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Introduction 

Vegetation is a major component of the highway environment. 

Vegetation modifies the climate, enriches the environment, stabilizes 

soils, and generally contributes to environmental quality. Of plant 

materials available, grasses offer the greatest adaptability to highway 

conditions and management situations. 

Increasing maintenance costs, a developing socio-environmental 

conscience, demands for quality environments, and highway safety all 

place an immediate burden on highway departments. In order to respond 

to the increasing costs and responsibilities, new grasses are needed and 

more information is needed for maintenance of an increasing acreage of 

roadsides. This investigation researches some of the problems associated 

with these efforts and hopefully will contribute to development of 

solutions. 

The objectives of the investigation included: 

1. development of low growing, drought tolerant, and/or rapidly 

spreading grasses for highway rights-of-way use (Section 1). 

2. investigation into the culture, hardiness, longevity, mainte

nance and establishment of grasses for roadside use (Sections 

1-6, and 8). 

3. investigation into mechanical and chemical methods of growth 

regulation of turfgrasses (Sections 4, 5, and 7). 

4. evaluation of maintenance methods and materials currently in 

use on highway rights-of-way (Section 6). 
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Abstract 

Project 619 dealt with contemporary roadside problems of grass 

selection, establishment and maintenance. A turfgrass development program 

resulted in fifteen superior selections for detailed evaluation and 

possible introduction. Reestablishment of prairie species on minimum 

maintenance roadsides can be accomplished by seeding. Effectiveness of 

seedings may be improved by modification of present roadside maintenance 

practices. More research will be needed before salt and/or drought 

tolerant grass species can be handled as sod. Bermudagrass may be used 

to stabilize slopes during hot summer months in Minnesota. The residue 

from Bermudagrass that has been killed by frost can act as a mulch into 

which permanent grasses may be sown. Investigation into vegetation 

changes on roadsides indicated mowing interval was more influential than 

mower type in affecting species distribution and density, and that grasses 

should be selected for specific environments and management programs. 

Nitrogen rates of two pounds per 1000 square feet or more at seeding 

reduce germination and establishment. Slow release fertilizers may affect 

growth the year following application. Several new chemical growth 

regulators show promise for future development. Twenty-eight recommendations 

for consideration in roadside maintenance programs are suggested. 
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Summary of Procedures and Findings 

Section 1. Grass Collection-Selection Program. 

Over 14,000 accessions of Kentucky bluegrass, Canada bluegrass, 

creeping red fescue, sheep and hard fescue, redtop, timothy, smooth 

bromegrass, and perennial ryegrass were collected fr om thirty-one 

states and forty-three countries. 

Materials were evaluated in the greenhouse and field for germination, 

seedling vigor, disease resistance, hardiness, dr ought tolerance, seed 

production, tillering, longevity , col or, habit o f growth, vigor, ferti

lity requirements and environmental adaptability. Fifteen were selected 

which exhibited qualities superior to those currently available. More 

detailed evaluation of the 15 selections has been initiated. 

Section 2. Investigations into Establishment of Prairie Species. 

The investigation was divided into four phases. 

Phase 1. A large number of roadside prairie areas were located and 

plant species identified. Native prairie grasses commonly found as 

dominants were: big and little bluestem, Indiangrass, sideoats grama, 

and switchgrass. Existence o f prairie materials on roadsides indicates 

that minimum management programs favor reestablishment of prairie species. 

Phase 2. Germination requirements o f the five prairie grass species 

were studied in the laboratory and greenhouse. Cleaning the seed (which 

removes the seed coat) of the bluestems, Indiangrass, and sideoats grama 

increased germination. Commercially grown prairie grass seed germinated 

better than native seed collected from the wild. 

Germination of switchgrass was enhanced by stratification for two 

months. Cleaning the seed of switchgrass was injurious to the seed and 

resulted in poorer germination. 
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Establishment of seedlings of prairie grasses in the greenhouse 

was higher with pregerminated seed than with direct seeding. The possible 

existence of a seed coat inhibitor was suggested by a study of leachates 

of prairie grass seed. 

Phase 3. An experimental seeding of prairie grasses on a slope which 

had been previously seeded to Kentucky bluegrass, alfalfa and red clover, 

failed to become established due to competition. Another seeding on 

sterile glacial till was of limited success because of poor soils. 

Phase 4. Methods of establishing a prairie were investigated at 

the University of Minnesota Landscape Arboretum. Methods employed in

cluded direct seeding of materials, transplanting materials grown in 

the greenhouse, transplanting collected materials, spreading soil contain

ing seed and crowns of prairie species, and mulch-seeding with prairie hay 

harvested when seed was mature. Direct seeding and mulch seeding proved 

to be the most effective. A satisfactory prairie was developed in three 

years after the first seeding. 

Section 3. Specialized Grasses. 

A. Twenty-four grasses known to be drought and/or salt tolerant 

were seeded to determine their sod-forming ability. After one and one

half seasons of growth they were cut as sod and then relaid. Five spe

cies: redtop, creeping red fescue, smooth bromegrass, tall fescue and 

intermediate wheatgrass survived the transplanting. The results of 

this study, indicating failure of several species to transplant, need 

further investigation. 

B. Bermudagrass was seeded in June 1967. The Bermudagrass germi

nated under the hot summer conditions and rapidly established a dense 

grass cover. It was killed in late fall by frost, leaving a dense mat. 
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The following spring Kentucky bluegrass was established by overseeding 

into the dead Bermudagrass. The technique may be useful in stabilizing 

slopes completed during hot summer months. 

C. Squirreltail barley grows naturally on highway shoulders but 

until recently was classified as a noxious weed because of the long-awned 

seed. Seed was treated with chemical and radioactive mutagenic agents to 

test the possibility of producing a mutant awnless form. Several genera

tions of seed were grown but no awnless form was found. 

Section 4. Investigations into Vegetation Changes on Highway Rights-of-way. 

A. Seasonal and long-range changes in vegetation were investigated 

on selected roadsides. On older established slopes of smooth bromegrass 

and alfalfa no serious vegetation changes were noted. On slopes recently 

planted to Kentucky bluegrass, redtop, white clover, and ryegrass, a 

three year study indicated that redtop was more abundant (competitive) on 

the relatively moist (lower) portions of the slope and Kentucky bluegrass 

and smooth bromegrass were dominants on the drier (upper) portions of the 

slope. 

B. Influence of mower type and mowing interval on species distribu

tion was investigated both on a bromegrass-bluegrass roadside planting 

and at the St. Paul Turf Research Area on bluegrass and red fescue plant

ings. The roadside area was mowed according to the highway mowing sched

ule; i.e., reel mower every 7-14 days, rotary mower every three weeks, 

flail mower three times a season and sicklebar mower two times a season. 

The bluegrass and fescue area was mowed every 7-20 days as needed. 

At the end of the four years, higher populations of smooth bromegrass 

were noted in the sicklebar and flail treatments and higher populations of 

Kentucky bluegrass were noted in the rotary and reel treatments on the 
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roadside. Weeds (mostly dandelion and clovers) were more prevalent in 

the reel and rotary plots. 

After three years there were no significant changes in either popu

lation or density in the pure stands of Kentucky bluegrass or creeping 

red fescue at the turf research area. The red fescue, however, was more 

dense and weed-free than the Kentucky bluegrass. 

This investigation indicated that the time interval between mowings 

was more influential than mower type in influencing type and density of 

vegetation. 

C. The fate of a slope sodded to Kentucky bluegrass was investiga

ted. After a five year point quadrat study of density changes it was 

concluded that Kentucky bluegrass sod, while useful in providing initial 

cover to a bare site, is not necessarily permanent under all right-of-way 

conditions. 

Section 5. Species-Fertilizer Study. 

Establishment and subsequent growth characteristics of sixteen vari

eties of Kentucky bluegrass, creeping red fescue and creeping bentgrass 

were investigated using a "slow release" fertilizer. High rates (two 

pounds nitrogen or more per thousand square feet) of fertilizer adversely 

affected germination of all grass varieties. Earliest germination was 

provided by the bentgrasses and best cover the first year by Seaside and 

Penncross bentgrasses, Illahee and Pennlawn red fescues. After two years 

the best varieties judged on cover and general quality were Kentucky blue

grass 64-36 and N4-113 and Seaside bentgrass. Effects of high rates of 

fertilizer used during establishment were detected in the second year of 

growth as increased growth and darker coloration of the grasses. 
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After seven years, the best varieties judged on cover and general 

quality were Illahee, Rainier, and Pennlawn creeping red fescue; Kentucky 

bluegrass 64-36; Common creeping red fescue; Common Kentucky bluegrass; 

N4-ll3 blend, and Park Kentucky bluegrass in that order. All resulted in 

acceptable cover. 

Section 6. Vegetation Maintenance Practices, Programs, and Equipment on 

Minnesota Highways. 

This section is an abstract of a report on maintenance practices in 

the state of Minnesota. Twenty-eight recommendations are provided (begin

ning on page 99). 

Section 7. Growth Regulation of Grasses. 

The effects of maleic hydrazide, B-995, phosphon, CCC, Ethrel, 

MBR-6033, and M-820 and M-845 on Kentucky bluegrass and bentgrass were 

investigated. Maleic hydrazide in a roadside spraying study was not 

reliable in controlling height, and an increase in weed populations was 

evident. 

Phosphon, B-995, and CCC resulted in reduction of plant height 

according to treatment concentrations. High rates also caused phytotox

icity. Ethrel treatments resulted in height reduction, internode elon

gation, short leaves, increased leaf number and tillering. Ethrel treat

ments on pregerminated seed resulted in shorter culms and increased 

tillering. Several new chemicals: MBR-6033, M-820, and M-845 showed defi

nite promise for growth regulation. 

Appendix 

Infrared Photographic Technique for Evaluation of Grass Density. 

A technique was developed for rapid accurate evaluation of turf 

density in the field. Photographs were taken on infrared film by 
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use of a light-tight camera box and a press camera. Subsequent 

negatives were then scanned for relative density with a newly 

developed simple continuous reading densitometer. (See page 133 for 

circuit diagrams.) 
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Conclusions and Recommendati ons 

Section 1. Collection-Selection Program. 

It may be concluded that grass types superior to thos e available 

can be developed under the pr oper c o llection-selection evaluation and 

breeding program in fescue and redt op species. Fi f teen superior types 

have been identified under pro ject 619. By the time this rep o rt is 

published a program for completion of the evaluation will have been 

implemented. 

It is recommended that the final evaluation pr ogram be c ompleted 

(approximately five years - see Project 635) to the point of introduc

tion of selections th a t survive the advanced evaluation process . Up on 

introduction the grasses should be integrat e d int o seed production pro

grams and highway planting plans. 

Evaluation of new commercially available grass vari e ties of Ken

tucky bluegrass, timothy, creeping red fescue, and others is needed before 

specification can be developed for highway use (table 4, page 34). In 

general the red fescues and Kentucky bluegrass types produced the best 

cover. Merion and Delta Kentucky bluegras s, r oughstalk bluegrass, peren

nial ryegrass and Kentucky 31 tall fescue resulted in unacceptable cover. 

Section 2. Investigation into Reestablishment o f Prairie Spec ies. 

Over the years, many native prairie plant species (including big 

and little bluestem, sideoats grama, switchgrass a nd Indiangrass) have 

become reestablished on highway rights-of-way. With proper handling, 

stratification, cleaning, and storage, germination of prairie grass spe

cies can be enhanced (page 53). Prairie species can b e established by 

direct seeding, transplanting, seeding in a prairie hay mulch and by 

spreading topsoil containing prairie seed and plant crowns. 
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It takes from three to four years after seeding for an adequate 

stand of prairie grasses and forbs to become completely established under 

practices used here. The annual weeds which appear with the slower

growing prairie plants can be mowed high once a year and may serve to hold 

the soil until the prairie plants become established. The weeds are even

tually driven out by the dominant prairie plants. 

It is recommended that, where adapted and compatible with the high

way environment and maintenance program, establishment of prairie species 

be fostered by appropriate planting and maintenance practices. Where 

minimum maintenance is desirable, such as in rural areas in central, 

southern and western Minnesota, supplemental establishment of prairie 

species should be considered. 

Section 3. Specialized Grasses. 

A. If transplanting salt and/or drought tolerant grasses on high

way shoulders becomes desirable, further investigation will be required 

into the seeding and transplanting of such grasses. 

B. Bermudagrass will establish well during hot summer weather. It 

may be used for temporary soil stabilization and as a subsequent mulch 

and over-seeding medium f or permanent grasses and other plantings. 

C. Squirreltail barley, until recently, was classified as a noxious 

weed because of a long-awned seed. An effort was made to develop an awn

less type using chemical mutagen and irradiated seed treatments. No 

mutant types were found in a study of severai post-treatment generations. 
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Section 4. Vegetation Changes on Highway Rights-of-way. 

A. Vegetation changes were documented over years and under differ

ent environmental conditions. When seeded in mixtures, redtop was more 

competitive on lower, more moist portions of a slope than Kentucky blue

grass. Kentucky bluegrass and smooth bromegrass were more competitive 

in the drier situations on the upper slope. 

B. Mowing interval seemed to be more influential in causing changes 

in population components and density than mower type. Further investiga

tion is required before effects of mower type can be ascertained. Mowing 

schedules as detailed in Section 6, "Vegetation Maintenance Practices, 

Programs, and Equipment on Minnesota Highways" (page 99) are recommended. 

Under minimum maintenance, established pure stands of creeping red 

fescue maintained a more dense and weed free population than a pure stand 

of Kentucky bluegrass, regardless of mowing practices. 

C. Sodded Kentucky bluegrass resulted in immediate cover; however, un

der some management regimes it could not be considered as a permanent cover. 

Careful evaluation of environmental conditions and subsequent main

tenance programs should be completed before determining planting specifi

cations for new rights-of-way and before conversion of cover on previously 

established slopes. Periodic evaluation of maintenance programs should 

be encouraged. 

Section 5. Species-Fertilizer Study. 

After seven years, Illahee and Rainier creeping red fescue resulted 

in the best cover and appearance on a roadside community mowed four times 

annually. Pennlawn creeping red fescue; Kentucky bluegrass 64-36; Common 

creeping red fescue; Common Kentucky bluegrass; N4-113 blend, and Park 
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Kentucky bluegrass also offered acceptable cover. Any of the above 

grasses can be recommended for use in highway seeding mixtures. 

High rates of nitrogen (two pounds per 1000 square feet or more) 

can adversely affect germination of seedlings, and nitrogen availability 

after establishment can enhance grass performance in the following year. 

Rates of nitrogen lower than two pounds per 1000 square feet are rec

ommended at planting time. Application of nitrogen fertilizer subsequent 

to establishment can be recommended to improve turf quality. 

Section 6. Vegetation Maintenance Practices, Programs, and Equipment on 

Minnesota Highways. 

See abstract and recommendations on pages 99-108. 

Section 7. Chemical Growth Regulation of Grasses. 

Currently available chemical growth regulators are not dependable 

in regulating grass growth. Experimental chemicals, such as Minnesota 

Mining and Manufacturing's MBR 6033 and Monsanto's M-820 and M-845, show 

the most promise for practical control of vegetative growth at the pres

ent time. Further investigation is recommended with these and other 

chemicals to determine their ultimate value and the practicability of 

chemical mowing. 



13 

Section 1. Grass Collection-Selection Program and Evaluation 

Maintenance of vegetation along highways has become a major problem 

for highway departments. As grass is the primary vegetative cover on 

roadside situations it offers one of the best opportunities of reducing 

maintenance costs. On that basis a grass selection program was initiated 

in 1964. The purpose of the selection program was to develop grasses 

with characteristics that would be particularly adapted to roadside 

environments and situations. 

Grass species included in the program were Kentucky and Canada 

bluegrass (Poa pratensis and P. compressa), creeping red fescue, sheep 

and hard fescue (Festuca rubra, !_. ovina and!_. ovina duriuscula), redtop 

(Agrostis alba), timothy (Phleum pratense), smooth bromegrass (Bromus 

inermis) and perennial ryegrass (Lolium perenne). Emphasis was placed on 

the fescue species because of their natural adaptive characteristics of 

drought tolerance and low fertility requirements. Relatively little work 

has been conducted with these species for roadside use. Most of the 

Kentucky bluegrasses were incorporated into the Department of Agronomy 

Kentucky bluegrass breeding project. 

Seed was collected in the field by project personnel, or was collec

ted by and received from the USDA Plant Introduction Stations, other 

universities, commercial sources, arboreta, botanic gardens, and private 

collections from around the world (table 1). The program processed 

14,498 different accessions. 

Methods and Materials 

Data Collection: A description of the geographic area, date of 

collection, accession number and other special characteristics were 
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retained for each selection received if available. Each selection was 

evaluated for germination, seedling vigor, disease resistance, hardiness, 

drought tolerance, seed production, tillering (spreading) ability, lon

gevity, color, texture, habit of growth, vigor, performance under mowing, 

height of bud, fertility requirements, soil and environmental adaptability. 

Procedure 

Seed collection was accomplished by project personnel each summer. 

Collections were made within the state of Minnesota and in other states 

in the United States (table 1). Foreign collection was accomplished by 

the USDA Plant Introduction Service. Other sources of seed included the 

Soil Conservation Service, universities and other sources in the United 

States and around the world. 

Seed was accessioned and organized for planting in January of each 

year. Seed was sown in 5 x 5 centimeter peat pots in the greenhouse to 

study germination time and percentages, seedling vigor and resistance to 

fungus infection. 

The seedling grasses in peat pots were transplanted directly to a 

field environment in the spring (fig. 1, page 30). Field evaluation in

cluded screening for powdery mildew, leaf spot and rust resistance as 

well as the data indicated above. Field plantings were observed for 

flowering, height, spread, color, rhizome development, summer dormancy, 

habit of growth, general appearance, fall dormancy, winter hardiness, 

and heat tolerance. 

After the second season of growth superior accessions were selected 

for further evaluation. Unsatisfactory accessions were discarded. Seed 

was collected from the superior accessions during both the first and 
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second seasons. Original plants of the superior accessions were removed 

from the screening area to a permanent site. 

A plant increase area was established in 1967. Seed from outstand

ing accessions was planted for seed increase. Fifty-five fescues and 

thirty-five bluegrasses were selected for increase and further testing. 

All other materials were discarded and removed from the field. 

In the initial selection, several creeping red fescue selections 

exhibited characteristics that were superior to existing materials in 

plant form, rhizome vigor, color and leaf characteristics. The ryegrass 

selections all proved to be non-hardy and were eliminated by the winter 

of 1967. No perennial ryegrass exhibited 100 percent winter hardiness 

when grown as specimen plants, although there were apparently no losses 

under mowing conditions. 

Seed from outstanding accessions was planted in the increase area 

each year until 1970. By the end of the program 204 accessions were 

included in the increase section and the original plant section. Data 

were collected periodically from the increase rows including disease in

cidence and severity, color as related to Kentucky bluegrass, texture, 

height and spread, degree of seed production, habit, vigor and general 

quality (table 2). Seed was collected each year, cleaned and sorted for 

future use. 

When sufficient seed was available, grass was established in four 

by 10 foot plots for evaluation under mowing conditions. Information 

was collected each year on color, density, percent weeds and performance, 

and is included in table 3 (page 26). 

Named varieties in the turf industry and numbered varieties under 

test at other institutions were not included in the increase section but 
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were tested under mowing conditions. Their performance is also indicated 

in table 3. 

In 1971, 21 of the accessions grown in increase were chosen for 

further testing. Research into the origins of the seed of the 21 

accessions indicated that six, by 1971, had either received varietal 

status in their countries of origin or were numbered varieties under 

test at other institutions, either here or in Europe. The remaining 15 

accessions under final test are eight red fescues, one hard fescue, 

three sheep fescues and three redtops (figures 2 through 16). 

Figures 17-22 include the six varieties now named or under test 

elsewhere. They are included in table 3 and their characteristics noted. 
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Table 1. Accession Information on Grasses in the Collection-Selection 
Program 

Year Origin 

1965 Minnesota 
Montana 
North Dakota 
California 
Oklahoma 
New Mexico 
Kansas 
Missouri 
Michigan 
Wyoming 
Iowa 
Utah 
Idaho 
Oregon 
Washington 
Illinois 

Number 
of plants 

126 
18 
63 

9 
27 
36 

9 
9 

28 
9 

72 
8 

18 
9 

18 
9 

Canada 144 
Iran 90 
USSR 72 
Austria 9 
Yugoslavia 387 
Turkey 144 
Sweden 90 
Manchuria 9 
Denmark 72 
Spain 27 
France 27 
Cyprus 45 
Netherlands 99 
Italy 36 
Uruguay 9 
New Zealand 36 
Argentina 9 
Ireland 36 
Australia 45 
Greece 36 
India 9 
Poland 72 
Afghanistan 36 
Czechoslovakia 27 
Falkland Islands 18 
Jordan 9 
Switzerland 63 
Pakistan 9 
Germany 27 

Total 2170 

Year Origin 

1966 Minnesota 
Ohio 
Massachusetts 
New Hampshire 
South Dakota 
North Dakota 
Nebraska 
New York 
Utah 
Pennsylvania 
Nevada 
Alaska 
New Jersey 
Wisconsin 
Illinois 
Idaho 
Washington 
Oregon 
Montana 

Canada 
Turkey 
Uruguay 
Belgium 
India 
Netherlands 
New Zealand 
Union South Africa 
Germany 
Denmark 
Sweden 
Greece 
Algeria 
USSR 
Afghanistan 
Iran 
Spain 
France 
Switzerland 
Yugoslavia 
Italy 
Tunisia 
Austria 
Falkland Islands 
Poland 
W. Pakistan 
Czechoslovakia 
Australia 
Cyprus 
Portugal 
Morocco 

Number 
of plants 

1136 
8 

551 
150 
298 

45 
54 
14 
18 
18 

9 
45 
83 

273 
36 
27 
18 
18 
81 

459 
261 

9 
27 

9 
171 

27 
9 

117 
198 
144 

63 
9 

99 
63 

144 
135 

36 
153 
180 

36 
9 

27 
9 

153 
9 

126 
18 

9 
27 

9 

Total 5627 
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Table 1. cont. 

Number Number 
Year Origin of plants Year Origin of plants 

1967 Minnesota 1192 1968 Minnesota 1149 
North Dakota 9 New York 27 
Maryland 18 Alaska 45 
Washington 27 Michigan 36 
Massachusetts 208 New Jersey 81 
New Jersey 54 Rhode Island 8 
Michigan 9 Indiana 9 
Iowa 33 Massachusetts 54 
Montana 9 Iowa 21 
Nebraska 27 Illinois 69 
Kentucky 18 Oregon 9 
Rhode Island 10 Washington 9 
Oregon 9 
Wisconsin 13 Canada 27 
Alaska 45 Poland 171 

Russia 45 
Canada 36 France 9 
Netherlands 126 Finland 9 
Wales 9 Turkey 117 
Yugoslavia 126 Belgium 18 
Turkey 108 Denmark 63 
Germany 45 Netherlands 90 
Switzerland 27 Afghanistan 27 
Greece 9 Switzerland 27 
Afghanistan 45 Yugoslavia 45 
Hungary 9 Hungary 54 
Belgium 18 Spain 81 
Italy 9 Italy 27 
Denmark 36 Sweden 108 
Japan 9 Rumania 9 
Sweden 18 Australia 63 
Portugal 9 Wales 9 
USSR 144 Czechoslovakia 36 
Poland 27 Germany 63 
Chile 9 Iran 9 
Australia 18 Greece 18 
Norway 9 
Spain 9 Total 2642 
Uruguay 9 
New Zealand 9 
Crete 9 
South Africa 9 
Iran 9 

Total 2581 



19 

Table 1. cont. 

Number Number 
Year Origin of plants Yea r Origin of plants 

1969 Minnesota 205 1970 Minnesota 72 
Washington 27 Turkey 27 
Illinois 48 New Zealand 9 
Indiana 9 Netherlands 18 

Pakistan 9 
Canada 27 Switzerland 9 
Yugoslavia 9 
Poland 81 Total 144 
Netherlands 234 
USSR 27 1971 Minnesota 46 
Yugoslavia 45 Montana 18 
Australia 18 Michigan 9 
Sweden 18 New Jersey 18 
Denmark 45 
Hungary 9 Poland 27 
Spain 18 Yugoslavia 36 
Switzerland 9 Sweden 18 
Turkey 45 Denmark 9 
Wales 9 Netherlands 72 
Greece 9 USSR 9 
Germany 90 Italy 27 
Iran 9 Hungary 9 
Italy 9 Austria 9 
Portugal 9 
New Zealand 9 Total 307 

Total 1018 
GRAND TOTAL 14,489 
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Table 2. Superior Selections from the Collection-Selection Program, 
1970* 

Grass Average Time Seedling Disease 
Species Source Accession Germination Vigor Leaf Spot 

1. Sheep Grand Rapids, 6643-3250 6 days (gh) 2 None 
Fescue Minnesota. Sandy (field) 

field fig. 2 

2. Red Copenhagen, Den- 6673 5 days (gh) 2 Sev: 2 
Fescue mark. P. I. No. 8 days (field) Inc: new-2 

196421. Coll. No. fig. 3 & 
71210 4 

3. Red Copenhagen, Den- 66111 6 days (gh) 1 Sev: 4 
Fescue mark. p. I. No. (67120 8 days (field) Inc: 3 

225824. No. 06791 also) 

fig. 5 

4. Red Montalban Forest- 66136 9 days (gh) 3 Sev: 3 
Fescue ry Nursery, Teruel Inc: 3 

Province, Spain, fig. 6 
p. I. No. 234755. 
Coll. No. 17549 

5. Red Terminillo, Italy 66218 9 days (field) 2 Sev: 1 
Fescue (5,400') p. I. No. Inc: 2 

251824. Coll. No. fig. 7 
17549 

6. Red Jasenice, Slovenia, 66223 9 days (gh) 3 Sev: 3 
Fescue Yugoslavia. P.I. Inc: 3 

No. 253308. Coll. fig. 8 
No. 17470 

7. Red Polish Acad. Sci., 66233 4 days (gh) 1 Sev: 3 
Fescue Poznan, Poland. 7 days (field) Inc: 4 

p. I. No. 255880 fig. 9 

8. Sheep Nauset Beach, 66350-5024 7 days (gh) 2 Sev: 1 
Fescue Eastham, Mass. Inc: 1 

(Cape Cod) fig. 10 

9. Red Sand near jetty, 66354-5222 6 days (gh) 2 Sev: 4 
Fescue Toms River, N.J. Inc: 4 

(salt water) fig. 11 

10. Sheep Sandy field, 66432 7-9 days 2 Sev: 3 
Fescue southwest of Grand Inc: 3 

Rapids, Minn. fig. 12 

*See Explanation on pages 24 and 25. 



Color 

dark 
bl.-green 

med.-green 

med.-green 

med.-dark 
green 

med.-green 

med.-dark 

med.-dark 
green 

dark blue 
green 

med.-dark 
green 

dark blue 
green 

Tex- Seed 
ture Prod. 

3 low 

3 aver. 

3 aver. 

2 aver. 

2 aver. 

2 aver. 

3 aver. 

3 low 

3 low 

2 low 
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Growth Characteristics 
Hgt. Hgt. (FS) Width 

centimeters 
20 48 58 

33 61 91 

43 53 61 

30 41 91 

38 46 61 

38 61 76 

38 61 91 

20 36 36 

46 61 46 

30 48 46 

Habit 

bunch 

rhizomes 
dense 

spreader 
dense 

rhizomes 
dense 

semi-
bunch 
rhizomes 
dense 

rhizomes 
very 
dense 

rhizomes 
dense 

bunch 
dense 

semi-
bunch 
rhizomes 

bunch 

Vigor 

2 

l 

l 

1 

1 

1 

1 

2 

2 

2 
no rhizomes 

General Remarks 

white leaves 

shiny leaves 
low and neat 

good cover in 
mowing plots 

reddish flower 
stalks 

many tillers 
uniform plants 
soft, clean 
foliage 

purple tips in 
the fall 

clean foliage 
fine-leaved 
uniform in row 

stiff; salt-
drought tolerant 
only fair at 
Sand lands 

salt-drought 
tolerant 

uniform-clean 
soft foliage 
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Table 2. cont. 

Grass Average Time Seedling Disease 
Species Source Accession Germination Vigor Leaf Spot 

11. Redtop 25 km south of 6753 5 days (gh) 2 None 
Samsun, Turkey. P. I. 
No. 206627. Coll. fig. 13 
No. 767. Collector-
R. K. Godfrey 
Beltsville, Md. 

12. Redtop Istanbul, Turkey 6754 5 days (gh) 1 None 
P. I. No. 206630 
Coll. No. 1153 fig. 14 

13. Redtop 30 mi east 6761 5 days (gh) 1 Slight in 
Titograd, Montenegro, field 
Yugoslavia. 4,200'. fig. 15 
P. I. No. 251097 
Coll. No. 17396 
Collector, H.S. Gentry, 
Beltsville, Md. 

14. Red Agric. Inst. Novi 67123 Avg. 7 days 2 Sev: 2 
Fescue Sad, Yugoslavia (gh) Inc: 4 

(sent from Russia) fig. 16 
P. I. No. 251687 

15. Hard Soil Conservation 67135 10 days (gh) 2 Sev: 5 
Fescue Serv. , Michigan. Inc: 5 

P. I. No. 2517 fig. 17 



Color 

med.-green 

med.-green 

med.-green 

dark-
green 

med.-green 
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Tex- Seed Growth Characteristics 
ture Prod. Hgt. Hgt.(FS) Width Habit Vigor Ge ner a l Re marks 

centimeters 
4 low 20 30 91 

4 low 20 30 101 

4 low 20 30 61 

3 aver. 46 56 76 

3 exc. 30 51 46 

rhiz omes 
stolons 
d e nse 

r h iz ome s 
stolons 
de nse 

sto lons 
rhiz omes 
d e nse mat 

sprea de r 
rhiz ome s 

n o t much 
s pre a d, 
like sheep 

1 

1 

1 

1 

2 

fes cue (clumpy ) 

c lean mound 
o utst anding 
r e dt op 

clean mound 
outs t anding 
redt op 

c l ean moun d 

sh i ny l eaves 
b est in p l o t s ; 
fa irly r a pi d 
cove r i n mowing 
p l o t s 

goo d cove r in 
mow i ng plo t s 
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Explanation of Table 2. 

1. Average Germination. 

When available, germination times are given both for the 

greenhouse (gh) and for the field. 

2. Seedling Vigor. 

This is judged by the rapidity of topgrowth and tillering of 

the grass species in the two months following germination. 

3. Disease. 

Mildew and rust were not found on any of the outstanding 

accessions even though both pathogens were constantly present. 

Consequently severity (Sev.) refers only to the degree leaf spot affected 

those plants showing the disease symptoms. Incidence (Inc.) is an 

estimate of grass plants in the population exhibiting the disease 

symptoms. 

Severity 

1 no disease symptoms 
2 only slight infection 
3 = moderate infection 
4 = moderately serious infection 
5 serious infection 

4. Color. 

Incidence 

1 = no plants infected 
2 = 10% infected 
3 25% infected 
4 = 50% infected 
5 = over 50% 

Color is judged as relating to Park Kentucky bluegrass, which 

is a medium dark green color. 

5. Texture. 

Texture is the general gross appearance of the grass, as 

characterized by the width and quality of the leaf blades. 

2 fine textures (1/16 inch in width or less) 

5 very coarse textures (3/16 inch or more) 
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6. Growth Characteristics. 

Hgt= Height of leaves 

Hgt (FS) = Height of flower stalk 

Width= spread of plant from original 5 centimeter pot 

Height of the leaves, height of the flower stalk and width 

plant spread (the greatest width, not the average, is given) are 

presented. 

7. Vigor. 

Vigor is an estimate of how rapidly the plants grew and spread 

from the original row planting. Rating is (except for sheep fescue): 

1 = rapid growth (4 or more feet in two years) 

2 = fairly rapid growth (two or more feet in two years) 

3 = normal for species (less than one foot) 

4 = no spread 
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Table 3. Superior Turfgrass Varieties from other Research Institutions and 
Commercial Sources 

Species and Selection Source 

Kentucky Bluegrass (Poa pratensis) 

Arista 

Baron 

Captan 

Cougar 

Nugget 

Pennstar 

Souths port 
(Sydsport) 

412 

NJE P-81** 

NJE P-57 

NJE P-35 

Gehr. van Engelen, Vlijmen, 
Holland 

Barenburg's--Arnhem, 
Holland 

Zwaan and De Wiljes, 
Scheemda, Holland 

Washington State Univ., 
Pullman, Washington 

University of Alaska, 
College, Alaska 

Pennsylvania State Univ., 
University Park, Penna. 

Weibulls, Landskrona, 
Sweden 

University of Alaska 

Rutgers University, 
New Brunswick, N.J. 

Rutgers University, 
New Brunswick, N.J. 

Rutgers University, 
New Brunswick, N.J. 

Remarks* 

Very dark green, very dense and 
weed-free, spreading habit, good 
mowability, average texture, very 
high quality 

Excellent color, good density, low 
percent weeds, spreading habit, 
good mowability, good quality 

Slow germination, good color, 
fairly dense, low percent weeds 

Early germination, very leafy and 
dense. Good color. Some rust and 
leaf spot 

Average germination, very good 
color, excellent cover, low 
percent weeds 

Average germination, excellent 
cover, no weeds first year, very 
dense. Best of bluegrasses in 
study 

Average germination, wide leaves, 
quite leafy. 1 1/2' spread first 
year, many rhizomes. 14" tall 

Dark green color, quite dense, 
few weeds, average germination 

Average germination, excellent 
color, quite dense, low percent 
weeds 

Average germination, excellent 
Lolor, quite dense, low percent 
weeds 

Average germination, excellent 
color, quite dense, low percent 
weeds 

* all varieties fully hardy and disease resistant unless noted 
** all Rutgers varieties low seed producers and all very leafy 



27 

Table 3. cont. 

Species and Selection Source 

Kentucky Bluegrass, cont. 

NJE P-58 

2515 

2461-3-4 

4044 

275 

2214 

N3-118 

Rutgers University 
New Brunswick, N. J. 

Dr. Thomas, University of 
Minnesota 

Northrup King, Minneapolis 

Northrup King, Minneapolis 

Northrup King, Minneapolis 

Northrup King, Minneapolis 

Northrup King, Minneapolis 

Red Fescue (Festuca rubra) 

Brabantia 

fig. 18 

Jamestown 
(Chewings) 

Rubin 

fig. 19 

Agricultural University, 
Wageningen, Holland. 
P. I. No. 237181 

University of Rhode Island 

Hammenhog, Sweden. Otto J. 
Olson Sons. P.I. No. 197323 

Remarks 

Average germination, excellent 
color, fairly dense, low percent 
weeds 

Average germination, fair color 
and density, low percent weeds 

Good color, fairly dense, low 
weeds 

Fair color, good density, low 
percent weeds, good seed 
production, drought resistant 

Excellent dark color, quite 
dense, low percent weeds, low 
seed production 

Good color, dense, early 
germination, low percent weeds, 
withstands short mowing 

Early germination, outstanding 
rhizomes, narrow leaves, dense, 
some leaf spot 

Dark green, early germination, 
good seedling vigor, slight leaf 
spot, average texture, average 
seed production, 18" tall by 22" 
wide in 2nd year, many rhizomes, 
excellent vigor, best of all red 
fescues, rapid cover in mowing 
plots 

Fair color, dense, fine-leaved, 
low percent weeds 

Early germination, good seedling 
vigor, moderate leaf spot, medium 
green color, medium texture, av
erage seed production, 14" by 24" 
spread by 2nd year, dense, 
rhizomatous, quite vigorous 



Table 3. cont. 

Species and Selection 

Red Fescue, cont. 

Syn R 

Strain No. 104 

fig. 20 

Strain No. 99 

fig. 21 

N 327 

N5-14 
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Source 

Rutgers University, New 
Brunswick, New Jersey 

Experiment Farm Cesenik, 
Domzale, Slovenia, 
Yugoslavia. P.I. No. 
255428 

Experiment Farm Cesenik, 
Domzale, Slovenia, 
Yugoslavia. P.I. No. 
255427 

Northrup King Company 

Northrup King Company 

Sheep Fescue (Festuca ovina) 

P-274 

fig. 22 

N4-40 

Soil Conservation Service 
Pullman, Washington 

Northrup King Company 

Hard Fescue (Festuca ovina duriuscula) 

Durar Soil Conservation Service 
Pullman, Washington 

Remarks 

Good color, wide leaves, 20" tall 
by 24" 2nd year, fairly dense, 
rhizomatous, low percent weeds 

Early germination, good seedling 
vigor, fairly severe leaf spot, 
medium-green, coarse texture, 18" 
tall by 36" wide 2nd year, some 
clumping, lush growth 

Early germination, good seedling 
vigor, moderate leaf spot, 
medium-green, coarse-leaved, 
average seed production, 16" tall 
by 30" wide 2nd year, rhizomatous, 
excellent vigor and lush growth 

Very vigorous (2' first year), 
fine-leaved, 10" tall, neat 
appearance 

Vigorous spreader (1 1/2' first 
year) both stolons and rhizomes, 
early germination (5 days field) 

Early germination, slow growth, 
very low incidence leaf spot, 
medium-green, fine textured, 
good seed production, 10" by 15" 
2nd year, bunchgrass with some 
rhizomes 

Average germination, wide leaves, 
12" tall and 12" wide 2nd year, 
drought resistant 

Good seedling vigor, excellent 
seed production, dense in mowing 
plots, 20 percent weeds in plots, 
medium green color, 18" spread 
2nd year 
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Table 3. cont. 

Species and Selection Source 

Timothy (Phleum pratense) 

Heidemij 

Phleum boehmeri 
(Strain No. 347) 

fig. 23 

Van der Hava, Kapelle, 
Holland 

Charles University, Prague, 
Czechoslovakia 

Perennial Ryegrass (Lolium perenne) 

Manhattan Rutgers University, New 
Brunswick, New Jersey 

Remarks 

Typical timothy except for height-
only l' tall, as compared to over 
2' for typical timothy, good seed 
producer 

Average germination (10 days), fair 
seedling vigor, low incidence leaf 
spot, blue, gray, green color, very 
coarse texture, good seed produc
tion, 12" tall and 10" wide, bunchy 
with very stiff leaves 

Good color, fairly dense, low 
percent weeds 



Figure 1. Grass Collection-Selection Study. Saint Paul 
Campus Research Area. May 1967. 

Figure 2. Sheep fescue - seed from Grand Rapids, 
Minnesota. 

Figure 3. Red fescue - seed from Denmark. 
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Figure 4. Stolons (removed from soil for better view) of 
red fescue from Denmark. 

Figure 5. Red fescue - seed from Denmark. 

Figure 6. Red fescue - seed from Spain. 
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Figure 7. Red fescue - seed from Italy. 

Figure 8. Red fescue - seed from Yugoslavia. 

Figure 9. Red fescue - seed from Poland. 

Figure 10. Sheep fescue - seed from Eastham, Massachusetts. 

Figure 11. Red fescue - seed from Toms River, New Jersey. 

Figure 12. Sheep fescue - seed from Grand Rapids, 
Minnesota. 
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Figure 13. Redtop - seed from Turkey . 

Figure 14. Redtop - seed from Turkey. 

Figure 15. Redtop - seed from Yugoslavia. 

Figure 16. Red fescue - seed from Russia. 

Figure 17. Hard fescue - seed from Soil Conservation 
Service, Michigan. 

Figure 18. Brabantia Red Fescue - seed from Holland . 



Figure 19. Rubin Red Fescue - seed from Sweden . 

Figure 20. Red fescue - seed from Yugoslavia. 

Figure 21. Red fescue - seed from Yugoslavia. 
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Figure 22. Sheep fescue - Soil Conservation Service, 
Pullman, Washington (one season old). 

Figure 23. Timothy - seed from Czechoslovakia. 
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Evaluation of Commercially Available Grasses 

Concurrent with the selection program twenty varieties and mixtures 

currently available in the trade were seeded at each of the University 

of Minnesota Branch Stations: Grand Rapids, Duluth, Morris, and 

Crookston (table 4), to evaluate performance under different environmen

tal conditions in Minnesota.* 

Table 4. Turfgrass Varieties and Mixtures Seeded at Branch Stations 
1964 

Common Creeping Red Fescue 
Illahee Red Fescue 
Rainier Red Fescue 
Pennlawn Red Fescue 
Chewings Fescue 
Kentucky 31 Fescue** 
Common Kentucky Bluegrass 
Delta Bluegrass** 
Merion Bluegrass** 
Park Bluegrass 

** Not recommended for general use 

Newport Bluegrass 
Roughstalk Bluegrass** 
Perennial Ryegrass** 
Merion-Rainier** 
Park-Roughs talk** 
Newport-Rainier 
Merion-Chewings** 
Park-Chewings-Roughstalk-Redtop** 
Rainier-Park 
Merion-Common Bluegrass** 

Data on topgrowth and general performance were collected at each of 

the branch stations. There were too many variables among the stations, 

such as rainfall, soils, temperatures and number of mowings, to accurately 

compare them. In general, however, the red fescues produced the most cover 

and Merion and roughstalk bluegrass produced the least. The mixture pro

ducing the most topgrowth was Newport Kentucky bluegrass-Rainier red fescue. 

*The technical assistance of the following investigators was appreciated: 

Nils Grimsbo 
Bruce Beresford 
Herbert Hopen 
Wesley Gray 

Grand Rapids 
Crookston 
Duluth 
Morris 



35 

Of the thirteen, Kentucky 31 fescue, Delta and Merion Kentucky bluegrass, 

roughstalk bluegrass, perennial ryegrass and mixtures containing these 

materials cannot be recommended for general use. 

Grass varieties introduced subsequent to these evaluations should 

be selectively evaluated. Generally the elite type Kentucky bluegrasses 

(Merion bluegrass types) require more care than the common types and may 

not be adapted to roadside maintenance regimes. New perennial ryegrasses 

should be evaluated as they become commercially available. 
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Section 2. Investigations into Establishment of Prairie Species 

Native prairie grasses exhibit many of the characteristics required 

for roadside environments. These grasses are hardy, deep rooted, offer 

extraordinary soil building and stabilization capabilities, are widely 

adapted, grow particularly well in the hot part of the growing season, 

and present an esthetically pleasing cover. Prairie grasses would re

quire little or no regular maintenance once established. 

Native prairie type vegetation is common on roadsides throughout 

the state. Prairie materials are especially common in central, southern 

and western Minnesota where minimum highway maintenance programs are 

practiced. Prairie vegetation is almost certain to be found where rail-

roads parallel highway rights-of-way. 

The use of prairie grasses and legumes on highway rights-of-way was 

advocated in 1960 in Iowa (Aikman, 1960). Aikman suggested planting 

prairie grasses and forbs in regions originally covered by a prairie 

type vegetation. Some suggested materials were big and little bluestem 

(Andropogon gerardi and!:::._. scoparius), switchgrass (Panicum virgatum), 

sideoats grama (Bouteloua curtipendula), Indiangrass (Sorghastrum nutans), 

prairie clover (Petalosteumum spp.) and other prairie species. 

South, central and western Minnesota were originally prairie. The 

original prairie vegetation developed there because climatic and soil 

conditions were more conducive to prairie than other types of vegetation. 

It follows that the most stable vegetation for these areas would be 

prairie species. 

In effect the large acreage of roadsides in these areas under mini

mum maintenance approximates the same conditions under which the prairie 
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thrived and developed. The major problem with prairie grasses is that 

they are difficult to establish. 

Investigations dealt with the feasibility of reestablishing prairie 

grasses in Minnesota. The program was divided into four phases: 

Phase 1. Species Composition Survey of Existing Prairie Type 

Roadside Plant Communities. 

Phase 2. Investigations into Prairie Grass Seed Germination. 

Phase 3. Experimental Seedings with Prairie Materials at Cannon 

Falls and Grand Rapids. 

Phase 4. Establishment of an Experimental Prairie at the Univer

sity of Minnesota Landscape Arboretum. 

Phase 1. Species Composition Survey of Existing Prairie Type Roadside 

Plant Communities. 

Materials and Methods: Four slopes south and west of the Twin 

Cities were chosen for the study (figure 24 in appendix, page 134). 

A species list was compiled for each of the slopes (tables 5-8 in appen

dix, pages 135-140). Many of these sites were used for collection of 

seed of both prairie grasses and £orbs. 

The most common native prairie grasses on the slopes were selected 

for continued investigation: 

1. Big Bluestem (Andropogon gerardi). A vigorous perennial bunch

grass which occurs widely over most of the United States. It 

produces short rhizomes (underground stems) and a deep root 

system. It grows from 6-18 decimeters (dm.) tall. It is often 

found on slopes and grows well in most soil types under average 

soil moisture conditions. 
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2. Little Bluestem (Andropogon scoparius). A vigorous perennial 

bunchgrass commonly found with big bluestem but is more drought 

tolerant. It grows 3-6 dm. tall. It tolerates dry, sandy or 

gravelly soils and may be valuable in erosion control. It has 

a deep fibrous root system. 

3. Sideoats Grarna (Bouteloua curtipendula). Perennial grass 

that seldom forms a dense sod, however, it has performed very 

well in poor, dry soils. It grows from 3-6 dm. tall. It is 

adapted to a wide range of soil and climatic conditions, ex

hibits good seedling vigor and mixes well with other prairie 

species. 

4. Switchgrass (Panicum virgatum). A vigorous perennial sod

forming species. It grows from 6-15 dm. tall. It is tolerant 

of a wide range of soils and climates. It has a vigorous root 

system,and rhizomes make this species excellent for soil con

servation purposes. 

5. Indiangrass (Sorghastrum nutans). A tall warm-season perennial 

bunchgrass found in open woods, dry slopes and prairies. It 

grows from 9-18 dm. tall. It does best on fertile bottom lands 

but also grows on sandy soils. 

Discussion and Conclusions. 

This study, which also included less formal observations of prairie 

in the southern and western regions of the state, indicated that there 

were abundant though scattered prairie remnants throughout the regions. 

These remnants are limited to areas which either have never been culti

vated or have not been cultivated in recent years. Old roadside cuts 

and fills, areas around rural railroad tracks, privately owned unplowed 
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land, even old cemeteries which have been left undisturbed for years show 

abundant evidence of the return of native prairie vegetation. 

Phase 2. Investigations into Germination of Prairie Grass Seed 

Most prairie grasses are warm-season grasses. They begin growth 

during June and flower later in the season than other grasses. Annual 

and cool-season weedy grasses begin growth earlier in the spring and often 

crowd out the warm-season grasses. 

It is a well accepted fact that germination of prairie species col

lected from native stands is very low. The combination of low percent ger

mination and competition with cool-season grasses places severe limitations 

on establishment of prairie grasses from seeding. Anything that would im

prove germination or limit competition should enhance the success of the 

prairie seedings and make prairie establishment more practicable for large 

areas. 

The prime objective of Phase 2 was to investigate the improvement 

of techniques for germination and establishment of prairie grass species. 

History of Prairie Germination Studies: Poor germination in prairie 

grass species was related to prolonged dormancy in big bluestem, little 

bluestem and Indiangrass (Coukos, 1944). Coukos also observed a brief 

dormancy in sideoats grama. Normal germination did not begin until 

14-18 months after harvesting. Greene and Curtis (1950) observed similar 

dormancy characteristics with the same grasses. Stratification (storage 

treatment under damp cool conditions) for 1-3 months improved germination 

from 3 to 16 times but still resulted in less than 20 percent germination. 

Christiansen and Landers (1966) seeded the same prairie grass species in 

flats outside in December but found less than 6 percent germination in the 

spring. 
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Switchgrass is one of the most difficult grasses to germinate. 

Scarifying seeds to either puncture or remove seed coat increased germin

ation to 84 percent (Sautter, 1962). Cold nights and warm days, or con-

stant low temperatures also increased germination. 

Scarifying increased germination in a non-prairie species, reed 

canarygrass (Vose, 1962). Dormancy was overcome by removing the palea 

from the caryopses. Vose (1962) concluded that dormancy may be due to a 

water-soluble inhibitor which is present either in the caryopsis or the 

embryo. This would tend to indicate that a pre-soaking rinsing would 

enhance germination. 

Chippindale (1934) found that presoaking accelerates germination of 

non-prairie grasses. In a study of germination of crested wheatgrass 

Keller and Bleak (1968) determined that germination was hastened by 

soaking seed 2-3 days at room temperature. A marked difference in ger

mination was noted in seed from different geographic sources. 

Materials and Methods: Five prairie grasses were selected for 

study; switchgrass, sideoats grama, Indiangrass, big bluestem, and 

little bluestem. Seed was obtained from three commercial sourcesl and 

was also collected locally in Minnesota by the investigators. 

The seed was cleaned and hulled in a roller thresher and sorted in 

a clipper mill. The seed was then screened by hand to remove broken or 

damaged material. 

Treatments included dry seed and a 24 hour pregermination soak of 

both hulled and unhulled seed. 

1source 1, Miller Seed Company, Nebraska; Source 2, Bober Seed Company, 
South Dakota; Source 3, Sharp Seed Company, Kansas. 
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A. Germination 

Both the pre-soaked and dry seeds were placed in a growth chamber 

where the temperature was maintained at 70° F. Germination was observed 

and noted for approximately two weeks or until no further germination 

was observed. 

In the first study germinated seed was removed from the filter 

paper and planted in standard potting soil in the greenhouse. Fifty 

untreated seeds from each grass species were also planted as a check. 

Switchgrass offered special problems which made it impossible to 

include in the general analysis. No germination was observed in the 

native switchgrass collection. Germination of seed which had been 

stratified for 2 months resulted in 89.8 percent germination for 

uncleaned seed and 40.6 percent germination* for cleaned seeds. 

Germination of switchgrass seed from commercial sources was also 

very low. Subsequent determination of viability indicated that about 

20 percent of uncleaned seed from all three sources was not capable of 

germination. However, cleaning switchgrass seed results in severe 

damage to the seed, resulting in even lower germination percentages. 

Germination of bluestems, Indiangrass and switchgrass was lower 

from native seed sources than from commercial seed. Sideoats grama 

germination was slightly higher from the native source. There were no 

significant differences in germination among the three commercial 

sources. Sideoats grama gave consistently higher germination (86 %) 

from all sources and all treatments than the other grasses. The average 

germination for the remaining three grasses was little bluestem (72.2 %), 

Indiangrass (66 %) and big bluestem (57 %). 

*Germination was lower due to cleaning damage. 
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Cleaned seed (caryopses) resulted in high germination percentages in 

all cases (fig. 25). Pre-soaking seed resulted in no notable differences 

in germination. The unhulled, pre-soaked treatment resulted in the lowest 

percent germination. Native seed of Indiangrass, little and big bluestem 

showed the greatest differences among treatments. These differences can 

be attributed to variability in source material and growing conditions. 

B. Greenhouse Plantings of Grass Seedlings. 

Fifty seedlings which resulted from germination in the growth chamber 

were transplanted in three replications into soil in the greenhouse. 

Fifty seeds of the five prairie grasses studied were also planted. Counts 

were made of the resulting plants to determine the percent of establishment 

resulting from both seeding and transplanting of prairie grasses. 

Percent establishment was determined one month after transplanting 

in the greenhouse (table 9). Except for little bluestem, the percent 

establishment was higher from seedlings than from seed sown directly 

on soil. This indicates that the planting of pregerminated seed may offer 

promise in obtaining rapid establishment of prairie species under proper 

field conditions. 

Table 9. Comparison of Percent Establishment from Pregermination 

and Direct Seeding One Month After Transplant. 

Average Percent Establishment. 

Switchgrass 
Sideoats Grama 
Indiangrass 
Little Bluestem 
Big Bluestem 

Direct Seeding 

22 
40 
48 
34 
36 

*This reversal cannot be explained. 

Pregermination 

88 
70 
85 
23* 
75.5 
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Figure 25. Percent germination of native prairie seed. 
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C. Investigations into Possible Seed Coat Inhibitors. 

A simple study was designed to indicate if germination inhibitors 

might be present in seeds of selected prairie species. 

A leachate was prepared by soaking all seed parts except the cary

opses. Seed of the five prairie species was then soaked both in the 

leachate, in water and in water with a wetting agent (Tween 20) for 48 

hours at room temperature. 

Results of germination tests indicated possible presence of inhib

itors in the seed coats of the prairie species tested (figures 26-30). 

D. Pregermination. 

The effect of a pregermination water soak was evaluated using the 

five prairie species. One thousand seeds of each species were placed in 

water for 24 hours, then rolled in a damp cloth until germination took 

place. Treated seeds plus control seeds (planted dry) were planted 

directly into the field. 

There were differences in the rapidity of emergence. The preger

minated seedlings emerged within four days as compared to over a week 

for the control seeds. The number of seedlings counted at the end of 

the study indicated no difference in the two treatments. 

The study was repeated in the greenhouse, but results were incom

plete due to insect damage. It was concluded, however, that both in the 

field and in the greenhouse, germination time was shortened by four to 

six days by the pregermination treatment with no reduction in percent 

establishment. 

Phase 3. Experimental Seedings with Prairie Materials. 

Objective: The objective of Phase 3 was to investigate the 

establishment of prairie grasses on highway slopes from seed. 
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Figure 26. 
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Figure 27. Percent germination of big bluestem seed treated with water, water and Tween 20, 
and leachate. 
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Figure 29. Percent germination of switch grass seed treated with water, water and Tween 20, and leachate. 
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1. Cannon Falls 

Seed of nine prairie species was planted on east- and west-facing 

slopes of newly constructed TH-52 north of Cannon Falls. (table 10.) 

Table 10. Prairie Species Used and Their Seeding Rate at Cannon Falls, 

Minnesota. 

Species 

Blue Gramagrass 
Indiangrass 
Sand Dropseed 
Alkali Sacaton 
Sand Bluestem 
Switchgrass 
Blackwell Switchgrass 
Little Bluestem 
Sideoats Grama 

Seeded December 9, 1965. 

Seeding Rate (kilograms per acre) 

3.7 
3.7 
9.3 
3.7 
9.3 
3.7 
3.7 
9.3 
9.3 

Treatments included seeding with and without a straw mulch and no seeding 

at all. 

It was discovered after the seeding that these particular slopes had 

been seeded previously (November 1964) to class special seeding mixture, 

which included alfalfa, red clover, hairy vetch, Russian wildrye and 

Park Kentucky bluegrass. 

In 1966 there was no evidence of seeding success of the prairie 

species. In 1967 only little bluestem was present on the drier west

facing slope. In 1970 both little bluestem and sideoats grama were 

visible on both slopes, on the top 10-15 feet of the slope only. 

Failure of the prairie grass establishment was probably due to 

competition of grasses from the heavy earlier seeding. 
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2. Grand Rapids 

Prairie seed and certain ground covers were planted on a north

and a south-facing slope on glacial till on County Road 64 southwest of 

Grand Rapids in May 1965. 

Sideoats grama and timothy germinated rapidly and at high percent

ages, producing 60 percent cover by the first fall. Field bromegrass, 

an annual, also developed excellent cover (80 %). Prairie species were 

slow to appear. In areas where birdsfoot trefoil, crownvetch and 

milkvetch were seeded the prairie species did not compete. 

Observations on the site were made yearly - ending in 1970 

(table 11). Overall success of the prairie seed planting was poor in 

most areas. This was caused by two factors: the low fertility and 

moisture of the glacial till soil and the competitiveness of the 

legumes seeded on the slope. 

From the final evaluation it can be concluded that these grasses 

did not result in dense enough cover to be recommended for slope cover 

in the glacial till soils of the Grand Rapids area. 
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Table 11. Observations on the Grand Rapids Grass Seed Plantings. Site 
planted May 1965. Evaluated July and September 1965 and October 1970. 

Grass Species 

Sand Bluestem 

Big Bluestem 

Little Bluestem 

Sideoats Grama 

Switchgrass 

Field Brome 

Timothy 

Sand Dropseed 

July 1965 General Evaluation 
Germination in Percent Sept. 1965 

10-20 fair-good cover, 
small plants 

10-20 fair cover, many 
small seedlings 

5-10 fair-poor cover, 
many seedlings 

50-60 good cover 

10 

60-80 

10-70 

5-10 

good cover 

excellent cover, 
small plants 

fair-poor cover, 
best on upper 
slope 

poor-fair cover 

Final Evaluation 
Oct. 1970 

very few small 
plants (5%) cover* 

10-20% cover--30% 
on lower slope 

as much as 40% 
cover where not 
invaded by legumes 

20-60% cover both 
upper and lower 
slopes 

up to 90% cover 
where not invaded 
by legumes 

not present 

poor--10% on lower 
slope 

not present 

---···· ----·- - -·-·---- -- - ·· ---- -•--·- ··----·----------·-·-·-------- ---- ---- - ------
*Percent cover refers to the percent of original seeding area covered by the 
seeded plants. 
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Phase 4. Establishment of an Experimental Prairie at the University of 

Minnesota Landscape Arboretum. 

Experimental prairie plantings were initiated at the Arboretum during 

1966. The site is a 5 acre tract in the western portion of the Arboretum. 

The area selected for prairie establishment is part of a rolling 

savanna with a few scattered trees. The dominant vegetation was Kentucky 

bluegrass with weedy forbs such as Canada thistle (Cirsium arvense) and 

goatsbeard (Trachopogon dubius). The portion of the area to be seeded 

was plowed, disked and fallowed one season (1965). 

Seeds of native prairie grasses and forbs were collected during late 

1965 and early 1966. The following establishment methods were investigated: 

Establishment Procedures in 1966. 

1. A seed mixture of 26 prairie grasses and forbs was sown and 

mulched with straw on one-half acre in the experimental prairie 

site in May, 1966. (Additional seedings were established in 

1967, 1968, 1969 and 1970.) The spring 1969 seeding failed 

due to draughty conditions during the summer. 

2. Whole plants were dug from an existing prairie and replanted on 

the site in May. One-fourth acre was treated in this manner. 

3. Prairie topsoil was removed from a prairie site and this soil, 

containing seed and crowns of many prairie species, was spread 

in the northwest portion of the site. One-fourth acre was 

treated in this manner. 

4. Hay from a prairie in Brownton (McLeod Co.) was spread in 

September over a 3/4 acre site which had been kept fallow dur

ing the previous year. The hay served both as a seed source 

and a mulch for the seedbed. 
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5. Plants of grasses and forbs seeded in peat pots were trans

planted into the prairie in June. A small area (15 x 15 

meters) was treated in this manner. 

Standard methods of prairie maintenance were initiated during the 

1967 season. These included mowing paths through the prairie for 

access and fire control. High mowing (15-20 millimeters) was also used 

for weed control on areas where the prairie plants were still small. 

Some hand weeding and spraying with the herbicide Amitrol-T was prac

ticed where required for thistle and mullein (Verbascum thapsus) control. 

A controlled fire program was initiated in the spring of 1968 on a por

tion of the prairie. The fire program is a standard practice which 

serves both as a method of weed control and as a stimulant to prairie 

plants which produce greater growth after burning. 

Discussion and Conclusions. 

Prairie plants were first observed in the spring of 1967. The fall 

seeding (1966) was poor due to slow germination and competition from 

weed species in the tilled soil. Most of the 1966 transplanted prairie 

plants survived. 

By the summer of 1968 a well established community of prairie 

plants was in evidence both from continued seeding and from transplants. 

Colonies made up of big and little bluestem, sideoats grama, 

Indiangrass, Canada wildrye (Elymus canadensis), slender wheatgrass 

(Agropyron trachycaulum), needlegrass (Stipa spartea), and prairie 

forbs such as gumweed (Grindelia squarrosa), sunflowers (Helianthus 

spp.), flat-topped goldenrod (Solidago rigida), vervain (Verbena 

hastata), and black-eyed susan (Rudbeckia hirta) were easily distin

guished. By 1969 prairie grasses were dominants in different areas of 
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the site, In one large area seedlings of big bluestem were common 

and it is anticipated that big bluestem will dominate that prairie 

population in the near future. A plant is considered a dominant when it 

comprises the greatest extent, either in numbers or in density (area cov

ered) of the plant population. Indiangrass and Canada wildrye were com

mon in two areas. Seeded forbs were also abundant by the spring of 1969. 

In all, forty prairie species were present in the area (tables 12 and 13 

on pages 141 and 142 in the appendix). 

It takes from three to four years after seeding for an adequate 

stand of prairie grasses and forbs to become completely established under 

practices used here. The annual weeds which appear with the slower-growing 

prairie plants can be mowed high once a year and may serve to hold the 

soil until the prairie plants become established. The weeds are eventually 

driven out by the dominant prairie plants. 

Of the four methods investigated (direct seeding, transplanting 

prairie plants, removal and transplanting of prairie topsoil, and spread

ing of prairie hay), direct seeding proved to be the easiest and most suc

cessful. Earlier and greater success might have been realized if a drill 

treatment could have been employed. Use of the Nisbet drill for example 

has resulted in early establishment in Iowa and Nebraska (Wilson, 1968). 
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Section 3. Specialized Grasses 

A. A Study to Determine the Sod-forming Ability of Grasses that are 

Known to be Salt and Drought Tolerant. 

Purpose. 

To determine the rate of establishment and transplantability of 24 

grass species noted for their salt and/or drought tolerance. 

Objectives. 

To develop methods for growing and transplanting grass species that 

may have special adaptation characteristics applicable to highway use 

where high salt concentrations can be expected or are encountered. 

Kentucky bluegrass sod laid on highway berms in the state often 

does not survive the first year, either because of drought conditions 

during the summer or winter ice and salt accumulations. There are 

grasses which are more salt and drought tolerant than Kentucky blue

grass; however, they are not commonly grown as sod and their ability to 

withstand transplanting as sod is not known. 

Twenty-four grasses were chosen with known tolerance either to salt 

or drought. Table 14 provides a list of the selected species. 

Three replications were seeded in September of 1966 in the St. Paul 

Turf Research Area. Seedings were mulched with straw which was tacked 

down with asphalt. 

In October 1966 data were collected on germination, seedling vigor 

and time of onset of dormancy. 

The plantings were mowed at 4 inches and watered when necessary in 

1967 and 1968. Data were collected on density and weed population of 

the plantings. 
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Table 14. Salt and Drought Tolerant Grasses. Seeded September 1966. 

Alkaligrass (Puccinellia distans) 
Alkali Sacaton (Sporobolus 

airoides)* 
Blue Graroa (Bouteloua gracilis) 
Bluestem Wheatgrass (Agropyron 

smithii) 
Buffalograss (Buchloe dactyloides)* 
Chewings Fescue (Festuca rubra 

'Chewings') 
Creeping Wildrye (Elymus triticoides) 
Crested Wheatgrass (Agropyron 

desertorum) 
Green Needlegrass (Stipa viridula)* 
Hard Fescue (Festuca ovina 

duriuscula 
Intermediate Wheatgrass (Agropyron 

intermedium) 
Needle-and-threadgrass (Stipa 

comata)* 

* Did not germinate 

Pubescent Wheatgrass (Agropyron 
trichophorum) 

Redtop (Agrostis alba) 
Russian Wildrye (Elymus junceus) 
Sand Dropseed (Sporobolus 

cryptandrus)* 
Seaside Bentgrass (Agrostis 

palustris 'Seaside') 
Sheep Fescue (Festuca ovina) 
Sideoats Grama (Bouteloua 

curtipendula)* 
Smooth Bromegrass (Bromus inermis) 
Streambank Wheatgrass (Agropyron 

riparium) 
Tall Fescue (Festuca arundinacea) 
Tall Wheatgrass (Agropyron 

elongatum) 
Vinall Wildrye (Elymus junceus 

'Vinall')* 

Sod was cut at 1/2" and 3/4", rolled and lifted, and relaid in 

June 1969. The sod reestablishment was not successful. Failure could 

be ascribed to problems of poor germination and in some cases a 

breakdown in maintenance operations. Only five species; redtop, red 

fescue, smooth bromegrass, tall fescue and intermediate wheatgrass 

survived the transplanting and continued successful regrowth. 

In order to draw dependable conclusions this experiment would have 

to be repeated with better quality seed. 

B. Bermudagrass Seeding. 

Purpose. 

To investigate the use of Bermudagrass (Cynodon dactylon), a 

warm-season grass, to stabilize the soil during mid-summer and serve as 

a mulch cover for seeding and/or planting other grasses the following 

year. 
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Bermudagrass was selected for three reasons: it is a grass adapted 

to the south temperate and semitropical regions and is not hardy in 

Minnesota. It germinates and becomes established rapidly in hot weather 

and can be seeded during July and early August here when it is not 

advisable to seed cool-season grasses. Bermudagrass also rapidly forms 

a thick mat of vegetation. It was thought that this grass would be 

killed by the first hard frost leaving a stable mulched surface. The 

soil would be protected over the winter, kept weed-free by the dense 

cover and the area would be available for over-seeding that fall or the 

next spring with the mulch remaining to control erosion and keep down 

weeds until the cool season grasses become established. 

Objectives. 

To provide the highway department with a technique which would 

allow rapid establishment of vegetation during the hot summer period and 

which would provide a mulch for future plantings. 

Methods and Materials. 

Bermudagrass seed was planted in three replications in June, 1967 

in the St. Paul Turf Research Area. Seeding rates were 0.45, 0.90 and 

1.36 kg/93 square meters (1, 2 and 3 pounds per 1000 square feet). A 

slow release fertilizer (Osmocote 18-9-9) was added at the rate of 0.45 

kg nitrogen per 93 square meters. 

Germination was excellent in all plots and by September a good turf 

to a height of 10.2 centimeters had developed. No differences in quality 

of turf were observed in comparing the different seeding rates. Frost in 

October killed the entire plot and only dead material remained by the 

spring of 1968. 
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In April 1968 strips in the Bermudagrass area were overseeded to 

Windsor Kentucky bluegrass at a rate of 0.90 kg seed/93 square meters. 

In May the remainder of the plot was seeded to Park Kentucky bluegrass 

in three replications at rates of 0.45, 0.90 and 1.36 kg seed/93 meters. 

An organic fertilizer (6-3-0) was applied at 0.45 kg/93 square meters to 

the entire area (figure 31). 

Germination of both the Windsor and the Park bluegrass was excellent. 

The few weeds in the plot were mowed in June with the flail mower set at 

the highest setting (10 centimeters). 

By fall 1968 a uniform Kentucky bluegrass turf, relatively free of 

weeds had developed. It was concluded that the use of Bermudagrass in 

protecting soil during the hot summer and as subsequent mulch is a 

practicable technique for establishing permanent grasses in Minnesota. 

It is suggested that this technique might be employed on an experimental 

basis in actual highway situations. 

C. Squirreltail Barley. 

Purpose. 

To attempt to produce an awnless type of squirreltail barley 

(Hordeum jubatum) which would thus be harmless to cattle. The existing 

form had been classified as a noxious weed in Minnesota and its use prohib

ited, but it has recently been removed from the list. If an awnless type 

could be produced this species would make an excellent cover on sites 

close to the shoulder of the road. 

Squirreltail barley is very salt tolerant and is commonly found 

growing naturally on highway shoulders. The development of an awnless 

form could provide excellent seeding material for use on such areas. 
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Seed of squirreltail barley was collected in the fall of 1967. 

Seedlots of 5,000 were subjected to radioactive and chemical mutagenic 

agents in an effort to induce an awnless seed type. Radiation treatments 

included exposure to 650, 1250, 2500, 5000, 7500, 10,000, 12,500, and 

15,000 rads from a radioactive cesium (gamma ray) source. The 50 percent 

lethal dosage rate was determined to be 12,500 rads. The treated seed 

was planted at the University of Minnesota Landscape Arboretum. 

Chemical treatment included the use of ethyl methanesulfonate at 

0.5 percent and 1.0 percent in water, and ethylenimine at 0.05 percent 

and 0.1 percent in water. Seeds were pretreated by soaking in water, 

then placed in the prepared solution of the mutagenic agents for periods 

of 1, 2, 4 and 8 hours. Seeds were then pregerminated in water and 

seeded in the field at the University of Minnesota Landscape Arboretum. 

Seed was collected in the fall of 1968. No differences in plant 

structure such as awnless seed were noted at the time (figure 32). The 

collected seed (first post radiation) (r1 generation) was planted in the 

St. Paul Turf Research Area in the spring of 1969. Plants were allowed 

to mature and observed for differences in awn structure. None were found. 

Seed was then collected for evaluation of the r 2 (second post radiation) 

(segregating) generation for the awnless trait. 

Observation of the r 2 seed in the fall of 1970 revealed no differ

ences in awn type. Failure to produce an awnless form, however, does 

not preclude the use of squirreltail barley on highway shoulders, as it 

has been removed from the current noxious weed list. 

The fact that these experiments failed to induce the desired 

mutation should not be interpreted as the last word. In the opinion of 
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Figure 31 . Results of Bermudagrass seeding in fall of 1967. Windsor bluegrass seeded 
in spring of 1968. Picture taken in September 1968. Note strip of grass 
which had been fertilized in August. 

Figure 32. Plants of squirreltail barley grown from seed irradiated in 1967. July 
1968. Grass is seeding normally, with typical long awns . 
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researchers further pursuit of genetic manipulation and mutagenic agents 

deserves consideration. 

The fact that squirreltail barley has been removed from the noxious 

weed list should not affect thinking on the desirability of developing 

an awnless type if it is to be used on highway sites. 
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Section 4. Investigations into Vegetation Changes on Highway Rights-of-way. 

Purpose. Species Changes on Selected Highway Sites. 

To survey seasonal and long-range changes in vegetative populations 

on selected roadside slopes. 

Objectives. 

To furnish information on the fate of selected seedings on roadside 

rights-of-way. 

Methods and Materials. 

In order to tabulate the species changes occurring on both newly 

established and well established highway slopes a series of vegetation 

analyses was initiated in late 1964. Four 1/3 x 3 meter quadrats were 

established on each of four slopes; south- and north-facing slopes in 

the T.H. 61 and T.H. 36 interchange and east- and west-facing slopes 

on T.H. 51 north of the Co. Rd. "E" interchange. 

Species counts were made on each slope three times a season. 

The study was concluded in 1968 on the T.H. 61 slopes and in 1969 on 

the T.H. 51 slopes. 

A. T.H. 61 and T.H. 36 Slopes. 

The T.H. 61 and 36 interchange right-of-way had been established 

several years prior to the study (date and seeding mixture could not be 

ascertained). The plant population found indicated that the seeding 

probably contained bromegrass (Bromus inermis), alfalfa (Medicago sativa) 

and red clover (Trifolium pratense), a fairly common seeding mixture. 

Annual ryegrass (Lolium multiflorum) may have been included in the orig

inal seeding as a nurse grass but would not survive the second year. Red 

clover populations fluctuate from year to year, depending on moisture 



62 

conditions. Bromegrass and alfalfa used together ordinarily provide a 

long-lasting cover. No woody plants such as shrubs or ground covers were 

planted on or invaded the interchange. 

1. South-facing slope (southeast quadrant) 

During the three year period of the study, bromegrass maintained 

dominance. Alfalfa plant numbers declined over the three years. Alfalfa 

was important on the lower slope and ditch where adequate moisture was a 

determining factor. Bromegrass did not maintain a solid cover, however, 

and annual weeds such as horseweed (Erigeron canadensis), summer cypress 

(Kochia sp.) and pigweed (Chenopodium sp.) were present throughout the 

slope during the summer months. The weed invasion did not affect the 

bromegrass population density or the bromegrass alfalfa dominance. 

2. North-facing slope (northeast quadrant). 

This slope, which is cooler and more moist than the south-facing 

slope because it is protected from prevailing winds and direct sunlight, 

was also dominated by bromegrass. However, alfalfa, white clover and 

red clover were more abundant than on the south-facing slope. Kentucky 

bluegrass was also dominant in some areas, particularly on the lower 

part of the slope. This pattern of dominance was maintained during the 

three years of the study. 

B. T.H. 51 Slopes. 

These slopes were seeded in 1964 to a Class 15 mixture, which 

includes 55 percent Kentucky bluegrass, 20 percent redtop, 10 percent 

white clover and 15 percent annual ryegrass. Russian olive (Elaeagnus 

angustifolia) were planted on the upper west-facing slope and a shrub 

maple (Acer _ginnala) on the upper east-facing slope. Permanent 
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quadrats were set up within and below these plantings on both slopes 

in 1965. Data were collected on both slopes until 1969. 

1. West-facing slope. 

By 1965 the annual ryegrass had disappeared and the redtop was the 

dominant grass, with quackgrass (Agropyron repens), campion (Lychnis alba), 

and ragweed (Ambrosia artemisiaefolia) the dominant weedy species. 

Kentucky bluegrass was dominant on the lower slope. Aside from an 

increase in the number of minor species such as bromegrass, sweetclovers 

(Melilotus spp.), peppergrass (Lepidium virginicum), pigweed, chickweed 

(Stellaria media), and white clover (Trifolium repens) there was little 

change in relative species presence between June and September. 

Erosion of both the slopes during the establishment period was locally 

serious and weed species appeared in the rills in 1966. Kentucky bluegrass, 

quackgrass, bromegrass and redtop dominated the uneroded surfaces. Red 

clover was the dominant legume and ragweed the most common weed. 

During the first two years redtop dominated both the lower slope 

and ditch while Kentucky bluegrass, bromegrass and quackgrass were more 

evident on the mid-slope. 

Over the years, annual weeds such as ragweed were notable in the 

mowed area on the lower slope while thistle and seeetclover were most 

common on the unmowed zone. White clover was observed only in limited 

numbers by 1967. 

By 1967 plant populations on the slope had become stabilized. 

Redtop continued in dominance on the lower slope while Kentucky bluegrass 

dominated the upper slope until the study was terminated (figure 33). 

During 1968 and 1969 Kentucky bluegrass steadily increased its superiority. 

Redtop dominance slowly decreased on both slopes. Redtop was replaced by 
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Figure 33. Percent cover* of bluegrass and redtop on TH 51, 1964-1969. 

.. 
41 
> 
0 u .... 
C 
41 
u .. 
l 

90 

80 

70 

60 

50 

40 

30 

20 

10 

,~, ,"', ,, \ 
I \ ,, I , ' . ' ' ,,, 

I ,,..~~ ... ✓-, ' ~ 

/l \,IL '"~ 
I ,, ,, ,,.,,,r.1/ " 
[l ,, 

I 

,, 
64 65 

Bluegrass 

Redtop 

66 67 

West-facing slope 

- • - East-facing slope 

,,..,.,.,.,,. West-facing slope 

,,. ,_. ,_.,. East-facing slope 

68 69 

* Percent cover is determined by measuring the amount (or percent) of any particular plant found in 
a meter quadrat. 



65 

Kentucky bluegrass, bromegrass or quackgrass. In the ditches, however, 

redtop maintained complete dominance with very few other plants in 

evidence. 

White clover, from the original seeding, had essentially disappeared 

by 1966 and only a few plants were in evidence during 1968 and 1969. 

2. East-facing slope. 

This slope was also seeded to the same Class 15 mixture. By late 

spring 1965, white clover and redtop had become the dominant species with 

some quackgrass, panicgrass (Panicum sp.) and campion as invading species. 

Clover and bluegrass were more successful on this slope than on the 

west-facing slope probably because of the cooler, more moist situations 

associated with east-facing slopes. Other important species noted were 

bromegrass, sweetclover and vervain. 

By 1966 (a year earlier than on the west-facing slope) Kentucky 

bluegrass, bromegrass and quackgrass became dominant on the upper slope. 

There was much less red clover on this slope than the west-facing slope. 

Kentucky bluegrass continued its dominance in 1967--the early domi

nance accruing to the cool moist site as compared to the hotter drier 

west-facing slope. Weeds such as ragweed, thistle, sweetclover and 

quackgrass were more prevalent on this slope than on the west-facing 

slope. Clover was noted only in limited populations. 

The superiority of Kentucky bluegrass on the upper and mid slopes 

and redtop on the lower slope and ditch continued through the remainder 

of the study. 
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Conclusions. 

Redtop is more competitive on the relatively moist portions of the 

slope and Kentucky bluegrass on the upper (drier and warmer) and mid 

slopes. Bromegrass soon became a dominant grass in the slope community. 

II. The Influence of Mower Type and Frequency of Mowing on Grass and 

Weed Populations. 

A. Mowing Study on T.H. 36. 

The study area was selected in the spring of 1965. It lies between 

T.H. 36 and the frontage road to the northeast of the I 35E interchange. 

The area was 9.7 meters x 36 meters with mowing plots running north and 

south. The width of the plots depended on the type of mower used: 1.8 

meters for both the flail and the rotary, 1.5 meters for the sicklebar 

and 2.1 meters for the reel. Five replications were provided for each 

mower type. 

During the first year, the area was mowed by a maintenance crew of 

the highway department. University mowers were used thereafter. The 

mowing schedule provided by the highway department follows: reel mower 

approximately every 7-14 days, rotary mower every 3 weeks, flail mower 

3 times a season and sicklebar 2 times a season. The mowing schedule 

was adjusted according to need, i.e., there was less mowing in both the 

reel and rotary plots when hot dry conditions prevailed. The mower 

heights were adjusted to 7.62 cm. 

Permanent quadrats were laid out, three to a plot which provided 60 

observations within the study area. A 3.7 meter x 3.7 meter quadrat was 

used to sample the vegetative population. 
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Before mowing began, a species list was compiled for the area 

(table 16 in appendix). Dominant grasses were Kentucky bluegrass and 

smooth bromegrass. Dominant forbs were dandelion, red clover and white 

clover. 

Data on species cover were collected 3 times during each growing 

season. There was a definite pattern of species change between the 

beginning and end of the growing season: 

May Dominants 

Kentucky bluegrass 
dandelion 
quackgrass 
redtop 
bromegrass 
red clover 
red fescue 

September Dominants 

red clover 
dandelion 
crabgrass 
bromegrass 
red fescue 

There were no obvious differences among mowing techniques the first year. 

By the end of 1966, however, certain species changes were noted in 

the mowing plots. Kentucky bluegrass was dominant in both the reel and 

rotary mowed plots. Bromegrass (and in some quadrats, timothy) was 

dominant in the sicklebar and particularly in the flail mower plots. 

Dandelion was less in evidence in the flail and sicklebar plots (figure 

34). 

Data were collected on species presence and density by use of the 

meter quadrat in June 1968. Analysis of data disclosed significant 

differences in plant populations due to mower type and/or mowing schedule. 

The bromegrass population had increased to dominate the flail and sickle

bar treatment areas. Part of this increase is probably associated with 

the long interval between mowings. Shading effect and competition from 

the bromegrass contributed to the low weed population in the flail and in 

particular the sicklebar treatments. Kentucky bluegrass dominated the 
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Figure 34. Mowing area, TH 36. Spring of 1969. Note abundance of dandelion in 
left rotary-mower plots as compared to flail plot to right. 
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rotary mower area while changes in the reel mower plots resulted in an 

evenly divided population of bromegrass and Kentucky bluegrass. 

Data on density indicate that differences in density of vegetative 

populations were also related to the mowing program. The flail and 

sicklebar treatments resulted in lower density ratings than the reel or 

rotary treatments. Density differences first became evident in 1968. 

This supports the observation that it takes from 4-9 years for a grass 

population to stabilize under a uniform treatment regime. 

Data on species composition were collected in May and June 1969. 

The study area was then destroyed by new highway construction. In May 

1969, as in other springs, dandelion comprised almost 50 percent of the 

cover in reel and rotary treatment areas (figure 35), while it was much 

less prevalent in the flail and sicklebar replications. The dandelions 

almost disappeared in all replications by June 23. The reduction in 

dandelion populations was probably associated with the extended drought 

period that began in early May. 

The pattern of higher weed populations in both the reel and rotary 

plots was maintained. Data also indicate that bromegrass continued to 

dominate both the flail and sicklebar treatments, while Kentucky 

bluegrass dominated the reel and rotary treatments. 

Grass density was less in both the flail and sicklebar populations 

than in the reel and rotary populations. Differences in the populations 

apparently were the result of ecological variables in the plots such as 

mowing interval, allowed height of growth and mower type. Fewer spring 

weeds were found with the taller growing (infrequent mowing) plots and 

may be related to the dense shade under a tall grass turf. At heights 

above 7.6 cm bromegrass is one of the most competitive plant materials 
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Dandelion 41% Bluegrass 33% Bluegrass 29% 

Reel mower Rotary mower 

Bromegrass 65% Bromegrass 60% 

Sicklebar mower Flail mower 

Figure 35. Population density under different mowing regimes after four years 
TH 36. May 12, 1969. 
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found in a climate such as Minnesota. Under minimum allowable height of 

growth creeping red fescue and Kentucky bluegrass are more competitive. 

The relative differences between the rotary and reel mowers on the 

one hand and the sicklebar and flail mowers on the other were maintained 

throughout the study period. Higher populations of bromegrass were 

noted in the sicklebar-flail plots (figure 36). 

Although there were significant differences in bluegrass density in 

the beginning of the study, these differences did not continue and by 1968 

they were minor (figure 37). 

In figure 38, weeds (including dandelion and clovers mostly) continue 

to be more dominant in the reel and rotary plots. 

When the data were analyzed for the four mower types, other differ

ences are noted. Figure 39 indicates that Kentucky bluegrass populations 

remained high in the reel plots, except for June 1968. In the rotary 

plots (figure 40) Kentucky bluegrass also maintained the highest popula

tion. Figures 41 and 42, sicklebar and flail, indicate that bromegrass 

was the dominant in both plots throughout the study period. 

B. Mowing Study at the University Turf Research Area. 

During 1967 two new mowing studies were initiated at the University 

Field Research Station. One experiment was placed on an area with an 

established dense bluegrass population and the other on an area with 

an established dense creeping red fescue population. Each area had 

been seeded to 100 percent of the species four years prior to initiating 

the experiment. The interval between mowings was held the same for all 

four mower types. The study area was mowed every two weeks, except during 

the hot dry periods in mid summer. Permanent quadrats (3 to a plot) were 

established for data collection purposes. 
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Figure 36. Percent cover of •smooth bromegrass in the four mowing treatment on TH 36, 1965-1968. 
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Figure 39. Percent cover of Kentucky bluegrass,. smooth bromegrass and weeds under the reel 
mower treatment on TH 36, 1965-1968. 
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Figure 41. Percent cover of bluegrass, bromegrass and weeds under the sicklebar 
mower treatment on TH-36, 1965-1968. 
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The first data collection was in the spring of 1968, after one 

season of mowing. There was some variation in the quality of the grass 

blades under the four mowing regimes. The flail mower left the leaves 

with ragged edges and shredded ends. There were, however, no notable 

differences among grass or weed populations. 

Species composition data were collected in 1969. Populations 

remained stable under all treatments. Clover was the dominant weed with 

some dandelion evident, mostly in the bluegrass plots. Data indicate 

that there was a relationship between grass species and presence of 

weeds. The creeping red fescue population was much more dense and weed 

free than the Kentucky bluegrass. 

1970 was the last year of the study. Again there were no signifi

cant differences in weed presence between mower types. Bluegrass den

sity improved over 1969 so that there were no differences between the 

Kentucky bluegrass and the creeping red fescue areas. 

The previous section, which discussed the changes under four mowing 

regimes on T.H. 36, indicated that either time between mowings or mower 

type influenced the species composition of the mowed areas. In this 

study the time between mowings was kept constant and it was noted that 

the changes found in the first study did not occur. This would indicate 

that time, which allows for increased growth of grass and weeds and 

changes in competition for space, water and nutrients, is the factor which 

caused species population shifts. 

Data also indicate that with well established pure stands of Kentucky 

bluegrass and creeping red fescue, mower type will probably not cause rapid 

population changes either. In fact, under conditions of the experiment 

there were no changes in species composition over a three year period. 
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III. Fate of Sodded Kentucky Bluegrass on T.H. 36. 

A small portion of both the south- and north-facing slope of T.H. 

36 just east of the Dale Street interchange was sodded to Kentucky 

bluegrass in the summer of 1965. This slope study was initiated to 

observe changes in the sodded slope in the years following its 

establishment. 

Density changes in three areas of the slope (upper, middle and 

lower portions) were measured every year from establishment in 1965 

until 1969 with the point quadrat. High readings with this type of 

quadrat indicate high density of the plant population measured 

(table 16). 

Table 16. Changes in Density of Kentucky Bluegrass Sod on T.H. 36. 

Sod Laid in Summer of 1965. 

Number of Point Quadrat Hits out of 10 Possible 
Slope Level South-facing Slope North-facing Slope 

11/65 7/66 7/67 7/68 7/69 11/65 7/66 7/67 7/68 

Upper 7.1 4.5 3.0 1.0 1.2 7.0 5.0 1. 7 4.4 

Middle 6.5 4.1 1.2 0.6 0.2 6.5 5.1 1.3 2.0 

Lower 5.6 4.0 1.2 1.2 0.6 6.0 3.7 1. 7 2.4 

No weeds or other grasses were present by the end of the first 

season. 

Measurements taken in 1966 when averaged indicated that the slope 

7/69 

2.0 

2.6 

1. 6 

had begun to deteriorate early in the second season (table 16). Continued 

deterioration was noted in 1967, 1968 and 1969. 
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The deterioration occurred fairly evenly on both north- and 

south-facing slopes and over the entire slope. In 1968 and 1969, 

deterioration was more noticeable on the south-facing hotter, drier 

slope. In 1968 the slope appeared sparsely populated as few weeds had 

moved in. Foot and bicycle traffic on the site apparently are a con

tributing factor to deterioration of the sod. 

By 1969 bromegrass was dominant on both slopes but density of both 

bromegrass and Kentucky bluegrass was lower in the sodded areas, espe

cially on the south-facing slope. Erosion from mower tracks was also 

much more serious on the sodded area than in the areas adjacent. All 

track cuts on the site were dominated throughout the study by brome

grass. Weed populations were still low. 

When quadrat data from the five years of the study are compared, 

a definite pattern of deterioration is easily seen. Conditions on the 

cooler more moist north-facing slope are not quite as severe as on the 

south-facing slope; however, deterioration of the sod on both slopes 

was fairly complete. Although foot and vehicular traffic were a contrib

uting factor to sod loss in localized areas, the deterioration was also 

complete in adjacent areas which were not worn by traffic. 

Conclusion. 

Kentucky bluegrass sod, while useful in providing initial cover to 

a bare site, is not permanent under all rig~t-of-way conditions. 
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Section 5. Species-Fertilizer Study 

Purpose. 

The purpose of this study was: (1) to investigate establishment 

and growth patterns of recently introduced turfgrass varieties and (2) 

to investigate the effects of a resin-coated slow-release fertilizer on 

germination and early establishment of the grass varieties. 

Study I. Metropolitan Area Highway Study (I. 35E and T.H. 36). 

This study was initiated to determine success of plant establishment 

and subsequent growth patterns of commercial varieties of Kentucky 

bluegrass (Poa pratensis), creeping and colonial bentgrass (Agrostis 

palustris and A. tenuis), and creeping red fescue (Festuca rubra) under 

three fertilizer regimes. 

The study was established in the southeast quadrant of the 

intersection at I. 35E and T.H. 36 on June 2, 1965. Sixteen grasses 

were seeded in three replications (table 17). The fertilizer used was 

0smocote*, a resin-coated slow-release fertilizer. Three levels of 

nitrogen fertilizer (0, 0.91 and 1.81 kg/93 square meters) were 

applied in split plots to each grass variety at seeding. 

Germination was determined on Jurie 29, 1965, four weeks after 

seeding. Bentgrass germinated earliest, followed by red fescue and 

then Kentucky bluegrass. 

Percent cover was determined by use of the 1/3 meter quadrat 

on July 2, August 4 and September 5, 1965 (table 18). Cover was 

estimated separately by three investigators and their results tabulated 

*(Trade name)--18-9-9 with nitrogen in form of nitrate N and ammoniacal N. 
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Table 17. Variety-Fertilizer Study--!. 35E and T.H. 36. Seeded 

June 2, 1965. Grasses used and seeding rates. 

Seeding Rate/93 square meters 
Variety (1000 square feet) 

Newport Kentucky Bluegrass 91 g. 
Kentucky Bluegrass 64-36* 91 g. 
Merion Kentucky Bluegrass 91 g. 
Kentucky Bluegrass N4-113 Blend* 91 g. 
Park Kentucky Bluegrass 91 g. 
Delta Kentucky Bluegrass 91 g. 
Common Kentucky Bluegrass 91 g. 
Illahee Red Fescue 180 g. 
Pennlawn Red Fescue 180 g. 
Rainier Red Fescue 180 g. 
Creeping Red Fescue 180 g. 
Highland Bentgrass 68 g. 
Astoria Bentgrass 68 g. 
Seaside Bentgrass 68 g. 
Holfior Bentgrass 91 g. 
Penncross Bentgrass 45 g. 

* Northrup King selections 

and averaged. Significant differences were evident in the percent cover 

among varieties. The bentgrasses and red fescues in general produced 

earlier cover than the bluegrasses. 

Although the percent cover was initially low (a maximum of 28% 

the first season) the individual grass seedlings were uniformly distributed 

over the plots, and by the end of early spring growth in 1966 the seedlings 

had grown so that the plots were uniformly filled. 

Fertilizer Effects on Germination. 

Three levels of fertilizer (0, 0.91 and 1.81 kg. nitrogen/93 square 

meters (0, 2, and 4 lbs/1000 sq. ft.) were added as split plots to the 

seeding. The percent cover information, which indicates the success of 
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Table 18. Percent Cover of Grass Varieties*--July 12, August 4, 

August 19 and September 5, 1965 

Percent Cover 
Grass July 12 August 4 August 19 Sept. 5 

Seaside Bentgrass 28 24 22 28 
Illahee Red Fescue 21 22 23 27 
Penncross Bentgrass 19 19 20 21 
Pennlawn Red Fescue 19 23 25 24 
Astoria Bentgrass 13 14 17 17 
Kentucky Bluegrass 64-36 12 15 18 22 
Kentucky Bluegrass N4-113 12 15 19 21 
Holfior Bentgrass 9 10 13 12 
Highland Bentgrass 9 11 15 16 
Delta Kentucky Bluegrass 7 9 15 15 
Rainier Red Fescue 6 10 16 17 
Park Kentucky Bluegrass 5 10 15 17 
Newport Bluegrass 4 7 13 15 
Merion Bluegrass 4 6 12 12 
Creeping Red Fescue 3 7 14 14 
Common Kentucky Bluegrass 3 5 11 10 

* Grasses Seeded June 2, 1965. 

a seeding, was analyzed with relation to three levels of nitrogen. The 

data indicate that there was a concomitant drop in percent cover with 

increase of nitrogen fertilizer at germination time (figure 43). In a 

repetition of this study to be discussed later there was a comparable 

decrease in germination success with increase in nitrogen at germination 

time . 

Grasses in this study were well established by late spring 1966. 

During the next two years of the study the grasses received no mainte

nance and grew under normal climatic conditions. Data were collected 

on percent cover and general quality (table 19). Percent cover is a 

measure of the amount of ground covered by vegetation. 

Analysis indicates that the difference in density among varieties 

was statistically significant. The difference among replications 
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Figure 43. Percent cover of grass variety seedlings as related to amount of applied nitrogen. 
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was also significant, although not as highly significant. 

In general the bentgrasses were the most dense, and the Kentucky blue

grasses least, 

Differences among species in percent cover were also statistically 

significant. Kentucky bluegrass 64-36 provided the most cover; Seaside 

and Penncross bentgrass and Kentucky bluegrass N~-113 were also excellent. 

The poorest were creeping red fescue, common Kentucky bluegrass and 

Holfior bentgrass. 

Differences among varieties in general quality were also significant. 

Best were Seaside bentgrass, Kentucky Bluegrass N4-113 and 64-36, 

Penncross bentgrass and Pennlawn red fescue, 

Data were collected on June 29, 1966 on percent flowering, height 

of vegetation and height of flower stalks (table 20). Penncross bent

grass flowered most profusely, followed by Astoria bentgrass, creeping 

red fescue and Delta Kentucky bluegrass. The least flowering occurred 

in Rainier red fescue, Pennlawn red fescue and Holfior bentgrass. 

Height of vegetation was greatest in Rainier red fescue, followed by 

Pennlawn, Illahee and common red fescue. The bentgrasses were lowest 

in height. Flower stalk height was greatest in creeping red fescue, 

common Kentucky bluegrass, Park bluegrass and Seaside bentgrass. 

There was a definite correlation between amount of nitrogen fertil

izer and percent flowering, height of vegetation and height of flower 

stalk. With increase in nitrogen all three means increased significantly 

as indicated by an analysis of variance of the data (table 20). This 

indicates that there is a carry-over of fertilizer into the second 

year after application. 



85 

On August 3, 1966, data were taken on summer dormancy, fresh weight 

of clippings and dry weight of clippings. Dormancy was measured (an 

independent estimate of 3 persons) by cessation of growth and browning 

of the varieties. Fresh weight was determined by placing a 1/10 square 

meter quadrat over each area and clipping all the vegetation within the 

plot. The clippings were then weighed and allowed to dry completely 

then reweighed. 

Table 21 indicates that there is little difference in summer dormancy 

with different levels of nitrogen fertilizer. Increase in dry weight, 

however, was significant at the 1.81 kg/93 square meters level. 

Summer dormancy figures were recorded for both August and September. 

Although there were no significant varietal variations in dormancy in 

September, there was a definite change between August and September. 

With the advent of cooler weather and lower temperatures growth had 

resumed in the dormant grasses. 

There were no significant differences in vigor or percent cover. 

All grasses rated high in vigor and percent cover. This would indicate 

that all varieties were established on the site and performing well 

(75-80% establishment). In May 1967, two years after seeding, percent 

cover was again determined (table 22). The results indicate that, 

as in September 1966, there were no significant differences in cover 

among the varieties evaluated. 
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Table 19. Percent Cover and General Quality of Grass Varieties. 
Study I. June 2, 1966. Seeded June 1965. 

Variety 

Holfior Bentgrass 

Creeping Red Fescue 

Common Kentucky Bluegrass 

Percent 
Cover 

36.7 * 

45.0 

47.8 

Merion Kentucky Bluegrass 54.4 

Astoria Bentgrass 55.0 

Rainier Red Fescue 55.5 

Highland Bentgrass 58.3 

Delta Kentucky Bluegrass 58.9 

Newport Kentucky Bluegrass 59.4 

Park Kentucky Bluegrass 61.7 

Pennlawn Red Fescue 63.9 

Illahee Red Fescue 68.9 

Penncross Bentgrass 70.0 

Seaside Bentgrass 72.8 

N4-113 Kentucky Bluegrass 72.8 

64-36 Kentucky Bluegrass 75.0 

General 
Quality 

Variety (5 best) 

Holfier Bentgrass 1.9 

Common Kentucky Bluegrass 2.2 

Newport Kentucky Bluegrass 2.3 

Creeping Red Fescue 2.3 

Merion Kentucky Bluegrass 2.4 

Astoria Bentgrass 2.4 

Highland Bentgrass 2.6 

Delta Kentucky Bluegrass 2.6 

Park Kentucky Bluegrass 2.8 

Rainier Red Fescue 2.8 

Illahee Red Fescue 3.2 

Pennlawn Red Fescue 3.4 

Penncross Bentgrass 3.4 

N4-113 Kentucky Bluegrass 3.4 

64-36 Kentucky Bluegrass 3.7 

Seaside Bentgrass 3.8 

* Results of Duncan's Multiple Range Test. Those grasses faced with 
an identical line are not significantly different from each other 
at the 5% level. 
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Table 20. Percent Flowering, Height of Vegetation (Leaves), Height of 

Flower Stalk of Grass Varieties. June 29, 1966. Seeded 

June 2, 1965. Study I. 

Varieties 
Percent 

Flowering Varieties 
Height 

Vegetation (cm) 

Rainier Red Fescue 
Pennlawn Red Fescue 
Holfior Bentgrass 
N41-13 Kentucky Bluegrass 
64-36 Kentucky Bluegrass 
Illahee Red Fescue 
Newport Bentgrass 
Merion Kentucky Bluegrass 
Park Kentucky Bluegrass 
Highland Bentgrass 
Seaside Bentgrass 
Common Kentucky Bluegrass 
Creeping Red Fescue 
Delta Kentucky Bluegrass 
Astoria Bentgrass 
Penncross Bentgrass 

Varieties 

17.0·* 
19 .4 
19 .8 
21.1 
21.2 
24.2 
25.6 
27.8 
30.0 
33.3 
35.1 
39.8 
46.1 
52.2 
68.9 
81. 7 

Penncross Bentgrass 
Highland Bentgrass 
Newport Kentucky Bluegrass 
Astoria Bentgrass 
Holfior Bentgrass 
Merion Kentucky Bluegrass 
Park Kentucky Bluegrass 
Common Kentucky Bluegrass 
Seaside Bentgrass 
64-36 Kentucky Bluegrass 
N41-13 Kentucky Bluegrass 
Delta Kentucky Bluegrass 
Creeping Red Fescue 
Illahee Red Fescue 
Pennlawn Red Fescue 
Rainier Red Fescue 

Hgt. Flower 
Stalk (cm.) 

Merion Kentucky Bluegrass 
Highland Bentgrass 

18.8 
22.2 
22.2 
22.4 
23.1 
24.4 
25.6 
26 .2 , 
28.0 
29.1 
30.0 
32.1 
32.2 
32.3 
40.4 
45.9 

N41-13 Kentucky Bluegrass 
Holfior Bentgrass 
Pennlawn Red Fescue 
64-36 Kentucky Bluegrass 
Newport Kentucky Bluegrass 
Penncross Bentgrass 
Illahee Red Fescue 
Rainier Red Fescue 
Astoria Bentgrass 
Park Kentucky Bluegrass 
Seaside Bentgrass 
Delta Kentucky Bluegrass 
Common Kentucky Bluegrass 
Creeping Red Fescue 

13. 7' 
14.9 
15.6 
16.3 
16.3 
16.9 
18.7 
18.9 
19. 7 
21. 3 
21.7 
22.8 
23.1 
23.4 
23.6 
25.7 

* Results of Duncan's Multiple Range Test. Those grasses faced with 
an identical line are not significantly different from each other 
at the 5% level. 
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Table 20. continued 

Analysis of Variance of the Variable Height of Vegetation 

Sum of Squares df Mean Squares F Sources of Variation 

58.6836 2 29.3418 .76 Block 
1006.62 2 503.309 13.07* Level (Fertilizer) 

124. 711 4 31.1778 .81 Block Level 
1813.50 15 120.900 3.14* Species 
1339.47 30 44. 6491 1.16 Level Species 
3465.57 90 38.5064 1.00 Pooled Interactions 
7795.94 143 54.5170 

Analysis of Variance of the Variable Height of Flower Stalk 

Sum of Squares df Mean Squares F Sources of Variation 

10705.6 2 5352.82 20.30* Block 
12653.5 2 6326.74 23.99* Level (Fertilizer) 
5043.10 4 1260. 78 4.78 Block Level 
6801.92 15 453.461 1. 72* Species 
7206.14 30 240.205 .91 Level Species 

23730.7 90 263.675 1.00 Pooled Interactions 
66563.5 143 465.479 

Analysis of Variance of the Variable Percent Flowering 

Sum of Squares df Mean Squares F Sources of Variation 

15531. 5 2 7765.74 12.51* Block 
42580.8 2 21290.4 34.29* Level (Fertilizer) 

7527.04 4 1881. 76 3.03 Block Level 
47216.3 15 3147.76 5.07* Species 
16349.9 30 544.998 .88 Level Species 
55886.4 90 620.960 1.00 Pooled Interactions 

184157 143 1287.81 
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Table 21. Summer Dormancy--August 3, 1967, Dry Weight of Clippings, 

from 1/10 Square Meter Quadrat of Grass Varieties-

August 3, 1967. Seeded June 2, 1965. Study I. 

1 Varieties Summer Dormane* 

Common Kentucky Bluegrass 

Newport Kentucky Bluegrass 

Park Kentucky Bluegrass 

N4-113 Kentucky Bluegrass 

Rainier Red Fescue 

64-36 Kentucky Bluegrass 

Merion Kentucky Bluegrass 

Creeping Red Fescue 

Delta Kentucky Bluegrass 

Pennlawn Red Fescue 

Holfior Bentgrass 

Seaside Bentgrass 

Astoria Bentgrass 

Highland Bentgrass 

Illahee Red Fescue 

Penncross Bentgrass 

2.1 ** 

2.2 

2.2 

2.3 

2.3 

2.3 

2.4 

2.6 

2.6 

2.6 

2.8 

2.9 

3.0 

3.3 

3.6 

3.8 

Varieties Dr 

Newport Kentucky Bluegrass 43.6 

Merion Kentucky Bluegrass 43.7 

Common Kentucky Bluegrass 46.2 

Holfior Bentgrass 47.1 

N4-ll3 Kentucky Bluegrass 48.3 

Delta Kentucky Bluegrass 49.8 

Astoria Bentgrass 49 . 8 

Highland Bentgrass 50.0 

Creeping Red Fescue 50.6 

64-36 Kentucky Bluegrass 51.1 

Illahee Red Fescue 52.5 

Park Kentucky Bluegrass 52.5 · 

Penncross Bentgrass 53.6 

Rainier Red Fescue 54.5 

Pennlawn Red Fescue 56.9 

Seaside Bentgrass 59.5 

* 5 = completely dormant; 1 = entirely green 

** Results of Duncan's Multiple Range Test. Those grasses faced with 

an identical line are not significantly different from each other 

at the 5% level. 
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Table 22. Percent Cover of Grass Varieties. May 7, 1967. Study I. 

Variety Percent Cover 

Merion 77 
64-36 75 
Common Bluegrass 74 
Delta 73 
Illahee 73 
Newport 73 
Highland 73 
N4-113 72 
Creeping Red Fescue 72 
Rainier 72 
Seaside 72 
Pennlawn 71 
Park 70 
Astoria 69 
Penncross 67 
Holfior 66 

Although not statistically significant, the data indicate that the best 

cover was produced by Kentucky bluegrass. According to the data taken 

on dormancy during August, Penncross bentgrass, Illahee red fescue and 

Highland bentgrass were most dormant with most of the bluegrasses re

maining vegetative. 

An evaluation in 1972 (7 years after planting) indicated that Illahee 

and Rainier creeping red fescue resulted in the best general performance 

(table 23). Other grasses resulting in acceptable vegetative cover in

cluded Pennlawn creeping red fescue, Kentucky bluegrass 64-36, Common 

creeping red fescue, Common Kentucky bluegrass, N4-113 blend and Park 

Kentucky bluegrass, in that order. None of the bentgrasses offered 

acceptable cover under the conditions of the study. The general perform-

ance rating was derived by considering cover, color, and vigor. 
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Table 23. General Performance of Grass Varieties. May 22, 1972. 
Study I. Grasses Seeded 1966. 

Variety 

Illahee Creeping Red Fescue 
Rainier Creeping Red Fescue 
Pennlawn Creeping Red Fescue 
Kentucky Bluegrass 64-36 
Common Creeping Red Fescue 
Common Kentucky Bluegrass 
Park Kentucky Bluegrass 
Kentucky Bluegrass N4-113 Blend 
Newport Kentucky Bluegrass 
Delta Kentucky Bluegrass 
Merion Kentucky Bluegrass 
Seaside Bentgrass 
Penncross Bentgrass 
Highland Bentgrass 
Astoria Bentgrass 

Discussion and Conclusions. 

1 
5 = 

General Performance 

2.1 * 
2.3 
2.4 
2.6 
2.8 
2.9 
3.3 
3.3 
3.9 
4.0 
4.2 
4.4 
4.6 
4.7 
5.0 

Excellent 
Very Poor or not Identifiable 

Significant statistical differences were found among varieties and 

among rates of fertilizer (0smocote) during establishment and growth 

during the first and second seasons. Analyses of variance of the means 

in tables 19, 20 and 21 also indicated statistically significant differ

ences among all measured variables with changes in fertilizer rates. 

Results indicated that germination was adversely affected by increasing 

rates of both types of nitrogen fertilizers. Subsequent growth was en

hanced by increasing rates of nitrogen fertilizer. 

Earliest germination was provided by the bentgrasses and the best 

cover during the first year was given by Seaside bentgrass, Penncross 

bentgrass, Illahee red fescue and Pennlawn red fescue. Best early spring 
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growth was provided by Kentucky bluegrass 64-36, Park Kentucky bluegrass 

and Illahee red fescue. In the June 2, 1966 study, the most dense varie

ties were the bentgrasses. The best red fescue variety was Illahee and 

the best bluegrass variety was 64-36. Best cover after two years was pro

vided by Kentucky bluegrasses 64-36 and N4-113 and by Seaside bentgrass. 

These three also were rated highest in the general turf quality rating. 

Percent flowering was highest in Penncross and Astoria bentgrass and 

Delta Kentucky bluegrass. Lowest growing varieties were Penncross, 

Astoria and Holfior bentgrass and Newport Kentucky bluegrass. Lowest 

flower stalk height was found in Merion and N4-113 Kentucky bluegrass 

and Highland bentgrass. 

Dormancy (slowing of growth during hot dry periods) of the grass varie

ties was measured in early August and again in late September. There were 

no significant differences in degree of dormancy among the varieties. 

Grass varieties with the most herbage under a no mowing regime were 

Seaside and Penncross bentgrass and Pennlawn and Rainier red fescue. 

There were no significant differences in percent cover of the 

varieties on May 7, 1967. 

Study II. Variety Fertilizer Investigations--St. Paul Campus Turf 

Research Area. Grass seeded 1966. 

A variety-fertilizer experiment was established in the Turf Research 

Area of the Agricultural Experiment Station in 1966. The six best grasses 

previously used in the highway experiment on I. 35E and T.H. 36 were 

selected for study (table 24). 
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Table 24. Species and Varieties Tested at Turf Research Area 

Study II. Seeded in June and September 1966. 

N4-113 Kentucky Bluegrass 
Seaside Bentgrass 
Pennlawn Red Fescue 
Park Kentucky Bluegrass 
Creeping Red Fescue 
Common Kentucky Bluegrass 

Two fertilizers were used, Osmocote (18-9-9) and 12-12-12 at concentrations 

of O (control), and 0.91 and 1.81 kg. nitrogen/93 square meters. The vari-

eties were seeded in June 1966 in 1.8 x 1.8 meter plots in a randomized 

block design with three replications. The entire seeding was repeated 

in September 1966 in order to observe possible differences between spring 

and fall seeding. 

Data on percent cover, density and general rating were collected in 

the June seeding on September 7, 1966 (table 25). 

Table 25. Percent Cover and General Quality Rating. Study II. 

September 7, 1966. Seeded June 1966. 

Variety 
Percent 

Cover Variety 
General Quality 

(9 best) 

Common Kentucky Bluegrass 
N4-113 Bluegrass 
Pennlawn Red Fescue 
Creeping Red Fescue 
Seaside Bentgrass 
Park Kentucky Bluegrass 

38.7*[ 
49 .6 I 
58.4 
59.3 
59.7 
61.6 

Seaside Bentgrass 
Common Kentucky Bluegrass 
N4-113 Bluegrass 
Pennlawn Red Fescue 
Creeping Red Fescue 
Park Kentucky Bluegrass 

2. 9 I 
3. 35 I 
4.17 
s .o l 
5 .OS l. 
5.44 

* Results of Duncan's Multiple Range Test. Those grasses faced with an 

identical line are not significantly different from each other at the 

5% level. 

There were statistically significant differences among type and level of 

fertilizer also in this study as indicated by the analysis of variance. 
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There were significant differences among varieties in percent cover. 

Park Kentucky bluegrass, Seaside bentgrass and Creeping red fescue produced 

the most cover (59%-62%) while common Kentucky bentgrass produced the least 

(38%). However, the percent cover of the varieties in the St. Paul Campus 

Experimental Area three months after seeding was higher (54.52%) than the 

cover produced on the highway site (18.03%). This higher percentage may 

be attributed to better soil conditions. 

Statistically significant differences were shown in density, although no 

practical significance was observed. Seaside bentgrass was the most dense. 

The findings parallel the data from the highway experiment which indicated 

that the bentgrasses were the most dense and Kentucky bluegrass the poorest. 

General quality rating on the highway sites was judged on a 1-5 

scale, with 5 being best. In the university site, a rating of 1-9 was 

used. In both sites N4-113 Kentucky bluegrass rated very high. The bent

grass in both sites was rather poor in general quality. 

There were also significant differences in both fertilizer types and 

concentrations of nitrogen. Osmocote (18-9-9) caused statistically less 

injury to the germinating seedlings than the standard 12-12-12 fertilizer, 

as evidenced by comparing means of percent cover, density and general qual

ity rating (table 26). 

The concentration of nitrogen also affected the survival and growth 

of the six varieties. Here, as in the highway study, there was a parallel 

decrease in ratings with increasing amounts of nitrogen (table 27). The 

decrease in subsequent performance can be attributed to the initial 

reduction in establishment. 

Seedling height data were collected on May 8, 1967 of the varieties 

which were seeded in September 1966. Height of flower stalks was not 
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Table 26. The Effect of Fertilizer Type on Varieties. University of 

Minnesota Investigation. Study II. September 1966. 

Seeded June 1966. 

Type Rating 

Percent Cover 
Density* 
General Quality** 

* 1-5, 5 best 
** 1-9, 9 best 

12-12-12 

52.29 
2.90 
4.45 

Osmocote 
(18-9-9 slow release) 

56.76 
3.22 
4.85 

Table 27. The Effect of Increasing Concentrations of Nitrogen on 

Varieties. University of Minnesota Study II. September 

1966. Seeded June 1966. 

Amount of Nitrogen in g./93 square meters 
Type Rating O 91 g. 181 g. 

Percent Cover 
Density* 
General Quality** 

* 1-5, 5 best 
** 1-9, 9 best 

58.53 
3.17 
5.03 

55.64 
3.06 
4.78 

49.41 
2.96 
4.15 

measured in this study, as mowing had started. The data in table 28 

indicate that common and Park Kentucky bluegrass grew the most while 

Seaside bentgrass was the lowest variety. 



96 

Table 28. Height in Species and Variety Study II--May 8, 1967. 

Varieties Seeded September 1966. 

Species or 
Varieties Height--cm. 

N4-113 Bluegrass 7.1 
Seaside Bentgrass 4.8 
Pennlawn Fescue 8.3 
Park Bluegrass 9.1 
Creeping Red Fescue 8.7 
Common Kentucky Bluegrass 9.2 

A general quality rating was determined for the varieties in both 

investigations on May 8, July 16, and September 30, 1967 (table 29). 

Table 29 shows that N4-113 Kentucky bluegrass was the best variety 

in the study. Seaside bentgrass, although rather poor early in the year 

improved steadily through the summer and was the best variety in Study II 

in September 1967. The red fescues established well but declined during 

the summer, due mostly to an infestation of rust. 

Table 29. General Quality of Variety-Fertilizer Study II. Seeded 

June and September 1966. May 8, July 16, and 

September 30, 1967. 
Quality* 

May 8, 1967 July 16, 1967 SeEt. 30, 1967 
Variety 6/66 9/66 6/66 9/66 6/66 9/66 

N4-113 Bluegrass 4.2 5.8 4.4 4.1 5.1 4.8 
Seaside Bentgrass 2.5 5.2 4.4 3.5 4.2 6.6 
Pennlawn Fescue 3.2 6.1 2.9 2.4 3.4 3.2 
Park Bluegrass 4.6 6.2 4.2 3.1 4.4 3.9 
Creeping Red Fescue 4.1 6.3 2.2 1.9 2.9 2.8 
Common Kentucky Bluegrass 3.6 6.1 3.9 3.0 3.0 3.9 

Quality rating*--1-9, 9 best 
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The study area was mowed on a seven day cycle beginning in late 

April 1967. Clippings were taken from a square foot area in July 1967 

and fresh and dry weights were taken (table 30). Because of the mowing 

regime, weights of the university investigation cannot be compared with 

those of the unmowed highway study. Percent weeds were also calculated 

in July 1967 (table 30). 

Fresh and dry weights of the Kentucky bluegrasses were in general 

higher than for the other species. The percentage of weeds was rather 

uniform for each study but there were fewer weeds in the September 1966 

seeding. This reinforces the practice of fall seeding over spring 

seeding. 

Table 30. Fresh and Dry Weights and Percent Weeds of Species and 

Variety Study. Seeded June and September 1966. Data 

Collected July 1967. 

Dr;l Wgt. (g.) Percent Weeds 
Variety 6/66 9/66 6/66 9/66 

N4-113 Bluegrass 1.3 1.8 18.6 4.7 
Seaside Bentgrass 0.9 1.4 20.6 10.6 
Pennlawn Fescue 1.2 1. 8 25.1 4.6 
Park Bluegrass 1.5 1.8 20.6 4.7 
Creeping Red Fescue 0.9 1.5 22.6 6.4 
Common Kentucky Bluegrass 1.3 2.0 24.8 5.3 

There were no significant differences in types of fertilizer and 

amounts of nitrogen at the rates used, as they relate to dry weights, 

percent weeds or general quality. 
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Data were collected in June 1969 on general quality of the six grass 

varieties. Analysis of variance indicated that there were no differences, 

either of fertilizer type or level, on quality of the grasses. There 

were significant differences, however, in quality among the species 

(table 31). 

The data collected in 1969 indicated that N4-113 bluegrass and 

Pennlawn red fescue were the best varieties studied, and that bentgrasses 

resulted in the least desirable cover. However, percent cover of all 

the grass varieties at the end of the second growing season was 100 

percent. 

Table 31. General Quality in Species and Variety Study. Seeded 

June and September 1966. Data Collected June 1969. 

General Quality*--1969 
Species or Variety 6/66 9/66 

N4-113 Bluegrass 
Seaside Bentgrass 
Pennlawn Fescue 
Park Bluegrass 
Creeping Red Fescue 
Common Kentucky Bluegrass 

* 1-9, 9 best 

4.3 
2.2 
3.3 
4.5 
3.2 
4.2 

4.8 
2.8 
5.5 
4.3 
4.1 
4.1 
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Section 6. Vegetation Maintenance Practices, Programs, and Equipment 

on Minnesota Highways (Abstract and Recommendations) 

Project 619 included an evaluation of roadside maintenance practices 

and equipment in the state of Minnesota during 1967. 

Objectives of the review were to: (1) ascertain the level(s) of 

vegetation maintenance on Minnesota highways; (2) determine the scope 

of the problems in vegetation maintenance; (3) develop recommendations 

for improving vegetation maintenance operations and programs; and (4) 

present general information on the cultural requirements and considera

tions associated with the management of vegetation. 

Personnel from selected highway maintenance districts were inter

viewed in 1967 on the basis of individual district programs and on a 

predetermined sequence of questions. The interview consisted of two 

parts: discussion of individual district problems, and on site inspec

tion of maintenance and construction problems. 

The report, "Vegetation Maintenance Practices, Programs and Equip

ment on Minnesota Highways," was published in 1969. 

Recommendations were as follows: 

1. It is recommended that standard vegetative maintenance specifi

cations be developed as guides for highway designers and programmers, so 

that highways may be designed for maintenance as well as for transporta

tion. The design for maintenance should be considered as legitimate a 

function of design as fulfilling the immediate function of establishing 

a direct physical line of communication between two points. Design 

characteristics can in most cases be modified to accommodate specific 

machine types. The maintenance considerations of design should also 
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coincide with the aesthetic and environmental quality that is to prevail 

on any given highway segment. (An example of designing for maintenance 

would be designing slopes so that the only drainage water passing over 

them would be from direct rainfall.) 

2. It is recommended that each section of existing roadway be 

mapped for maintenance specifications and that maintenance specifica

tions should be included on each section of roadway when it is open for 

use. It is further recommended that these data be compiled in a manner 

that is adapted to computer manipulation for programming of the total 

maintenance operation for the state. This will facilitate a determina

tion of maintenance programs, machinery needs, labor requirements, cost 

of maintenance, and permit complete planning of the total maintenance 

operations on the vegetative phase of highways. The importance of this 

type of programming cannot be overemphasized in a day when the public is 

placing ever increasing demands on highway departments. 

3. It is recommended that the highway department establish reason

able maintenance fertilizer programs, particularly in urban areas. It 

may be expected that healthier turfs will contain fewer weeds. The reduc

tion in the weed population would reduce mowing requirements and weed 

control operations. A continuing maintenance fertilizer program might 

best be developed on the basis of units of nutrients per mile or other 

meaningful scales that are easily adapted to highway use. This program 

should include consideration of soil pH and modification of pH. Cost

benefit studies may be undertaken to establish the economic value of such 

a program. Upon determination of the details and value, maintenance fer

tility programs should be written into maintenance specifications for 

each section of highway. 
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4. It is recommended that in-service training programs (i.e., long 

term courses) be initiated covering landscape maintenance practices, 

machinery selection, vegetation identification, weed control, fertility 

requirements, development of maintenance programs, and associated sub

jects. It may well be that a cooperative effort should be developed 

with the University of Minnesota, on a contract basis if necessary, 

assisting the Highway Department in developing these basic courses. 

The program should be structured to establish a firm level of competence 

and outlined to fulfill a distinct purpose. The purpose of this program 

would be for continuing long term improvement of permanent district per

sonnel and should not conflict with the short course type operations now 

in effect. 

5. It is recommended that the Highway Department draw up operating 

limits for each vegetation maintenance machine item, that these be dis

tributed, and that machinery use be determined and needs designated within 

these operating limits. 

6. It is incumbent on highway departments to support development of 

new types of machinery for accomplishing their vegetative maintenance 

needs. Examples might be the development of a large reel type mower and 

mowers for rough terrain and steep slopes. It is obvious that machinery 

companies will not develop specialized equipment for limited markets with

out some incentive. It is also obvious that potential savings would far 

outweigh substantial research expenditures in the development of new 

equipment. It is suggested that the Federal Highway Administration or 

other national units initiate programs for this purpose. If this is im

possible then state support should be strongly considered. Contract 

arrangements such as those operating in the development of military 
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aircraft might be worth investigating with the large research oriented 

mower manufacturers. 

7. It is recommended that a team approach to design of the total 

highway environment be established in Minnesota. The team should have 

representatives from engineering, soil science, plant science and ecology, 

land economics, landscape architecture, and landscape maintenance, and 

should function starting in the early phases of survey and design. In 

wild land areas a wildlife biologist and forester should also be included 

on the team. The team could function on a consulting arrangement with 

the personnel charged with actual design of the proposed roadway. 

8. It is recommended that a substantial effort be initiated to en

sure that mowing heights actually do conform to those suggested in "Guide 

for Roadside Mowing" by the AASH0. 

9. It is recommended that a program be established for evaluation 

of new contact herbicides that decay rapidly when contacting the soil. 

The program should be structured on a continuing basis in order to take 

advantage of existing herbicides and to evaluate the continuing develop

ments in the herbicide field. 

10. It is recommended that a daily program of equipment inspection 

be initiated at the district level (table 32). 

11. It is recommended that the State Highway Department take advan

tage of services offered by the large mower manufacturers. The primary 

effort should be to establish a program for presentation of periodic 

equipment maintenance workshops by a mower manufacturer. Highway person

nel would learn from the "horse's mouth" how each different piece of 

equipment should be cared for and taught how to maintain the equipment by 

being guided through every operation. 
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Table 32. DAILY CHECKLIST FOR MOWER OPERATORS 

A. Condition of equipment 

1. Loose nuts and bolts 
2. Adjustment and condition of belts and chains 
3. Clean machine by use of compressed air (use water only if 

necessary at end of each day) 
4. Loose or worn bearings 
5. Missing or damaged parts 
6. Condition of cutting apparatus--bent reel blades, 

sprung bed knife, dull or broken blades, etc. 
7. Clutch drives 
8. Hydraulic apparatus 
9. Points of stress--hitches and draw bars, etc. 

B. Lubrication 

1. Service air cleaner 
2. Check oil and change as needed 
3. Leaks in oil and gas reservoir 
4. Lubricate (grease) wear points and clean dirty grease 

fittings 
5. Check oil level in all gear cases 
6. Wipe all lubrication points 

C. Adjustments 

1. Height of cut 
2. Bed knife and reel (.002 inch clearance except on self sharpening 

should be checked again after machines have been warmed up 
and several times a day) 

3. Tension on belts and chains and clutches 

D. Constant awareness 

1. Listen for sounds that may indicate changes in operation 
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Often these workshops last one or two days and may be a free 

service. 

This effort should be initiated at the earliest possible date. 

12. It is recommended that engineers from the hydraulic planning 

unit of the State Highway Department, along with the team in charge of 

vegetative maintenance and other design disciplines, be required by 

policy to inspect and evaluate all highways and roadways for the pur

poses of ascertaining effectiveness of design and application of design 

principles to maintenance consequences one year after the highway or 

roadway has been put into service. Information developing from such an 

operation should then be assimilated into the planning considerations for 

future highways. 

13. It is recommended that the highway department establish a state 

maintenance newsletter, to be published periodically and circulated 

throughout all maintenance districts. This newsletter should contain the 

latest information on vegetative maintenance practices. It may contain 

official pronouncements, suggested operational procedures, chemical and 

compatibility information, and it should also act as a dissemination 

point for useful contributions from district personnel. 

14. It is recommended that positions of authority be established in 

each district or region with responsibilities for developing the vegeta

tive maintenance schedules, operations, training programs, and interpret

ing vegetative maintenance standards at the operational level. The posi

tion described would require formal education in an agricultural field 

such as landscape maintenance. 

15. Highway district maintenance personnel should be encouraged to 

attend short courses that are currently offered by the University of 
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Minnesota that deal with vegetative culture. The Turf Management Short 

Course is an example. This should be a valuable way for outstate and 

rural districts to improve the competence of personnel associated with 

vegetative maintenance. 

16. It is recommended that specific job descriptions be drawn up 

related to the vegetative maintenance phase of the highway and that labor 

policies be reassessed for the purpose of minimizing personnel turnover. 

17. It is recommended that the State Highway Department set up an 

office and staff within its headquarters to design long term and continu

ing training programs both on a state and especially at the district lev

el. Assistance in developing comprehensive in-service training programs 

on vegetative maintenance at the district level should receive high pri

ority. All existing training operations should be continued. 

18. It is recommended that rapport be established between the highway 

district engineers and the county agricultural agents (not to be confused 

with weed inspectors) and the area soils agents within the highway dis

tricts. This affiliation should be established on a professional basis 

of receiving assistance in cultural and other matters pertinent to the 

maintenance of highway vegetation. 

19. Establishment of a policy for reevaluation of vegetative mainte

nance programs every 4 or 5 years is recommended. In establishing the 

policy, directions and suggestions for the conduct of the reevaluation 

should be included outlining the procedure and items of considerations. 

20. Review of planting policies for highway sites is recommended, 

including the suggestion that group plantings be used more widely. Pres

ent plantings often become obstacles to the maintenance program rather 

than complementing it. Consideration of removal of some existing 
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plantings may be justified on this basis. Replacement plantings of a 

different configuration should be considered concurrently with any removal 

program. 

21. It is recommended that sign placement policies be reviewed with 

the aim of establishing "information clusters" where signs may be grouped 

on either the horizontal or vertical plane or both. The same observation 

applies here as in planting trees and shrubs; i.e., signs should not be 

placed so as to be obstacles to maintenance operations. There are certain 

types of signs that could be hung on light standards and many that could 

be on the same pole without being confusing. Careful selection of place

ment of posts and supporting structures in relation to the types of main

tenance and size of the area would help. 

22. It is recommended that sprayers be recalibrated periodically and 

whenever personnel changes take place within the district weed control 

programs. Two considerations worthy of note are: (1) the ester form of 

2,4-D can affect plants at great distances (in excess of 1/2 mile) and is 

not recommended in any form, and (2) a moderate wind can enhance the dan

ger from volatility of all spray materials including invert emulsions. 

23. It is recommended that an educational seminar be developed for 

highway administrators developing the theme of how vegetation establishes 

and contributes to the highway environment. This should include informa

tion pertinent to the decision making operations required in the area of 

vegetative maintenance. 

24. It is strongly reconnnended that all policies on vegetative main

tenance be periodically reevaluated on a professional cultural basis. 

Policies which have no base in cultural, ecological, topographical, or 

soil information, can only contribute to the development of future 
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problems that can potentially dwarf any existing problem situation. Arbi

trary policies often develop on the basis of a false economy. An example 

of an arbitrary policy might be a complete discontinuance or modification 

of mowing practices which would not take the following qualifications into 

consideration. 

A. In many areas where mowing might be discontinued, it might 

be extremely difficult to reestablish mowing at a future date. 

B. In many cases the most practical method for controlling 

woody plants (brush, trees and weeds) is by mowing. Abandonment of a 

mowing program could potentially (within one to two years) allow estab

lishment of woody plant materials and growth to a stage where hand remov

al of the woody material may be required in order to reclaim the slope or 

area in question. Reclamation in this manner will be extremely costly. 

Mechanical maintenance operations on the area might also be impaired for 

several years afterwards. Uncontrolled growth of woody material can ren

der useless or damage already inadequate drainage systems, placing an even 

higher price on reclamation. 

C. An area such as the Red River Valley, where grades of .05 

are common in waterways, excessive vegetative growth can cause "silting 

out" of soil during drainage. The resultant filling of the drainage 

structure and disruption of the drainage pattern could result in very 

costly reclamation operations. 

D. Upon evaluation of vegetative maintenance requirements, it 

is often evident that there are several alternative maintenance measures 

applicable to many situations that can be considered. 

25. It is recommended that purchase of diamond tread tractor tires 

(turf tires) be discontinued. These tires do not offer highway maintenance 
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tractor operators the stability required on highway slopes and may be 

considered somewhat unsafe. Vehicles with turf tires tend to slip, 

rather than to maintain a given path under moist conditions. 

26. It is recommended that late fall mowing of rough growth such as 

alfalfa be initiated on a trial basis with the flail type mower. This 

could be tried after the ground has frozen and offers a stable footing. 

It might be an alternative procedure to earlier fall cutting when condi

tions are not conducive to safe mower operation or when heavy work sched

ules prevail. 

27. It is recommended that operator evaluation and preference forms 

be drawn up and that operator and machine maintenance personnel be re

quired to execute an evaluation annually on all equipment and periodic

ally during different seasons of the year on new equipment or equipment 

with p~rticular maintenance problems. 

28. In order to cope with the state bid policy it is recommended 

that specifications for vegetative maintenance equipment be drawn up in 

a manner to insure that the best equipment available will result from 

any request for bids. 

Recommendations were based on the findings of the review. In some 

cases policies existed that may have offered solutions or acceptable 

alternatives. In other cases efforts may be under way or the current 

efforts may not be as effective at the operational level as expected. 

Where recommendations conflicted with current policy or where the 

recommendation did not recognize existing efforts, it may be well to 

consider evaluation of the current program for increasing effectiveness. 
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Section 7. Growth Regulation of Grasses 

Purpose. 

To identify and evaluate chemicals with growth regulation proper

ties for control of both vegetative and reproductive plant structures. 

Objectives. 

To reduce the number of mowings necessary for roadside turf areas by 

the use of chemicals which slow the growth of turf. 

Introduction. 

Success in chemical regulation of growth in turfgrasses has been 

limited. Most of the efforts have been associated with modifying growth 

patterns on turf areas under limited maintenance regimes. Chemical regu

lation of grass growth is dated by the use of maleic hydrazide on highway 

rights-of-way during the 1950's. Growth regulators have been rather 

specific in activity for most plant species. There seems to be no corre

lation between chemicals and taxonomic groupings. 

The philosophy of approach to the subject of chemical growth regula

tion does not include complete elimination of mowing. Rather it is to 

eliminate the need for very frequent mowing or to lengthen the time be

tween mowings. Some potential benefits are: (1) control of growth dur

ing wet seasons where conventional mowers could not be used; (2) control 

of growth during the most rapid growth period which is often associated 

with the most demanding work period of the year; (3) control of growth 

on large areas which need not display a manicured surface at all times; 

(4) control of growth in areas not suited for mowers; and (5) decrease 

labor costs. 
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I. MH-30 (Maleic Hydrazide). 

At the time these investigations were conducted, MH-30 was the object 

of interest in Minnesota and other states. Investigations were conducted to 

complement the Minnesota Highway Department program on MH-30 in 1963 and 1964. 

MH-30 is a nondiscretionary growth inhibitor, inhibiting cell devi

sion in all parts of a plant. The active ingredient of MH-30 is the 

diethanolamine salt of 6-hydroxy-3-(2H)-di pyridazinone (58%). That is, 

the diethanol amine salt of maleic hydrazide is equivalent to 30 percent 

maleic hydrazide, or one gallon is equivalent to three pounds. 

Experiments in 1963 were conducted on two highway sites in the St. Paul 

area. These sites were originally established in 1938 and had never been 

fertilized. One site was a mixed bluegrass bromegrass turf in full sun with 

uniform cover and a uniform weed distribution. Forbs included dandelion 

(Taraxacum officinale) and white clover (Trifolium repens). The area had 

been mowed on June 10, 1963 at two inches in height. Treatments were ap

plied on June 12, 1963. The second area was an unmowed mixed bluegrass 

redtop turf containing dandelion, clover, plantain (Plantago major), quack-

grass, bromegrass and 

chickweed (Stellaria 

sp.). Applications 

were made to 34 meters 

x 1.2 meter areas in 

four replicated plots 

by means of a loga

rithmic spray appli

cator at the highest 

applied rate of 5.4 

kg/acre (table 33). 

Q) ... 
u 

9.0 

8.0 

7.0 

ca 6.0 
~ 
"' ] 5.0 
::I 

8. 
~ 4.0 
ca ... 
Q) 

] 3.0 
:s 
i 2.0 

1.0 

0 

Table 33. MH-30 calibration curve for logarithmic sprayer 

10 20 30 40 50 60 70 80 90 100 110 
Feet from start of run 



111 

Data were collected every 3 meters throughout the plot. Height 

measurements taken were of the tallest five blades closest to a randomly 

placed scale. Four random measurements were taken at each 3 meter inter

val. Data were collected on June 12, 26, July 25, October 14, 1963 and 

May 7, 1964. 

In the unmowed area on June 26, 1963 the bluegrass was in full seed 

head with an average height of 41-46 centimeters. The clover was also in 

flower. Vegetation was too high to ascribe any results to the growth reg

ulator treatment. Dandelions in all replications were discolored by dos

ages of from 1.5-3.9 kg/acre of MH-30; however, growth was not retarded. 

There were no visible effects on the white clover. Bromegrass was more 

vigorous in the bordering areas; however, the differences were not measur

able. In each replication the first 50 feet maintained a thinner popula

tion of grass plants. Seed head production of redtop was dramatically 

reduced. By October 14, 1963 large proportions of the population of redtop 

in area 2 were dead. 

In general the effectiveness of MH-30 in regulating grass growth other 

than redtop seed heads was inconclusive. Bluegrass was vigorous and normal in 

color. It may be noted that a 3.7 meters shoulder strip adjacent to the 

experiment had been sprayed by the highway department with MH-30 resulting 

in almost a pure stand of crabgrass. 

Evaluation of these plots in the early spring of 1964 showed that 

there had been no effects of the chemical on the overwintering of the turf 

or the spring performance of the grass in 1964. 

The 1964 experiments were conducted by means of the logarithmic spray 

applicator at two locations, one a highway site in the northeast quadrant 

of the cloverleaf interchange at T.H. 52 and Highway 100 and on a turf 
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area of the St. Paul Campus. Three treatment dates were used--May 7, 27 

and June 19, 1964. The application at the highest rate was 3.9 kg. active 

per acre. All plots were mowed at a 6.35 centimeter height prior to appli

cation. 

Plots sprayed on May 28 exhibited a discoloration of the turf in the 

first 30 feet of the plot receiving the highest dosage. On June 19 the 

grass in the wheel tracks of the spray applicator exhibited more retarda

tion of growth than the rest of the plot sprayed on May 7. This was prob

ably due to bruising by the sprayer tires resulting in more absorption of 

the materials. On June 30 there were no visible differences observable 

in any of the treated areas regardless of treatment date. 

Evaluation on September 1 of the June 19 spraying showed that there 

was no seed head development on any of the treated areas. Weeds were gen

erally prevalent throughout the whole area, and there was little evidence 

of any height differences or growth alteration for any concentration. 

Analysis of variance conducted on the data collected before mowing 

and preparation for application of the chemicals indicated that consider

able variation existed in the vegetative growth potential in the existing 

population. Analysis of variance on the data collected on the early 

treatment dates indicated that statistical differences existed between 

the different treatment levels and the performance of the vegetation. 

However, these differences were of no practical significance. A Duncan's 

Multiple Range conducted on vegetation height variations after spraying 

indicated no correlation between concentration of MH-30 and height of vege

tation. However, it was evident that MH-30 in some cases did result in 

a competitive advantage for weeds and weedy grasses. 
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Generally, treatments with MH-30 in Minnesota resulted in variable 

responses. From the results here, the chemical could not be recommended 

for use. 

II. B-995 (n-dimethylaminosuccinamic acid, phosphon 

(tributyl 2,4-dichlorobenzylphosphonium chloride), and CCC 

(2-chloroethyl trimethyl ammonium chloride) 

B-995, phosphon and CCC are selective in activity resulting in 

shorter than normal internodes and more profuse flowering. 

DMSO (dimethyl sulfoxide) was reported in 1964 (Kuraishi and Muir) 

as an excellent solvent for organic chemicals and inorganic salts and 

to enhance transport of chemicals in plants (Keil, 1965). 

Materials and Methods. 

This investigation was undertaken in 1965 to evaluate the effects 

of three chemicals with known growth regulating properties: Phosphon 

2,4-dichlorobenzyltributylphosphonium), B-995 (n-dimethyl aminosuccinamic 

acid), and CCC (2-chloroethyl trimethyl ammonium chloride) on the growth 

and development of Penncross creeping bentgrass. Bentgrass was used in 

this investigation because the stems (stolons) are above ground and 

offered better opportunity for observation of treatment effects. 

A fourth chemical with ability to move rapidly through plant tissues, 

dimethyl sulfoxide (DMSO) was included in these studies to investigate 

its ability to enhance the activity of the growth regulators. 

A. DMSO 

DMSO was applied to bentgrass in the greenhouse at 0.1, 1.0, 10.0 

and 20 percent concentrations and in combination with the three growth 

regulating chemicals. Data on injury, growth (height), number of 
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vegetative buds, and fresh and dry weight of roots and clippings were 

collected. Data analysis was completed under standard analysis of 

variance procedures. 

Application of 0.1 percent DMS0 spray resulted in no visible 

injury. DMS0 at 1.0 percent resulted in a slight discoloration of the 

leaves the day after treatment. Tip burn of 2-6 centimeters resulting 

in 40-90 percent leaf kill was observed one day following treatment 

with 10 percent or 20 percent DMSO solution. DMSO seemed to enhance 

the activity of the growth regulators presumably by increased 

absorption and/or translocation. 

B. Effect of Phosphon, CCC and B-995 on Bentgrass in Greenhouse. 

Treatments included the three growth regulators at three concentra

tions with and without DMSO at 0.1 percent. The medium rate corresponded 

to the manufacturers' recommended rate of application (table 34). 

Chemicals were applied to bentgrass grown under greenhouse conditions. 

Table 34. Concentrations of Three Growth Retardants Used in Greenhouse 
Study 

Chemical 

Phosphon 
B-995 
CCC 

Concentration in parts per million (ppm) 

500 
2,500 
2,250 

1,000 
5,000 
4,500 

2,000 
10,000 
9,000 

The chemicals were washed off onto the soil from one-half of the 

number of plants. 

Average height of growth was used as the estimator for effectiveness 

of the growth regulators. 
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Washing the chemicals off the grass plants resulted in no observable 

reduction over normal growth. At the low concentration, however, there 

was some height reduction. Perhaps the soil drench had a stimulatory 

effect on the root system at the expense of top growth. 

CCC treatments resulted in a significant reduction in growth com

pared to the control and to the other growth retarding chemicals. 

C. Field Investigations on Bentgrass. 

Bentgrass was seeded in clay plots in the greenhouse and transferred 

to the field in June. Treatments were replicated five times (table 35) 

and were applied on July 14, 28 and August 11, 1968. All sprays were 

applied until the foliage was covered. 

Table 35. Chemicals and Levels Used in the Field Study 

Chemical Concentration (ppm) 

Phosphon 250 1,125 2,000 
B-995 2,000 6,000 10,000 
CCC 2,000 5,500 9,000 

Injury 

Injury for each of the chemicals was observed to increase as the 

concentration was increased. B-995 treatments resulted in the least 

injury while CCC was the most injurious (figure 44). Typical injury 

symptoms consisted of yellowing and browning of tips and edges of 

leaves and stems. 
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Figure 44. Average injury on Penncross bentgrass of three growth regulators used 
at four concentrations. 

* 5= 45% leaves injured (maximum recorded) 

1= no injury 

DMSO in combination with the growth regulators did not affect the 

amount of grass injury. 

Growth-Height 

B-995 was not effective in reducing height at the low concentration; 

however, the medium and high rates resulted in shorter grass than the 

checks. CCC and phosphon applications resulted in a reduction in plant 

height in all concentrations (figure 45). The relationship between in

jury and height suggests that at least part of the reduction in height 

may be explained by injury rather than growth regulation. 
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Figure 45. Effect of growth regulator concentration on height of Penncross bentgrass. 

DMSO did not affect height direc tly . In combination with growth 

regulators height was reduced compared to grass plants treated with 

growth regulators alone. 

Fresh and Dry Weight of Clippings 

Grass treated with CCC produced less top growth than grass treated 

with phosphon or B-995. Increasing the concentration of the growth regu-

lators resulted in a corresponding decrease in amount of clippings 
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(figure 46). It should be noted that the correlation coefficients between 

fresh weight of clippings and injury (-0.51) and dry weight of clippings 

and injury (-0.45) were highly significant. 
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Figure 46. Effect of increasing concentrations of chemical growth regulators on fresh and dry weight of 
clippings collected from Penncross bentgrass turf. 

Fresh and Dry Weight of Roots 

There were no significant differences among chemicals, level of 

chemicals or DMS0 on root growth, weight, color, depth or amount of 

branching. 

Bud Number 

The average effect of the growth regulators was to increase the 

number of vegetative buds per unit area. 

DMSO in combination with the growth regulators further increased 

bud numbers compared to growth regulators alone. 
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D. Discussion 

Phosphon may be toxic to bentgrass if applied at concentrations 

over 2,000 ppm. Phosphon DMSO treatments may have increased the initia

tion and development of vegetative buds in Penncross bentgrass. 

Injury from CCC was directly related to concentrations. Increased 

injury resulted in decreases in weight of clippings and height of growth 

and increased bud number. Injury was associated with shorter internodes 

and increased bud number per unit area over the uninjured grass. Toxicity 

of foliar sprays of CCC makes its use impractical for regulating growth. 

Significant differences among the levels of B-995 were found for in

jury, height of growth and number of buds. The greatest reduction in 

height was associated with the greatest amount of injury. 

E. Summary 

A significant (.01 level) interaction between chemicals and treatment 

levels indicated that height reduction and amount of injury depended on con

centration. B-995 was not effective in reducing height at the low concen

trations, however, higher concentrations resulted in grass that was shorter 

than the controls, CCC and phosphon resulted in reduction of plant height 

according to treatment concentrations and injury. 

A significant interaction between concentration of chemicals and DMSO 

was evident upon analysis of bud numbers. The greatest effect of DMSO in 

increasing bud numbers occurred at the high treatment rates (up to 93% with 

phosphon). 

Reduction in growth with all chemicals was attributed, to a great 

extent, to injury of the plants. Although height and other differences 

were detected statistically, practical differences were not of a magnitude 
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to be useful in the field. The injury alone, associated with growth 

reductions, places rather severe restrictions on use of these chemicals. 

Certain aspects of the results such as increases in bud number may de

serve further research and consideration for turf under strict cultural 

regimes. 

III. Ethrel (2-chloroethylphosphonic acid). 

In 1963 investigations were initiated into the growth regulating 

properties of Ethrel. Ethrel was first reported in 1946 by Kabachnik and 

Rossiiskaya. It is very soluble in water and stable in aqueous solutions 

below pH 3.5. 

Ethrel was selected for investigation from field experiments with 

a large number of chemicals. Field, greenhouse and growth chamber exper

iments were conducted on Kentucky bluegrass plants and seed. Standard 

germination and growing techniques were followed except where solution 

culture was used. Solution culture was under a technique modified from 

Roberts (1959). 

Treatments included applications of 3000 ppm to 25,000 ppm buffered 

to pH 6.7 and unbuffered (pH to 2.2). 

Results and Discussion. 

In solution culture experiments, linear retardation of both root 

and topgrowth were observed in Park Kentucky bluegrass according to 

level of chemical during the second and fourth weeks after foliar appli

cation (figure 47). During the sixth week growth of the grasses was ob

served. Internode elongation (lengthening of the stem between the nodes), 

increased leaf number and tillering were also observed (figure 48). 
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Figure 47. Reduction in growth following 25,000 ppm Ethrel applied to leaves. 
Control on left. 

Figure 48. lnternode elongation in Kentucky bluegrass 
following treatment with 12,000 ppm Ethrel. 
Six weeks post treatment. 
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Foliar applications of Ethrel were made in October to Windsor Kentucky 

bluegrass newly established from seed in the greenhouse (table 36). Hydro

chloric acid (HCl) at pH 2.2 was used to determine the effects of acidity a

lone on growth reduction, as high concentrations of Ethrel were highly acidic. 

Table 36. Selected Treatment Concentration and pH of Foliar 
Applications of Ethrel 

Concentration (ppm) pH 

Ethrel (control) 0 6.6 
II 3,000 2.5 
II 6,000 2.4 
II 9,000 2.3 
II 12,000 2.2 

HCl 2.2 

A reduction in leaf number was observed on treated material during 

the first two weeks after treatment. General growth retardation effects 

lasted only two weeks. The HCl treatment was not different from the 

control. Tillering was not affected by any of the treatments and no 

injury was observed from the treatments. 

Experiments with foliar and soil applications of Ethrel to six week 

seedlings of Windsor Kentucky bluegrass were conducted during October 1968 

in the greenhouse. Treatments of Oto 25,000 ppm Ethrel were applied in 

5000 ppm increments (0, 5000, 10,000, 15,000, 20,000 and 25,000 ppm). 

Leaf tip necrosis was observed on all soil treatments except the 

check. Leaf number was increased by most treatments while leaf blade 

length was reduced in all Ethrel treatments. The 25,000 ppm treatment 

resulted in growth retardation. Internode elongation was evident; how

ever, there were no observable effects on plant numbers or tillering. 
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Several experiments with seed or pregerminated seed were conducted in 

the greenhouse and growth chamber. Pregermination describes seed brought 

to germination before treating and s owing. Treatments of 0, 3000, 6000, 

9000, 12,000 ppm and HCl at 2.2 pH in a 1 1/2 hour soak were included. 

No effects were observed from the HCl seed treatments. At 12,000 ppm, 

Ethrel resulted in a reduction in fresh weight, increased numbers of plants 

and increased tillering (figure 49). 

Results of Ethrel treatments on pregerminated seed included a reduc

tion in number of culms per unit area during the first three weeks after 

treatment. Subsequently, no differences were observed between the Ethrel 

and check treatments. The HCl treatments, however, resulted in higher 

numbers of culms per unit area than other treatments. Plant heights were 

not affected by the acid treatments. 

IV. Other Chemicals. 

A. -seven chemicals were evaluated under greenhouse conditions in the 

winter of 1967. Kentucky bluegrass and bentgrass were seeded in pots, 

allowed to grow to 3.81 cm in height and then trimmed. Chemicals were 

applied when the grass became established (table 37). 

The chemicals were applied during the dark and light periods of the 

day at the two rates. Data were collected weekly on growth, injury and tex

tural changes brought about by the chemicals (figure 50). 

Results indicated that Penncross bentgrass was injured (burned) at both 

rates of Pennsalt and at the high rate of decenyl succinic acid (DSA). Ken

tucky bluegrass was injured at the high rate of Pennsalt and DSA. There 

were no differences between light and dark applications. 
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Figure 49. Effect of foliar application of Eth rel on fresh weight yields of Park Kentucky bluegrass. 
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Table 37. Chemical Growth Regulators and Concentrations 

Concentrations 
Chemical Low High 

Decenyl Succinic Acid (DSA) 256 ppm 1024 ppm 
Pennsalt 1000 ppm 5000 ppm 
Morphactin 

IT 3233 2.82 ppm 28.2 ppm 
IT 3235 1000 ppm 5000 ppm 
IT 3456 2.75 ppm 27.5 ppm 

Mallinckrodt 185 1000 ppm 5000 ppm 
Mallinckrodt 319 1000 ppm 5000 ppm 
Mallinckrodt 365 (IT 3456) 12,000 ppm 
B-995 2000 ppm 10,000 ppm 

The same chemicals were applied to pure bentgrass populations and 

mixed Kentucky bl~egrass, bentgrass and red fescue populations in the 

field in replicated experiments during the summer of 1967. In all 

cases no growth regulation activity except for injury was observed. 

B. Preliminary field investigations with several new chemicals 

were conducted during 1970 on a mixed Kentucky bluegrass, creeping 

bentgrass, red fescue mixture (figure 51). A summary of observations 

from preliminary evaluation follows: 

MBR 6033 resulted in approximately 25% growth suppression accompanied 

by darkening of green color in leaves. 

M 146 resulted in chlorosis and necrosis of leaf tissue. Injury 

appeared to be proportional to the concentration applied. 

M 820 resulted in approximately 50% growth reduction which persisted 

for four weeks. No color changes were observed. 
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Figure 50. Reduction of growth four weeks after application of 12,000 ppm 
Morfactin 365. Reduction caused by toxicity of chemical. 

Figure 51. Preliminary field study of new growth regulators. Photograph taken 
August 1970, one month after application. 
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M 845 resulted in approximately 50% growth reduction which persisted 

for four weeks. The retardation was accompanied by darkening of 

green color in leaves. 

M 830 resulted in approximately 30% growth suppression for 2-3 weeks. 

No color changes were observed. 

It may be concluded that although some growth regulating 

chemicals show promise, at the present time there are none that can 

be recommended. 

Certainly MBR 6033, M 820, and H 845 deserve further investigation. 

These chemicals show great promise for growth regulation in grasses. 
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APPENDIX 

I. INFRARED PHOTOGRAPHIC TECHNIQUE FOR EVALUATION OF GRASS DENSITY 

Objective. 

To develop a technique for rapid, accurate evaluation of turf 

density in the field. Density is commonly measured in the field 

either by the use of selected quadrats or by personal (ocular) 

estimations. The former method can be time consuming and the latter 

biased by personal viewpoints. The use of an infrared camera on the 

other hand is rapid, repeatable and completely unbiased. The film may 

be read in the laboratory and also provides a permanent record of the 

measurement. 

The photographic technique for measuring density is best employed 

in areas where the grass is relatively low. In all of the studies in 

project 619, both at the St. Paul Campus Research Area and on mowed 

highway slopes photographs have been taken at the same time as the 

density has been measured by other means. Comparing the results of the 

two methods will allow standardization of the new technique. 

Methods and Materials 

I. Photographic Technique. 

Infrared (heat sensitive) film was utilized to develop a 

photographic negative image of living grass leaves. A 4 x 5 press 

camera was mounted to a light-tight styrofoam box (figure 52). The 

camera was focused at ground level at the open end of the box. The 
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Figure 52. Infrared camera fitted over light-tight box as used in field studies. 

Figure 53. Two infrared negatives indicating differences in 
density of the two grasses shown. 
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exposure time was determined by the duration of an electronic flash 

(1/1000 sec). A Braun-Hobby strobe light was used to furnish the 

energy source. A small block of wood was permanently affixed to the 

base of the camera box so that it would appear on each negative. This 

uniformly gray square on the negative was used for standardizing the 

circuitry. 

Black and white infrared film was used in conjunction with a 25A 

Wratten filter on the camera lens. Strict standardization of the 

developing process was found necessary for valid comparison of 

negatives. 

The camera apparatus is light enough for easy transport to the 

field. Field use included exposing film at any selected or random 

site as many times as it was deemed necessary to acquire an accurate 

evaluation of the turf in question. 

After the film was exposed and developed (figure 53) it could be 

evaluated mechanically by a continuous reading densitometer that would 

quantify the data either as a graph or in digital read-out. 

II. Measurement of Density Data 

A simple continuous reading densitometer was developed to give a 

measure of density. Density was determined by passing the developed 

negative between a light source and a photocell. The light sensing 

element was selected to record interruptions in the light beam 

caused by the image of the leaves on the negative. Each opaque spot 

was recorded as a single "hit." Numerical data generated in this 

manner were related to the number of live grass blades encountered. 

The light source is a 12 volt filament bulb behind a metal cover 

with a size 90 drill-hole. The bulb is wired to a potentiometer which 



131 

controls its brightness. The degree of brightness necessary is 

determined by a low intensity ruby laser light (LED on the circuit 

schematic) (figure 54 a and b). 

The circuit must be standardized to O each time. The potentiometer 

to which the filament bulb is attached is then adjusted so that the ruby 

laser light (LED) JUST begins to glow. The potentiometer is then set to 

the standard point (O voltage). After standardization, any amount of light 

above or below this standard point will elicit either a positive or nega

tive signal in the densitometer (dark or light on the negative). Two 

potentiometers (pots) in the circuit are then adjusted for the high and low 

thresholds (degree of positiveness or negativeness of the signal). 

The variations in voltage in the photocell from light hits are 

very small, making it necessary to use a series of 3 preamplifiers to 

boost the signal so that it can be recorded. Another reason for using 

3 preamplifiers is that it is very difficult to standardize the 

developing of the negatives. Some negatives are darker overall than 

others, thus causing a variation in the initial reaction of the 

photocell. It is possible with the use of 3 preamplifiers to elicit 

the proper photocell response from any particular negative. The 3 

preamplifier system brings the variation in the signal (voltage) into 

a working level which is within the range of sensitivity of the main 

amplifier. 

After entering the amplifier, the signal (either positive or 

negative) is amplified to a measurable output voltage (3 volts) and is 

transmitted to a counting device. Counting devices such as a binomial 

counter, a read-out graph, a geiger counter or an oscillograph, may be 

utilized. 
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The circuit schematic (figure 54 a and b) consists of 3 C1's 

(preamplifiers) which are a type commonly used in computers. The 

remainder of the circuit consists of the standardizing point 

(0 voltage), both the positive and negative thresholds (pots) and a 

main amplifier (C1 on right). The complex circuitry enables the 

utilization of a weak linear signal, limited discretion in the 

negatives, and provides for adjustment in the measurable degree of 

density variation. 
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II. Tables from text. 

Table 5. Survey of Plant Materials on Existing Roadside Banks, Eden 

Prairie, Minn. 1 September 1965. 

Grasses: 

Bluestem, Big* 
Bluestem, Little 
Bristlegrass, GreenT 
Dropseed, Sand 
Gram.a, Hairy 
Indiangrass 
Panicgrass 

Forbs: 

Aster, Aromatic 
Broomrape, Louisiana 
Goldenrod, Giant 
Goldenrod, November 
Goosefoot, Slimleaf 
Lespedeza, Roundhead 
Partridgepea 
Penstemon, Shell-leaf 
Ragweed, Common 
Russianthistle, TumblingT 
Smartweed, Dotted 
Sunflower, Showy 

Woody Plants: 

Ash, Green 
Elm, American 
Sumac, Smooth 
Willow, Sandbar 

Andropogon gerardi 
Andropogon scoparius 
Setaria viridis 
Sporobolus cryptandrus 
Bouteloua hirsuta 
Sorghastrum nutans 
Panicum spp. 

Aster oblongifolius 
Orobanche ludoviciana 
Solidago gigantea 
Solidago gigantea var. leiophylla 
Chenopodium leptophyllum 
Lespedeza capitata 
Cassia fasciculata 
Penstemon grandiflorus 
Ambrosia artemisiifolia 
Salsola kali tenuifolia 
Polygonum punctatum 
Helianthus latiflorus var. rigidus 

Fraxinus pensylvanicus 
Ulmus americanus 
Rhus glabra 
Salix interior 

1site location: Highway cut, south-facing 2:1 slope. Highway 169, Eden 
Prairie Township, Hennepin County, Minn. This is a sandy bank 
apparently stabilized by invasion of native prairie species from a 
prairie remnant above the cut. American elm and green ash have become 
established at the base of the slope. 

*Dominants underlined. (Dominants are those species which are most success
ful in the competition for nutrients.) 

T = Introductions or non natives. 
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Table 6. Survey of Plant Materials on Existing Roadside Banks, Carver 

Minn. 1 August 1964. 

Grasses: 

Bluestem, Big 
Bluestem, Little* 
Grama, Sideoats 

Forbs: 

Breadroot, Indian 
Buffalobean 
Gromwell, False 
K.notweed, ConunonT 
Lead plant 
Milkweed, Green 
Pasqueflower 
Peppergrass 
Prairieclover, Purple 
Prairieclover, White 
Puccoon, Hairy 
Puccoon, Hoary 
Ragwort, Prairie 
Scouringrush, Tall 
Spiderwort, Longbracted 
Spurge, RidgeseedT 
Sweetclover, YellowT 

Andropogon gerardi 
Andropogon scoparius 
Bouteloua curtipendula 

Psoralea esculenta 
Astragalus crassicarpus 
Onosmodium occidentale 
Polygonum aviculare 
Anlorpha canescens 
Acerates viridiflora 
Anemone patens 
Lepidium densiflorum 
Petalostemum purpureum 
Petalostemum candidum 
Lithospermum canescens 
Lithospermum carolinense 
Senecio plattensis 
Equisetum hyemale var. affine 
Tradescantia bracteata 
Euphorbia glyptosperma 
Melilotus officinalis 

1s. 1 . D ite ocation: ry 
Francisco Township, 
200 feet in length. 
yellow sweetclover, 

sandy south-facing slope near Minnesota River, San 
Carver, Minn. The slope is 150 feet in width and 
This steep slope has been seriously invaded by 

probably as a result of some recent disturbance. 

*Dominants underlined. 

Tlntroductions. 
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Table 7. Survey of Plant Materials on Existing Roadside Banks, 

Redwood Falls, Minn. 1 July 1962. 

1 

Grasses: 

Grama, Sideoats* 
Muhly, Green 
Switchgrass 

Forbs: 

Aster, Silky 
Camomile, GoldenT 
Coneflower, Blacksamson 
Gayfeather, Dotted 
Knapweed, SpottedT 
Rush, Torrey 
Sunflower, Maximilian 
Verbena, Wooly 

Bouteloua curtipendula 
Muhlenbergia racemosa 
Panicum virgatum 

Aster sericeus 
Anthemis tinctoria 
Echinacea angustifolia 
Liatris punctata 
Centaurea maculosa 
Juncus t orreyi 
Helianthus maximiliani 
Verbena s tricta 

Site location: Road in Redwood County, near Redwood Falls. Completely 
stable bank of native materials. Dominated by sideoats grama at the 
top and switchgrass at bottom of slope. 

*Dominants underlined. 

Trntroductions. 
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Table 8. Survey of Plant Materials on Existing Roadside Banks, 

Ow M. 1 a tonna, 1.nn. October 

Grasses: 

Bluejoint* 
Bluegrass, KentuckyT 
Bluestem, Big 
Bluestem, Little 
Canarygrass, Reed 
Cordgrass, Prairie 
Dropseed, Prairie 
Indiangrass 
Muhly, Wirestem 
QuackgrassT 
RedtopT 
Reedgrass, Common 
Wildrye, Canada 

Forbs: 

Alexanders, Golden 
Alexanders, Heart-leaved 
Anemone, Meadow 
Anemone, Virginia 
Aster, Heath 
Aster New England 
Aster, Panicled 
Aster, Smooth 
Bedstraw, Northern 
Beebalm, Soft 
Buttonsnakeroot, Largehead 

1965. 

Calamagrostis canadensis 
Poa pratensis 
Andropogon gerardi 
Andropogon scoparius 
Phalaris arundinacea 
Spartina pectinata 
Sporobolus heterolepis 
Sorghastrum nutans 
Muhlenbergia mexicana 
Agropyron repens 
Agrostis alba 
Phragmites communis 
Elymus canadensis 

Zizia aurea 
Zizia aptera 
Anemone canadensis 
Anemone virginiana 
Aster ericoides 
Aster novae-angliae 
Aster simplex 
Aster laevis 
Galium boreale 
Monarda fistulosa mollis 
Liatris ligulistylis 

1site location: East of Owatonna, Minn. on Highway 14 between highway 
and railroad. Prairie area extends for 30 miles but is less than 100 
feet wide. 

*Dominants underlined. 

Trntroductions. 
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Forbs, continued 

Clover, Low HopT 
Compass plant 
Coneflower, Cutleaf 
Coneflower, Prairie 
Coreopsis, Finger 
Culvers root 
Dogbane, Prairie 
Eveningprimrose 
Gayfeather, Kansas 
Gentian, Andrews 
Goldenrod, Giant 
Goldenrod, Grassleaf 
Goldenrod, Riddell 
Goldenrod, Stiff 
Goldenrod, Tall 
Horsetail, Field 
Horsetail, Smooth 
Iris, Blueflag 
Ironweed, Western 
Ladiestresses, Nodding 
Meadowrue, Purple 
Mountainmint, Virginia 
Milkvetch, Canada 
Milkweed, Common 
Nettle, Tall 
Parsnip, Water 
Peavine, Marsh 
Prairieclover, Purple 
Ragweed, Giant 
Sagebrush, Louisiana 
Sagebrush, Sawtooth 
Sedge 
Silene, Starry 
Sneezeweed 
Strawberry, Virginia 
Sunflower, Sawtooth 
Sunflower, Showy 
Sweetclover, White 
Thistle, Field 
Vetch, American 
Violet, Missouri 
Waterhemlock, Spotted 
Yarrow, Western 

T Introductions 
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Trifolium procumbens 
Silphium laciniatum 
Rudbeckia laciniata 
Ratibida pinnata 
Coreopsis palmata 
Veronicastrum virginicum 
Apocynum sibiricum 
Oenothera parviflora 
Liatris pycnostachya 
Gentiana andrewsii 
Solidago gigantea 
Solidago graminifolia 
Solidago riddellii 
Solidago rigida 
Solidago altissima 
Equisetum arvense 
Equisetum laevigatum 
Iris versicolor 
Vernonia fasciculata 
Spiranthes cernua 
Thalictrum dasycarpum 
Pycnanthemum virginianum 
Astragalus canadensis 
Asclepias syriaca 
Urtica procera 
Sium cicutifolia 
Lathyrus palustris 
Petalostemum purpureum 
Ambrosia trifida 
Artemisia ludoviciana 
Artemisia serrata 
Carex spp. 
Silene stellata 
Helenium autumnale 
Fragaria virginiana 
Helianthus grosseserratus 
Helianthus laetiflorus rigidus 
Melilotus alba 
Cirsium discolor 
Vicia americana 
Viola missouriensis 
Cicuta maculata 
Achillea lanulosa 



Table 8. continued 

Woody Plants: 

Aspen, Trembling 
Dogwood, Redosier 
Hazel, American 
Meadowsweet, Narrowleaf 
Oak, Bur 
Plum, American 
Rose, Arkansas 
Willow, Bebbs 
Willow, Icy 
Willow, Prairie 
Willow, Sandbar 
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Populus tremuloides 
Cornus stolonifera 
Corylus americana 
Spiraea alba 
Quercus macrocarpa 
Prunus americana 
Rosa arkansana 
Salix bebbiana 
Salix gracilis 
Salix humilis 
Salix interior 
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Table 12. Grasses Present in the University of Minnesota Arboretum 

Prairie. September 1970. 

Barley, Squirreltail 
Barnyardgrass T 
Bluegrass, Kentucky T 

*Bluestem, Big 
*Bluestem, Little 

!~!:~!;::::ss~!~~~o¥ Foxtail) T 

*Bunchgrass, Feather 
Canarygrass, Reed 

*Chess , Kalm' s 
Foxtail, Green 

*Grama, Sideoats 
*Hairgrass, Crested 
*Indiangrass 
Lovegrass, Purple 
Orchardgrass T 

*Panicgrass, Scribner's 
*Porcupinegrass 
Quackgrass I 
Redtop T 

*Satingrass, Mexican 
*Switchgrass 
Timothy T 
Wheatgrass, Crested T 

*Wheatgrass, Slender 
*Wildrye, Canada 
*Wildrye, Virginia 
Witchgrass 

Hordeum jubatum 
Echinochloa crusgalli 
Poa pratensis 
Andropogon gerardi 
Andropogon scoparius 
Setaria lutescens 
Bromus inermis 
Stipa viridula 
Phalaris arundinacea 
Bromus kalmii 
Setaria viridis 
Bouteloua curtipendula 
Koeleria cristata 
Sorghastrum nutans 
Eragrostis spectabilis 
Dactylis glomerata 
Panicum oligosanthes scribnerianum 
Stipa spartea 
Agropyron repens 
Agrostis alba 
Muhlenbergia mexicana 
Panicum virgatum 
Phleum pratense 
Agropyron cristatum 
Agropyron trachycaulum 
Elymus canadensis 
Elymus virginicus 
Panicum capillare 

T--introduced grasses from Europe (except for crested 
wheatgrass from the western United States). 

*Seeded prairie grasses. 
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Table 13. Forbs Present in University of Minnesota Arboretum Prairie 
(September 1969) 

*Alumroot, Richardson's 
*Artichoke, Jerusalem 
Aster 

*Beardtongue, largeflower 
*Beebalm 
*Blackeyed Susan 
Boneset, false 

*Bushclover, roundhead 
Buttercup, smallfower(T) 

*Button-snakeroot, prairie 
*Cinquefoil, tall 
*Compass plant 
*Crowfoot, prairie 
*Cup-plant 
*Dock, prairie 

Evening primrose, smallflower 
*Figwort 
*Golden alexanders 
*Goldenglow, wild 

Goldenrod 
*Goldenrod, flat-top 
*Ground plum 
*Indian Paintbrush 
*Milkvetch, Canada 
*Milkvetch, purple 
Milkweed, common(T) 

*Milkweed, whorled 
Milkweed, swamp 

*Mugwort, darkleaf 
*Onion, prairie 
*Painted cup, downy 
*Pasqueflower 
*Prairieclover, purple 
*Prairieclover, white 
*Snakeroot, button 
*Spiderwort, longbract(T) 
*Sunflower, stiff 
Thistle, bull(T) 
Thistle, Canada 

*Thistle, Flodman's 
*Thistle, swamp 
*Thistle, tall 
*Ticktrefoil, Canada 
*Vervain, blue 
*Vervain, hoary 
*Violet, prairie 
*Woodsorrel, violet 
*Yarrow, milfoil(T) 

*Prairie forbs 
T--not seeded 

Heuchera richarsonii 
Helianthus tuberosus 
Aster spp. 
Penstemon grandiflora 
Monarda fistulosa 
Rudbeckia hirta 
Kuhnia eupatorioides 
Lespedeza capitata 
Ranunculus abortivus 
Liatris pychnostachya 
Potentilla arguta 
Silphium laciniatum 
Ranunculus rhomboideus 
Silphium perfoliatum 
Silphium terebinthinaceum 
Oenothera parviflora 
Scrophularia lanceolata 
Zizia aurea 
Rudbeckia lacineata 
Solidago spp. 
Solidago rigida 
Astragalus crassicarpus 
Castilleja coccinea 
Astragalus canadensis 
Astragalus goniatus 
Asclepias syriaca 
Asclepias verticillata 
Asclepias incarnata 
Artemisia ludoviciana 
Allium stellatum 
Castilleja sessiliflora 
Anemone patens 
Petalostemum purpureum 
Petalostemum candidum 
Eryngium yuccaefolium 
Tradescantia bracteata 
Helianthus rigidus 
Cirsium vulgare 
Cirsium arvense 
Cirsium flodmanii 
Cirsium muticum 
Cirsium altissimum 
Desmodium canadense 
Verbena hastata 
Verbena stricta 
Viola pedatifida 
Oxalis violacea 
Achillea millefolium 
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Table 15. Species list--Highway Mowing Plots--T.H. 36, 1965 

Species (in order of percent presence) 

Grasses 

Kentucky Bluegrass (Poa pratensis)T 
Smooth Bromegrass (Bromus inermis)T 
Timothy (Phleum pratense)T 
Red Fescue (Festuca rubra)T 
Quackgrass (Agropyron repens)T 
Redtop (Agrostis alba)T 
Lovegrass (Eragrostis spp) 
Panicgrass (Panicum ca¥illare) 
Foxtail (Setaria spp.) 
Dropseed (Sporobolus cryptandrus) 
Sandbur (Cenchrus pauciflorus) 

Forbs (species other than grasses) 

Dandelion (Taraxacum officinale)T 
White Clover (Trifolium repens)f 
Red Clover (Trifolium arvense)T 
Ragweed (Ambrosia artemisiaefolia) 
Plantain (Plantago major)T 
Sheepsorrel or sourgrass (Rumex acetosella) 
Goatsbeard (Tragopogon dubius) 1 
Hawksbeard (Crepis sp.)T 
Horseweed (Erigeron canadensis) 
Cinquefoil (Potentilla norvegica) 
Yarrow (Achillea millefolium) 
Milkweed (Asclepias syriaca) 
Oxalis or Wood Sorrel (Oxalis europaea)T 
Goldenrod (Solidago sp) 
Black Medic (Medicago lupulina)T 
Alsike Clover (Trifolium hybridum)T 
Daisy Fleabane (Erigeron philadelphicus) 
Clearweed (Pilea pumila) 

T = Introductions 

Fruiting Dates 

June-August 
June-July 
July-September 
June-July 
July-September 
June-August 
June-July 
July-September 
July-September 
July-September 
July-September 

April-October 
June-September 
June-September 
July-September 
June-September 
July-September 
June-July 
June-July 
July-September 
June-September 
June-August 
July-August 
June-September 
August-October 
April-September 
July-September 
July-September 
August-September 
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