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FORWORD 

This report is offered to help highway personnel improve 

Minnesota highway turf maintenance programs. The report 

may also be useful for county and municipal road engineers and 

personnel as well as state highway people. Vegetation mainte

nance operations and problems in many of the counties and 

municipalities of Minnesota are the same as those faced by the 

state highway department. 

S e ction I presents findings and observations from a review 

of the vegetative phase of maintenance programs and practices 

in selected areas in Minnesota. Section I I presents a series of 

recommendations resulting from analysis of the findings and 

experience of the personnel conducting the review. Section III 

is a brief explanation of cultural requirements for grasses 

including examples of cost comparisons and other information 

pertinent to making judgments on turf maintenance operations. 

The report is dedicated to all personnel who are trying to 

improve the environment and vegetation on Minnesota highways • 
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INTRODUCTION 

Maintenance of highway rights-of-way is a problem of major propor

tions. Current estimated national expenditure for this effort approaches 

$500,000, 000. 00. 1 Minnesota alone expends over two million dollars per 

year in maintenance of vegetation on its state highways. 2 

Emergence of driving for pleasure as the mo st popular form of recre -

ation in the United State s 3 is one of the major reasons for current emphasis 

on highway beautification. Increases in leisure time, sensitivity to environ

mental quality, and highway safety also add strong incentive for the mainte

nance of an improved driving environment. Recognition of problems in 

vegetation maintenance has accompanied expansion of the highway systems 

and is exemplified in a statement published in 1925: "Now the wide-spread 

use of the automobile, the rapid extension of well constructed highways, and 

the resultant popularity of touring and camping, are all beginning to awaken 

us to an appreciation of the real value of our native landscape. 114 

Vegetation requires management and is a necessary part of our highway 

system. Vegetation functions to stabilize soils, intercept rainfall, protect 

and build soils as well as modify the environment associated with the trans

portation corridor. Vegetation also contributes to a cleaner atmosphere and 

counteracts air pollution. 

The 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 considerations associ

ated with the management of vegetation. 

1 Turf-grass Times. 1965. G. C. Nutter, Turf-grass is a $4 billion dollar 
industry. Vol. l (1). 

2unpublished data from the Minnesota Highway Dept. , Agricultural Engineers 

3 
office. 
Outdoor recreation for America, Rpt. to the President and Congress by the 
Outdoor Recreation Resource Review Comm., U.S. Govt. Printing Office. 
January, 1962. 

4 Rural Highways. C. P. Halligan. Mich. State Sp. Bull. #138. 1925. 
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METHODS AND PROCEDURES 

Personnel from selected highway maintenance districts were inter -

viewed in June and July of 1967 (table l ). The inspection party included at 

least one person from the University of Minnesota Department of Horticul

tural Science and when possible a representative of the Minnesota Highway 

Department. 

Area maintenance engineers and appropriate personnel were inter

viewed on the basis of individual district programs and on a pre-determined 

sequence of questions (tables 1, 2, and 3). 

An informal portion of the interview covered individual district 

problems and on site inspection of problem areas and situations. A great 

deal of the time spent in the review accrued to on site inspection of mainte

nance and construction problems. This was particularly true in the 

Rochester-Winona district. The review of the Twin Cities area districts 

was also broader than indicated by the schedule because review personnel 

are in constant contact with the situation. 

-8-
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Table 1. Location reviewed and personnel participating in maintenance survey 

1. Review personnel 
D. B. White, T. B. Bailey, and D. Heng, Dept. of Horticultural 
Science, University of Minnesota 
L. E. Foote, Minnesota State Dept. of Highways 

2, St, Paul Park, Minnesota {5 June 1967) 
Blaine Himmelman, Pre-operations Engineer 
Earl Schomeckel, Sub Area Foreman 
Jerry Larson, Chief Mechanic 

3. Golden Valley, Minnesota {6 June 1967) 
James A. Murchie, Area Maintenance Engineer 
Edward Schanus, Chief Mechanic 

4, Rochester-Winona, Minnesota {13, 14 June 1967) 
H. M. MacLaird, Area Maintenance Engineer 
Lyle Hubbard, District Foreman 
Francis Cummings, Chief Mechanic 
Ray Driscoll, Chief Inspector 
Al Paulson, Resident Engineer 

5, Morris, Minnesota {27 June 1967) 
Neal Erickson, Area Maintenance Engineer 
Bob McNally, Chief Mechanic 
Walt Gieseke, Area Foreman 
Arvid Lovig, District Foreman 

6. Detroit Lakes, Minnesota {28 June 1967) 
Vern Johnson, Area Maintenance Engineer 
Ray Gould, District Foreman 
H. A. Rose, Chief Mechanic 

7. Crookston, Minnesota {29 June 1967) 
Glen Ellinger, Area Maintenance Engineer 
Lester Duckworth, District Foreman 
Gene Tinderholm, Chief Mechanic 

8. Duluth, Minnesota (6, 7 July 1967) 
L. B. Bjo stad, Area Maintenance Engineer 
Caryl Eberhart, Chief Mechanic 
L. D. Starlay, Foreman 

9. Virginia, Minnesota (6, 7 July 1967) 
Carl Johnson, District Foreman 
Stan J. Bezek, Chief Mechanic 
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Table 2. Outline of prepared questions for a review of vegetation mainte
nance in selected districts of Minnesota 

1. Number of acres maintained 
with tractor mounted: 

Reel mowers 
Rotary mowers 
Sickle bar mowers 
Flail mowers 

2. Number of acres (or other unit - specify) maintained with motor 
powered hand controlled: 

Reel mowers 
Rotary mowers 
Sickle bar mowers 
Flail mowers 

3. Which pieces of equipment give you the 
(A) Mo st trouble 
(B) Least trouble 

4. Which piece of equipment in each category do your operators like best? 
Why? 

5. Kindly describe the weed control program in your area or district. 

6. Kindly describe the fertility program in area or district. 

7. What part of the right-of-way gives you the mo st trouble in maintenance? 

8. How do you determine your mowing equipment needs? 

9. Do you have sufficient personnel to maintain the turf in your area up to 
your standards? 
(a) If not, how much more help is needed? ( specify by position) 

1 O. How do you determine which areas will be maintained with: 
Reel 
Rotary 
Sickle Bar 
Flail 

11. Do you rely upon the County Agricultural Agent for assistance in 
management of vegetation? 

-10-
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Table 3. Outline of equipment inventory questionnaire 

(Item of Equipment) 

Name and Description 
Manufacturer 
Year Purchased 
Year Major Overhaul 

Status: Active Periodic Use 

Records Maintained and Record Information: 
Hours in use per week 
Down time (hours/week) 

Repairs and Maintenance Program (describe): 

What gives the mo st trouble with this machine? 

If not self powered, power plant used: 

Your evaluation of usefulness of machine: 

Remarks: 

-11-
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SECTION I - FINDINGS 

General Statement - Mowing 

Mowing equipment ranged from hand rotary machines through five 

gang, tractor mounted equipment (figures 11 and 12). Equipment condition 

was found to be acceptable, and equipment maintenance operations adequate 

in most cases. Repair and maintenance records were kept according to de

partmental policy and varied in detail with the shop or repair foreman. 

Inadequate knowledge of adjustment, sharpening, lubrication, and other con

ditioning requirements for some mowing equipment was found in some cases. 

It should also be noted that most of the equipment was out on the job which 

precluded comprehensive inspection. 

Equipment condition and maintenance efforts generally were considered 

acceptable and sincere. Inaccuracies could be traced to a lack of knowledge 

on the part of operators or maintenance personnel, or the failure of personnel 

to get the job done. 

Determination of equipment needs seemed to be on an individual district 

basis; however, procedures for evaluating equipment needs were for the most 

part undefined. At the operational level, equipment requests were influenced 

by the need for replacement of old equipment, increases in area to be main

tained, and personal preferences or changes in personnel. The general 

observation was that equipment was selected on the basis of what would get 

the job done under adverse conditions. The acquisition of equipment according 

to predetermined maintenance specifications, area size and operating pro

cedure consideration is not possible at the present time. More trained 

personnel are needed before determination of mowing needs on the basis of 

such a thorough analytic procedure would be possible. 

-12-
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Figure 1. Shredding, shattering, and ir
regular cut by a flail mower result in 
irregular surface appearance on turf. 

Figure 2. Clean, uniform cut and surface 
appearance of a reel mower. Grass is now 
upright and did not need to be held as in 
rotary and flail. 

13 

Figures 3 and 4. Both pictures show the 
results of improper mowing practice with 
reel-type mower on a steep slope. Note 
mower was set too low and operated beyond 
the limits designed into the machine. 

Figure 5. This picture demonstrates shat
tering and irregular cutting with flail
type mower. 



Figures 6 and 7. View of results from im
proper mowing with a flail (hammer knife) 
mower. This unacceptable aspect was evi
dent for 3 weeks after mowing. It was 
caused by overloading the mower in efforts 
to mow grass that was too tall, dense, and 
succulent. 

Figure 8. Shredding and irregular cut by 
a rotary mower result in an irregular 
surface appearance on turf. 

14 

Figure · 9. Improper fertilization applied 
before sodding. The green area received 
the proper fertilization treatment. 

Figure 10. Demonstrates inefficient meth
od of maintaining difficult slopes. 
Estimated cost of this type of mowing is 
$22.50 per acre with only 2.4 acres covered 
per day. Situations like this warrant re
evaluation on the basis of economics of 
mowing compared to ground covers other than 
grasses or alternative maintenance speci
fications (see page 59, number 6). 



Consideration of mower damage to vegetation (turf) (figures 1, 3, 4, 

5, 6, 7, and 1 7) seemed to have little bearing at all on selection of equipment, 

except as determined by height of cut. 

Flail (hammer knife) '(figures 1 and 11) type mowers seem to be popular, 

and in several districts this popularity could be traced to adaptability for 

use under a wide range of conditions. Relatively low maintenance require

ments, reduced danger as compared to rotary type mowers, yet comparable 

cutting ability and adaptability lend popularity to this type of mower. 

Rotary mowers (figure 8) were favored by some districts because of 

effectiveness in mowing shoulder areas and mixed stands of herbaceous and 

woody plants. Operating maintenance costs, however, were greater with this 

type than other tractor mowers. The high maintenance cost is due in part to 

the high power requirement of this type of mower. PTO shaft and drive 

train problems plague mowers of this type unless relatively highly powered 

and very rugged drive train equipment are used. Obvious dangers from 

propelling objects out from the mower are also considered in selection of 

this type of equipment. 

Sickle bar mowers outnumber all other types of tractor mounted equip

ment. The new 5- and 6-foot hydraulically driven types seem to be popular 

as replacements for the older pitman type drive mechanisms. Hydraulically 

driven mowers were found to have few maintenance problems, particularly 

with the 6-foot or shorter length blades. Pitman type drives resulted in 

higher operational maintenance than hydraulic machines. Sickle bar mowers 

were accepted as being well adapted for use on the type of vegetation found in 

rural areas and on maintenance sites under occasional mowing management. 

Tractor-mounted and self-propelled reel type mowers (figure 12) were 

found in only three of the districts visited. Generally these mowers were 
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FIG. 11 A FORD FLAIL MOWER - 7-FOOT WIDTH 

FIG. 12 TORO REEL MOWER - 14.5-FOOT SWATH 
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associated with urban-suburban type maintenance areas. In one case reels 

were considered as a burden to district operations and also to have high 

operational maintenance requirements. Where adapted, reels were accepted 

as resulting in the best quality mowing operation and the need for larger 

reels (larger than 8" in diameter) was mentioned. Inability to cope with tall 

grass and woody vegetation and terrain limitations was also noted. 

"Jari" sickle bar mowers made up the majority of the small equipment 

inventory. Jari mowers developed the highest maintenance requirements. 

High equipment maintenance was associated with use under adverse conditions. 

Adaptability to highway use of the Jari mower is restricted to operational ease 

only. The Jari mower is not designed for heavy use and operation on steep 

slopes. 

Mo st of the equipment was used within the operational limits of the 

machinery involved. Operational limits here refers to the functional limita

tions of operation including speed, type of vegetation, and terrain. However, 

several instances of high speed operation (10 mph plus) were witnessed with 

some tractor mounted reels. Generally, where higher equipment mainte

nance was noted, the problem could be traced to improper cutting height 

settings, high operating speeds, and inadequately trained personnel. Upon 

questioning, most operators had no idea of the actual height of cut of the 

machine they were operating. 

Mower height (figure 13) was found to be adjusted according to the density 

of turf being mowed, i.e. the thinner the turf the lower the height of cut, 

This of course contributes to a vicious circle of cultural degradation resulting 

1n even thinner turf and larger numbers of weeds. 

All mowers function better and cut more uniformly on a dense vegetative 

population. For proper mowing, grass blades must be supported and in a 
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semi-upright position. The physics of any mowing operation is such that 

support of the grass blade is required £or uniform cutting. 

The results of continued low mowing can only be thinner turf and in

creased weed populations. Low periodic mowing removes too much of the 

photosynthetic (i.e. food producing) areas of the plant and continually inhibits 

its ability to compete with other vegetation (figure 15). 

Equipment with high operational maintenance requirements: 

The inquiry disclosed high equipment maintenance requirements were 

associated with rotary mowers and accompanying power units. Equipment 

maintenance was related to the power-take-of£ or the drive train and was 

associated with the high power requirement of this type of mower. Power 

requirements become particularly magnified when this type of equipment is 

used to mow heavy growth. 

In practically all cases the Jari sickle bar mower required constant 

maintenance. This mower is adapted to highway use primarily because of 

light weight and handling characteristics. This mower is really not designed 

for constant use on slopes and difficult mowing situations. 

The maintenance requirement of hand rotary machines is high in rela

tion to life expectancy and is directly related to the mower quality. Hand 

rotary mowers are available in an almost endless quality variation. Most 

hand rotaries are constructed with homeowner use in mind, i.e. used 

24 times per year for 2-3 hours with a 5-10 year life expectancy. Very few 

small industrial quality (i.e. constant daily use with life expectancy of 10 years) 

hand rotaries are marketed, With this in mind, judicious selection and eco

nomic comparisons of maintenance costs must be practiced in selecting this 

type of mower. 
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In evaluating sickle bar mowers, it was noted that the pitman type 

drive required a great deal of attention. 

Equipment with minimum operational maintenance requirements: 

Reel type mowers, when used within working limits of the machine, 

were found in this category. The flail mower also was rated as requiring 

relatively little maintenance. 

Ford sickle bar mowers were singled out in many districts, not only 

for mechanical quality but also for operational characteristics. This could be 

traced to the low center of gravity and other features of the tractor. The 

6-foot sickle bar mowers developed fewer problems than the longer sickle 

bars. 

It was reported that the rear draft type rotary mower developed fewer 

problems than the underslung rotary. 

In general, equipment maintenance problems could be traced to: 

(1) inadequate equipment design, (2) faulty operation, (3) disregard of 

operational limits, (4) poor operator attitudes, (5) inadequate training and 

background of operational personnel, ( 6) faulty adjustment, (7) fair-wear

and-tear (figures 3, 4, 5, 6, and 7). In some cases the problems were 

directly related to high personnel turnover and its accompanying problems. 

Operator preference: 

In many districts operator preference was limited or unknown. There 

was no record of operators rating or evaluating machines for personal 

preference of operation, An exception to this was Ford tractors with sickle 

bars which were preferred in districts where they were used. Hydraulically 

driven sickle bar mowers were preferred over the pitman type drive. The 

flail type mower was preferred by administrators in mo st of the areas where 
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it was being used. This preference developed from the fact that there would 

be no worries, or at least very few, as to where the machine could be used 

and that initially there would be a reasonable maintenance requirement on 

the machine. The flail could be used in areas where grass had been left to 

grow. In some areas where reel mowers had never been used, a strong 

prejudice against reels was found to exist. Even in areas where the reel 

mowers were being used a lack of complete knowledge of the operating limita

tions of the machine was evident. 

Selection of equipment: 

In response to a question regarding the number of acres of vegetation 

that were maintained, four districts estimated a total of 44,000 acres. One 

district estimated 950 miles of right-of-way, three districts didn't know. 

The question may seem relatively unimportant if the job is being done. If one 

is to plan for the needs of the future, however, determination of replacement 

needs and initiation of any equipment and cultural efficiencies in the vegeta

tive maintenance operation makes information of this nature indispensable. 

Indeed, information on the number of acres maintained by each machine is 

basic to establishing an operating schedule based on costs, efficiency, and 

sound cultural operations. Such information is needed to make sound decisions 

on the types of equipment, amounts of equipment, operational costs, replace

ment schedules, and personnel requirements. 

The attitudes: "we take what we get" or "all of the machinery for 

maintenance is selected in St. Paul" were prevalent in many districts. Many 

districts suggested that past experience conditioned their requests for mowing 

and other maintenance equipment. In other cases it was stated that mowing 

and maintenance equipment was acquired from what was "left over" from the 

needs of other districts. Some districts were, or seemed to be, equipped by 
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trial and error. The amount of required mowing also had a strong bearing 

on the demands for equipment. Criteria for selection of equipment, generally 

speaking, in the highway districts were undefined. Ultimately, equipment 

needs seemed to be determined by people who were not well acquainted with 

all the available types of mowing equipment and the operating limitations of 

different types of equipment. Under these conditions it is impossible to 

select equipment on the basis of efficiency and specific usefulness in relation 

to mechanization of the mowing operations. Mower injury to vegetation was 

not considered in the selection of mowing equipment. Efficiency and injury 

are extremely important and will be dealt with later in the recommendations 

section. Logical selection of equipment should be determined according to 

the knowledge noted above and with a descriptive inventory of all areas mowed. 

Another problem that comes to bear here is that the highway mainte

nance districts must operate under the state purchasing policies, That is, 

they must ordinarily accept the lowest bid submitted, which in many cases 

may mean the lowest quality or the lowest efficiency. If the organization is 

to operate successfully under this code, it is imperative that detailed speci

fications are available in order to insure purchase of the be st equipment for 

any given job. False economies can be the only result from a combination of 

low bid acceptance and loose specifications. 

Inspection of equipment: 

In some cases the equipment did not fit the job as well as other equipment 

might and in some cases equipment was mounted on a tractor that was under 

powered for the job that was required, Several "home owner" class hand 

rotary mowers were found, all of varying degrees of quality. It should also 

be noted that in many cases most of the equipment was out on the job leaving 

only a limited amount available at the district headquarters for inspection. 

-21 - · 



Much of the equipment that was available for inspection was in for repair or 

had been brought in for storage. In the latter case equipment was customarily 

stored outside and was found to be left without cleaning. 

Considering all the districts visited, condition of equipment ranged 

from poor to very good. There were several cases of loose sickle bar blades, 

dull mower blades, loose bearings, tight bearings, worn bearings in need of 

replacement, and tight settings on mower equipment. Most of these problems 

could be rectified or avoided with a small adjustment or replacement. 

Adherence to the specified heights of cut was found in very few cases 

(figure 13). It was often stated that when the equipment left the shop it had 

been adjusted to a 3" or 4 11 height of cut, however, upon field inspection it 

was found that the height of cut had been reduced. In some cases the machinery 

left the shop adjusted to a 2" or 3" height of cut or less. In all cases the 

height of cut in the field was left to be determined by the operator. 

Upon inspection of one mower in the field it was disclosed that the 

operator had no idea of maintenance requirements of the machine. He had no 

idea of when the machine had last been lubricated. He did not recognize that 

the machine was operating with loose bearings and he had no idea of the height 

of cut at which the machine had been set. The machine was in fact operating 

at a cutting height of l 1
1

• Situations of this nature are bound to lead to in-

adequate vegetative maintenance and high machine operating expenses. 

The quality of machinery maintenance effort and the quality of the 

maintenance shops in general was impressive. The ingenuity demonstrated 

by people in the maintenance shops was also commendable. The Morris 

Station, for example, replaced cutting edges of rotary mower blades with the 

top edge of grader blades. It was stated that the replacement edge lasted 

twice as long as the original edge and resulted in substantial economy. 
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FIG. 13 

RANDOM MEASUREMENTS OF CUTTING HEIGHTS ON HIGHWAY RIGHTS-OF-WAY 
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Fertility programs: 

No real maintenance fertility programs were in effect, with the excep

tion of fertilizer applications at the time of seeding. One district was making 

an effort toward establishing a maintenance fertility program. Token fer

tility programs have been initiated in several districts. Knowledge as to 

fertilizer inventories on hand was readily available, however, knowledge as 

to the rates of actual application were unknown. Applications we.re being 

made where rates of fertilizer material could not be calculated and were un

known. At least part of this could be attributed to the fact that the personnel 

handling the fertilizer materials were not sufficiently acquainted with fer

tilizers and their handling to determine application rates. 

Recognition of the need for developing maintenance fertility programs 

at the operational level was noted in several districts. A need exists for 

establishment of programs where known analyses of fertilizers, known rates 

of applications, a knowledge of the vegetation upon which the fertilizer is 

being used, and a knowledge of the nutrient levels in the soil are all brought 

to bear upon the determination of application rates for the maintenance of 

turf areas. A good maintenance fertility program could contribute to lower 

maintenance requirements. Maintenance of reasonable fertility levels would 

develop healthier sod which would offer greater competition for weeds and 

better soil stabilization. In areas where frequent mowing is required, 

adequate nutrient levels are necessary for the development and maintenance 

of any kind of acceptable turf. 

Weed control program: 

A sincere effort in weed control was found in every district. Complete 

sensitivity to all the ramifications of the weed control program, except for 

reaction to complaints was found to be deficient. In most cases, special care 
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was afforded areas where farm crops were being grown contiguous to the 

highway. District programs varied from ( 1) continuous operation from 

11 June until freeze up; 11 (2) once over everything followed by spot spraying; 

(3) twice over the district; to (4) weekly spot spraying. All of the districts 

were trying to do a good job; however, if results are to be commensurate 

with the effort and expenditure, consistency is needed in developing the 

programs and more study is needed on the weed control problems of the 

highways. 

In one district, operators on weed control or spray equipment were 

changed at approximately 2- to 3-week intervals. Training personnel and 

developing a sensitivity to the potential effects of chemicals under these 

conditions would be alma st impossible. Continuous personnel change in such 

a delicate operation certainly must contribute to poor operating efficiencies. 

In several cases only a minimum effort was made to protect vegetation that 

was not being sprayed. In some cases spray operations with conventional 

equipment were continued with winds in excess of 15 miles per hour. It was 

found that many spray booms and tanks were mounted on dump truck bodies 

with the boom extending from the truck at a height as high as eight feet. In 

at least one instance apparatus of this nature was observed spraying into a 

1 0 to 1 5 mile an hour wind. 

Tordon was being used in one district to control grain and weeds re

sulting from the transport of grains through the state. This is a better 

alternative than blading shoulders for the sole purpose of vegetation control. 

There are several other chemicals available today that probably would offer 

at least as good control, and in some cases may be much more de sir able, 

than Tordon. There is room for study of broader application of this 

technique in all districts. With this in mind, evaluation of some of the 
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newer contact herbicides that decay rapidly when contacting the soil, or that 

may be more effective where complete control of vegetation is desired should 

be considered, 

Several of the districts possess invert type sprayer equipment and as 

the Highway Commission is making its own evaluation on this equipment and 

the associated chemicals, only a few observations on the subject will be 

noted here, Accidental damage to vegetation has been observed several 

hundred feet from highways where the chemicals were applied, Application 

of chemicals by the invert method does effectively eliminate a great deal of 

the drift problem under normal conditions when compared to conventional 

spray methods, Effectiveness of the chemical is somewhat limited and the 

volatility problem is not eliminated. The foreman and spray operator ul

timately determine the effectiveness of any spray operation, Thorough 

training of operators of new equipment and uses of chemicals associated 

with it should be completed before materials and equipment are used on 

highway sites. 

In evaluating the weed control practices and programs throughout the 

state the need was apparent £or continued development of training programs 

and means £or keeping operators up to date. 

Areas of difficult maintenance: 

Responses to the question of what part of the right-of-way gives the 

most trouble included ditches, back slopes (erosion} and steep slopes. 

Ditches were of general concern in all areas, In some of the districts the 

existing drainage patterns are poor, pointing up the need £or evaluation of 

some of the older construction to correct drainage deficiencies, In the 

Red River Valley with . 05 grades in ditches, drainage is al so very difficult, 

Under this situation, the drainage problem is also complicated by vegetation. 
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Unless vigorous vegetative growth management is practiced, the drainage 

system can very easily be completely disrupted. Management of vegeta

tion in ditches where drainage grades of this nature are found is very 

critical. In other areas problems developed from naturally unstable soils. 

Where limestone or loess soils predominated, it seems that vertical cuts 

may be considered as compared to standard slope methods of developing 

cuts in highway construction. An outstanding example of this type of cut 

may be found in the loess areas in southwestern Iowa, and Nebraska and 

Missouri. Problems with slides, slumps, and slips were particularly 

evident where there is a thin soil overburden on limestone or other stable 

base. Usually these soils were associated with woody cover and rocky soil 

situations. In some situations it looked as if the more effective solution to 

cleaning the ditches would have been to replace the slump or slip material 

in its original position to support the area surrounding the original slide. 

By continually cleaning the ditch, the material support for the soil on the 

slope surrounding the slip is removed. This may tend to act like a drain 

continually allowing more soil to slide. 

Personnel: 

Throughout the review one factor that continually emerged as a key to 

many of the roadside maintenance problems was that of personnel quality 

and quantity at the activity level. Many of the districts estimated that they 

would need at least twice as many men to do the job effectively while main

taining the quality standards expected of them. It should also be noted that 

several of the districts thought that their help situation was adequate to the 

needs. However, rapid turnover of personnel magnified all of the problems 

related to the maintenance and training operations associated with vegeta

tive management on the highways. At the activity level, labor quality 
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associated with vegetative maintenance in the urban districts was considered 

to be inadequate. The personnel associated with vegetative maintenance in 

rural districts were judged to have more adequate background. Many of the 

rural personnel are products of farm backgrounds while most of the urban 

personnel have no related experience. 

The attitude and judgment of relative importance of vegetative main

tenance is also reflected in personnel handling in the urban areas. The 

feeling that anyone can drive a tractor, handle a lawn mower or other opera

tion is not conducive to selection and recruitment of a high quality labor force. 

In many cases vegetative maintenance was looked upon as one of the trials 

that goes with the job, and receives only that consideration that is absolutely 

necessary to accomplish the assignment. 

Some adverse attitudes found are expressed in paraphrased statements 

like: 11 Rather patch than mow;" "Grasses are not important at all;" "Grasses 

are unnecessary;" and 11 Cut it short so we won't have to mow it so often." 

Expressions of this nature could not help but influence the whole approach to 

the vegetative maintenance problem. Attitudes like this affect the whole 

operational structure of a maintenance program. Certainly personnel 

working under such philosophies will effect a minimum effort. The result of 

such influence would tend to increase the number and magnify the severity 

of maintenance problems. This is especially true where management of 

grasses is concerned. Management of grasses is based in science and 

practices in the art of recognizing vegetative quality and vigor. 

Evidence that the attitude is not new is found in a statement made by 

Halligan in 1925: 11 Judging from the development that has taken place thus 

far, it would seem that the idea prevails that a perfectly surfaced road is 

the only essential requisite of a well developed highway, that the main 
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pleasure we have to offer traffic by these newly constructed highways is that 

derived from the sense of traveling over them at high speeds. 115 

It may be well to dwell on the consequences of "cut it short so we won't 

have to mow it so often." Implementation of this practice would tend to 

eliminate permanent grass type cover and favor establishment of weeds and 

annual grass populations (figure 15 and table 7). The problems of maintain

ing a uniform vegetative surface, effective erosion control, and aesthetically 

acceptable environment under these conditions are almost impossible to cope 

with. The increasing weed population leads to more spraying and associated 

problems. The predominance of the annual grasses leads to more immedi

ate mowing requirements over the total maintenance area and continued 

modifications of the mowing schedule. Changes in the vegetative population 

would lead to changes in soil characteristics and other £actors influencing 

the vegetative maintenance operations. 

The findings of this review will certainly be judged on a comparative 

basis with all the operations of highway maintenance. It is suggested, 

however, that the total highway environment is effective in the transportation 

£unction and that reassessment of priorities and personnel recruitment and 

utilization might substantially reduce the problems associated with vegeta-

tive maintenance. 

Many of the problems are directly related to assignment of responsi

bilities to people in areas in which they have little under standing. This is 

particularly so in the vegetative area. It seems unrealistic to charge an 

individual trained in the physical sciences with responsibilities in the bio

logical science area along with duties he is well trained £or. The biologi

cal management area can at best come out in second place. The need is 

50 . p cit 
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indicated for a position in each district for a specialist trained in manage

ment of vegetation. Until such a specialty exists, it will be difficult to 

effect major improvement in the vegetative management phase of highway 

maintenance. The point is made to expose the need for re-evaluation and 

encourage an accommodation in the current management scheme. It recog

nizes the realities of the situation and the best manner of coping with them. 

Currently, an area maintenance engineer is not only expected to 

have full and complete knowledge of all engineering requirements but by 

virtue of his position he is also expected to £unction as the leader in knowl

edge of vegetation and its cultural requirements in the district. To do this 

effectively, he must have insight into the ecology of plants on highways. 

He must be sensitive to the aesthetics of the contemporary public; and be 

able to hire, direct, and train people in an area in which he has no training 

himself. One solution would be to include in the district an operational 

position requiring training in all the requirements and biological aspects of 

vegetative maintenance and environmental influences that are associated 

with turf and other plant materials on our highway rights-of-way. This 

position must also be one of some authority in order to £unction properly 

and should be designed to assist district administrators. 

Training programs: 

Several short course type schools have been initiated in the recent 

past by the state Highway Department. They are well structured and coor

dinated by state highway department personnel. These schools are a step 

in the right direction; however, at the time of the survey, they were inade

quate to the scope of this problem. Continuous training programs are 

needed at the district level and all training techniques, including correspon

dence school type training should be considered. 
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At the time of this survey, responses to the question of training from 

district personnel indicated that on-the-job type training operation made 

the greatest contribution to the training structure in most districts. There 

were no structured district programs or training classes. There was no 

evidence of a definitive district outline for the development of increased 

competence in vegetative maintenance. One of the districts does have an 

individual who has personally assumed limited responsibilities in developing 

a training effort. Several districts did express de sires for either initiating 

or participating in continuing district training programs and expressed the 

need for assistance in this endeavor. Some operators never receive any 

instructions other than being assigned the piece of equipment they are to 

operate and the area in which they work. This problem is related to the 

feeling that 11 anyone can run a mower.'·' 

As mentioned, the state Highway Department does sponsor short 

course type training programs around the state and is doing an excellent 

job in their endeavor. A great need exists, however, for continuing pro

grams at the district level. 

Mowing programs: 

Mowing programs were established on a very general basis. In many 

cases either the operator or the foreman determined the limits of areas 

that were mowed. The operator was generally charged with adjustment of 

the mower and judging whether the mower was operating correctly or not. 

Programs and schedules seemed to evolve at the district level under broad 

directive type memoranda. The operations expand as the road system 

grows and is upgraded, leaving no opportunity for development of detailed 

and structured operations plans within the local district. The lack of 
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clear definitions of operation at the operator level contributes to many of the 

problems currently faced by districts in maintaining vegetative cover. 

In some areas practical reasons may demand that as much area be 

mowed as possible. Practical reasons that might prevail are for brush con

trol or to keep ditches open. In other areas where there are no demanding 

considerations, the level of maintenance may be interpreted on a rather 

arbitrary basis, either with or without conscious decision making. Even on 

new roadways it was obvious that there was no really structured evaluation 

and determination procedure applied in developing maintenance requirements. 

One district mentioned that they would reevaluate their program within a 

year. Most districts have had no planned periodic reevaluation of the 

mowing and maintenance programs. 

Each district should have a detailed operations plan. The districts 

would require expert help in developing these detailed operations plans. 

The resultant efficiencies should soon pay for any extra costs associated 

with the plan. 
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SECTION II - RECOMMENDATIONS 

The following recommendations are based on the findings of the review. 

In some cases policies exist that may offer solutions or acceptable alterna

tives to points made here. 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 conflict with current policy or where the recom

mendation does not recognize existing efforts, it may be well to consider 

evaluation of the current program for increasing effectiveness. Where it 

is obvious that the reviewer has developed an opinion that does not seem to 

coincide with fact, it should be remembered that the opinion developed 

during the course of the review. 

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 transportation. 

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 main

tenance considerations of design should also 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 pas sing 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 specifications should be 

included on each section of roadway when it is opened for use. It is further 

recommended that these data be compiled in a manner that is adapted to 
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computer manipulation for programming of the total maintenance operation 

for the state. This will facilitate a determination 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 reasonable 

maintenance fertilizer programs, particularly in urban areas. It may be 

expected that healthier turfs will contain fewer weeds. The reduction in the 

weed population would reduce mowing requirements and weed control opera

tions. 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 considera

tion 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 fertility programs should be written into 

maintenance specifications for each section of highway. 

4. It is recommended that in-service training programs (i.e. lon_g term 

courses) be initiated covering landscape maintenance practices, machinery 

selection, vegetation identification, weed control, fertility requirements, 

development of maintenance programs, and associated subjects. 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 es

tablish a firm level of competence and outlined to fulfill a distinct purpose. 
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The purpose of this program would be £or continuing long term improvement 

of permanent district personnel 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 £or 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 £or accomplishing their vegetative maintenance 

needs. Examples might be the development of a large reel type mower and 

mowers £or rough terrain and steep slopes. It is obvious that machinery 

companies will not develop specialized equipment £or limited markets without 

some incentive. It is also obvious that potential savings would far outweigh 

substantial research expenditures ;
1
in the development of new equipment. It 

is suggested that the Bureau of Public Roads or other national units initiate 

programs £or this purpose. I£ this is impossible then state support should 

be strongly considered. Contract arrangements such as those operating in 

the development of military 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 £unction starting in the early phases of survey and design. In wild 

land areas a wildlife biologist and forester should also be included on the 
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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 ensure 

that mowing heights actually do conform to those suggested in "Guide for Road

side Mowing" by the AASHO. 

9. It is recommended that a program be established for evaluation of 

new contact herbicides that decay rapidly when contacting the soil. The pro

gram should be structured on a continuing basis in order to take advantage of 

existing herbicides and to evaluate the continuing developments in the herbicide 

field. 

1 O. It is recommended that a daily program of equipment inspection be 

initiated at the district level (table 4). 

11. It is recommended that the state Highway Department take advantage 

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 personnel 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. 

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 
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and evaluate all highways and roadways for the purposes 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 through

out all maintenance districts. This newsletter should contain the latest 

information on vegetative maintenance practices. It may contain official 

pronouncements, suggested operational procedures, chemical and compati

bility 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 vegetative 

maintenance schedules, operations, training programs, and interpreting 

vegetative maintenance standards at the operational level. The position 

described would require formal education in an agricultural field such as 

lands cape maintenance. 

15. Highway district maintenance personnel should be encouraged to 

attend short courses that are currently offered by the University of 

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. 
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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, 

1 7. It is recommended that the state Highway Department set up an 

office and staff within its headquarters to design long term and continuing 

training programs both on a state and especially at the district level. 

Assistance in developing comprehensive in-service training programs on 

vegetative maintenance at the district level should receive high priority. 

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 districts. 

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 maintenance 

programs every 4 or 5 years is recommended. In establishing the policy, 

directions and suggestions for the conduct of the reevaluation should be in

cluded 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. Present 

plantings often become obstacles to the maintenance program rather than 

complementing it. Consideration of removal of some existing plantings may 

be justified on this basis. Replacement plantings of a different configura

tion should be considered concurrently with any removal program, 
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21. It is recommended that sign placement policies be reviewed with 

the aim of establishing 11 information clusters 11 where signs may be grouped 

on either the horizontal or vertical planes 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 placement of posts 

and supporting structures in relation to the types of maintenance and size 

of the area would also 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 danger 

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 recommended 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 problems that 

can potentially dwarf any existing problem situation. Arbitrary policies 

often develop on the basis of a false economy. An example of an arbitrary 
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policy might be a complete discontinuance or modification of mowing prac

tices 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 establishment of 

woody plant materials and growth to a stage where hand removal 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 render 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 reclama

tion operations. 

D. Upon evaluation of vegetative maintenance requirements, it is 

often evident that there are several alternative maintenance measures ap

plicable 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 

tractor operators the stability required on highway slopes and may be con

sidered somewhat unsafe. Vehicles with turf tires tend to slip, rather than 

to maintain a given path under moist conditions. 

-40-



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 conditions are 

not conducive to safe mower operation or when heavy work schedules 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 periodically 

during different seasons of the year on new equipment or equipment with 

particular 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 re

quest for bids. 
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Table 4. Daily check list 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 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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SECTION Ill - MAINTENANCE OF GRASS TYPE VEGETATION ON HIGHWAYS 

Section III of this report contains pertinent information from the exist

ing body of knowledge on vegetative maintenance. The information was not 

derived from activities of the review but it is important for a reasonable 

understanding of the vegetation requirements on highways. 

It is also important to understand that vegetation maintenance is really 

the management and selective stimulation of competition between desirable 

and undesirable vegetation. 

Efficiency of mowing operations on highway rights-of-way is actually 

determined on the drawing board during the design and early planning phases 

of any vehicular artery. Design of the vertical and horizontal alignment in 

relation to the existing topography is the major element of influence in deter

mining the environment under which vegetation will compete. It also deter

mines the effectiveness, safety, speed, and efficiency of the mowing operation. 

Highways should be designed for management of the vegetative population 

as well as management of the vehicular population. Disregard or ignorance 

of the function of vegetation in the highway environment often sets up environ

mental and management determinants that are incompatible with specifications 

for management of the vegetative (biological) community. Neglect of vegetation 

maintenance requirements in highway design is one of the major contributing 

factors to the development of the current 11 maintenance crisis. 11 

The need for vegetative ground cover is well accepted. It is the only 

alternative to unstable, unsightly, impossible situations that would develop on 

barren soils. The specifications for management of vegetative cover are 

determined by functional needs of soil stabilization, aesthetics and the visual 

environment, specific use patterns, and biological needs that are influenced 
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by growth and use requirements. Of the vegetative materials used today, 

grasses offer the greatest adaptation to widespread use. 

In order to present an undistorted picture, it should also be recognized 

that under natural conditions (i.e. no management) there is an alternative in 

parts of Minnesota. Minnesota is transected by the border between the indig

enous prairie and woody plant climax vegetations. The line bisects the state 

on somewhat of a southeast to northwest line. Southwest of this line the climax 

vegetation is prairie (grasses and £orbs) and north and east of the line the 

climax is forest. Grasses can be considered competitive only under mowing 

management programs in the forested area. 

It should be noted that in general many of the cool season grasses 

(i.e. Kentucky bluegrasses, creeping red fescues, bromegrass) are particu

larly well adapted to the environment found in Minnesota (figure 14). 

Mowing Considerations: 

"The manner in which turfgrass is mowed will greatly influence its 

health, vigor, density, degree of weed invasion, and longevity. 111 Mowing 

as a management operation is practiced to meet specifications of: 

1. Vegetation control (control of undesirable vegetation that 

is not adapted to mowing). 

2. Appearance and uniformity of the vegetative surface 

(aesthetics) (figures 1, 2, 3, 4, 5, 6, 7, and 8). 

3. Management of grass species populations (certain species 

have a narrower adaptive range than others to different mowing regimes). 

4. Height regulations. 

1Mowing Theory and Practice, J. R. Watson, Jr. Newsletter, Central 
Plains Turfgrass Foundation, Kansas State University, March 1968. 
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Mowing must be approached from a management point of view that is 

keyed to the function and use of the area. It must also be recognized as a 

practice having deleterious effects on a turf. The following outline will ex

plore some of the consequences of mowing grass: 

I. Optimum mowing heights and mowing intervals result in: 

A. Dense turf populations [ there is an optimum height of cut in rela

tion to tille:ring (increasing the number of plants and thickening the 

turf)] 

B. Reduced weed populations by favoring the grasses and penalizing 

the weeds (crabgrass cannot prosper in shade of dense turf, many 

weeds favored by low mowing are not as competitive at mowing heights 

of 2 1/2-3 11 , many weeds are starved out by mowing) 

C. Modification of the habit of the grass plant resulting in adequate 

food producing area (figure 15 ), deep root system, adequate food 

storage, reduced water loss from evaporation, lower soil tempera

tures, and ability to withstand stress situations 

II. All mowing operations: 

A. Reduce the photosynthetic area of the grass plant reducing its 

capacity to synthesize food products by removing part of the leaves 

B. Injure the plant by physically damaging cells and tissues around 

the point of cut bringing about wound reactions and stopping root 

growth for as long as 7 days 

C. Reduce the storage of food products by physically removing them 

from the plant 

D. Affect total competitive ability of each grass plant 
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It may be seen that frequent mowing at 211 is not necessarily harmful in that several leaves 
are left intact and few points of growth removed. At the same time a 211 mowing would 
eliminate practically all of the vegetative area on the taller plant mowed less frequently. 
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III. Mowing lower than the optimum height also: 

A. Reduces the root system and concurrent stored materials with 

resultant influences on the reduction of: 

1. drought tolerance 

2. tolerance to, and ability to live through, the cold seasons 

3. ability to absorb nutrients 

4. the effective nutrient reserve available to a given plant 

5. the effective moisture reserve available to a given plant 

6. the capacity for plant growth and ability of plants to modify 

the soil environment by increasing organic matter content 

which can increase water and nutrient holding capacity 

B. Increases the exposure of the soil surface to evaporation elements 

C. Increases soil temperatures 

D. Reduces "tillering" (i.e. thickening of the turf by vegetative 

reproduction) 

E. Injures leaves to a point of presenting an unacceptable surface 

appearance (i.e. brown, dried-up surface) 

F. Increases weed population (table 7) by reducing competitive ability 

of the grass population (by reducing the growing capacity of the grass 

and favoring the weeds the grass cannot compete for water and nutri

ents which ultimately results in death to grass plants) 

G. Can remove growing points (figure 15) resulting in death to the 

grass plant 

H. Can modify the grass population favoring the weedy and/or annual 

grasses. (Many weeds and weedy grasses are adapted to compete 

under low mowing conditions. When these conditions prevail they grow 

faster than the permanent grasses resulting in death to the desirable 
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FIG. 16 EFFECT OF MOWING EQUIPMENT ON GRASS BLADES 

Clean Cut Shredding 

I 
Reel Rotary 

A sharp reel results in a clean uniform cut. 

A rotary tends to shred leaves in impact area. 

A flail tends to shatter leaves in impact area. 

Shattering 

Flail 

Note differences in linear wound area and water loss potential. 
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FIG. 17 EFFECT OF SHARP VERSUS DULL CUT ON GROWTH RA TE ON TWO NEARLY 
IDENTICAL BLADES OF BLUEGRASS (SKETCHED FROM ACTUAL TIME-LAPSE PHOTOS) 

Courtesy of Toro Mfg. Co. 



vegetation. A good example is crabgrass which cannot compete under 

the shade of a vigorous grass population.) 

I. May result in even greater injury when dull or improper mowing 

equipment is used (figure 1, 3, 4, 5, 7, 8, 16, 17 and 18). 

J. Has an accumulative effect continually reducing the population 

of permanent grass es over time while all of the effects act to influence 

each other in multiplying the results and severity of the treatment. 

Proper management of turf grass es obviously requires consideration 

of compensating action to balance harmful effects of mowing. The major 

balancing agents for the deleterious effects of mowing on high maintenance 

areas are proper fertilization, mowing, and weed control programs. Of the 

possible management alternatives available, manipulation of fert ility levels 

is most applicable to highway situations. That is, if an area is to be mowed 

like a lawn it must be fertilized and managed like a lawn before it can give 

the appearance of a lawn. The fertility program must vary according to 

the severity of the treatment. 

FIG. 18 MOWING WITH HAND EQUIPMENT AND IRREGULAR CUT GOING UP AND 
DOWN SLOPE 
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Fertility Considerations: 

All plants need nutrient elements to grow; and they need them in the 

correct amounts to prosper. The requirements for nutrients vary according 

to the type of plant, the population, and the environment (including mowing 

and other treatments). 

In considering grasses, it is important to realize that plants are 

small, populations are dense, soils on highways are generally deficient in 

nutrients, and that the environment is hostile and diversified. For exam

ple, north- and south-facing slopes may be tremendously different in tem

perature, moisture, and light characteristics at any given time. Mowing 

operations exemplify the hostile treatment. With populations and conditions 

of this nature it should be evident that a programed maintenance schedule 

which includes nutrient support is necessary for adequate grass perfor-

mance. 

It is well established that turf grasses utilize the major nutrients 

N (nitrogen); P (phosphorus); and K (potassium) in approximately a 4-1-2 

ratio and that under lawn conditions Kentucky bluegrass requires approxi

mately 174 pounds of actual N per acre per year with P and K requirements 

according to the above ratio. Where clipping is not as severe as on a lawn 

the figure may be reduced. The above are average figures and can vary 

according to local climate and soil conditions. 

Fertilization can compensate for much of the damage done to grass 

plants by mowing and must be approached as a maintenance operation that 

will be repeated at scheduled intervals to maintain a given nutrient level. 

The importance of fertilization during seeding and establishment has been 

admirably demonstrated by recently initiated highway department practices 

(figure 13). Even more dramatic results may be expected from the imple

mentation of a regular programed maintenance type fertility program. 
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A few of the reasons for fertilizing are to: 

1. replace used plant energy materials 

2. replace nutrients leached through the soil 

3. condition plants for: green growth; drought; and 

cold tolerance 

4. improve physical condition of soil 

5. improve tillering (thickening) of turf 

6. conserve water 

7. make elements available 

8. control weed populations 

9. aid in recovery from injury and disease 

l O. make a turf look good 

As a general statement and in consideration of the above, a mowing 

schedule of six mowings might reasonably be compensated for in part, by an 

application of 85 pounds of actual N, in a complete fertilizer, per acre per 

year (table 5 ). This figure is l /2 the rate required by a lawn mowed at 

1 1 /2-2". The recommended time of application is between 15 August and 

10 September. This should make the necessary nutrients available for con

ditioning the turf for overwintering with continued effectiveness during the 

following spring. By the same token, any application approaching 60 pounds 

of actual N in a complete fertilizer per acre would be beneficial. The 

height of cut should, of necessity, be raised to 3" in order for the treat

ment to be effective. 

On an acre basis, under high maintenance, at least one application of 

85 pounds of actual N in a complete fertilizer should be scheduled annually 

between 15 August and 10 September. The recommended analysis of the 

fertilizer should be on the order of 20-5-10 (note 4-1-2 ratio). Distribution 
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may be accomplished most rapidly by means of a tractor mounted whirl

wind type spreader with a reliable metering mechanism. 

Cost of the above may be calculated on average costs per pound of 

10 to 20 cents for N; 10 to 15 cents for P; and 5 to 10 cents for K which 

would equal $13. 05 for N (@ 15~); $2. 48 for P (@ 12~ ); and $3. 04 for K 

(@ 7f) and a total of $18. 57 per acre. 

It should also be noted that the extra cost of slow release type 

fertilizer may be worth the investment and should be investigated. Effi

ciency of use will be enhanced if an effective slow release type can be used 

(such as Osmocote). Under no circumstances should ureaformaldehyde 

fertilizer be considered because of unreliable decomposition characteristics. 

Recommendations for a minimum fertilizer schedule are given in 

Table 5. 

Table 5. Recommended fertilizer schedule 

Level of management Pounds N /acre 

I High management 85 lbs. in 20-5-10 

II Intermediate 85 lbs. in20-5-10 
management 

III Low maintenance 0-60 lbs. Nin 20-5-10 

IV Unimproved 0-60 lbs. N in 20-5-10 

V Under reclamation according to soil tests 
(plant mixed legumes) 

Time of application 

15 Aug. -10 Sept. an
nually (may be split 1 /2 
in spring and 1 / 2 in fall) 

15 Aug. -10 Sept. an
nually 

15 Aug. -10 Sept. every 
1-3 years 

every 2-5 years 

15 Aug. -10 Sept. 

If only one application can be made, it is important to realize that fall 

application will be of the greatest benefit to the turf for the following reasons: 

1. Fall is the time of greatest root production and storage of 

greatest amount of carbohydrates 
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2. By late August most woody plants have stopped growing for 

the year. This minimizes stimulation of woody plants and maximizes the 

stimulation of turf grass root production. 

_The author is confident that establishment of a reasonable maintenance 

_fertility program in high maintenance areas has the potential of returning 

the most for money spent. This would do more to insure the efficiency of 

the mowing operation than any other single factor under the existing condi-

tions. 

Economics of Mowing: 

Labor makes up an average of 60% of most turf maintenance budgets 

across the United States. Expenditures of $2,416,835.00 were made in 

Minnesota during 1966 for management of vegetation on highways. An esti

mated $1,500,000 7 of that accrued to mowing costs alone. With the ever 

increasing demand for manpower caused by new construction and old needs, 

it behooves the administration to consider some alternatives: ( 1) increase 

efficiency; (2) decrease maintenance operations; (3) decrease the mainte

nance area; (4) develop alternative methods of maintenance. 

It appears that the Minnesota Highway Department could conceivably 

gain in several of the above while substantially increasing the quality of 

maintenance in many areas. The potential for savings in the future by 

"designs for maintenance" is almost unlimited in comparison to current 

operations (figures 19, 20, and 21). It is understood, of course, that mow

ing operations should be determined according to the criteria set forth 

earlier in the report. 

7unpublished data, Minnesota Highway Department, Agricultural Engineers 
Office 
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FIG. 19 POOR DESIGN OF SODDING SPECIFICATIONS RE
SULTING IN EROSION AND CATCH BASIN PROBLEMS. SOD 
MUST COVER TOTAL DRAINAGE STRUCTURE. HERE THE 
SOD IS AN EFFECTIVE BARRIER ALTERING THE DRAINAGE 
PATTERN. SOME RESULTS MAY BE SEEN IN FIGURE 20. 

FIG 20. CATCH BASIN FOR AREA SHOWN IN FIGURE 19. 
STICK LOCATES CATCH BASIN. 
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FIG. 21 IMPROPER HANDLING OF SOILS. THIS PICTURE 
SHOWS PUDDLED CONDITION OF FINE PLASTIC SOIL AT 
THE TIME A LARGE STEEL DRAG WAS BEING USED TO 
FINISH A SLOPE. RESULTS OF IMPROPER HANDLING OF 
SOI LS (SUCH AS THIS) CAN TAKE MANY YEARS TO 
CORRECT AND INFLUENCE THE SUCCESS OF ESTABLISH
ING AND MAINTAINING AN ACCEPTABLE COVER FOR 
MANY YEARS. 

A simple comparison of mowing operations, however, might be 

enlightening at this point. Examples are calculated assuming ideal condi

tions. The differences in the comparisons would tend to be magnified under 

adverse conditions. 

>:< Table 6 

1. 16 1 gang, tractor mounted, reel type mower: 

speed: average of 6 MPH (Max. = 8) 

time: 8-hour day 

acres mowed (calculated): 85 

labor cost @ 3. 00 /hr. $24 

>:<machine cost @ 3. 00/hr. 24 
$48 

cost per acre 48-:- 85 = 56. 5 cents 
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2. 5 1 single unit, tractor mounted, rotary mower: 

speed: average of 3 MPH (or less) 

time: 8-hour day 

acres mowed: 

labor cost 

machine cost 

cost per acre 48-;- 13 = 

13 (7 1 rotary would be 18) 

$24 

24 
$48 

$ 3. 69 48-;- 18 = $2. 67 

3. 12' gang, tractor drawn flail with 2 self powered pups: 

speed: average of 3. 5 MPH (much slower in 1. 5 MPH 
rough or heavy mowing) 

time: 8-hour day 

acres mowed: 37 15. 8 7 

labor costs $24 $24 

machine cost 36 36 
(estimated 4. 50/h) $60 $bO 

cost per acre 60 +- 37 = $ 1. 62 60 ~15. 9 = $ 3. 77 

4. 6 1 tractor mounted sickle bar mower: 

speed: 

time: 8-hour day 

acres mowed: 

labor cost 

machine cost 

cost per acre 48 -;- 21 = 
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$24 

24 
m 
$ 2. 29 

31. 5· 

$24 

24 
$48 
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5. 6 1 tractor mounted sickle bar mower + one 5 1 Minnesota 

sickle bar mower drawn behind (figure 22) 

speed: 2. 5 MPH (speed of a tractor unit alone in areas 
where the two may be used would 
probably be 6 MPH) see 4 above 

time: 8-hour day 

acres mowed: 

labor cost 2x3x8 

mower cost 

cost per acre 72 -:- 24 = 

24 

$48 

24 
$72 

$ 3. 00 

6. 30 11 self propelled, hand operated sickle bar or rotary 

mower for use on steep slopes (figure 10) 

speed: 

time: 8-hour day 

acres mowed: 

labor cost @$2.50/hr 

mower @$1. 75 /hr 

cost per acre 34 -:- 4 = 

1. 5-2 MPH (ordi- 1 MPH 
nary walking speed 
on good ground would 
be 3 MPH) 

4 2.4 

$20 two men = $40 (fig. 

14 14 
$34 m 
$ 8. 40 54 -:- 2. 4 = $22.50 

Initial purchase, repair and replacement costs are not considered 

10) 

in the above examples. These overhead costs of operation are variable and 

depend upon many factors such as age, care, and handling of equipment. 

Five to eight percent of the operating costs may be considered as a reason

able figure for maintenance of mowing machinery under average conditions. 
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FIG. 22 ILLUSTRATING HOW PROGRAMS CONTINUE OUT
DATED PRACTICES AND THE NEED FOR PERIODIC RE
EVALUATION. ONE TRACTOR AND ONE OPERATOR, 
WITHOUT THE MINNESOTA MOWER, CAN MOW AS MUCH 
IN A DAY AS THE TWO TOGETHER. (See section Ill page 59, 
number 5 for economic comparison.) 

Table 6 . Rental rate s, state owned equipment, Minnesota Department of 
Highw ays (November 11, 1964) 

Mowers 

Number 
of Units 

10 

2 

10 

Class 

110 

111 
112 

113 
114 

Pull type (Minn. Worthington, Ford, Blitzer 
Wood Bros., Case Detroit 1. 50 per hour 

Small engine powered - Jari and National 
Tractor mowers - sickle with or w /o 

loader rotary reel 

Terrain King pull type rotary mower 
Toro - self propelled ( riding type) lawn 

mower 

-60-

1. 75 per h our 

3. 00 per hour 

4. 50 per hour 

2. 25 per hour 



Outline of Mower Types and Characteristics 

(Relative to all mowers) 

1. Reel type mowers: 

result in highest quality mowing with least damage to grass 

when sharp (scissors cut) 

will not cut vegetation higher than the center of the reel 

are most economical of all mowers where adapted for use 

mow faster (6-8 mph) average 5-6 mph with less power, all 

except sickle bar 

operate best at cutting heights under 3 11 because of lack of 

rigidity of vegetation 

maximum size 17 1 - 20 1 

cost of machine maintenance somewhat higher than rotaries 

cost of power unit maintenance very low 

recommend 10" reels when available 

reels are more vulnerable to damage by debris than other types 

of cutting unit. (This is especially true when operated 

below recommended cutting height of 3 ") 

2. Rotary mow er s: 

are adapted to rough uneven growth 

cut by impact, almost as damaging to grass leaves as the flail 

operate best at cutting heights under 3" 

are adapted to rougher terrain than reel 

should be used where low quality of mowing and appearance is 

acceptable 

must be kept sharp 

propel objects at high velocity 
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may shred grass leaves 

have easy height adjustment 

require very high power 

are more economical in unit maintenance than sickle bar 

require more maintenance on power units than any other 

mower types 

have low ground speed (2-4 mph - average 2 1 /2-3 - heavier 

vegetative cover requires slower speeds) 

flat no-lift blades require less power 

have high maintenance requirement when used on thin turf 

(dusty condition) 

have highest power requirement of all mowers 

scalp and regrade uneven ground because of long wheel base 

(4-7 feet) 

3, Flail (hammer knife) type mowers: 

have low ground speed - 2-5 mph 

cut by impact - downward swing - most damaging of all mowers 

to grass leaves, requires rigid material for uniform cut 

do not cut well at heights above 2 to 3" 

are adapted to rough topography in shorter units 

are adapted to rough vegetation 

do not scalp as readily as rotary 

require less power than rotary (5-10 hp per foot of cutter bar) 

(3 plow tractor for 7 1 flail) 

cause no problem with foreign object ejection 

unit maintenance costs are comparable to or higher than rotary 

under comparable use 
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range in size from 84" to 13 1 

are either PTO or self powered (not self propelled) 

should be operated at field speed and PTO speed that is regulated 

according to height and density of vegetation 

field speed is slow in dense vegetation 

can move through lodged or tangled growth without clogging 

can be used where low quality of mowing and appearance is 

acceptable 

4. Sickle bar mowers: 

have a low power requirement 

offer low maintenance on power unit 

require high maintenance on mower, and maintenance cost per 

unit is expensive 

have low ground speeds (3-6 mph) average 3-4 

can cut material at any height 

can be raised or lowered at will, mower may be lifted for 

traverse around or over obstacles 

are not bothered by debris that is large enough to be deflected 

such as cans, bottles, etc. 

make a scissors type cut when sharp 

are available in wider swaths; but the 5 1 or 6 1 bar seems best 

suited for highways 

with hydraulic drives are superior to old pitman type drive 

are adapted for use on slopes and where vegetation is allowed 

to grow to terminal height 
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Selection of Equipment: 

Selection of equipment for any given maintenance level determines the 

success of any mowing operation. The outlines in this section are offered as 

an example of how selection criteria may be developed for equipment pur

chase and assignment. 

Level of management 

1. High aesthetic value, park-like, high maintenance 
a. five or more mowings per year 
b. reasonably even and open terrain 
c. minimum width of 6' 
d. height of cut 3" 
e. maximum height of vegetation 6 11 with 8 11 reels, or 7 1/2" 

with 10 11 reels 

(Roadsides, rest areas, median strips, interchanges) 

Recommend: reel type mowers (gang reels or self 
propelled} 

2. Intermediate maintenance 
a. five mo wings or less 
b. maximum height above 7-1/2 11 

c. terrain rough 
d. mixed herbaceous vegetation 
e. minimum width of cut 5' 
f. many obstructions 
g. (shoulders, rest areas, around trees) 
h. where quality of cut is not important 

Recommend: rotary or flail type mowers 

3. Low maintenance 
a. mowing is for weed or brush control 
b. mow 1-2 times per year 
c. terrain even to rough 
d. vegetation mixed herbaceous to mixed herbaceous and woody 
e. maximum height of vegetation is terminal 
f. steep slopes, narrow shoulders, rough terrain 

Recommend: sickle bar, heavy duty rotary 

4. Unimproved areas 
a. 1-2 mowings 
b. mixed growth, may include brush 
c. areas to be reclaimed 

Recommend: heavy duty rotary, hammer knife mowers, 
or sickle bar 
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5. Areas under reclamation 
a, 1 mowing per year 
b. plant mixed legume population 

Recommend: heavy duty rotary, hammer knife mowers, 
or sickle bar 

6. Strict vegetation control 
a. no mowing 
b. chemical control 1 -3 applications for complete control the 

fir st year and as needed thereafter 
c. flaming (may be considered on shoulders with modern gas 

flame weed control apparatus) 

Weed Control: 

"Weeds become a major problem in turf when the grass loses its 

vigor and density and cannot compete with them ..•. Clover and knotweed 

take possession on areas where nitrogen levels are low •••• Crabgrass is 

a serious pest ••• where high summer temperatures check the growth of 

grass .... Weed encroachment is the result and not the primary cause of 

poor turf. Weed eradication will not result in permanent improvement un

less conditions that weakened the turf are corrected •... 118 

The best weed control chemicals available are nitrogen, phosphorus, 

and potassium (i.e. - fertilizers) applied in the correct amounts, at the 

proper times, and in the correct ratio. A healthy turf will compete with and 

drive out most weeds. Turf specialists the world over agree that the best 

weed control is a healthy turf. 

Herbicide chemicals, however, do have a place in any turf mainte

nance program. General comprehensive weed control programs should be 

somewhat self-eliminating if the program is coordinated with good cultural 

practices. 

"The management of competition" applies here in that certain condi

tions must exist for the weeds to thrive in opposition to the turf. It should 

8 Turf Management, H. B. Musser, McGraw Hill Bk. Co., New York. 1952. 
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be clearly understood, that unless the conditions favoring the weeds are 

changed, a continual losing battle will result, Even i£ the weeds were all 

eliminated, in most situations the grasses would not take over unless growing 

conditions were improved. In many cases only bare ground would result from 

elimination of the weeds. 

The need for continuous herbicide application, as practiced in one dist

rict, is open to question. In the case of annual weeds (and perennial weeds 

too} the herbicide must be effective before weeds produce seed, After all, 

frost will eliminate annuals more effectively than any herbicide, 

Anyone associated with the herbicide program must have an active 

respect for the potential danger of the chemicals used. 

The existing program is judged inadequate at the operating level in the 

following areas: 

1. Control of amounts of chemical actually applied 

2. Respect for property and potential danger 

3. Consideration as an integrated part of the cultural operation 

rather than a separate program 

4. In the application techniques (booms 8 1 off the ground invite 

widespread drift problems} 

5. In research into the use of more selective chemicals 

6. In determining the environmental factors that favor the 

weeds over desirable vegetation 

With this in mind, it would seem that the current weed control programs 

should be reevaluated, in that i£ they were effective a program of this nature 

should be somewhat self-eliminating. This, accompanied by reasonable 

maintenance practices, should over a period of years, effectively eliminate 

weed populations and problems in large areas of every district. 
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The use of modern gas operated flame-type weed control apparatus 

should be considered for use on shoulders and other appropriate areas . 

Table 7. Effect of mowing height on turf grass populations* 

Variety 

Merion Kentucky Bluegrass 

KS-(47)*>:c Kentucky Bluegrass 

Delta Kentucky Bluegrass 

Park Kentucky Bluegrass 

Common Kentucky Bluegrass 

Weeds per 10 

Mowed at 3/4" 

8 

10 

102 

105 

108 

square feet 

Mowed at 2 11 

0 

1 

11 

8 

5 

~:~ Kentucky Bluegrass, R. R. Davis, R. W. Miller, M. H. Niehaus, Ohio 
Reports, Ohio Agric. Exper. Sta. Mar-Apr. 1966. 

>!c* Pennstar Kentucky Bluegrass 
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