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APPENDIX. III 

ANALYSIS AND PROGRESS mtCORD OF SLOPE PnatECTION HETllODS 
USED ON TH~ PE1~:SYLV1\NIA 'I'lffil-JPIKE 

(19/.i.0 - 11-l - 42) 

.. EI'ITl.ODUCTIOE. The basic problems of slope protection which· .face .. the high-
• au engir.eer ·.iorl-d.ng on ror:..clsides and the ways in which these problems are being 
~a!idled should be helpful in solvin£ similar questions in connecti_on with post-war 
construction p:i'oc;r•::u-:~s, 

The following reportD by Dr. Fred V. Grau covering the es.tablishment of 
vegetation on steep slopes on the Pennsylvc..nia Turnpilce construction are a refer
ence 6uide a.nd exr,Jn]?le of record in the analysis of typical highvtay problems of 
t h.is character. ~ach of the three reports contains explanatory information of con
ditions found and of the methods used on this important construction project which 
.should be helpful to a bett.er understanding by those virho do not have an extensive 
background in the particular subject, 

(1) The first report covers the preliminary inspection trip made over the 
Pennsylvania Turnpike in 1940 for the purpose of determining the possible uses of 
grasses in the protection of bare surfaces. , 

~ (2) The second report was made in 19hl on slope protection, seeding meth
pds and mixtures 1 and includes a rscord study of natura.l cover nlong the Turnpike. 

; (3) The third report, made one year later (191.2), is of slope protection 
.methods used, giving details of results obtained relative to slope de.sign, seeding 
methods, mixture::;, time of seeding, climate, and other factors. 

, It is expected that thc::.ie preliminary observations of results will be 
Phecked over two or three seasons of growth .before a report on conclusive findings 
~ased on a longer period of field test will be possible. 

P~LD.1INARY REPORT - TO DE'.rL:R.:·.ITNl~ THE POSSIBLE USES OF 
GlV,SSF.S JI-.: THE PROTECTION OF Bi'JlE SUH.FACES 

. ( Inspectio.n :nade Nov. 26 and 27, 191~0, by C._ N. I(eyser, Turnpike Landscape 
Architect in Chal'.'e;e of Design, and Dr. Free V. Grau, &ten{aion Agro11or.ust, Perin~ 
S!"lv~nia Stc:te College). 

Durinc the drive from the Carlisle Interchs.nge to the Somerset Inter
chanr,e and return , soil sampl es were collected from the median strip and from cut 
sl opes , The native gras.ses and other vegetatiot1 were noted with relation to the 
frectominating soil ser ies and types. P1~om t,hese r,otes a preliminary list is given 
t;able 1) to indicate the predominating grasses which occur naturally in the areas 

•
1roueh which the Turnpike has bee·n built. ·The list is not necessarily complete. 
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NOST 
TABLE 1 - PRELHJNARY CLAS,'3IFICA TION OF 

.SIGNIFICAiTI' li:XISTING GRAS,'.3 POPULh'.J;fON ADJAC~JT 
TO T!IB Vi::l'JNSYLVANIA--=-'l'.;;;.URN= 'P:.,,;;I_K_F#,___ _ _______ ____ ~ 

Overl ·n Mantle 
Grasses I 

Sandstone Racki Shale -------- - ---------------r- --r----i--

Drought-tolerant TypeD 
Canada Bluegrass (Poa compre.sse.) 
·!'all Oatgrc1.ss (Arrhenatherum elatius) 
Povertye;rass (Danthonia. spicata.) 
Redtop (Agr·ostis a.lba) 
Colonial Bentgrasc: (Agrost:1 s tenuis) 
Yellowsedge Bluestem 

(Broomsedge) - (Andropogc,n virginicus) 

Interned:.'._ate Types 
Kentucky BluegraJ s (Poa prrttensis) 
Orchardgrass (DactyHs glor:iornta) 
:c1e2..dow .Fescue (Festuca elatior) 
Quackgi.~c1ss (At~ropyron n}en:J) (no~ious) 
Timothy (Phlenm pro.tense) 
liimblewill (frluhlenbc:rg:i.a 3ch:ceberi) 
.Sweet Verrn.1.lr;r2,sa (Ar:.t;10xar:t:1nm odoratnm) 
Cher,s Bro:ne (cheat) (Bromu.s s0ca1inus) 
Yellow Bristlegr<1ss (Setaric. glaucus.) annua., 
Green Bristlegrass (Setar:i_a viridis ) weedy 
Crabgrass (Digitaria spp. ) 
Panic grasses (Panicum spp. ) 
Yellow lndiangrass (So:cgha.strum nutans) · 

Moi.sture-tolerar:ct 'Iyp8 s 
Roughst::i.lk Bluegrass (Poa trivi:3.lis) 
Common Velvetgraos (Holc.u,'J lanatus) 
German Velvetgrass (Holcus rnollis) 
Reedgrass ( Calc:tmogrostb spp.) 
Reed Canar:-rgrc1.ss (Ph2.J.aris a.:rundinacea) 
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L1 - Grasses arranged roughly accordinr; to their occurrence on major divisions 
of the overlying mantle • 

SELECTION OF GRA,SS SEFlJ lvITXTUillCS. Z":gineering devices have so well re
moved water from the Turnpike and from the right-of-way that most of the surfaces 
to be protected or landscaped may be considei-ed as dry surfaces which would sup
port only drought-tolerant _ vegetation or the n!ore drought-tolerant of . the inter
mediate types. Only in a few isolated spots would the moisture-tolerant types 
be adapted. Since this condition seems to prevail throu5hout the length of the 
Turnpike, there seems to be a good possibility of developing only three, or at 
the most, four basic grass oeed mixtures to adequately care for all existing con .. 
ditions. 
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Gras3es which are not included in the list of the existing gra~s popu
ia.tion, but seeds of which ma;;r be obtained ori the open market include species 
which have va~ue ~or dry locations, Most imp?rtant of these fol1ow:' (Note; 
the fescues l1steu here are not presently available.) 

Agrostis canina - Velvet Bentgrass 
festuca_capillata - Hair Fescue 
Festuca ov:Lna - ,Sheep Fescue 

Festuca capillata -

Festuca ovina duriscula - Hard Fescue 
Festuca rubra - Red or Chewings ·Fescue 
Lolium multiflorum - Italian Ryegrass 

Hair Fescue 

Th3 selecti on of a seed mixture for various locations throughout the 
l ength of the Turnpike will depend first upon the exposure. A slope which re
ceives the direct rays of the sun Wi.11 support a more dro·u.ght:...tolerant population 
tJhan the .oppos_ite bank which rarely rec.etves the direct rays. A second· consider
ation is the type qf parent. material a.net its ability to support certain types of 
plants. The location with rospect to the cross section of the road is a third 
tactor. The median strip will require a certain type of mixture; the relatively 
level fills outside of the shouldc,rs will need a different type. 

SOIL MOI$TUR.'i:-FERTILITY ANALYSIS. Soil samples taken at several loca
tions indicate considerable variabil..i. ty in pH values, lime content, and active 
alwninum. 'fhey are all uniform in having a very low available plant food content 
.and are low in org.rmic matter content. 

. . ' 

The low organic matter content_ of the soils indicates low water-hold.ir.g 
capacity, and a tendency to puddle, bake and cracl:<:.. Grass seed sown on· raw soils 

,without some type of covering or mulch to hold moisture cannot be expected to. 
succeed. Mulch materials which may be investigated as to cost 11.nd .availability 
are: · 

:Native peat (humus) 
Manure (stable) 
Manure (poultry) 
Mushroom ma.nure 

Straw 
Olcf hay 
PovertyGra.ss hay 
Broomsedge hay 

Marsh hay 
Bluegrass hay 
Sawdust (rotted) 

I 

It will be necessary to use liming materials in most locations to counter-
act the acidity of the soil and to provide more favorable. conditions for the 
grov,rth of legumes. Materials. which should be investigated as to cost and avail
ability include:. • (1) Agricultm·al limestone,· (2) Limestone dust, (3) Agricul~ 
tural slag, (4) Marl. · 

. Grass- legume combj_riations lnvariably give more satisfactory• growth than 
either alone . Ni trogen collected by .·the nitrogen--fixing bacteria on the le13wne 
~~~~s feeds the gr ass:es . Legumes which may be used to advantage in var_ious lo~ 

l.ons on the Turnpike include: 
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Swoetclover (Melilotus sp:p.) 
Aloi1,e Clover ( Trifoli..um h;vbridw,1) 
1i1~1it0 Clovar ( 'l'rifolium repcng) 

Kent. Type 
White Dutch and associctted t:rpes 
Ladii:o ' 

Blac:k Medic (Medicago lupulina) 
Lespedeza (Lespedeza spp,) 

Korean 
Corrliilon 
Sericea 

Hop Clover 
Crownvetch Coronilla ( Coronilla varia) 
Hnir~r Vet cl-1 
C:cirnson Clover 
Alfalfa (Med.icago sativa) · 

Northwestern common 
Gr·imm 
Cossack 
Ladak 

FER'i'ItlZ@S. A cel't,ain amount of fertilizer will be necessary- to estab.:. · 
lish and rna:intain a sati.sfactory t:;rov!th of gr;,sses n.nd le3umcs. For all practi
cal purposes a singlo coc1,bination. o.-f N-P-K may· be: u.sed th:::'oughout the Turnpike 1 

varyir.g only the ~~mount as required by the pal'ticular ,;ituntion. Since phos
phorus . and potD.Gl1 are t'.1e t\'JO elcr.tents thJ.t ure most deficient ·in 'Pennsylvania 
soi.ls, the fertilize1· Gliould lie rich in tl1ese ingrectients. Nitrogen is necessary 
bu.t in les1er r1mounts. A cotr,)Jlete mixed fertilizer carrying an IS,:-P-K ratio of 
approximate"].~, 1-3-1, l•-3-2, or l-li.-2 should be s&ticfactory. An inorganic mix
ture will be ·satisfactory and will be lc:c;\, expensive than a J,tixture of organic ma
terials. 

For the purpose of pl3.dnr: t,eed mixture., on ste8p slopes which are diffi
cnlt to scale and whic'.1 v1oul.d requ.L'e m1.,ch hand labor, the possibility of using 
some type of a blower hies been discur,sed. The seed::; may be mixed Hith appropriate 
materials such as lirr.es+,one, fertil:Lzer, top:,oil and hurnm: in the proper propor- · 
tions. The entire u0.x.ti,re coi.lld be blown on the difficult slopes where a portion 
of it will lodge in crevices and niche.3. 'The matorialo acconpanying the seeds 
vd.11 furnish pr·oper covering and nutri.tj_on to irnrn:re a. f'air percentage of germi
nation and establishment. Such a plan couJ.d not be expected to yi:ald 100 par cent 
rotu:..·ns but the low labor cost wj_ll offset the loss of part of the seeds. Some, 
of the m2.terial will not stic1c but will fall down to the bottom of the slope v,rhere 
it may be picked up oncl used again. 

SEED MIX'l'UllliS. 

MEDIAN STRIP. It is not to be expected that. a grass seeding in the med5an 
strip 'Will be uniforml;f succer;sful. The shallow s0:1.1' at the road edges, the lovr 
organic matter and plant nutrient content, the har-dpacked condition - all make " 
it diffic'ult to establish ci satisfactory sod. The seed mixture suggecJted here is 
designed to offset some of the disadvantages by including grasses 'l'Jhich are tol
erant of acidity and poor soil conditions. It is considered wi::Je to compound onlY 
one ?eed mixture .for the entire J.ength of the mHdian strip, . including species whieh 
are: adaptable to all variations of soil and climatic conditions. 
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Spedes 
Kentucky Bluegrass 
Canada Blueg:r·ass 
R·edtop 
Perennial Ryegrass (U. s. grown) 
Colonial Bentgrass (R, I. grown) 
Sheep Fescue 
Chewings Fescue 
t,hite Dutch Clover 
Black Medic 

TOTAL 

Pounds per acre 
15 
15 

7 
15 

5 
.~10 
• 15 

5 
-2. 
90 

9.3. 

This rate of seeding is.equivalent to approximately 2 lbs. of seed for each 100 
}inear ft. of median stl'ip. 

STbt.:P SIDPES. It is entirely feasible to compound a single broad seed 
·mixture to be used on slopes throughout the length of the Turnpiket regardless 
of differences. in soil and cUmatic conditions •. Species included in the rn:i.x
t1,1re B hould ca.l'e for all the different situations. 

§1?.ecies._ · 
Kentucky Bluegrass 
Canada Blueera8s 
Orchardgrass 
Redtop 
Colonial Bentgrass 
Sheep Fescue 
Reed Canarygrass 
Tall Oatgrass 
Sweet Vernalgrass 
Timothy 
Perennial Ryegi.•ass 
Alsike Clover 
Ladino ( clover) 
White (!Jutch) Clover 
Black Medic 
Sweet clover 
Hairy ·Vetch 
Lespedeza: Common 

Alfalfa 

Korean 
Sericea 

Parts by weight in mixt1J.re 
l 
3 
1 
3/4 
l 
4 
2 
.l :~ 
1 

.1 
1 
1 
1 
2 
2 
1 
1 
1 
1 
1/3 
1/3 
1/3 

....L , 
TOTAL 22 

Sugges"ted ra.te of ~eeding - one lb. to 1.000 sq. ft. or 44 lb. to the acre. · 

FLAT SLOPES. This 'includes the areas outside the .berms and areas that 
are to be filled with rocks and stone a.nd covered. with topsoil. -:Th(;lse areas. · 
Will most likely be quite dry because of no connection with the sub-soil. A 
!ew areas will be wet, hence the ~eed mixture must contain species which will 

e adapted to both 0,0nditions. Since the seed mixture for the steep slopes has 

,. 
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b8en made up to suit a nwnber of c0nditions 1 it may be used 
'dith this 11 shotgun11 type of mixture there is little need of 
one for the fl.at slopes • 

on these Flat areas • pre paring a special_ 

A leguminouc1 plant, identified variously us Ax.seed, Crown vetch, and 
Coronilla vs.r:i.a, grows wild in Berks County on shale soil, s0ed of which is not 
obtain,'lble. It grows in soil wld.ch aprarentl.y requires no lime amendment. 
Plants set out on roP.ds'ides in Viestern Pennsylvo.nia on poor sha.le slopes have 
c;ivon an oxcell(mt account of themselves "ilithout further treatment. This plant 
sh01l1d have good po."'sibilitfos on limestone and shale slopes. They could be set 
out at a.ny time after . the slopes ho.ve beGn sta:.:d.llzed with tho grass-legume mix
ture. 

GENEil.AL--PURP03E MIX.TUP.E. At the prer1ent time only a general-purpose 
ture of topsoil~ .seed, limestone anu fertilize::' is sugcested for trial. The 
portions of this mixture !ll11Y be altered to meet unknown conditions. 

Topsoil screened t.o exclude stones 
Limestone to neutralize acidity 
Fertilizer ( 4-16-8 or '.)-15-5) 
Grass seed 

Amount for liOOO square feet 
Median strip Slopes 

2 cu. yct. · 
50 lbs. 
2.0 lbs. 

2 lbs. 

l cu. yd. 
25 lbs. 
10 lbs. 

2 lbs. 

To this general-purposo mixture may be added seed,s of native shrubs and flowers 
which may be established on slopes, such as sumac, dogwood; crataegus, rose, 
aster, and others. 

An advantage of the method cf blowing the mixture into place, aside from 
low-.cost operation, is tl12.t the seeds should f:i.nd natural resting places and the 
effect would be one of natu.rc1.l beauty. Natural reseeding would tend to estab
lish the surviving plants over more of the area. 
TESTS OF SOIL SAMPLES. 
Sample Lime l Organic 
Nwr1ber N03 PO, K Ca Mg Al pH Requirement Matter 

4 lb. Qer acre Percent_ 
7190 100 Tr Tr · 2000 120 5 7.1 0 2,31 

7191 Tr Tr Tr 1000 160 30 5,35 3225 0.10 
7192 100 Tr Tr 2000 200 5 7. 65 · 0 1.8 
7193 50 Tr Tr 1500 160 50 5.55 4000 0.24 
7194 200 Tr Tr · 2000 160 5 6.8 2000 1 ; 2L, 

7195 50 Tr '.I'"' 2000 120 Tr 7.15 . 0 2.13_ J, 

Analyses by Dr. F. G. MePkle, •Instructor, Soils Department, The Pennsylvania 
State College, 
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sample 7190 Median strip opposite Carlj_sle Service Station 
sample ?191 South slope , bank, k mile east of Willow Hill Interchange 
sample 7192 Median strip , 1 mile east of Hillow Hill Interchange 
sample 7193 Median strip, 2½ miles east of Sideling Hill Tunnel 
sample 7194 Med~an str~p, 14½ m;iles w~st of N,~wville 
sample 7195 Median strip west.of Carlisle ;rnterchange 

· · 95-

The nitrates mean little where there is no vegetation. With phosphorus 
and potash uniformly low , we would expect to use fertilizers containing rela
ti,v.ely large percentages of these elements. There seems to be a fair supply of 
a:vailable calcium and sufficient magnesiwn. High aluminum content ( over 5) in
die.ates t.hat phosphorus is n10re likely 'c.o be rendered unavailable to plants. 
sails wi th pH values over 6. 5 are not badly in need of lime and for practical 
•purposes lime need not be used. When the pH value drops below 6.0 it is usually 
helpful to apply lime pefo:ce se_eding , particularly where legumes are to be used• 

The lime requirer,1ent figures are essentially accurate but for practical 
use it is not possible to vary the amount of lime used exactly in accordance with 
the tests. Slight excesses are not signif icant but may be quite helpful, es
pecially when the organic matter content i s so l ow, as indicated. The figures 
for soil samples containing organic· matter above 2.0 per cent are or:l).y fair but 
good catches· of grass may be expected. Fi gures below 1.0 per cent indicate an 
abnormally low organic matter content and a decided tendency for t he· sbil to 
bal:e and crack and to dry out badly. The need for a .mulch after seeding is in
dicated by the l~vt. o:rganic matter. 

MULCHING, A mulch of old hay> straw, or native grass hay is suggested 
to follow the seeding on the median strip and on slopes, Success in establish
ment will be more sure where a mulch is used. Tht1 mulch reduces surface evapor
ation, conserves moisture, reduces erosion, increases the rate of' absorption of 
rainfall, and prevents a crust from forming on the surface of the soil. One
half inch to one inch of hay is sufficient to protect the surface ·durii1g g'erm
inat.i 9n and est£\blishrn.ent. There will be no need of removing the mulch after 
establishment. 

SBCOND REPORT - TO SURVEY PROBLEMS OF SLOPE PROTECTION 1 

SEEDING METHODS AND MIXTURES, AND OF NA TURI\L COVER 

Survey trips were ma.de October S and 9 and October 21 and 22 1 191.,l 
by C. N. Keyser, Landscape Architect in charge of Design, Pennsylvania 

·Turnpike Commission, and Dr. Fred V. Grau, Extension Agronomist, 
The Pennsylvania State College 

MEDIAN STRIP. One of the difficult problems of the Turnpike is the 
nledian stri p . Dur ing the w:i.nter it wi l l be largely covel'.'ed by cinders and other 
material that is µsed· on t he road to pr event slippage. Snow plows will scrape 
lllost of the vegetati on off a l ~mg with t he snow.. During the summer per;i.ods of 
.heat and drought , togo'ther · w.i,th hnr d- packed shallow soil, will limit the choice 
of cover pla,nts to only a hardy f~w; . These few will, of necessity·, be chosen 
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for their drought toler ance , their abil.i.ty to grow in poor soil , in .acid soil, 
and for t heir abi lity t o :r·eo;enorate ·growth i n the spring either from rhizomes 
or from seeds• or bot:·1 . Low-growing plo.nts are essential to minimize danger to 
fast- moving traffic . It is essen'dal t o choose plants which require the. min:i.muJn 
of maintonance for obvi ous reasons . Any type of sl o,·r- moving equipment on t he · 
Turnpike i s v. i1azard to traffic. · Ultimate road safety demnnds the absol1-+te min ... 
i mum of snch maj_ntenance equi pment. 

One of the difficulties of sclec:ting plants .for use on the median strip 
is that there h!is been little or no Pesearch work done on pl ants adapted to con
ditions found on The 'lurnpike . At the present time it is necessary to delay ac
tion until practi ca,l t est plantines c,m be esto.b-li shed and observed over a suf. 
ficient period of time t o be ahl e to correctly i nterpret observations . Mean
Y~hile Nature is establis!iing a cover in some sections from the seeds and rhizomes 
Vfhi ch wer e in t he soi::. . Some of t his natural vegetation is desirable , some is 
not. The survey di s closed. the following plant.R which are occurring naturally in 
the median strip: 

Gras ses 
-;:-Quack.gr ass - ' 

Redtop 
Timothy 

-:'.-Colonial Bcntgrass 
-:rCanada Blue[J:'fi.SG 

-r--1-:entuc l-cy Bl't.t~rr,w1, 
Poverty Gras ::: 
Orchardgrass 
Meadow Fescue 

Legume~ 
➔:•'Native White Clover 

Red Clover 
.AJ.si ke Clover 
~t·1reetcl o•.-er 

➔~B:..ack Medic 

rleeds 
Buckho~ 
Bristle grasses 
Knotweed 
Chickvrneds 

{}Yarrow 

The asteri sk indicti.+:.es those plants whl ch ·are producing t he most satis
f actory growth and co-:rer fr .:.m the s t"'ndpo:i.nt o:: low mc1.intenance costs . On the 
basis of this survey and f rom our knowledge of the known p1nnts which may grow 
under these cond:1.tions i t he following plants ar0 under consideration in addition 
to those found natural:;r-occu.r•ring: ( 1) Lotus corniculat us (Bir dsf oot Deer,•e i:,ch) 
(Bi.rdsf.oot t:r.ef9il) 1 (2) Coronilla va~·ia (Crownvetch Coronilla) 1 (3) Creeping 
Red F'escue, (I+) Zi 3z,ag Clover, (5) Myrtle . 

I • 

, 
Lotus would be denirabl e because it i s t ap- rooted, t olerant of 

c1.cid soi l and poor soil, and because of i ts seed-producing abili ty and 
during the blooming per iod, In association vdth 16w- growine plants it r emains 
quite prostr ate . It should be i ncluded i n . t he seed mixture if tests indicate tha 
it will do well . 

Coronilla produces a deeper vegetd,i ve growth than lotus and , f or that 
r eanon , it may not be so desirabl e. An advantage is that it :lpr eads both by see 
and by underground :roo'cstockJ so thn.t it c.ould survi v;e the rigors of the wint er 
season better than Lotus . Dur ins; t he blooming period it presents ::i. beautiful 
8ight to the traveler. It is more likel y to succeed ·t.han Lot~s but it !lD.lst be 
tested under Turnpike conditions before it can be Pecolilmended f or use on the 
median strip. The seed it:i not -available on the ·market but it can be collected 
fl'om established plantingsa 
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Creeping Red Fescue is an interesti~g po~sibility for use on t he median 
trip because of' its tolerance·.to drought, poor soil and acid soil. One clip

\n11 a year at seeding time usually suffices to keep it Jn pref1entable condition. 
itsbtendency to spread makes it particularly desirable . 

Zigzag Clover and Myrtle are interesting poss,ibili ties but they cannot 
be considered in direct comparison with those plants ,' the seeds of which are 
readily obtainable . The total area· of the median strip is a bout 190 acres . With 
·t;his acreage and the limited amount of labor a.vailnble , it may not be practicable 
to attempt to set ont rooted cuttings of plants. It is essential to establish 
a desirable cover . as quickly and as economically as possible with seeds which 
are readily obtainable to prepare the areas ior later plantings. 

After due consi deration of the existing conuitions , the variable condi
tions over the entire l~ngth of the Turnpike,_ the a va:llabil i ty of seed; the type 
of cover desired , ancl the maintei·1an;:;e fac·Gor , t'.1e following seed mixture was 
suggested for use on t!1e median strip . 

Canada Bluccrass 
Kentucky Bluegrass 
Creeping Red Fesct•e 
Blad,_ Medic 
Lotus 

APPR;0YIMATJ~ IJJIT§_l\f_J1];IQHT 
2 
.J;. 
y 
?. 

l 
...L 

Rate of seecang per acre 5 pounds 

lt is sum:~es'Led that this mixture be subjected to the san:e calculations 
as the intercllange and t he soil stA.bilization mi:x:tures and adj usted so as to 
yield approximately 9 gra.ss seed:s t o l legmne seed . To avoid any possible ex.:. 
tre. maintenance costB, no quick- growing tempo1·a.ry nurse g:casses are included -in 
the mixture. 

The method oi' seeding the median strip is complicated by the delineator 
posts which are set every 100 ft . end which preclude the use of rra.chinery which 
can - cover the ent:Lre 10 ft . strip at on13 operation . · Since it did not appear to 
be necessa~r to cover the entire strip -.with vegetation at once and since time 
was a factor in establishing soII].e cover , t}'le fqllowi~g rn_e~hod was suggested: 

. 'l'o a mobile power unit such as a small garden : tractor, at.tach vnrious 
implement~ and. equipment which , at one operation, will -open· a narrow furrow 

1 
. sow 

the FIDSSLZ. _ in the furro)'"", and .fir.m th7_ soil well t_o enhance 1•apid g~rrr):i.nation , 
The depth of the furrow need not be over 2 in. since t.he seeds in t he mixture 
:e~?ir~ only a shallow covering (not. more than. 1/ 4 in.). At least part of .the - . 
o:i.l removed from the furrow by the l.mplement should be returned to i t in a loos .. 

:~ed condition through som~ .arrangement of ncrap~rs_. Following this can be the 
tb:der, or the seed spout f 7om an attached seeding arranger.ient, which delivers 
t · FLOSS to the furrow. Finally a heavy flat wheel should compl ete the opera-
210rn to. press the FLOSS firmly into place. · Two furrows would be "planted, each 
~ t . in from the edge of the concrete. 

~ - FLOSS - te_r !Jl. applied for convenience to a ~xt,ur_e of fertilizer , lime , organ
l e matter, seed, soil. 
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The proportions of tho ingredients o·f :the FLOSS for the median . strip we.:re 
suggested as follows ( on an ac1•e basis I or for each 4,356 linear ft. of the 10 ft. 
width of median strip): 

Fertilizer 
Lim'e 

Organic JTu3.tter 

Soil 
Seed· 

( 4-1,6-8 Turnpike Formula) 

(Pulverized Limestone) 
(Best available material 

from ·13tock piles) 

100 lb. 

160 l b . 

5 lb. 

INTERCHANGE SEEDINGS. Inspection of the interchange seedings revealed 
that the selection.of seeds for the mixture was entirely justified first, from the 
standpoint of quick cover and icta.bilization and, second, from the .standpoint of 
g:~ass-legume comlJination. The I-1.yegrass and Redtop are holding the Mil but are 
open enough to permit tl-io permanent grasses to become established. There is a 
good stand of the five permanent grasses. Of the le[,umes 1 the Black Medic pre
doniin2.tes. It is unif02~mly well established throughout the seedings and is con
tributing to the form.ati.cm of a good turf by feeding the grasses with nitrogen. 
The seed mixture used was: 

Ker.tucky Bluegrass 
Car.ada Bluegrass 
Chewings Fes c_ue 
Colonial Bentgrass 

. Redtop 
Doruestic Ryegrass 
White Clover 
Black Medic (yellow trefoil) 

B.~ . .££.~i}l& 
Pouno.s per_ fi.cr.~ 

5 
15 
5 
3 

11 
I~ 

5 
1k 
70 

Tl1is seed mixture co,'3t about_ ~16 an ac.re. The seedings were much more 
uniform where an even lo.yer of m.1lch was spread. With no mulch the soil was hard 
and di'y and the turf was thin. An improved method for cutting and blow~ng mulch 
on nevi seedings would be a great advance in insuring stands. Every place where 
the mulch 1im.s E:'ll'enly- applied the seed.ing wa.s much better than without mulch, both 
on interch~nges and on b~nks •. 

At· Somerset the seeding was in fine shape. At Breezewood v1here it had 
been extremely dry the turf was. very thin but is holding on. Rain was needed bad-
1:r in. October but if .it came s.oon the seeding wo~ild be a success. 

.. . ··:1 

At the Eastern Terrdnus the legumes iE the seeding were very much in ev-
' idence as compared ' to. the grasses. Foxtail for~ed a good temporary natural ground 
cover. Grass seeds were still 1ying dry (October 21) but with good late fall rains 
there should be considerable perm3.nent coverage ·before winter. . . 

· The interchange - seeding. at the Western 'l'erminus was the best of· any along 
the Turnpike. Favorable moisture contributed largely to the good results, 
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ESTABLISHl,folJT OF COVER ON STEEP ,SLOPES. (Protection) The use of the 
bl owine equipme!lt to ned the high slopes is working out even more sa.ti_sfactor
!i.lY than ant.1:cipated .u An even. coating of FLOSS can be laid down on even the 
roughest steepest _banks with little or no loss from 11drift 11 into the dit.ch. · 
Tlae force of the gun bJ_ows the .:e;10ss into every crack and crevice where the seed 
a.waits moisture favorable to germination. 

Certain mechanical problem.s -have· .n:ot been solved with complete satis
faction but the principle of the gun for seeding banks has been demonstrated to 
be entirely practicable and feasible for large scale highway s·eeding operation~. 
one feature which completely justifies its use is that seeds. -of any kind of shrub, 
tree , vine , or any other pl,ant can be "spotted11 on the banks simply by adding' the 
seeds to the FLOSS as it is mixed for the gun. There has been no indication .of 
any harm to germination by the seeds passing through the gun. 

At milepost 33, 2 miles west of Kittatinny the eas-ternmost point where 
the 11Gun\1 was used to blow the FLOSS on the banks, there is a good: catch of gr.!3.ss 
even with no mulch and with very little rainfall. Examination showed that much 
of the seed was still lying dormant but that •it wa.s viable and ·should germinate 
when moisture co·nditions were favorable. 

. At milepost 43 going west, the first slope that was ,_blown shows an ex-
. cellent stand of grass in the crevices of rocks. Bare rock surfaces protruding· · 
we·r.e softened by the surrounding covering of grasses and- legumes. 1ii/hen· one -looks 
at such a steep rock slope this question is uppermost, 11How else could you seed· · 
it?" 

. It is noteworthy that, this method of seeding establishes a cover in the . 
· plac·es whei•e it is ~needed the most-with no extra expense of preparing ·a se~d bed. 
In this connection it should be pointed out that it is a waste of time and com
p).etely unnecessary to 11 sandpaperir the ,slopes with picks and shovels in prepara
tion for seeding by the 11b]pvrinc1' method. After ttsandpapering, 11 the slopes a.re 
smooth und much less t'eceptive to the FlDSS than before all this labor went ·into 
them. A slope left t'ough as the contractor l eaves them, is the best possible 
medium for the FLOSS since there a.re innumerable cracks and crevices for the 
seed soil and fertilizer to lodge ·and establish an erosion-control cover. 

. , . I , 

'The item of watering the slopes after they ha.ve been seeded is consider
ed not only as a waste of time and.labor but'a distinct detriment to the seeding. 
If left to Nature, the seeds will lie dorm.ant until conditions favorable to 
ge:mination and establishment are pr e$ented. Artificial watering may result in 
qUJ.cker germination but if water is not continually supplied during a period·of 
d:rou~ht, following germination,· the ·seedl i'ngs .will perish.' We suggest the dis- · 
~~ntinuance of artifica:1-watering and 11sandpapering11 and suggest ~urther that 
b~e ~10ney and labor so used be qevoted .. to further research ;on equipment for the 

owing of a mulch material on the slopes. 

Q - De~cription published i~ Journal of Arterican Society of Agronomists, Vol . 
· 34, No. 4, April, 1942. Vol. · -34, No. 8 1 August,, 1942,;c Green Keepers Re

porter 10 (3) 39, May-June, 1942 • . 
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It wns of interest to note that a section of t he Turnpike s lopes which 
was seed_ed by others usin(l, Turnpike seed and fe r t i lizer , did not work out wel l 
i n· comparison to the bl owing eqniprilent . Several i nches of topsoiJ._ _were laid on 
the ·slope_ before s0eding. Wher e the slopes werG: 11l a:i.d back11 to a 3: 1 or f latter 
the topsoil remained i n place . At 2 : 1 or steeper, the topsoil and the sod sliq 1 

off the slope i nt o the ditch , leaving the raw· soil exposed, · 

With t he bloviing equipment, t he FLOSS sticks t o t he slopes with a1Jr1ost un 
believable tenacity. This is ma.de possible by the use of wat er in conjunction 
with the FLO,SS so t hat the m£,terial if:1 lai d down as &. thin mud . It was thought 
that when the moisture evaporat ed much of the FLOSS would drop off' and be lost, 
Contrary to our belief , it all stayed on the slopes even when heavy rains .:fell 
soon after seedi ng. 

Where I!Il.l.lch has been spread on unseeded slopes , t here i s a surprisingly 
good cover being est ablished from seeds vfhich w-ere in t he soil and from seeds 
,·,hich were in the mulch. This lends support to t he method suggested i n the pre~ .. 
lirriinary r epor t, that of cutting mulch materi al in the seeding s~age so that 
there wouid be natural s eeding coincidental with mulching. In connecti on with 
thi s pr obl em there is attached a preliminar y list of common grasses and . the times 
at which t hey normally mature seed in Pennsylvania, t ogether with a note .as to . 
the relative shatterine o:r porsistence i n t he head . Along the Turnpike there are 
hundreds of' acres of native gras ses which co•ild be cut as hay when the seed is 
ripe , This could be used .:s s eecl-mulch if l abor i s available f or the preparation 
of the mat erial. ' 

Approximat e dn.te:3 of s eed maturity of some common 
___ ______ __._g"'"r,;;.;n.;;.s.;;.s .... 0.;:;..s_w .... l;;;.;n._· c.:;.;J_-1_o __ c;_c;;.;'t;.;;;tr;....;n.:;.;a:;..t;;.;u;.;;r:..;ally in ::~illll? 1 vani_a _ _ ___ -.-__ _ 

!3l uegr.~ Ra · e of Matllr it ·Shatters 
Kentucky Jur.e 10- 20· 
Canada June 15 - July 1 
Roughstalk May 20 - J une 10 
Annual April and Octobe r . ' . 
Fescues 
Meadow-
Chewings 
Red 
Sheep 

Agrostis 
Redtop 
Colonial Bentgrass 

Andr o o on . 
Bluestem Broomsedge)& 
Little Bluestem (Prairie Beordgrasa) 
Big Blueste.r.i (Bluejoint turkeyfoot) 
Poverty Grass ,,,. 

LJ± - Hitchcock. 

July 1 - 15 
July l .~ July 10 
July 1 - July 10 
June 10 - 20 

July. 15 - Aug. 1 
July 15 - Aug. 1 

Aug 15 - Sept . 10 
Aug 15 - Sept . 10 
Aug 15 Sept. 10 
June 20 ~ July 15 

.Yes 
Yes 

Yes 
Yes 
Yes 
Yes 

Yes 
Y.es 

Yes 
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Yes 
Yes 

Yes 
Yes 
YeS 
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etihet' . Grasses 
~um 
w~rass ( vii·gatum) 
Q<!lJlllilOn Witchgrass (capiilare) 
sweet Vernalgrass 
'].'iJtlOthy 
orcnardgrass 

Range of Maturity 

July 
July 

. May 15. - June 1 
July -15 ~ Aug. _1 
June 10 - July l 
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Shatters Easily Persistent 

Yes 
Yes 
Yes 

Yes 
Yes 

NATIVE VEG:!:.TATION. Specimens of the more desirable types and species of 
paturo.lly- occurring vegetation (gr asses. and legumes) were collecled and trans
ferred, to the ·Turnpike office in Harri?burg as the first step. in establishing a 
nI,iving Plant Museum11 of Tur npike plants . Some of the promising - appearing nat
ural - cover plants include the following: (1) Trailing blackberry (one of the 
better plants for sterile ar eas, especially on shale slopes), (2) Yarrow, (3) ·,1/'ild 
Aster , · (4) Native White Clover (partic~t~rly on 11 spouty11 spots),,.(5) Poverty oat
grass , ( 6) F~eld Speedwell , ( 7) Blu~stem (Broomsedge), ( 9) Panicum Spp., 
(10) Carex Spp. (Sedges) . 

nfo.ny other plants were collected, some of which were . used in the seed 
mixture for the slope::,. This slope mixture was 'prepared as .follows to yield 2387 
seeds per sq. ft. in the proportions of 4 permanent grass seeds, 8 nurse g:rass 
5eeds, and 1 legume • -seed, Calculations as to munbers. of seeds we-re made by C. N. 
Keyser. 

Kind 
K-Entucky Bluegr[J,sS , 
Canada Bluegrass 
O:rchardgrass 
Chewings Fescue 
Timoth~r 
Colonial Ilentgrass 
:Redton 
D0mestic Ry~grass· 
Alsike Clover 
'White Clover 
Black Medic 
Sweetclover 

Poun~ .1:!.o_t_h_e----'A_c ... r_e 
2 
6 
4 
2 
4 
1 

11 
10 

6 
l 
5 
6 

58 lbs .. to the acre 

In many sections of the 
Turnpike the slopes are be
ginnir1g to be covered with 
much undesirable vegetation 
f~om the standpoint of main
tenance, It is of great im:-, 
portance to quickly protect 
.slopes with a reasonably· good 
mixture of easily established 
plants. After initial cover..:. 
ing of the soil by grasses,', 
any type of vine, shrub, or 
tree planting may be supe_r~ · 
imposed. In Nature.the 
grasses always precede vine, 

. tree, apd shrub climaxes 
since the grasses provide a favorable place. for the seeds of the larger · plants to 
come to rest and find favorabl e conditions for germination and establishment. , 
~lope protection comes first , then Landscape Planting.· Further simplification and 
improvement of the mixing , bl owing, and mulching equipment is needed. With im
Pr11oved equipment the seeding of steep highway slopes may be readily and economic
a Y accomplished . 

i This incomplete report serves to indicate that while the problem of seed-r:g ~arge areas of steep slopes has been apparently satisfactorily solvedr there 
sltnain to be solved many praQ'!tical problems of desirable permanent cover on the 

opes . There are many plants which appear to have unlimited possibilities for 
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. · slope pr·otection and for . lasting· beautifying ground cover which have not been 
included in mixturos because oi' the pracU.cal difficulties of Jack of available 
seed, insufficient p,-.rrmt material, uncertainty as to best locations, and in
sufficfont knuwl0dge of best methods of establishment, All •Of this indicates 
the need for a resec;.rch program and extensive tost plots in order to answer 
these and many other highway problems in the State. . 

•' 
'l'HIRD REPORT TO DETF:RMINI~ R,~SULTS OBTAINED RELATIVE '£0 

SLOPE DE,31GHS, SEEDING METHOD.S, MIXTURES, 'rD..i:i~ ·01" SEF,DING, 
CLIMJ\ 'EE, AND OTHER FA C'.rORS 

Inspection made November J., 1942 by C. N. Keyser, Landscape Arch
-itect in Cbarg,3 of Der;ign, Pennsyllianin Turnpike Commission, iJilbur 
H. Simonson, Senior Landscape Architect, Public Roadf:l Administ1'c1tion 1 

Harold 'liebb8r, Maintenance Engineer, Pennsylvania Turnpike CommiG ~,ion, 
2.nd Dr, Fred V. Grau, Extension Agronomist, Th0 P_ennsylvania Stn-t.e 
College. 

One of the prbBry objec;tives of the third inspection trip was to study 
results and to asce1,tcJ.in the occurrer,ce of the various 'species, which were in
cluded in t,he fl lope and interchange seed mixtures, in rel,; tion to time of seed
ing and other factor11, Tahle3 1 and 2 list the species used in J.941 and . tho 
spec.i.Gs found on NOV!;;mbor :. , 19/..2. Table 1 is :::upple:nel.1ted with notes to parti..., 
ally: .. explain the variations in the _population, 

Lbs. 
Slope iAi x.tu:re Acre 

C1me.<l.a Bluegrass G 
O:rch=dgra,ss 4 
Timqthy 4 
Kentucky Bluegrass 2 
Chewings Fescue 2 
Colonial Beutgrass 1 
:Rod.top · · 11 

'Domestic Ryogra.ss 10 
.Alsike Clovor 6 
Sweetclovor 6 
Black Medic 5 
W'ni t0 Clover 1 

Half Ladino 
Httlf White Dutch 

Toto.l • •. 58 lbs. 

I 

3tatinn Locations in torms of Ea.st-bound Mile 
148 125 118.2 118 11&,o/ lib~5 111?., ~ 1 

X X X X X X X 

X X X X X X X 

X X X X X 

X X 

X X X X X :x X X 

X X X 

X X X X ll 

lC X '.){ .x X JC 

X X X X X 

X X X X X 

X X X X X X X 

X X 

X 

X 

X 

X 
X 

X 
X 

X 

X 

X 

X : X 
X 

X 

X 

X X 

X 

X 

X 

X X 
X X 
X X 
X 

X 

X X 

X X 

X X 

X 

X )C 

X X X 

X .,,_ 

X 

X X 
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..tequate to control eroo1on. All p1oturea tabn 1D tile lat• P'al.l or 1942. (Photos i,, tho l'e11M)'lvnld.a 
'l'Ump1Jto eo,,.,d.edon) , 



105. 

station lh8---n~1own11 December 12, 1?41. . Shale, ,no soil. No1~th-facing slope 
12:l. - nyegrass reseeding:, Pooresit :growth at top of 15-ft. slope 

· where moisture is limited, Best growth at toe of slope. Distri
bution of plants: heav:l.est population in rills which had formed 
pl:"ior to. seedir~g, other _well-distributed. Results: very good, 

' . 
station 139-2-Excellent ro~dside cover of_ lespedeza, natural growth. 

station 125--- 11Blown11 in August 1941 during driest part of lowest rai~fall seas-
- on in 54 years. ShaJ.e, no soil. So,uth-facing slope 2: 1. Plants 

scattered but successfully established, Only the most drought tol
erant su~.~e.eded. Nearly a c,omplete le_gume failure. Resu.1-ts·: Poor. 

station ll8.2~ 11Bioim1t AUQist 111 1941. Shale, no soil. North-facing slope 2:1. 
Nearly complete legume failure. Seed lay dry until late in season. 
Good grass cover. R~sults: - fair. 

station ll8---This is _the point at which th~ Gun method was first used on July 
29, 1941 in-the n)iddle of the worst drought in 54 yea~s in this 

' . • 7 
section~ Shale, No _soil. South-facing slope li~: 1. Results: poor. 

Station u6;?- 11Blown11 -August ll, 1941. _Shale, no soii. South.:.facing slope, 
l~:l. Nearly a legw11e failure, grass cover good. 

Station 116.5-Simila~ to 116.7. (Burnt Cabins) 

Station 116---11Blownn August ll, 1941. Soi~. slides due to ground water seeping. 
Cover __ excellent. Results: good. 

Station 35. 5--Hand-:-s·eeded and mulched by W .P.A. -South-facing slope 3: 1, Some 
slippage of face. Good cover o1 grasses, no legtune~. Results: 
fair, 

' Station 19.8---11Blovm.11 September 1, 1941. . Soutl;l-facing slope 65 . feet high. · Rock, 
no soil.- Cover natural-looking but.not solid. Rock faces soft~ned 
by cover. Results: good. 

Station 18.~-'1Blown11 Septeinber 1+, 1941. Soil sJ.ides. (Jacobs Creek). Good · 
growth of grasses where soil has not slipped. Legumes thin. Hairy 
Vetch added here has not succeeded well. Result,s: good. 

Station 1S.2--11Blown 11 September 12, 1941. Rock, no soil. South-west .facing 
slope 50 ft. high. Excellent cover of Black Medic and Sweetclover, 
producing a soft .-green, slQpe. Results: · good. This location suf.,. 
fered a half-inch rain in· 20 minutes soqn afier seeding. Practi
cally nope of the FLOSS "._fcl.s washec;l ,9ff_ ~he -slopes. 

·St ation 6.8---Hand-seeded by others on J-.in. of. top;oil placed on 6-ft. slope 
laid~back to 3: 1. Excellent cover where soil did not sli.de off 
into the· gutter. Results: poor.-
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Station 6 . 0--- 11Blo,m11 during favorable mQistnre period in August 1941. Shale, 
little soil. North and east-facing sl ope , 2 :1. .Good cover. Toe 
of slope very heavy in Orchard.grass v.rhere moisture collects. Re
sults: very good. 

Station 5 . 3---11Blown11 Aug,frt 1941. Shale, 
East-facing s::;_ope . Excellent 
some Black Medic. Re:mlts: 

no soil. Slope nearly vertical. 
cover of Rye grass arnl Redtop with 
very good. 

Station 4. 2"""--- 11Blown11 Aue;,_1·st 19l+l. $:1aJ.e, l ittle 'soil~ Thin cover.. Need fo:r 
mulch inJicated. Results: pOOl'. 

T:riailing blackbc.n·:r;s,r, bucl:horn, field speedW<:~11, w·lld aster , and golden
rod r epres?.r,t outstand:Lng ex.ar:1ples of native adapted plants occurring natural l;v 
and providing slope proi;,ection. 

CONCLUSIONS OF SLOPJ PH.OTJCTION METHODS 

1 • . The 11 shotgun11 type of seed mixture has bee;n used .to good advantage 
on slopes cl.long the Turnpike. Ecologieal f actors have r esulted in a speciD.lized, 
selection fro::t the relati velJr complex mixture. The more drought- tolerant species 
occur most frequ~ntly and in the greatest abundance but the more moisture
toler~.nt species a.bound in localized favorable areau . Slope design v,1rie~, so 
greatly that the population of a single face 1,1ay vary from most drour;ht-tolerant 
at the top of the s1.ope to the most moisture--tolerant at the toe of the slope• 
justifying the inclu$ion of all types in the seed mixture . 

2. The 11Gun11 method of blowing FLOSS on steep slopes i s satisfactory . 
With certain i mprovenent.s to increase the vol ume output and the acreage covered 
in a day, and to dec1'ease -:~he weight and size of the outfi t, the method will rep-
r esent a r apid, low-cost procedu:-e for accomplishing slope protection. Using 
t he 11.experimental " a.ssemblec units, figuring all cos ts on an amortization basis 
of 36 months , it · cost less than 10 cents a sq. ?d. to s eed slopes va.ryi.ng i n 
he:l.ght from 10 ft. to 60 ft,., Not counting amortization and 'iJ .P.A. labor used, 
the act ual cost of s l ope s~eding to the Turnpike co:,111d.ssion was about L~ cents a 
sq • . yd. 

3. The FLOSS mixture is a sati3facto:r;y- !T1.edium t o use in connection with 
the 11Gun" method of seeding slopes. 'l'he proport:i..ons of the i ngredient s may be 
changed on t hs basis of further testing and study but at the present t hey appear 
to be satisfactory. 

4. Slope design to avoid excessive ''drought" areas at the top Will do 
much to f avor establiGhrnent of ground cover. Rounding of t he t ops and flatten
ine of the toe of slopes seem to favor · plant gro't1th. Rounding the top of a it:1 
slope to promote plp.nt growth represents a gr eat saving in earth-moving as com
pared to II laying-batk11 a high ( over 30 ft.). s lope to 2: 1 or flatter, in a.ddi tion 
t o saving space for right-of-way. 

5. Excessive smoothing or nsandpape.ring11 of slopes is undesirable for 
the n Gun II method of seeding. Rough surfaces as l eft by t,he grading contractor, 
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.rough- dressed to remove . lo9se ·stones , ar.e most .favorable to this .method of s l ope 

--

seeding. · 

6. Mulching of slopes is a valuable adjunct to seeding. Where the Fµ:>SS 
was b.J.own through a light · mulch ,previously applied ; the results were very good . 
There is need for a machine which will cut and blow a moistened mulch on the · · · 
slopes just prior to "blowing" them with FLOSS • . The des.i gn for such _a. machine 
has been . proposed by Mr •. Keyser-. 

' . 
7. · Slc;,pe ground cover need not be _a dense turf • . but -should. app~o.rimate 

a natural , mixed growth of plants selected for their harmonious relationship to 
t he environment and surroundings . Such a ground cover will require little or no 
mowing and will be low in maintenance cost. 

8. Seed.s of Col"Onilla. varia (Crownvetch Coronilla) · planted in October 
1941 at different locations;failed to show any results . 

INTERCHANGE SEEDINGS 

Table 2 presents -01servations of popu1.ations, supplemented, by notes . . 
During the 191+2 season these arew were mowed r egularly with a Locke mower 's'et' at 
about 1~ in. Du~ to a good supply of natural precipitation, mowing was frequent 
(about once a week) . 

Table 2 
--

Interchan~e Mixture Lbs Interchange Locations b3 Name 
. -

an Dlue Willow Fort Breez~ Bed- Somer New Irwin 

-

Acra Mountain Hill Littl eton wood ford set Sta.n-
.. ton 

Canada Bluegrass 15 X X x· X X X X X 
Kentucky Bluegrass 5 X X X X X X X X 
Chewings Fescue 5 X X X X X x ' X X 
Colonial Rentg~ass 3 X X X X X X x- X 
Domestic Ryegrass 12 X X 
Redtop . 11 X X X X X X X. 
Black Medic 14 X X X X X X ' X 
Vfuite Clover 5 X X X X :x X X 

Half Ladino 
Half 'White Dutch 

70 lbs . 
. .. 

Total • • • 

l~TERCHANGES. Mostly hand-seeded and mulched , fall of 1940 and spring of 1941. 
µJned and fertilized , 800 lbs •. of 4- 16~8 to the acre. 

. . .. -. . .. . ., 

Blue Mountain. : .P9or t.hi'n · soil on sha;Lo • . ' Excellent· lawn turf , · goc;,d 
cover. Mowed . about l¼ in. which i s t oo close for this type of soil which t ehds 
to dry out readily. Ryegrass has disappeared in one season. 

X 
X 
X 

·-
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Fort Littleton, Ex.eel.lent cover on south-facing slope . Legume popul;i ... 
tion high. On _ the . t.op of a _shale fill there. were good -plants of Orcharograas , 
_Black Medic, and Cht::wings Fescue , 

Breezewoop, ·Goocl. cover,., high in l egumes . This· shows excellent r eco-v-er~ 
after being s~verely injured b1 -drought l ast surnrper, 

. . 
Bectford. .Excellent · ~over· ... nigh in legumes .. · The· .height of cut on_ an i~ 

terchanges was discns3ed at lenc;th and a 3 in. cut :was agreed upon as being in , 
the int0rests of l owered maintenance· costs I l ess frequent mowing, and a. les s 1 re 
fined 1 app€!clrance more_ :in harmony with t he sur,roundings. 

Somerset . Excellent -cover , ·g9od color. , Ben.te;rass more i n evidence. here 
than further east a t lower altitudes . , Blnck Medic ·is very adaptable to any , . 
height of cut . The proportions of t he vnrious species in the turf seemed to be 
in nearly the same proportion as they were present in the seed mixture . 

New Stanton . Like Somerset. . Rich i n legumes, high green color, dense 
turf . 

Irwin. Excellent cover. A nearly' solid gi'ound cover composed of prin
cipal:J..y _ Ryegrl. ss and Black Mocli'c. One year later no Ryegra:.is is present, perma
nent species are fornti.ng a dense t urf . 

CONCLUSICNS ~ON INTERCHANGE SEEDING~. 

1. The design of the seed mixture , liming a nd fertilizing practices 
seem to be well-balanced and consistent with the beauty and utility- reqli.rem.ents 
for the l ocations . 

2 , The proportion of Redtop in the mixture could be. reduced without im
pair ing the value of the mixture. 

,3 . l;llack Medic i s a valuable ingr edi~nt in the mixture for these non
traffic area.s because of its ability to start quickly , to w:i thstand drot1gh_t .. and 
poor soil ', and to adjust i tsel f to varJrine management pr actices . 

4. Light mulch has b.een ver";/ helpful in establishing stands :i.n a dry 
season • . 

5 •. Mowing in:terchango turf at about 3 in. would result in lowered main
tenance costs · nnd a more harraoniou.s appearanee . 

CONCLUSIONS ON MEDIAN STRIP NATURAL GROUND COVER 

1. The ground cover:. ranses from sparse to dense, a.cc:ording to the qnal- , 
ity of the repl aced topsoil and the seeds contained i n the topsoil. In general, 
the cover is ,satisfactbry and pre~cnts an harmonious pleasing appearance. 
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2. A·spa.rse ground cover is sufficient because q.t the-.oormal rate of 
speect of -vehicles,_ the eye -sees ·-only an unbroken appearance of ground cover a- -
~a~ - . - - . ' -

.3 . -. The , snow removal eq-p.ipment operations discourage all but the· hardi
est plants in the median strip. Species with r hizomes seem to be favored pecause 
of their ability to r~new ~rowth after all aerial parts are scraped off • 

_ __ 4 • .. · Low ... growing plants, unbroken ·by plantings,_ favor the safety of a.· 
high-si:ieed road . Color distinction is necessary to delineate clearly t _he edges-
of the paved surfaceo. 

SUGGESTIONS FOR IMPROVEMENTS IN Mb"l'HODS OF ACHIEVING SLOPE PROTECTION IN· RELATION 
TO SLOPE DF.SIGN, 

1. Since slope protection is the first pri nciple of landscape design , 
it is essential to establish seeding contracts i n connection with .the prime con
tractor or with a seeding contractor in such a way· that , if possible , ·a slope is 
s·eede·d within o. few days fallowing accept ance of the . graded slope by the inspect
or, \'/hen slopes lie unprotected for a year or more before protection measures. -or 
landscaping are started , erosion becomes serious with resultant high maintenance 
costs and damage to high- cost installations . 

2 . Seed .mixtures composed of species having Wide tolerances permit of 
seeding at almost any time of the year, except when the soil is frozen, thus ex
tending yonsiderably work that ie known -as 11seasonable-.·11 

J. The 11 Gun 11 method of 11Blowin~11 FLOSS on banks and ~dopes· merits con.:.:• 
siderable time and study for the purpose of improvinF( the machine?_'Y, increasing 
the volume·output, and acreage. capacity. 

4. Improved mulching methods are indicated , particulnrly in the amount 
and manner in whi;ch it .·is applied to steep slopes. 

5~ Rounded tops e.nd flatteni:3d toes of slopes appear .to ··enhance the pos
sibility of establishi ng more uniform ground cover, 

6. The need has been shown !or furth~r study on the design. of.well
drained stabilized pe1~vious base co-u:r.ses for road shoulders on wh:i.ch turf grasses 
can be grown. 

7. The design of the Turnpike seed mixtures exemplifies a sign:Lfi'cant 
t~enct in more closely computing the relative numbers of seeds with rel~tion to 
nurse; permanent,· and l egume species and to unit _. area.- This phas.e deserves fur
thev study~- . - . 

t 8, Slope protection in its relation to highway design should represent 
. he natural expression rather• than· the 'indi victual· express:i.on. This approach 
:1:nct_icat es ·the desirability o~ selecting species to fit the · given site .-arid the 
subsequent ··operations . - . . , -
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9. The.Turnpike offers unlimited opportun:i.ties for study and research 
in highway development . A research plan has been de.vbioped a,nd plant materials 
are being increased to esta~lish test plots at various locations along·the Tl.u-ri~ 
pike. These plans were developed hy H, B. Musser, Professor o:£ Agronomy, The 
Pennsylvania State College, o.nd ;the a1,thor and are in the J\.gronorrc, files at the 
PennsylV'ania State College, · 

10. Actaal tests are needed to establish the degr~e of 11 slippage 11 or the 
reduction in th0 coefficient of friction of t urf surfaced shou~.der areas, due to 
various legwn.es -in a grass mixture :for roadside and airfield surfaces subject to 
traffic wear. No figures are available at the present time. 

11. Specialized situations may be benefited by a study of the pre-germi
nation of seeds for the purpose o'f r apid establishment and coverage. 

12. Selection o_f locally adapted species is a promising approach to 
mtura.l _ appear:i.ng r·oa.d~ide plantings, slope protection, and reduced maintenance 
costs . The :i.deal gr_o1md cover is one which r.equires rn..l . mowing , is perenially 
pleasing in appearance ; pres~nts no fire hazard, and is- harmonious with its sur-
r oundings . · 

Tl-I~ VIEWPOINT OF THE M/1.INTEilANCE ENGINEER 

The following comrnents by Mr. Harold Webber, the Maintenance Engineer of 
the Turnpike Commission·, are i ncl uded as a part of: the conclusions of the t hird 
field in~pection report: 

. . . 
1. The cut slopes, seeded by the Landscape Division, unqµe stionably 

have decreased maintenance costs due to removal of cut slqughage. 

z. Best r esults 'lirere obtained where slopes were pr<;>perly mulched, al
though but a small percentage of the slopes seeded by the b).owi.ng method were so 
treated .- It doubtless would be more economical if methods could be developed for 
mechanical mulching. 

3. Good cover~ge was secµred from the designated mixtures. The gra::is 
seed ~tures were combined very well for both slope and lawn (interchange) 

4. The slopes selected for experimental treatment varied in height .from 
8 to 70 ft. 

5. At least 15 per cent initial coverage of the shaly cut slope area -was 
noted during the inspection. These were treated by blowing.the seed-top~oil
~ertilizer (FLOSS) mixture on them. 

6 • . Wit,h t_he blowing µiethdd it-was possible to obtain gr'owth on slopes
that had about 60 pe,r cent rock ledges . The :· 0 Gun11 pressure. was a grea.t ass st in 
bedding and securing germination of the' seed. On slopes where erosion was evi~ 

dent, the grass had started to grow in many of the washes. ·. · · 
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7. The 11Gun11 method proved to be more satisfactory tha.n hand seeding on 
the higher cut slopes •. 

I ' 

8. All slopes should be covered with some vegetation to prevent erosion. 
Grasses seem to be the quickest growing coverage available but their use is re
stricted to the flatter slopes . Therefore, for the most economical maintenance, 
it is apparent that slopes should be flattened more than they have been in the 
past.. · 

9.. Basic slope protet.-tion, operations should be considered in design and 
made a part of the construction contract: 

a. Wo:t•k such as mulching a11d 1:ieeding can be done most economically 
before the highway is throvm open to traffic~ 

b. This would elimimite. 11 sand-p~peringll of slopes , a costly hand 
labor :,operation which ·ter;.ds to retard ground cover establish

,merit. shorten.i,ng the interval between rough gro.ding and the 
establishment of protective vegetation on slopes will reduce 

. maintena.1we costs. 

•, ' 

.. •: 




