emergence,
survival; and aggressivéﬁess of secedlings, it appears that séed'mixturesAa
-should be deéigned to bbtain designatéd populationé of qompanion and
other grass seedlings. qu example, when considering tﬁe}aférementioned»
factors, it seems e&ident‘that competition from 180, 360,,and 720
seedlings/ft.z'for the 5, 10, and 20% PLS, respectively,‘wqﬂd have been
too severe, even at 5% ?LS. When considering emergence factors and
morphological development of seedlings, it‘appears that the:cbmpanion
bgrass'componeﬁts‘should have been varied with species. Tﬁis contention
~is based oﬁ the fact that the higher seeding rates of creeping red feécue
and redtop did not generally affect turf quality and bluegrass encroach-

ment significantly.
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The fall (Sept. 7)néeeding-generaliy ga&e ﬁhe best bluegrass popu-
lations‘during the seedling stage and after one year, aﬁd summer seed-
ings generally gave the poorest. Apparently soil and air temperatures
during and after fall seeding (Fig. 1) were most favorable for blue-
‘grass stands and>seedlingksﬁrvival relati§é to-companion'grasses. Thé
poof bluegrass stands in the summér sgedingé*were attributed to poor
‘emergence and sléw‘séedling growth of bluegfass, relativleovcompanion
grasses, because of high. summer témperatures.' However, after one year.
there was no differenéé,initheiamo;nﬁ‘pfvbiﬁggrass in spring and summer

_seéded mixtures Eeéaugé'éompanioﬁ_éféééé§ £égaed £ovbe‘more persistent
after the spxingvseéding. | |

Mixtures with aﬂnualvryegrass were morelpérSiStéﬁt (aftervone year)v
when seeded in the;épringﬁaﬁdvsﬁmmef than in £H§ fali, because these mixé
tures had reverted tqilOO% B%ueérass dué.td thevWintér fréezing‘and
thawing (1968;69)>thétfoc¢uffed immédfétély aftér‘£a1l seeding.

Mixtures withlﬁhe péréﬁnial;ryegraséesHWere mos t persisteﬁt"and had
the least bluegrass when suﬁﬁér‘sééded;bgcauSe they were well establiéhed
before the summer stress‘(heat).which occurred 10-12 months after séed—.
ing. However, fall and spring seed@dvmixtgres”with the perénnial.rye—
grasses were not aé'persisﬁént at l.ih., as blﬁegrass did encroach.

The spring seeding favored creeping red fescue in‘its_cpmpetitive
relationship toward Kentucky bluegrass more than in the other seeding
seasons,'probably because creeping red fescue has lower optimum germina-
tion temperatures than bluegrasé. There was not a complete shift to
a bluegrass éod at any rate of seeding creeping red fés;ue (Davis,

1958); in fact, creeping red fescue tended to increase in the turf,
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especially during the winter and early épring of each seeding. This was
attributéd to the earlier start of creeping red fescue in the spring
vthan‘Merion bluegréss (Dévis,bl967), énd its more erect growth,
allowing a greater percentage .of stems and tillers to'be‘observed
relative tobblﬁegrass. |

Redtop exhibited its most competitive influence toward bluegraés
in the summer-seediné, at six weeks,‘prima¥ily because of its tolerance
(Mnssgr, 1962) to temperature ektremes and Kenfucky bluegrass's less
aégreésiﬁe nature dur;ng late summé;i"The change from about 40%
bluegrass at six weéks after'summefiééeding to‘75% bluégrass at one
year was due to the increase in bluegrass rhizomes and tillers during
the spring énd eatly summer of 1970 (9 to 12 months after seeding).
Redtop was least competitive as a seedlingbin‘the spring seeding, but
it became more aggressive with age in the spfing éeeAing because of
-its toleraﬁcé to summer temperatures, relative to‘hergrass.

High clipping left moré'leaf area on the'plants; therefore,
ground cover tended to be better than‘for low clipping, and turf
quélity of high clipped turf waé generally best for‘mixtures containing
redtop or creeping réd fescue or the bluegrass blend. However, turf
quality of the perennial ryegrasses was best at low clippiﬁg because
leaf shredding was greatly reduced..

Low clipping generally favoréd Kentucky bluegrass in its competi-
tive relatiéﬁéhip with the companion grasses (Juéka'et‘al., 1956;
Davis, 1958; Schmidt and Blasér,il967), The bluegrass composition
was altered least in mixtures with redtop and most in those of the

perennial ryegrasses because of their morphblbgical:differences.
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Appa;ently the perennial ryegrasses cannot toleratevlow.clipping
:during thé summer.mdnths‘because'bluegrass tended to encroach quite
readily in the summer after faii and spring seedings. Ho&ever,,
“when thevbluegrasé compoéitiOn was determined in May 1970 (sod one
‘ year-aftér seeding), it was evideﬁt that thére was é'dégrease in

Ky. bluegrass population from the previous fall under‘léw clipping.

The Bluegfass perééntage did not.change from the fall at high clipping
because the perennial ryegrasses furnished some insulation, possibly |
.makihg bluegréss‘mqre resistant to winter injury. The transition to
larger percentage bluegrass at low ciipping did not adversely affect
the cover and qﬁality of the turf, |

The appearance, quality, and persistence of a turf is the ultimate

‘test of a séed miﬁture.' Results rep§rted here indicate that there was
no advantage of using companion grasses Witﬁ bluegrass excepﬁbfor quick
ground cover., After 3 to 6 months of good growing conditions, the
bluegrass blend generally gave as good a gfound'cover aﬁd turf quality
as any mixture with a companion grass. Turf guality of bluegrass-
annual ryegrass mixtures was unacceptable because of its sﬁarse~and
clumpy stand, except for'one—Yéér—old fall seedings. The turf quality
of mixtures with perennial ryegrasses was inferior to bluegrass along
because of leaf shredding;'however,bpérennial fyegréss? because of
persistence and finer texture, gavera_better turf than mixtures with
annual ryegrass. Mixtures with:rédtop and creeping:red fescué did not -
give an advantage in cover or quality,over puré bluegrass because of

morphological similarities.
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Pure Rentﬁcky bluegféss ﬁurf was tightly knitted and had the
strongest sod, since sod strength depends on rhizome and root develép-
ment (Beard and Rieke, 1969). However, thé short rhizomesidf_the com-
panion grasses and the‘high percentage of bluegrass in tﬁe ;urf of
mixtures containing redtop and cfeeping red fescue possibly helped the
handling characteristics and strength. The mixtures with ﬁerennial
ryegrass laCked rhizomes and knitted.tillérs, since there WAS little
bluegrass in.thé-tﬁrf;’thﬁéfthéy provided the weakest so&. Although l
mixtures with gnnualvaeg?ééé,had reﬁérféd‘tq puyevbluegréss, the turf
was loose, thin;:aﬁd unsuifablé for handiing.

Sod strength and‘fdoting ability were best fo mixtures clipped at
two inches, becausé 1owvc11pping evidentl& réaucedprhizoﬁes, tillefs,
and root deyélo?meht (Juska and ﬁanéén,tl96l;‘Lobérsteinmand Daniel,
1962). - S e A

Although ﬁﬁeFSOdetréngth'ofxﬁixtufes’with:pérenniél’ryegraéé was
poorest, their foqﬁistrengﬁh‘was.supefior tovothef mixtures. Almést
éLl mixtures teqded';o incrégsé'rébé”é;;ehgth‘bver pure bluegfésé,”and
this should be considered when prepariﬁg éeedings for sod production.
The improved rooting ability:of‘the mixturéé could be effectively
utilized when sod iébused'on slobeé, such és highway eﬁbankments(

The only apéarent differences between the fall and spring seeding
seasons was that pure Kentucky bluegrass sod strength from spring
séeded turf was notrbEtter than other mixtures, except annual ryegrass.
Sod strength of spring‘seeded mixtures containing perennial ryegrass

was better, relative to pure bluegrass sod, than in fall seeding.



SUMMARY AND CONCLUSIONS

An experiment was conducted to investigate the rapidity of turf
development.and subsequent turf quality of vafious aggressive grasses
seeded at three rates with Kentucky bluegrass in fall, spring, and
summer'seedings and clipped at two cutting heights. Irrigation was
provided dﬁring seedling éstablishment and thereéfter when needed.
Botanical composition, ground cover,‘and turf quality were determined
periodipally. Sod strength and rooﬁing'ability of the mixtures were
measured, Experiments.were conducted to find ifvplant gfowth inhibitors
from ryegrass influenced bluegrasé. |

Annual ryegrass as a companiohvgrass with bluegrass did:not-imbrove
the initial cover over NK-100 or*Pélo perennial.ryegrasseé, and
aesthetic values of turf with annual ryegrass were poor. Annual and
perennial ryegrasses-were very competitive toﬁafd Kentucky. bluegrass
due to physiological and morphological responses, Because there was no
evidence of inhibitory exudations from ryegrass.

Although one year after fall seeding mixtures of annual ryegrass
Fhére was 100% bluegrass in the plots (cover 80-88%), the turf quality
and ground cover throughout‘the winter and spring after seeding were‘
entirely unacceptable, because of‘lack of persiétence ahd thin,
clumpy turf, Annual ryegrass is not tolerant of temperature stresses,
especially in early ontogeny.

Mixtures of bluegrasé-perennial ryegrasé (Pelo and NK-100) provided
an excellent ground cover soon after seeding, although turf quality was"
generally inferior to bluegrass alone, but better than mixtures with.

annual ryegrass because of the relative uniformity in texture, color,
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and persistence, Leaf tip shredding of the perennial ryegrasses,
especiéliy at two-inch clipping, was objectionable.

| The two perennial ryégrasses Qere winter hardy,.but‘they appearéd
less tolerant of summer environments, espeéially at ‘the one—inch‘ |
clipping. The latter could be a disadvantage'under heavy furf useage,
" or an advantage with proper managemeﬁt; in shifting to a bluegrass
turf. | . |

Creeping red fescue and redtop wererthe least competitive towa:d
bluegrass encroachment, and they generally did not improve the‘initial
cover over the bluegrass blend. These companion grasses with bluegrass
gave a turf quality similar to the bluegrass blend throughbut the study.
Mixtures of creeping red fescue tended to be better thaﬁ redtop because
of finer texture and a @ore uniform color. Redtop tended to become
noticeable with age.

Bluegrass alone generally produced a good turf the first year
after seeding; | |

Added increments of companion grasses usually produced quicker
ground covef.

The initial turf quality .during establishment was usuélly-inversely
related to the seeding rates of the ryegrasseé and directly related to
the seeding rates of redtop or creéping red fescue, ‘With time, the
seeding rates of companion grasses were less influential,'especially
with redtop and creeping red fescue.

Increased seeding rates of companion grasses generally reduced the
percentage of bluegrass in the mixtures., There was no advantage to

seeding more than 57 PLS of any of the companion grasses with bluegrass.
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The fall seeding éeason‘waé the best for establishing bluegrass,
as there was sighificantly largeripércentage bluegrass at six weeks
‘and after one yéar. Although there was significantly more bluegrass
in spring than in summer‘seedings:aﬁAsix wééks, there weré no significant
differences at one year. This was attributed to more éncfoachment of
bluegrass in the summer than in the spriﬁg seeding, as the companion
grasses tended to be slightly more persistenf in the spring seeding
than for the summer seedings. |

High clipping left more leaf areé, which gave a Bettef ground
cover than for the low clipping. The high clipping usually resulted
in the best turf quality of bluegrass alone and in mixtures with red-
top and creeping red fescue because of a desirablé dense turf with a
good color. Turf quality was initially best for high clippiné of the
ryegrasses because the low clipping removed large amounts of leaf area
until the plants "adjusted" to clipping. On the other hand, low clipping
reduced leaf shreading of the perennial ryegrasses,

Generally, low clipping favored bluegfass encroachment because
the companion grasses were not persistent at one-inch clipping, but
there was aléo significant interactions between clipping heights and
date of seeding, and clipping heights and companion grasses.

Pure Kentucky_blueérass tended to have the.best sod strength
and the podfest rpoting ability, whereas the reversevwas true for
bluegrass-perennial ryegrass mixtures. NK-100 and Pelo ryegrasses may
have a’placé in the sod industry because they have better rooting
ability than bluegrass. Such séd may be effectively used on areas

where erosion is a severe problem, as with highway embankments.
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THE EFFECTS ON RAPID ESTABLISHMENT AND SUBSEQUENT TURF QUALITY
OF AGGRESSIVE GRASSES SEEDED WITH POA PRATENSIS L.

James T. Green, Jr.

Abstract™

Field experiments were established on September 7, 1968, and
May 13 and July 16, 1969, by seeding thfee rates (on pure live seed

basis [PLS]) of several companion grasses with a constant rate of

. Kentucky bluegrass (Poa pratensis L.). Mixtures were irrigated and
clipped to 1- and 2-in. sod residues. Objectives were to determine
which mixture or mixtures could provide rapid initial establishment.

with subsequent high quality;,permanent turf. The improved perennial

ryegrasses (Lolium perenne L,) (NK-100 and Pelo) were no more competi-

tive in the seedling stage toward Kentucky bluegrass (Poa pratensis L.)

than annual ryegrasé (Lolium multiflorum L.), but they prbvided as

rapid initial cover. However, their persistence provides a means for
bluegrass encroachment during the seedling year. Seedling competition
Awas not due to any excretions from ryegrass seeds or seediings. Turf
qualitykof the improved éerennials was superior to annual ryegrass,
but slightly lower than pure bluegrass, because of frayed leaf tips.

Redtop (Agrostis alba L.,) and creeping red fescue (Festuca rubra L.)

were less competitive to bluegrass than the ryegrasses, but they
provided little advantage in ground cover; however, turf quality was

similar to pure bluegrass.



It was conciuéed that mixtures should be designed to obtain .
designated populétions of companion and other seedlings that are
needed for sufficient initial cover. The 5% PLS in this,study'was
higher than normally recommended oﬁ a weight basis; therefore there
was no advantage from higher seeding rates.

Fall seeded mixtures generally contained the most Kentucky blﬁeérass,
and the summer seedings had’the least,

Low clipping reduced competition from companion grasses, especially
the improvéd pereﬁnial ryegrasses, which allowed a uniform transition
toward'bluegrass dominancé with  turf of average quality. -

Sod strength was.bést for the pure bluegrass turf, but root

development of the improved perennial ryegrasses was best.
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