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Thie paper 18 a progrese repori upon the studieg which are being

¢ at Furdue University on the establiishwent of turs ror road shoulders

beras., Lne studies were initiated esrly in 1943 at the request ¢f the
jon oi Forage Crops and Ulseases, Bursau of Plant Industry, Soils, and

ricultural tngineering, U. 3. Departwent 6f Agriculture and Landscape

jgion o1l the [ndiana State Highway Commission. Tae results of the edperi-

nte conducied will be reported under teo subdivisions: (u) estublighinent

» turt on stabilized granulsr materials and (b) turt establishment under

adelde conditions.
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partment oi Agriculturs, Washington, U, U. (& portion oi tais paper was
lished in the Proceediugs of the Thirteesnih Annual kosd School Lxtension
ries Lo, 26, 1Ud4),

. N

{furi on wisghilized Grenular waterials

at the start of lhese investigaticiie very little inloraation was
avdilable concerning the growing of turt ou granular paterials which had been
stabilized and sume doubt was expresged as to whether such a development wero
possible. rtrequently a good turt is desirabie where the soil has Leen stabil-
ized or where granular materials ars necessaly to oblain suttficient supporting
power jior the anticipated load,  Unde: such conditions, attentiion must be given
t6 tlhe taclors which influence plant growth. The mneed for surficient pore
spuce (voids) proper pi, sufricient plant nutrients, and available water supply
S36 Yaciorg wnlch ueed much study before satistactery recommendations can be
dade Tor the establishameut of turr under such conditions,

Frelininary grecahouse experiments condueted 2arly in 1943 using
-thLU»PJ tluegrass (Pouz pratengis) on stubilived pit-run gravel having the
laryer stones erushed so us o pass a one-ineh scereen led to the followlag
tonelaslons:

1. bentugley biveprass is able to oblain nutrients rrom
stabliized sggregate which has recelved heavy quanti-
ties ot tfertilizer,
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2, Greater root penetration occurred where fertil-
izers were omitted trom the surface layer ol
soil making it necessary for tie,roots to pene-
trate the aggregate to obtain pludt food.

ke
vt

Beuvy gquantities of fertilizer iu the aggregonte
appeared to stimulate rhizowe development.

These investigations were conducted on materials having an appar-
| cpecific gravity of 2.06 (125 pounds per cubic foot), giving a totsl

gpace of 28.1 percent. This pore space is to be compured with from 40
p percent found in fawm soils.,

rield fgperiment
After the preliminary gresnhouss experiuents indicated the foag-
511ty of growing grasses upon aggregste material furithel gtudles were
pned under actual field conditions. #n experiwent was established in
ryll of 1943 to study further certain Tactors which might inrluence
:;rowth oi tury.

digure ) presents disgremoestically the cross-seclions ol the
antmeits now veing studied. The principsl factors are (1) Depth of
bilized layer, (2) Lercent soill required in stabilized mixture, (3)
goil and its wodifications, mmd (4) Variely of grass. 2igure 2 shows
eneral view of the 24" concrete cylinders whick were uscd as iudividual
_fs and the procedure followed, in preparing the agaregate nixlurss.

g agpregnte wixtures were compacted into the gylinders in a nanney as
ustreted in riguee 3. Where seed yag used to estubiish the turf, Ken-
ey bluegrass was the gole species. A slrain of ved feseus aud a specinl
itiety of bluegrass and roysia juponica wers also planted to study tieir
idaptution to such a ¢oudttion, g

: In thts experiment, three dilfferwnt naterials conmonly used Tox
highwny and airport ccustruction in Indiana were used. Thegs suteriais
e pit-run gravel, (lurge stones crushed to pass a oune~-ineh seresn),
wsber-rm gtone, (all pessing a one-ineh seresn), mnd sand. The sisve
alysis of these waterials sre given in Tacle 1, and also arc presented
fphically in figure 4. Yhese determinztions were made under Lhe direc-
bion of wr. . b, Shelburne, and aig comments couceruiny theae sarples are
85 follomws:

r

"I{ will be noted that the curves for the pit-run gravel
and the crusher-run stone are very similar to a tuller's
curve, except for the finer aizes.. The addition of from
o to L0 persent soil (=200 wesh material) to the stone
and gravel will resuly in curves which aocre nearly ap-
proach the suller's curve",
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Sieve Analysis of Materisis Used in
bxperimental Sections in Turt wxpelimcnts®
=" Stone Gravul Sand h
Percent- accumulated Fercent- Acounulsted Percent- aAccewaulsted
percentage age by percentage aza by perczntage
retained weignt relained weight ~ retuined
5.90 5,90 9.2 a2 C.20 .20
41 .60 47,50 20, 30 25,569 0.569 0.82
24,75 72,020 1B 20 41,32 5.65 &e7D
13,68 85.79 17,27 5t34 59 22.82 2897
538 91,13 20.02 749.11 . 28,80 e
£ 34,46 15,3% 94,48 25.9% 8. 69
fo. 5010 . 50 2.01 96, 47 2.95 97,473 18,68 36,37
W B0-110 . 100 1.89 97 .76 5597, 94, 34 2,11 98, 4t
100-80.200 1.66 99,42 0.07 99,81  0.36 95.84
200-Pan 0.8 100,00 QR 100,00 1.16 100,00
Detemninations made by s, T, =, Shelburne, hesearch baginger,
Joint Hignuay kepearci Uroject, bturdac University.
"Ihe pit-mu gravel cuive shows a betler grauduation than .

does the crughsw-run stone. This and also particle shupe
accounteg ror the greator deasity that you were able to se-
cure witn the pit-run gravel. The gtone coutziued au eg-
gess ot coarsge particies and a deficiency of tiac Iiney
particles te till the voiam. Likewise, the pand, lacking
maturial sbove the No, 4, wus lesy siable. ALl bhrae
materials, bowever, are typical or those amployed for
higheny or alrport eonstruction,”

_ Lhe =smount of muterial which was weighed up for each cylinder was
-b&ueﬁ upon the premise thet a density of 135 pounds per cubic tool ghould be
mﬁtuiﬂﬂd wiliv all three materials. An accurate record wag zept of tae ancunt
O rinterisl comproted lato each eylinder and it was found that plt-run gravel
€3V nearly this degrew of deneily bui both crusher-run stous sud sané did wof,
APProach the proper graduaiion Lo give 4 density of 13H pounds per cubic foot.
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can be explained upon the busis of wr, Shelburne's remarks that the

vher‘lun stone dia not contain enough of the finer t'ractions to fili
“voidg in the couwpacted material and sand did not contéin e large

en portion ol the larger fractions to make a stable aggregute. Never-
935 these tniee naterials are typical of those used for construction

poSes in Indiana.

Due 1o thne very dry weather conditions which developed aiter
the seeding of bluegrnss, it became necessary to irrigate the
ijn tnis exporiment in order for the young grass seedlings 1o survive.
yalue uf a straw wmulch was indicated very early in the experiment by
 nmore iavorable acisture coaditions under the muleh and the cousequent
ster survival oi grass seedliugs. JMigure 5 shows the sparse stand of
sase 1D months aliter the experiment was established.

turing the 1944 season, several sigailicant observatious were
de. i very wel spring was experienced in Lnd14nu whicn resulted in &
eral. deliciency ol nitrogen ifor the proper nutrition of grass. Polash
as likewise leuched very badly, resulting iz hoth nitrogen and potash
arvabion. These deficiencies were greatly acceatusnied in this experi-
t with granular materials becesuse 01 the very smull guantity or soil
loldel waterial present which would serve to hold certain plant nulri-
ents and partially prevent their being lescoced. ivitrogen and potesh
deficiency sympitoms wore cbserved oo all treatmonta regardless of the
hoavy quantities of iertilizers applied.

48 the season progressed, cerisin differences in the turi were
obgerved ou euch of tis three types of sggregate, snd on toe gquantity of
seil used in the aggregate mixtures. Ho consistent dilferences have so
"ur been observed in the yuantity and quality of turf as iniluenced by

tha depth of aegragate, or by the juantiity of top soil used on the com-
pactod granuiar matérial. The pit-run gravel in gonoral gives the best
‘tury, sand giving the poorest with crushed liswcstone occupying sn iunter-
modiate position. The addition of seil to the asgyregate gave a signili-
contiy btetter turt as indicated by the density =nd the amount ol growth,
Little dirierence exizts betweon the gravel adxture containing O soil

and that contalning 10%, but wihere no soil wre added the grovih is defin-
Ately inferior. #ith crushed limestone Hp soil SPPEUTE to be lnsulfiecieut
#horens 10% soil with this aggregate produces = superior turi. The difrer-
tnes in the Lvo materisls may be due to the muall vuntity o1 colloidal
Matesinl contained in the pit-run gravel under natural conditions. The
Zddition of 5w noil supplements surficlently the quantity of colloidsl
“rterial ln the gravel to provide a satisfaciory mediuw £or the growth of
Eriss.  Ynis amount of scil mixed with crushed limestone is insuiiicient,

. Flgures & ond 7 show the tur! wibth no soill added to the aggregate
{6 8), and Hp soil added (G 2). It willl ve poted that G 6 is iarerior to G 2,

Youciusions:
(1) ‘ihat Sentucky bluegrase will grow on compacted agsregite

Materials naviag a density compsrsble to that obtained in road bad uou—
®truction has been estulished.
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(2} ‘The easenfial plant nutrients should be supplied in libersl
4ies and probebly should be mixed Wlth the aggregate materials.

gg) The sddition of & to 10 percent go0il having a high clay con-
> o bite aggregate material is considered esgential to supply sufiicient
gl material 1or the retention of plant nutrients and moisture in the

gte-

(4} The peuetration of bluegrass roots into the compacted mater-
ig gtimulated by the distribution of piant nutrients through the agure-
and apparently discourazged by the conceuntration of nutrients in the
ace suil layer.

(6) & Light straw muleh helps to retain the woistuile in the gran-
materials and aids in the survival of grass sesdlings.

Turf touablistment Under nosdside Conditions

in the Tall of 1944 an experiment was staried on state road #45 to
erpine tlie fertility factors which are deficient in ihe subsoils and parsut
riale in certain r951dual areds of southern Indiana. Ed the aresa studied
7soils were derived from residudl saundstone., Anothner study was conducted
a gimilar site 1o determine the use of various legumes and grasses on road-
g seadings.

Alter the road constructlon hae been completed by the contracior,

e soil on the shoulders, berms, vack slopes, and rills wag tilled with au

ype spike harrow to prepave a sead bed for tne grass and legume seedings.
the teriilizer trials three arsas were selected on each of which was placed
cenlire series of Tedltilising trectments. One series was placed om a I'ill,

P on & long backslope and the third on a lavel rignt-oif-wuy, Toble 2 gives
e lexrillizers applied and the quantity per acrs. :

Fertilizers used on Turf lxperiment State hosd 745

Pounds per Acre

hitrogen Phogphoerus Potaszh
as o us P:‘_;Ob an Koo
80 160 L&6C

40 1e0 160

¢ 160 16C

50 160 33¥

&0 160G (]

50 20 160

gl 0 160
30 0 U

0] : 160 O

: The fertiiivor series wns seeded unitomnly with 2 mixturs of Kentucky
~ueEraas 20 pounde; pel Yop 20 pounds; and Domestic kyegrass LS pounds

[
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- seeding the ares was mulched with bluegrass nay, This wag the only

h gvailepleé at the time and the hay contuined some bluegrass sesd.

the week iollowing the sceding several inches of rain rell at a low
qsity which was ideal for the geraination and estsblislunent o) the

& seedinéﬂﬂ~

fs; Excollent geraination and establishment of grasses was obtainszd

and within six weeks ar'ter seeding a good growth had been nade.

+w0 tartility incetors waich dermonstrated lmmediately thelr dslicisency

the coil were nitrogen and phosphorus. On the back slope very poor

whh was ohtained wherever either nitrozen or phosphorus wers omitted in
reatument. Potush treatments showed only a slight respouse on all

e Gﬁriesn

A number of legunes ahd grasses wele tested alone and in coubilla=
lon to determine their suitebility for roadside turf. A unifori treatment
1000 pounds per acre o1 an 8-8-3 fertiliver was used throughout this test.
ligete tests were made on a backslope end fill,

Ladino clover wss eeeded in this series of plots and this legume

as portormed very well on the fill with a north exposule but was aluost a
omplete reilure on bhe backslope with a soulh exposure. Apparently Ladino
over is not surficiently drought tolerant to withslend the dry conditions
 the raw subsolil aind parent materinls durinmy the sumuer wonbhs.

Birdsivotl treloil gave only a scablered sisnd ou both the back-
pe end i1l but ou each ol these sites the birdsiool treiroll has sur-
ed and the Yew plants appsar to be healthy. It 13 hoped that these
ants will becowme well enough established to reproduce and reseed the
urrounding ares. Too decp oot wystem, drought tolelance and low habdbit
f grovth should imnake this an ldeal roadside turf legume, It wili of
urse need to be tested under a wide variety of soil and elimatic copdi-
tions before it can be recownsnded.

Alta legcue, a strain ol meadow feacur nas shown poscibilities as
8 grass to ba grown under roadside couditions. It is an extremely toush
Erass and Hus wilhatood considersble traific in trials conduetced in other





