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ABSTRACT

Ky-31 tall fescue was found to be the best adapted cool
season perennial grass for use in Virginia. Persistence of
fine-leaved, short grasses was pOOr. Late winter-early
spring seeding of perennial legumes was found to be the best
season for seeding for renovating cut slopes and medians
with degenerating grass sods. Late winter seedings 1in
medians were highly successful where seedbeds were prepared
with a field cultivator. Crownvetch growing together with
tall fescue was found to persist with different mowing
regimes during two successive growing sSeasonsSa. o
enhancement of establishment of legumes was observed fronm
picronutrients at several Coastal Plain sites nor by coating
of bacterial inoculant onto lequme seeds. Buckwheat wvas
found to be an adegquate substitute for millets as a summer
annual companion species. German millet plus tall fescue
were found to be the best associates for sunmer establishment
of sericea lespedeza. %eeping 1lovegrass reduced sericea
establishment by competing strongly in the summer, - but was
the best associate for establishment of crownvetch bhecause
lovegrass gqrows poorly when crownvetch grows vigorously.
Lehmann lovegrass 1is not adapted to Virginia. Successful
seedings of velvet bentgrass as a perennial conmpanion species
were confined to the early favorable seeding season.
American beachgrass shows some promise for stabilizing coarse
textured, sloughing slopes if soil acidity is not limiting.
Limestone gravel filled trenches successfully moderated
extreme acid conditions on a cut slope wvhere sulfides had
been exposed.
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Section 1

SUMMARY OF RESEARCH

1.1 DERENNTAL LEGUMES

Tea1a1 Introduction

Because soil materials in highway corridors initially have
negligible gquantities of nitrogen supplying organic matter
and because nitrogen applied as a fertilizer is very soluble
and subject to loss by leaching, grassy areas often
degenerate unless a persistent legumincous component 1is
present or costly nitrogen refertilizations and reseedings
are periodically applied.

The annual legumes that occur in grassy areas in many
virginia highway corridors do not provide a stable, vigorous
plant cover. Numerous annual lequmes (hop clover, partridge
pea, annual lespedeza, hairy vetch) provide ground cover for
a part of the year but die and leave bare grcund that is
subject to erosion or invasion by weeds. Red clover, a
biennial leguminous rplant, 1is frequently found in highway
turf. The inevitable elimination of a given red clover plant
by disease after about two years may lead toc a weakening of
the vegetative cocver similar to +that caused by annual
legunes. A persistent «cover 1is obtainable by growing
perennial legumes.

Perennial 1legumes are desirable as components of turfs

both in highway medians and on slopes. They shed root
nodules and leaf litter; thus, nitrogen 1is recycled and may
be increased in highvay soil materials. Because perennial

legumes such as crownvetch, flatpea and perennial sweetpea
persist through all seasons and from year to year, openings
in the plant cover subject to erosion or weed invasiocn are
minimal. Such lequmes give effective plant cover and a%t the
same time increase the vigor of associated perennial grasses
by increasing the nitrogen status of the soil. In addition,
many perennial legumes such as crownvetch and perennial
sweetpea have conspicuous, attractive flowers,
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1.1.2 Legyme Species

Data from experiments previous to *this project and fronm
additional experimental legume seedings from the present
project were obtained to evaluate the adaptation and cultural
requirements of a number of species of pasrennial legumes in
highway corridors of Virginia. ”

Sericea lespedeza has been used along Virginia's highways
for about two decades. Observations during the current
contract confirm its adaptation to many acid soil and
climatic environments of Virginia. At an extremely acid site
in Patrick County seeded to sericea, crownvetch and flatpea
in 1974, sericea gave the best vegetative cover where linme
was applied and gave the only significant cover where 1linme
was not applied. 1In 1978 at this site sericea was persisting
on limed plots but with reduced vigor; numerous shoots with
pale green foliage were observed.

Sericea is best adapted to the Piedmont region, 1less so
west of the Blue Ridge and in the <Coastal Plain region,
However, at numerous sites in the state a weakening of old
persisting stands of sericea on cut slopes was observed.
Along Route 460 in the vicinity of Pearisburg, along I-81
south of the New River and in *he vicinity of Chrigstiansburg
and along I-64 between Charlottesville and Kichmecnd stands of
sericea in spotted areas have thinned or died out completely.
Evidence of gnawing at crowns was observed at a site south of
the New River along I-81. At other sites winterkilling and
possibly natural senescence may have been the causal factors.
The longevity of sericea is unknown but young stands appear
more vigorous than old stands.

Along 1I-81 between exits for Christiansburg and Ironto
crownve*ch cover is making yearly advances intoc areas where
sericea lespedeza has died. Despite evidence of weakening of
stands of sericea with age, this species has stabilized
freshly constructed highway slopes along many miles of
highway a sufficient numnber of years to pernmnit encroachment
by a diverse and aesthetically pleasing populaticn of woody
species. This process is especially noticeable along BRoute
58 and I-64 in the Piedmont region. Seedings of sericea in
medians during the present project have been lipited becanuse
evidence from mowed =strips at the base of cut slopes having
sericea covers suggests that this lequme will not be well
adapted where mowing is practiced.

Persistent stands of crownvetch have become established in
all three physiograrhic regions of Virginia. However,
crownvetch is best adapted where soil acidity is not severe.
Sampling of soils under stands of crownvetch in the Piedmont
region has shown pH values above 5.0



Mildly acid or alkaline soil conditions occur naturally
and frequently in the limestone valley area west of the Blue
kRidge where vigorous stands of crownvetch are common.
However, the outward spreadirg from crownvetch islands into
surrounding tall fescue s%tands has been observed to be
relatively slow a*t some sites. Micronutrient and inoculant
additions are being investigated as factors in a rate of
spread experiment established on an alkaline so0il in fall
1978.

Where acid soils are well 1limed, <crownvetch has become
established at numerous sites 1in the Piedmont and Coastal
Plain regions, though with greater difficulty in the latter
region. Highway personnel in all areas in central, northern
and@ western regions of Virginia are using crownvetch in
contract and renovation seedings. In the Lynchburg district
crownvetch 1is being used to renovate stands of weeping
lovegrass weakened by winterkill. Along Route 29 such
seedings have resulted in vigorous, persistent stands of
crownvetch which are spreading rapidly into the 1lovegrass
which does not compete strongly during the cocol spring and
fall seasons when crownvetch grows best.

Nodules from roots of crownvetch were obtained in the
Piedmont region at an acid soil site and in the Coastal Plain
at a sandy, west facing, hot slope site. Strains of bacteria
obtained thereby are being cultured and tested by a
commercial producer of inoculant. Inoculant of bacteria well
adapted to adverse soil conditions in these +wo regions may
result in better success with seedings of crownvetchk in these
two regions in the future.

The best perennial lequminous stands in redians during the
current project have been obtained by seedings of crownvetch.
At the west end of the Farmville bypass of Route 460
crownvetch seeded 1in March 1977 has achieved 100 per cent
cover where seeded and has begun to spread into the thip
median grass adjacent to the experinment. In a3 very wide
median of Route 29 near Hurt, seeded in April 1977,
crownvetch had achieved an average cover of §3 per cent by
June 1979. It appears that the warm season vegetation
dominating the weak median turf in medians of these Piedmont
sites has not beern strongly competitive toward crownvetch.
This is attributed to crownvetch growing vigorously during
spring aand fall as compared *o warm season Sspecies,
especially legumes. Crownvetch seedings in 1977 and 1978 in
nedians with varying degrees of vegetative growth have not
been as successful west of the Blue Ridge and in the Coastal
Plain as 1in the Piedmont region. However, crownvetch is
growing vigorously 1in several wide medians of I-64 1in the
limestone valley area west of the Blue Ridge where it was
seeded when turf was initally established. This suggests
that crownvetch will prove well adapted for medians west of
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the Blue Ridge when seeded in late winter-early spring of
years having better spring rainfall than 1977 and 1978,
Demonstration seedings of crownvetch in wide medians in late
winter 1979 in the Coastal Plain and in the Piedmont, where
seedbeds were prepared by tillage with a field cultivator, in
all cases show strong seedling establishment.

Seedings of flatpea Lave been made relatively recently in
Virginia as compared with sericea lespedeza and crownvetch,
Seed of flatpea is much larger and germinates more slowly
than that of crownvetch. On sloping areas methods of seedbed
preparation which favor good so0il seed contact {rough grading
or stair step construction) greatly aid its establishment.
However, the numerous sites along highways throughout the
state where flatpea has been seeded show excellent adaptation

of this species to conditions in Virginia. Vigorous,
persistent stands are growing at numerous sites in all three
physiographic regions of the state. FPlatpea has a deep tap

root and rhizomes, giving better drought resistance than
for «crownvetch as well as vigorous spread vegetatively,
especially in coarse textured soils of the Coastal Plain.
This species may alsc be better adapted in pcorly drained
areasa.

Flatpea seedings 1in medians have been successful in all
three physiographic regions. In the Piedmont region 1its
cover is not as vigorous as that of crowanvetch 1-1/2 years
after seeding, but this legume has persisted at a Coastal
Plain site where crownvetch failed.

Perennial sweetpea belongs to the same genus and in many
respects resembles flatpea. It generally lacks rhizomes but
has a very 1large and deep tap root and it produces nmany

ttractive flowers over a long season. Seed, 1like those of
flatpea, are quite large, and, thus, seedbed requirements are
similar. Where unmowed, tops of sweetpea die back in winter
similarly to flatpea. At a variety trial in Blacksburg mowed
in mid-August, the most cold tolerant variety of sweetpea had
70% of 1its foliage remaining green 1in late December 1978,
while flatpea had died back to 1less than 5% green cover.
Perennial sweet pea is well adapted to climatic conditions in

all regions of the state. VYolunteer stands cccur in all
regions including several sites in Rockbridge County on mowed
shoulders. Soil samples from volunteer stands have revealed

moderately acid conditions and moderate to good fertility.

Seedings of perennial sweetpea from previcus highway
research projects have persisted throughout +the state and in
many cases have developed <complete cover by spread fromn
dehisced seed from a few sparsely spaced plants es*tablished
from the initial seeding.



Successful establishment of perennial sweetpea has Dbeen
obtained in highway medians west of the Blue Ridge and in the
Piedmont region. Preliminary results from a late winter 1978
seeding at VNewport News show perennial sweetpea to bLe less
well adapted to that region than flatpeaa With effective
cultural practices it is possible +to grow perennial sweetpea
throughout the state both in medians and on slopes,

Birdsfoot trefoil and milkvetch have proven tc be poorly

adapted to copditions in Virginia. These legumes are
perennials in regions where they are adapted.

1«13 Cultural Practices for Establishing Perennial legumes

Soil Amendments

On freskhly constructed slopes in Virginia highvay
corridors, liming is a very necessary practice. Responses to
lime were marked for seedings of crownvetch with the current
project. Standard rates of fertilizer (1000 1lbs/A of
10-20-10 or 667 1bs/A of 15-30-15) were used and proved
effective where lime or other factors were not limiting.

For legume seedings made in medians with sparse to good
vegetative cover, the medians had been initially 1limed and
fertilized when seedings were made by contractcrs; hence,
responses to lime and fertilizer were not pronounced for

these seedings. At several acid sites 1lime was found to
enhance establishment of legumes in medians. At one site a
detrimental effect of overliming {3T/1) wvas observed,

Responses to phosphorus and potassium have not as yet been
detected, residual nutrients from previous fertilizer being
adequate.

Several experiments were conducted in the Coastal Plain
region with micrcnutrients nutrients to find whether they
enhance establishing and persistence of perennial legumes on
coarse textured soil materials characteristic of that area.
No response to molytdenum was observed far an experiment
established near Suffolk. Hovwever, the low so0il moisture
caused poor growth of all seeded species, including the
grasses.

At another site near Saluda in Gloucester County, several
rates of molybdenum, copper, zinc, irom, manganese, and boron
were applied in September 1977 when seeding a mixture of four
legumes and several grasses. Establishment of ktoth grasses
and legumes has been poor with or without micronutrients.

It 1is notable that for an adjacent mulch experiment,
seeded at the same date without micronutrients, crownvetch
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cover averaged 75% by fall 1978. The tvwo experimental sites
differed in two ways: the mulch site developed a dense stand
of rye from seed in the straw in the fall of 1977 and spring
of 1978. In addition, a literal application of 1loose
inoculant was applied by hydroseeder rather than as a seed
coating as for the micronutrient site.

I+ appears that micronutrients will not aid the
establishment of legumes in the Coastal Plain region,

Inoculation

Infection of roots by highly efficient strains of nitrogen
fixing bacteria 1is essential for successful nodulation and

growth for establishment and persistence £ legumes. In
numerous experiments lacterial inoculant was coated onto
legumes seeds with gqum accacia and linme, as this technique

has been reported to improve the nodulation of legumes
{Holland and Sweet, 1968; Jones et al., 13978). However,
under Virginia roadside conditions this technique did not
give results superior to liberal applications of 1loose
inoculant. In one instance {the micronutrient experiment at
Saluda), where coated seed were applied by hydroseeder rather
than by hand broadcasting, poor establishment of legumes may
have been due to inefficient inoculation.

As noted earlier, bacterial nodules of crownvetch
collected at sites in the Piedmont and <Coastal Plain are
being propagated by a commercial producer of inoculant.
Better adapted bacterial strains may aid establishment and
spread of crownvetchea

An experiment has been established to determine if lack of
inoculant may retard spread of crownvetch.

Assocliate Species

Several experiments were initiated with Dbuckwheat, a
summer annual companion species, to determine whether it
might substitute for other summer annual companion species
(German and Japanese millets) presently used. Cther annuals
are needed as the seed supply of German millet is scarce.

Pesults from these experiments indicate that Lbuckwheat may
be as suitable as the millets for establishing persistent
vegetative covers of perennial plants on newly ccnstructed
highway slopes. Buckwheat permitted much bet+ter grass growth
beneath its canopy than the two millets, rate cf crownvetch



establishment being similar. When the annual companion
species died 1in fall, there was less mulch frcm buckwheat
than for the litter from the millets. The mulching effect of
millet is important both in improving water status as well as
in moderating temperature. The effect of frost is nmoderated,
thereby lengthening the period favorable for growth of cool
Season perennial grasses and legumes. Thus, buckwheat has
proven superior to the millets during the warm part of the
growing season, but the situation is reversed in the fall. A
desirable seeding rate for buckwheat is from 40 tc 50 1lbhs/A.

Several perennial grasses were tested for establishing
perennial lequmes on highway slopesa. Lehmann lcvegrass wvas
included to find if it would provide a more dense, spreading
cover than weeping 1lovegrass vwhich is used in summer
seedings. In the year of seeding, Lehmann lovegrass proved
much inferior to a mixture of German wmillet and tall fescue
in providing a vegetative cover at one site. At all
experimental sites, Llehrann lovegrass was eliminated by
winter kill by the spring the year after seeding. This
species 1is not adapted and will not be recommended for
Virginia.

Velvet bentgrass was tested because research demonstrated

its superior acid tolerance, a desirable characteristic for
many soils 1in Virginia highway corridors (Clarkson, 1966).
At two sites in the Blue BRidge area, velvet Dbentgrass

provided adegquate ground cover when seeded in early spring.
Good sods were established which permitted vigorous
crownvetch spread during the next year. However, seedings in
the Piedmeont and Coastal Plain regions during the sumnmer
resulted in very poor velvet bentgrass stands. This grass
appears to be best adapted for cool season seedings; however,
observations in spring 1979 of stands seeded in 1977 revealed
relatively rapid decline in vigor as compared with Ky-31 tall
fescue.

At a site seeded in June 1577, weeping lovegrass provided
more rapid and complete cover than Koket chewings fescue,
Manhattan perennial ryegrass or Ky-31 tall fescue. Effects
of grass companion species on establishment of flatpea were
negligible during this very dry growing season.

The concentra*ion of flatpea seedings at basal areas of
slopes suggests that many seed had been washed downward from
the upper portions of cut slopes. As at other experimental
seeding sites of ©perennial sweetpea, the <c¢reation of
favorable micro-sites by rough or stairstep grading appears
+*o be of even greater importance than grass companion species
for germination and establishment of legumes.

Findings from a summer companion species experiment of
1978 in TFloyd  County suggest that weeping 1lavegrass is
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superior to German millet plus tall fescue as a plant
associate for establishment of crownvetch. This warm season
grass does not compete with crownvetch in early spring and
fall when crownvetch growth is most vigorous.

By contrast, data collected from experiments initiated in
1974 and 1975 demonstrate that German millet plaos tall fescue
are more desirable than lovegrass as companion species for

sericea establishment in summer seedings. Sericea is a wvarn
season species which 1is harmed by the strong ccmpetition of
lovegrass during the summer. Growth of tall fescue is poor

during the high temperatures of summer and, thus, it competes
weakly when sericea growth is strong.

Crownvetch has proved capable of nuch more rarpid spread
than flatpea, sweetpea and sericea lespedeza on experiments
established under the current and the previous contract.
Inclusion of crownvetch 1in seedings of flatpea and swee*tpea
is recommended since crownvetch is able to establish more
quickly a strong cover to exclude weeds and retard woody
species invasion. In many regions of the state pea species
will later, slowly succeed <c¢rcwnvetch as the pea species
appear better adapted in the long term, though <capable of
less rapid spread.

Seedbed Preparation

The abnormally low rainfall during the growing seasons of
1877 and 1978 accentuated t+he importance of seedbed
preparation on freshly constructed slopesa At many sites
legqume seedlings were entirely confined to the few favorable
microenvironments of haphazardly distributed rough places on
predominantly smooth graded slopes. At several sites the
dense seedling growth of perennial sveet and flatpea at the
base of cut slopes demonstrated that these relatively large
legume seeds had eroded off of smooth slopes. Rough and
stairstep grading of slopes are very desirable practices for
establishment of legumes as well as associate species,

Seedbed preparation is an important factor for
establishing perennial legumes into highway aedians with
established vegetationa Broadcasting of seed 1into turf
vithout reducing the competition from existing vegetation has
given very poor results with crownvetch during periods of low
rainfall. Responses from seedbed preparation with flatpea
and perennial sweetpea are uncertaine. After 2 years of
growth, a mnedian seeded with +these species in August 1976
gave as good a stand with broadcasting of sced withou:
seedbed treatment as when the sods were tilled or sprayed
with paraguat. However, inccrporation of perennial sweetpea
seed into the soil for an experiment established in August



1377, improved seedling establishment during the fall as
compared to surface seedings with either tilled or untilled
soil. A1l of the late winter-early spring seedings with
various seedbed treatments during 1978 failed to give covers
by crownvetch, flat or perennial sweetpea by fall 1978 due to
drought, The seedbed treatments vwere surface broadcast,
disking and seed incorporation.

Seedbed preparatiom by field cultivation in late winter
1979 has proved completely successful for introduction of
crownvetch and perennial pea species at demonstration seeding
sites in the Piedmont and Coastal Plain.

Results of seeding legumes in a mnedian at the Jjunction of
Routes 29 and 903 in Pittsylvania County show the importance
of differences in soil materials as they affect the ease of

establishing a perennial legume in highway turf. Half of
this experiment lies in a median area vwhere the roadway
passes through a cut; the balance is a fill area. Soil

material in the road cut portion was very hard packed while
the f£ill area had friable material. Seeded legumes developed
stands only in the fill portion of the median dve toc the more
favorable physical properties of the soil materials, As
germination of 1legume seeds starts, the emerging and
elongating radicle (root) must penetrate 1into the soil to
initiate a root system for uptake of water and nutrients for
canopy growth. Legume radicles are relatively large,
especially for flat and perennial sweetpeaj; mechanical
impedance to their penetration of the soil causes seedling
failures (Campbell and Swain, 1973). Mechanical constraint
by hard packed soils, as for the cut portion of this median,
was detrimental to legume es*tablishment. Though other
factors may have affected legume establishment, it is notable
that some legquminous cover developed by fall for a site
seeded in April 1977 in Pittsylvania County having loose,
micacous soil material. For a site 1in Charlotte County,
having a hard packed surface, no legumes vere detected by
late fall for a March 1978 seeding. However, extremely dry,
late summer-early fall weather in 1978 may have been the
limiting growth factor. Fairly thorough tillage to provide a
friable seedbed may be necessary for establishing perennial
legumes in medians with hard packed soil materials, Such
tillage by field cultivator on the hard packed portion of the
Rou*te 29 x 903 site permitted establishment of a strong stand
of crownvetch seedlings by June 1979 from seedings made in
early March.
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Season of Seeding

Season of seeding has not been treated as a variabtle for
legume seedings on freshly graded slopes. BRather, tests have
been carried out with associate species appropriate for the
different seeding Seasons, Extension of the use of
crownvetch into the winter season was investigated with the
use 0of unhulled crownvetch seced.

Counts of crownvetch seedlings in spring 1979 following a
January 1978 seeding revealed insignificant differences
between seedings of hulled and unhulled crownvetch seed. At
the same site effectiveness of rye in winter seedings and
interactions with emerging crownvetch was assessed. 0f 200
lbs/A rye seeded in January, 18 per cent had established
plants by spring though with few *illers; mean plant densijity
of 14/ft? afforded an adeguate plant cover which did not
significantly suppress emerging crownvetch seedlings.

- Data from the experiments of the <current as well as the
previous project show <that the seeding of 1legumes into
medians and cut slopes in the late winter-early spring season
is better than late summer-early fall seeding. Fall seedings

have tended to be failures <for crownvetch. This legume has
weak seedling vigor and is usnally eliminated by competition
from the aggressive existing vegetation in the fall. Also,

fall developing seedlings will likely be winterkilled, unless
they reach heights of more than 2 inches (Woodruff and
Blaser, - 1%969). Young seedlings of <crownvetch  were
particularly attractive to grasshoppers during 1977 when that
insect population was large.

Late winter-early spring seedings of crownvetch in 1977
were made in the southern Piedmont region. At one of the
three experimental sites a good crownvetch cover was obtained
during the first year of seeding. This site was the earliest
seeding (March 9) and the existing vegetation was retarded by
vigorous disking. At the other two sites, the establishment
of crownvetch was slow, but began ¢to be prominent in spring
1978 at one site and in fall 1978 at the other site, At all
three sites warm season species were the most prominent

competitors. Thus, competition is not strong with the late
winter seeding when crownvetch is better adapted to cool
temperatures than warm season species. Where cool season

species form a large portion of the existing vegetation,
medians to be renovated with crownvetch will require fairly
drastic methods of seedbed prevaration to reduce competition.
Competition for moisture from any vegetation is more serious
with late summer and fall than for spring seedings.

Date of seeding appears to bhe more flexible for perennial

sweetpea and flatpea than for crownvetch; however, late
winter-early spring seediags appear most desirable. The best
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covers by these two legumes in medians developed at a site in
the Piedmont region seeded in early March. Poor stands and
growth occurred at sites seeded in late summer or fall.

1.2  PERENNIA

=

GRASSES EOR MOWED AREAS

Disease resistance and tolerance to acid soils have been
claimed for some new varieties and species of perennial

grasses. Lesser npowing requirements for some of these as
compared with +all fescue make them attractive for use in
some highway environments. Experiments were established to

evaluate their adaptation in Virginia highway corridors.

Data from both the area west of the Blue Ridge (Wythe
County, 1I-77 experiment) and the Piedmont region {Prince
Edward County, Route 360 experiment) suggest that the
alternatives to Ky-31 tall fescue will probably not perform
as well as the latter cultivar. The conditions at toth sites
were adverse (solil was very gravelly and hard ©packed at the
Wythe County site, and water was severely limiting at the
Prince Edward County site); however, such extremes may be
common in the environments of Virginia highways. Tall fescue
eventually died at the Prince Edward County site due to the
dry conditions which apparently favored the warm season
grasses that became dominant. However, initially Ky-31 tall
fescue provided the strongest cover showing that it is the
best adapted of the species seeded.

At the VWythe County site vigorous stands of grass wvere
attained in 1977 but +vere severely attacked by disease in
1978. Biljart hard fescue which performed fairly well at the
Wythe <County site did poorly at the Prince Edward County
site. These findings support the conclusion that Ky-31 tall
fescue remains the best adapted of cool season perennial
grasses for use in Virginia highvay environments.

I+ 1is wvworth noting that 1leguminous cover on nearly
identical soil material to that at the Greenbay Grass Trial
was initiated successfully at another site in Prince Edward
County {a median on Route 460 west of PFarmville) 1in an
experiment established 3 weeks before the perennial grass
trial at Greenbay. At both sites the soil material is highly
micaceous, of low fertility and resists compaction. {(Massive
and persistent slumping has occurred in the £ill material
immediately adjacent to the Greenbay grass trial site due to
the resistance to compaction.) This loose, 1loamy material
high in mica appears to be particularly inhosritable for
perennial c¢ool season drasses but has permitted the most
successful establishment of lequmes in a median of all such
experiments of the present projecta. It seems likely that
fertilizer nitrogen 1is rapidly leached from the 1loose soil
material, precipitating a swift decline of perennial grass

- 1“ -
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species. Leguminous species, by contrast, are able to supply
their nitrogen needs continuously by means of nitrogen fixing
root bacteria and benefit from the looseness of the soil
which permits more intimate soil-seed <contact for rapid
germination and allows root systems to proliferate readily.
A demonstration seeding at the Greenbay site of crownvetch,
flatpea and perennial sweetpea established in March 1979 with
seedbed prepared by field cultivator has developed a vigorous
and dense stand of legume seedings which promises to rapidly
develop a persistent and attractive plant cover to suppress
weeds at this problem site.

1.3 MOWING MANAGEMENT

1.3.1 Grass Turf

Observation of mowing demonstration sites were rade 1in
1977 with personnel of the Virginia Highway and
Transportation Department and Research Council. The
demonstration mowing regime was an 8-inch stubble height, cut
on June 15, This reqgime was very effective in removing seed
heads of tall fescue, which flowers early only once 1in a
year. However, greasegrass, which heads out in mid-summer,
was observed to be a significant component of highway median
and shoulders, especially west of the Blue Ridge, seed heads
of this species as well as growth of many weeds vwere
conspicuous in some of the demonstration areas in late summer
and fall. Dense grass canopies would wundoubtedly have
depressed many of the undesirable vweeds.

An experiment was 1initiated in 1978 in Fairfield to
examine if two close mowings at a U4-inch height, o¢ne in migd-

May and one at the beginning of September, would: N
encourage tillering during the cooler parts of the growing
season by opening the <canopy *o more light; 2) permit

regrowth in advance of the hottest part of the growing season
to shade weed seedlings and the soil, favoring cool soil
temperatures advantageous for new tiller growth; and 3)
remove greasegrass seedheads and top growth of any weeds in
late sumnmer. Tiller <counts were made 1in permanently
stationed gquadrats on mowed ©plots of the  mowing regimes
previously mentioned as well as for numerous other comparison

regimes. Some of these guadrant areas were accidently mowed
by highway personnel at the beginning of June, thereby
confounding part of the experiment. For gquadrats not

accidentally mowed, tiller counts made in spring 1979 did not
show tillering density to be differentially affected by
moving regimes.



1.3.2 Grass-Lequme Turf

Crownvetch

Experimental mowing of a crovnvetch-tall fescue turf in
1977 and 1978 at Lexington has documented the ability of

crownvetch *to persist under fairly severe mowing. Date of
first mowing is very important, and frequency and height of
mowing are additional factors which determine the vigor of
crownvetch growth in association with tall fescue, A single

mowing of crownvetch at an 8-inch stubble height on June 15
appears to be the most economical management and would ensure
that woody species would not become established in median
areas. With this management, crownvetch grows about as
vigorously as unmowed crownvetch.

Perennial Swveetpea

Perennial sweetpea, growing in a median of I-81 near Salen
and in a shoulder of I-81 near Steeles Tavern, has been mowed
by highway personnel at least once each year fcr 2 or more
years. Perennial sweetpea is persisting under this
management, Mowing of perenmnial sweetpea appears to favor
persistence of green foliage color during winter as compared
to unmowed areas.

Flatpea

A dense cover of flatpea along the Route 15 entrance ramp
to the Route 460 bypass at Farmville is persisting under a
standard highway mowing management which has included at
least two mowings in a growing season.

1.8 BENOVATION QOF CUT SLOPE VEGETATION

Where perennial lequmes are not well established on cut
slopes, grass covers inevitably decline due to insufficient
available nitrogena Species which often invade degenerating
grass covers are noxious weeds whose removal may be mandated
by law. Thus, in Augusta and Madison Counties, for example,
considerable expense is entailed in the herbicidal control of

thistles (Cirsium spE.) whose infestationm 1in tall fescue
serves as a seed source which may «contaminate agricultural
areas adjacent to highways. Degenerated grass covers also

increase the probability of erosion with ensuing <costs for
spring cleaning of ditches and sedimentary pollution of water
sources. Among wocdy species which invade weak grass stands
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black locust, a 1lequminous tree, is prominent because its
nitrogen needs are met by nitrogen fixing bacteria in root
nodules and because of rapid vegetative propagation from
proliferating roots. Herbicidal control or mechanical
renoval of such woody species 1is costly and leaves unsightly
patches of dead saplings and grass in the case of herbicidal
control.

Cbservations of excellent covers of crownvetch, <flatpea
and sveetpea throughout Virginia support and amplify the
findings of Sharp and Ross {1978) who reported that
crownvetch greatly retarded encroachment of woody species in
highway corridors of Pennsylvania. Further, in virginia,
these three leqgumes develop dense canopies that almost
totally exclude weedy species including thistles., It follovws
that seeding perennial legumes into degenerating vegetation
in areas where weeds and woodyvy species need to be excluded is
a very desirable practice.

However, the task of legume introduction into weak cut
slope vegetation is often difficult. Of six renovation
experiments one shows promise of rapid lequme establishment:
this at VWilliamsburg along I-64 was seeded in late winter
1979 into a partial stand of weeping lovegrass and supports
the principal of late winter seeding for renovation as well
as 1illustrating the desirability of 1lovegrass over other
grass companion species. By spring 1979, crownvetch has
begun to be prominent at a 1legume renovation cite in Madison
County seeded in Augqust 1977; however, rate of establishment
appears to be nuch more strongly controlled by variation in
existing vegetation than by treatments applied which included
N, P, K, lime, Ky-31 tall fescue and herbicide as variables.
Renovation experimnets in Charlottesville and in New Kent,
Prince Edward and Rockbridge Counties have failed to produce
strong leguminous covers by any of the pethods assayed. In
the first +three cases less than optimal timing of seeding
combined with abnormally dry conditions probably adequately
explains lac¢k of success. Thus, a late winter date for
renovation seedings 1s recommended +to maximize favorable
moisture conditions for establishment.

At the Fancy Hill, Rockbridge County site, season of
seeding was controlled with both fall and 1late winter
seedings of crownvetch and perennial pea species. Failure *to
establish lequmes is notable at this site hecause the total
vegetative cover by knapweed is representative of a
significant ©portion of tke vegetative covers encountered
adjacent to I-81 in the limestone valley region. The Fancy
Hill site had begun by spring 1979 to yield to encroachment
by the annual legune, hop <clover, indicating +hat +he
nitrogen status had declinred to the point where the deep
rooted perennial, knapweed 1itself was weakened by poor
fertility. Though knapweed apay succumb to invasicn by the



legune, hop clover, this latter species 1is unlikely to
adequately stabilize slopes since it dies back in sumber.

Subsurface seeding of perenanial pea species, tested for
renovation purposes, has improved rate of seedling
establishment as comppared to surface application of seed.
However, methods of subsurface seeding of crownvetch should
be 1investigated as this legume spreads more rapidly than
either of the two perennial pea speciesa Subsurface seeding
of crovnvetch for knapveed dominated slopes 1is likely to
prove more successful than surface seedings as it is
postulated that a large population of seed eating insects is
attracted by the profuse seeding of knapweed.

1.5 HYDROMULCHING MATERIALS

Many new products claiming to be suitable for application
by hydroseeder are being offered for sale for use in highway
contracts and by the Virginia Tepartment of Highways and
Transpor+tation. Several of these materials were tested under
the current contracta.

Cellin Fiber Mulch appears to be composed principally of
waste magazine fparer. Three different grades of +this
material had been ground to pass 1/4, 3/8, or 1,2 in. screens
of a hammermill. The three grades of mulch were applied
alone @ 1500 and 2 2500 1bs/A and 3 750 lbs/A as a tacking
agent for straw on a fresh cut slope 1in Blacksburg.
Comparison +treatments were no mulch and woodfiber wmulch.
Cellin Fiber Mulches were satisfactory for erosion control
and as a tacking agent for straw. However, the largest grind
of mulch had an adverse effect on plant emergence, while the
*wo smaller grinds enhanced plant establishment but not as
well as woodfiber mulch.

A second experiment 1in Halifax County assessed the value
of the Cellia mulches and Astro-Mulch of United International
Chemical Company, Inc. Performance of Cellin nulches was
very similar to that cbserved for the Blacksburg experiment,
Astro-Mulch, which is composed of both was*te paper and waste
cardboard, performed as well or better than woodfiber mulch.
However, this test was conducted during the fall seeding
season when moisture was more favorable and seed nmixes
different than for the Blacksburg seeding. Astrc-Mulch needs
to be +*tested during the summer season to determine if the
papier mache like crust which it forms will prevent emergence
of the relatively large sized, emerging shoots of German
millet, as was the case for the largest grind of Cellin Fiber
Mulch in the Blacksburg test.
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1.6  LIMING Q

F ACID SULFATE SITES

At scattered sites throughout the state, extreme acid
conditions cauysed by exposure of sulfidic materials during
road constructions have completely thwvarted efforts to
establish vegetation. The problem material at these sites is
principally the iron sulfide, pyrite, which generates £four
moles of acidity per mole of pyrite as it undergoes
oxidation. Sulfides may be concentrated in several kinds of
environments: 1) boggy coastal areas where lcw oxygen,
reducing conditions bhave favored accumulation in Trecent
geological time; 2) consolidated or metamorphosed sediments
of Paleozoic age which originally vwere 1laid down in
circumstances similar to 1). The 1incomplete section of
Bypass 13 in Suffolk illustrates the first type; the acid
cuts along I-64 in the Clifton Forge area the seccnd type.

An experiment was initiated on an acid cut slope along
I-64 east, near Clifton Forge, to test several methods for
moderating extreme acid conditions due to exposure of
sulfides. Surface applications of lime at very heavy rates
proved incapable of modifying sufficiently the acid
conditions. Trenches which had been cut across the slope at
15~foot intervals and filled with limestone gravel raised the
pH of the exposed material to values permitting plant growth.
Construction and filling of such trenches after completing
highway construction is difficult and costly. However, with
adequate prediciton of the occurrence of high sulfide
material, cut slopes may be constructed in stairstep fashion
with filling of the steps with limestone gravel carried out
as cuts are constructed. Further, prior identification of
sulfidic materials in highway sections will permit specifying
the burial in the interior of f£fill slopes of high sulfur
material excavated from cuts, thereby avoiding extreme acid
conditions on fill slopes and in redians. Adequate
prediction will necessitate identification of geological
strata which frequently contain sulfides and the sampling of
cores for sulfur content. pH measurements of freshly
obtained cores will not indicate t*the ©presence of acid
producing materials as these remain neutral or alkaline in
reaction until oxidized.



Section 2

EXPERIMENTS OF THE CURRENT PROJECT
This section gives the objectives and results of new
experiments established for +this project as well as results

for some experiments of previous projects., Diagrams are
given in the appendix.

2.1 PERENNIAL GRASSES FOR MOWED AREAS

2.1.1 Grass and leqgume experiment in a median, I-=77

Location: I-77, south of New River Bridge. Establishment
Date: 15 October 1976.

Experimental Methods

Objectives of this experiment were to evaluate several
perennial legqume and grass species and varieties for use in
highway medians. The site was a freshly graded median
composed of hard packed, mostly gravelly material. Two
varieties of perennial ryegrass, Manhattan and Pennfine, and
three fine leaved fescues, Koket Chewings fescue, Jamestown

Chewings fescue, and Biljart hard fescue, were seeded
individually at 80 1lbs/A. The grasses were replicated in
randomized blocks, four times for the fescue species and
*wice for +the perennial ryegrasses. The grasses vere

broadcast seeded in strips on each side of a central strip.
There were two vrTandomized complete blocks for perennial
legunes (flatpea, perennial sweetpea, milkvetch, and
birdsfoot trefoil were seeded), each at 10 and 20 lbs/A.

Results and Discussion

No growth by any of the species occurred in 1976, since
severely cold weather began at akout the date of establishing
the experiment and persisted through the late fall and
winter. By fall 1977, dense grass stands were attained by
all grass species., By October 27, 1978, the perennial
ryegrass species had almost completely died and only Biljart,
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of the fine 1leaved fescues, maintained a substantial cover
{Table 1).

Only flatpea and birdsfoot trefoil at 20 1bs/A succeeded
in establishing a significant legqume cover. Flat pea, which
spreads vigorously by rhizomes, promises to develop 1into a
legume cover to improve the appearance of the vegetative
cover of this median as growth appears vigorous and healthy.

2.1.2 Grass experimen* in a median, Greenbay

Location: Route 360, Greenbay. Establishment Date: 29
March 1977.

Experimental Methods

This experiment was designed to test several varieties and
species of grasses for highway medians 1in the Virginia
Piedmont. The site of the experiment was a median having
poor vegetative cover and a very micaceous, c¢oarse textured
soil material. Chemical characteristics of the soil material
were: pH, 4.8-5.2; <calcium, low- to low; magnesium, low to
medium-; phosphorus, low to low+; potassium, low to low+.

After a thorough disking of  the site, the following
grasses were seeded at 80 lbs/A: Koket Chewings £fescue,
Yorktown perennial ryegrass, Manhattan perennial ryegrass,
Ky-31 tall fescue, and a 50-50 mix of Adelphi and Kenblue
Kentucky bluegrassa Two nitrogen (N) rates, 50 and 100
lbs/A, vwere applied broadcast within each N rate. Treatments
were randomized in blccks. Over the entire site, 2 T/A linme,
500 1lbs/A of a 10-20-10 fertilizer, and 1 1lb/A of annual
ryegrass were applied by hydroseedera.

Results and Discussion

Establishment of grass at this site was poor on October
27, 1977 (Table 2)= The two perennial Tryegrass varieties
performed very poorly at both rates of nitrogen. Response to
nitrogen by the fine leaved fescues (Koket, Biljart, Banner,
and James+own) was not marked, grass cover at both N rates
being poor. Bluegrass and tall fescue showed strong
responses to N rates; howvwever, for species seeded only tall
fescue ‘at the high nitrogen rate gave a substantial
vegetative cover, Encroachment by warm season annuals vwas
severe with all treatments,
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Table 1. Grass and legume experiment in a median; I-77, south
of New River; established 15 Oct 76; data collected

27 Oct 78,
% Grass cover
Chewings fescue Hard fescue Perennial ryegrass
Koket Jamestown Biljart Manhattan Pennfine
32 41 74 2.0 2.3
% Legume cover
Flatpea Sweetpea Milkvetch Trefoil
(1bs/A) (1bs/A) (1bs/A) (1bs/A)
0 20 0 20 10 20 10 20
5.1 18 0.30 0.75 3.5 5.7 5.0 17

Table 2. Median grass seeaing experiment; Route 360, Greenbay;
established 29 Mar 77; % grass cover 27 Mar 78.

N @ 50 1bs/A N @ 100 1bs/A Mean

Perennial ryegrass

Manhattan 6.7¢c 10d 8.5de

Yorktown 5.7¢ 4.0d 4.8e
Kentucky bluegrass

Adelphi + Kenblue 6.7¢c 30cd 18cd
Chewings fescue

Koket 30ab 33be 31ab

Banner 35a 24¢ 30abe

Jamestown 23ab 38b 31lab

Hard fescue
Biljart 13bc 12be 23be

Tall fescue
Ky-31 1l6bc 60a 38a

19
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By late summer 1978, there was virtually no cover from the
seeded species. Warm season annpual grasses and weeds
predominated.

2.2  PERENNIAL LEGUMES IN MEDIANS

221 Legume experiment in a median, Salenm

Location: I-81, Salem, north of Exit 40. Fstablighment
date: 11 Auguyst 1976.

Experimental Methods

This experiment was planned to evaluate several species of
legumes and methods of seeding for improving vigor and
appearance of the vegetation in highway medians. Several of
the legume species *tested have attractive £flowers and all
have the capacity to improve the nitrogen status cf soil.

The treatments were 1aid out in strips 3 feet wide and 4
feet apart paralleling the direction of the highway. all
treatments were replicated three times in randomized blocks.

Three treatments of seedbed preparation (rototilling,
paraquating of grass, and a check (no treatment)) formed the
main plots within blocks. ¥ithin each main plot six species

of lequmes were broadcast seeded as randomized subplots:
birdsfoot trefoil at 20 1lbs/A, milkvetch at 15 1lbs/a,
crownvetch at 15 1bs/A, perennial swveetpea at 25 1bs/a,
flatpea at 25 1bs/A, and sericea lespedeza at 35 1lbs/A.
Phosphorus at 200 1bs/2 was applied over the entire area.

Results and Discussion

This site was subjected to the same maintenance regime as
surrounding median areas, 1including herbicide applications
and mowing. Successful establishment was most conspicuous in
the case of perennial sveetpea which produced prominent

attractive flowers in 1977 and 1978. Stand counts on
November 11, 1978, are given 1in Table 3. Milkvetch,
birdsfoot trefoil and sericea failed +*o establish stands;
crownvetch stands were 1little better. ' The two T[ea species

have become significant components of the median turf with
little or no advantage gained from the special seedbed
preparation methodse.



2.2.2 Lequme experiment in a median, Farmville

Location: Route 460 west of Farmvillea Establishment Date:
9 March 1977.

Experimental Methods

The principle objective of this experiment was to evaluate
flatpea, perennial sweetpea and crownvetch for renovating
poorly vegetated medians. The site cf the experiment was an
area of very highly micaceous, substratum naterial of sandy
loam “exture having a weak stand of weeping 1lovegrass.
Chemical characteristics of the =site were somewhat variable,
pH having a range from 5.1 to 6.0, calcium from 1low- to
medium, potassium from low to medium.

Four passes over the site with a light disk sufficed to
loosen the 1light textured scil' material and weaken
competition from existing lovegrass. Each of three legume
species was hand seeded at 20 lbs/A on separat*te plots which
were replicated three times in randomized blocks. Over the
entire site nitrogen was applied at S0 1lbs/a, phosphorus
{2205) at 200 1lbs/A, potassium {K20) at 50 lbs/A, 1lime at 1
T/A, and fine leaved fescue at 30 lbs/A.

Results and Discussion

By £all 1977 crownvetch had become well established at
this site, two plots having 70% cover by crownvetch and the
other 30% ({(average 57% cover) {Table 4). Cover for the two
pea species was much less than crownvetch. The large pea
seeds are much slower to germinate than those of crownvetch
and may have Dbeen pore severely affected by the dry
conditions which began to prevail in April 1977.

So0il samples were taken from plots having 70% and 30%
covers of crownvetch in 1978 1in order to investigate ‘the
factors that may have affected growth differentially. Since
the 1977 growing season was very dry, differences in soil
texture might have affected water availability so the soil
texture was analyzed. Results showed virtually no difference
in texture (Table 5). Chemical analysis of the samples
revealed that phosphorus was the most probable factor causing
the variable plant growth.

Fine leaved fescue showed negligible growth in 1977. By
fall 1978, stands of crownvetch and flatpea were very good at
this site. Crovnve*ch had increased from 30% to 50% on the
plot having lesser growth in 1977. Perennial sweetpea had
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many vigorouys plants established; however, the vegetative
cover was not as good as for the flatpea and crownvetch.

2.2.3 legqupe - lime experiment in a median, Gretna

Location: Route 29 socuth of Gretna. Establishment Date: 31
March 1977.

Experimental HMethods

This experiment was laid out on a median area of Route 29,
Pittsylvania County, in a section on a long hill nrorth of
intersection Route 903. The southern, uphill half of the
site lies in a road cut area, the northern, downhill area in
a £i11 area. Chenmical characteristics of the site were: pH
5.3; calcium - low; magnesium - low+; phosphorus - low+;
potassiun - medium. Many weeds and warm season anaual
grasses dominated the vegetation at this site.

The experiment was designed to study the establishment of
crownvetch, perennial sweetpea, flatpea, and milkvetch to
improve the vegetative cover in median areas, Three linme
rates (0, 1.5, and 3.0 T/A) were used to evaluate the effect
of lime on legume establishment.. A 10-20-10 fertilizer at
300 1bs/A and creeping red fescue at 30 lbs/A vere applied
over the whole experiment. The design of the experiment was
a split plot, randomized complete block with lime rates as
main plots and all treatments were replicated four times,

Fesults and Discussion

This site was treated with herbicides by highkway personnel
not long after seeding. Because of the dryness of the
spring, it is likely that leqgume seedlings were not affected
by the herbicide. The dry weather prevailing in the 1977
season led to a failure in legume establishment as only a few
scattered crownvetch plants appeared in the fall of 1377 and
tke spring of 1978. Howvever, by fall 1978 plants of three of
the seeded legume species were beginning to form a vegetative
cover on the two downhill replicates. Data from these two
replicates are listed in Table 6. No milkvetch fplan*ts were
found. Crownvetch had the best cover, followed ty flatpeaj
both species spread strongly by thizomes. Perennial sweetpea
stands are given as plants per plot (900 sg. £t.). Although
sweetpea stands vwere not large, many of the plants were quite

vigorous. Cn several plots sweetpea was flowering and had
set seed.



Table 3. Legume experiment in a median; I-81l, Salem; established
17 Aug 76; data collected 11 Nov 78.

Seedbed Crownvetch Flatpea
preparation plants/plot GI* plants/plot GI

Perennial sweetpea
plants/plot  GI

Check 0 0 10 159 20 294
Rototilled 0 0 7.3 127 17 230
Sprayed w/

paraquat 0.3 4 10 156 32 492

* GI = plants/plot x average height

Table 4. Legume experiment in a median; Route 460 west of Farmville;
established 9 Mar 77.

% Cover by legumes

Crownvetch Sweetpea Flatpea
11 October 1977 57 15 20
28 October 1978 73 40 60

Table 5. Soil characteristics of crownvetch plots with poor and good
vegetative cover.

70% Crownvetch plot 30% Crownvetch plot

Sand 57.0 58.9
Silt 32.7 32.0
Clay 10.3 9.1
Textural class Sandy loam Sandy loam
pH 7.0 6.4
Calcium 1142 1bs/A 839 1bs/A
Magnesium 398 1bs/A 398 1bs/A
Phosphorus 250 1bs/A 121 1bs/A
Potassium 146 1bs/A 127 1bs/A

23
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Lequmne growth tended to be better where lime was applied
at 1.5 T/A than at the 0 or 3.0 T/A rate. Apparently over-
liming may adversely affect leguminous growth, perhaps by
reducing phosphorus or micronutrient availability.

The complete failure of +he seeded legumes on two
replicates lying in the road cut area Tredquires an
explanation. In this area, the soil material was very
compact and more droughty than the down slope replicates.
Possible differences in chemical characteristics are being

“inves*tigated.

2.2. 4 Legume, lime and phosphorus experiment in a
redian, Hurt

Location: PRoute 29 near Hurta. Establishment Date: 1 April
1977.

Experimental Methods

The experimental site was a wide, graded median just south
of the southern Hurt exit on Rou*te 29 in Pittsylvania County.
The median area slopes from the 1inner margins of a divided
highway toward a mid-ditch ard is inclined shallowly toward
the north. Soil material was fairly coarse textured,
micaceous substratum material with an erratic partial
vegetative cover composed of diverse volunteer species,
mainly annuals and biennials.

The objectives of the experiment were tc ccmpare the
effectiveness of crownvetch and flatpea as ground covers in
poorly vegetated median areas and to assess the effects of
phosphorus, line and their interaction on rate of
establishment and vigor of the two leguminous species,

Three 1lime treatments, 0, 1.5 and 3.0 tons/A, vere
combined factorially with three phosphorus rates of 0, 100
and 200 1lbs/A of p2g5S. These nine treatments were combined
again factorially with the +wo legqume species, giving 18
treatments. Lime rates were the main plots within a block,
phosphorus rates were subplots, and the legume species, sub-
subplots. The treatments were replicated in four randomized
blocks. The linme, pkosphorus and seed treatments vwere
applied by hand. Additional fertilizer (50 lbs/A ¥ and 100
lbs/A K20) and grass seed comnmon to all plots were applied by
cyclone seeder. After applying these treatments, the site
was disked lightly with one pass over the area.
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Table 6. Legume stands on two replicates on 14 Sep 78 of seedings
in a median of Route 29, Gretna; established 31 Mar 77.

Perennial sweetpea Flatpea Crownvetch
Lime rate plants/plot*  GIt % cover GI % cover GI
0 T/A 52 767 11 139 1.1 11
1.5 T/A 67 1327 14 184 14 225
3.0 T/A 40 600 7.4 36 1.3 12
Mean 53 898 11 120 5.5 83

* Plots = 900 ft?
t GI = growth index, average plant height x plants/plot or % cover

Table 7. Hurt median legume experiment; Route 29, south Hurt exit;
established 1 Apr 77.

% Cover by introduced legumes

Lime @ 0 T/A Lime @ 1.5 T/A Lime @ 3.0 T/A
Py0g, 1bs/A P05, 1bs/A . P20g, 1bs/A
0 100 200 0 100 200 0 100 200

P* V&% P v P VvV P v P v P Vv P v P Vv P v

Jun 78

16 40 24 53 15 26 17 27 13 27 24 2024 27 19 36 10 35

Jun 79

27 73 25 77 26 7115 39 8 43 33 62 23 69 20 69 43 €0

*P = flatpea
**V = crownvetch

lime means 0 lime = 50; 1.5 T/A lime = 33; 3.0 T/A lime = 47
P705 means 0 P05 = 41; 100 1bs/A PpOg5 = 40; 200 1lbs/A PpOs5 = 49

species means crownvetch = 63; flatpea = 25

25
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Resul+s and Discussion

The site was routinely sprayed with herbicide by highway
rersonnel shortly after establishment. Some seedlings may
have been killed at this time; hLowever, the prolonged 4dry

weather affecting much of virinigia in 1977 commenced in

early April and it is likely few seed had germinated by the
time herbicide was applied. The kill of weeds was minimalj;
thus, <competition for water due to their presence remained a

factor. Scattered emergence of legunme seedlings and
establishment became observable 1in fall 1977 after nmore
favorable soil water conditions began to prevail. Ground

cover by crownvetch and flatpea by June 1978 are presented in
Table 7. :

Significant responses to lime and fertilizer are not
exhibited by these dataa. Crownvetch proved *o be superior
to flatpea at this site, providing greater cover than flatpea
in both 1978 and 1979 and showing a much greater rate of
spread from 1978 to 1979 than flatpea. By June 1979 mean
cover was §3 per cent for «crownvetch, 25 per cent for
flatpea. The slow but fair establishment of the two legunes
during the severe moisture conditions of the first vyear of
growth indicates that the vegetative cover might have been
rapid with more favorable moisture.

This site was unowed several times in both 1977 and 1978.
The persistence and spread of otk legunme species
demonstrates their compatabiiity with nmowing in the Piedmont
region.

2.2.5 Secedings of legumes in medians in fall 1977

Location: Salem, Chesapeake, and Pittsylvania and Botetoyrt
Counpties. Establishment Date: Fall 1977.

Experimental Methods

Four experiments were established in fall, 1977, to assess
methods of es*tablishing crownvetch 1in medians. Experiments
were established at Salem and <Chesapeake and in Pittsylvania
and Botetourt counties. Treatment plots received either
inoculant coated seed or seed with inoculant applied loose.
Seed were broadcast 2 10 1bs/A by hand on untilled plo+s and
on plots disked with a 1light disk two +times. Further
treatments employed a "zip seeder” which has five coulters
mounted rigidly on a very heavy frame %to cut through existing
sod allowing incorporation of seed in *the soil. Zip seeded
plots were sprayed or not sprayed with paraquat by means of a



sprayer mounted on the zip seeder in a strip approximately
four inches wide along the row 1in which seed had been
incorporated. The experiments at Salem, Botetourt, and
Pittsylvania Counties had nitrogen, rphosphorus and potassiun
levels as subtreatments randomized within the treatment plots

described above. At the Chesapeake site (Table 8), lime
levels (0 or 2 T/A) were treatments randomized within seeding
method plots. A1l experiments were replicated fouyr times in
blocks.

Results and Discussjion

At all four sites, establishment of crownvetch was minimal
in fall 1977. VWo seedlings became established on rlots where
seed was broadcast without disking or incorporation by means

of zip seeder. Seedling establishment on disked plots was
also negligible. Zip seeded plots, especially those having
plant competition reduced by paragquat spraying in the row
seeded, had the best establishment of crownvetch. However,

establishment was very erratic, with rows of seedlings
encountered at intervals of several inches for a gstretch of
several feet folloved by complete 1lack of crownvetch
seedlings. This erraticness was attributed to the difficulty
in maintaining a consistent, optimal depth of seeding; at

times seed was left on the surface, at tinmes, too deeply
incorporated. No significant response to seed <coating was
noted. A response to lime was noticeable at the Chesapeake

site, but no pattern of response to fertility treatments was
discernable at the other three sites.

Insect depredation was also severe on emerging crownvetch
seedlings. Numerous instances were cobserved of very young
seedlings which had some or all of the cotyledens or first
true leaves eaten. Seedlings completely defoliated at such
an early stage of growth undoubtedly died.

By spring 1978 <crownvetch seedlings vere virtually
eliminated from all sites, except Chesapeake, At the Salen
and Botetourt County sites spring application of herbicides
by highway department personnel was an additional detrimental

factor. However, establishment «as no better at the
Pittsylvania County site. Though no vigorous crownvetch
seedlings were observable at the Chesapeake site, some

seedlings had survived the winter or became established.
Later during the 1978 growing season, half of the plots at
this site were mowed by highway department personnrel and half
were leftr unmowed. Crownvetch was completely eliminated fromnm
nowed plots, On October 28, 1878, the nurber of crownvetch
plants on unmowed plots (275 ft2) ranged from ¢ to 44 (Table
8). A very marked response to lime was cbservable despite
the very small number of plants. A pattern of response to
the other treatment variables was not distinquishable.
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Table 8. Chesapeake median legume experiment, Route 58 west;
established 27-28 Sep 77.

Broadcast Disked Zip seeded Zip + Paraquat
no no no no
lime lime lime 1lime lime lime 1lime lime mean

# crownvetch plants/
plot (275 ft?) 28 Oct 78

inoculant
coated on seed 0 0 14 6 10 2 7 0.5 4.9
inoculant
applied loose 34 10 10 0 3.5 2.5 8 1 8.7

% crownvetch 16 Jun 79

inoculant
coated on seed 0 0 6 0 1 0 1.5 0 1.1
inoculant
applied loose 22 7.5 1.5 0 2 0.5 1.5 0 4.4

Table 9. Newport News median legume experiment, I-64; established
28 Feb 78.

Flatpea seedlings/plot (189 ft2) 1 Oct 78

Broadcast: Disked Subsurface seeded
fungicide: + - + - + -
2.2 4.0 1.2 1.5 0.2 1.5

Table 10. Clifton Forge median legume experiment, I-64; established
12 Apr 78.

Seedlings/plot (90 ft2) 14 Jun 78

Broadcast Disked Subsurface seeded
Crown- Crown- Crown-
vetch Pea vetch Pea vetch Pea
Potassium: + - + - + - + - + - + -

0 0.2 4.0 2.5 1.8 2.0 3.0 3.2 3.8 4.2 7.5 10




2.2.6 Seeding of legumes in medians in spring 197

o

Location; Newport News, Charlotte County, Clifton Forge.
Establishment Date: Spring 1978.

Three experiments assessing the effects of several
variables on introduction of perennial legume into
established median scds were initiated in late winter-early
spring 1978, In 1late February at a site alcng I-64 in
Newport News variables vere species {crovnvetch or a mix of
flat and sweetpea), fungicide treatment (+ or -), and seeding
method {broadcast on unprepared seedbed, broadcast on disked
seedbed and subsurface seeding--by zip seeder for crownvetch,
by hangd, garden corn planter for pea species). Seedling
establishment was initially best for subsurface seeded pea
species in early spring, but was reversed by late spring at
this poorly drained site. Only flatpea persisted by late
spring, better on broadcast and no fungicide treatments. In
late fall this site was destroyed in regrading operationmns.

Along Route 360 in Charlo+tte County in late March 1978 a
legume introduction experiment was initiated on a rather hard
packed median having the following chemical properties: pH,
6.3 to 7.5; Ca, medium to very high; Mg, very high; P, medium
to high +; K, low. K20 @ 100 lbs/A was applied to aid legunme
establishment. Treatments were as for the Nevport News site
except that fungicide treatments were omitted. In 1late
spring best lequme seeedling emergence was on “subsurface
seeded plots. These plants were elimipated in the course of
the growing season, however, and by fall no 1legunme
establishment was observed at this site.

A final spring lequme introduction seeding was made along
I-64 in Clifton Forge. Here s0il properties were: pH, 8. 1;
.Ca, very high; Mg, very high; P, high; K, medium. Treatment
variables at +this site were similar to those for the
Charlotte County experiment except that rlots were split
with 0 and 100 1lbhs/A K20 as +treatments. As at the other
spring seeding sites, emnergence of legume seedlings was
initially best for subsurface seedings of pea species (Table
10) , but legqumes subsequently were eliminated by competition.

Failures in these spring seedings were attributed to three
principal factors; seeding date too late (Charlotte County
and Clifton Forge sites), excessive competition (all three
sites), compacted median material ({Charlotte County site).
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2.2.7 Demonstration perennial lequme seedings of late
winter 1979

Time did not ©permit establishment of caontrolled
experipents to assess seeding methods fcor legume introduction
in late winter 1979. A determination was made to provide
demonstration seedings in all the major regions of the state
using an optimal seeding technique. This method inveolved a
late winter seeding date and seedbed preparation by field
cultivator, which reduced competition by existing plant
covers, loosened the soil of the seedbed and provided many
favorable microenvironments for seed germination and seedling
establishment, Fertility treatments were uniformly applied
without check treatments or control treatnents. On March 5,
crownvetch @ 20 1lbs/A, pP205 » 200 1bs/A, 1lime 3 1 T/A and
woodfiber mulch 2 1500 1lbs/A were hydroseeded intc two strips
tilled by field cultivator through the compacted median soil
material on the south half of the 1977 median lequme
experiment at Routes 29 x 903 south of Gretna in Pittsylvania
County.

At the same date a seed mix of flatpea and perennial
sweetpea, each @ 15 1lbs/A; 2205 @ 200 1lbs/A; K20 @ 100 lbs/A
and woodfikter @ 1500 lbs/A were hydroseeded into field
cultivator +illed strips immediately adjacent to the
Charlotte County seeding site of 1978.

On March 6, immediately west of the fall 1977 median
legume seeding site at Chesapeake, plots of crownvetch @ 20
l1bs/A and a pea mix @ 15 1lbs/A for each species were applied
by hand in three randomized blocks in a strip tilled wup by
field cultivator. P205 » 200 1lbs/A, X20 @ 200 lbs/A, lime 2

‘1 T/4, and woodfiber wmulch @ 1500 lbs/A were applied Ly

hydroseeder uniformly over the entire site.

A similar seeding was established on Marchk 6 near Greenbay
in a median which had been the site of a grass variety trial
initiated in spring 1977. Applications differed only in that
lime was @ 1.5 T/A and X20 @ 100 lbs/A. On March 19 two 0.1
i strips x 6 £t tilled by field cultivator were hydroseeded
with a 1/4 mix of flat and perennial sweetpea 3 20 lbs/A with
200 1bs/A P205 along the 460 bypass at Farmville.

In Blacksburg perennial legumes were introduced into
freshly constructed infield areas of the Prices Fork Road x
460 bypass interchange. Soil properties were: pH, 7.8; Ca,
very highk; Mg, very high; P, medium + to high; ¥, mnmediuna
Two infield areas northeast of the overpass were tilled with
a field cultivator. on April 17, on the northerly, 0.5 A
infield area crownvetck @2 20 lbs/A, Ky-31 tall fescue 3 25
lbs/A, annual ryegrass 2 5 lbs/A, N @ 50 lbs/a, p205 @ 200
lbs/a, K20 @ 50 1lbs/A and Cellin Fiber Mulch @ 1500 lbs/A
were applied by hydroseeder. On April 19, flatpea @ 20 lbs/A

..30..
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was drilled into about two thirds of the inner area of the
1.5 A infield and perennial sweet pea @ 40 1lbs/A drilled on
the exterior margina. Cn April 20 grass seed, fertilizer angd
mulch were applied by hydroseeder as in the adjacent infield
seeded to crownvetch.

Stand counts of some of these 1979 seedings several months

after initiation are reported in Table 1. Seedling
establishment was ccmparable at the other two sites and
highly successful at all sites. Especially notable are the

Chesapeake and Greenbay sites, both of wvhich are typical of
the kinds of materials where grass covers are rparticularly
prone to degenerate and difficult to improve through
conventional renovation treatments. Plant cover at the sandy
Chesapeake site 1s practically devoid of cool season grass
species and must be mowed frequently to keep top growth of a
host of weed species reasonably neat. At Greenbay, c¢ool
season grasses 1introduced in a trial in 1977 very rapidly
degenerated and were suppressed by warm season grasses and
annual lequmes due to the rapid decline in nitrogen status of
this <coarse textured micaceous materiala At all sites
introduced lequmes show promise of rapidly evolving
attractive, complete <covers to suppress weeds and control
erosion. With adequate seedbed preparation and appropriate
timing of seedings, renovation of these problem areas by
introduction of perennial lequmes appears highly feasible.

2.3  MOWING MANAGEMENT OF MEDIAN TURFS

2.3.1 Grass mowing experiment, Fajrfiejd

Location: BRoute 11, Fairfield.

Experimental Method

A mowing experiment to investigate the effects of date of
first mowing and height and frequency of mowing on removal of
seedheads and on tillering was initiated in a grass median
along Route 11 in Fairfield 1in spring 1978. First mowing
occurred on either May 20 or June 15. Mower heights were set
at 4, 6 or 8 inches. Plots mowed twice were mowed the second
time on July 1, 1if mowed first on May 20, September 1 if
mowed first on June 15. On each plot a single wire quadrat 3
in x 36 in was stapled into place and counts made of tall
fescue and fine leaved grass tillers. Fine leaved grass
species vere creeping red fescue and Kentucky bluegrass.
Treatments were replicated in *“hree randomized blocks.
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Table 11. Demonstration median legume seedings; established late winter 1979,
legumes/ft2
Crownvetch Sweetpea Flatpea
16 Jun 79, Chesapeake, Rt. 58 4.9 0.47 1.1
16 Jun 79, Greenbay, Rt. 360 0.90 0.79 0.81

26 Jun 79, Large infield, Blacksburg,

Rt. 460 not seeded 4.9 @ 4.1 3.9 @ 3.5"
26 Jun 79, Small infield, Blacksburg,

Rt. 460 4.8 @ 3.0" not seeded not seeded
Table 12. Fairfield median grass mowing experiment, 1978.

Tall fescue

0.75 f2 quadrat counts

Orchard grass Fine leaves

; Tall fescue

tillers tillers grass tillers seedheads
Mowing Regime 1978 1979 1978 1979 1978 1979 1979
20 May @ 4" I 113 146 5 9 3 8 21
1T 134 170 0 0 68 95 18
20 May, 1 Jul
@ 4" I 96 152 5 3 0 0 47
II 148 209 0 ‘ 0 14 20 19
15 Jun @ 4" 1 203 304 0 0 3 12 50
: I1 217 204 8 8 9 8 9
15 Jun @ 8" I 86 117 4 3 60 32 8
II 105 143 0 0 88 162 19
Mean Density and Height of Tall Fescue Seedheads
Mowing Regime 20 May @ 4" 20 May @ 6" 20 May @ 8"
15 Jun 78 '
density (seedheads/ft?) .26 .66 .96
height 18 22 27
1 Jul 78
density (seedheads/ftz) .28 1.42 4.50
height 18 25 27
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Results and Discussion

All three heights of mowing on June 15 removed all tall
fescue seedheads for the 1978 growing season at +*his site.
Since flower ©parts of fescue are inducted only at cool
temperatures vwhen days are short, delay until all emerging
seedheads are above mower heights permits their coamplete
removal. However, delay of mowing until June 15 may result
in mortality due to excess shading for new tillers which, to
maintain stand density, are needed as replacements for
seedhead tillers which die after seeding. Hence, mow¥ing at
an earlier date was investigated to determine both effects on
rate of +tillering and efficiency of removal cf seedheads.
Mowing at 8 inches on May 20 gave rather poor elimination of
seedheads, which averaged 0.96 and 4.50 per ft2 on June 15
and July 1 respectively, seedhead density on July 1 for May
20, 8 1inch, mowings was about 14 per cent of the valge
obtaipned as the mean of seedhead density in quadrat counts of
spring 1979; however, this deasity wvas sufficient to give the
sod a rather unkempt appearance. Mowing at either 4 or 6
inches on May 20 gave good <control of fescue seedheads. By
September 1, however, all treatments at this site had a
rather scraggly appearance. None of the spring mowings
eliminated seedheads of greasegrass, a warm season species,
as these begin to elongate only in late July and Auqust,
Wild carrot, milkweed and dead tops of red clover were
scattered through the area. September 1 mowing eliminated
this material.

Mowing of a part of this site by highway crevws confounded
the treatments applied on some quadrats. Tiller counts vere
made for four treatments on two replicates to determine if
changes in turf density could be correlated with differences
in mowing regimes. Consistent responses were not observed
{Table 12). Tiller density of tall fescue was greater in May
1979 than in May 1978 in all but one of the quadrats counted.
The cool spring of 1979 favored tijllering (Teampleton et al.,
1961; Yeh et al., 1976). Apparently variability in the vigor
of fescue plants was controlled much more strongly by factors
other than mowing treatments. Counts in single guadrats for
treatment ©plots appear to be inadequate to represent
tillering response of grass stands to mowing.

2.3.2 Lexjngtop Grass—lequme Mowing Experiment

Persistent leguminous covers show promise as a means of
lovwering maintenance costs and enhancing vigor and beauty of
median vegetation in Virginia highway corridors. However, in
the environment of Virginia, leguminous plants can only
retard and not eliminate the encroachment of volunteer woody
species if areas are left unmowed (Skarp and Reoss, 1978;
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Blaser and McKee, 1967). Thus, as with grass turf,
infrequent mowing would be necessary in medians with
leguminous vegetation when woody species need be excluded.
Work by Woodruff (1971) indicates that under mowing regimes
commonly used in Virginia highway districts, pure stands of
crownvetch would not be elirminated by mowing. However, in
Virginia highway medians crownvetch would generally be
growing in association with grass. Forage experiments where
mixed crownvetch-grass s+tands have been mowed, have given
contradictory responses on the persistence c¢f crownvetch in
mixed stands {(Mays and Evans, 1972; Dobson et al., 1976).

Experimental Methods

In spring, 1977, an experiment was begun to determine the
impact of mowing in a mixed crownvetch-Ky 31 fescue canopy in
a median of I-64 just west of Rt. 11 near Lexington. In May,
1977. the experimental site had an initial crownvetch cover
ranging from 4.5 to 50%. Tall fescue made up most of the
other vegetative cover; vweeping lovegrass contributed to the
grass cover on a few rlots and several plots had bare, eroded
areas toward the mid-ditch. Mowing regimes were various
dates for first mowing, number of mowings in a year, and
heights of mowing as listed in Fiqure 1. The plot sizes were
25 feet by 60 feet; the large size was used to reduce border
effects due to the strongly rhizomatous growth habit of
crownvetch and to facilitate evaluation of the aesthetic
values of mowing managements. In 1977, each treatment was
replicated in six randomized complete blocks. In 1978, the
treatments were as in 1977, except that, for one mowing
regime, the June 15 mowing was shifted to June 1. Plots were
mowed wtih rotary lawn mowers in 1977 and at the earliest
mowing date in 1978 (May 15). Ey June 1, 1978, some of the
growths of crownvetch were too profuse for mowing with a hand
propelled lawn mower. Therefore, June 1 and June 15 mewings
were accomplished with a tractor and bush hog. Lawn mowers
vere used again for the later nmowing dates. Vjisua]l estimates
of percent crownvetch were made on May 15 and October 19,
1977 and October 11, 1978. ’

Results and Discussion

Figure 1 presents the mean crownvetck cover for the
various mowing treatments before mowing began and in fall
1977 and 1978. Note that even the mos*t severe mowing reginme,
three times in a season at four inches, permitted crownvetch
to spread very significantly. After two years of mowing, the
mean cover of crownvetch for this nmowing treatment had
approximately doubled. Spread of crownvetch for a mowing
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regime of a single, 8 inch high cut on June 1% had developed
a crownvetch cover similar +o the control, no mowvwing
treatment, more than a four-fold increase occurring over the
two year periog.

In 1977, the rate of spread of crownvetch tended to be
greater where plots were mowed at eight inches than at four
inches. This trend did not occur in 1978, except for the
plots first mowed on June 1. The moisture during the spring
of 1978 was better than that of 1977, causing much more
growth of crownvetch. Mowing of crownvetch to the specified
heights became increasingly more difficult as date of first
mowing was delayed {(June 1 and 15). Where crownvetch growth
was very luxuriant, the bush hog mower tended to push down
the canopy rather than cut it cleanly at a given height. The
lack of precision in height of cut for June 1 and 15 (first
nowing dates) likely cbscured effects of the height of mowing
for these mowing regimes.

For both 1977 and 1978 the second, August 15, mowing of
plots first moved on June 15 reduced the rate cf spread of
crownvetch as compared with plots mowed only oncea

Plots with an 8 inch mowing regime on May 15 and July 1
had the largest initial mean percent crownvetch cover of any
of the treatments. Spread of <crownvetch on these plots was
mederate but consistent during 1977 and 1978. This mowing
regime appears to be compatible with vigorous growth of
crownvetch 1in a mixed grass-lequme stand and provides a
pleasing, groomed appearance during the growing season.

The high nitrogen residues of clipped crownvetch provide a
continuous ‘fertilizer supplement to goil. This is very
desirable as soils in highway environments are generally so
low in nitrogen that grasses degenerate, making it necessary
to use periodic nitrogen refertilization and reseeding of
degenerated median vegetation.

A factor which nmay have affected competiticn between
crownvetch and grass was the presence of nunerous
grasshoppers in 1977 and 1978. Virginia has experienced a
gradual tuild wup of grasshopper populations over the 1last
three years due to the trend of dry weather which favors
proliferation of grasshoppers (Parker and Connin, 1964). At
the experimental site in 1978, grasshoppers were otserved to
feed on rall fescue throughout the warm part of the growing
S€easOna However, crownvetch was no* severely a*ttacked until
about the ¢time of seed set, after vwhich there was sevare
infestation. It appears that grasshoppers may have conferred
on crownvetch a competitive advantage by selectively
depressing the growth of tall fescue.



2.4  COATING OF BACTERIAL INOCULANT ON LEGUME SEED

2.4.1 Seed coating experiments at Cloyd's Mountain

Location: Cloyd*s Mountain, Rt . 100, Pulaski County.
Establishmenr Date: 14 April 1977.

Experimental Methods

Two experiments were laid out on south facing cut slopes
along R+t. 100 just west of Back Creek in Pulaski County. The
soil material at the nmore westerly cut was partially
decomposed, calcareous, red shale having the following
chemical characteristics: pH, 7 (H20), 6.3 (0.01 M CaCl2);
calcium, very high; nragnesium, very high; rhosthorus, very
high and potassium, high -. The more easterly site was
several hundred vyards from the first on a <cut through very
loose substratum material, probably derived from shaley
limestone, and hLad the following chemical characteristics:

pH, 5.2 (H20), 4.1 (0.01 M CaCl2); calcium, low; magnesiun,

high +; phosphorus, medium; potassium, medium #*. On both
sites previously seeded by a contractor, the vegetation was
variable to poor or had degenerated to a 50 to 75% soil
cover.

Experiments at both sites were planned to assess the value
of coating flatpea seed with bacterial inoculant as & means
of enhancing vigor and establishment of legume seedlings when
reseeding or renovating cut slopes that have a poor
vegetative cover. On the easterly, acid site, 1lime and no
lime treatments were combined factorially with inoculation
treatments. We "coated" or "pelleted® seed using a method
described by California workers ({Holland and Stree+*, 1968) o
The bacterial inoculant was mixed with a paste prepared fronm

gum accacia. The mix was added to seed which were then
agita