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RECOMMENDED PRACTICES FOR ESTABLISHMENT

AND MAINTENANCE OF TURF

PART I: INTRODUCTION

Purpose and Scope

1. The intent of this report is to provide technical and practical

information which will be of value to those responsible for preparation,

review or accomplishment of specifications for the establishment of vege-

tative ground cover. Current turfing manuals and guide specifications

should be revised as warranted by findings of this over-all study. The

report is concerned primarily with establishment of turf grasses in the

continental United States. A brief discussion of maintenance practices

is included as such practices have a direct bearing on the successful

establishment of the desired ground cover.

2. The basic principles involved in the effective establishment

of turf grasses and other vegetation are the same, irrespective of the

type of construction; hence, information contained herein is equally

applicable to all types of military and civil construction. The recom-

mendations herein are general in nature as specific treatments will be

affected by soils, climate, seasons and area usage. It is expected

that recommended practices will be evaluated in light of local condi-

tions and necessary adaptations made.

Importance and Functions of Vegetative Ground Cover

3. Generally military or civil construction projects are relatively
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large as compared with the average private construction. Practices fol-

lowed can profoundly affect the ultimate cost to the taxpayer. It is

the responsibility of the Corps of Engineers to endeavor to assure use

of methods and procedures designed to provide effective ground cover

in the most economical manner. Some of the practices recommended herein

will seem at variance with locally accepted practice. However, they

have been proved by extensive research and testing by the Corps of Engi-

neers, State Agricultural Experiment Stations and private agencies, and

are generally accepted by the turf profession. Information concerning

local conditions of soils, climate, adapted plants and local practices

is available from the U. S. Department of Agriculture, State Experiment

Stations, County Agents and others. However, it is still the responsi-

bility of Corps of Engineers personnel to evaluate recommendations from

such agencies in light of special objectives and means at hand.

4. Erosion, both by wind and water, and destructive dust are ef-

fectively controlled by vegetative ground cover. In addition limited

traffic areas such as aircraft landing areas, vehicle parking areas, and

service roads can effectively be surfaced with turf, and turf grasses

form a resilient, safe surface for football and other athletic and recrea-

tional areas. A secondary purpose is the improvement of the general ap-

pearance of grounds.
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PART II: FACTORS INFLUENCING THE DEVELOPMENT
OF EFFECTIVE VEGETATIVE GROUND COVER

Climate

5. Climate is the most important of the many factors affecting

the establishment of turf grasses and other vegetative ground cover,

since it largely determines the type of vegetation and the grasses which

grow naturally in any area. Climate and vegetation are the two major

items influencing soil formation. This close relation between climate,

soil and vegetation is apparent from figs. 1 and 2. Climate is largely

a product of temperature, precipitation and light. Temperature divides

the continent into great temperature belts. Water supply determines the

plant distribution within those belts having generally the same tempera-

ture conditions. Light intensity and length of day influence plant

behavior. The broad effects of climate on soil formation and general

plant distribution are of less importance in this volume than is the

influence of climate on the local selection of grasses, fertilizer and

lime treatments, and establishment methods.

Humid Region

6. The Humid Region extends from Florida to Maine and west roughly

to the isohyetal of 30-in. average annual rainfall which extends from

southeastern Texas through eastern Oklahoma and Kansas, northwestern Iowa

to the westernmost tip of Lake Superior. This region is divided at about

the 4o0 isotherm for average January temperature into the Cool Humid and

Warm Humid Areas. Another humid region lies along the Pacific Coast,

extending from Washington to California, and is frequently called the Sumner

Dry Area.
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ZONAL

Great groups of soils with well-developed sol characters tics,
reflectng the dorrinating influence of climate and vegetation.
(As shown on the m, many small areas of itrajonalad axonal
soils are included )

GENERAL PATTERN OF GREAT SOIL GROUPS
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The areas of each great soil group shown
on the mne include areas of other groups too
small to be shown separately Especially are
there small area of the azonal and intrazonal
groups included in the areas of zonal groups

f //

PODZOL SOILS
Light-colored leached
forested regions.

BROWN POOZOLIC SOILS
Brown leached sois of
forested regions.

soils of cool, humid

cool- temperate, humid

GRAY-BROWN POOZOLIC SOILS

Grayish - brown leached soils of temperate,
humid forested regions.

CHESTNUT SOILS
Dark-brown sois of cool and ieiperate.
subhumid to semiared grasslands.

REDDISH CHESTNUT SOILS
Dark reddish-brown soils of warm- temperate,
semiaid regions under mixed shrub and grass
vegetation.

BROWN SOILS[Z 11Brown soils of cool and temperate.semiar d grasslands.

RED AND YELLOW POOZOLIC SOILS REDDISH BROWN SOILS

Red or yellow leached soils of warm - temperate, Reddish-brown soils of warm tew rate to hot.
humid forested regions. semiarid to and regions. under mixed shrub and

grass vegetation.

PRAIRIE SOILS
.- -Very dark brown soils of cool and temperate,

relatively humid grasslands.

REDDISH PRAIRIE SOILS
Dark reddish-brown soils of warm-temperate,
relatively humid grasslands.

CHERNOZEM SOILS

-2.: Dark-brown to nearly black soils of cool and
temperate, subhumid grasslands.

NONCALCIC BROWN SOILS
Brown or light reddish -brown soils of warm
temperate. wet-dry, semiarid regions, under

-. mixed forest, shrub, and grass vegetation.

SIEROZEM OR GRAY DESERT SOILS
Gray soils of cOOl to temperate, and regions.
under shrub and grass vegetation.

RED DESERT SOILS

'I ght reddish- brown soils
to hot, arid regions. under

INTRAZONAL
Great groups of soils with more or less well-developed soil characteristics
reflecting the dominating influence of some local factor of relef, parent
material, or age over the normal of fect of climate and getation.(Many
areas of these soils are included with zonal groups on the map)

PL ANOSOLS
Si with strongly leached surface horizons over claypans on
nearly flat land in cool to warm, humid to subhumid regions,
inder grass or forest vegetation.

RENDZINA SOILS
Dark grayish- brown to black soils developed from soft limy

+ materials in cool to warm, humid to subhumid regions, mostly
under grass vegetation.

SOLONCHAK (I) AND SOLONETZ (2) SOILS LITHOSOLS AND SHALLOW
'-. Light-colored soils with high concentration of soluble ARID-SUSI4UMID)
salts, in subtiumed to arid regions, under sit -loving plants. -, SMMD
-21 Dark -colored soils with hard prismatic subsoils, usually .
strongly alkaline, in subhumid or semiarid regions under Shallow soils co
grass or shrub vegetation. weathered mass

WIESENBODEN (I), GROUND WATER PODZOL(2). not exclusively
AND HALF-BOG SOILS (3)

i. - Dark-brown to black soils developed with poor drainage
under grasses in humid and subhumid regions.
121 Gray sandy soils with brown cemented sandy subsoils SANDS (DRY)developed under forests from nearly level imperfectly
drained sand in humid regions. Very sandy soils
(3) Poorly drained, shallow, dark peaty or mucky soils under a n

BOG SOILS
by gray mineral soil, in humid regions, under swamp-forests.

Poorly drained dark peat or muck soils underlain by peat,
mosty in humid regions, under swamp or marsh types of
vegetation.

of warm - temperate
shrub vegetation.

W SOILS

nsisting largely of an Imperiectlv
s of rock fragments. largely but
on steep slopes.

SOILS
Soils developing from recently deposited alluvium
that have had little or no modification by pro-
cesses of soil formation.

After map. Soil Assocat/on; of /he United S/a/es, published in Soils and Men. Yearbook of Agriculture for 1938
Division of Soil Survey. Bureau of Plant Industry. U. S. D. A

82351a

AZONAL
Soils without well-developed soil charactenstics.(Many areas
of these soils are included with other groups on the map.)
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7. The Cool Humid Area of eastern United States is characterized

by above 30 in. of rainfall, over half of which usually falls during the

summer season. Winter temperatures are too cool for survival of such

grasses as common Bermuda grass, Bahia grass, Dallis grass and carpet

grass. Normal seeding periods for the cool season perennial grasses and

legumes in this area are generally in late summer and early fall and in

early spring. Certain hot season plants frequently used as temporary

ground cover are seeded during the summer months. The special purpose

plantings are more fully discussed in part IV of this manual.

8. The Warm Humid Area includes all of the southeastern United

States. Rainfall varies from 30 to 60 in. annually and is seasonally

distributed in a manner that permits the production of some types of turf

all during the year. Frost-free periods range from 180 to 300 days on

the average. Killing frosts seldom occur in southern Florida. Planting

periods in the Warm Humid Area extend generally from late April to early

September for perennial grasses. For temporary ground cover during the

cool season, certain Cool Humid Area plants such as the cereal grains,

Sudan grass and millets are useful. These plants are also useful as

companion plantings with perennial grasses.

9. Summer Dry Area. From the top of the Sierra Nevada and Cascade

Mountain ranges to the Pacific Coast rainfall is sufficient to produce

natural forests, brush and grasses. Precipitation will vary from about

10 in. at San Diego to over 100 in. in portions of Washington. The

months of December, January and February provide from 40 to 60 per cent

of the total precipitation while the summer months of June, July and

August provide only from one to ten per cent of the total. The difference
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between summer and winter precipitation is most marked in the southern

portion of the coastal region. The seasonal distribution of rainfall has

possibly a more profound influence on time of planting in this area than

anywhere else in the United States. In the northern California, Oregon

and Washington portion of this region all of the perennial grasses common

to the Cool Humid Area of the eastern United States are adapted. In the

drier area of west, central and southern California common and perennial

rye grass and alfalfa are valuable. Kikuyu grass, St. Augustine grass

and Bermuda grass are suitable under irrigation. Relatively heavy fogs

prevailing in the coastal area are of major assistance in establishing

vegetative ground covers.

Subhumid Region

10. The Subhumid Region is intermediate in position and climate

between the humid east and the dry western plains. Rainfall varies from

about 30 in. on the east to about 15 in. adjacent to the arid and semi-

arid region. Higher evaporation in the southern portion makes rainfall

in that area less effective for plant growth.

11. The Warm Subhumid Area extending from northern Oklahoma south

to Mexico has an average frost-free season of from 180 to over 300 days.

This area is subject to rapid changes in temperature, marked extremes and

wide temperature ranges. Changes in temperature caused by altitude aver-

age about 10 F for each 300 ft of ascent. All parts of the southern por-

tion of this area are subject to extremely high temperatures and to periods

of frost. Careful attention to planting dates is extremely important be-

cause of the widely varying climatic conditions.

12. Perennial grasses of the Warm Subhumid Area include buffalo
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grass, grama grass, Bermuda grass, bluestem, switch grass and love grass.

Vegetative planting of Bermuda grass in the eastern portion of the area

is successful without irrigation. Buffalo grass is successful from

southern Texas northward to southern North Dakota.

13. The Cool Subhumid Area includes that area from northern Okla-

homa through the prairies north to Canada. Only in Illinois do extensive

prairie lands extend east of this region. The average frost-free season

is from 100 to 180 days. Rainfall varies from about 15 in. to 30 in.,

decreasing from east to west. Over the entire Subhumid Region rainfall

during the warm season equals or exceeds half the total annual precipita-

tion. Cool Subhumid Area grasses suitable for dust and erosion control

include wheat grasses, grama grass, buffalo grass, smooth brome grass,

native bluegrasses and alfalfa. Practically all Cool Humid Area grasses

are suitable for this area if supplemental irrigation is provided. Early

spring seeding is common to most of the area to make full use of available

soil moisture.

The Semiarid or Great Plains Region

14. This region extends from the southernmost tip of Texas north to

Canada and from the Subhumid Region on the east to the eastern slopes of

the Rocky Mountains. For the most part the area is formed of great plains

lying at elevations ranging from 3000 to 4000 ft. Rainfall varies from

about 10 in. in the north to about 24 in. in southern Texas. The region

is subject to violent rainstorms and heavy precipitation, and as much as

a third of the annual rainfall may fall in one storm. Again there are

periods of up to four months without appreciable precipitation. Drought

hazards are greatest in winter and least in spring and early summer.
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15. Cool Semiarid Area. Rainfall in the northern portion of the

Great Plains varies from 5 to 15 in. annually. About half of this amount

falls during the cool months of the year. Evaporation rates are lower

than in the Warm Semiarid Area. Crested wheat grass, western wheat

grass, sand dropseed, Indian rice grass, sheep's fescue and Idaho fescue

are important perennial grasses. These may be successfully established

if planted into a vegetative mulch or into standing dry grain or grain

stubble. Because of limited available moisture all seeding should be

done early in the period of most favorable moisture. A loose, friable

seedbed such as is practiced in humid regions will normally result in

failure in these areas of low rainfall. If cultivation is necessary it

should be done prior to the season of expected rainfall to permit the

soil to absorb all the rainfall possible. The seedbed must then be left

in a firm condition, being disturbed only sufficiently to permit seeding

of the desired grasses. Cereal rye may be planted at the beginning of

the winter rains and will provide good dust control. The stubble will

form good protection for later planting of perennial grasses.

16. Warm Semiarid Area. Rainfall in the southern Great Plains

may be as much as 25 in. annually. High evaporation rates render this

rainfall no more effective than a lesser amount further north. The

drought hazard in the south is greatest in winter. The fluctuations of

climate in this area make planting especially hazardous. In one year

rainfall may exceed that of adjacent subhumid regions and again it may

more nearly resemble the climate of the desert areas. Blue grama grass,

western wheat grass, and buffalo grass are found in the northern portion

of this southern Great Plains area. In the southern portion native
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grasses include black, hairy and crowfoot grama grass, curly mesquite

and tobosa grass,but seeds are not available in large quantities. Bermuda

grass will thrive under irrigation and is one of the better lawn grasses.

Arid Region

17. This region consists of a great belt of mountain, valley, and

desert land lying between the Great Plains and the summits of the Sierra

Nevada-Cascade Mountain ranges. Although the driest areas in the United

States are within its boundaries, there is also a great diversity of

local climatic conditions caused primarily by topography. The Sierra

Nevada-Cascade ranges interpose a barrier to Pacific Coast storms and

each succeeding range eastward further increases precipitation on the

western slopes and increases aridity on the eastern slopes and valley.

Precipitation may vary from 4 in. annually in the valleys to 40 in.

annually on a western mountain slope less than 40 miles away. Topography

also greatly modifies temperature, creating valleys which do not remain

frost-free long enough to mature even a short season crop while in others

the seasons are sufficiently long for late maturing crops.

18. Cool Arid Area. This area lying roughly between the Utah-

Arizona line and the Canadian border is in the zone of prevailing westerly

winds. Maximum precipitation occurs in winter and early spring. July,

August and September are the driest months. Rainfall varies from 4 in.

in the valleys to as much as 60 in. in some mountain areas. Growing sea-

sons are usually shorter than in the Warm Arid Area. Grasses in this

region include slender and crested wheat grass and smooth brome grass.

19. Warm Arid Area. This region includes most of New Mexico,

Arizona and southeastern California. The greatest rainfall comes in the
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hottest portion of the year, because of moist southerly winds sweeping

over the region in summer. Nearly half the annual precipitation occurs

during July, August and September. In some mountain areas this rainfall

pattern may change, bringing heavy precipitation in winter also. Usually

this winter fall is snow. Annual precipitation will vary from about 3

in. in the vicinity of Yuma, Arizona, to 30 in. in the mountains of

northern Arizona and New Mexico. Much of this area is practically devoid

of any permanent grass type vegetation. Indian rice grass and sand drop-

seed are found in all but the driest areas where some galleta is found.

The major plants in these areas of less than 25 in. annual rainfall are

annual grasses, legumes, and weeds. Domestic rye grass, bur clover, sour

clover, wild oats and winter barley are the most commonly used plants.

Soils

20. This discussion of soils, while containing much that is already

of common knowledge to the engineer, deals primarily with the character-

istics and influences of soils as they affect agricultural production and

specifically the production of vegetative ground cover. Later in this

discussion an attempt is made to relate agricultural and engineering soil

terminology. As previously stated, soil groups, plant associations and

climatic zones are closely related. However, the divisions are not sharp

and many local variations in soil and plants in any climatic zone may re-

sult from local variations in slope, parent material and geological age.

Any natural soil is the aggregate product of climate, living matter,

parent material, geological age and relief. The latter three are the

reasons for local variations or the intrazonal and azonal soils.
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Principal types of soils (fig. 2)

21. The types of soil formations associated with climatic and vege-

tative variations fall generally into three principal soil classes.

These large classes are the result of climate and vegetation acting over

a long period of time. They are: (a) zonal soils, (b) intrazonal soils,

and (c) azonal soils.

a. Zonal soils have well-defined characteristics reflecting
the effects of climate and vegetation. These soils are
identified with rolling, gently sloping uplands having
good drainage and are from parent materials of normal
texture and balanced chemical composition. As a result
of the physical and chemical factors active in soil
formation, soils having well-developed characteristics
will be found to have a distinctive soil profile or
sequence of soil layers usually referred to as horizons.
The A horizon is the area of natural topsoil containing
most of the organic matter and subject to intense activ-
ity of soil organisms. The leaching of the products of
this activity and of mineral bases in humid regions into
the next lower or B horizon results in an acid surface
soil which responds readily to liming. In humid regions
this accumulation of leached materials in the B horizon
includes clay, iron and aluminum. In the subhumid to
arid regions the B horizon will be only slightly acid to
overly alkaline caused by an accumulation of calcium and
other salts. The third, or lowest layer of the soil
solum, the C horizon, consists primarily of unweathered
parent material. In many areas of the United States,
especially in the Humid Region, a large portion or all
of the A horizon or natural topsoil has been removed by
erosion, leaving the B or even C horizon soil as the
medium for plant development. This condition is also
often man-made during construction activities. In many
cases this B or C horizon material, when properly managed,
is entirely adequate for development of a vegetative
ground cover.

b. Intrazonal soils have generally well-defined character-
istics reflecting the influence of local factors of
relief, parent material or age. They generally are
found associated in small areas with two or more zonal
soils.

c. Azonal soils are devoid of well-defined soil character-
istics because of parent material, slope or extreme
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youth--such soils are usually found on steep slopes,
recent alluvial deposits or deposits of nearly pure
loose sand.

22. A tabulation of the soils found in the various climate regions

of the United States is given below, followed by a discussion of the soils

in each region.

Humid Region Soils

Podzols

Brown Podzolic soil

Gray-Brown Podzolic soils

Red and Yellow Podzolic soils

Prairie soils

Reddish Prairie soils

light colored, leached forest soils,
found in extreme northeastern United
States and around the northernmost
Great Lakes. Also found in Canada
and Alaska.

brown, leached soils of cool, humid
forested areas.

grayish brown leached soils of forested
temperate region found both in humid
east and Pacific Coast area.

red or yellow leached soils of warm
forested area, found in humid southeast
and west of Sierra Nevada-Cascade
Mountains.

dark brown soils of cool temperate,
relatively humid grassland areas.

dark reddish-brown soil of warm, tem-
perate, relatively humid grasslands.

Subhumid to Arid Region Soils

Chernozem soils

Chestnut soils

Reddish Chestnut soils

dark brown to black soils of cool sub-
humid grassland areas.

dark brown soils of cool, subhumid to
arid grasslands.

dark, reddish-brown soils formed in
warm semiarid regions under mixed
shrubs and grass.
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Brown soils of cool semiarid grasslands.

Reddish-brown soils reddish-brown soils found in warm to
hot semiarid to arid regions under
mixed shrub and grass vegetation.

Noncalcic Brown soils brown or light reddish-brown soils of
warm wet to semidry regions under mixed
forest, shrub and grass.

Gray Desert soils gray soils of cool to temperate arid
region under shrubs and grass.

Red Desert soils light reddish-brown soils formed in
warm to hot arid region under shrub
vegetation.

Humid Region soils

23. Podzolic soils are the product of a cool, moist climate and

are found under coniferous or coniferous-hardwood forests typical of

northern New England and the northernmost Great Lakes. This soil type

is found also in Canada and Alaska. Forest matter, on decay, returns

less bases to the soil to counteract the loss by leaching than do the

grasses. Decomposition of organic material in the resultant acid soil

is accomplished more by fungi than by bacteria. The soluble products

formed by action of the fungi are more readily leached out, leaving little

humus as compared with the amount found under grassland vegetation. The

entire solum of the Podzolic soils is strongly acid and responds well to

liming and fertilizers. The natural surface soil, after removal of the

decayed organic surface cover is a light gray layer only a few inches in

thickness. The subsoil, or B horizon, grades from a brown heavier tex-

ture soil through yellowish brown, moderately heavy soil to the parent

material.

24. Brown Podzolic soils are found only in the northeastern United



States, they lie south of the main Podzolic area of New England but are

closely intermingled in the zone of transition. These soils have a very

thin, less than one inch, gray leached A horizon and a yellowish-brown

B horizon. The total solum usually does not exceed 30 in. in depth.

The soil is moderately to strongly acid and highly leached, and requires

heaving, liming and fertilizing for productivity.

25. Gray-Brown Podzolic soils of the eastern and midwestern states

were developed under deciduous forests in a humid temperate climate.

Somewhat similar. soils have developed in the Pacific Northwest under

coniferous forests. A typical soil of this group has a grayish-brown

leached horizon 8 to 10 in. in thickness which is overlain with a thin,

dark, grayish-brown, granular humus layer. The B horizon which is heav-

ier textured than the A horizon is yellowish-brown to reddish-brown and

blends gradually in color and texture into the parent material beneath.

These soils are usually medium acid and vary in fertility according to

the character of the parent material. In general, soils developed on

shales and quartz sand are the least productive. All respond to liming

and fertilizers.

26. Red and Yellow Podzolic soils are found in the southeastern

part of the United States, including the Piedmont, the Coastal Plains,

the Ozark Plateaus, the southern portion of the Appalachian Plateaus and

limestone valleys. Elevations range from sea level to 2000 ft. Soils

are strongly leached, acid in reaction and are generally infertile. The

surface soil layer is light colored and sandy textured. The red, yellow

or mottled subsoils are heavier than the surface soils. These soils

respond well to fertilizers and lime.
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27. Prairie soils have been developed in moderately humid cool

climates under grass vegetation. These soils occupy a large portion of

the corn belt in the Middlewest. Surface soils are dark brown to black,

mildly acid in reaction and are underlain by well-oxidized Brown soil.

Prairie soils do not have the lime accumulation found in Chernozem soil.

The soils are among the most productive in the United States. Soils of

somewhat similar character are found in the Altamont-Los Osas-Cayucas

areas of California, in northern Idaho, northeastern Oregon and south-

eastern Washington.

28. Reddish Prairie soils are found south of the true Prairie soils,

The parent material and warm climate have imparted a redder color to this

soil than is found in the true Prairie soils. The Reddish Prairie soils

occupy a relatively small area in north central Texas, northern Oklahoma

and southern Kansas.

Soils of Subhumid to Arid Regions

29. Chernozem soils are the dark brown to black soils developed in

cool subhumid regions under grass vegetation. A distinguishing feature

of the lower stratum of the solum is an accumulation of carbonates.

Chernozem soils are found in a broad belt in north central United States

in the tall grasslands. Rainfall ranges from 18 to 28 in. annually.

Another Chernozem soil area is found in northeastern Oregon and Washington

and northern Idaho. On soil maps these areas are shown as Palouse soils.

30. Chestnut soils of the northern Great Plains are characterized

by dark brown or grayish-brown surface soils which grade into light gray

or white calcareous horizons at about 1-1/2 to 2 ft in depth. Similar

soils which are found in Oregon and Washington are characterized by a
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dark brown surface soil with the calcareous layer at a depth of about

4 ft. Chestnut soils are highly productive when supplied with ample

moisture.

31. The Reddish Chestnut soils have been developed on the grassy

plains of southern Kansas to the Gulf of Mexico under subhumid to semi-

arid climates. The reddish brown surface soils are friable and the sub-

soils are heavier and tougher, ranging progressively from reddish brown

to light gray in descending position. The lower solum is highly calcar-

eous. These soils, like the Chestnut soils, are inherently fertile when

supplied with ample water.

32. Brown soils exist under a cool semiarid climate and short

grasses, bunch grasses and shrubs. Brown surface soils overlie a cal-

careous subsoil existing at depths of 1 to 2 ft. These soils cover a

vast area in the western Great Plains and some areas in the intermoun-

tainous far West.

33. Reddish Brown soils lie south of the Brown soils, mostly in

central and eastern New Mexico and western and southern Texas. Surface

soils are reddish brown to red and are mellow. Upper subsoils are sim-

ilar in color and of heavier texture. Lower subsoils range from pink to

white and are high in lime. The natural nitrogen supply in both top and

lower soils is low and moderate applications of this element produce a

response in spite of the low moisture supply.

34. Noncalcic Brown soils are commonly leached of lime carbonate

but remain nearly neutral or slightly alkaline. Surface soils are brown,

reddish brown or'.red in color and are mellow or slightly compact. The

noncalcic subsoils are of heavier texture and reddish. The soils were
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developed in a warm subhumid or semiarid climate and occupy the mountain,

hills or intermediate areas of central and eastern California and central

Arizona. The soils are highly productive under irrigation.

35. Gray Desert soils are developed in arid, warm to cool climates

and occupy vast areas in the desert and semidesert areas of the western

intermountain region. Desert shrubs form the principal vegetation. Sur-

face soils are low in organic matter and subsurface soils have a high,

soluble salt concentration. Soils are high in mineral content and are

inherently very fertile. Moisture is generally the limiting factor in

plant growth. Some areas having a very light salt content or alkaline

reaction are unsuitable for vegetative production.

36. Red Desert soils are found in the hot arid Southwest from

Texas to southeastern California. The color varies from a light pink-

ish gray to reddish brown to red. The red to reddish brown upper soils

are heavier and more compact than the pink or white very limy subsoils.

These soils are only slightly leached and are very productive when irri-

gated. While free lime is usually found in the B horizon of Brown soils

it may lie close to the surface of Desert soils. This progressive de-

crease in leaching from the subhumid to arid conditions is primarily a

result of the decrease in precipitation. It is frequently aggravated by

a condition of imperfect drainage which permits an excessive accumulation

of alkali or salts throughout the solum and frequently results in an accu-

mulation of precipitated salts on the soil surface. Correction of drain-

age permits the eventual leaching out of excessive salts. Such a process

is exceedingly slow and is of little immediate value in the establish-

ment of vegetation unless heavy applications of water are possible. The
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presence of an excess of injurious salts is not always immediately appar-

ent as no surface manifestations may exist. Application of copious

quantities of water without first providing adequate drainage may result

in raising the water table to a level which will bring injurious salts

into contact with plant roots. Subsurface drainage must be adequate to

keep the salt content of ground water equal to or less than the irriga-

tion water.

37. All desert soils are naturally low in organic matter and, as

practically all soil nitrogen is in organic combination, consequently,

are low in nitrogen. Moderate amounts of nitrogen applied to vegetated

areas are effective in stimulating plant growth provided sufficient water

is applied. Light applications of nitrogen are an effective aid in estab-

lishment of vegetation under normal dryland rainfall conditions.

Role of Soil in Plant Production

38. Soil, as a medium for plant growth, must provide (a) anchorage

for the plant, (b) soil moisture, air and temperatures sufficient for

normal plant growth, and (c) nutrient elements in a form available to

the plant and in the proper amounts.

39. Plants are anchored in place by their roots; therefore, it

is important that soil texture be such that roots can penetrate to an

adequate depth. This is extremely important with large plants as illus-

trated by fallen trees whose roots had spread out at a shallow depth on

top of a hardpan. With grasses, deep root penetration is of importance

as it affects the ability of the plant to forage for plant nutrients,

water and air, and thereby survive drought and other adverse conditions,
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40. The total volume of the soil is composed of solids, liquids

and gases. Proper proportions of these three in the soil are necessary

if the soil is to be a desirable medium for plant development.

a. The inorganic portion of the soil solids range in size
from stones or gravel through sand and silt to the col-
loidal fines (fig. 4, page 35). The coarse and medium-
size particles are the framework in which the plant is
anchored. The inorganic colloids plus the colloidal
residue of plant and animal decay are the storage place
for plant nutrients and soil solutions. The quantity
and quality of these colloids determine the ability of
the soil to store surplus plant nutrients and release
them as needed by the plant. This colloidal to granu-
lar material ratio profoundly affects the management
practices required to maintain satisfactory plant growth.

b. The soil solution consists of water carrying varying pro-
portions of dissolved mineral matter, carbon dioxide and
oxygen. It is this liquid portion which is the medium for
carrying minerals, nitrogen and water into the plant.

c. A proper balance between soil solution and the third soil
component, gases, is necessary. Soils which have exces-
sive water holding capacity owing to fine texture or high
organic content (small pore spaces), and soils waterlogged
owing to poor drainage have insufficient remaining pore
space for necessary air. Consequently most turf grasses
and ground-cover plants are unable to grow and normal
aerobic microorganisms cease to function. Such soils are
frequently described as sour. At the other extreme, in
very porous soils, air may almost entirely replace the
soil solution thus rendering the soil unfit for normal
plant growth. Other than this relationship between size
of pore space and movement of soil moisture and air, and
the possibility of water storage the total pore space is
of little significance.

41. Plants require many elements for satisfactory growth. (See

table 1, page 24.) These may be derived from soil minerals, organic

matter or commercial fertilizers. The ability of the soil minerals to

feed the plant varies with the climate, soil particle size, and soil

reaction. Many Humid Region soils have been severely leached of phos-

phorous, potash, and available calcium. Highly calcareous soils such as
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the glacial soils of New England and the Middle Western states lock up

phosphorous in a form unavailable to plants. The phosphate rock soils of

Florida and other areas respond to application of superphosphate. Lime-

stone soils respond to applications of calcium. Nitrogen is derived from

organic matter either natural or applied as manures. For this reason

there is little or no nitrogen in the subsoils which form much of the

upper soil of large construction projects.

42. In addition to the major elements of nitrogen, phosphorus,

potash and calcium, the plant requires the so-called trace or minor

elements including magnesium, sulfur, iron, boron, copper, manganese

and zinc. Generally, soils contain these trace elements in adequate

amounts for turf grasses.

Plant Nutrients and Their Sources

Role of the plant nutrients

43. Of the three so-called major elements, nitrogen produces the

greatest visible response on most grasses. Soils seldom contain suffi-

cient nitrogen and all soils, except the most fertile, respond profitably

to the use of nitrogenous fertilizers. Nitrogen primarily produces the

above-ground portion of the vegetative growth and is necessary for the

green color. In addition it is essential in the efficient utilization

of phosphorus and potash.

44. The role of phosphorus in plant growth is not so well under-

stood. It is generally accepted that this element is essential for seed

production. It also encourages root development, hastens maturity and

increases resistance of the plant to disease and cold. Phosphorus
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increases palatability of grasses, and influences sturdy bone develop-

ment in animals feeding upon grass well supplied with this element.

45. Potassium, on the other hand, delays maturity while increasing

resistance to disease and encouraging root development. Grasses and other

vegetation vary in their response to both phosphorus and potash. For

example, Bermuda grass on some soils shows no response to either of these

elements while on other soils it responds to light applications of phos-

phorus but shows no further gain from repeated application of the same

fertilizer. It is probable that most soils contain sufficient phosphorus

and potash for the establishment of most grasses. Continuous abstinence

from their application, however, may result in an unbalanced nutritional

condition with resultant detriment to the plant. For that reason it is

usually good practice to use a complete fertilizer (one containing nitro-

gen, phosphorus and potash) during the establishment period. A 1-2-1 or

1-1-1 ratio is good (see paragraph 48 for explanation of ratios). After

establishment the nitrogen should predominate in the mixture. Frequently

nitrogen alone will suffice. This is especially true for the southern

grasses such as Bermuda, centipede, St. Augustine, and carpet. Soil

tests showing available phosphorus and potash are an aid in determining

the necessity for adding these elements. Results of such tests must be

interpreted according to soil type and location and at best can be only

an indicator of probable nutrient deficiencies.

46. Ideally, the soil should contain, either naturally or from

addition of fertilizers, the proper balance of plant nutrients for plant

growth. In practice this is impracticable because of the extreme varia-

bility of crop response to the various elements and the influence of
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such elements as calcium, magnesium, manganese, aluminum and iron on the

applied nutrients. Fortunately most plants have a rather wide tolerance

to changes in nutrient balance and are seldom affected adversely by a

moderate oversupply of the common nutritional elements. This statement

does not apply to sodium and other injurious elements frequently found in

the arid soils of the West.

Table 1

SOURCES OF PLANT NUTRIENTS

Elements Essential
for Plant Growth

Nitrogen

Phosphorus

Potash

Calcium

Magnesium

Sulfur

Iron

Boron

Copper

Zinc

Symbol

N

P

K

Ca

Mg

S

Fe

B

Cu

Zn

Applied as

Soil organic matter, legumes, manures,
organic fertilizers (sewage sludge,
tankage, seed meals, fish scrap, etc.),
commercial fertilizers.

Soil organic matter and minerals,
manures, commercial fertilizers.

Soil minerals, commercial fertilizers.

Soil minerals and free lime, agricul-
tural lime.

Soil minerals and free lime, agricul-
tural lime.

Soil minerals, organic matter, sulfur,
gypsum.

Soil minerals, organic matter, iron
sulfate.

Organic matter and soil minerals,
manganese sulfate.

Organic matter, soil minerals, copper
sulfate.

Organic matter, soil minerals, zinc
sulfate.

... ....... .. _ ....... ... , .- .. . . ... rte
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Table 2

SOURCES OF THE THREE MAJOR ELEMENTS

Fertilizer

Sulfate of ammonia

Nitrate of soda

Ammonium phosphate

Ammonium nitrate

Tankage

Sewage sludge

Seed meals

Fish scrap

Chemical Formula

Nitrogen (N)

(NH) 2 SO4

Na NO3

NH H2 PO4

NH NO3

Percentage of
Element (Approximate)

20

16

11

34

2-10

1-1/2-6

3-1/2-9

6-10

Phosphoric Acid (P2 05)

Ammonium phosphate

Superphosphate

Basic slag

Steamed bone meal

Rock phosphate

Potassium phosphate

Potassium chloride

Potassium sulfate

Potassium nitrate

Wood ashes

Tobacco stems

NH H2 PO

Ca H4 (P04 )2

(CaO)5 25 Si 02

Ca3 (P04)2

Potash (K)

K3 PO

KC 1

K2 SO

K NO
3

K2 CO3

48

16-45

15

20-25

25-30

30-50 (32-53/ P2 05)

48-6o

48-50

44

3-7 (1-2% P2 05)

4-9 (2-4V/ N)
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Sources of the plant nutrients

47. As indicated in table 1 plant nutrients are contained in the

soils and also are derived from various crop residue, animal matter,

minerals and fertilizers. The latter is the most important source of

essential elements used in the improvement of the nutritional charac-

teristics of soils.

48. Commercial fertilizers normally contain one or more of the

three so-called major plant nutrients (table 2). The content of these

elements in the fertilizer is indicated by the grade figures, of which

the order is now standard throughout the country. The first figure in

a fertilizer grade indicates the percentage nitrogen by weight; the

second figure the available phosphoric acid; and the third available

potash. Thus, in a 4-8-4 grade fertilizer there is 4% nitrogen, 8%

phosphoric acid and 4% potash. If either of the elements is omitted,

that fact is indicated by a 0 in that position. The balance of the

fertilizer is composed of other elements in chemical composition with

those named or of inert material used to attain the required bulk. It

is now the practice in some areas to include some of the minor elements

in the fertilizer. In this case they are indicated in the grade in the

same manner, following the potash. Inasmuch as the fertilizer trade is

closely controlled by state and Federal agencies it is not generally

necessary to require analysis of the fertilizer if it is properly tagged

and in sealed containers. All specifications, however, should contain

a clause requiring analysis if desired by the purchasing agent. Thus,

if there is a question of compliance with grade specifications the gov-

ernment can secure adjustment in price to compensate for the deficiency
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in the fertilizer or is in a position to reject the questionable material.

Minor elements

49. The minor elements are of less importance generally in grass

production than in other phases of agriculture. Most soils appear to

contain a sufficient amount to satisfy the limited requirements. Also

many fertilizers contain considerable quantities of the minor elements as

impurities. There are instances, however, where application of one or

more of the minor elements is necessary. An illustration of one such

instance is the need for additional iron on some of the soils of the

Southeast. In this case iron deficiency is indicated by a yellowing

(chloris) of the plant. The addition of iron in the form of iron sulfate

spray quickly restores the healthy green color. In some states it is

becoming the practice to add minor elements to fertilizers as insurance

against a possible deficiency in the soil. This is true in Florida.

It is desirable to secure local opinion from agricultural people where

there is a question of the possibility of needing minor elements.

Fertilizer grades

50. There are many grades of fertilizer available, most of which

have been compounded for agricultural crops. For turf purposes, seed

production and maturity are of minor importance. Fertilizer should be

selected on the basis of its suitability for producing a hardy top growth

and ample root system. For general turf purposes a fertilizer having a

1-2-1 ratio is suitable for establishment of turf grasses. Where clip-

pings are allowed to remain on the ground, as should always be done where

possible, maintenance fertilizer having a 4-3-2 or a 5-3-2 ratio is desir-

able. Examples of the first are 4-8-4 and 5-10-5. An 8-6-4 and 10-6-4
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grade are popular examples of the latter. The foregoing are especially

adapted to cool season grasses of the Humid Region. In the South, Bermuda

grass, carpet grass, centipede grass and other warm climate grasses are

more economically fertilized with a straight nitrogen material such as

nitrate of soda (16-0-0), sulfate of ammonia (20-0-0), or sewage sludge

(6-2-0). An occasional top-dressing of superphosphate and potash or use

of a 1-2-1 ratio fertilizer at planting will preclude an unbalanced nutri-

tional condition. The term Unit is frequently used in fertilizer termi-

nology to indicate quantity of elemental nutrients. One unit is 1% of a

ton or 20 pounds. Therefore a 4-8-4 grade fertilizer contains 4 units

of nitrogen, 8 units of phosphoric acid and 4 units of potash. Generally,

the fertilizer grade containing the greater number of total units is the

most economical.

51. As nitrogen is usually the most important element in turf pro-

duction, rates of application are generally calculated on the basis of

that element. It is seldom that less than 80 pounds per acre of the

element nitrogen is required for establishment of grasses. In cases of

exceptionally infertile soils and subsoils 100 pounds to 160 pounds per

acre of the element N is used. Assuming that 80 pounds of nitrogen is

required and a 5-10-5 grade fertilizer is to be used, the rate of ferti-

lizer per acre is calculated as follows.

80 x 100 = 1600 pounds fertilizer per acre.
5

If a 10-6-4 grade is to be used the rate would be

80 x 100
10 = 800 pounds per acre.

In many instances it is impracticable to specify the grade of fertilizer

when preparing the specifications. In such cases it is desirable to
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specify the desired number of pounds of nitrogen per acre and to leave

determination of rate per acre to be calculated as above after the avail-

able grade is determined.

Organic nitrogen vs inorganic nitrogen

52. Organic nitrogen refers to the element N as derived from

animal or vegetable matter such as seed meals, tankage, sewage sludge

and similar materials. Urea is also an important source of organic

nitrogen but as it is highly water soluble it is classed with the inor-

ganic sources of nitrogen as to availability. Inorganic nitrogen, as

the name implies, is derived from mineral sources and is more rapidly

available to the plant.

53. Generally speaking there is little or no difference in plant

response to the various forms of nitrogen. For that reason the ferti-

lizer material which can be applied for the least cost per unit of plant

food is recommended. Under certain conditions an organic carrier is

desirable on light sandy soils such as are found in the Coastal Plains

region. However, it is doubtful that there is sufficient difference to

justify the higher cost of the organic materials when used on extensive

areas.

Soil Characteristics

54. Soil, to be satisfactory as a medium of plant growth, must

provide adequate liquid storage capacity, adequate aeration to a depth

sufficient to permit deep root development, adequate available plant

nutrients or plant nutrient storage capacity, and must not contain inju-

rious amounts of harmful chemical constituents. These characteristics
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are influenced by texture, structure and organic content and the ratio of

soil, air and liquids.

Texture

55. Particle size distribution or texture determines the soil class.

In mineral soils the three principal agricultural groups of soil particle

sizes are sand, silt and clay. The particle sizes in each group have been

fixed at diameters of 2 to 0.05 mm for sand, 0.05 to 0.002 mm for

silt, and less than 0.002 mm for clay. Fig. 3 shows the proportion of

the principal groups in various agricultural soil types. Texture exerts

its influence upon plant growth through its effect on the physical condi-

tion of the soil, and on the supply of mineral nutrients. As already

pointed out, coarse sands are frequently too well-drained, and extremely

fine-grained soils are lacking in aeration. The desirable soil type has

45% 4% 2

0% 27%

45%39% 45

CLAY CLAY LOAM LOAM

LEGEND

/3 % SAND

820% ** CLAY S

/4%D SILT

SILT LOAM SANDY LOAM

Fig. 3. Per cent of sand, silt and clay in soils of various textures



31

sufficient fines to release plant nutrients as needed and to provide

storage for nutrients and water.

Structure

56. Structure refers to the arrangement of the soil particles in

the soil mass. This structure may be (1) single grain, exemplified by

a sand, (2) aggregate, where large and small particles are bound together

by colloidal complexes, and (3) a composite of the two other groups, or

loam soils. Aggregate structure is usually developed in heavy clay soils

and if properly managed will normally remain in a friable and easily

workable condition. Mismanagement, such as working at too high a mois-

ture content, breaks down the colloidal binding agent resulting in loss

of granulation and a puddled, impervious soil. The third, or loam group,

is the desirable agricultural soil in that the sand provides large pore

spaces which permit free moisture movement and air movement while the

small pores or interstices in the clusters of small particles afford ample

storage for soil solution. A sandy loam is the most desirable soil in

the loam group.

Organic content

57. Soil organic matter is composed of the residue of living plant

and animal matter on and in the soil and of the bodies of organisms which

decompose this material. Continuous mineralization of the organic matter

prevents its endless accumulation on the earth's surface. Soil humus is

a stage in this decomposition of organic matter. It is a homogeneous,

dark-colored, practically odorless mass having none of the specific

structure of the original organic residue. Soil humus is not essential

in the production of vegetation. Its presence, however, simplifies the
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problem. Soil humus has two basic functions in the soil. First, it is

a reservoir for mineral plant nutrients which are gradually released for

use by the living plant. Secondly the humus markedly influences texture,

structure, color, consistence and moisture-holding capacity of the soil.

Porosity of clay soils is increased and plasticity is reduced by humus.

On the other hand the binding quality of humus in sandy soils aids in

retarding percolation.

58. In natural soils the major portion of organic matter is found

on the surface as a result of deposition of organic residue of above-

ground animal and plant growth. There is some downward movement of humus

from this residue resulting from water movement. The greater portion of

the organic content of virgin soils below the surface, however, is the

result of decomposition of root growth. The organic content of soils

may be modified during construction by the addition of organic amendments

such as peat, muck, manure, or other organic residue. These materials

must be incorporated to the full depth of the anticipated root development

to be of any particular value. For grasses this is usually 8 to 10 in.

The immediate value of such amendments is limited to the change in texture

caused by the introduction of a material of coarse texture, and to some

increase in moisture-holding capacity. Increase in humus content and

release of plant nutrients can generally result only from decomposition

of the added organic materials. The value of added organic matter in

increasing water-holding capacity is frequently overrated. It must be

remembered that, while organic matter by weight may have a water-holding

capacity equal to 20 or more times that of mineral soil, when reduced to

a volume basis (as is necessary when evaluating mixtures of organic



33

matter and soils) the actual increase in water-holding capacity is slight

unless very large proportions of the organic material are added. Actually

the addition of an organic material such as peat may have an adverse ef-

fect on available moisture supply in clay soils. This is caused by the

large amount of water held by such materials which is unavailable to the

plants, and to the resistance of such materials to wetting after reaching

an air-dry state. These materials make clay soils more open, permitting

more rapid removal of excess water. Sandy soils may be materially im-

proved in moisture-holding capacity by addition of fine organic materials.

59. The natural organic content of grassland soils will vary from

5 to 10 per cent. Forest soils generally have a much lower organic con-

tent. As soil humus content is rapidly built up by decomposition of

roots under grass, and the production of grass on soils low in organic

content is practical, it is very doubtful that addition of organic

amendments to the average soil is economically justified.

Relative volumes of soil solids, air and water

60. Soil water may exist as gravitational water, capillary water,

hygroscopic water and combined water. Of the four, only capillary water

is readily available to the plant. Gravitational or free water drives

out the air. This condition, if prolonged, results in unfavorable con-

ditions for plant growth. Lack of air can also result from the break-

down of the soil aggregates of a heavy clay soil into individual particles.

This process increases total pore space but these pores are of such small

size as to be totally occupied by capillary water to the exclusion of air.

Soils which permit free movement of surplus water while retaining suffi-

cient water for plant growth have a total porosity of about 50%. The
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soil particle size distribution to provide this desirable ratio of soil

solids to pore space is approximately 50-65% total sand, 20-25% silt, and

not more than 15% clay. Gravel is desirable and may equal about 5% of

the total. Reference to fig. 4 however, will show that vegetation may

successfully be developed on soils varying widely from that described

above. Extreme soils aggravate the problems of management, and it is

only after evaluation of the problems that justification for soil amend-

ments can be determined. It is also evident from data presented in fig.

4 that soil texture is of more importance in determining suitability for

development of vegetation than is the original position of that soil in

the solum.

Soil reaction

61. Soil reaction affects the physical condition of the soil, the

availability of plant nutrients, activity of soil microorganisms, preva-

lence of plant diseases and the solubility of toxic materials. Under ex-

treme conditions an unfavorable balance between acidic and basic ion con-

stituents and destructive toxic effects due to an excess of hydroxyl and

hydrogen ions may exist.

62. The soil reaction is closely related to climatic conditions

(table 3). In humid regions leaching has removed alkaline materials from

parent soil materials, leaving soils having generally an acid reaction.

This reaction progressively increases from acid to alkaline as rainfall

decreases.

63. Soil reaction is measured in terms of pH units. On such a

scale 7.0 is neutral while above 7.0 is alkaline and below 7.0 is acid.

The pH scale is logarithmic rather than arithmetic; therefore, while the
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hydrogen ion concentration for a pH of 6.0 is only ten times greater than

for a pH of 7.0, it is 100 times greater for a pH of 5.0. This must be

remembered if a pH reading is to be properly evaluated for the application

of lime.

Table 3

RELATION OF SOIL REACTION TO CLIMATIC CONDITIONS

Suggested Amounts of Ground
Limestone to Apply, Pounds per Acre

Climate pH Scale Sandy Soil Clayey Soil

Subhumid to Alkaline 10.0 None None
arid 9.0

8.0
Neutral 7.0

6.0 1500-2000 2000-3000
5.0

Humid 4.0 2000-3000 3000-4000
Acid 3.0

64. In general, Humid Region grasses do best in soils having a reac-

tion between 6.0 and 7.0 although plants vary in their tolerance to acid-

ity or alkalinity. Soils having a reaction lower than 6.0 should receive

sufficient lime to neutralize the excess acidity. Colorimetric or other

tests for acidity are useful as a guide in determining lime requirements.

These tests do not necessarily mean, however, that lime should be applied

in direct proportion to the indicated acidity. Application of more than

two tons ground limestone per acre per year is seldom desirable.

Utilization of Raw 'Soils in the Development
of Vegetative Ground Cover

65. In the language of the agriculturist, soil is defined as the

"natural medium for plant growth." Its suitability for this purpose is
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determined by structure, texture, organic content, and consistence. Fre-

quently construction operations will result in the exposure of B horizon

soils and parent soil materials. The texture of these is one of the

primary factors in determining their suitability as a medium for plant

growth. Parent soil materials have not been subjected to the soil-

forming processes nor has there been any organic accumulation. Such mate-

rials, therefore, are devoid of the soil microorganisms commonly found in

weathered soils. If either the B horizon or the parent material is of

suitable texture it can be modified sufficiently by the addition of plant

nutrients to form an acceptable planting medium.

66. Even soil texture can frequently be modified. Heavy clay soils

having high plasticity are highly undesirable in their natural state and

are likewise the most difficult to modify. Excessively sandy soils also

are usually undesirable as a medium of plant growth. These sands, however,

are easily tightened by the addition of fine soil materials such as clay

and silt and by the addition of humus. Suitable organic additions are

farm manure, peat, sewage sludge, humus, forest litter and hay or grass

of any kind. One of the most effective means of introducing organic

matter into the soils is through the medium of plant roots naturally

introduced. It has been amply demonstrated that grass can be grown on

sterile material provided adequate plant nutrients are added.* The

normal decay of the grass roots builds up the organic supply as effec-

tively and frequently more economically than will the incorporation of

mulchs, manures, etc. It is important that the pH level of the soil be

* Turf Runway Investigations, Purdue University, Part V D.
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maintained sufficiently high to encourage activity of soil microorganisms

to assure effective decomposition of either added organic materials or

natural plant growth. It is also necessary that the nitrogen supply be

adequate as soil organisms use this element and, if it is not naturally

adequate, they deplete the supply available for plant growth. Further

discussion of the practice of soil modification will be found in part III

of this manual.

Types of Vegetation

67. Types of vegetation used for the purpose of vegetative ground

cover include grasses, legumes, vines and low growing shrubs. Of the

four, grasses are by far the most common and are generally used on all

areas except very steep slopes or where, because of climatic conditions,

grasses are unsuited.

68. Climate is normally the limiting factor in determining the

grasses adapted to any particular area. Climate and soil determine the

seeding rates, seed mixture and fertilizer treatment. It is seldom prac-

ticable or desirable to plant a single specie of grass since two or more

species, because of different rates of growth and varying periods of

growth activity, normally give quicker coverage and longer periods of

green vegetation. It does not follow, however that so-called shot-gun

mixtures should be used in hopes that by chance the correct specie will

be included. It is possible to determine with a reasonable degree of

accuracy the grasses best adapted to any particular set of conditions.

Grasses

69. Grasses vary in degree of compatibility with each other.
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Bermuda grass, for instance, will not tolerate much shade and therefore

should not be used with tall growing grasses unless regular mowing is

practical. On the other hand, grasses tolerant of low fertility such

as centipede grass, Bahia grass and carpet grass are compatible. It

is also useless to plant grasses requiring high annual rainfall in

areas having insufficient precipitation, or grasses suited only to

warm climates in cool regions. Adaptation of grasses to the various

regions is indicated graphically in outline maps on figs. 5 through 14.

Borders of these regions are of necessity rather general and many in-

stances will be found where purely local conditions permit the intro-

duction of grasses of one region far within the borders of the adjacent

region. However, the maps will protect the novice from, for instance,

trying to grow Bahia grass in New England states or Canada bluegrass in

southern Texas.

70. Cool Humid Region Grasses. Most commonly used grasses of

this region are the bluegrasses, fescues and bents. The first two form

the most sturdy turf and are more desirable where the area is to be sub-

jected to traffic or will receive sporadic and uncertain maintenance.

Bent grass is more susceptible to disease and requires a higher type of

maintenance. Rye grass is also frequently included in mixtures to pro-

vide a quick cover. This grass is highly competitive and should be

eliminated wherever possible. Redtop is also competitive and substitu-

tion of Colonial type bent grasses for the redtop is recommended. Seed-

ing rates for mixtures common to this region should generally not exceed

125 pounds per acre for lawns. A lower seeding rate is satisfactory for

dust and erosion control.
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Cool Humid Region Grasses and Legumes

Grasses

Bent grass (Agrostis)
(fig. 7)
Redtop (A. alba)

Creeping bent
(A. palustris)

Astoria or Colonial
(A. tenuis)

Bluegrass (Poa)
(fig. 5)
Kentucky (P. pratensis)

Canada (P. compressa)

Rough (P. trivialis)

Brome grass, smooth brome
(fig. 9) (Bromus inermis)

Fescue (Festuca)
(fig. 8)
Alta (F. arundinacea)

Meadow (F. elatior)

Rate
per Acre
Min. Max.

5 4o

Minimum
Precip.

In. Characteristics

30 Sod forming, widely adapted,
quick growing, often used in
mixtures for quick covering
ability, creeping rhizomes.

5 40 35 Sod forming, lawns, golf
courses, etc.

5 40 30 Erect tufted, sod forming
by stolons, lawns, pastures,
recommended in lieu of red-
top.

15 60 30 Sod forming by rhizomes,
prefers fertile soils,
lawns, pastures, subject
to Helimenthesporum (leaf
spot).

15 60 35 Sod forming, wide soil adap-
tation, tolerant of droughty
soils.

15 6o 35 Sod forming, frequently used
in shaded lawn seed mixtures.

10 25 20 Sod forming by rhizomes, will
tolerate infertile droughty
soils.

10 60 20 Sod forming, wide soil and
climate adaptation, rough
lawns, erosion control.

10 25 20 Loose sod, wide soil adapta-
tion, pastures, soil erosion
control.
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Cool Humid Region Grasses and Legumes (Continued)

Grasses

Red (F. rubra)

(and Chewings)

Sheep's (F. ovina)

Orchard grass (Dactylis
glomerata) (fig. 6)

Tall oat grass
(Arrhenatherum elatius)
(fig. 6)

Rye grass (lolium)
Domestic or Italian
(L. multiflorum)

Perennial
(L. perenne)

Legumes

Alfalfa (medicago
sativa)

Clover (Trifolium)
Alsilce (T. hybridium)

Red (T. pratense)

White (T. repens)

Rate
per Acre
Min. Max.

Minimum
Precip.

In. Characteristics

10 6o 35 Sod forming, wear resistant,
wide adaptation, prefers cool
climate.

15 25 35 Bunch grass, tough, tolerant
of infertile soils, cool re-
gions, not recommended for
lawns.

10 20 30 Bunch grass, rough turf,
erosion control.

40 50 30 Bunch grass, rough turf,
erosion control.

20 30 30 Rapid growing, commonly used
in mixtures or alone for
quick cover, is heavy feeder
and competitive, annual.

20 30 30 Intolerant of heat or drought,
used for quick cover, bunchy.

15 20 20 Erect growing, drought re-
sistant, deeply rooted, for-
age, useful in dry regions
for ground cover.

6 8 25 Tolerant of poorly drained
soils, short lived, perennial.

8 12 25 Erect growth, well drained,
fertile soils, forage, soil
improver.

1 5 20 Spreads by surface stems,
often used in lawn mixtures,
seeds naturally into most
turf on fertile moist soil.
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71. Warm Humid Region Grasses. Grasses most commonly used in this

region include Bermuda grass, centipede grass, carpet grass and St. Au-

gustine grass for summer plantings on lawns and similar areas. Bermuda

grass seeding rates should not exceed 20 pounds per acre and 40 pounds

of carpet grass per acre is adequate. These grasses spread by runners

and cover rapidly. St. Augustine grass and centipede grass are planted

vegetatively. Centipede grass sets seed but commercial production is

only recently being attempted. It is anticipated that seed will even-

tually be available commercially. Bahia grass has practical applica-

tion on soils of low fertility along the Gulf coast and South Atlantic

seaboard. This grass has high resistance to wear and requires a minimum

of maintenance. These southern grasses are normally seeded alone, and

should be treated to increase germination.

Warm Humid Region

Rate
per Acre

Grasses

Bahia (Paspalum notatum)

(fig. 11)

Bermuda (Cynodon
dactylon) (fig. 12)

Carpet grass (Axonopus
compressus) (fig. 11)

Dallis grass (Paspalum
dilatatum) (fig. 12)

Grasses

Minimum
Precip.

and Legumes

Ain. Max. In. Characteristics

5 20 35 Bunch grass, adapted to in-
fertile soils of Florida,
south Alabama, south Georgia,
Gulf coast.

5 20 35 Sod forming by above and be-
low ground runners, intoler-
ant of shade, propagated
also by vegetative methods.

10 30 35 Sod forming by surface run-
ners, prefers moist, sandy
soil, tolerant of low
fertility.

10 20 35 Bunch grass, tolerant of in-
fertile droughty soils, not
recommended for lawn purposes.

N
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Warm Humid Region Grasses and Legumes (Continued)

Grasses

Para grass (Panicum
purpurascens) (vege-
tated) (fig. 11)

St. Augustine grass
(Stenotaphrum secundatum)

Rye grass (Lolium
multiflorum)

Legumes

Lespedeza (L. striata,
stipulacea)

White clover
(Trifolium repens)

Rate Minimum
per Acre Precip.
Min. Max. In. Characteristics

-- -- 35 Coarse, rank growing, useful
on ditch banks in Florida to
south Texas.

-- -- 35 Lawns in lower South Caro-
lina, Florida, and Texas
coastal areas. Spreads by
surface runners.

10 50 30 Used extensively in this
area for winter lawns and
golf greens. (Seeding
rates as high as 1000 lb
per acre common on golf
greens.)

10 15 35 Summer annual, reseeding
naturally. Useful for
soil improvement. Some-
times planted with Bermuda
grass.

1 5 20 Spreads by creeping stems,
seeded or volunteered onto
lawns on fertile moist soils.

72. Cool Subhumid Region Grasses. Grasses of this region include

smooth brome grass, gramas, buffalo grass and sand dropseed. Because of

low available soil moisture, seeding rates are lower than in areas of

high rainfall. This is necessary to prevent excessive competition

between plants for available water. Seeding practices that conserve

soil moisture should be used. Vegetative mulching will increase chances

of success in doubtful situations.
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Cool Subhumid Region Plants

Plants

Brome grass, smooth brome

(fig. 9) (Bromus inermis)

Buffalo grass (fig. 13)
(Buchloe dactyloides)

Dropseed, sand
(Sporobolus cryptandrus)

Grama grass (fig. 14)
(Bouteloua)
Blue (B. gracilis)

Side oats (B. curti-
pendula)

Bluegrass (Poa)
Big Blue (P. ampla)

Sandberg (P. secunda)

Bulbous (P. bulbosa)

Alfalfa
(Medicago sativa)

Sweet Clover
(Melilotos alba)

White Biennial

Rate
per Acre
Min. Max.

10

Minimum
Precip.

In. Characteristics

20 15 Forms sod by underground
stems. Prefers fertile
soil. Select strain devel-
oped to suit area.

2 10 10 Heavy soils, uplands. Use
treated seed only (see seed
treatments). Seed in stub-
ble, will not tolerate shade.

1 2 10 Warm season, dryland, pre-
fers sandy soil, forms open
sod. Seed in stubble, drill
or broadcast.

10 30 12 Loam to heavy soil, wide
adaptation. Densely tufted,
responds to fertilization,
adapted for lawns.

2 15 12 Spreads by rhizomes, likes
light sandy loam.

6 10 12 Forms open sod, spreads by
short rhizomes.

6 10 12 Medium to upper altitudes,
droughty soils.

3 8 12 Forms open sod, winter rain-
fall areas.

2 20 10 Prefers deep soils, erect
growth, adapted for soil
improvement and for dust
and erosion control.

2 5 10 Wide soil and climate adap-
tations, erect growth, soil
improvement, dust and erosion
control.
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Cool Subhumid Region Plants (Continued)

Plants

Yellow Biennial

(M. officinalis)

Crested wheat grass
(Agropyron cristatum)

Western wheat grass
(Agropyron smithii)

Rate Minimum
per Acre Precip.
Min. Max. In. Characteristics

2 5 10 Wide soil and climatic adap-
tation, erect growth, soil
improvement, dust and ero-
sion control.

8 30 10 Widely adapted, produces
dense sod if mowed and
seeded heavily, use Fair-
way strain for lawns.

8 25 10 Sod forming, fairly toler-
ant of alkali soil, heavy
soils, lake beds, and low
areas receiving extra
water.

73. Warm Subhumid Region Grasses. Conservation of soil moisture is

of exceptional importance in this area because of high evaporation rates.

Mulching and reduction of seeding rates will aid in successful establish-

ment. Also seed beds should be well compacted to assure satisfactory

contact between soil particles for proper movement of soil moisture.

Grasses common to this region have very small seeds therefore low seeding

rates in pounds per acre are essential. Sand dropseed and love grasses

are typical of these small seed grasses. Rates without irrigation should

not exceed 10 pounds per acre. Actually less than one pound of love

grass, if evenly distributed, will provide complete coverage of one

acre. Irrigation in both Warm and Cool Subhumid Regions will permit use

of higher seeding rates and will cause more rapid ground cover. However,

irrigation should not be attempted unless it is possible to continue it

until establishment is complete.
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Warm Subhumid. Region Plants

Plants

Western wheat grass

(fig. 10)

Bluestem (andropogon)
(fig. 14)
Big bluestem
(A. furcatus (gerardi))

Rate
per Acre
Min. Max.

Minimum
Precip.

In. Characteristics

5 15 10 Southern to northern Texas,
tolerant slight alkali soil,
open sod.

10 15 15 Tufted, open cover, widely
adapted, drought tolerant.

(Local-Blue joint,
turkey-foot)

Little bluestem
(A. scoparius)

Sand dropseed
(Sporobolus
cryptandrus)

Grama grasses
(Bouteloua) (fig. 14)
Blue grama
(B. gracilis)

Side oats grama
(B. curtipendula)

Black grama
(B. eripoda)

Hairy grama
(B. hirsuta)

Switch grass
(Panicum virgatum)

Love grass
(Eragrostis)

Sand love
(E. trichodes)

Weeping love
(E. curvula)

10 15 15 Tufted, open cover, widely
adapted, drought tolerant.

1 2 10 Open sod, sandy soil, warm
season, seed drill or broad-
cast in stubble.

10 30 12 Loam to heavy soil, widely
adapted, densely tufted.

12 15 12 Spreads by rhizomes, sandy
loam soil.

5 8 12 Seed in March-April, Texas
to south Utah, mesas, hilly
land, dry.

10 15 12 No commercial supply of seed.

3 10 15 Rhizomatus forming, open sod,
tolerant of brackish soil,
seed in March-April.

1 2 5 Wide adaptation, sandy soils,
seed in March-April.

Tufted, open sod.
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Warm Subhumid Region Plants (Continued)

Plants

Bermuda grass (fig. 12)

(Cynodon dactylon)

Bur-clover (Medicago

hispida)

Small bur (Medicago
minima)

Hop clover (Trifolium)

Rate Minimum
per Acre Precip.
Min. Max. In. Characteristics

5 25 25 Sod forming by rhizomes and
runners, has high nitrogen
requirement.

20 25 5 Wide adaptation in southern
half U. S. east coast to
west coast.

50* 60* 5 East coast to Mississippi
River. ,West Texas to
Pacific coast.

4 5 25 Southeast, coastal plains,
Gulf coast area. Also Great
Lakes and northwest coast.

*Unhulled

74. Cool Semiarid Region Grasses. The grasses adapted to the

northern Great Plains area may be divided into two groups. The first or

cool season group includes the wheat grasses, brome grass and wild rye.

The warm season grasses include buffalo grass, gramas, and big bluestem.

75. Successful establishment of grasses in this area requires the

use of high-quality seed of adapted species planted in late summer pro-

vided sufficient moisture is available. Planting in the fall too late

for seed to germinate before spring is also done. This typeseeding,

"dormant" seeding, is best planted in stubble for protection from wind

until germinated. Early spring seedings of mixtures containing legumes

are also successful. Warm season grasses are best planted in late spring.

76. A firm seed bed and shallow seeding are of great importance as

such seedbeds have high moisture retention permitting rapid germination.
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Vegetative mulching is also a great aid in establishing grasses in the

Semiarid Area, especially on areas not already covered with stubble.

77. Seeding rates should not exceed about 12 pounds per acre for

any of the grasses to be established without supplemented irrigation.

If irrigation is possible, lawn grasses such as Kentucky bluegrass and

the fine-blade fescues are adapted and may be seeded at rates used in

higher rainfall areas. The Fairway strain of crested wheat grass also

makes a fair lawn. Most of the others named are not adapted to close

mowing.

Cool

Grasses

Bluegrasses (Poa)
Big bluegrass
(P. ampla)

Bulbous
(P. bulbosa)

Sandberg
(P. secunda)

Dropseed (Sporobolus)
Alkali (S. airoides)

Sand (S. cryptandrus)

Indian rice grass
(Oryzopsis hymenoides)

Wheat grasses
(Agropyron) (fig. 9)
Crested (A. cristatum)

Western (A. smithii)

Arid and Semiarid Region Grasses

Rate Minimum
per Acre Precip.
Min. Max. In. Chara(cteristics

6 10 8 Moist, open ground to rocky
slopes, short rhizomes, open
sod.

6 25 8 Noncreeping, open sod, adapted
to regions of winter rainfall.

6 10 8 Wide adaptation, medium and
upper altitudes.

4 6 6 Tolerates mildly alkali soil,
meadows and valleys.

1 3 10 Sandy open ground, open sod.

3 5 10 Widely adapted, densely
tufted, medium altitude.

4

4

30

30

8

8

Open sod, widely adapted.

Spreads by underground root
stocks, tolerant of moderate
alkali.
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Cool Arid and Semiarid Region Grasses (Continued)

Rate Minimum
per Acre Precip.

Gras

Idaho fescue

3ses

(Festuca idahoensis)

Sheep's fescue

tin. Max. In. Characteristics

15 25 10 Dense bunch grass, drought
resistant, rocky slopes.

15 25 10 Densely tufted, drought re-
sistant, poor soils.

Alfalfa 2 20 10 Deep rooted, nonspreading.

(Medicago sativa)

78. Warm Semiarid Region Grasses. Comments relative to the Cool

Semiarid Region regarding seedbed preparation, mulching and use of adapted

species are equally applicable to this region. Torrential rains and high

evaporation rates make turf establishment even more hazardous than in the

more northern regions. A natural stubble mulch can be prepared by growing

a close planted crop of sorghum, Sudan grass or kafir prior to the grass-

planting season. Such crops should be prevented from seeding by late

planting or by cutting high just before heading. The residue should be

left on the ground as an added mulch. Seedings should not be made into

actively growing grain crops because of competition for available moisture.

79. Spring seeding of warm season grasses is desirable. Seeding

dates will range from middle of February in the south to middle of April

in the northernmost part of the region. Cool season grasses are best

seeded in late August or September following summer rains.

Warm Arid and Semiarid Region Grasses and Legumes

Rate Minimum
per Acre Precip.

Grasses Min. Max. In. Characteristics

Dropseed (Sporobolus)
Alkali (S. airoides) 2 4 10 Open sod, alkali soil.
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Warm Arid and Semi

Grasses

Sand (S. cryptandrus)

Love grasses (Eragrostis)
Leha
B

Mesquite (Hilaria)
(fig. 13)

Curly (H. belangeri)
Galleta (H. jamesii)
Tobosa (H. mutica)

Rice grass (Oryzopsis)
Indian (o. hymenoides)

San Diego (0. miliacoa)

Needle grass (Stipa)
California (S. pulchra)
and S.

Grama grasses (Bouteloua)
Hairy (B. hirsuta)

Black (B. eriopoda)

arid Region Grasses and Legumes (Continued)

Rate Minimum
per Acre Precip.
Min. Max. In. Characteristics

2 4 10 Open sod, sandy soil.

1
1

1.
4
4I

8

3
3

8
8
8

10

8
8

8
8
8

10

Tufted grass, best seeded in
vegetative mulch.

Underground rhizomes drought
resistant.

Medium altitudes of northern
Great Plains to eastern
Rockies. South to Texas.

8 12 10 West Texas-south California.

10 15 10 Summer rainfall, above 3000-
ft elevation

10 15 10 Summer rainfall, moderate
elevation.

Bermuda grass, St. Augustine and centipede grasses may be used in the

lower altitudes of this region if adequate water is available for irriga-

tion to supplement natural rainfall. These grasses are more desirable

for lawns where adequate maintenance is possible.

80. Arid Region Grasses. Grasses of this region (see preceding

tabulation) have been destroyed in many areas by overgrazing and other

poor management practices. Natural recovery is possible on large mili-

tary reservations where much of the area will be in the nonuse class.

Both natural recovery and reestablishment by reseeding require careful



attention to establishment and maintenance practices. The greatest

enemies to successful establishment of desirable grasses are cheat grass

and sagebrush, which draw off available moisture, leaving insufficient

moisture for seeded species.

81. Planting methods must provide for destruction of competitive

vegetation, seeding with quality seed of adapted species, even distribu-

tion and coverage of seed planted at the proper depth in the season pro-

viding the most stimulating moisture and temperature for at least 1-2

months of growing weather.

82. As in all dryland seeding a firm seedbed is essential. Seeding

into stubble mulch or seeding and mulching is desirable. Where burning

has been used to remove sagebrush seeding may be done without further

seedbed preparation. Burning should not be attempted on lands subject to

wind or water erosion.

83. On irrigated lawns and other areas, the popular cool humid cli-

mate grasses can be successfully used provided it is possible to continue

this irrigation as a maintenance practice.

84. Much of the arid region is unsuitable for most grasses except

under irrigation. Vegetation consists principally of such desert shrubs

as creosote bush, black sagebrush, shad scale and budsage.

Vines and shrubs

85. Vines and shrubs frequently play an important part in erosion

control, principally on slopes too steep for successful establishment and

maintenance of grass turf. Vines may also be used to provide ground

cover on abandoned fields which have no use value. The establishment of

kudzu on many eroded lands of Alabama, Georgia, South Carolina and north
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Florida is typical of such usage. Kudzu is a rank grower likely to get

out of hand and where its use is hazardous, honeysuckle is a good substi-

tute. The latter is slow in development but forms a sturdy protective

cover when established.

86. Ice plant is a succulent perennial adapted to the San Francisco,

San Diego, Sacramento and San Joaquin Valley areas. It is capable of

using atmospheric moisture and requires no irrigation except when planting

in very dry soil or in areas of low atmospheric moisture. Being a pro-

cumbent plant it requires no mowing.

Seed

Specifications

87. Previous mention has been made of quality seed as a prerequi-

site for successful planting. Quality seed means not only seed containing

a high percentage of the specified species but also seed of high viabil-

ity. Federal seed laws require that seed offered in interstate trade

shall exhibit on the container the percentage germination, percentage

purity, per cent weed seeds, and number of noxious weed seeds. Purity

means the percentage of the seed of specified species. Germination refers

to the number of specified seed which will sprout under conditions of

proper moisture and temperature. Many states have noxious weed seed laws

which control the distribution of seed containing plants determined as

being noxious to agriculture in that state.

88. Many factors influence viability of seed and the length of time

seeds of different species will remain viable varies greatly. Longevity

tables are available. These, however, are only relative and as viability



63

is influenced by harvesting and storage methods the purchaser should in-

sist on current germination figures for each lot of seed purchased.

89. Seed to be purchased by government agencies and seed to be pur-

chased by contractors for use on government projects should meet prescribed

standards. The most common method of specifying seed quality is by purity,

germination and weed content. As an example, a mixture for cool humid

regions might be as follows:

In Mixture Germination Purity

Kentucky bluegrass (Poa pratensis) 40 80 85

Chewings fescue (Festuca rubra commutata) 40 80 97

Redtop (Agrostis alba) 15 90 92

Rye grass (Lolium perenne) 5 90 98

Note: Weed seed not to exceed 1.0% of total mixture.

Where large areas are to be planted requiring unusually large quantities

of seed it is frequently desirable to specify seed by pure live seed

rather than specific purity and germination. Pure live seed is the prod-

uct of purity X germination X amounts of specified seed in the mixture.

By this method the mixture specified above would be as follows:

Kind of Seed % Pure Live Seed

Kentucky bluegrass (Poa pratensis) 27.2

Chewings fescue (Festuca rubra commutata) 31.0

Redtop (Agrostis alba) 12.4

Rye grass (Lolium perenne) 4.40
75.0

Other Material 25.0
Total 100.0

Note: Other Material includes chaff, weed seeds, crop seed and inert
material. Weed seed should not exceed 1.0% of the total mixture.
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The advantage of the latter method lies in the fact that often a

seedsman will have a lot of seed higher in germination and lower in

purity than that specified. For example, his bluegrass may analyze 850_

germination but only 80% purity. The product of these two is still 68%

pure live seed as in the first illustration. In this case the seed would

actually be of higher quality as the high germination denotes seed which

has been carefully harvested and stored. Thus, specifying pure live seed

will not penalize any one seedsman who may happen to have a lot of seed

of slightly less purity than that specified.

Sampling and testing

90. It is well to include in the specifications a provision for

sampling and testing seed even though time will not permit waiting for

returns from such tests before using the seed. Such tests provide a

sound basis for punitive action against the supplier if it is later

determined that seed does not meet specifications. It is advisable to

have samples drawn by a representative of a reputable seed testing lab-

oratory or by a Department of Agriculture representative. Seed may then

be sent to a governmental or an approved private seed testing laboratory

for analysis.

Mixtures

91. Seed mixtures are of two general types:

a. Permanent mixtures are those containing a preponderance of
seed of permanent grasses, i.e., those which persist in
turf over a period of years. Such mixtures also generally
contain one or more companion grasses. These are added to
provide a quick cover for dust and erosion protection.

b. Temporary grasses have a limited life expectancy and may be
used in mixtures as companion grasses as noted above or for
temporary cover on areas where seeding permanent grasses is
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not expedient. The most common temporary grasses are rye
grass, redtop, Sudan grass, millet and the cereal grains.
Only rye grass and redtop are generally used in mixtures of
Cool Humid Region grasses. The others are frequently used
in the Warm Humid Region to overseed Bermuda and carpet
grass, to control dust and erosion while the more slowly
developing permanent grasses are becoming established.

92. In theory, only seed of the desired species should be planted.

It has been proven that, in most cases, such seeding will give the quickest

turf of the desired specie. In practice, however, the problem is not so

simple. Many factors enter into the determination of final plant popula-

tion. It is possible to tell with reasonable accuracy what the final

turf will be by a study of the soil type, climate and local factors.

Therefore, it is unwise to include species which are obviously not adapted.

Likewise it is inadvisable to include excessive quantities of temporary

grasses in the mixture. These temporary grasses, because of their rapid

and luxurious growth habits, are heavy users of nitrogen and moisture and

their presence depletes the supply of these materials available to the

desired grass specie. It is generally accepted by turf specialists that

temporary grasses should not exceed 20% by weight of the mixture. In

most cases a Colonial type bent grass can replace redtop to advantage.

Unless demands for rapid cover make its use imperative rye grass also

should be eliminated.

93. In formulating a seed mixture, the relative number of seed per

pound should be kept in mind. Bent grass seed, for instance, contains

about 8,000,000 seed per pound, Kentucky bluegrass has approximately

2,000,000 seed per pound and red fescue has 615,000 seed per pound. A

mixture containing by weight, 60% fescue, 20% bluegrass and 20% bent

grass was seeded at Nahant, Massachusetts, on a soil containing 45%
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gravel, 45% sand and 10% silt and clay fines. This mixture produced an

average plant population as follows:

Seeded, Per Cent
Kind of Grass By Wt By Seed Count Population Gain or Loss

Fescue 60 14.5 38.4 +23.9

Ky. bluegrass 20 17.0 13.8 - 3.2

Col. bent grass 20 68.5 13.3 -55.2

Misc. (weed and 34.5 +34.5
other grasses)

The above illustrates graphically the fallacy of seeding an ill-suited

mixture. A more realistic formula on basis of seed count and soil type

would have been by weight 80% red fescue, 15% bluegrass and 5% Colonial

bent grass. In all five mixtures tested on this particular soil type,

Colonial bent grass rapidly lost ground while fescue predominated.

Treatment

94. Some seeds, because of a hard seed coat or hull, are slow to

germinate. It is necessary to treat such seed in a manner permitting

more rapid moisture absorption and germination.

a. Buffalo grass is one of the most difficult seeds to germi-
nate satisfactorily. The treatment for this specie con-
sists of soaking the seed in a 2% solution of potassium
nitrate (K No3 ) for 24 hours, refrigerating soaked seed in
saturated condition for 4 weeks at 410 F and then drying
to 14% moisture content within 24 hours. Newly harvested
seed normally germinating about 7% will germinate about
70% after treatment.

b. Centipede grass seed should be at least one year old before
being used for planting. Slight scarification with weak

acid will increase germination to some extent. Too much
scarification, however, will damage the seed.

c. Bermuda grass seed also has a relatively impervious hull.
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Seed may be purchased which has had this hull removed or
broken. Such seed germinates several days sooner than
unhulled seed.

Vegetative Planting Material

95. The majority of grasses are produced from seed. Some, however,

must be propagated vegetatively because seeds are unavailable. These

include St. Augustine grass, centipede grass, Para grass, Zoysia grass

and kikuyu grass. In addition, buffalo grass, carpet grass and Bermuda

grass are frequently vegetatively propagated.

96. Vegetative plant material is the sod, stems, runners, roots or

rhizomes of the living plant. Unlike grass seed, it must be kept in a

live, growing condition. Drying out or overheating will destroy viability

and render the material unfit for planting. Planting stock when properly

stored in a cool, moist location may be kept safely for several days,

although generally it is desirable to limit storage to 2L, hours to assure

successful planting.

97. Protection from drying is also important after planting. This

may be accomplished by watering where feasible, by planting in sandy soil

deep enough to assure contact with moist soil, or by mulching with straw

or hay. Once growth has started vegetative plant material will stand

more drought than will young seedlings. For this reason vegetative

planting is safer in marginal seasons.

98. Vegetative plant material should be placed in the soil to a

depth of 2 to 4 in. depending on soil type; i.e., the lighter the soil

texture the deeper the planting. One to two inches of the plant mate-

rial should be left above the ground. Bermuda grass is an exception in
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that it may be completely buried.

99. Spacing of plants will depend on speed of cover desired. While

12- to 18-in. spacing is adequate, closer spacing will, of course, provide

earlier cover.

100. Vines also are vegetatively propagated. The three most com-

monly used are kudzu, honeysuckle and ice plant. Kudzu plant material

consists of rooted crowns which are planted 3 to 4 ft apart in well-

prepared and fertilized beds or pot holes. Rooted honeysuckle is planted

from 2 to 3 ft apart and ice plant on 1 to 2 ft centers. Each of the

three should be clean cultivated the first year to cut down weed competi-

tion until well established. Kudzu, being a rapid grower, requires large

amounts of plant food. It should be planted in pot holes or furrows

well filled with rotted manure or other organic material as well as a

liberal supply of a complete commercial fertilizer such as 5-10-5. About

a pound per plant of the 5-10-5 should be well mixed with the soil around

each plant.
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PART III: CONSTRUCTION

Clearing and Grading

101. The extent to which clearing and grading should be carried in

an area where turf is to be established is governed by area usage, land

slope, climate area, and planting method. Successful establishment of

vegetation is generally associated with a well-prepared seedbed; however,

it is not always desirable to strip off native vegetation, particularly

if the slope is steep or the climate dry. All clearing and grading should

be limited to a minimum to prevent creation of a dust and erosion problem.

Existing vegetation, removal of which is unnecessary, should be protected

from damage. This includes turf as well as trees and shrubs. Contractors

should be required to control movement of all equipment and personnel to

prevent injury to vegetation which is to be preserved. This preservation

of vegetation is of extreme importance in dry-land areas where native

vegetation, once removed, takes years to renew.

102. Natural contours are more pleasing than broad flat expanses

and because of their slope, do not present such a difficult drainage

problem. Where flat grades, such as those adjacent to airport paving, are

required, extreme care must be exercised to assure the rapid removal of

surface water. At least a 2% slope is required to assure adequate flow

of water over turfed areas on average soils. An exception would be porous

soils in dry climates where flat slopes are frequently desirable to assure

absorption of all available moisture. Just as it is important to avoid

too flat slopes it is also desirable to avoid steep cut-and-fill slopes

which increase erosion control problems. Where it is not feasible to
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flatten slopes, adequate protection in the form of berms and paved or

sodded water channels must be provided.

Drainage

103. The importance of surface drainage has been discussed above.

Subsurface drainage is of equal importance. Free or gravitational

water must be removed promptly. Soils of heavy texture having rela-

tively flat contours and soils underlain with hardpan will generally

be benefited by additional subsurface drainage. The size and amount of

tile used will be dependent upon the amount of water to be removed, the

distance transported, slope or grade, and the soil type.

104. In many instances tile laid in depressions or natural drain-

age ways will facilitate rapid removal of water from areas of natural

accumulation. In areas where uniform over-all drainage is needed a

regular herringbone or gridiron tile system may be required. In gen-

eral, slope of drains will be from 2 to 10 in. per 100 ft although from

3 to 6 in. is more nearly ideal. Laterals normally should have more

slope than the main line and should enter the main line at an angle of

45 degrees.

105. Depth of tile will vary with soil texture, being deeper for

more open soils. Depths range from 4 ft to about 15 in. Distance apart

will vary from 10 ft to 100 ft depending on desired rate of removal and

soil texture.

106. Careful attention should be given to the design of the outlet

of main lines. Clogging of the outlet may cause silting of the entire

line and an expensive repair job. It is desirable for the outlet to be
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embedded in a concrete or masonry head wall and well screened from rodents

and debris.

107. Of no less importance than items mentioned above is the type

of backfill. Joints should be covered with tarpaper, heavy craft paper

or other material to keep out the soil. The backfill should be a porous

material such as gravel, sand, stone or cinders graded to retard infil-

tration of silt into the drain. Such porous fill may be brought within

about 6 in. of the surface with the remainder being a soil of good

quality. Remember that the efficiency of a drainage system is no

better than the engineering which goes into it.

Surface Soil

108. The term "surface soil" is used in preference to "topsoil."

The term topsoil, as commonly used, refers to a natural surface soil

without any particular reference to its suitability for the production

of turf. Texture of soil is of more importance than its relative posi-

tion in the soil solum. The term "surface soil" will be used to denote

the soil forming the final planting bed.

Natural topsoil

109. In deciding upon the desirability of salvaging the natural

surface soil, its texture and organic content should be determined, as

compared to soil which will be used to form the lift immediately below

the surface soil. If the soil exposed by cutting or that used for fill

has a texture falling within the classification of a satisfactory soil

(fig. 4) or if the surface soil is not appreciably better in texture

than the subsoil, salvage of existing surface soil is not economically
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justified. Erie Veterans Hospital is an excellent example of this and

data obtained therefrom are summarized in table 4. An examination of

table 4 shows little difference in moisture-holding capacity or plas-

ticity of the subsoil and natural topsoil. Organic matter content of

the surface soil is naturally higher although the organic matter content

of subsoil is adequate and under sod would rapidly approach that of the

natural surface soil. The higher percentage of coarse material in the

subsoil is desirable. The selection of borrow soil or soil to be pur-

chased for use as surface soil should be judged on the same basis. If

soil is to be borrowed or purchased, a chemical analysis will aid in

selecting from two or more possible sources. Such analyses of existing

soil are of little value in determining its suitability as a planting

bed. Rather, such tests will indicate required fertility treatments

after suitability has been determined on the basis of texture and

organic content.

Manufactured soil

110. Manufactured soil is the term applied to soil formed by blend-

ing two or more soil types or fractions. A sandy soil, for instance, may

be "tightened" by addition of soil fines or organic matter. Likewise a

heavy soil may be improved by the incorporation of sand or organic mate-

rial. Either of these methods is more desirable than the placement of

a thin blanket of fine-textured soil over a coarse one or vice versa.

Distinct layers of soil of a thickness less than normal depth of root

penetration are undesirable for the reason that plant roots resist pas-

sing into a zone of distinctly different soil texture. For this reason,

if a blanket of soil has been determined necessary, the added soil should



Table 4
TOPSOIL AND SEEDING STUDI]E

EXISTING DATA PHASE

SOIL DATA

Location

Erie Veterans Hospital, Erie, Pennsylvania

Identification

Stockpiled material

Subgrade below 6-in. topsoil

Surface soil from area between stockpiles

Mechanical Analysis

No. 40 No. 100 No. 200

86 82 74

56

74

49

68

47

62

Liquid Plastic
Limit Limit

35 25

25 18

24 17

Plasticity
Index

10

7

7

Centrifuge
Moisture

Equivalent

25.2

15.7

15.1

Corps of Engineers
Soil

Classification

ML

CL

CL

Chemical Analysis

Phosphorus

169

208

208

Calcium

244

1788

2503

Available Parts Per Million
Magnesium Manganese

6 23

347

41

Potassium

829

929

829

NOTES:
(1) Atterberg limits determined from minus 40 mesh material.
(2) CIEdeterminations on minus 40 material.
(3) Organic contents determined from minus 35 material and corrected for total sample.
(4) Available parts per million determined on minus 10 material and not corrected.

Sample No.

1

2

3

Sample
No.

1

2

3

3.0 in.

100

89

100

1.5 in.

100

88

100

.75 in.

97

86

100

.37 in.

95

83

96

Sieve Size

No. 4 No. 10

93 90

77 69

92 83

No. 20

88

63

78

Sample
No.

1

2

3

5.2

7.2

7.9

Organic
Matter, %

9.6

3.7

11.9

... ,. -
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be scarified or blended into the existing soil to provide a gradual

transition between soils of different texture. This scarification or

blending also aids in preventing sloughing off of the surface soil on

steep slopes.

111. When manufacturing soils, an attempt should be made to pro-

portion the various materials to meet as nearly as possible the specifi-

cation of a soil having the desired solids-to-pore space ratio (fig. 4).

112. Manufactured soils are managed in the same way as natural

soils with the exception of fertilizer. Such soils are generally less

fertile than natural soils and therefore require more added plant food.

Where economically feasible it is also desirable to add manures or sewage

sludge to sterile soils to provide the important soil microorganisms such

materials contain.

Seedbed Preparation

113. This phase of turf establishment has been mentioned several

times in the foregoing sections of this manual. It is being repeated in

detail because too much emphasis cannot be applied to it.

114. In the Humid Region a thoroughly friable, firm seedbed is

desirable. Soil should be cultivated to a depth of several inches by

disking or harrowing to pulverize all clods and sod. The seedbed should

be firm in order that normal movement of soil moisture may be reestab-

lished. Heavy soils should not be worked when excessively wet. A good

test is to compress a ball of soil in the hands and then attempt to crush

it, or drop it on a solid surface from a height of a few feet. If the

ball fractures easily the soil is at a satisfactory moisture content to
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work without puddling. Moisture content is of less importance in non-

plastic soil.

115. Methods of seedbed preparation in regions of low rainfall

should be designed to cause as little loss of soil moisture as possible.

Excessive working of the soil should be avoided. If for any reason it is

necessary to work the soil to a loose condition, planting should be de-

layed until soil moisture has been reestablished by additional precipita-

tion or by irrigation. In areas subject to severe wind erosion, soil left

in a roughened or cloddy condition will break the force of the wind at

ground level and reduce soil movement. This treatment is effective in

preventing wind erosion pending reestablishment of soil moisture. Imme-

diately prior to planting, if the area is to be mowed later, the surface

should be smoothed by dragging. Seeding with a grain drill into a

stubble mulch without additional soil preparation is recommended where

it is possible. Care should be taken that areas not to be seeded are

protected from traffic to avoid destruction of existing vegetation. It

should be borne in mind that months and sometimes years are required to

establish turf in dryland areas in contrast to the few weeks required

in humid regions.

Lime

116. Agricultural lime includes compounds of calcium and magnesium

employed to correct the physiological condition of an acid soil. Of the

three forms of lime in common use, i.e., oxides, hydroxides and carbonates,

the carbonates are most used in correcting soil acidity. Both calcium

carbonate and magnesium carbonate are used. The latter, commonly known
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as dolomitic limestone is useful in supplying magnesium to soils defi-

cient in that element. Hydroxide of lime, or hydrate may also be used.

This form, however, should be used with extreme care on growing vegeta-

tion because of the danger of burning. Because of its higher neutraliz-

ing capacity only about 75% as much hydrate as carbonate is necessary.

117. Limestone should contain a minimum of 85% total carbonates.

The rapidity with which these carbonates become available will depend

upon the fineness to which the limestone is ground (see table 6). The

following fineness specification is recommended.

Table 5

RECOMMENDED GRADATION OF GROUND LIMESTONE FOR
AGRICULTURAL PURPOSES

Screen Size Per Cent Passing Per Cent Retained

10 100 0

20 90 10

100 50 50

Table 6

COMPARISON OF GRADES OF LIMESTONE APPLIED AT SAME RATES
(Pennsylvania Agricultural Experiment Station)

100 Mesh 60-50 20-4o 8-12
Conditions and Smaller Mesh Mesh Mesh

Solubility in car-
bonated water 100 57 45 28

Value in correcting
acidity 100 57 27 18

Formation of nitrates 100 94 56 12

Plant growth 100 69 22 5
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118. Lime is generally required in regions of Podzolic soils which

include soils derived from limestones and other calcareous materials.

Acidity is caused by leaching away of the calcareous material leaving a

residue of acid reaction. In these regions the use of one to two tons of

ground limestone or its equivalent in hydrated lime is common. Approxi-

mate quantities of lime required for soils of various pH levels are given

in table 7. If the pH is exceptionally low, requiring more than two tons

of limestone for neutralizing excess acidity, it is better to make two

applications from six months to a year apart.

Table 7

RANGE OF pH FOUND IN HUMID REGION MINERAL SOILS AND
RECOMMENDED RATES OF GROUND LIMESTONE

Suggested Amounts of
Ground Limestone

pH Range Sandy Soil Heavy Soil

Alkaline 10
9

8 None None
Neutral 7 Most Possible

common pH 1500-2000 Lb 2000-3000 Lb
pH range range

4 2000-3000 Lb 3000-4000 Lb
Acid 3

119. In Subhumid to Arid Regions the application of lime to soils is

seldom necessary for the production of grasses. This is because the low

rainfall has failed to leach the calcic material from the soil.

120. Lime may influence the soil in several ways, of which correc-

tion of acidity is probably less important than are its influence on

soil structure, liberation of phosphorous and potash, repression of iron

and aluminum, and stimulation of bacteria required for the fixation of
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nitrogen from the air and for decomposition of animal and vegetable

residues.

121. Lime is best applied to soil when preparing the seedbed in

order to permit incorporation to a considerable depth. Surface applica-

tions of lime are effective on established turf though it is doubtful

that the calcium reaches the finer soil particles in sufficient amounts

to appreciably affect soil structure.

122. The time of year at which lime is applied is immaterial. Un-

like nitrogen and potash, it is not rapidly leached from the soil and,

therefore, may be applied at any time of the year, even when the ground

is frozen.

123. The influence of lime is closely related to soil fertility and

while it may favorably affect plant growth at first, its stimulation will

wane unless ample quantities of the other essential plant nutrients are

provided.

Fertilizer

12t[. Fertilizer requirements, like lime, vary with the soil and

climate. Requirements are normally higher in the Humid Region than in

the Subhumid to Arid Region. This is because of the greater total weight

of vegetation per acre produced in humid areas as well as to the greater

amount of leaching resulting from the higher rainfall.

125. Nitrogen is the element producing the greatest effect on turf

grasses both in the Warm and Cool Humid Areas. On soils of average

fertility in these areas from 80 to 160 pounds of nitrogen are required

for successful establishment of most grasses. Supplemental applications
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of equal rates are generally required from 6 weeks to several months

after planting, the more frequent treatments being required on the sandy

soils.

126. Phosphorus requirements are higher for the Cool Humid Region

grasses than for such grasses as Bermuda, centipede, St. Augustine, and

other southern grasses. On Podzolic soils of the Cool Humid Region

applications of phosphatic fertilizers at the rate of 80 to 160 pounds

P20 per acre per year are desirable. Unlike nitrogen, phosphoric acid

is relatively stable and will not move rapidly through the soil. This

is an advantage from a leaching standpoint but it increases the diffi-

culty of getting the phosphatic material to the plant roots. For best

results the initial application of phosphate fertilizer should be incor-

porated uniformly into the soil to a depth of at least 6 in. Phosphoric

acid is of less importance on southern grasses and may well be omitted

from supplemental applications for a period of at least 3 years, at which

time an application of 200 pounds superphosphate per acre or an equiva-

lent quantity of P205 in a complete fertilizer should be made.

127. Potash fertilizers are of less importance than either nitrogen

and phosphoric acid as most soils are able to supply most of the grass

plants' requirements naturally. This material is relatively soluble and

may be applied either to the surface as a top dressing or worked into the

soil. Southern grasses show little growth response to potash though un-

doubtedly it influences to some extent the fruiting and sturdiness of the

plant. Like phosphoric acid, only infrequent applications of potash are

required for grass for most purposes.

128. In Subhumid to Arid Regions nitrogen is the principal element
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to be applied. Rates per acre will decrease with a decrease in annual

rainfall. From 20 to 40 pounds of the element N are usually ample.

129. In all regions the fertilizer requirements are greater when

B horizon soils or parent materials are used as a seedbed. Rates should

be doubled for such soils. In Subhumid Regions from 60 to 80 pounds

each of phosphoric acid (P205) and potash (K) should be used on subsoil

material. These two elements are generally ample in the semiarid to

arid soils.

130. Fertilizer materials applied to established plants should be

uniformly distributed at the period when the plant is growing and is able

to assimilate the nutrients. Phosphorous, being relatively slowly avail-

able may, like lime, be applied during periods of little growth.

131. In general there is little choice between organic and inorganic

fertilizer materials. The exception is in sandy soils where leaching is

likely to be severe. Here the organic materials are desirable because

of their slow availability and resistance to leaching. Organic materials

require reduction by bacterial activity for the release of their nutrient

elements. Such action occurs to best advantage in soils having a pH value

of 6.0 or above and when soil temperatures are high enough to permit such

activity. For this reason, ample time should be allowed during cool

weather before making additional applications least a sudden release of

excess nitrogen from accumulated fertilizer adversely affect the plant.

Selection of Grasses

132. Grasses should be selected for (1) adaptation to climate, (2)

adaptation to soil, (3) suitability for purpose, and (4) availability.
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133. Climatic adaptation of the various grasses is shown in figs.

5-14. Information contained in these figures is based on natural adapta-

tion. In general, grasses should not be taken out of their natural

habitat. However, where conditions are changed artificially it may be

possible to move Humid Region grasses into other regions. This is more

practicable from east to west than from north to south or vice versa.

Thus by irrigation Cool Humid Region grasses can be moved into Cool Sub-

humid Regions and Warm Humid Region grasses into Warm Subhumid Regions.

Moving grasses from one temperature belt to one radically different is

seldom practicable except by the slow process of breeding which is beyond

the scope of this manual.

134. Grasses vary widely in adaptability to soil types and should

be carefully selected in accordance with the soil which will form the

final seedbed. This variability is probably the result more of soil

moisture-air relationship than otherwise, but this relationship is

governed by the soil type. Carpet grass, for instance, prefers a low,

moist, sandy soil. Bermuda grass grows equally well on light or heavy

soils provided ample nitrogen is available. Kentucky bluegrass does

well on heavy, fertile soils while the fescues are tolerant of droughty,

infertile soils. In the West western wheat grass is more tolerant of

alkali conditions than is crested wheat grass. The bent grasses prefer

a well-drained, fertile soil. It frequently happens that soil and

moisture conditions will vary sufficiently on one construction project to

influence the selection of grasses. For reasons of economy, only adapted

species should be planted where areas are extensive. If areas are small

it may be more economical to seed a mixture containing species adapted to
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all local conditions and depend on nature to make the final selection.

135. Grasses should be selected for suitability for the proposed

usage. Species vary widely in their (a) resistance to wear, (b) tolerance

of close mowing, (c) density of turf, (d) fineness of texture, and (e)

tolerance of shading. These are discussed in the following subparagraphs.

a. In an experiment at the South Dakota Agricultural Experi-
ment Station, bluegrass volunteered into the roadways when
less tolerant grasses were removed by traffic. Seeded
fine-bladed fescues also withstood the wear from vehicles.
Wheat grasses in the same experiment were quickly destroyed.
Thus for parade grounds, athletic fields and similar areas
in climatic regions where adapted, bluegrass and fescue
should be used in preference to bent grasses. Zoysia
japonica is another wear-resistant turf grass well adapted
to areas receiving heavy traffic. In the Southeast,
centipede grass and Bermuda grass are used with success.
St. Augustine grass is less desirable for traffic areas
because of the spongy turf it forms. In the West, buffalo
grass is wear-resistant.

b. Tolerance of close mowing is important when selecting

grasses for special purposes such as golf courses. Golf
greens are mowed at heights varying from 3/16 in. to 5/16
in. Only a few grasses will tolerate this treatment.
The creeping bent grass of which there are many selections
and Bermuda grass are most commonly used for golf greens
in their respective regions of climatic adaptation.

c. Density of turf is important in golf greens, athletic
fields, parade grounds and lawns. Grasses which spread
by stolons and underground root stocks (rhizomes) are
valuable for these purposes. Fortunately many of these
grasses are also wear-resistant.

d. Fineness of texture is of most importance in golf greens,
bowling greens and fine lawns. The bent grasses, fine-
bladed fescues, and selected strains of Bermuda grass
illustrate this class.

e. Tolerance of shading is important when selecting grasses
as companion crop to other grasses and for lawns or other
turf under trees. Bermuda grass is intolerant of shading
and will not form a turf with tall growing grasses unless
the latter are kept mowed to a height of about four
inches or less. This is important when using companion
crops such as Sudan grass or millet with Bermuda grass as
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each is a warm weather grass and grows at the same season.
In the Cool Humid Regions the fescues and rough-stalked
meadow grass (Poa trivialis) are shade-tolerant. The
latter is in limited supply and of less importance than
the fescues. In the South, St. Augustine grass and centi-
pede grass are shade-tolerant. In the northern portion
of the Warm Humid Region, Kentucky bluegrass thrives in
medium shade though it is not generally considered shade-
tolerant in its region of general adaptation.

136. Seed for many desirable grasses is unavailable in commercial

quantities. For this reason, use of many recommended grasses is imprac-

tical because of the expense of planting large areas vegetatively. Illus-

trations are Zoysia japonica and centipede grass. Each of these may be

planted vegetatively and each produces viable seed. These seeds should

soon be available commercially. A new selection of fine-leafed fescue

commercially known as Illahee fescue is also an excellent turf grass,

but is limited in quantity of seed available. Continued breeding and

selection are rapidly producing many new valuable strains. It is appar-

ent that before specifying a special grass its availability should be

determined.

Use of Temporary and Companion Crops

137. Temporary crops are defined for purposes of this manual as

crops.having a limited life expectancy and which are grown for special

purposes. Companion crops are defined as crops planted with permanent

grasses for the purpose of providing protection from wind and erosion

while the desirable permanent grass is becoming established. These also

have a limited life expectancy.

138. When grading and other construction are completed at a season

unsuited for seeding permanent grasses, a temporary crop such as cereal
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grain provides protection from dust and erosion until the proper season

for planting the permanent grass. This is better practice than attempt-

ing to start the permanent grass out of-season. In the dryland areas of

the West it is often desirable to grow a temporary crop for a season and

then seed the permanent grass into the stubble mulch. This permits the

soil moisture to become reestablished after grading and soil manipula-

tion, and materially increases the possibility of successful establish-

ment of the permanent turf.

139. The cereal grains, Sudan grass, millet, redtop, rye grass and

the like are commonly used for temporary ground cover. Cereal grains,

redtop and rye grass are cool season grasses and Sudan grass and millet

are hot weather crops. In cool regions, summer growers are usually

needed as temporary crops as the normal seeding period for permanent

grasses is spring and fall. In the Warm Humid Regions most permanent

grasses are planted in spring and summer; therefore, cool season grasses

are needed as temporary crops during the cool periods. Cereal grains,

rye grass and redtop, while not normally adapted for use in warm humid

climates, are excellent temporary crops in Florida and other southern

states. The seeding rate for temporary grasses should be the lowest

rate recommended for agricultural purposes as only sufficient vegetation

to control dust and erosion is required.

140. Companion crops may be any of the above-named temporary crop

plants seeded with permanent grasses for the purpose of providing a quick

ground cover and with the expectation that such companion crops will have

a short life expectancy. Permanent grasses suffer from competition of

quick growing plants and for that reason the seeding rate and maintenance
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of temporary grasses must be carefully controlled. As a general rule

temporary grasses such as redtop and rye grass should not exceed 20% of

the mixture by weight. If cereal grains, millet or Sudan grass are used,

their seeding rate should be about two-thirds the lowest recommended

agricultural rate. They also should be seeded separately from the per-

manent grasses and where possible should be planted in rows spaced from

12-16 in. apart to permit light to reach the permanent grasses. This

is most important with Bermuda grass which will grow spindly and upright

rather than form a sod if shaded too much. All companion crops should

be kept mowed to a height of 3 to . in. during the growing season for

the permanent grasses.

141. It is true that permanent grasses develop a sod faster if

seeded alone. However, in practice this is not always practicable. In

sandy soils slow germinating and growing permanent grasses are frequently

lost by wind erosion before seedlings are well rooted unless protected by

a companion crop. Also, in vegetative plantings wind will pile loose

dirt around and over the comparatively widely spaced plants and result in

a surface too rough for traffic or for operation of maintenance equipment.

Season for Planting

l42. The success of planting in any region is controlled by mois-

ture and temperature; therefore, the time of planting should be selected

to take maximum advantage of these factors, i.e.:

a. Plant as early in the favorable season as possible.

b. Where fall planting is desirable, plant sufficiently
early that seedlings will have time to get well rooted
before cool weather halts further growth.
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c. With spring planting, plant as early as conditions permit
to assure sufficient development of desired grasses to
withstand competition of weeds and weedy grasses which
develop later.

143. In Arid and Semiarid Regions many local variations in rain-

fall period may be expected, according to orientation of slope and alti-

tude. In general, the following planting periods for the various climatic

regions are recommended.

Region

Cool Humid

Warm Humid

Cool Subhumid

Warm Subhumid

Cool Arid and
Semiarid

Warm Arid and
Semiarid

Time of Planting

Late summer or early
fall, early spring

Spring

Early spring or late
summer

Early spring

Fall or very early
spring

Fall or early winter

Remarks

Fall seeding is preferred as it
permits establishment of perma-
nent plants prior to spring
weed growth.

Watch season to take advantage
of seasonal rains. Local con-
ditions may require summer
planting.

Season of planting depends on
species. Summer growers best
planted in early spring.

Take advantage of seasonal
rains. High evaporation
losses make desirable seeding
at or prior to start of rains.

Select period according to
local conditions. Seed in
early spring where summer
rains occur. Fall seeding
for winter rains.

Summer rains may generally be
expected only at higher alti-
tudes. Practically never in
central and southern California
valleys.

Planting Methods

144. Planting methods include (1) seeding, (2) vegetating
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(sprigging), (3) sodding, and (4) topsoil planting, or (5) a combination

of two or more. The method to be used will depend on season, soil type,

grass species, and urgency for a quick ground cover.

Seeding

145. Seeding is the most economical and quickest method of obtaining

a cover of grass of which seed is commercially available. Seed may be

planted by drilling through special grass seed disk drills or grain drill

attachments; by broadcasting over the area and covering by dragging; or

by spreading a mulch containing viable seed of the desired species over

the area. The latter is effective where purity of turf is inconsequen-

tial and is frequently practiced in subhumid areas where a vegetative

mulch is desirable to aid in conserving moisture and controlling erosion.

146. Whatever the method of seeding it is important that distribu-

tion of seed be uniform and that seed be covered to a depth adequate for

the species being planted. Theoretically a seed should be planted four

times as deep as its greatest dimension. In practice the average grass

seed should be covered to a depth of 1/4 to 1/2 in. depending on soil

type. Cereal grains, Sudan grass and millet may be planted to a depth of

1 to 2 in., the deeper planting in each case being in light soils. Very

small seeds such as the bent grasses, love grasses, bluestems, small

seeded gramas, etc., may be broadcast on the surface of well-prepared

seedbeds and covered by pressing into the soil by rolling. When using

a grain drill for such grasses the seed discharge spouts should be al-

lowed to discharge the seed well behind the furrow opening device to

prevent too deep coverage. When seeding into a natural vegetative stub-

ble mulch some type of furrow opening device is usually necessary to
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assure sufficient loose soil to cover the seed. A disk drill is most

effective for this purpose. Certain grasses which can be propagated

vegetatively as well as seeded are best planted vegetatively in areas

or seasons of limited rainfall or in soils which compact excessively.

This is particularly true of Bermuda grass when planted on plastic soils

during periods of low rainfall, and in the submarginal areas of the

Humid Region.

Sprigging

147. Vegetative planting or sprigging consists of placing viable

pieces of runners, stolons or root stocks in moist soil to a depth of

from 2 to 4 in. Grasses commonly vegetated include Bermuda grass, Para

grass, beach grass, torpedo grass, Napier grass, blowout grass, kikuyu

grass, Japanese lawn grass, Manila grass, and Mascarene grass. Carpet

grass, bluegrass, buffalo grass, bent grasses, and others may also be

planted vegetatively though it is seldom economical to do so except where

a pure true strain turf is desired.

148. Vegetative plant material must be kept in a moist, viable

condition and must be protected from overheating before and after plant-

ing. The sprigs should not be broken more than necessary to facilitate

planting.

149. The spacing of the plant material will depend on amount of

material available, necessity for quick cover and species of grass.

Those spreading rapidly may be spaced further apart than the slow

growers. Generally a spacing of from 12 to 18 in. is common for aver-

age plantings. The spacing may be increased if a companion crop is

used for immediate cover.



89

150. Vegetative planting may be done by broadcasting the plant mate-

rial over the area to be planted and cutting it into the soil with a

disk or similar implement; by distributing sprigs in furrows; or by

planting small bunches in furrows or in shallow holes. This latter

method is often called spot sprigging. Bermuda grass may be completely

covered but other species should have about 2 in. of plant material ex-

posed. Row sprigging and spot sprigging is generally most successful.

The latter is frequently practiced on slopes too steep for equipment

required to open furrows.

Sodding

151. Sodding may be solid sodding, strip sodding or spot sodding.

Solid sodding is expensive and is justified only on extreme slopes or

where immediate turf cover is required. Strip sodding consists of laying

strips of sod, usually 6 to 8 in. in width, in shallow trenches. This

method, combined with seeding, is useful on slopes where it aids in con-

trolling erosion. Spacing of rows may vary from 12 in. to several feet,

depending on steepness of slopes. Spot sodding consists of placing small

pieces of sod at regular intervals in furrows or in shallow holes. This

method is frequently used on slopes too steep for operation of power

equipment. Grasses adapted to vegetative planting are used for spot

sodding as only rapidly spreading grasses are effective for such work.

Topsoil planting

152. A fourth method of planting grasses, called topsoil planting,

consists of spreading from 2 to 4 in. of soil containing viable vegeta-

tive plant material over the area to be planted. This method is expen-

sive and is practicable only where topsoiling is necessary and where the
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soil containing plant material meets the specifications for surface soil.

The same care to prevent drying or heating of plant material is necessary

with topsoil planting as with other forms of vegetative planting.

Compaction

153. Exclusion of excess air and the reestablishment of capillarity

are essential with both seeding and vegetative planting to hasten germi-

nation of seed and to prevent drying of seedling or plant material.

Therefore immediate compaction after planting is required. A cultipacker

or pneumatic-tired roller is more effective than a flat roller for this

purpose. The cultipacker should follow the contours of the ground to aid

in retarding runoff and should be weighted sufficiently to firm the soil

around the plant material or seed. Heavy soils should not be compacted

when wet as they will form a hard crust which is difficult for young

plants to penetrate. Sandy soils, on the other hand, compact best when

moist.

Mulching

154. Mulching is the use of some type of cover to prevent loss of

soil by wind or water, to retain soil moisture or to protect vegetation

from excessive sunlight. The most common form of mulching is the appli-

cation of hay, straw or similar vegetative material in a thin layer over

the planted area. The per acre rate of application will vary from 1-1/2

to 3 tons, depending on the type of material used. A good rule-of-thumb

is to use sufficient mulch material to cover from 80 to 90% of the soil

surface. Mulch must be evenly distributed. Excessive amounts will
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smother young plants. Mulch applied loose on the surface must be pro-

tected from displacement by wind or water. This can be done by anchor-

ing with twine and stakes, covering with a thin layer of soil, or by

cutting it into the soil in a manner which will leave about 4 in. ex-

posed as a stubble. This works well with grain straw or coarse hay.

Straw manure is excellent mulch material.

155. Other vegetative mulch materials include forest litter, saw-

dust, peanut hulls, cotton motes, and peatmoss. These materials are

difficult to hold in place on slopes and are easily displaced even on

relatively level ground by sudden rainstorms.

156. A recent development in mulch materials is a nontoxic asphalt

which is sprayed on the area which has first been seeded and rolled.

This asphalt is applied in the same manner as penetration asphalt materi-

als applied for limited traffic areas. This material when applied at the

rate of 1/3 to 1/2 gallons per square yard fractures quickly, permitting

rainfall to enter the soil and the seedlings to break through. The

material effectively prevents erosion on relatively steep slopes and is

especially valuable on areas on which vegetative mulch would constitute a

fire hazard. The higher cost of this asphalt mulch in place as compared

to vegetative mulch makes its use inadvisable except where extreme con-

ditions justify the greater expenditure.

157. A method of developing a natural stubble mulch consists of

growing a cereal grain crop, Sudan grass or millet on the area to be

planted. This crop is then cut prior to maturing seed and the cut mate-

rial is left in place. The desired grass is seeded into the stubble with

a disk drill without further seedbed preparation.
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Irrigation

158. Twenty-seven thousand (27,000) gallons of water per acre are

required to equal one inch of rainfall. The equivalent of at least one-

half inch of rainfall at one application is required to do any appreciable

good to seeded or growing vegetation. Thus it is readily apparent that

irrigation is a major operation and should not be attempted unless turf

cannot be established by other means. Planting at the proper season and

the use of mulches will eliminate necessity for irrigation or reduce the

amount of irrigation necessary.

159. In the Humid Regions supplemental irrigation is seldom re-

quired if planting is done in the proper manner and in the most favor-

able season. In Subhumid to Arid Regions the problem of irrigation be-

comes more difficult and more important. High evaporation rates cut down

effectiveness of applied water and the normal low rainfall increases the

amount of supplemental irrigation necessary. Selection of drought-

tolerant species, careful attention to details of soil preparation and

planting methods, and use of mulches are important. Use of Humid Region

grasses in Subhumid to Arid Regions should be held to the minimum possible.

160. Irrigation is normally accomplished through pipe and hose sys-

tems or, on limited areas, by a concealed automatic sprinkler system.

For large areas on which water is to be applied at infrequent intervals

and where the pipe will not interfere with use of the area, a light-

weight, quick coupling pipe and sprinkler system is efficient and rela-

tively economical. Pipe may be connected to buried mains or may be fed

by pumps from wells or other sources.
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161. Other methods of applying water include flooding and sub-

irrigation, neither of which is well adapted to establishment of turf.

On limited areas such as runway, taxiway or road shoulders, water may

be applied from a tank truck by means of spray boom or flush nozzle. A

side boom may be used to keep vehicle off watered areas and avoid methods

which will damage the area.

162. A little water is a dangerous thing. Surface wetting of newly

seeded areas encourages germination without furnishing sufficient water

to sustain growth. Unless sufficient water can be applied to wet the

soil to a depth of several inches it is better to withhold all irrigation.

163. The amount of water to be applied at one application and the

frequency of application will vary with the existing soil moisture, the

water-holding capacity of the soil, and the rate of water loss through

evaporation or consumption by vegetation. A clay soil may retain as much

as 3 in. of available water in an 8-in. depth of soil while a light sandy

soil will retain only 1 to 1-1/2 in. of available water in the same depth.

The rate of loss during hot, dry weather from vigorously growing turf

will vary from 2 to 4 in. per week. The loss from newly planted areas

will be less but the ability of the young plant to forage for water will

also be less.

164. Once watering is started its use must be continued as needed

to assure continued plant growth. The rate and frequency of application

must be adjusted to suit the local conditions. Surface flooding must be

avoided on heavy soils to prevent saturation of surface soil and undue

compaction.

165. The above discussion applies equally as well to established
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turf. Light, frequent applications of water encourage shallow root sys-

tems and render the plants very susceptible to drought conditions if for

any reason water is withheld for any length of time.

166. All applications of water should be accomplished in a manner

to prevent erosion or damage by traffic. Watering large areas by tank

truck is difficult without leaving undesirable wheel tracks. Trucks or

other vehicles also compact the soil and, if used, the speed should be

slow enough that only one pass is required for the desired amount of

water.
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PART IV: MAINTENANCE

167. In addition to the watering discussed in the preceding part,

it is essential that new plantings be protected from'insects, disease and

encroachment of weeds. In sections of the West where grasshoppers are a

problem it is sometimes desirable to delay planting until the grasshopper

season is over. Other insects may be controlled with chemical sprays.

Diseases may likewise be controlled in most cases by proper chemical

treatments. Weeds are best controlled by frequent mowings and proper

fertilization practices. Certain weeds may also be controlled by appli-

cation of herbicides during periods of active growth.

Mowing

168. Young plantings will develop a sod faster if mowing is

started as soon as the grass is high enough to cut. Height of cut will

be governed to some extent by type of grass and purpose of the planting.

In general, turf grasses for lawns should not be cut shorter than one

inch. The height of cut on airfields and similar areas should be at

least 2-1/2 in.

Fertilization

169. Fertilization with the proper materials and in adequate amounts

is essential in the maintenance of turfed areas. Both nitrogen and pot-

ash are lost by leaching. Practically all elements are removed in

clippings. For that reason it is desirable that clippings be allowed to

remain on the turfed area. The amount of fertilizer required to maintain

turf will vary with soil, precipitation and type of grass. The best cri-

teria to determine need for additional fertilizer is color of the grass.
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Yellowing indicates, in most cases, a deficiency in nitrogen. An excep-

tion might be centipede grass which exhibits yellowing with a deficiency

in iron. In Humid Regions it is probable that most soils will require

the addition of at least 60 pounds of nitrogen per acre per year. Ber-

muda grass under a high level of maintenance may require as much as 120

pounds of nitrogen per acre per year. An application of 60 pounds P205

once in three years is adequate for Bermuda and other grasses as most

soils contain an adequate amount for lawn purposes. If a complete

commercial fertilizer is used, one with an analysis ratio of 5-3-2

(example: 10-6-4) is more desirable than a 1-2-1 or 1-3-1 ratio

(examples: 4-8-4, 4-12-4).

Disease control

170. Many grasses are subject to fungus diseases which generally

may be controlled with spray or dry applications of chemical fungi-

cides. Common diseases and their control are indicated below. Such

diseases are more common on turf under high levels of maintenance such

as heavily fed lawns and golf greens. Grasses also vary in their sus-

ceptibility to the diseases. For some diseases, such as leaf spot,

there is no practical control and resistant strains of grass should be

used where possible. Kentucky bluegrass is an example of grass suscep-

tible to leaf spot. B-27 bluegrass, a selected strain, is relatively

resistant to this disease. Continued research is in progress to develop

disease resistant grasses. Information about results of this work can

be secured from State Agricultural Experiment Stations or from the United

States Golf Association, Green Section, Plant Industry Station, Beltsville,

Maryland.
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Diseases of Grass and Their Control

Disease

Large brown

patch

Dollar spot

Snow mold

Leaf spot
(Helmintho-
sporium)

Identifying Characteristics

Occurs in rings usually circular
but possibly irregular due to over-
lapping rings. Patches vary from a
few inches to several feet in diam-
eter and are identified by a smoky
ring at edge of active area. This
stage is best seen in early morning
when fungus is active. Light
attacks may not kill grass. Most
active during periods of high
temperature and humidity.

Appears as spots about size of
silver dollar. Grass is killed to
ground surface. Overlapping spots
may produce appearance of large
patch though "smoky" ring is not
present. Attacks in spring and
fall during cool weather.

Thrives in saturated atmosphere
near melting snow, active at
temperatures just above freezing.
Most prevalent in northern states
though a similar appearing dis-
ease has been noted in Warm Humid
Regions. Appears as dirty white
irregular patches having a
pinkish cast.

Irregular elongated spots on grass
blade. Severe attacks produce a
brownish cast on turf, eventually
causing loss of turf. Especially
active on Kentucky bluegrass.

* Tersan, tetramethyl thiouramdisulfide, du Pont.
Semesan, hydroxymercurichlorophenol, du Pont.
Cala Chlor ) metallic mercury, mercurous and ) Mallinckrodt.
Pfizer ) mercuric chloride ) Pfizer.

** Crag, cadmium, copper, zinc, chromate, calcium sulfate, Carbide.
F-531, cadmium, copper, zinc, calcium chromate, du Pont.

Control Methods

Dry turf off as early
as possible in morning.
Avoid late evening and
night watering during
brown patch weather.
Treat with fungicides*
such as Tersan, Semesan
or mercury products as
recommended by manu-
facturers.

Same watering cautions
as for large patch.
Treat with Crag, F-531,*
mercuric chloride as
recommended by manu-
facturers.

Inorganic mercury com-
pounds as calomel,
bichloride of mercury,
or Tersan applied late
in fall. Heavier doses
required than for
dollar spot or large
brown patch.

Select disease re-
sistant species.
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Insect control

171. Insect control is frequently necessary for the successful

establishment and maintenance of turf grasses. In the northeastern por-

tion of the United States the Japanese beetle larvae destroyed thousands

of acres of turf before effective control measures were devised. The

larvae of the June beetle is also present in damaging numbers in some

areas. Chinch bugs, mole crickets, sod webworms, cut worms, army worms,

and grasshoppers are common pests. Recently the tropical earthworm has

appeared in the eastern portion of the United States. The latter is a

pest only in that it throws up worm casts almost continuously while

active and on fine lawns is a nuisance, and on golf greens practically

stops successful golfing. The following list gives the most common turf

insect pests as well as their characteristics and control measures.

Rapid advances are being made in new control measures; therefore, it is

advisable to supplement the following with current local information.

Insects Affecting Grass and Their Control

Insect

White grub

Japanese beetle

Chinch bugs

Identifying Characteristics

Destroys roots causing turf
to die or become thin in
proportion to severity of
attack.

Destroys roots of turf.
Frequently find as many
as 100 grub per sq ft of
area.

A sucking insect which saps
strength of plant causing
severe damage or death.
Attacks in summer and early

Control Methods

Arsenate of lead, 400 lb
per acre. DDT, 25 lb
actual DDT per acre.
Chlordane, 10 lb actual
Chlordane per acre.

Same as white grubs.

5 lb of 5% Chlordane dust
or 5-6 lb of 10% DDT per
1000 sq ft or 5 lb of DDT
Sabadilla (12-1/2% DDT
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Insect

Chinch bugs

(Contrd)

Sod webworms
and cut worms

Army worm

Tropical
earthworm,
also known as
stinkworm, eel-
worm and exotic
earthworm

Mole cricket

Identifying Characteristics

autumn. Look for heavy
populations at outer edges
of affected areas. The
insect emits a disagreeable
odor when crushed.

Cuts off plant causing dead
patches in dense closely
mowed turf such as golf
putting greens.

A chewing insect which
strips leaves from plant,
moving rapidly over an area
in hordes.

Smaller than common earth-
worms. Has minute bristles
forming a continuous ring
around each segment of
body. When active during
moist warm weather throws
up casts continuously.

Churns up surface soil by
forming miniature tunnels
while feeding.

Control Methods

and 2-1/2% Sabadilla) per
1000 sq ft. These may be
mixed with dry soil or
fertilizer for easy dis-
tribution.

Pyrethrum at rate of 6-10
oz per 1000 sq ft in
25-50 gal water, or 3-6
oz actual DDT per 1000 sq
ft in 25 gal water. Also
Chlordane.

Lead arsenate, DDT and
Chlordane dusts or spray
if applied quickly enough
will control the worm.
Damage to Bermuda grass
is severe but the grass
recovers rapidly if well
fertilized.

Does not respond to
treatments effective on
common earthworms. Heavy
applications of DDT or
Chlordane give some con-
trol. Search for effec-
tive control continuing.

Chlordane: 10-20 lb
actual toxicant per acre.
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PART V: SPECIAL TURF INVESTIGATIONS

172. The great increase in weight of aircraft in World War II made

necessary stabilized areas adjacent to paved runways, taxiways, and

aprons adequate to support wheel loads of the magnitude of that imposed

by a B-29 aircraft. The development of turf on these highly compacted

and infertile areas was considered by many to be impracticable if not im-

possible. Investigations initiated by the Corps of Engineers to study the

problems involved resulted not only in a solution of the immediate problem

but also developed principles which are of utmost importance in the devel-

opment of turf for all military and civilian uses. A brief summary of

the various studies is presented here to aid the reader in evaluating and

applying the principles of successful turf development and maintenance

as set forth in this manual. For more detailed information the reader is

referred to the original reports referenced at the end of part V.

Turf Runway Investigation, MacDill Field, Florida

173. This investigation included the study of two stabilization

methods at a site located adjacent to a paved area from which loaded air-

craft could be maneuvered for testing the turfed area.

174. One area consisted of a mixture of sand and Florida limerock

in equal parts blended to a depth of 6 in. The second stabilization

method consisted of placing 8 in. of sand clay on a compacted sand sub-

grade.

175. Each base was divided into three parts which were compacted

to three degrees of density. Each compaction area received three rates



of fertilizer (500, 1,000 and 1,500 lb per acre) and the entire area was

seeded and sprigged to Bermuda grass. Table 8 shows particle size dis-

tribution and other physical data for the two base materials and subgrade

soil.

176. Approximately one year after planting, the two areas were sub-

jected to concentrated traffic from a fully loaded B-17 aircraft taxied

under its own power. Maximum deformation in the limerock and sand

section was about 0.5 in. and on the sand-clay section less than 2 in.,

the latter consisting primarily of lateral movement of base material and

only slight deformation of the subgrade.

177. No difficulty was encountered in establishing turf by sprigs

on these dense materials. Seed worked well on limerock but on the sand

clay the glazed surface prevented seed from becoming established effec-

tively. The three degrees of density produced by the three rates of com-

pactive effort had no apparent effect on either the establishment of the

stand of grass or its development into turf. The density of turf was in

proportion to the rate of fertilizer and even the heaviest rate area re-

quired additional nitrogen before a full sod was developed.

178. Approximately three years after testing, during which time

the plots received only casual maintenance given the airfield area, the

sand-clay plot had an almost pure stand of Bermuda grass with few weeds.

The limerock-sand mixture had deteriorated because of lack of available

plant food.

Turf Runway Investigation, Maxwell Field, Alabama

179. One test section consisting of three thicknesses of sand



Table 8

TOPSOIL AND SEEDING STUDIES
EXISTING DATA PEASE

SOIL DATA

Location

MacDill Air Force Base, Tampa, Florida

MacDill Air Force Base, Tampa, Florida

MacDill Air Force Base, Tampa, Florida

MacDill Air Force Base, Tampa, Florida

MacDill Air Force Base, Tampa, Florida

Ponte Vedra (no further information)

nentiricai~ion
Identification

Sand clay, top

Subsoil

Limerock, top

Intermediate sand layer, 2-1/2 in.

Soil below 2-1/2-in. layer

Top dressing

Sieve Size
No. 4 No. 10

100 99

100 99

84 78

100 99

89 82

100 97

No. 40

87

96

74

97

78

15

Mechanical Analysis

Liquid
No. 100 No. 200 Limit

28 26 -

Plastic
Limit

Nonplastic

Plasticity
Index

23 4 - Nonplastic

25

19

25

7

6 - Nonplastic

2 - Nonplastic

5 - Nonplastic

6 - Nonplastic

Centrifuge
Moisture Equivalent

11.3

0.6

3.6

0.2

2.6

24.3

Corps of Engineers
Soil Classification

SM

SP

SP

SP

SP

SP

Chemical Analrsis

Organic
Matter, %

7.8 23.7

7.7 24.0

8.1

8.1

7.9

4.6

2.2

3.0

9.4

1.9

Phosphorus

195

195

169

182

169

806

Available Parts Per Million
Calcium Magnesium Manganese

1950 12 1

1918 47 5

3201

2275

3250

796

4

3

1

1

1

28

NOTES:
(1) Atterberg limits determined from minus 40 mesh material.
(2) CME determinations on minus 40 material.
(3) Organic contents determined from minus 35 material and corrected for total sample.
(4) Available parts per million determined on minus 10 material and not corrected.

Sample No.

1

2

3

4

5

A

Sample
No.

1

2

3

4

5

A

1.5 in.

100

100

100

100

100

100

.75 in.

100

100

92

100

98

100

.37 in.

100

100

87

100

95

100

Sample
No.

1

. 2

3

4

5

A

Potassium

20

160

120

100

20

360
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gravel, and a like section consisting of three thicknesses of clay gravel

were constructed on a compacted subgrade. Table 9 describes the physical

characteristics of the base materials and subgrade. Each base thickness

received three degrees of compactive effort and three rates of fertilizer.

Each was seeded and sprigged to Bermuda grass.

180. Both seeding and sprigging produced satisfactory results.

Varying compactive effort had no apparent effect on turf development and

the highest fertilizer rate was only sufficient to establish the turf.

Approximately one year after planting the plots were tested with a fully

loaded C-46 aircraft. The base density and load-bearing capacity were

sufficient to carry the applied load without failure.

181. About three years after testing, and with normal airfield main-

tenance, the test areas retained a thin cover of Bermuda grass and weeds.

It was evident that the grass was suffering from lack of fertility al-

though the stand was good and density could be rapidly increased through

use of fertilizer.

Turf Runway Investigation, Nahant, Massachusetts

182. A combined drainage and turf study was inaugurated at Fort

Ruckman, Nahant, Massachusetts, in 1946. Included in the plots for turf

studies were the following soil data as shown on table 10.

a. Eighteen-inch base of sand gravel on an asphaltic con-
crete subgrade, and topped with 6 in. of base material
to which was added a small quantity of loam soil.

b. Eighteen-inch base of one-half inch crushed basaltic rock
on asphaltic concrete base and topped with 6 in. of mate-
rial similar to top layer of a above.

c. Two sections similar to a above except on a compacted till

subgrade and with slightly more fines in one section.



Table 9

TOPSOIL AND SEEDING STUDIES
EXISTING DATA PHASE

SOIL DATA

Sample No. Location Identification

1 Maxwell Air Force Base, Montgomery, Alabama Sand gravel plot, topsoil

2 Sand gravel plot, subgrade

3 Clay gravel, topsoil

4 Clay gravel, subgrade

Mechanical Analysis
Centrifuge Corps of Engineers

Sample Sieve Size Liquid Plastic Plasticity Moisture Soil
No. 1.5 in. .75 in. .37 in. No. 4 No. 10 No. 20 No. 40 No. 100 No. 200 Limit Limit Index Equivalent Classification

1 100 75 57 46 40 32 18 12 11 30 16 14 10.9 GC

2 100 100 100 98 97 96 94 91 88 54 29 25 30.9 CH

3 100 83 61 50 44 33 28 18 16 32 17 15 13.7 GC

4 100 100 100 100 99 98 97 90 86 53 31 22 27.1 CH

Chemical Analysis

Sample Organic Available Parts Per Million
No. pH Matter, % Phosphorus Calcium Magnesium Manganese Potassium

1 5.0 4.9 195 211 15 16 200

2 5.1 13.5 156 179 37 2 579

3 5.0 7.3 208 358 14 32 360

4 5.1 13.5 156 114 40 4 1219

NOTES:
(1) Atterberg limits determined from minus 40 mesh material.
(2) CME determinations on minus 40 material.
(3) Organic contents determined from minus 35 material and corrected for total sample.
(4) Available parts per million determined on minus 10 material and not corrected.



Table 10

TOSOIL AND SING WTJDIES
aBTIm DATA NASN

SOIL DATA

Location

Fort Ruckman, Nahant, Massachusetts

Mechanical Analysis

Sieve Size
No. 4 No. 10 No. 40 No. 100 No. 200

54 37 21 15 12

55 42 24 15 12

64 50 33 24 18

47 28 13 4 3

60 47 25 17 15

88 84 74 63 57

79 76 64 48 43

73 67 48 31 23

Chemical Analysis

Organic
Matter, i

4.3

6.5

6.4

3.4

5.0

20.5

2.0

10.1

Ava slac
Phosphorus

260

234

260

234

286

351

247

286

Calcium

683

179

813

195

1268

1300

1203

910

Hole Satple Depth Location

TP-1 1 0-6 Topsoil, sec 2

2 6-18 Base, sec 2

TP-2 1 0-6 Topsoil, sec 4

2 6-12 Base, sec 4

TP-3 1 0-6 Topsoil, sec 5

2 18-24 Subgrade, sec 5

TP-4 1 6-12 Subsoil, sec 6

Sample composite LB-lO-6 composite of topsoil from sec-
tion 6 plots -B-3, -5, -13; D-3, -5, -13; F-3, -5, -13

Liquid

Limit

33

Plastic
Limit

Nonplastic

Nonplastic

Nonplastic

Nonplastic

Nonplastic

19

Nonplastic

Nonplastic

1. Parts Per Million
Ms nesium l

15

6

13

4

13

47

48

31

Plasticity
Index

14

Manganese

8

3

15

3

9

14

3

u

Centrifuge Corps of Engineers
Moisture Equivalent Soil Classification

21.3 GM

9.9 GM

25.1 GM

9.0 GW

23.6 GM

23.0 CL

20.9 ML

24.1 M

Potassium

579

829

220

20

799

260

899

939

NOTES:
(1) Atterberg limits determined from minus 40 meh material.
(2) CME determinations on minus 40 material.
(3) Organic contents determined frm minus 35 material and corrected for total sample.
(4) Available parts per million determined on minus 10 material and not corrected.

Sample No.

1

2

3

4

5

6

7

8

Sample
No.

1

2

3

4

5

6

7

8

3.0 in.

100

100

100

100

100

100

100

100

1.5 in.

100

92

92

89

93

100

100

100

.75 in.

91

78

88

77

84

95

87

92

Sample
No.

1

2

3

4

5

6

7

8

i - pre, .8.-(I in-7 ..37 in.

70

66

74

62

72

91

82

82

5.5

5.2

5.3

5.3

6.0

6.0

5.8

5.4
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183. All sections were seeded to red fescue, fertilized with an

organic fertilizer and straw-mulched.

184. Included in the instrumentation were facilities for measuring

soil moisture. During the second season moisture content of the crushed-

rock section fell to two and one-half per cent for an extended period.

Grass on this section ceased growth during that period but recovered as

soon as rains returned.

185. These plots also received varying rates of fertilizer which

were reflected in greater depth of root penetration and ability of the

grass to withstand drought on plots receiving higher rates of fertilizer.

Here, as with all other test plots the turf on the very porous soils

deteriorated rapidly when maintenance fertilization was neglected. Root

penetration on these sand-gravel and crushed-rock bases was to an average

depth of 12 in., varying slightly with amount of available moisture and

plant food. At this depth roots were able to secure sufficient moisture

even in dry weather provided plant nutrients were present in adequate

amount.

Turf Runway Investigation, Purdue University

186. It had been proven that the production of turf on stabilized

aggregates and very porous base materials was practical. In the spring

of 19+7 the Corps of Engineers and the Departments of Agronomy and

Engineering at Purdue University joined forces to study some of the

variables connected with such practice.

187. The investigation was handled in two parts. The first was a
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study of the base materials as well as their effect on turf production,

and to determine the effect of turf development and root penetration on

the strength of the soil aggregate mixtures. The second part was a

greenhouse study of the nutritional characteristics of each of the indi-

vidual base materials used.

188. The materials tested were gravel, sand, crushed limestone,

traprock and sand clay. Varying percentages of Crosby A and B soils were

combined with each aggregate used in Part I of the study except the sand

clay. Grain-size distribution curves for the materials are shown in

fig. 15.

189. For Part I of the investigation, four specimens of each soil-

aggregate mixture were compacted into clay tile cylinders 6 in. in diameter

and 7 in. in height. Compaction was in accordance with the modified

AASHO procedure. Density of each cylinder was determined after compac-

tion. The percentage of soil used varied from 4.5% to 15.5% (table 11)

by weight with corrections for differences in specific gravity of the

various aggregates.

190. After compaction the cylinders were placed in a greenhouse on

a vermiculite base and 2 specimens of each soil aggregate combination

were seeded to Alta fescue at the rate of 120 pounds per acre. Fertilizer

elements were applied to all cylinders as a complete nutrient solution,

191. Clippings were dried and weighed to measure the effect of the

various combinations on the growth of grass. Four clippings over a period

of 4 months gave a reliable measure of vegetative growth. Results of

these clipping tests are shown in table 12.
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Table 11

PERCENTAGE AND TYPE OF MATERIAL PASSING THE NO. 200 SIEVE
AND USED WITH EACH GRANULAR MATERIAL

Type of Material
Type of Material

Passing No. 200 Sieve

Crosby A (Soil No. 1)

Crosby A (Soil No. 1)

Crosby B (Soil No. 2)

Crosby B (Soil No. 2)

Crosby A

Crosby A

Crosby B

Crosby B

Crosby A

Crosby A

Crosby A

Crosby A

Crosby A

Crosby B

Crosby B

No Binder Soil

Crosby A

Crosby A

Crosby A

Crosby A

Crosby A

Crosby B

Crosby B

Granular Material

Sand

Sand

Sand

Sand

Gravel

Gravel

Gravel

Gravel

Crushed limestone

Crushed limestone

Crushed limestone

Crushed limestone

Crushed limestone

Crushed limestone

Crushed limestone

Sand clay

Traprock

Traprock

Traprock

Traprock

Traprock

Traprock

Traprock

Percentage Added
to Granular Material

10.5

15.0

10.5

15.0

7.0

10.5

7.0

10.5

4.5

7.0

10.5

13.0

15.5

7.0

10.5

4-5

7.0

10.5

13.0

15.5

7.0

10.5.
r



Table 12

AVERAGE DRY WEIGHT (GMS) OF GRASS TOPS FOR 4 CLIPPINGS AND AVERAGE DRY
WEIGHT OF GRASS ROOTS PER CYLINDER IN EACH OF 3 HORIZONTAL SECTIONS

Dry Weight of Top Dry Weight of Roots
Soil Per Average of Section Number

Aggregate Type Cent Total 4 Clippings 1 2 3 Total

Sand 1 10.5 15.7 3.9 3.6 1.2 0.1 4.9

Sand 1 15.0 18.2 4.6 3.3 0.6 0.02 3.9

Sand 2 10.5 14.5 3.6 3.3 0.6 T 3.9

Sand 2 15.0 17.2 4.3 3.2 0.4 0 3.6

Gravel 1 7.0 13.5 3.4 2.8 0.8 T 3.6

Gravel 1 10.5 15.2 3.8 3.1 1.4 0.02 4.5

Gravel 2 7.0 11.1 2.8 2.3 0.3 T 2.6

Gravel 2 10.5 13.0 3.2 2.3 0.3 0.08 2.7

Crushed limestone 1 4.5 10.9 2.7 2.2 0.2 T 2.4

Crushed limestone 1 7.0 12.8 3.2 1.7 0.2 T 1.9

Crushed limestone 1 10.5 11.1 2.8 2.2 0.3 T 2.5

Crushed limestone 1 13.0 11.2 2.8 1.6 0.1 0 1.7

Crushed limestone 1 15.5 13.3 3.3 2.6 0.2 T 2.8

Crushed limestone 2 7.0 10.6 2.6 2.4 0.2 0 2.6

Crushed limestone 2 10.5 8.8 2.2 2.4 0.2 T 2.6

Sand clay 6.4 16.9 4.2 6.4 3.1 T 9.6

Traprock 1 4.5 6.8 1.7 1.8 0.2 0.07 2.1

Traprock 1 7.0 10.8 2.7 1.8 0.3 0.07 2.2

Traprock 1 10.5 12.3 3.1 2.8 0.1 T 2.9

Traprock 1 13.0 12.2 3.1 2.8 0.2 T 3.0

Traprock 1 15.5 15.6 3.9 1.9 T T 1.9

Traprock 2 7.0 10.9 2.6 2.9 0.2 T 2.6

Trarok 2 105- 86-.2 1 .90, 0.2 0.3 a-2.1Traprock 2 10.5 8.6 2.2 1.9 0.2 0.03 2.1
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192. After the fourth clipping all surface vegetation was removed

from the cylinders and CBR measurements were made on each. In spite of

metal jackets placed around the cylinders some of them split before pene-

tration was complete. The CBR values were higher on the specimens which

had no turf cover except in the following 5 cases: (1) sand plus 10.5%

soil No. 2; (2) sand plus 15% soil No. 1; (3) sand plus 15% soil No. 2;

(4) traprock plus 7% soil No. 1; and (5) traprock plus 7% soil No. 2.

193. The greatest decrease in CBR 200

L

was noted in the sand clay specimens with I _LE

turf and a general increase in CBR was ''*-

noted on sand with turf. Traprock was the -*-

least affected by turf growth (fig. 16). 12 4

191 . It should be noted that root -

values (table 12) represent total production ..

within the aggregate. They do not represent 01

PER CENT PASSING NO. 200 SIEVE

total root productions, as in some cases Fig. 16. CBR's of traprock

and limestone aggregates
roots penetrated the vermiculite base and with and without turf

were lost and many roots were concentrated between aggregate and cylinder

and were not measured. Disregard of roots between cylinder wall and ag-

gregate more nearly represents field conditions as their presence there

resulted from more adequate air at that point than within the aggregate.

195. The decrease in CBR of the sand clay specimens can be

attributed to the concentration of roots in the surface layer caused by

lack of air within the soil column.

196. It should also be noted that distribution of roots throughout

the aggregate column was better in traprock, sand and gravel than in



112

limestone, indicating greater ease of penetration in the former three

materials. This fact is important when a choice of materials is possible

as deep root penetration is a major factor in hardiness of turf and its

ease of maintenance. It was also observed throughout the experiment that

water was absorbed better by specimens with turf than by those without.

197. One general conclusion that may be drawn from Part I of this

study is that the optimum proportion of soil fines to aggregate ranging

from 7 to 10-1/2% for vegetative growth is also the optimum range of soil

to aggregate in terms of load-bearing capacity. It is not necessary to

sacrifice strength in consideration of ease of turf production nor to use

a more expensive form of dust and erosion control when load-bearing

capacity is of prime consideration. Part II of this study was conducted

to determine if any of the base materials presented specific nutritional

problems in connection with turf growth. Each material listed in Part I

was tested separately in duplicate in pots similar to those used in

Part I. To prevent high densities from influencing results specimens

were rodded in a manner to produce firmness without excessive compaction.

198. Alta fescue was used as the test grass and in addition Ladino

clover was used on limestone and gravel. The seed was applied to the

surface of the specimen and covered with a triple layer of cheesecloth

which was removed after the seedlings became established. Fertilizer

elements were applied in solution twice weekly except on Crosby soils and

sand clay which were treated less frequently to prevent waterlogging.

199. The nutritional treatment (table 13) consisted of using a

complete nutritional solution having all the essential elements, and in-

complete solutions, each being minus one element, on each of the soil and
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Table 13

TYPES OF NUTRITIONAL TREATMENT

Micronutrients

Complete
Minus N
Minus P
Minus K
Minus Ca
Minus Mg

Millimolar Concentration.of Salts
KNO3 CaNO3 MgSOj NHH2P _ K24 Ca(H 2 P0) 2 CaSO4

10

10

10
10

3

3
3

3

2
2
2
2
2

2

2
2
2

5

2

1 2

Micronutrient Supplement

ppm of
ElementElement Supplied

Complete

Minus boron

Minus manganese

Minus copper
and zinc

Minus iron*

Check

MnCl
2

H3 B03
CuSO

4
ZnS0

MnCl2
CuSO4
ZnS0

H3B03
CuSO4
ZnSO4

MnCl2
H3B03

No hematite added

Distilled water only

* Iron, a micronutrient, was
tite which is essentially a
slowly upon oxidation. The
which was added as hematite.

supplied in all cases in the form of hema-
ferric oxide, one which liberates iron
"Complete" solution actually lacked iron

aggregate materials being tested. This required a total of eleven solu-

tions on each of 7 materials for the grass series and the same eleven

nutrient solutions on the Ladino clover series.

Salt

Mn
B
Cu
Zn

Mn
Cu
Zn

B
Cu
Zn

Mn
B

_0.3
0.5
0.02
0.05

0.3
0.02
0.05

0.5
0.02
0.05

0.3
0.5
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200. The effect of the various treatments was determined by visual

examination as well as by clipping at a height of 2-1/2 in. and weighing

the dried clippings. A total of 5 clippings was made. Results of this

work are shown in table 14.

201. An examination of table 14 shows that minus nitrogen and

minus phosphorous treatments produced practically no vegetative growth

on the granular materials and only a minor amount on the Crosby soils.

The minus potash treatment reduced the yield approximately two-thirds as

compared to the complete treatment. Minus calcium produced a definite

Table 14

TOTAL DRY WEIGHT OF ALTA FESCUE PRODUCED WITH
EACH NUTRITIONAL TREATMENT ON FIVE GRANULAR MATERIALS

AND CROSBY A AND B SOILS

Treatment

Complete

-N

-P

-K

-Ca

-Mg

-B

-Fe

-Mn

-Cu, Zn

Check

Sand

38.7

0.0

0.0

26.9

23.6

31.7

30.2

19.7

32.3

21.2

0.0

Gravel

29.4

0.0

1.0

23.2

21.6

43.5

28.4

31.9

27.1

35.4

0.0

Limestone

26.6

0.3

0.0

25.4

19.9

32.9

37.0

29.8

26.6

29.7

0.0

Trap -

rock

30.1

0.0

2.9

28.6

31.6

41.6

44.6

27.9

44.9

28.3

1.3

Sand

Clay

38.3

2.9

1.9

29.1

31.4

34.5

31.9

36.0

46.7

31.9

0.0

Crosby A

50.6

6.2

7.8

18.9

60.2

40.8

45.1

55.5

48.3

61.9

3.2

Crosby B

61.4

2.2

9.6

26.9

45.1

65.3

46.1

49.2

52.1

55.0

1.0
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reduction on gravel and limestone though these were calcic materials.

It is also interesting to note that traprock was able to produce a

minor amount of growth in both the minus phosphorous and the check

treatment.

202. The effect of the minus nitrogen treatment on Ladino clover

is not so pronounced as its effect on grass. Deficiency symptoms were

very pronounced at 4 weeks of age. Then all clover specimens were

inoculated with nitrogen-fixing bacteria which permit the plant to fix

atmospheric nitrogen. The response was slow but by the end of the ex-

periment the plants were being furnished sufficient nitrogen for near

normal growth.

203. There was no measurable yield of clover in the minus phosphor-

ous series. It was noticeable that plants died sooner on limestone than

on gravel. This pronounced phosphate deficiency on limestone also

appeared in field tests despite the phosphate-fixation powers of highly

calcareous materials.

204. The higher yields of Alta fescue on Crosby soils and sand

clay prove the higher nutrient storage ability of the fine soil particles

and indicate that a high percentage of very fine soil is desirable from a

nutritional standpoint. This percentage, however, should not be carried

to excess else the limiting factors of freely moving water and soil air

will become controlling factors. It appears from this and other research

that from 15% to 25% by weight of silt and clay particles is desirable

from the standpoint of soil texture for turf.

205. These studies prove conclusively that on granular base

materials:
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a. Nitrogen and phosphorous must be applied in quantities
sufficient for the entire needs of the plants.

b. While potash is less limiting than N and P it must be

supplied for maximum development of grass on the mate-
rials tested.

c. A calcium deficiency exists on highly calcareous aggre-
gates of high pH value and lime application under such
conditions is desirable.

d. If there is a choice between limerock and traprock the
latter is more desirable for both base strength and plant
growth.

e. The micronutrients are not limiting factors although
chlorosis was evident on Alta fescue from lack of iron,
and on Ladino clover a boron deficiency was evident in
coloration of leaves.

f. The addition of inoculated legumes to the turf on granular
materials will aid in supplying required nitrogen.

Turf Investigation, Waterways Experiment Station,
Vicksburg, Mississippi

206. This investigation, also known as "Topsoil and Seeding Studies,"

was undertaken to augment turf runway investigations previously discussed.

Among the purposes were determination of (a) suitability of soil for pro-

duction of turf grasses, (b) the relation of depth of topsoil to economy

of establishment and maintenance of turf grasses, and (c) economically

effective seeding and fertilizer rates on various soils.

WES test sections

207. Three test sections were constructed at the Waterways Experi-

ment Station utilizing three subgrade types (free-draining sand, impervi-

ous clay, and lean or silty clay) and four topsoil types (impervious clay,

clay gravel, sand gravel, and silty sand). Physical characteristics and

chemical analyses of these soils are shown in table 15. Topsoil rows were



Table 15

TOPSOIL AND SEEDING STUDIES
WATERWAYS EXPERIMENT STATION TEST PLOTS

VICKSBURG, MISSISSIPPI

SOIL DATA

Mechanical Analysis

Identification

Sand subsoil

Impervious clay
subsoil

Lean clay subsoil

Impervious clay
topsoil

Clay gravel topsoil

Sand gravel topsoil

Sand clay topsoil

Sieve Size
.75 in. No. 4 No. 10 No. 20

100

100

100

100

90

87

100

100

100

100

100

59

58

99

100

100

100

100

51

49

97

90

100

99

100

45

44

90

No. 40 No. 80 No. 100 No. 200

2

98

96

98

23

19

33

9

9

32

99

98

100

35

32

60

Liquid Plasticity
Limit Index

0 0 --

7 96 67

5 93 35

97

22

17

31

93

21

12

25

54

21

NP

41

11

29

7

NP

-- NP

Centrifuge
Moisture Equivalent

0.92

32.34

19.92

30.32

15.44

3.63

4.94

Corps of Engineers
Soil Classification

SP

CH

ML

CH

GM

GM

SM

Sample
No. _H

1 7.7

2 6.8

3 8.3

4 6.3

5 8.1

6 8.4

7 8.4

Organic
Matter, %

1.1

13.7

13.7

12.8

4.8

8.5

16.0

Chemical Analysis

Available Parts Per Million
Phosphorus Calcium Magnesium Manganese Potassium

182 65 3 1 649

195 4209 50 1 999

247 1528 49 1 999

234 3705 49 8 949

156 3819 43 4 839

182 2958 37 6 300

234 943 34 3 260

NOTES:
(1) Atterberg limits determined from minus 40 mesh material.
(2) CME determinations on minus 40 material.
(3) Organic determinations on minus 35 material and corrected for total sample.
(4) Available parts per million determined on minus 10 material and not corrected.

Sample
No.

1

2

3

4

5

6

7

010253A

l
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placed at 3-in. and 6-in. thicknesses and were separated by training

boards. Three of the four topsoils were "manufactured." The clay was

imported from Mississippi River lowlands. The topsoils were not scari-

fied into the subgrade but rather were separate layers. Seeding and

fertilizer rows were oriented perpendicular to the soil rows. All soils

were seeded to a lawn grass formula of Kentucky (31) fescue and Bermuda

at rates of 1, 2, and 4 units. Phosphoric acid and potash were provided

at one level for all except check rows. Nitrogen was applied at three

levels (1, 2, and 4 units) except for check rows. The seeded areas were

mulched with clean grain straw anchored in place by twine. This work was

completed near the end of the spring planting season.

208. Only limited germination of the seed took place during the

first two months after planting. Rainfall was light and it was necessary

to water frequently and thoroughly. After two months, nitrogen was

replenished at a constant rate on all except check rows. Turf was well

established during the first growing season in two of the plots. High

turf density was not attained in any of the items in the plot having a

free-draining sand subgrade. The Kentucky (31) fescue germinated first

but soon died in the hot dry summer climate. The Bermuda grass was slower

in germinating but thrived after the second application of nitrogen and

provided an excellent vegetative cover except on nonfertilized rows and

all items of the sand subgrade plot.

209. Initial turf growth was more prominent in the clay topsoil

rows. Later in the growing season, however, higher turf density was ob-

tained on the other three topsoil types. The silty sand topsoil was

first to develop excellent turf density and was closely followed by the
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sand gravel and clay gravel. The clay topsoil rows did not attain an

excellent turf rating because they were partially overrun by weeds.

These rows also suffered most in dry weather. Large shrinkage cracks

appeared and the grass wilted. Topsoil thickness reflected definite

trends during the establishment period. On the clay and silty-clay sub-

grade plots, where the water-holding capacity of the subgrade exceeded

that of the three granular topsoils, the 3-in. topsoil thickness provided

turf density more rapidly. On the sand subgrade plot, the 6-in. topsoil

thickness was more effective in developing turf since the topsoil had the

greater water-holding capacity in all cases. Root penetration was deter-

mined in representative items at the end of the first growing season. In

the clay and silty clay subgrade plots it was found that the roots had

penetrated to an average depth of 7 in., reaching into the subgrade in

all cases. The roots in the granular topsoils were somewhat thin and

fibrous whereas in the fine-grained subgrade soils they were large,

straight and firm. In the free-draining sand subgrade plot the roots had

penetrated into the subgrade in all cases but the depth of penetration

was irregular and the roots were thin and fibrous as a result of the

meager supply of plant food.

210. Seeding and fertilizer treatments also reflected definite

trends in turf establishment. For a given fertilizer rate there was very

little improvement when two units of seed were applied instead of one.

No improvement was noted when the seeding rate was increased from two to

four units. For a given seeding rate, on the other hand, there were

marked differences among the three levels of nitrogen treatment. The

items treated with one unit of nitrogen were slow in establishing turf
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whereas those items treated with two and four units were proportionately

faster in reaching high turf density. It should be pointed out that by

the end of the growing season those items originally treated with one unit

of seed and one of fertilizer and having satisfactory topsoil-subgrade

relationships did attain excellent turf density. The second application

of nitrogen during the first growing season appeared to be the controlling

factor.

211. During the winter months the turf remained dormant and was not

affected adversely by heavy rains (up to 10 in.) and/or shallow frost pene-

tration. A period of abnormally warm weather was experienced early in the

spring and vigorous growth occurred in the most highly fertilized items in

the clay and silty-clay subgrade plots. A spring frost nullified this early

growth. Growth during the next two months was quite limited and no mowings

were required except for weeds that appeared mainly in the clay topsoil

rows. The available nitrogen in the items that has been highly fertilized

apparently was expended during the winter. A period of dry weather set in

and replenishing of nitrogen at a constant rate was again accomplished

about one year after the original seeding and fertilizer applications. The

dry hot weather continued for 45 days. When the drought ended the clay and

silty-clay subgrade plots were in good condition as a result of the latest

nitrogen treatment. The grass had not grown but was dense and green. The

sand subgrade plot did not respond very well to the nitrogen treatment and

was in very poor condition when the drought ended. Subsequent rains caused

vigorous growth in the clay and silty-clay subgrade plots and weekly mow-

ings were again required. Considerable growth occurred in the sand sub-

grade plot but turf density remained low.
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212. The second winter season was milder than the first and existing

turf showed no change during this period. During the early spring months,

the entire area of the sand subgrade plot became infested with weeds.

The nonfertilized rows of the clay and silt subgrade plots were also in-

fested with weeds. The fertilized rows having high turf density were

practically free of weeds. Nitrogen was replenished on all three plots

during April. This application was the third in three years. It appears

that one application of nitrogen per year is adequate for maintaining

turf density on imported soils placed on a fine-grained soil.

213. These topsoil and seeding studies warrant the following

general conclusions:

a. Most soils between the limits of very heavy clays and
clean sands or gravels, are suitable, or can be made
suitable, for production of turf grasses by proper
fertilization. These extreme soils require some admix-
ture to render them productive. The importation of
topsoils should be a last resort.

b. The depth of topsoil or processed soil required is di-

rectly dependent on the type of soil under consideration.
Thickness may be held to a minimum when the underlying
soil has the greater water-holding capacity. The maximum
practicable thickness should be specified where the exist-
ing soil is a free-draining sand or gravel.

c. Increase in the seeding rate above that now specified is
not warranted.

d. The initial rate of application of nitrogen, where the
soil is not deficient in other elements, is usually the
controlling factor in early turf growth and also deter-
mines the frequency of subsequent applications required
to maintain turf density within reasonable limits. The
application of nitrogen is more economical and more effec-
tive in maintaining turf during extended periods of dry
weather than is artificial watering. Establishment of
turf on manufactured or processed soils cannot be ex-
pected without fertilization.

e. The feasibility of establishment and maintenance of turf
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on stabilized base courses capable of withstanding heavy
traffic, previously determined in other investigations,
was verified in this study.

Purdue University Test Section

214. One test section similar to one of those at the Waterways

Experiment Station was constructed by Purdue University near Lafayette,

Ind., to provide information concerning turf where the climate and lawn

grass formula would be different. The existing soil, a tan silt, was

utilized for the subgrade. Three of the four topsoils were "manufactured"

by blending the local silt with available highly calcareous aggregates.

The clay was obtained from the plastic "B" horizon of the Brookston soil

located near the test site. Physical characteristics and chemical analyses

of these soils are shown in table 16. All soils were seeded to a lawn

grass formula of Alta fescue and Kentucky bluegrass at rates of 1, 2, and

4 units. Phosphoric acid and potash were provided at one level and

nitrogen at three levels (1, 2, and 4 units) for all except check rows.

This work was completed in the early fall.

215. Some seed germination took place during the fall months due

to considerable rainfall and unseasonably warm weather. However, a severe

winter nullified this growth as the young plants died. Frost penetration

to a depth of 8 in. was recorded and frost heave in the clay topsoil rows

was noted. Early spring growth indicated that a second seed application

was not needed but that replenishing of nitrogen seemed advisable.

Nitrogen was applied at three levels (1, 2, and 4 units on all except

check rows). Growing conditions were good throughout the spring and

summer and a vegetative cover was established. Only a limited number of



Table 16

TOPSOIL AND SEEDING STUDIES
PURDUE UNIVERSITY TEST PIOT

LAFAYETTE, INDIANA

SOIL DATA

Mechanical Analysis

Sample Sieve Size Liquid Plasticity Centrifuge Corps of Egineers
No. Identification 1.0 In. .75 In. No. 10 No. 20 No. 40 No.80 200 mIndex Moisture Equivalent Soil Classification

1 Clay topsoil 100 100 100 100 100 99 95 93 87 42 21 26.8 CL

2 Clay gravel topsoil 100 96 63 45 30 22 16 14 11 29 14 17.7 GC

3 Sand gravel topsoil 100 95 72 61 43 29 17 16 16 - NP 8.6 5I

4 Silty sand topsoil 100 100 99 92 75 57 38 35 22 - NP 9.3 SM

5 Existingsubgrade 100 100 100 99 96 94 88 85 78 23 4 22.5 ML

Chemical Analysis

Sample Organic Available Parts Per Million
No. 2H Matter, % Phosphorus Calcium Magnesium Manganese Potassium

1 7.7 3.4 182 3250 98 2 1400

2 8.0 3.3 26 1950 60 2 1320

3 7.7 3.4 13 1398 39 3 1300

4 7.6 6.9 26 1235 22 2 1300

5 6.0 2.9 26 878 38 2 1300

NOTES:
(1) Atterberg limits determined from minus 40 mesh material.
(2) CME determinations on minus 40 material.
(3) Organic determinations on minus 35 material and corrected for total sample.
(4) Available parts per million determined on minus 10 material and not corrected.
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items attained excellent turf density but quite a large number of the

items had almost reached that condition.

216. Trends noted during the first growing season (after fall

planting) were not in agreement in all cases with those established on

the Waterways Experiment Station plots. This would indicate effect of

different soils of the same type, specie of vegetative cover, and/or

climatic conditions. The clay topsoil rows developed the highest turf

density. Turf establishment on a given topsoil was about the same for

all nitrogen rates but the effect of the higher rate was becoming apparent

as the growing season progressed. Comparable trends were noted in topsoil

thickness and seeding rate.
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