
TURF CULTURE
Published by the United States Golf Association Green Section in the Interest 
of Better Turf for Golf Courses, Lawns, Parks, Recreation Fields and Cemeteries

CONTENTS
Page

Experiments with Fertilizers on Bluegrass Turf............... 153
JOHN MONTEITH, JR., and JOHN W. BENGTSON 

Summary ....................................................................................... 187

Experiments with Fertilizers on Bent Turf........................ 192
JOHN W. BENGTSON and F. F. DAVIS 

Summary and Conclusions........................................................ 212

Fertilizer Trials on Demonstration Gardens..................... 214
JOHN MONTEITH, JR., and KENNETH WELTON 

Summary and Discussion............................................................. 238

What Others Write on Turf:

Late Fertilizing and Susceptibility of Kentucky Bluegrass to 
Cold ................................................................................................ 246

Will War Affect our Fertilizer Supplies?.......................................... 248
Balance Sheet for Plant Nutrients....................  249
Nitrogen of the Air Is Now a Source of Fertilizer....................... 231
Soil Fertility Affects Kentucky and Canada Bluegrass................. 232
Shade Affects Action of Sulfate of Ammonia on Turf................. 232

Our Letter Box....................................................................... 254

DECEMBER, 1939
Volume I Number 3



TURF CULTURE
Published by 

UNITED STATES GOLF ASSOCIATION GREEN SECTION

(OOOOCX

GREEN SECTION COMMITTEE

Frank M. Hardt, Chairman, 
Philadelphia, Pa.

Robert F. Arnott, Upper Montclair, N. J.
Erastus B. Badger, Boston, Mass.
Leo S. Bauman, St. Louis, Ma
Dixwell Davenport, San Francisco, Calif.
Spencer M. Dutt, Cleveland, Ohio 
Robert J. Folet, Huntington, W. Va. 
Richard L. Jackson, Ridgefield, Conn. 
George R. Jacobus, New York, N. Y. 
H. Alfred Langben, New York, N. Y.

Norman Macbeth, Los Angeles, Calif.
Dr. M. A. McCall, Washington, D. G 
Chester Mendenhall, Kansas City, Ma 
Dr. John Monteith, Jr., Washington, D. G 
James Morrison, Cincinnati, Ohio 
Owen Osborne, Jr., Melrose Park, Pa. 
William Otter, Chicago, Ill.
Joseph Ryan, Media, Pa.
A. Q Statt, Minneapolis, Minn.
Wynant D. Vanderpool, Newark, N. J. 
Fielding Wallace, Augusta, Ga.

GREEN SECTION STAFF

John Monteith, Jr., Director and Editor 
A. J. Pieters, Principal Agronomist 
John W. Bengtson, Agronomist

F. F. Davis, Botanist 
F. H. Williams, Executive Secretary

>oocx>o<

Office of the United States Golf Association Green Section

For regular mail—P. O. Box 73, Benjamin Franklin Station, Washington, D. G
For telegraph, special delivery mail and parcels—Room 5652, South Building, Department 

of Agriculture, Washington, D. G
Subscription........................................................................................................$4.00 per Annum

Copyrighted 1339 by 
THE UNITED STATES GOLF ASSOCIATION GREEN SECTION



TURF CULTURE
Volume I DECEMBER, 1939 Number 3

EXPERIMENTS WITH FERTILIZERS ON 
BLUEGRASS TURF

John Monteith, Jr., and John W. Bengtson.*

One of the most common causes of poor turf is starvation. 
If grass is starved or if nutrients are applied in the wrong pro­
portion or at the wrong time, weeds may overpower or even 
kill the grass. On the other hand, if grass is properly fed it 
usually will crowd out most turf weeds and will do surprisingly 
well on unpromising soil. The question of whether grass or 
some other plant shall occupy a given area is largely one of 
competition between plant species. Survival in this competi­
tive struggle depends largely upon food supply, other condi­
tions being equal.

While no exact figures are available it is safe to say that 
millions of pounds of fertilizers are used every year on the turf 
of fairways, parks, cemeteries and lawns. Much of this is ef­
fective, some is harmful and too large a proportion of it is just 
wasted. The kind and quantities of fertilizer to use as well as 
the best time of application, therefore, become matters of 
great importance in turf maintenance.

Since Kentucky bluegrass is the most common grass used for 
turf purposes in this country, the majority of the Green Sec-

■' Director and Agronomist, respectively, of the United States Golf Association Green 
Section.
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tion’s experiments with fertilizers have been conducted on turf 
in which Kentucky bluegrass predominated. The results from 
various series of fertilizer experiments conducted in other sec­
tions of the country as well as numerous field observations in­
dicate that the response of different turf grasses such as other 
species of bluegrass, the fescues, Bermuda grass and carpet 
grass is comparable to that of Kentucky bluegrass.

Needs of Grass and Cultivated Crops Differ

Grass for turf differs from the cultivated farm crops in its 
fertilizer requirements chiefly because of the special need on 
the part of the growing grass for an abundant and readily 
available supply of nitrogen for the rapid production of leaves. 
As compared with many crop plants, the much more shallow 
root system of most closely cut grasses makes it impossible for 
them to forage deep for nutrients.

In growing cultivated crops the soil is plowed and worked. 
Fertilizers are frequently worked or drilled into the soil. Under 
turf conditions the soil cannot be worked, so the applications 
of fertilizer are necessarily made at the surface.

A similar problem has been met in the case of grass on per­
manent pastures. The problems of pastures and turf differ, 
however, in certain ways. On a good pasture the flush of 
growth is in the early spring. Growth and production later 
decline, and during the heat of summer the grass is nearly or 
quite dormant. During that period livestock may be main­
tained on emergency pastures or be given additional grain feed. 
Grass for turf, however, must be kept in as good a condition as 
possible throughout the entire season.

The expense of feeding pasture grasses with large amounts of 
nitrogen would in most cases be prohibitive, and recourse is 
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had to encouraging an abundance of white clover (Trifolium 
repeiis). Clover is itself a valuable pasture plant, being high in 
protein and mineral content. Moreover, like other leguminous 
plants, it is able to use nitrogen from the air because of the 
bacteria in the root nodules which fix atmospheric nitrogen in 
a form available to plants. When roots or tops of clover or 
both are decayed in the ground they enrich the soil in nitrogen 
and thereby stimulate the growth of grass and other pasture 
plants.

In fertilizing pastures, therefore, much of the supply of 
nitrogen usually is furnished by encouraging white clover, and 
the fertilizing program usually is planned so as to maintain a 
good stand of this legume. Where this plant is not objection­
able in turf, such as in some lawns and parks, white clover may 
well be encouraged. However, in most turf used for recrea­
tional purposes, as well as in many lawn and park areas, white 
clover is decidedly objectionable. In these cases a liberal use of 
nitrogen will usually discourage clover and produce the desired 
quality of turf.

Soil and Turf Under Test

The experiments, results of which are summarized in this 
article, were conducted at the Arlington Experiment Farm 
(across the Potomac River from Washington) and on the fair­
ways of the Capital Golf and Country Club (formerly Ban­
nockburn) , Glen Echo, Md. The soil at the Capital course is 
a poor clay loam of the Louisa series; that at Arlington Farm 
is a silt loam. The soil at the Capital course was approximately 
neutral in reaction, having been limed some years before the 
experiments were started; that at the Arlington Farm was di- 
tinctly acid. Both soils were deficient in available phosphoric 
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acid, tests showing from 5 to 10 parts per million (p.p.m.) at 
the Capital course and 10 to 15 p.p.m. at the Arlington Farm, 
by the LaMotte-Truog method, as compared with the 40 to 
50 p.p.m. usually considered sufficient on these types of soil. 
They were, therefore, of neutral or acid reaction and of low 
fertility. The topography of the areas at the Capital course 
varied from nearly level to rolling, with some steep slopes; that 
at the Arlington Farm was nearly level.

On such soils the turf was naturally thin. It had not been 
fertilized for many years and consisted of a sprinkling of Ken­
tucky bluegrass, a little redtop and white clover, with a large 
amount of buckhorn plantain (Pl ant ago laiiceolata), crabgrass 
(Digitaria ischaemum and D. saiiguinalis), some dandelions 
(Taraxacum officinale) and other weeds. At the Capital course 
much red fescue and some bent grass was scattered in the turf.

Kind of Fertilizer Used

The three fertilizer elements, nitrogen, phosphorus and po­
tassium, were applied alone and in various combinations with 
and without lime. Several different materials supplying nitro­
gen and phosphorus were used. The complete fertilizers were 
made up in several different formulas.

Nitrogen is the nutrient most frequently deficient and the 
one needed in greatest abundance for the vigorous growth of 
grass for turf. Therefore, the rates of application of the com­
plete fertilizers were based on the amounts of nitrogen applied.

In order to simplify the comparison of the results with dif­
ferent rates of application, the fertilizers are described on the 
basis of the pounds of nitrogen applied to 1,000 square feet. Ten 
pounds of a 10-6-4, or 8 1/3 pounds of a 12-6-4, or 16 2/3 
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pounds of a 6-12-4 are required to give a rate of 1 pound of 
nitrogen to 1,000 square feet.

All fertilizers were broadcast and were not watered in. The 
turf was not watered during the experiments. The plots dif­
fered in area and arrangement, but in all cases an unfertilized 
check plot adjoined every fertilized plot.

Response to Fertilizers

The response of the thin turf to fertilizers was striking. On 
one series at the Capital course to which complete fertilizer had 
been applied at different rates, a poor thin turf was trans­
formed in 2 years into a good turf without the use of seed, 
watering or mechanical working. With an adequate quantity 
of fertilizer on these plots the number of Kentucky bluegrass 
shoots to a square foot increased about 1,000 per cent over the 
number on the unfertilized check plots.

Similar results with a complete fertilizer were secured on a 
series of plots at Arlington Farm. Careful estimates of the per­
centage of grass 5 years after the first application showed that 
on the fertilized plots there was over four times as much grass 
as on the checks. Not only did the application of fertilizers 
thicken the turf but it also helped in weed control.

It is well known that nitrogen stimulates growth, produces 
a dark color and is generally favorable to vegetative activity. 
An excess of nitrogen may delay flowering and fruiting. Phos­
phorus also stimulates growth, tends to make a sturdier plant 
and encourages such maturation processes as seed production. 
Potassium is less specific in its function, serving in a general 
way to accelerate such vital processes as respiration and the 
manufacture of carbohydrates in the leaves.

On some plots in these experiments, fertilizers containing
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General view of fairway fertilizer plots at the Capital Golf and Country Club 4 months 
after the first application was made in October, 1931. The light strips received no fer­
tilizer; the dark strips from left to right received one application of complete fertilizer 
at rates of I, 2, 4 and 8 pounds of nitrogen to 1,000 square feet, respectively. The left 
half of each dark strip received inorganic fertilizer and the right half, organic fertilizer 
at the same rate and time. The dark color indicates turf with good color and density.

only one of each of the important plant nutrients were applied. 
Therefore it is possible from this series of experiments to com­
pare the results obtained from the use of any one element alone 
with those secured when that element was applied in com­
bination with any one or all of the other elements.

Figures for the percentage of turf grasses, crabgrass and 
clover present in 1939 on some of the plots in this series at 
Arlington are given in the table on page 159. Except for in­
significant variations, these figures are typical of the conditions 
during the past 3 years. Weeds such as self heal (Prunella vul­
garis) , dandelion, buckhorn plantain and chickweed (Stellaria 
spp.) were present in varying amounts, but the percentages of 
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Soil Acidity, Percentage of Major Species Present and Per Cent 
Density of Total Vegetation on Some of the Kentucky Bluegrass 
Plots at Arlington Farm Which Have Received Various Combina­
tions of Nitrogen (N), Phosphorus (P), Potassium (K), and Lime 
(L) from 1934 to 1939. The Results Given are Taken from Ratings 
Recorded in October, 1939. Inorganic Fertilizers Were Used Except 
in the One Case Indicated. The Annual Applications Were 2.5 
Pounds of Nitrogen, 2.5 Pounds of Phosphoric Acid, 1.1 Pounds of 
Potash and 23 Pounds of Ground Limestone to 1,000 Square Feet.

Materials 
applied

Acidity 
in pH

Percentage of major species present 
Turf

Percent 
density of 

total 
vegetationgrasses Crabgrass Clover

NP ................. . . 4.2 70 27 Trace 80
NPL ............... . . 5.2 67 1 32 95
NPKL .......... . . 5.3 65 2 33 95
NPK Organic . . 4.9 31 3 61 80
N ................... . . 4.2 29 64 Trace 70
NPK ............. . . 4.3 25 65 Trace 80
NKL ............. . . 5.2 24 38 32 85
NK................. . 4.3 20 73 Trace 75
NL ................. . 5.9 14 10 71 85
None ............ . . 5.0 15 25 35 60

each are not included. The density of the total vegetation is 
given in percent, 100 percent representing the density of ideal 
Kentucky bluegrass turf.

Nitrogen

In past experiments several kinds of inorganic and organic 
fertilizers containing nitrogen only were used. In general there 
was little apparent difference in the response of Kentucky blue­
grass to nitrogen in these various forms. In the experiments 
reported here, sulfate of ammonia, cyanamide and a mixture 
of sulfate of ammonia and nitrate of soda were used. The an­
nual rates of application were 0.5, 1, 2, 2.5, 4, 8 and 9 pounds 
of nitrogen to 1,000 square feet.
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The tests on the Capital course have been more extensive than 
those at Arlington Farm. On these fairways the lighter rates of 
application increased the vigor of the crabgrass, but produced 
only a slightly darker color in the turf grasses without increas­
ing the stand materially. The 8- and 9-pound applications were 
made only once. At the end of a 2-year period they had caused 
a decided reduction in buckhorn plantain. However, while 
there was no increase in turf grasses, there was a great increase 
in the amount of crabgrass. On this neutral soil similar results 
were obtained with sulfate of ammonia, cyanamide, a mixture 
of sulfate of ammonia and nitrate of soda, and sulfate of am­
monia and ground limestone. In the case of this last combina­
tion, an interval of at least 3 weeks elapsed between the appli­
cations of the two materials. The turf produced by fertilizers 
containing nitrogen alone was decidedly inferior to that pro­
duced by fertilizers containing nitrogen, phosphorus and po­
tassium.

At Arlington Farm the use of nitrogen at the annual rate of 
2.5 pounds to 1,000 square feet in two applications has greatly 
reduced the number of plants of buckhorn plantain and self- 
heal. The condition of the turf, however, has been erratic from 
year to year, but usually it has been partially infested with crab­
grass each summer. Frequently these plots receiving nitrogen 
alone have been as good as, or even better than, the plots re­
ceiving complete fertilizer containing nitrogen, phosphorus 
and potassium. However, the plots receiving nitrogen alone 
have had a far more open turf and more crabgrass than the 
plots receiving a complete fertilizer plus lime. These results 
are listed in the table on page 159.

Nitrogen plus calcium, applied as ground limestone at the 
annual rate of 1,000 pounds to the acre, produced little effect 



December, 1939 161 

the first year, as can be seen in the table on page 165. Since that 
time the condition of the turf has been erratic. Some years the 
turf on plots receiving nitrogen plus lime was superior to that 
on the nitrogen plots, but other years the nitrogen alone has 
produced the better turf. 

POTASSIUM 

The application of potassium as muriate of potash alone or 
combined with calcium as ground limestone has produced no 
improvement in the composition of the turf. It should be 
stated, however, that these soils have had a sufficient reserve 
of potassium. This is also true of many other soils where turf 
1s grown. 

NITROGEN AND PoT ASSIUM 

The plots supplied with both nitrogen and potassium received 
muriate of potash at the annual rate of 1. 1 pound of K2O to 
1,000 square feet. The addition of the potassium did not im­
prove the turf the first year, but since that time and until 1939 
there has been a slight improvement over the plots receiving 
nitrogen alone. However, the data for the past season has 
shown the plots receiving nitrogen alone to be somewhat su­
perior. The nitrogen-potassium plots have usually been over­
run with crabgrass each summer, and half of the time they 
have had an even higher percentage of crabgrass than the plots 
receiving nitrogen alone. 

During the first few years the plots receiving nitrogen and 
potassium plus ground limestone at the annual rate of 1,000

pounds to the acre were superior to those receiving the nitrogen 
and potassium alone. Since that time the effects have been re­
versed, so that now the nitrogen-potassium plots are somewhat 
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superior to the plots receiving these two elements plus calcium, 
in that they have nearly as much turf grass and far less clover. 
The nitrogen-potassium-calcium plots were superior at the end 
of the first year to the plots which had received nitrogen alone, 
but this effect has been lost gradually. Although the total 
vegetation was denser on the plots receiving nitrogen, potas­
sium and calcium during 1939, they had less turf grass and 
more weeds than the plots receiving nitrogen alone.

Phosphorus

On the experimental areas at both the Arlington Farm and 
the Capital course the available phosphoric acid was low. Un­
fertilized soil at Arlington gave readings of phosphoric acid of 
10 to 20 p.p.m. when the surface inch samples were tested by 
the LaMotte-Truog method. Similar samples of unfertilized 
soils taken from the fairways on the Capital course gave read­
ings of 5 to 10 p.p.m.

Where phosphorus was applied as superphosphate to either 
area, the turf has shown little response. There has been a slight 
increase in the growth of white clover, black medic (Medicare 
lupulhia) and lespedeza (Lespedeza striata), but little imme­
diate improvement in the grass. When lime was added in com­
bination with phosphate there has been a decided increase in 
the growth of white clover, which in turn has slowly resulted 
in an increase in the growth of grass.

Phosphorus and Potassium

Where potassium was added with the phosphorus there has 
been a somewhat greater stimulation of white clover, lespedeza 
and black medic than when either element was applied alone. 
There has been practically no immediate response from the
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The response of Kentucky bluegrass turf to one application of complete fertilizer at the 
rate of 4 pounds of nitrogen to 1,000 square feet. The light areas represent unfertilized 
turf. The dark area in the center represents good turf on the fertilized area. Left half 
of dark area was fertilized with organic and right half with inorganic fertilizer. The 

picture was taken 4 months after the fertilizer was applied in October, 1931.

grass but in the course of 2 or 3 years there has been a little 
stimulation of the turf grasses possibly caused by the nitrogen 
which was added by the legumes. The addition of lime to the 
combination of phosphorus and potassium has further increased 
the growth of clover and other legumes which in turn has 
slowly resulted in an increase in the growth of the turf grass.

Nitrogen and Phosphorus

In these experiments phosphorus was supplied in several 
different materials; bonemeal, superphosphate, Ammophos, and 
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activated sewage sludge. Since a definite amount of nitrogen 
as well as phosphorus was specified for each plot in this series 
and since some of the sources of phosphorus also carried nitro- 
en it was not always possible to apply the desired amount of 
phosphoric acid by the use of a single material without in­
terfering with the prescribed rate of nitrogen. In such cases 
the chief material was supplemented by small amounts of other 
materials. The annual rates of application of phosphoric acid 
varied from 0.5 to 2.5 pounds to 1,000 square feet.

Only a moderate response from bluegrass has been noted 
when nitrogen was applied at the lower rate of application. 
However a decided improvement has been observed when phos­
phorus was included. Plots at Arlington which received both 
nitrogen and phosphoric acid at the annual rate of 2.5 pounds 
of each to 1,000 square feet have had a denser turf, greater 
abundance of bluegrass, less crabgrass and other weeds than 
plots receiving nitrogen alone, nitrogen-calcium, nitrogen­
potassium, or nitrogen-potassium-calcium. The nitrogen­
phosphorus plots have been far superior to the plots receiving 
complete inorganic fertilizers, showing a greater abundance of 
turf grasses and less crabgrass. They have had more crabgrass, 
however, than have the plots receiving complete organic 
fertilizer.

The addition of calcium together with nitrogen and phos­
phorus produced a much denser turf with less crabgrass than 
when nitrogen and phosphorus only were applied. There has 
been a great increase in white clover, but in spite of this in­
crease there actually has been more grass and a denser turf. 
For the first few years these plots were about on a par with 
those receiving complete inorganic fertilizer plus lime, but since 
then they have been superior, having less clover and crabgrass.
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Abundance of Turf Grasses on Some of the Kentucky Bluegrass 
Plots at Arlington Farm to Which Various Combinations of Nitro­
gen (N), Phosphorus (P), Potassium (K), and Lime (L), Were 
Applied. Figures Are Given for October, 1934, at the End of the 
First Season, and for October, 1939, at the End of the Fifth Sea­
son. Inorganic Fertilizers Were Used Except in the One Case 
Indicated. The Annual Applications Were 2.5 Pounds of Nitrogen, 
2.5 Pounds of Phospfioric Acid, 1.1 Pounds of Potasfi and 2 3 Pounds 

of Ground Limestone to 1,000 Square Feet.

Materials 
applied

Percentage of turf grasses
October, 1934 October, 1939

NP ............................ ..................... 25 70
npl ..................... 45 67
NPKL ......................... .......................... 55 65
NPK (organic) ..................... 20 31
N ........ . . . . ............. 20 29
NPK . . ..................... 17 25
nkl ..................... ..................... 40 24
NK ........................... ..................... 15 20
NL . . ■ . ..................... 20 14
None ................................ ..................... 15 15

From the results given in the table on page 159 it is apparent 
that on this soil nitrogen and phosphorus have produced a turf 
which has been more free from crabgrass and which has a 
much greater abundance of turf grasses than when potassium 
was included. This has been true whether or not calcium was 
supplied, although the addition of calcium has greatly decreased 
this difference. Evidently the calcium has overcome some of 
the apparently detrimental effects of the potassium.

The table on this page gives the percentage of turf grass 
at the end of the first year and at the end of a 5-year period 
in a series of plots at Arlington Farm. It will be noted that 
the check plots remained in about the same condition, having 
the same percentage of grass at the end of the 5-year period 
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as at the end of the first year. The plots receiving lime showed 
the greatest increase in turf grasses at the end of one year. 
This improvement, however, continued only on the plots re­
ceiving both nitrogen and phosphorus in addition to lime. At 
the end of the 5-year period the plots showing most marked 
improvement had received both nitrogen and phosphorus.

Nitrogen, Phosphorus and Potassium

In the production of most farm crops a complete fertilizer 
containing nitrogen, phosphorus and potassium generally has 
been used. These three elements are among those essential for 
normal plant development from germination through seed 
production. Grass maintained in turf is grown by highly arti­
ficial means to prolong the vegetative condition and so does not 
necessarily need all of these nutrients in the same proportions 
as do plants grown to maturity under normal conditions. In 
spite of the difference in nutrient requirements of crop and 
turf plants, many individuals have recommended the same 
type of fertilizers for both.

Observations on many golf courses in the past few years have 
indicated that where a sufficient supply of any one of the essen­
tial nutrients is available for the vigorous growth of plants 
further additions may not only be wasteful but actually detri­
mental to the turf. The results on the experimental plots at 
the Capital course and at Arlington have given further support 
to these observations.

Complete fertilizers of such diverse formulas as 12-6-4, 
6-12-4, 4-12-4, 9-9-4, 6-3-2, and 6-24-2 have been used. 
The 6-24-2 was used in the inorganic form only, while the 
others were used in both the inorganic and organic forms.
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At the Capital course the turf on the plots receiving com­
plete fertilizers has been far superior to that on the plots where 
nitrogen alone was used. The turf has not only been denser 
but there has been a greater increase in turf grasses and a cor­
responding reduction in crabgrass and weeds on the former than 
on the latter plots. There has been little apparent difference 
between the plots receiving the same amounts of nitrogen in 
the various complete fertilizers, except that the high phosphate 
mixtures have tended to produce more white clover.

At Arlington, where the soil was more acid, a marked re­
sponse has resulted during the first 2 years from applications 
of complete fertilizers. Since that time, however, some of the 
plots receiving complete fertilizer have become badly over­
run with crabgrass and during 1939 they were inferior to the 
plots receiving nitrogen only as well as to those receiving nitro­
gen and phosphorus. The plots receiving complete inorganic 
fertilizers have been superior to those receiving complete or­
ganic fertilizers but here the striking difference has been in 
the greater reduction in clover and chickweed following the 
application of the inorganic fertilizers. The complete fer­
tilizer which contained phosphoric acid in amounts several 
times greater than the nitrogen has tended to produce some 
yellowing of the Kentucky bluegrass.

Where calcium was applied in addition to the complete in­
organic fertilizer at Arlington there has been a striking in­
crease in the density of the turf, an increase in clover and a 
reduction in crabgrass and other weeds. Even in cases where 
clover is objectionable, the increase in density and abundance 
of turf grasses and reduction of crabgrass has more than com­
pensated for the increase in clover and has made the turf on 
these plots far superior to that on plots receiving complete 
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fertilizers without lime. This turf has also been superior to 
that on plots receiving nitrogen-phosphorus in that it has been 
much denser and has had less crabgrass.

The plots receiving inorganic complete fertilizers plus lime 
have had about as much crabgrass in 1939 as the plots receiving 
organic complete fertilizers without lime but have had de­
cidedly less clover and chickweed. Most of the phosphorus on

Results obtained from the application of fertilizer before seeding. Plot on left not fer­
tilized; plot on right fertilized with bonemeal previous to seeding to Kentucky bluegrass 
and redtop. This picture, taken in April following seeding the fall before, shows the 

quicker production of good turf on the plot which was fertilized before seeding.

the organic fertilizer plots was supplied in the form of bone­
meal. The bonemeal contained enough calcium to prevent any 
appreciable change in soil acidity. The organic fertilizer plots 
were slightly more acid than the limed inorganic fertilizer plots 
yet had much more clover than any of the inorganic plots with 
comparable acidity.

The results from applications of the various complete fer­
tilizers of different formulas were compared when applied at 
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comparable rates of nitrogen. Naturally some mixtures sup­
plied more phosphoric acid than did others. As these soils were 
extremely low in available phosphoric acid, the fertilizers that 
supplied a much greater quantity of phosphoric acid produced 
the best turf the first year. However there was little difference 
in the quality of turf afterward. After several years the plots 
which received the most phosphorus had somewhat more clover.

The fertilizers with the higher proportions of nitrogen, such 
as a 12-6-4, produced the same quality of turf with smaller 
amounts of fertilizer than did those like the 6-12-4, which 
contained lower proportions of nitrogen. When the fertilizers 
were applied on a nitrogen basis the additional phosphoric 
acid and potash supplied by such grades as the 4-12-4 or the 
6-12-4 were apparently of little value and not worth the extra 
cost.

The inorganic fertilizers with -the highest percentage of 
nitrogen had a greater tendency to burn than did those with 
less nitrogen.

Lime

The figures in the table on page 165 indicate that on the 
acid soil at Arlington the use of lime at the rate of 1,000 pounds 
to an acre in addition to the application of any of the fertilizer 
combinations except that of nitrogen alone had produced by 
the end of the first year a striking increase in the abundance 
of turf grasses over the amount present on the plots receiving 
the respective combinations without lime. The figures in the 
table show that continued use of lime in combination with 
inorganic complete fertilizers or with the nitrogen-phosphorus 
mixtures has further increased the abundance of turf grasses 
during the 5 succeeding years. The original stand of clover 
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has been maintained on these plots but the density of the total 
vegetation has been greatly increased.

Where lime was not applied to the plots receiving complete 
inorganic fertilizers the clover has been eliminated but the 
crabgrass has been increased decidedly at the expense of the 
turf grasses. These results together with those on plots re­
ceiving lime in addition to the nitrogen-potassium mixture in­
dicate that the presence of lime may have overcome in part 
the apparently detrimental effect of the potassium.

Likewise where lime was not applied to the plots which had 
received the nitrogen-phosphorus mixture, the clover has been 
eliminated. However, the density of the total vegetation has 
not been increased nor the crabgrass reduced so markedly as 
when lime was present in addition to nitrogen and phosphorus.

The continued use of lime on plots which had not received 
phosphorus has been accompanied by a gradual increase either 
in the amount of clover or of crabgrass at the expense of the 
turf grasses, so that, at the end of 5 years, there is now a smaller 
percentage of turf grasses on these plots than at the end of the 
first year.

The amount of lime used on the fertilizer plots has had 
little effect on the reaction of the soil. No plot in this series 
was made more alkaline than the pH 5.9 of the nitrogen-lime 
plot. While both the nitrogen-phosphorus-lime plot and the 
complete fertilizer-lime plot produced excellent turf, the best 
in the series, the soil was made only slightly less acid than the 
checks and was far below the neutral point of pH 7.0. Thus 
it appears that a neutral soil is not necessary for a good blue­
grass turf, but that a satisfactory turf can be produced on an 
acid soil with proper fertilization. This is of particular inter­
est to those who desire a good turf with a minimum of clover, 
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Condition of the Turf on the Fertilized Plots at the Capital 
Course in October and December, 1932 and October, 1933, Follow­
ing Applications Made in the Fall of 1931, the Fall of 1932 and 
the Spring of 1933. The Percentage of Improvement over the 
Check and the Percentage of Turf Grass on Each of the Plots is 
Given. The Check Plots Were Consistently Rated at 2 on the 
Basis of 10 as Representing Ideal Bluegrass Turf. The Rate of 
Application of Fertilizer is Given in Pounds of Nitrogen to 1,000 

Square Feet.

Kind of 
Fertilizer

Rate of 
applica­

tion
(Pounds 
of N to
1,000 
square 
feet)

Percentage of im­
provement over un­

fertilized plots
Percentage of grass 

cover

October, December, October, 
1955

December, 
1952

October, 
19551952 1952

Checks . . . . ... 0 — — 60 50
Inorganic ... 1 150 25Ox 300 82 86\
Organic . . . ... 1 0 200z 300 80 86
Inorganic . . ... 2 200 400 300 94 8 5..
Organic . . . ... 2 150 200 300 80 88
Inorganic . . ... 4 300 400 0 95 50
Organic . . . ... 4 300 400 -50 93 3 5
Inorganic . . ... 8 150 200 — 80 0
Organic . . . ... 8 300 400 — 91 0

for it will be noted in the table on page 159 that when inor­
ganic fertilizers were used the less acid the soil the more clover 
was present in the turf.

Experiments on Rates of Application

The purpose of some of the experiments at the Capital course 
was to find out how much fertilizer should be used on a thin 
turf to bring it quickly into good condition and to determine 
how heavy an application the bluegrass would tolerate. The 
complete 6-12-4 fertilizer was applied at different rates, 700, 
1,400, 2,800, and 5,600 pounds to the acre. These applica­
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tions supplied approximately 1, 2, 4 and 8 pounds of nitrogen 
and twice that amount of phosphoric acid to 1,000 square 
feet. The lowest rate, therefore, was equivalent in nitrogen 
content to a little less than 5 pounds of sulfate of ammonia to 
1,000 square feet, the highest to the extremely heavy rate of 
about 38 pounds.

The fertilizer was applied both in organic and in inorganic 
forms at each rate. The first application was made October 
21, 1931. A second application was made in the fall of 1932 
and a third in the spring of 1933.

The excellence of the turf was rated on the basis of a pos­
sible maximum of 10 representing ideal bluegrass turf. The 
increase in rating of the fertilized plots over that on the un­
fertilized check plots has been expressed as percentage of im­
provement. This percentage of improvement over the check 
plots should not be confused with the percentage of turf grasses 
present on the plots.

One Pound of Nitrogen

On this extremely thin turf, applications of fertilizer at the 
rate of 1 pound of nitrogen to 1,000 square feet produced no 
improvement during the first winter. During the following 
summer, however, improvement became evident on the plots 
that had received inorganic fertilizer at this rate. From the 
figures in the table on page 171 it can be seen that in October, 
1932, the turf on the inorganic plots showed an improvement 
of 150 percent over that on the checks. The fall application 
increased the improvement to 250 percent by December, 
1932. By October, 1933, following one more application in 
the spring of 1933, the percentage of improvement had been 
increased to 300 percent.
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The plots receiving one application of organic fertilizer in 
the fall of 1931 showed no apparent improvement in the turf 
by the end of the crabgrass season. By December, 1932, after 
the bluegrass had made its fall growth and recovered from the 
crabgrass invasion, the application in that fall had produced an 
improvement of 200 percent. The application in the spring 
of 1933 increased this improvement to 300 percent which was 
equal to that of the turf on the inorganic plots.

Two Pounds of Nitrogen

The application of 6-12-4 inorganic fertilizer at the rate 
of 2 pounds of nitrogen to 1,000 square feet caused some burn 
as would be expected since the nitrogen applied was equal to 
nearly 10 pounds of sulfate of ammonia to 1,000 square feet. 
The grass quickly recovered, however, and made marked im­
provement during the winter. By spring the turf was in good 
condition and made further improvement during the summer 
of 1932. A reduction in the percentage of clover was also 
noted. In December, 1932, after the fall application, the turf 
on these plots showed an improvement of 400 percent with 
94 percent of the area covered with turf grasses. As may be 
seen in the table, the percentage of improvement due to inor­
ganic fertilizers dropped during the following season so that 
by October, 1933, these same plots showed an improvement 
of 300 percent with a grass cover of 8 5 percent.

The turf on the plots that received organic fertilizer at this 
rate showed some improvement by the end of the summer of 
1932 but no clover control. The application in the fall of 1932 
increased this improvement by December, 1932, to 200 per­
cent. This is just half the improvement which was shown at 
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that time on the inorganic plots which had received fertilizer 
at the same rate. By October, 1933, however, after an addi­
tional application of fertilizer in the spring at the same rate 
the improvement on the organic plots had increased to 300 
percent which was the same as that shown on the inorganic plots 
at that time. The percentage of grass cover on the organic 
plots had also increased from 80 in December, 1932, to 88 per­
cent in October, 1933.

At the end of a year, after two applications, the turf on the 
plots fertilized at the 2-pound rate was superior to that which 
had received 1 pound of nitrogen. After the third application 
the turf on the two plots was in the same condition.

Four and Eight Pounds of Nitrogen

A 6-12-4 inorganic fertilizer used at the rate of approxi­
mately 4 pounds to 1,000 square feet, although put on in two 
equal applications, caused considerable burn but the grass re­
covered. The organic fertilizer did not burn. By March, 
1932, the grass on the inorganic plots had recovered com­
pletely and was making vigorous growth. The organic fer­
tilizer applied at this rate also stimulated the grass but not so 
much as did the inorganic. The inorganic plots also showed 
more clover and plantain control than did the organic plots.

The applications were repeated in the fall of 1932 and by 
December of that year the turf on both the inorganic and the 
organic plots was considered to be nearly perfect. As shown 
in the table on page 171, the improvement on both the in­
organic and the organic plots was 400 percent, and the per­
centage of grass cover was estimated at 95 and 93 percent, 
respectively. As in the previous year, the inorganic plots showed 
better clover and plantain control than did the organic plots.
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The application in the spring of 1933 resulted in a decided 
deterioration of the turf because of the heavy invasion of crab­
grass during the following summer. The weather conditions 
during that summer were particularly favorable for the growth 
of crabgrass, so that after the crabgrass was dead in the late 
fall of 1933 the turf on the plots receiving inorganic fertilizer 
at the rate of 4 pounds of nitrogen to 1,000 square feet was

Reduction of weeds and increase in density of an established Kentucky bluegrass turf on 
a neutral soil, by the application of 6-12-4 inorganic fertilizer at the rate of 4 pounds of 
nitrogen to 1,000 square feet. Fertilizers were applied to the plot on the right in 
October, 1931; October, 1932; and March, 1933. The picture was taken in May, 1933. 
Note the abundance of buckhorn plantain and clover in the unfertilized plot on the left 
as compared with the dense, weed-free bluegrass turf on the fertilized plot on the right.

no better than that on the check plots. The turf on the organic 
plots was poorer than that on the unfertilized plots. These 
poor results in October, 1933, with both inorganic and organic 
fertilizers applied at the rate of 4 pounds of nitrogen may be 
compared to the 300 percent improvement shown on the plots 
which had been receiving the same fertilizers over the same 
period of time at the rate of 2 pounds of nitrogen.
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Response of old established Kentucky bluegrass turf at the Capital Golf and Country 
Club to 12-6-4 inorganic fertilizer applied in October at the rate of 8 pounds of nitrogen 
to 1,000 square feet. . Left, dense vigorous turf on fertilized area; right, thin, weedy turf 
on the unfertilized strip. The picture was taken 5*/2 months after the application of the 

fertilizer and before the first spring mowing of the fairway.

When applied at the rate of 8 pounds of nitrogen to 1,000 
square feet, both the inorganic and the organic fertilizers were 
put on in two equal applications. Each application of the in­
organic fertilizer at this rate burned the turf seriously. There 
was some recovery every year, but at the end of each season 
the turf was inferior to that which had received the same fer­
tilizer at the 4-pound rate.

During the summer of 1933, after the final applications of 
fertilizer had been made, there was a very heavy infestation of 
crabgrass. This infestation was so severe that it entirely 



December, 1939 177

crowded out the bluegrass on the plots fertilized at the 8-pound 
rate.

During this favorable season for crabgrass the lower the 
fertilizer rate the less the bluegrass was injured by the crabgrass. 
This indicates that the excess fertility in the soil, over and above 
what the spring growth of bluegrass used, stimulated the ex­
cessive growth of crabgrass.

Two applications of inorganic fertilizer at the 4-pound rate 
of nitrogen produced no better results than the 2-pound rate. 
A third application at the 4-pound rate was harmful. Unlike 
the results with the inorganics, two applications of the organic 
fertilizer at the 4-pound rate of nitrogen did produce better 
results than the 2-pound rate. As was the case with inorganic 
fertilizer, a third application at the 4-pound rate was harmful. 
The use of 8 pounds of nitrogen in either inorganic or organic 
form resulted in a poorer stand of turf grasses and in a greater 
increase of crabgrass at the end of the first 2 years than did any 
of the other rates of application. The poorer condition of the 
turf grasses was apparently due to excessive stimulation of 
crabgrass.

Varying Rates of Application

In a later series of experiments the effects of a heavy initial 
application of fertilizer followed by smaller amounts annually 
were compared with those obtained from a light initial applica­
tion followed by the same amount each year.

Where applications of a complete fertilizer containing 1 
pound of inorganic nitrogen to 1,000 square feet were used 
for only 1 year the grass improved but the response was not 
sustained. The following year the turf reverted to its original 
condition. With a heavier initial fertilization at the rate of 4 
pounds of organic or inorganic nitrogen to 1,000 square feet, 
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response was much more marked. This improvement was 
maintained when this fertilization was followed by annual ap­
plications at the rate of 1 pound of nitrogen to 1,000 square 
feet. However, when the initial fertilization at the 1-pound 
rate was followed by annual applications at the same rate the 
turf produced after several years was as good as that on the 
plots to which fertilizer at the rate of 4 pounds of nitrogen 
were applied the first year, followed by annual applications at 
the 1-pound rate.

Light applications made year after year brought results but 
these were more quickly secured by a heavy initial fertilization 
followed by light applications to maintain the quality of the 
turf.

Rates of Application at Arlington

Similar results were obtained on some of the plots at the 
Arlington Farm. In some of the tests a 9-9-4 was used at the 
rate of 1,200 pounds to the acre, half being applied in the spring 
and half in the fall. This equals an annual application of nitro­
gen at the rate of 108 pounds to the acre, or nearly 2.5 pounds 
to 1,000 square feet.

The turf on plots treated with a mixture of organic and in­
organic fertilizers at one-half the above rate was inferior to 
that where the full rate was used. The turf produced by this 
mixture applied at the full rate was not so good as that pro­
duced by inorganic fertilizers applied at the same rate.

Organic Compared with Inorganic Fertilizers

As already stated, at the Capital course the inorganic mixed 
fertilizers used at the rate of about 2 pounds of nitrogen to 
1,000 square feet burned the grass; the organic fertilizers did 
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not burn even when aonlied at the rate of nearly 4 Dounds of 
nitrogen to 1,000 square feet in a single application. At the 
lower rates of application the results from organic fertilizers 
were inferior to those from inorganic fertilizers until the third 
application had been made. After three applications, however, 
the turf on the plots which had received organic fertilizers at 
the 1- and 2-pound rates was equal to that on the plots which 
had received inorganic fertilizer at the same rate. Even after 
1 year the results obtained with the organic fertilizer at the 
4-pound rate were equal to those obtained with the inorganic 
fertilizer at this rate.

In control of clover and plantain, however, the organic fell 
behind the inorganic fertilizer when both were applied at the 
1- and 2-pound rates. When applied at the 4- and 8-pound 
rates both fertilizers produced the same control.

In the Arlington Farm experiments the organic fertilizers 
produced a fair response after 2 years but weeds later invaded 
these plots much more than the plots which received inorganic 
fertilizers. In June, 1939, weeds were more than five times as 
abundant on the plots which received 9-9-4 organic as on those 
which received 9-9-4 inorganic plus lime.

Organic Fertilizers and Soil Organic Matter

The claim has been made that organic fertilizers are desirable 
because they increase the organic matter of the soil.

Bonemeal, which is an example of an organic fertilizer, con­
tains approximately 75 percent of mineral compounds and 
25 percent of organic matter. If bonemeal were applied at 
the rate of 1 ton to the acre it would, therefore, be supplying 
only 500 pounds of organic matter. It is estimated that an 
acre of soil to a depth of 6 inches weighs 2 million pounds, 
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so an application of 1 ton of bonemeal to the acre would be 
equivalent to adding only one-half pound of organic matter 
to a ton of soil. Since the greater part of the organic matter 
is soon broken down and used by the plants or is leached out, 
this one-half pound of organic matter is reduced even further. 
The amount of organic matter added to the soil by a commer­
cial organic fertilizer is too small to warrant consideration.

The most abundant source of organic matter in the soil is 
the vigorous root growth of well-fertilized grass. The use of 
any fertilizer that will stimulate root growth will result in an 
increase in the organic matter in the soil. This was confirmed 
by the experiments at the Capital course where both organic 
and inorganic fertilizers were used in large amounts. A study 
of the organic matter content of the plots made at the close 
of the experiment showed that on the plots receiving inorganic 
fertilizer the organic matter content had been increased by an 
average of 5.59 tons to the acre and on the plots receiving 
organic fertilizer by an average of 5.58 tons, almost exactly 
the same amount. The organic fertilizer did not of itself in­
crease the organic matter in the soil but did so indirectly by 
stimulating root growth in exactly the same way and appar­
ently to the same degree as was done by the inorganic fertilizer.

Lasting Effects of Fertilizers

The lasting effect of fertilizers can still be observed on the 
Capital course series of 1931. On these plots 6-12-4 fertilizers 
were applied at the annual rates of approximately 1, 2, 4 and 
8 pounds of nitrogen to 1,000 square feet. Three applications 
were made, fall 1931 and 1932 and spring 1933. No fertilizers 
have been applied since.
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The bluegrass on the areas which received fertilizer at the 
rate of 4 and 8 pounds of nitrogen was entirely killed by the 
heavy invasion of crabgrass during the 1933 season. These 
two areas were seeded to Kentucky bluegrass during the late

Comparison of response of Kentucky bluegrass turf to inorganic and organic fertilizers. 
This picture was taken 6 months after the first application of fertilizer was made in 
October, 1931, at the rate of 4 pounds of nitrogen to 1,000 square feet. The area on 
the left received organic fertilizer and that on the right, inorganic. The dense vigorous 
bluegrass on the right shows the quicker response obtained from the application of 
inorganic fertilizers than from the application of organic fertilizers at the same time and 
rate. Clover is conspicuous in the organic plot on the left and absent on the inorganic 

plot on the right.

winter of 1934. Only a fair stand was secured at that time but 
this rapidly improved and established a good turf.

Observations made in the fall of 1939 showed that the entire 
area still stands out from the surrounding poor unfertilized 
turf. Even where the lighter applications were made the grass 
is still better than the unfertilized turf after 6 years without 
additional fertilizer. The turf today is best on the areas which 
received the greatest quantities of fertilizer.

While buckhorn plantain is still the dominant plant on the 
surrounding area it is rare on the fertilized section. Contrary
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to what was true in December, 1933, crabgrass is not now so 
abundant on the more heavily fertilized areas as on those that 
received fertilizers at the rate of 2 pounds of nitrogen to 1,000 
square feet. Apparently the good growth of bluegrass has 
helped to keep out the crabgrass.

All of the areas which received inorganic fertilizer are now 
somewhat better than those which received organic fertilizer. 
Contrary to general belief, the organic fertilizer in this case 
has not done better in the long run than the inorganic fertilizer.

Lines between the fertilized and check areas are no longer as 
sharp as shown in the illustration on page 158, for there is an 
irregular fringe of improved turf around each fertilized plot. 
When the fertilizers were applied, every precaution was taken 
to prevent any of the material from falling outside of the plots. 
Since the irregular border of improved turf is present on the 
up-hill side of the fertilized plots the improvement in this area 
must be due to clippings thrown up by the high-speed mowers, 
rather than to wash. This is further borne out by the £act that 
by far the most prominent borders extend in the same direc­
tions as the mowers are operated, while the borders in the 
opposite directions are negligible. It would seem, then, that 
at least part of the lasting effect of fertilizer is due to the 
release of nutrients during the decay of clippings returned to 
the soil.

Time to Apply Fertilizers

The time when fertilizers should be applied to bluegrass turf 
is of especial importance in sections where summer annual 
weeds, as crabgrass, are prevalent. If applied at the wrong time 
the fertilizer may merely stimulate the annual weeds and be­
cause of the severe competition they offer, the stand of Ken­
tucky bluegrass may be seriously injured.
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Where summer weeds are a problem, fertilizer should be ap­
plied when it will do the bluegrass the most good and the crab­
grass the least. Bluegrass makes its best growth in fall and early 
spring and the need for nutrients is greatest at that time. The 
.thickening of the turf resulting from fall applications of fer­
tilizer is one of the best insurances against annual weeds in­
vading the turf the following year. This has been shown in 
every experiment in which sufficient fertilizer was applied to 
stimulate the turf grasses without burning them seriously.

On the Capital course two fall applications of complete in­
organic fertilizer at the rate of 1 pound of nitrogen to 1,000 
square feet increased the percentage of grass cover from 63 
on the check to 94; reduced the percentage of white clover 
from 8 on the check to 1, plantain from 11 to zero and the 
area of bare ground from 18 to 5.

When, however, spring applications were made on the same 
series a heavy infestation of crabgrass resulted. The competi­
tion from crabgrass was so severe on the heavily fertilized plots 
that the bluegrass was ruined. In a special test on this point 
one series of plots was fertilized in the fall of 1933. A similar 
application was made on May 1, 1934, on another series of 
plots. By July 3, 1934, the plots receiving inorganic fertilizer 
in fall had 82 percent bluegrass and 15 percent crabgrass, 
while those receiving the same fertilizer in late spring had 10 
percent bluegrass and 90 percent crabgrass. Fall fertilizing 
produced a turf that kept out most of the crabgrass while 
with s£ring .fertilizing the crabgrass quickly dominated.

These tests have shown that in the Washington district fer­
tilizers should be applied in the fall. When spring applica­
tions of fertilizers have been made in this region best results 
have been obtained by very early applications rather than in 
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late April or May. Spring applications at about one-half the 
rate of the fall applications have produced better results than 
the heavier rates.

It is likely that in sections where the winters are not too 
severe fertilizers may be applied at any time during the winter 
as the grass seems to have the ability to utilize fertilizers even 
where little or no active growth is being made. Farther north, 
however, where the ground is frozen for a long period during 
the winter, much of the fertilizer applied to the frozen ground 
might be lost in run-off.

Tests conducted by the Green Section several years ago in­
dicated that late and heavy fertilizing with nitrogen should be 
avoided in regions where snow mold is troublesome. It has 
been shown that grass stimulated into late growth is more 
susceptible to snow mold than grass that has not been stimu­
lated by late fertilizing.

Weed Control with Fertilizers

The improvement of the grass on plots receiving complete 
fertilizer was accompanied in every case by a reduction in all 
weeds except crabgrass. Crabgrass flourished on those plots 
which received extremely heavy applications of fertilizers, on 
those fertilized in the spring, and on the acid plots which re­
ceived complete fertilizer but no lime. On acid soil the least 
crabgrass was on the plots receiving either complete fertilizer 
plus lime or on plots receiving nitrogen, phosphorus and lime. 
On the neutral soil similar results were secured with these fer­
tilizers without the addition of lime.

Both at the Capital course and at the Arlington Farm one 
of the most abundant weeds was buckhorn plantain. This is 
still plentiful on the check plots and on the surrounding areas 
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but has practically disappeared from most of the fertilized plots, 
especially from those receiving inorganic fertilizers.

A 6-12-4 inorganic fertilizer applied at the rates of 2 and 
4 pounds of nitrogen to 1,000 square feet eliminated practically 
all perennial weeds and clover after two applications. When 
no further nitrogen was added, clover reinfested these plots 
after several years. Perennial weeds were also reduced but 
not wholly eliminated by the heavier applications of organic 
fertilizer, indicating that in this case elimination of the weeds 
was mainly due to increased competition from the grass.

On the Arlington Farm where the soil was acid, applications 
of the 9-9-4 inorganic fertilizer reduced the weed content of 
the turf excepting crabgrass, from 5 8 percent in 1934 to 14 
percent in October, 1939, and wholly suppressed the clover. 
Every summer, however, the crabgrass on these plots was much 
more abundant than on the checks. When lime was applied 
annually in addition to the complete inorganic fertilizer, weeds 
excepting crabgrass and clover were reduced from 58 percent 
in 1934 to 1 percent in 1939. These annual applications of 
lime reduced the percentage of crabgrass during each summer 
from an average of 65 on the unlimed fertilized plots to about 
2, and at the same time encouraged the clover until in 1939, 
although there was no clover on the unlimed plot, there was 
33 percent on the limed plot. It should be noted that in these 
tests lime was applied annually, rather than every second or 
third year. Had the applications been made at the wider in­
tervals the same benefits might have resulted without as much 
stimulation of clover.

The 9-9-4 organic fertilizer on this series at Arlington re­
duced the weeds, excepting crabgrass and clover from 58 to 32 
percent only. Crabgrass was reduced from 26 percent in 1934 
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to less than 3 percent in 1939. Clover was encouraged so that 
in 1939 it comprised 40 percent of the total vegetation.

Suppression of weeds was most marked in the case of buck- 
horn plantain which was nearly eliminated on all of the fer­
tilized plots, while the average percentage on the check plots 
was 17. The elimination of the plantain was somewhat more 
complete on the inorganic than on the organic plots.

A series of plots laid out in the fall of 1936 received 6-3-2 
organic and inorganic fertilizers at the annual rate of 2 pounds 
of nitrogen to 1,000 square feet. Observations made in June, 
1938, showed that chickweed had greatly increased on the plot 
receiving the organic fertilizer. Both the organic and the 
inorganic fertilizer had reduced the clover and had slightly 
affected the buckhorn plantain.

Weed Control with Fertilizers and Arsenicals

Both arsenicals and complete fertilizers were applied on some 
plots. Arsenic acid was used at 1 pound and sodium arsenite 
at one-half pound to 1,000 square feet. Both were applied 
dry, mixed with sand, in April. While the fertilizers alone 
applied at the rate of 1 pound of nitrogen to 1,000 square 
feet reduced the clover and plantain to some extent but did 
not reduce the chickweed, the addition of arsenicals practically 
eliminated the chickweed and clover and further reduced the 
plantain. On the other hand, there was somewhat more crab­
grass on the plots treated with arsenic acid and sodium arsenite 
than on those which received fertilizers only. This may have 
been due to the fact that the crabgrass was able to take over 
the areas vacated by the chickweed and clover more quickly 
than was the bluegrass. The plots treated with arsenic acid
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The control of clover and buckhorn plantain in old established Kentucky bluegrass turf 
by the application of fertilizers. The weed-free plot on the right had received a 9-9-4 
inorganic fertilizer every spring and fall from the spring of 1934 to the spring of 1938, 
inclusive, at the annual rate of 2.5 pounds of nitrogen to 1,000 square feet. The picture 
was taken in June, 1938. The plot on the left in which clover and plantain predominate 

had received no fertilizer during this time.

and fertilizers had a better stand of bluegrass than those to 
which fertilizers alone were applied.

Summary

The results of a number of experiments with fertilizers 
chiefly on old weedy turf composed largely of Kentucky blue­
grass have been reported. These experiments were conducted 
in part at the Arlington Experiment Farm and in part on the 
grounds of the Capital Golf and Country Club near Wash­
ington.

In these experiments a thin weedy turf was transformed 
into a dense turf free of weeds in two years by moderate fer­
tilization without the use of seed, water or mechanical work­
ing. The transformation was even more rapid with extremely 
heavy applications.

The best turf on the acid soil was produced with a combi­
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nation of nitrogen-phosphorus plus calcium. However, the 
turf produced by applications of a complete fertilizer plus 
lime was almost as good.

The turf which received the nitrogen-phosphorus combi­
nation or the complete fertilizer was about equal on the neutral 
soil.

Nitrogen applied alone produced some improvement in the 
turf. However, a good turf resulted only when nitrogen was 
combined with certain other elements.

When nitrogen was combined with phosphorus there was a 
decided increase in turf grasses and a decrease in clover. There 
was no apparent difference in results on the neutral soil when 
potassium was added to this combination. However, on the 
acid soil the addition of potassium resulted in a pronounced 
decrease in turf grasses and a corresponding increase in crab­
grass.

The addition of lime to the nitrogen-phosphorus combina­
tion on the acid soil effected a further reduction in turf weeds 
and crabgrass but clover was encouraged. When lime was 
added to the nitrogen-phosphorus-potassium combination turf 
grasses were likewise decidedly increased and crabgrass was again 
decreased. The lime seemed to have overcome the apparently 
detrimental effect of the potassium on the acid soil.

Nitrogen-potassium, nitrogen-potassium-calcium, and nitro- 
gen-calcium produced no better results than nitrogen alone on 
these soils. The latter two combinations, however, effected an 
increase in the amount of clover which ultimately improved 
the turf to some extent.

The addition of phosphorus alone was not effective in im­
proving the quality of the turf. Nevertheless it was necessary 
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to include phosphorus in all of the combinations before good 
turf could be produced.

Phosphorus and potassium, phosphorus and calcium or a com­
bination of these three elements were not much superior to 
phosphorus alone. These combinations, however, encouraged 
the growth of clover which eventually resulted in some increase 
in the amount of turf grasses.

Potassium was found to be of little value on these soils 
whether used alone or in combination with other nutrients. 
Its application on the acid soil checked the beneficial influence 
of other nutrients and produced a poorer turf with a greater 
increase in crabgrass than the same nutrients used without 
potassium. The addition of calcium, however, overcame some 
of the apparently detrimental effects of the potassium. On 
the neutral soils the depressing effect of potassium was not so 
plainly evident, the nitrogen-phosphorus-potassium combina­
tion producing turf about as good as the nitrogen-phosphorus 
combination. To obtain a high-quality turf on these types of 
soil it apparently was not necessary to include potassium in the 
fertilizer combination, and certainly not in such amounts as 
occur in most grades of fertilizers that are recommended.

The application of lime alone produced no immediate im­
provement in the turf. Clover was encouraged, however, and 
this in the end tended to stimulate the turf grasses. On the 
acid soil, when lime was added to any combination containing 
nitrogen it produced a striking increase in the amount of turf 
grasses the first year. Unless, however, phosphorus was in­
cluded in such a combination the amount of turf grass at the 
end of the 5-year period was less than at the end of the first 
year. It was necessary to add lime on the acid soils before turf 
of high quality could be produced.
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The use of 1,000 pounds of lime per acre annually on the in­
organic fertilizer plots had little effect on the soil acidity.

When applied on an equal nitrogen basis all inorganic com­
plete fertilizers of different formulas produced about the same 
results. The ones supplying the greatest quantity of phosphorus 
encouraged larger amounts of white clover. When these com­
plete fertilizers were used, a good turf was obtained at the least 
expense with a formula supplying a high percentage of nitro­
gen, about half as much phosphoric acid as nitrogen and de­
cidedly less potash than phosphoric acid.

Inorganic and organic fertilizers gave equally good results 
when repeatedly applied at heavy rates. Inorganic fertilizer 
produced a turf with fewer weeds and clover when light annual 
applications were continued over a period of years.

Inorganic fertilizers produced as great an increase in soil 
organic matter as did the organic. Both fertilizers increased 
the soil organic matter by approximately 5.5 tons to the acre. 
The increase was due to the vigorous growth of the grass roots 
and decay of other plant parts and not to the material added as 
fertilizer.

Of the various rates of application tested, the best turf 
maintained over a long period of time was that obtained by a 
heavy initial application of a complete fertilizer, followed by 
light annual applications. Equally good results were obtained 
by applications of a complete fertilizer every spring and fall 
at the rate of 1.25 pounds of nitrogen to 1,000 square feet, a 
total annual application of 2.5 pounds.

In single applications heavy rates resulted in the greatest im­
provement in the turf, although there was some burn. A mixed 
fertilizer, even when used at the extreme rate of 8 pounds of 
nitrogen to 1,000 square feet, improved the condition of the 
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turf. However, repeated applications at such heavy rates re­
sulted in a deterioration of the turf.

Although the best turf was obtained by continued applica­
tions of fertilizer, several heavy applications resulted in a turf 
which is still remarkably good even though several years have 
elapsed since the last application was made.

In the Washington district best results were obtained with 
fall applications of fertilizers. Spring applications, unless 
made very early, stimulated the crabgrass which then crowded 
out the bluegrass. When only spring applications were made 
the best results were obtained if they were made very early and 
at about half the rate of the fall applications.

The liberal use of fertilizers was effective in reducing the 
amount of weeds, especially plantains, chickweed, selfheal and 
clover. When applied at the lighter rates, the inorganic fer­
tilizers were much more effective than the organic.

Arsenicals applied in addition to the fertilizers resulted in a 
quicker and greater reduction of turf weeds than did fertilizers.

"Be not the first by whom the new are tried 
Nor yet the last to lay the old aside.”

Pope referred to the use of words, but the idea conveyed is 
of wider application. The advice is good but does not mean 
that new ideas should be avoided. Try them out carefully but 
until the new method has been proved stick to methods that 
have been found successful. But don’t stick to old ways long 
enough to fall behind the times. Changes of program should 
be made only with a clear view of the results that may be 
expected. There is no sense in trying anything and everything.
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EXPERIMENTS WITH FERTILIZERS ON BENT TURF 

John W. Bengtson and F. F. Davis *

Early in the development of bents in this country it became 
evident that their nutritional demands differed from those of 
Kentucky bluegrass. Apparently, by applying certain fer­
tilizers, notably sulfate of ammonia, it was possible to check 
clover, dandelions and other weeds on the plots and at the same 
time improve the condition of the grass.

Early Fertilizer Experiments

The Green Section established its first series of fertilized 
plots on the Turf Garden at the Arlington Experiment Farm 
in 1921. In that year, thirty 8 by 8-foot plots were sown to 
Colonial bent and the first fertilizers were applied in April, 
1922, and at regular intervals thereafter. In this series of ex­
periments, 12 different fertilizers or fertilizer combinations 
were applied on duplicate plots. Sulfate of ammonia, am­
monium phosphate and nitrate of soda were the sources of 
inorganic nitrogen. The organic sources were cottonseed meal, 
soybean meal, stable manure, bonemeal and calcium cyanamide.

The condition of the grass and the distributon of the weeds 
were noted each year. The plots were never weeded, so that 
after a period of years it was possible to obtain evidence regard­
ing the effect of the fertilizers on the weeds as well as on the 
grass. In November, 1925, after fertilizers had been applied 
for 4 years the soil acidity was determined and weed counts 
were made. Weeds made up 45 percent of the turf on the 
unfertilized or check plots.

.Agronomist and Botanist, respectively, of the United States Golf Association Green 
Section.
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Varying response of mixed bent turf to different fertilizers evident in June, 1939. The
fertilizers have been applied to these four plots since 1921. Since 1930 all plots have
received nitrogen at the annual rate of 6 pounds to 1,000 square feet. The dark color
indicates the best turf, both in color and density. Upper left plot received sulfate of
ammonia, bonemeal and muriate of potash; upper right, sulfate of ammonia and bone­
meal; lower left, ammonium phosphate; and lower right, sulfate of ammonia. The upper 
right plot was on the average the best one in the entire series during 1939 after having 
received no fertilizers other than this combination for 18 years. The lower left plot was 

the poorest in the entire series.

A report published in December, 1925, summarized the 
results in the following statements: "Sulfate of ammonia alone 
or in combination with other fertilizers in every case increased 
the acidity, improved the bent grass and thereby held the weeds 
in check. Sulfate of ammonia alone has accomplished more 
along these three lines than it has in any mixture. Plots treated 
with ammonium phosphate are fully as good as plots treated 
with sulfate of ammonia in spite of the fact that they are 
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appreciably less acid. Nitrate of soda reduced the acidity and 
thereby rendered conditions more favorable for the weeds 
which flourished at the expense of the bent grass. . . . Bone­
meal, cottonseed meal and soybean meal did not change the 
acidity of the soil appreciably or the relative proportions of 
grass and weeds, as compared with the check, although both 
grass and weeds were more vigorous where fertilizers were 
used.”

According to notes taken on these same plots 3*4 years 
later the story was somewhat reversed. In March, 1929, the 
grass on the plots receiving sulfate of ammonia, ammonium 
phosphate and bonemeal was poorer, although in the case of 
the first two plots more weed free, than was that on plots 
treated over the same period of 7 years with cottonseed meal, 
soybean meal and mixtures of sulfate of ammonia, bonemeal 
and muriate of potash or nitrate of soda, superphosphate and 
muriate of potash. It will be seen that these results are in 
line with recent data taken from plots established in 1930.

Some of these plots have been continued in the present series 
and are indicated in the table on page 200 by (1).

Fertilizers on Creeping Bent

In the fall of 1924 a more extensive series of fertilizer ex­
periments was inaugurated on the Turf Garden. At that time 
one strip each of Washington and Metropolitan strains of 
creeping bent was planted vegetatively, each strip being 16 
feet wide and 128 feet long. The following spring each strip 
was divided into 32 plots, 8 feet square for experiments with 
fertilizers. The first applications were made on April 24, 1925, 
and were repeated monthly from April to September, in­
clusive, each year.
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In this series, 30 combinations of fertilizers were tried on 
one plot each of Washington and Metropolitan bents. The 
plan was to have all the plots which received nitrogen in any 
form receive it at the annual rate of 3 pounds to 1,000 square 
feet. The main object of this experiment was to compare the 
effect of the various fertilizer combinations on the turf and on 
the amount and character of the weed growth. Notes were 
taken regarding the condition of the grass at intervals through­
out each growing season. Every fall, after the last fertilizer 
application had been made and before the weeds had been 
killed by frost, the weeds were picked by hand and those from 
each plot were weighed separately. The weeds were not picked, 
however, until after they had shed their seed.

At the end of the third year it was evident that the grass on 
the ammonium phosphate plot was less vigorous than was that 
on the sulfate of ammonia plot. The most vigorous grass in 
the entire series was that on the cottonseed meal and soybean 
meal plots. Also the weed control on those plots during the 
third season was second only to that on the sulfate of ammonia 
and ammonium phosphate plots. Through an error, however, 
these plots for the first 3 years had received over twice as much 
nitrogen as did the other fertilized plots in this series. It was 
believed, therefore, that the decided superiority of these plots 
was probably due to the fact that they had been receiving twice 
as much nitrogen as had the other plots.

Present Series of Fertilizer Plots

The Turf Garden was reorganized and regraded in 1929. 
This change made it necessary to regrade the fertilizer plots, 
so the entire series of 64 plots was rearranged. The turf to a 
depth of 4 inches was carefully lifted and removed. In this 
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way the accumulation of chemical residues at the surface was 
not disturbed. After the area was regraded the turf with its 
4 inches of surface soil was put in its new position. Immedi­
ately afterward the plots were topdressed with some of the 
regular Arlington topsoil. Just enough soil was used to true 
the surface. Except on this occasion and immediately after 
the original planting in 1924 no topdressing of soil or compost 
has been made other than on the two plots designated to receive 
compost and the combination of compost and sulfate of 
ammonia.

Some of the old plots were discarded and new ones were 
started at the time of the above reorganization. The old plots 
of the 1924 series are indicated in the table on page 200 by 
(2) and the new plots by (3). In all, 27 combinations of 
materials have been used in this series. Unfertilized plots were 
left as checks for purposes of comparison. There were eight 
of these check plots distributed over the area.

The annual rate of application of fertilizers was increased 
to 6 pounds of nitrogen to 1,000 square feet, in order to bring 
out greater contrast between the results with the various fer­
tilizer combinations. Seven applications were made each year 
at monthly intervals from April to October inclusive. During 
July and August, however, the fertilizers were applied at one- 
half the rate used during the other 5 months of the growing 
season. The full unit application was made, therefore, at the 
rate of 1 pound of nitrogen to 1,000 square feet. The quantities 
of phosphoric acid and potash applied annually with each of 
the combinations of materials are given in the table on page 
200. Except where indicated in this table with an asterisk 
all plots received nitrogen. Where magnesium and potassium 
carbonates were used they were applied at a rate to supply the 
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plots with the same amount of carbonates (COa) as was sup­
plied by ground limestone at the rate of 23 pounds to 1,000 
square feet. Since all plots which received nitrogen or car­
bonates received them at the same rate, the amounts supplied 
by each are not included in the table.

Because of the curtailment of funds for experimental work, 
no fertilizers were applied during 1934, 1935 and 1936. The 
plots were watered and mowed at sufficiently frequent inter­
vals to keep the turf in reasonably good condition.

Metropolitan and Washington strains which received the 
same kind of fertilizers were planted adjacent to one another. 
Naturally some mixture of these grasses resulted due to differ­
ences in the aggressiveness of these strains at different seasons 
and the scattering of some clippings by the mowers. As these 
plots had become badly mixed by 1936 in the duplicate series, 
it was decided to replant with a mixture of bents. In addition 
to the cumulative effect of fertilizer on bent grass some infor­
mation on the ability of the three types of bent to compete 
when fertilized with these different materials could be obtained.

After all of the vegetation on all of the plots had been 
destroyed by covering the plots with paper and boards, a mix­
ture of 50 percent velvet bent, 45 percent Colonial bent and 
5 percent creeping bent was sown. To avoid disturbing the 
soil the seed was sown and simply raked into the surface with 
an ordinary garden rake. A good stand was established even 
without preparation of the seed bed and the application of 
fertilizers was resumed in the spring of 1937.

The plots were rated at intervals throughout each growing 
season for color, density and texture of the grass and for the 
percentage of clover and weeds present. By 1939 the new 
seeding had been established long enough to show the cumula­
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tive effects of the fertilizers, so the ratings for this year are 
used in the following discussion. The plots were rated on 
April 18, June V, July 12, August 21, October 6 and Novem­
ber 13. The averages of these six ratings were calculated for 
each of the plots. Where two or more plots received the same 
combination of materials the average of their ratings was used. 
From these ratings the percentage of improvement of the turf

Effect of excessive phosphoric acid and soil acidity on mixed bent. The picture was 
taken in June, 1939, of plots which had received fertilizers since 1930 at the annual rate 
of 6 pounds of nitrogen to 1,000 square feet. Plot to the left received ammonium 
phosphate and urea. It had a resultant soil acidity of pH 4.8. Plot to the right received 
ammonium phosphate alone and had a resultant soil acidity of pH 4.2. The ammonium 
phosphate plot received four times as much phosphoric acid as the ammonium phosphate 
and urea plot. This large amount of phosphoric acid and the very acid condition in the 
soil has resulted in turf which has been poorer than that on the unfertilized plots through 

the 1939 season.

over that on the unfertilized or check plots was calculated for 
each of the 27 combinations of materials which were applied. 
The figures expressing percentage improvement over the aver­
age condition of the grass on the eight unfertilized plots, rather 
than the actual ratings, are given in the table on page 200. In 
a few cases the grass on the fertilized plots was poorer than on 
the check plots. This is indicated in the table by a minus sign 
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before the figure. In this table and in the ones on pages 204 
and 207 the calculated figures for percentage of improvement 
are given to the first decimal place. This decimal is the result 
of the calculations and should not be considered significant.

Soil samples were taken from some of these plots in the 
early summer of 1939. They were tested for acidity by the 
Hellige-Truog method; for phosphoric acid by the LaMotte- 
Truog method; and for potash by the Indiana method. The 
samples were taken at 1, 2, 3 and 4-inch depths. The most 
significant changes in pH resulting from the application of 
fertilizers appeared to take place in the surface inch. In 
November, 1939, the acidity of the surface inch of soil was 
determined for each of the 64 plots and it is these figures which 
are used in this article.

Acidity Relations

As was indicated in the results from the early experiments 
with fertilizers at the Arlington Turf Garden, the question 
of the response of the bent grasses to fertilizers is intimately 
associated with the question of the acidity which they produce 
in the soil. Unfortunately the importance of soil acidity some­
times has been overemphasized due to the faulty reasoning 
that if some acidity is good, more must be better. The Green 
Section, however, in 1929 pointed out that turf suffered on 
soils which had become excessively acid and applications of 
lime were needed to correct this acidity. It was pointed out 
at that time that although lime was beneficial in correcting 
excessive acidity, its application in excessive amounts might 
likewise prove harmful to the turf.

The results reported here confirm the statement made in 
1929 that "although the finer turf grasses undoubtedly thrive 
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Improvement in the Condition of Bent Turf on the Fertilized 
Plots at the Arlington Turf Garden over that of the Turf on the 
Unfertilized Plots, as Noted in 1939. The Eight Check Plots Had 
an Average Rating of 64.6 Percent in Density and 63 Percent in 
Color. Plots Are Arranged in Three Groups: Most Acid (below 
pH 4.3), Moderately Acid (pH 4.5 to 6.0), and Slightly Acid or Al­
kaline (above pH 6.0) and Listed in Each Group According to 
Improvement in Density. Plots Were Started in 1921, 1924 and 
1929, as Indicated Respectively by (1), (2), and (3). For Conveni­
ence the Annual Applications of Phosphoric Acid and Potash 

Are Given in Pounds to 1,000 Square Feet.

Pounds
" — " 11 ----

of nutrients Percentage of
pH of surface to 1,000 improvement over

inch of soil square feet unfertilized plots
Fertilizer Nov., 1939 P2O5 K:O Density Color

Most acid plots (below pH 4.5)
Sulfate of ammonia (1) (2) (3). 4.2 0 0 8.4 7.3
12-6-4 inorganic (3) ..................... 4.2 3.0 2.0 2.2 -3.2
Ammonium phosphate (1) (2) . . .

Moderately acid plots (pH 4.5 to 6.0)

4.2 25.6 0 -14.4 -14.3

Sulfate of ammonia and bonemeal
(1) .................;...........................

Sulfate of ammonia, bonemeal and
5.7 16.2 0 34.7 42.9

muriate of potash (1)................. 5.5 16.2 6.0 31.6 38.1
Ammonium phosphate and urea (2) 
Sulfate of ammonia and compost

4.8 6.0 0 23.8 31.7

(2) ............................................... 4.6 1.5 3.0 23.8 27.0
Urea (2) ........................................ 5.3 0 0 22.3 25.4
Cottonseed meal (1) (2).............
Ammonium phosphate, urea and

5.4 2.1 1.7 21.8 22.7

potassium nitrate (2)................. 5.5 6.0 6.0 21.5 30.2
Activated Sludge (3)..................... 5.1 2.4 0.5 20.7 21.4
Ammonium nitrate (2)................. 5.2 0 0 18.4 21.4
Potassium nitrate and urea (2) 5.9 0 6.0 15.3 25.4
Poultry manure (3)....................... 4.9 2.6 1.2 14.6 23.0
Compost (2) .................................. 5.6 3.0 6.0 8.4 4.0
* Potassium phosphate (KH2PO4)

(2) ............................................... 5.5 6.0 4.0 6.8 8.7
Check (1) (2) (3) 5.5 ....
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(above .pH 6.0)
Slightly acid or alkaline plots

12-6-4 inorganic and lime (3) .. . 6.6 3.0 2.0 20.7 23.8
Urea and lime (2).......................... 7.3 0 0 20.7 19.0
Urea and magnesium carbonate (2) 7.5 0 0 16.9 23.8
Sulfate of ammonia and lime (3) . 7.1 0 0 16.1 19.8
Bonemeal (2) ................................ 6.4 32.5 0 16.1 19.8
Nitrate of soda and muriate of

potash (1) .................................. 6.3 0 6.0 14.6 23.8
Nitrate of soda (2)....................... 6.8 0 0 13.0 16.7
"Magnesium carbonate (2)........... 7.5 0 0 10.7 7.9
"Lime (2) ...................................... 7.2 0 0 9.1 8.7
"Potassium carbonate (2)............... 7.5 0 21.5 -6.3 -4.0
Urea and potassium carbonate (2) 7.3 0 21.5 -11.8 -3.2

* Plots receiving no nitrogen.

in an acid soil, it now appears that excessive acidity can not 
be tolerated.” To show the correlation between the response 
of the bent grasses to various fertilizers and the acidity of the 
soil induced by these fertilizers, the plots have been grouped in 
the table on page 200 according to the acidity in the surface inch 
of the soil in November, 1939. The most acid group includes 
plots with a pH below 4.5, the moderately acid group includes 
plots ranging in soil acidity from pH 4.5 to 6.0, and the slightly 
acid or alkaline group includes those with a pH of above 6.0.

The figures for percentage of improvement in the density 
and color of the grass on those plots receiving nitrogen have 
been averaged for each level of soil acidity and are given in the 
table on page 204. Averages of the percentage of reduction 
of clover on the plots at each level are also included in this 
table. The eight unfertilized check plots, on the average, have 
a soil acidity of pH 5.5 and have been rated 64.6 percent in 
density and 63 percent in color.

From this table it is evident that on the Turf Garden at the 
Arlington Experiment Farm the bent grasses showed the most 
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improvement from fertilizers which produced a moderate soil 
acidity. The average acidity of the 24 moderately acid plots 
is pH 5.3. On the most acid plots, in which the fertilizers 
have produced a soil pH of 4.2, the clover has been more com­
pletely eradicated but the average density and color of the grass 
is poorer than that on the unfertilized plots and is much poorer 
than that of the grass on the moderately acid plots. As may 
be seen in the complete table on page 200 the condition of 
the grass on the ammonium phosphate plots, with a pH of 4.2, 
has been significantly poorer than that of the unfertilized 
grass on the check plots. The turf on the slightly acid or 
alkaline plots, in which the fertilizers have jproduced an aver­
age soil pH of 6.9, has been poorer in both density and color 
than has that on the moderately acid plots but has been de­
cidedly better than that on the most acid plots. This may be 
associated with the fact that the change in acidity from pH 
5.5 in the check plot to 4.5 is 10 times as great as the change 
from the check plot in the other direction to pH 6.5.

It is apparent from the figures in the table on page 204 that 
clover reduction is associated with the acidity of the soil pro­
duced by the fertilizer. Unquestionably the greatest reduction 
was exhibited on the most acid plots and the least on the 
slightly acid or alkaline plots. On the most acid plots, how­
ever, the reduction in clover has been associated with some of 
the poorest grass in the entire series. Unfortunately the turf 
on the plots showing the greatest reduction in clover was 
inferior to the turf on the moderately acid plots which con­
tained some clover. Evidently this soil was too acid for the 
production of a high-quality turf.

It should be remembered that these responses were obtained 
entirely from turf grown on the silt loam at the Arlington
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Farm. On other soils corresponding results may not neces­
sarily be expected, as is shown by results of work published by 
the Green Section in the 1932 volume of the Bulletin of the 
United States Golf Association Green Section. At that time 
Metropolitan creeping bent had been grown in jars of clay soil 
adjusted to various acidities ranging from about 4.2 to 8.3 by 
the addition of acids or alkalies. The greatest growth occurred 
at pH 8.3. At the same time Metropolitan bent was grown 
also in jars of compost adjusted to various acidities and the 
greatest growth occurred at pH 4.6. These results are shown 
in the chart on page 211.

Response to Nitrogen

The discussion of acidity relations leads to a consideration 
of the effect of the nutrient elements on bent grasses as related 
to the acidity which they produce in the soil. In the table 
on page 200 the plots are grouped into the three levels of 
soil acidity—most acid, moderately acid, and slightly acid or 
alkaline plots. The rate of application of phosphoric acid 
and potash is given for each plot along with the percentage of 
improvement in the density and color of the grass.

When grass is grown for turf purposes the principal objec­
tive is the production of leaves and not flowers or seed. 
Throughout the plant kingdom nitrogen is the element in the 
soil most needed by plants for the development of vegetative 
or leafy structures. In a consideration of fertilizers for the 
best turf production, therefore, nitrogen is of primary im­
portance. For this reason all of the plots in this final fertilizer 
series to which nitrogen was applied received it at the same 
rate; a total annual application of 6 pounds to 1,000 square 
feet.
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As mentioned in the discussion of acidity relations the best 
grass was produced on the moderately acid plots. The addi­
tion of nitrogen alone, however, has produced some improve­
ment in density and color of the grass regardless of the change

Average Improvement of Turf on Arlington Fertilizer Plots with 
Different Soil Acidities. Calculations Are Based on Six Ratings 
Taken Between April and November, 1939. The Eight Check 
Plots Had an Average Rating of 64.6 Percent in Density and 63 
Percent in Color. Only Those Plots Which Received Nitrogen 

Are Included.

Fertilizer

Percentage of
No. Range improvement over Percentage of
of in pH unfertilized plots reduction

plots of plots Density Color in clover

Most acid plots
Ammonium phosphate. 4
Sulfate of ammonia. ... 5 ?■ 4.2 
12-6-4 inorganic.......... 2 J

-1.0 -2.5 84.0

Moderately acid plots 
Activated sludge ....

Ammonium nitrate . . .
Ammonium phosphate 

and urea .............
Ammonium phosphate, 

urea, and potassium 
nitrate ................

Compost .......................
Cottonseed meal ........
Potassium nitrate and 

urea....................... > 4.6 to 5.9 20.9 25.3 37.0
Poultry manure .......... 2
Sulfate of ammonia and

bonemeal................... 1
Sulfate of ammonia and

2 '
2

2

2
2
3

2

compost ................... 2
Sulfate of ammonia, 

bonemeal and mu­
riate of potash...... 2

Urea ................................2
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Slightly acid or alkaline plots
Bonemeal ..................... 2 '
Nitrate of soda............... 2
Nitrate of soda and mu­

riate of potash...... 1
Sulfate of ammonia and 

lime........................ 2
12-6-4 inorganic and I 6 3 to 7 S

lime .......................... 2 J
Urea and calcium car­

bonate ................... 1
Urea and magnesium car­

bonate ................... 2
Urea and potassium 

carbonate ............. 1 ,

14.5 19.0 11.5

in soil acidity produced by the nitrogen carrier. In the table 
on page 200, this is shown in the sulfate of ammonia plot at 
pH 4.2, the ammonium nitrate and urea plots at about pH 5.3, 
and the sulfate of ammonia and lime, urea and lime, and nitrate 
of soda plots in the slightly acid and alkaline group. Moreover, 
the plots which received no nitrogen are among the poorest in 
the series. The potassium phosphate plot, for instance, which 
received annually 6 pounds of phosphoric acid and 4 pounds 
of potash but no nitrogen is decidedly the poorest of the fer­
tilized plots at the moderately acid level and among the poorest 

the entire series.
According to a published report the early experiments at 

the Arlington Turf Garden indicated that ammonia nitrogen, 
particularly as it was supplied in sulfate of ammonia, resulted 
at first in the best grass and the greatest reduction in weeds 
and clover. After a few years, however, the grass on the plots 
fertilized with sulfate of ammonia became less vigorous. One 
of the possible explanations was that the soil had become too 
acid. On some of the plots in the final sei ies, therefore, sulfate 
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of ammonia was applied in combination with other materials 
to reduce the resulting soil acidity.

When sulfate of ammonia was applied in combination with 
bonemeal the resulting soil acidity was pH 5.7 which placed 
the plot in the moderately acid group. This combination added 
16.2 pounds of phosphoric acid to 1,000 square feet as well as 
6 pounds of nitrogen and produced the best turf in the entire 
series. When lime was applied along with the sulfate of 
ammonia the soil reaction was changed to pH 7.1 or slight 
alkalinity. While in 1939 the turf on this plot was better than 
on the plot receiving sulfate of ammonia alone, it was not so 
good as on most of the moderately acid plots.

Response to Phosphorus

The tables on pages 200 and 204 show that at the Arlington 
Turf Garden a soil acidity between pH 4.5 and 6.0 has been 
associated on the average with the best bent grass, regardless 
of whether the plots received nitrogen alone or phosphoric 
acid and potash in addition to the nitrogen. To illustrate the 
response of the bents to phosphoric acid and potash at this 
acidity level the improvement on the plots fertilized with 
various inorganic and organic materials is compared in the 
table on page 207 with that on the plots fertilized with nitro­
gen alone in the form of ammonium nitrate. The ammonium 
nitrate plot is used as the standard of comparison since it is the 
only plot at the moderately acid level of soil acidity which has 
received inorganic nitrogen alone. In the last two columns 
the increase or decrease in improvement in density and color 
of the grass on the various plots over that on the ammonium 
nitrate plot is indicated. As all of the plots received nitrogen 
at the same rate, this increase or decrease in improvement 
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Comparison of Improvement of Grass on Moderately Acid Plots 
Which Received Phosphoric Acid and Potash in Addition to Nitro­
gen with the Improvement Shown on Plots at Corresponding 
Acidities Which Received Nitrogen Alone from Ammonium Nitrate. 
The Annual Rates of Application of Phosphoric Acid and Potash 
Are Included. All Plots Received Nitrogen at the Rate of 6 

Pounds to 1,000 Square Feet.

Annual 
application 
lutrients 
junds to 
quare feet

Percentage of 
Improvement over 
unfertilized plots

Increase or decrease 
in improvement 

over that on ammo­
nium nitrate plot

rates of
of r

in p<
1,000 s

Fertilizer P-O.-, K:O Density Color Density Color

Ammonium nitrate ........ 0
Sulfate of ammonia and

0 18.4 21.4 ....

bonemeal ..................... 16.2
Sulfate of ammonia, bone­

meal and muriate of

0 34.7 42.9 16.3 21.5

potash ....................... 16.2
Ammonium phosphate and

6.0 31.6 38.1 13.2 16.7

urea .............................. 6.0
Ammonium phosphate, 

urea and potassium

0 23.8 31.7 5.4 10.3

nitrate ......................... 6.0 6.0 21.5 30.2 3.1 8.8
Urea.................................. 0
Urea and potassium

0 22.3 25.4 3.9 4.0

nitrate ......................... 0 6.0 15.3 25.4 -3.1 4.0
Cottonseed meal . . . 2.1 1.7 21.8 22.7 3.4 1.3
Activated sludge............ 2.4 0.5 20.7 21.4 2.3 0
Poultry manure . . 2.6 1.2 14.6 23.0 -3.8 1.6

over that on the ammonium nitrate plot may be considered as 
being due in a large measure to the other nutrients added.

No separate readings have been made as yet on the relative 
amounts of the different bents on each plot. From general 
observations, however, it appears that velvet bent has been 
encouraged on the plot receiving the sulfate of ammonia and 
bonemeal mixture, and on the one receiving a similar mixture 
plus muriate of potash. The higher percentage of velvet bent 
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on these plots may account in part for their density ratings, 
the highest on the entire series.

The ammonium phosphate and urea plot received phos­
phoric acid in addition to nitrogen and showed a significant 
increase in improvement over that on the ammonium nitrate 
plot which received only inorganic nitrogen. The sulfate of 
ammonia and bonemeal plot received calcium as well as phos­
phoric acid and nitrogen and showed a striking increase in 
improvement of both density and color of the grass. During 
the summer of 1939 this was the best plot in the entire series. 
The figures given in the table on page 207 indicate that on 
plots which have received fertilizers producing moderate soil 
acidity the addition of phosphoric acid has resulted in some 
improvement. This improvement apparently has been in­
creased when calcium also was added.

In the organic materials such as cottonseed meal, activated 
sludge and poultry manure, phosphoric acid was applied at 
rates varying from 2.1 to 2.6 pounds to 1,000 square feet. 
These plots were not so good as the urea plot, which received 
organic nitrogen alone. It will be noted in the table on page 
200 that the activated sludge and poultry manure plots were 
not initiated until 1929.

The grass on the ammonium phosphate plot which received 
phosphoric acid at the annual rate of 25.6 pounds to 1,000 
square feet was unquestionably poorer than that on any of the 
others, either fertilized or unfertilized. The soil on this plot 
was very acid but no more so than was the soil on the sulfate 
of ammonia plot; yet the grass on the sulfate of ammonia 
plot was somewhat better than that on the check plots and 
decidedlly better than that on the ammonium phosphate plot.

The injurious effect exhibited on the ammonium phosphate 
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plot may be associated with the fact that phosphoric acid in 
the soil solution unites with salts of calcium, iron, and alumi­
num to form more or less insoluble phosphates. The more 
alkaline the soil the less available is the calcium phosphate. On 
the other hand, the iron and aluminum phosphates are least 
soluble in the most acid soils. In acid soils, therefore, the 
phosphorus tends to remove from the soil solution the iron 
which would otherwise be soluble and available for use by the 
grass. Plants, like animals, must have small amounts of iron 
for normal development. Therefore the removal of the iron 
from the soil solution as insoluble iron phosphate may account 
at least in part for the yellowish color and otherwise poor con­
dition of the grass on plots receiving excessive amounts of 
phosphorus from ammonium phosphate.

An application of a solution of iron sulfate to a portion of 
one of the ammonium phosphate plots temporarily improved 
the grass. This is evidence in favor of the view that the poor 
condition of the grass on the ammonium phosphate plot has 
been caused at least in part by the removal of iron from the 
soil solution.

Further evidence in favor of this view is found in the con­
dition of the grass on the bonemeal plot. This plot had a soil 
acidity of pH 6.4 and received even more phosphoric acid 
each year than did the ammonium phosphate plot. In the 
table on page 201 it can be seen that the bonemeal showed the 
same percentage of improvement as was exhibited on the plot 
in the same soil acidity level which had received sulfate of 
ammonia and lime. Clover was encouraged, however, by the 
bonemeal. Apparently the application of phosphoric acid at 
annual rates as high as 32.5 pounds to 1,000 square feet is not 
associated with any particular injury to the grass when the 
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fertilizer results in a slightly acid or alkaline soil. In this 
slightly acid soil of pH 6.4 the iron would not have been 
removed from the soil solution since it is only in decidedly acid 
soils that the iron phosphate is practically insoluble.

Response to Potash

The effects of potash on the turf on the moderately acid 
plots are evidenced in the table on page 207. In this table 
there are three pairs of plots which indicate the effect of potash 
on the bents. The first pair of plots received sulfate of 
ammonia and bonemeal and one of them received muriate of 
potash as well. The plots received identical amounts of nitro­
gen and phosphoric acid and had essentially the same soil 
acidity; yet the plot which received the muriate of potash in 
amounts sufficient to supply 6 pounds of potash to 1,000 square 
feet has been slightly poorer in both density and color than the 
one which received no potash. In making this comparison it 
should be noted that these two plots belong to the oldest series. 
In the 18 years that these plots have been fertilized there has 
never been any potash added to the sulfate of ammonia and 
bonemeal plot and the clippings have been removed regularly. 
It should be noted also that, unlike most putting greens, these 
plots have received no topdressing of compost.

In a similar manner, the grass on the plot which received 
ammonium phosphate, urea and potassium nitrate has been 
poorer than the one which received ammonium phosphate and 
urea without the potash. The harmful effect of the potash 
has been more evident in the density of the grass than in the 
color.

Still another pair of plots can be compared. These are the 
urea plots which received no phosphorus. One plot received 
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urea alone and the other received potassium nitrate in addition 
to the urea. Here the apparently deleterious effect of the 
potash on the density has been evident although the color was 
equally good on both plots.

On the slightly acid or alkaline plots there is further evi­
dence of the harmful effect of potash. In the table on page 
201 the three urea plots in the slightly acid or alkaline group 
may be compared. All three plots received carbonates in

Weight in grams of tops (green weight) of Metropolitan creeping bent grown in soils 
adjusted to different pH values. Graph on left—grass grown in compost—showed most 
growth at pH 4.6; graph on right, grass grown in clay soil showed most growth at pH 8.3.

amounts equivalent to 23 pounds of calcium carbonate (lime) 
to 1,000 square feet. One received lime, a second magnesium 
carbonate, and a third, potassium carbonate in addition to 
urea. The soil pH produced on all three of the plots was 
between 7.3 and 7.5. By comparing the improvement over the 
check as shown in this table for each of these plots, it can be 
seen that the urea and lime and the urea and magnesium car­
bonate plots have been similar, the former showing slightly 
more improvement in density and the latter, slightly more in 
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color. On the contrary, the grass on the urea and potassium 
carbonate plot which received potash at the rate of 21.5 pounds 
to 1,000 square feet annually in addition to the 6-pound rate 
of nitrogen has been the poorest plot at this soil acidity level. 
It was 11.8 percent poorer than the check plot in density and 
3.2 percent poorer in color.

The effect of potassium carbonate on the density and on 
the clover control may be associated with the fact that the 
applications of the potassium carbonate burn the bents. This 
burn, recurring every month, may not only have retarded the 
growth of the grass but have permitted the clover to come in.

Summary and Conclusions

Data presented in this article show that in any discussion 
on the response of the creeping bents to fertilizers the question 
of the change in acidity which they produce in the soil must 
be considered.

The grass has been in best condition on those plots ranging 
in soil acidity from pH 4.5 to 6.0. On the most acid plots with 
a soil acidity of about pH 4.2 the grass has been decidedly 
poorer than on those with an acidity of above pH 6.0, although 
on the most acid plots there has been best control of clover.

Regardless of the final soil acidity, the bents have responded 
favorably to fertilizers carrying nitrogen alone at an annual 
rate of 6 pounds to 1,000 square feet, but the best response 
has been exhibited when the nitrogen carrier has maintained 
the soil acidity at about pH 5.5. Moreover, those plots which 
have not received nitrogen have invariably been among the 
poorest plots at the soil acidity level in which they occur. This 
is true even of the potassium phosphate plot, in spite of the fact 
that it received 6 pounds of phosphoric acid and 4 pounds of 
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potash annually, and has the favorable soil acidity of pH 5.5.
The greatest reduction in clover has been obtained on the 

most acid plots and the least on the slightly acid or alkaline 
plots.

When phosphoric acid was applied in addition to the 6 
pounds of nitrogen in fertilizers which produced a moderate 
soil acidity, the improvement was somewhat greater than that 
resulting from the application of 6 pounds of nitrogen alone 
in the form of ammonium nitrate. When calcium was added 
as well as phosphoric acid and nitrogen the improvement was 
decidedly increased.

An excessive amount of phosphorus on the very acid am­
monium phosphate plot has resulted in serious injury to the 
grass. As similar injurious effects are not evident on slightly 
acid plots which have received even more phosphorus the con­
clusion is drawn that the poor condition of the grass on the 
ammonium phosphate plots may have been due to the fact that 
phosphoric acid unites with the iron salts in the soil solution 
to form iron phosphate, which is practically insoluble in acid 
media. Thus the phosphoric acid may have been responsible 
for removing the iron from the soil solution, thereby making it 
unavailable to plants. An application of a solution of iron 
sulfate temporarily improved the grass.

Data are presented which demonstrate the fact that potash 
applied at the rate of 6 pounds or more to 1,000 square feet, 
has reduced somewhat the benefits derived from the addition 
of nitrogen and phosphoric acid. This apparently deleterious 
effect is more conspicuous in connection with the density than 
with the color of the turf. Also the presence of potash particu­
larly in the moderately acid plots usually has been accompanied 
by a decided reduction in clover control.
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FERTILIZER TRIALS ON DEMONSTRATION 
GARDENS

John Monteith, Jr., and Kenneth Welton*

It is generally recognized that the nutritional requirements 
of the bent grasses are not quite the same as those of the blue­
grasses. It is also recognized that variations in the climatic 
and soil conditions under which turf may be growing prevent 
identical grasses from responding in the same way to any one 
fertilizer in all localities. Little information is available, how­
ever, regarding the extent of the variations in the responses 
of the several grasses to fertilizers, or the nature and relative 
importance of the climatic and soil factors involved. For this 
reason it was considered desirable to obtain evidence on the 
value of fertilizers for grass grown for turf purposes under 
as wide a range of soil and climatic conditions as practicable.

The Green Section, in 1928, with the cooperation of 15 
golf clubs, established demonstration turf gardens in widely 
separated sections of the country. The primary object of the 
fertilizer sections of these demonstration gardens was to deter­
mine whether some fertilizers which had proved desirable or 
undesirable under conditions as they existed at Arlington Farm 
would produce correspondingly good or poor results under 
conditions as they are found in other sections of the country. 
The ability of the various clubs to undertake the expense 
associated with these demonstration gardens was naturally 
limited and consequently it was not possible to include as many 
fertilizers as might have been desirable.

* Director, United States Golf Association Green Section, and Senior Soil Conservationist, 
United States Department of Agriculture, respectively.
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Plan of Demonstration Gardens

The demonstration gardens were divided into plots 10 feet 
square. Fifteen of these plots were planted with mixed bent 
seed containing approximately 50 percent velvet bent, 48 per­
cent Colonial bent and 2 percent creeping bent. In this series 
11 different fertilizer combinations were applied at monthly 
intervals during the growing season. The bent plots were 
arranged with unfertilized check plots strategically placed for 
purposes of comparison, as is shown in the accompanying 
diagram.

Plan of Fertilizer Trials on Mixed Bent at Demonstration Gardens
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A similar set of 10 plots was devoted to a study of the 
responses of Kentucky bluegrass to various fertilizer combina­
tions. The plots were arranged as shown in the diagram on 
page 216. As in the mixed bent plots, each fertilized plot 
touched an unfertilized check plot on at least one side.
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Other plots on the demonstration gardens were devoted to 
testing various grasses for putting green and fairway purposes, 
as well as to trying the effect of different heights of cut on 
these grasses. These plots are not related to the present subject 
and will not be discussed here.

Plan of Fertilizer Trials on Kentucky Bluegrass at 
Demonstration Gardens
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Planting material and fertilizers for the demonstration 
gardens were furnished by the Green Section together with 
certain standard directions for the general care of the gardens. 
Details of maintenance were left to the individual greenkeepers 
at each of the cooperating clubs.

Record of Results

The plans for these gardens called for periodic reports to the 
Green Section on the condition of the turf on the plots. In 
these reports, which were submitted monthly from May to 
October, excellent turf was rated as 4, good turf as 3, fair as 2, 
and poor as 1. In determining the ratings, consideration was 
given to density, vigor, color, fineness, freedom from weeds, 
nap and any other factors which affected the quality of the 
grass for turf purposes. The value of each treatment was 
measured, therefore, in terms of the turf produced.
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The planting of one of the Green Section's demonstration gardens in 1928. The view 
shows the strips of board in position between the plots. The strips were 3 or 4 inches 
wide and were set into the ground about I inch deep to prevent any possible washing 
of surface soil from one section to another. After the grass was well established the 

strips were removed.

As these tests were made on golf courses where white clover 
is objectionable in turf, any stimulation of clover by a fer­
tilizer caused a lower rating for these plots. The ratings of the 
turf resulting from the use of some of the fertilizers are natur­
ally quite different from those obtained from grassland experi­
ments where white clover is valuable for forage. Likewise the 
ratings given here may not apply to some lawn and park 
areas, where white clover is not objectionable.

At the close of the 5-year period soil samples were taken at 
1, 2, 3 and 4-inch depths from each of the fertilized and un­
fertilized plots on each of the nine demonstration gardens for 
which ratings over the 5-year period were available. These 
were tested by the Green Section staff for acidity by the Hellige-
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Truog method and for available phosphoric acid (P2O5) by 
the LaMotte-Truog method. The conditions in the surface 
inch appeared to be more indicative of the responses of the 
soils to the various fertilizer applications than did those at the 
greater depths. Wherever reference is made to these deter­
minations the values for the surface inch are given.

Cooperating Golf Clubs

Fifteen demonstration gardens were planted in 1928. Ten 
others were planted in 1929 and 1930. Some of the original 
gardens were soon discontinued for financial or other reasons 
and all were discontinued in 1933. Of the 25 gardens only 9 
were kept up over the 5 -year period from 1928 to 1933. In 
this summary of the data from the 5 -year experiment, there­
fore, only the reports from these 9 gardens were used. They 
were distributed as follows:

Detroit District: Detroit Golf Club
Meadowbrook Country Club

Grand Rapids (Mich.) District: Indian Trails Golf Course

Pittsburgh District: Allegheny Country Club 
Oakmont Country Club

Boston District: Charles River Country Club

New York District: Century Country Club
Upper Montclair Country Club
Wheatley Hills Golf Club

Some of the 25 gardens were maintained for several more years 
and some additional observations have been made. Where re­
sults from the gardens not listed above have appeared significant 
they are included in the discussion.
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Rates of Application of Fertilizers

Since nitrogen is of primary importance in the growth of 
leaves and the vegetative structure of plants, and since the 
object in growing grass for turf is to produce leaves rather 
than flowers or fruit, nitrogen assumes the position of ranking 
importance in the fertilizer requirements of turf grasses. On 
each type of grass, therefore, all of the fertilizers were applied 
at rates which gave the same amount of nitrogen for each 
fertilized plot.

Each 10 by 10-foot fertilized plot of mixed bent received 
one-tenth pound of nitrogen with each monthly application 
from May to October, inclusive, except during the months 
of July and August, when all applications were cut in half 
to reduce the danger from burning. Each plot of 100 square 
feet, therefore, received one-half pound of nitrogen in the 
6 months. In other words, the nitrogen was applied at the 
annual rate of 5 pounds to 1,000 square feet. The quantities 
of phosphoric acid and potash applied varied with the com­
position of the fertilizer.

The quantities of mineral nutrients applied annually to each 
of the 11 plots are given in the table on page 220. For con­
venience the quantities are expressed in pounds to 1,000 square 
feet. The plot which was fertilized with a mixture of sulfate 
of ammonia and compost received half of its nitrogen from 
the sulfate of ammonia and half from the compost. The sul­
fate of ammonia was furnished by the Green Section but the 
compost was supplied by each club for its own garden. Each 
sample of compost was not analyzed but the amount that was 
prescribed was estimated on the basis of nitrogen determina­
tions on average compost. Therefore the specific amounts of 



220 TURF CULTURE

nitrogen, phosphoric acid and potash in the compost are not 
known, but the average should be very close to the figures 
given in the table.

Annual Rates of Application of Nutrients to Mixed Bent Plots 
on the Demonstration Gardens, in Pounds to 1,000 Square Feet. 
The Plots are Arranged in Decreasing Order of Total Amounts 

of Plant Nutrients Applied

Fertilizer

Pounds of nutrients to 1,000 square feet
Nitrogen 

(N)
Phosphoric acid 

(P2O5)
Potash
(KoO)

Bonemeal ........................................ . . 5 28.00 0
Ammonium phosphate ............... ... 5 21.84 0
6-12-4 Inorganic ......................... ... 5 10.00 3.33
12-6-4 Inorganic ......................... . . 5 2.50 1.67
Poultry manure tankage.................. 5 2.50 1.30
Sulfate of ammonia and compost .5 1.25 2.50
Activated sludge ......................... . . 5 1.70 0.40
Urea .................................................. 5 0 0
Sulfate of ammonia................... ... 5 0 0
Sulfate of ammonia and lime. . . ... 5 0 0
Nitrate of soda................................ . . 5 0 0
Checks ........................................... . . 0 0 0

The bluegrass plots were seeded with a mixture of Kentucky 
bluegrass and redtop but the redtop was gradually crowded 
out. The materials tested were 6-12-4, 12-6-4, sulfate of 
ammonia, activated sludge, bonemeal, well-rotted stable 
manure and lime. As on the bent plots, all fertilizers were 
applied at rates to furnish equivalent quantities of nitrogen. 
Naturally the amounts of phosphoric acid and of potash varied 
with the composition of the fertilizers. The complete mixed 
fertilizers contained material of inorganic origin only.

In order to give the young grass a vigorous start the rates 
of application the first year were the same as those shown above 
for bent grasses. During the 4 following years the annual rates 
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of application were one-half of those used on mixed bent. 
One-half of each annual application was made in early spring 
and the remainder in fall.

The annual applications of nutrients to 1,000 square feet 
during the 4 years are shown in the table on this page. For the 
first year these rates were doubled.

Annual Rates of Application of Nutrients to Kentucky Bluegrass 
Plots on the Demonstration Gardens, in Pounds to 1,000 Square 
Feet. The Plots are Arranged in Decreasing Order of Total 

Amounts of Plant Nutrients Applied

Materials

Pounds 
Nitrogen 

(N)

of nutrients to 1,000 square feet
Phosphoric acid 

(P2O5)
Potash 
(K2O)

Bonemeal . . 2.1 14.00 0

6-12-4 Inorganic 2.5 1.00 1.67
Stable manure 2.1 1.65 1.65
12-6-4 Inorganic . . 2.5 1.2 5 0.83
Activated sludge............. 2.1 0.85 0.20
Sulfate of ammonia 2.1 0 0
Lime........................... ............ 0 0 0
Checks ............... 0 0 0

The stable manure was furnished by the various clubs. The 
instructions were to apply a specified amount of a good grade 
of well-rotted manure. As it was not practical to analyze each 
lot of manure the amount that was prescribed was based on 
the average analysis of numerous samples of good grade ma­
nures. Undoubtedly there were variations in the composition 
of the manure that was used on the different gardens. How­
ever, it can be assumed that the average amount of nitrogen 
added in the various gardens was very close to the amount 
applied to the other fertilized plots, and that the other nutri­
ents were added in the amounts shown in the table.
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Average 5-Year Percentage of Improvement over Unfertilized 
Plots of Mixed Bent Turf on Nine Demonstration Gardens. The 
pH of the Surface Inch of Soil on the Plots at the Close of the 
5-Year Period and the Annual Rate of Application of Phosphorus 

Are Included

Fertilizer

Percentage of 
improvement 

over 
unfertilized 

plots

pl I of 
surface 

inch 
of soil

Annual appli­
cation of phos­
phorus (pounds 
P2O5 to 1,000 
square feet)

6-12-4 Inorganic ................. . . . 126 5.2 10
12-6-4 Inorganic ................. . . 125 5.3 2.5
Sulfate of ammonia............... . . . 106 5.4 0
Ammonium phosphate ........ ... 99 5.3 21.84
Activated sludge................... ... 92 6.3 1.7
Sulfate of ammonia and compost 88 5.6 1.25
Poultry manure tankage. . . . . . 87 6.1 2.5
Urea ...................................... . . 76 6.3 0
Sulfate of ammonia and lime 71 6.7 0
Nitrate of soda....................... . . . 48 6.9 0
Bonemeal ................................ ... 47 6.9 28
Unfertilized plots ................. 6.2 0

Response of Bent Turf to Fertilizers

As stated, the effect of each fertilizer was determined by 
the condition of the turf produced. In each case the rating 
of the grass on the fertilized plot was compared with that on 
the check plots and expressed as percentage of improvement 
over the average rating of the unfertilized check plots.

The average percentages of improvement of the bent grass 
over the 5 -year period are shown in the table on this page. The 
annual rate of application of phosphorus and the resulting pH 
of the soil at the end of the 5-year period are given. The 
plots are arranged according to the percentage of improvement 
in the grass on the fertilized plots over that on the unfertilized 
check plots.
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To measure the effect of phosphorus and potassium on the 
grass the improvement obtained by applications of inorganic 
fertilizers containing phosphoric acid and potash can be com­
pared with the improvement resulting from the application 
of inorganic nitrogen alone. The 6-12-4 and 12-6-4 fer­
tilizers both furnished nitrogen in the form of sulfate of 
ammonia and some ammonium phosphate.

In the table it can be seen that the improvement shown on 
the 6-12-4 and the 12-6-4 plots-was significantly greater than 
that shown on the sulfate of ammonia plot. Since the nitro­
gen sources were ammonia compounds in the three plots and 
since the acidity of the soil was essentially the same on each of 
them, this increase in improvement may safely be credited to 
the presence of phosphoric acid or potash. The fact that on 
the average the grass on the plot fertilized with 6-12-4 was 
little better than that on the 12-6-4 plot, although it received 
4 times as much phosphoric acid and twice as much potash, 
indicates that small proportions of phosphoric acid (applica­
tion at one-half the rate at which nitrogen was used) and 
even smaller amounts of potash had improved the turf but that 
larger amounts had failed to appreciably increase this im­
provement.

Similar benefits from relatively small amounts of phos­
phoric acid and potash can be seen when the improvement in 
the turf on each of the plots receiving the organic fertilizers, 
activated sludge and poultry manure tankage, is compared 
with that on the plot receiving organic nitrogen alone in the 
form of urea, each receiving 5 pounds of nitrogen. The ac­
tivated sludge and poultry manure tankage added phosphoric 
acid at annual rates of 1.7 and 2.5 pounds to 1,000 square feet, 
respectively, and small amounts of potash. In the table it can 
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be seen that both the activated sludge and the poultry manure 
tankage produced better turf than did the urea. The figures 
indicate that the grass was generally poorer and that the soil 
was less acid on all of these plots than on those fertilized with 
6-12-4, 12-6-4 and sulfate of ammonia. The urea plot, for 
instance, showed an average improvement of only 76 percent 
over the unfertilized plots, as compared with 106 percent 
improvement on the sulfate of ammonia plot.

The ammonium phosphate plot received phosphoric acid at 
the heavy rate of nearly 22 pounds to 1,000 square feet. The 
average improvement shown on this plot was slightly less 
than that shown on the sulfate of ammonia plot. The result­
ing soil acidity at the end of the 5 -year period was about the 
same on the two plots.

When a large amount of phosphorus was added in the slowly 
available form of bonemeal there was an average improvement 
of only 47 percent during the course of the experiment as 
compared with 106 percent with sulfate of ammonia. It will 
be noted in the table that the pH of the soil on the bonemeal 
plot was much higher than that on the plots receiving sulfate 
of ammonia and other inorganic fertilizers. The fact that 
nitrate of soda which resulted in the same high pH likewise 
produced an improvement of only 48 percent over the checks 
would indicate that the practically neutral condition of the 
soil was significant on the bonemeal and nitrate of soda plots.

The plot receiving sulfate of ammonia and compost showed 
considerably less improvement than the plot receiving sulfate 
of ammonia alone. This was probably due to the fact that 
only one-half of the nitrogen was furnished by the sulfate. 
The other half came from compost in which the nitrogen is 
much more slowly available.
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The grass on the plot receiving lime in addition to the sulfate 
of ammonia showed far less improvement than did that on 
the plot receiving sulfate of ammonia alone. It will be noted 
in the table that the acidity which was caused by sulfate of 
ammonia when applied alone was more than counteracted by 
the application of lime in addition to the sulfate of ammonia. 
On an average, sulfate of ammonia alone reduced the soil pH 
from 6.2 in the check plots to pH 5.4, whereas sulfate of 
ammonia and lime raised the soil pH from 6.2 in the check 
plots to 6.7.

The interpretation of the responses of the bents to the vari­
ous fertilizer combinations used on the demonstration gardens 
will be discussed later in this article in the light of the results 
from other experiments carried on over a longer period of time.

Acidity Relations

The table on page 222 indicates that the question of acidity 
should be considered in any effort to interpret the results ob­
tained from the fertilized plots of mixed bent on the demon­
stration gardens. The best plots were those with the most 
acid soils; that is, soils with readings of pH 5.2 to 5.4. In the 
ruled columns of the chart on page 226 the percentages of im­
provement are shown graphically. For purposes of comparison 
the actual acidity of each plot (hydrogen ion concentration) 
times 10 million is drawn to scale in the solid columns of the 
chart. The base line represents the average condition of the 
grass and the soil acidity (pH 6.2) of the check plots. It 
can easily be seen, therefore, which fertilizers produced the 
greatest improvement and whether they increased or decreased 
the acidity of the soil. The reader will notice the much greater
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The average percentage of improvement in bent turf over check plots on the nine 
Demonstration Gardens with each of the fertilizer combinations, and the average soil 
acidity produced in the surface inch of soil by each of the fertilizers. The improvement 
is given in the ruled columns and the acidity {Hydrogen-ion concentration) times 10 
million, in the solid columns. The base line represents the condition of turf and the soil 
acidity of the surface inch of soil on the unfertilized plots. The pH equivalent of the 
actual acidity is given at the left for the most acid plot, the check plot and the neutral 
plot. Also, the greatest and least percentages of improvement are given above their 

respective columns.
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difference in acidity between pH 5.2 and 6.2 than between 
6.2 and 7.0. The difference between the acidity of pH 5.0 
and 6.0 is 10 times greater than that between pH 6.0 and 7.0. 
It is apparent that, with the exception of activated sludge, the 
more acid the plots (the lower the pH) the greater the im­
provement which is shown in the turf.

Soil Acidity and Response to Fertilizer

The acidity of the original soil as indicated by the pH of 
the check plots on the 9 different gardens varied from pH 4.7 
at Wheatley Hills to pH 7.5 at Meadowbrook. A preliminary 
comparison of the ratings of the fertilizer plots at the indi­
vidual gardens together with the results of the soil tests made 
on samples from each of these plots indicated that there was 
a significant difference between the response of the mixed bent 
to fertilizers on distinctly acid and on alkaline soils.

The gardens have been classified into three groups on the 
basis of the acidity of their untreated soil. On four gardens 
the soil was distinctly acid, with the soil pH below 6.0; on 
three the soil was slightly acid, with the pH between 6 and 7; 
and on two the soil was alkaline, with the pH above 7.0. The 
average response of the bent grasses to each of the 11 fertilizer 
combinations for each group of the demonstration gardens was 
calculated and plotted on the chart shown on page 232.

It appears significant that with each fertilizer treatment, 
with the single exception of that of nitrate of soda, the gardens 
with the distinctly acid soil showed most improvement in the 
turf, those with slightly acid soil showed less improvement, 
whereas those with alkaline soil gave decidedly the least response. 
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A view of one of the demonstration turf gardens planted by the Green Section showing 
some striking variations in the plots from different fertilizer applications.

On the alkaline soils the fertilizers had least effect on the 
acidity of the soil. Apparently the soil on the alkaline gardens 
was well buffered against any change in soil acidity. In the 
table on page 229 it can be seen that the acidity of the fertilized 
plots on the gardens having naturally acid soils varied from 
pH 4.5 to 4.8 (on those plots fertilized with the inorganic com­
plete mixtures) to pH 6.5 to 7.0 (on the bonemeal and nitrate 
of soda plots) a range of 2 full pH units. On the other hand, 
on the alkaline gardens the acidity of the plots varied within 
the very limited range of from pH 6.5 to 7.3 on the least acid 
plots, to 7.5 on the most alkaline plots—a range of only 0.2 
to 1.0 pH unit.
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Soil Acidity of Check Plots Expressed in pH and Range in Soil pH 
of the Fertilized Plots on the Nine Demonstration Gardens

Gardens

pH of soil 
on check 

plots

Range in soil pH of fertilized 
plots

Most acid 
plot

Least acid or 
alkaline plot

Most acid gardens
Wheatley Hills........ . . 4.7 4.5 6.5
Oakmont ................. . 5.3 4.5 7.0
Charles River.......... . . 5.7 4.5 6.8
Upper Montclair . . . 5.8 4.8 7.0

Moderately acid gardens
Century . . . 6.3 4.5 7.2
Allegheny . 6.6 4.8 6.8
Detroit..................... 6.7 5.0 7.0

Alkaline gardens
Indian Trails .......... . . '7.2 6.5 7.5
Meadowbrook 7.5 7.3 7.5

Response of Kentucky Bluegrass Turf to Fertilizer

The method of recording the effect of fertilizers on the 
Kentucky bluegrass series was the same as that already de­
scribed for the mixed bent plots. As the scoring was done by 
greenkeepers and others interested in golf courses the emphasis 
was placed on grass development. Stimulation of clover or 
other legumes and weeds lowered the score. These ratings are 
consequently not likely to be in accord with many obtained 
from fertilizer experiments on bluegrass where the objective 
is to produce a mixture of grass and clover for pasture or other 
purposes.

The fertilizers were applied on the basis of equal quantities 
of nitrogen with varying amounts of phosphoric acid and 
potash, as shown in the table on page 221. To hasten the estab­
lishment of the turf they were used at double the usual rate 
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during the first year. Therefore the total quantities used in 
the 5 -year period were six times the amounts shown in the 
table.

The average effects over the 5 -year period of the several 
fertilizers and lime on Kentucky bluegrass turf are shown in 
the table on this page. On the opposite page are given the 
percentages of improvements over the unfertilized turf on 
the several plots for each year.

Average 5-Year Percentage of Improvement over Unfertilized 
Plots of Kentucky Bluegrass Turf, Average pH of Surface Inch of 
Soil at Close of 5-Year Period, and Total Phosphorus Applied in 

5 Years, on Nine Demonstration Gardens

Total phos­
phorus applied

Percentage of in I years
improvement Average (pounds P2O5
over unfer- pH of surface to 1,000

Materials applied tilized plots inch of soil square feet)

6-12-4 Inorganic ........... 69 5.2 30.0
Activated sludge............. 62 5.8 5.1
12-6-4 Inorganic ........... 62 5.2 7.5
Bonemeal......................... 56 6.3 84.0
Sulfate of ammonia........  44 5.3 0
Lime ............................... 23 6.9 0
Stable manure................. 21 6.1 9.9
Check ................................... 6.2 0

Climatic variations naturally affect the condition of turf 
with or without fertilizer. The ratings of the unfertilized 
check plots, therefore, varied from year to year. By using 
figures that indicate improvement over the check plots this 
variation in the unfertilized turf due to seasonal differences 
is taken into consideration. It will be noted that in 1931 
every fertilized plot showed the lowest percentage of improve­
ment of any year. This was the year when the unfertilized 
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turf was at its best, which in part accounts for the lower 
figures of improvement due to fertilizers. In the case of the 
organic fertilizers the lower ratings in 1931 were found to be 
due entirely to the higher ratings of the checks. On the other 
Percentages of Improvement of Kentucky Bluegrass Turf over 
Unfertilized Plots on Nine Demonstration Gardens for Each of 5 
Years, 1929-1933. Plots Are Arranged in the Order of Average 

Improvement over 5-Year Period

Materials applied 1929 1930 1931 1932 1933

6-12-4 Inorganic .......... .101 77 28 62 78
Activated sludge............... .... 57 59 42 64 89
12-6-4 Inorganic ............. .... 88 65 32 58 67
Bonemeal ......................... .... 49 56 37 60 78
Sulfate of ammonia . . ........ 67 44 13 39 56
Lime .................................. .... 12 19 10 32 41
Stable manure........................... 26 18 14 16 33

hand the three inorganic fertilizers showed a decided falling 
off in ratings in the four gardens in the New York and Boston 
districts. In these two districts rainfall had been above nor­
mal, particularly following the fertilizer applications the pre­
vious fall. In the other districts there had been less than normal 
rainfall and the percentages of improvement were not lower 
than they were in other years. This difference in rainfall may 
have had some bearing on the response to the inorganic fer­
tilizers due to excessive leaching of nitrogen from the soil.

The figures indicate that the turf was established most 
rapidly on the plots receiving the two complete inorganic fer­
tilizers. They maintained this lead for 2 years but there­
after were equalled or surpassed by the activated sludge and 
the bonemeal.

The 6-12-4 plot showed the highest percentage of improve­
ment over the 5-year period but, as shown below, the differ-
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Response of the mixed bent grasses to fertilizers on soils of varying acidity. The results 
are expressed in percentage of improvement over the check plots. The three columns 
shown for each fertilizer, reading from left to right, represent the average percentage of 
improvement for four gardens with unfertilized soils with pH below 6.0, three gardens 

with pH between 6.0 and 7.0, and two gardens with pH above 7.0.
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ence was unimportant. This lead over the activated sludge 
was due to the decided differences in the ratings of the first 2 
years. In the ratings for the 5 years the 6-12-4 led the 
sludge on only four gardens but the percentages of improve­
ment in these cases were sufficiently high to offset the figures 
from the five gardens where the sludge led the 6-12-4. In two 
of these five gardens the differences in ratings were very small.

The activated sludge led the 12-6-4 by a small fraction 
over the 5 -year period in spite of the slower start. In this case 
also the sludge led in five gardens whereas on the other four 
gardens it was inferior to the 12-6-4.

The 12-6-4 fertilizer gave results superior to 6-12-4 on two 
gardens and tied it on two others. On two other gardens there 
were only trivial differences between the plots with these two 
fertilizers. On only three gardens did the 6-12-4 lead the 
12-6-4 by a significant margin. This lead was maintained in 
4 of the 5 years of the test. In order to apply the same 
quantities of nitrogen to these plots it was necessary to use 
twice as much 6-12-4 as 12-6-4. Consequently the plot re­
ceiving 6-12-4 had four times as much phosphoric acid and 
twice as much potash as the plot receiving 12-6-4.

It is interesting to compare results on the plot fertilized 
with sulfate of ammonia alone with those obtained on the 
plots fertilized with the two complete inorganic fertilizers in 
which most of the nitrogen was supplied in the form of sulfate 
of ammonia. During the first year the sulfate of ammonia 
was in third place but well below the complete inorganic fer­
tilizers. It remained well below them throughout the test 
period, indicating the need for phosphoric acid or potash. By 
comparing the results on the different gardens it was found 
that the complete inorganic mixtures led the sulfate of am­
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monia on seven gardens. The sulfate of ammonia was superior 
to the two complete fertilizers on two gardens but in only one 
case was this difference large enough to be considered of any 
importance.

In the table showing the yearly ratings it will be noted that, 
with the exception of 1931, there was a steady betterment of 
the turf in the plots receiving the two organic fertilizers— 
activated sludge and bonemeal. Even in that year the propor­
tionate drop in improvement was much less in these two plots 
than in the three plots receiving inorganic fertilizers. The 
percentage of improvement during the fifth year as compared 
with the first year was 32 higher for activated sludge and 29 
higher for bonemeal.

Response of Mixed Bents and Kentucky Bluegrass to the same 
Fertilizers. Results are Expressed in Percentage of Improvement 
over Ratings of the Grasses on Unfertilized Plots. The Bluegrass 
Plots Received 60 Percent of the Amount of Fertilizer Applied 

to the Bents in 5 Years

Fertilizer
Percentage of improvement

Mixed bents Kentucky bluegrass

6-12-4 Inorganic ................... ................. 126 69
12-6-4 Inorganic ................... ................. 125 62
SuJf-irc of ammonia ............ ................. 106 44
Activated sludge..................... ................. 92 62
Bonemeal ..................................................... 47 56

The ratings of the plot receiving bonemeal put this fertilizer 
in fourth place in the total ratings. It led the 6-12-4 however 
in three gardens but in each case the margin was a narrow one. 
It likewise led the activated sludge on three gardens and the 
12-6-4 on four gardens by comparatively narrow margins.

Although not classed as a fertilizer, lime produced an aver­
age improvement of bluegrass turf greater than that obtained 
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with manure. It will be noted that the improvement in the 
first year was less than a third that of the last year. The rela­
tively large increase in improvement the last year was mainly 
due to the great increase on one garden even though the un­
fertilized soil on this garden was nearly neutral.

The stable manure produced the least improvement of all 
the materials tested. In spite of the fact that the manure 
added more total plant food than was added by the 12-6-4 or 
the activated sludge it improved the turf only a third as much 
as these two fertilizers.

Kentucky Bluegrass and Soil Acidity

When the figures showing turf improvement in the table 
on page 230 are compared with those in the column of pH 
values it is apparent that there is no such uniform relationship 
between them as is the case in the bent series.

It is generally believed that Kentucky bluegrass grows best 
in soil that is nearly neutral. With this point of view in mind 
it is interesting to note that the three fertilizers at the top of 
the list had each made the soil more acid than in the unfer­
tilized check plots.

Some interesting facts become apparent with a study of the 
average improvement produced by the various fertilizers on 
the individual gardens. The two highest rates of improve­
ment occurred on the garden with an original soil pH of 5.3, 
next to the most acid of the series, and these high improve­
ments were produced by the two fertilizers, the complete in­
organics, with the strongest tendency to make the soil more 
acid. The next two highest rates of improvement were pro­
duced with the same fertilizers on a slightly acid soil with a 
pH of 6.7.
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Sulfate of ammonia, which also tends to make the soil more 
acid, gave its best results on next to the most acid garden and 
its next best results on an alkaline garden. The pH of these 
gardens was changed from 5.3 to 4.8 in the first instance and 
from 7.1 to 5.5 in the second. Activated sludge, which also 
tends to increase soil acidity, made its best showing on one of 
the more acid gardens, the pH changing from 5.7 to 4.9.

Lime, one of our most effective materials for decreasing soil 
acidity, made its best showing on the bluegrass plots on a 
garden with a nearly neutral soil having a pH of 6.6. On a 
garden with a pH of 6.7 the lime plot was even poorer than 
the check and again made a very poor showing on a garden 
with a pH of 5.7. Lime made its second best showing on the 
most acid garden.

Comparison of Mixed Bents and Kentucky Bluegrass

It is interesting to compare in the table on page 234 the re­
sponse of mixed bents with that of Kentucky bluegrass to 
some fertilizers applied under the varying environmental and 
cultural conditions of the nine gardens. In this connection 
it should be borne in mind that the bents are considered as 
acid-toleranUgrasses whereas Kentucky bluegrass is considered 
as preferring a more nearly neutral soil. The Kentucky blue­
grass plots received in the 5 years 60 percent of the amount 
of fertilizer applied to the bents. The figure for each fertilizer 
represents the average improvement obtained on the nine 
demonstration gardens during the 5 years. The average rating 
of the mixed bents on the unfertilized plots was 38 percent 
and that of Kentucky bluegrass was 40 percent of the maxi­
mum score possible with the rating method in use. The con­
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dition of the turf on these check plots was typical of that on 
most unfertilized areas.

The response of Kentucky bluegrass to the complete inor­
ganic fertilizers corresponded to that of the bent grasses. Both 
grasses produced the best turf on plots which had been fer­
tilized with 6-12-4 .inorganic fertilizer and which had an 
acidity of pH 5.2 at the close of the experiment. The bent 
grasses, which received about 1.7 times as much fertilizer as did 
the Kentucky bluegrass, showed 1.8 times as much improve­
ment with the 6-12-4, 2 times as much with the 12-6-4, and 
1.5 times as much with activated sludge, as did the Kentucky 
bluegrass, although in the bents the improvement produced 
with 6-12-4 and 12-6-4 was about one-third again as much as 
with activated sludge.

The outstanding difference between the two grasses in this 
comparison was in their response to sulfate of ammonia. Sul­
fate of ammonia was a particularly favorable source of nitro­
gen for bent. The improvement shown in bent fertilized with 
sulfate of ammonia was second only to that shown in bent 
fertilized with the complete inorganic fertilizers. On the other 
hand, the Kentucky bluegrass plots fertilized with sulfate of 
ammonia alone were the poorest of all of the fertilized plots 
included in this comparison. Nevertheless where sulfate of 
ammonia was used in conjunction with superphosphate and 
muriate of potash, it gave good results on Kentucky bluegrass 
as well as on bents, as is evidenced by the improvement 
recorded for the 6-12-4 and the 12-6-4 plots.

Kentucky bluegrass responded more favorably to bonemeal 
than did the mixed bents. Although the bent plots received 
1.7 times as much bonemeal as did the Kentucky bluegrass 
plots, they showed only 0.84 times as much improvement.
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In general the results under these widely varying conditions 
were similar to those obtained with these fertilizers on the same 
grasses at Arlington Experiment Farm, as described elsewhere 
in this issue of Turf Culture.

Summary and Discussion

Demonstration turf gardens were established by the Green 
Section on golf pourses in different parts of the country. These 
gardens included series of plots for testing the responses of the 
bent grasses and. Kentucky bluegrass to different fertilizers 
under various soil and climatic conditions.

This article reports the results of the fertilizer tests from 
the nine gardens which were continued over a 5 -year period, 
from 1929 to 1933 inclusive.

Although these tests were conducted for only 5 years it is 
interesting to compare the results with those obtained from 
the bent plots on the Arlington Turf Garden, some of which 
have been fertilized with a single combination of materials for 
the past 18 years, and have been under continuous observation 
during that time.

The application of nitrogen at the annual rate of 5 pounds 
to 1,000 square feet has consistently improved bent turf, the 
amount of improvement varying with the source of nitrogen, 
the other fertilizer ingredients with which the nitrogen source 
was combined, and the acidity of the soil.

On the demonstration gardens, the most decided improve­
ment was produced in bent turf with the 6-12-4 and the 
12-6-4 inorganic mixtures. There was appreciably more im­
provement over the unfertilized turf in these plots than in the 
ones which received sulfate of ammonia alone or ammonium 
phosphate. Since the nitrogen in these mixtures was supplied 
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chiefly in the form of sulfate of ammonia with small amounts 
of ammonium phosphate, the increase in improvement has been 
credited to the presence of moderate amounts of phosphoric 
acid and potash. It should be remembered that the tests were 
conducted for only 5 years. Had they been continued for a 
longer time all four of these plots probably might have become 
increasingly acid until the grass suffered as it has on the bent 
plots at Arlington.

The application of sulfate of ammonia and compost did not 
produce so much improvement as did the application of sulfate 
of ammonia alone. This has been explained by the fact that 
in this mixture only one-half of the nitrogen was supplied by 
sulfate of ammonia and the remainder by the compost in which 
the nitrogen was more slowly available.

The improvement shown on the plot which received sulfate 
of ammonia and lime was much less than that on the plot which 
received sulfate of ammonia alone. This may be explained by 
the fact that more lime than necessary was used to neutralize 
the acid residue from the sulfate of ammonia. It is well recog­
nized that lime is distinctly beneficial to bent turf when added 
to soil which has had too much sulfate of ammonia added to 
it. On these plots lime was added the first year and each year 
thereafter, and it more than counteracted the acidity which was 
caused by sulfate of ammonia when applied alone.

The other inorganic source of nitrogen in these tests was 
nitrate of soda, and the plot which received it was one of the 
two poorest plots in the series. Nitrogen applied at the annual 
rate of 5 pounds to 1,000 square feet in nitrate of soda pro­
duced less than half as much improvement as did the same 
amount of nitrogen applied in sulfate of ammonia.

The inorganic fertilizers, except for nitrate of soda and the 
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combination of sulfate of ammonia and lime, ^produced more 
improvement than did the organic materials. Among the or­
ganic fertilizers, activated sludge gave decidedly the best results.

Phosphorus, when not applied at too heavy a rate, increased 
the improvement obtained from the application of nitrogen 
alone, as has been shown by comparing the 6-12-4 and 12-6-4 
plots with the sulfate of ammonia plot, or the activated sludge 
and the poultry manure tankage plots with the one which re­
ceived urea.

The ammonium phosphate plot received, in addition to 
ammonia nitrogen, a large amount of phosphoric acid which, 
as has been shown on the bent plots at Arlington, is injurious in 
acid soil. Over the 5-year period the ammonium phosphate 
plot was not so good as the sulfate of ammonia plot which had 
received nitrogen only. At the Arlington Farm in 1939 the 
plots which have received ammonium phosphate over a much 
longer period of time have been the poorest of the entire series. 
They have been made very acid, however. Had the demon­
stration gardens been continued for a similar length of time, 
the plots might have become steadily worse, as they have at 
Arlington.

The bonemeal plot, which received an even greater amount 
of phosphorus than did the ammonium phosphate plot, was the 
poorest of the entire bent series. It has been pointed out that 
the cause of this low response may have been associated with 
the nearly neutral soil condition as well as with the excessive 
amount of phosphoric acid. This conclusion has been sup­
ported by the fact that the nitrate of soda plot which showed 
the same high pH produced turf comparable to that on the 
bonemeal plot.
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The beneficial effect of potassium on bent turf was clearly 
evident on two gardens which were situated on sandy soil. 
Neither of these gardens is included in the nine, the results from 
which are tabulated in this report because they were not in 
operation during the entire period from 1929 to 1933, in­
clusive. On the heavier soils of the nine gardens reported, no 
such striking results were observed.

Considering the average of the nine demonstration gardens, 
the greatest improvement in the bent turf over that on the 
checks resulted on the four plots in which the fertilizers pro­
duced an average acidity between pH 5.2 and 5.4. These 
results are comparable to those obtained on the bent plots at 
Arlington, where the best turf has been produced with those 
fertilizers which results in a soil acidity ranging from pH 4.6 
to 5.9. The least response of bents to fertilizers on the demon­
stration gardens was shown on the two approximately neutral 
plots with a pH of 6.9 which received the widely different ma­
terials, nitrate of soda and bonemeal.

The nine gardens varied in the acidity of their unfertilized 
soil from pH 4.7 on the most acid garden at Wheatley Hills, 
to pH 7.5 on the most alkaline garden at Meadowbrook. It 
has been demonstrated that the bents showed least response to 
fertilizers on the alkaline gardens and most on the decidedly 
acid gardens. Soid acidity tests showed that the fertilizers had 
much less effect on the pH of the soil on the alkaline gardens 
than on the acid gardens.

The response of Kentucky bluegrass on the demonstration 
gardens to various fertilizers and lime has been reported.

Several fertilizers produced a decided improvement over the 
check plots. The 6-12-4 fertilizer produced the best turf and 
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the activated sludge and 12-6-4 tied for second place. The 
bonemeal was fourth—somewhat below these three.

These figures show a slight lead for the 6-12-4, but it should 
be remembered that they represent the average results on nine 
different gardens over a 5 -year period. It has been shown that 
when these average figures are separated into the results for 
the different gardens, each one of these fertilizers led all the 
rest on some gardens and was the poorest of the three on others. 
When comparing these first three fertilizers in this way the 
results are about equal. The bonemeal was generally less effec­
tive. The effectiveness of all four fertilizers varied on the dif­
ferent gardens due to soil and climatic conditions.

Inorganic fertilizers effected a much quicker response than 
did the organic. This is especially noticeable in the results of 
the first 2 years.

Sulfate of ammonia and stable manure were less effective 
than the other fertilizers in producing an improvement of the 
turf. Lime was also less effective but produced better turf than 
did the manure.

In making a comparison of these results with those secured 
at the Arlington Experiment Farm the difference in type of 
turf and climatic conditions should be taken into considera­
tion. On the demonstration gardens the experiments were 
started on the newly seeded turf. On the Capital course and 
at Arlington they were on a thin weedy old turf. Naturally 
the weed and clover seedlings appearing in the newly seeded 
turf were more easily crowded out and eliminated by clipping 
than were the large weeds in established turf.

The demonstration gardens were located in regions where 
crabgrass is not the serious problem that it is at Arlington, so 
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the crowding out of the bluegrass due to the stimulation of 
the crabgrass by certain fertilizers was not so evident.

While improvement due to fertilizers on the demonstration 
gardens was high, the improvement of the old turf at Arlington 
and the Capital course was several times as much. This was 
due to the greater abundance of weeds and clover on the check 
plots on these latter areas and the great increase in density of 
turf on the fertilized plots. The soil at the Capital course and 
Arlington was extremely low in fertility and so supported a 
very poor turf, much worse than that on the average check 
plots on the demonstration gardens.

The best bluegrass turf was produced on plots having an 
average soil reaction of pH 5.2 on the demonstration gardens 
and of pH 5.3 at the Arlington Farm. The unfertilized soil 
on the various demonstration gardens ranged in acidity from 
pH 4.7 to 7.5, yet when properly fertilized good turf was pro­
duced on all of them. The greatest response to fertilizers was 
evident on soils having a pH of 5.3 and of 6.7. On the acid soil 
at Arlington a satisfactory turf could not be produced unless 
lime was added. However, on the plots having the best turf 
where lime was added the pH of the soil was still 5.3. These 
irregularities show that if a soil is acid in reaction it does not 
necessarily follow that it will grow better bluegrass if the acidity 
is reduced. Neither does it follow that because the soil is nearly 
neutral it will not benefit from applications of lime.

The organic fertilizers on the demonstration gardens rated 
much higher than at Arlington or the Capital course. The 
organic fertilizers were not so effective in reducing the amount 
of weeds and clover present in the old turf and naturally did 
not rate so high at Arlington or the Capital course. In earlier 
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trials at Arlington on turf that had been established recently 
from seed the organics compared more favorably with the inor­
ganics. The results on these plots were similar to those obtained 
from the demonstration gardens.

On two of the other gardens (not included in this article) 
that were located on a sandy soil, marked response from the 
addition of potassium was noted. On these two gardens, am­
monium phosphate and bonemeal produced no marked im­
provement in the turf. A 12-6-4 produced excellent turf. 
Evidently this small amount of potassium was sufficient. On 
the four gardens where the 6-12-4 had a commanding lead, 
potassium might have been the determining factor. However, 
since other factors were also involved the potassium influence 
could not be determined. At Arlington the best turf was pro­
duced where potassium was not used.

The response of the turf on the various gardens to the rela­
tively large amounts of phosphorus in the 6-12-4 fertilizer had 
no relation to the amount of available phosphoric acid originally 
in the soil. One of the gardens showing the best results from 
the 6-12-4 originally had the lowest amount of available phos­
phoric acid, while another garden where the 6-12-4 led had 
one of the highest amounts of P2O5 in the original soil. Acti­
vated sludge, with the smallest amount of P2O5 of the three 
leading fertilizers, also led the others on one garden with very 
low P2O5 and on another with the highest available P2O5.

The turf produced by any of the three leading fertilizers 
was good. The improvement produced by the three leading 
fertilizers was nearly equal on the demonstration gardens. 
Therefore the relatively small amounts of phosphoric acid or 
potash supplied by the activated sludge and 12-6-4 apparently
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were as effective as the larger amounts supplied by the 6-12-4. 
Since all fertilizers were applied on an equal nitrogen basis a 
good turf was produced with half the amount.of total nutrients 
with 12-6-4 than with 6-12-4.

The low rating of the stable manure was presumably due to 
the tendency for it to stimulate the weeds and clover as well as 
the grass. It was thought that spring and fall may not have 
been the best time to apply manure. Therefore trials were 
carried on at the Capital course in which manure was compared 
with organic and inorganic fertilizers at different months of 
the year. In no case did it compare favorably with the com­
mercial fertilizers.

The addition of lime alone produced a more marked re­
sponse on the demonstration gardens than at Arlington or the 
Capital course. This was especially noticeable during the last 
year but at this time most of the response was due to the large 
increase on one garden. In combination with fertilizers at 
Arlington, however, there was a decided improvement from 
the use of lime.

The variations in the response of turf to these fertilizers in 
different years and different sections of the country show the 
desirability of continuing tests of this kind over a longer period 
than 5 years. More extended and long-time trials should tend 
to explain these variations and show whether harmful or bene­
ficial materials accumulate in the soil from fertilizers applied 
annually to turf.

Peat, muck and sandy soils are generally more deficient in 
potash than are most clay soils. Fertilizer formulas should be 
modified accordingly.
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WHAT OTHERS WRITE ON TURF

In this department will be given the substance of research in the various 
fields of scientific investigation which seems to have a definite bearing on 
turf improvement. The articles will summarize results of recent investiga­
tions made in various parts of the world. They are not published here as 
recommendations but simply as information for our readers and as sugges­
tions which may have practical applications in many situations. Where the 
Green Section’s tests or the information it has obtained from other reliable 
sources in this country substantiates or contradicts the results obtained by 
other investigators, comments to that effect may be included as a guide for 
our readers. In all other cases the reader will receive in brief the results and 
conclusions as given in the original papers.

LATE FERTILIZING AND SUSCEPTIBILITY 
OF KENTUCKY BLUEGRASS

TO COLD

Numerous experiments have shown 
that fall is usually the best time to 
fertilize turf. There are even indi­
cations that in some sections fer­
tilizers may advantageously be ap­
plied during winter. J. C. Carroll 
and F. A. Welton, of the Ohio Agri­
cultural Experiment Station, have 
raised the question of whether the 
readily available nitrogenous fer­
tilizers applied late in fall made the 
grass more susceptible to cold. They 
have investigated this point and have 
reported their work in Plant Physi­
ology. The results appear to support 
their contention that grass heavily 
fertilized in late fall with a readily 
available source of nitrogen is not 
able to endure the same degree of 
cold as unfertilized grass.

Turf for the experiments was 

grown both in the open and in the 
greenhouse. Nitrogen was applied to 
one series of fertilized plots in the 
open at the rate of 2.S pounds to 
1,000 square feet, at three intervals 
from April to October, making a 
total of 7.5 pounds to 1,000 square 
feet each season. Another area was 
treated with sulfate of ammonia at 
the same rate of nitrogen on Septem­
ber 10 and October 12. The green­
house plantings were made in sub­
irrigated jars and the fertilized jars 
received three applications of sulfate 
of ammonia at the rate of 2.5 pounds 
of nitrogen to 1,000 square feet at 
each application.

Artificial refrigeration was em­
ployed to test the resistance of the 
grass to cold. Before being placed 
in the refrigerator the greenhouse 
grown grass was hardened by being 
kept at 32° F. for 12 hours. The 
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grass grown in the open was lifted 
after being hardened naturally.

The hardened greenhouse samples 
were subjected to different low air 
temperatures for 8 hours and the per­
centage of survival noted after 2 
weeks. Temperatures used varied 
from 10° F. to 0° F. At 10° F. 50 
percent of the fertilized grass was 
killed while the unfertilized grass 
showed little injury. Damage was 
progressively greater at lower tem­
peratures, and when exposed for 8 
hours to 0° F. all of the fertilized 
and 90 percent of the unfertilized 
grass was killed.

The field grown samples were 
lifted at four dates from October 20 
to December 1 and subjected to an 
air temperature of -13° F. for from 
2 to 5*4 hours. Determination of 
the percentage of survival made later 
showed that in every case the fer­
tilized grass was more readily killed 
than the unfertilized grass. For ex­
ample, when the grass was lifted 
December 1 and exposed for 3 hours 
to ~13° F., the unfertilized grass 
survived 100 percent, the fertilized 
only 45 percent. An exposure of 4 
hours resulted in the death of 20 per­
cent of the unfertilized grass and 90 
percent of the fertilized. This 4- 
hour exposure lowered the soil tem­
perature to 16° F. An exposure of 
5 hours lowered the soil temperature 

to 9° F. and resulted in the death of 
95 percent of the fertilized and 60 
percent of the unfertilized grass.

The conclusion is drawn that 
heavy and late applications of nitrog­
enous fertilizers may be expected to 
lessen the resistance of Kentucky 
bluegrass to cold.

Although these workers have dem­
onstrated a lack of cold resistance in 
heavily fertilized Kentucky blue­
grass under the experimental condi­
tions described it seems doubtful that 
such results would follow common 
practice in fertilizing turf. In the 
experiments described 7.5 pounds of 
nitrogen were applied to 1,000 square 
feet during the season, and in one 
case 5 pounds were applied in late 
fall. These rates are equivalent to 
applications of about 1,600 and 1,100 
pounds of sulfate of ammonia to an 
acre respectively. In fertilizer trials 
on bluegrass fairways in Canada no 
killing due to low temperatures has 
been observed when fertilizer was ap­
plied at the usual rate.

Field observations on the suscepti­
bility of fertilized bluegrass to low 
temperatures are complicated by the 
fact that late fertilized grass is 
especially susceptible to snowmold. 
Much of the so-called winter killing 
of late fertilized bluegrass may be 
due to this disease rather than to low 
temperatures.
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Kentucky bluegrass occurs natur­
ally over most of North America. 
Under field conditions in Minnesota, 
soil temperatures as low as —4° F. 
for considerable periods have been 
reported at a depth of 2 inches under 
the sod. While no actual counts 
have been made under such condi­
tions observations in the spring have 
not. indicated any difference in the 
density of moderately fertilized turf 
due to cold. It would seem, there­
fore, that the work here reported does 
not justify a fear that harm will 
result from low temperatures when 
turf is moderately fertilized in fall.

WILL WAR AFFECT OUR FERTILIZER 
SUPPLIES?

Our supply of fertilizers was se­
riously reduced when the World 
War cut off some of our importa­
tions in 1914. Therefore the ques­
tion naturally arises, "What effect 
may the present European war have 
on fertilizer prices in this country?” 
According to an editorial in the 
Fertilizer Review there is apparently 
no danger of a shortage, nor is there 
a likelihood of any extreme price 
increase, as America is in a much 
better position with reference to fer­
tilizer materials than it was in 1914. 
The editorial states:

"Then we were almost entirely de­
pendent on Germany for potash and 

on Chile for nitrates. Then the pro­
duction of war munitions interfered 
with the manufacture of superphos­
phate because sulphuric acid was 
necessary in large quantities for the 
manufacture of explosives. Supplies 
of all three major plant foods—nitro­
gen, phosphoric acid, and potash— 
were seriously affected then by war 
ne?ds or conditions.

"Today we find our own country 
producing in peace time nearly two- 
thirds of our potash consumption, 
with ability, if emergency conditions 
make it necessary, to produce from 
our California and New Mexico 
sources all the potash we need. In 
addition, France, Spain, Palestine, 
and Russia are all producing potash, 
a part of which will no doubt find 
its way here.

"Chile is no longer the only source 
of nitrates for plant food and pow­
der. Synthetic processes for the fixa­
tion of nitrogen from the air, devel­
oped during and after the World 
War, include the domestic manufac­
ture of nitrate of soda and nitrate of 
ammonia for agriculture, and nitric 
acid and its derivatives for explo­
sives. Nitric acid is produced with­
out the use of either nitrate of soda 
or sulphuric acid so that these mate­
rials are released for fertilizer use. 
Sizeable stocks of nitrate of soda 
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from Chile are already in store and 
importation continues.

"Sulphuric acid will continue avail­
able for superphosphate production 
and will not be requisitioned for 
nitric acid manufacture as was the 
case in the World War. Our phos­
phate rock reserves are enormous and 
our production capacity far exceeds 
any possible domestic demand. In 
addition our exports of phosphate 
rock to Germany, our largest foreign 
customer for this material, have been 
interrupted, by the British blockade.

"Production of ammonia solutions, 
now equal to the peace-time demand, 
can be easily and quickly increased 
to meet an increased war-time de­
mand. Larger quantities of by­
product sulphate of ammonia will 
undoubtedly be available as steel 
production forces the coking of more 
coal for blast furnace coke.

"Organic sources of nitrogen, such 
as vegetable meals and tankages, 
largely by-products of other indus­
tries, will be available in larger quan­
tities as their respective industries 
increase operations. At present, for 
tenable reasons, organic materials are 
the only ones that have risen greatly 
in price.

"We have a surplus of cotton for 
bag manufacture and we have avail­
able paper bags if the importation of 

jute for burlap bags should be inter­
rupted, or prices be unduly raised.

"In short, we seem to have on 
hand or in sight all the materials 
and supplies necessary for a normal 
fertilizer season next spring. If pro­
duction costs increase because of 
general economic conditions, because 
of transportation costs, or because of 
general wage increases, then natur­
ally the cost of fertilizer production 
will also increase.”

As a result of these facts the con­
clusion is drawn that, "There seems 
to be no need, either on the part of 
the manufacturer or the consumer, 
to lay in extraordinary or unsea­
sonable supplies of fertilizers or fer­
tilizer materials for fear of shortage 
or unwarranted price increases.”

BALANCE SHEET FOR PLANT 
NUTRIENTS

An interesting balance sheet re­
garding the annual losses from and 
additions to the soils of the United 
States of six of the plant food ele­
ments was published by the late 
Jacob G. Lipman in a New Jersey 
Agricultural Experiment Station 
Bulletin. Data were taken from 
14,500 analyses of topsoils from all 
parts of the United States, from cen­
sus figures of 1930, and from re­
ports of the United States Depart­
ment of Agriculture, the Geological 
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Survey, the Department of Com­
merce and Navigation, the Custom 
House and the Patent Office. From 
these data Dr. Lipman, in the light 
of his wide experience in the prob­
lems related to soil science, made the 
estimates which are included in the 
following table.

The figures in the table apply to 
the 1,455,390,414 acres which are 
considered to be agricultural; land. 
This includes 413 million acres of 
harvested crop lands, 464 million 
acres of pastures on farms, and 578 
million acres of pastures not on 
farms such as the large western graz­
ing areas. The remaining land area 
of 450 million acres is omitted from 
consideration because of being defi­
nitely non-agricultural. It includes 
forest areas, urban and industrial 

areas, roads, railroads, parks, deserts, 
marshes and all waste lands.

The net annual loss of nitrogen is 
given in the table as somewhat more 
than 6.5 million tons, but Dr. Lip­
man considered that 10 million tons 
would be a reasonably conservative 
estimate of the annual loss from our 
crop lands. From figures given else­
where in the article it is shown that 
this is 30 times the amount of nitro­
gen which is supplied annually in 
fertilizers.

Attention was drawn by the author 
to the net losses of calcium, potas­
sium and magnesium, the removal of 
which involves a gradual increase in 
soil acidity. With the loss of the 
basic substances of which these ele­
ments are a part, there is more in­
tense loss of phosphorus. Dr. Lip­

Balance Sheet for Plant Nutrients in the Soils of the United 
States in 1930. All Figures are Given in Tons

Additions (from fer­
tilizing and liming

Nutrient

Losses (from 
harvested crops, 

grazing, erosion,

materials, manures 
and bedding, rain­

fall, irrigation waters, 
seed, and nitrogen 

fixed by micro- Net annual
Element and leaching) organisms) losses

Nitrogen ............... 22,899,046 16,253,862 6,645,184
Phosphorus .......... 4,221,302 1,447,83 5 2,773,467
Potassium ............ 50,108,560 5,151,076 44,957,484
Calcium ............... 68,185,730 12,561,673 55,624,057
Magnesium .......... 24,557,881 4,040,813 20,517,068
Sulfur ................... 12,043,911 9,029,690 3,014,221
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man emphasizes that our soils are 
suffering a net annual loss of about 
3 million tons of phosphorus, or al­
most 10 times as much as is supplied 
annually by chemical fertilizers.

Another table gives the sources 
of the nutrients and the amounts 
added from each source. It is in­
teresting to note from this table the 
large amounts of all of these elements 
except phosphorus which are added 
to the soil annually in rainfall. In 
1930, there were added through rain­
fall to the agricultural lands in the 
United States 3,347,395 tons of ni­
trogen, 1,529,400 tons of potassium, 
5,73 5,250 tons of calcium, 2,294,- 
100 tons of magnesium, 5,768,900 
tons of sulfur and no phosphorus. 
In that year, the rainfall contributed 
appreciably more calcium, magne­
sium and sulfur than did any other 
one source of these elements. The 
greatest amounts of nitrogen came 
from the fixation of atmospheric ni­
trogen by the micro-organisms in the 
root nodules of legumes and by those 
living in the soil itself. Large 
amounts were added also in rainfall, 
animal manures, and chemical fer­
tilizers. The major additions of 
phosphorus were credited to animal 
manures and commercial fertilizers. 
The largest amounts of potassium 
came from animal manures, rainfall, 
and chemical fertilizers.

NITROGEN OF THE AIR IS NOW A 
SOURCE OF FERTILIZER

The air over a single acre of soil 
contains approximately 31,000 tons 
of free nitrogen, none of which is 
available to the majority of plants 
until it is "fixed” in a form which 
can be used by plants and applied to 
the soil as a plant nutrient. The 
bacteria in the nodules of legumes, 
such as clover and alfalfa, and cer­
tain micro-organisms living in the 
soil have the peculiar ability to "fix” 
the nitrogen present in the air of the 
soil and thus enrich the soil in which 
they grow. Before the World War 
this was the only way in which this 
universally distributed source of ni­
trogen was tapped in the United 
States for agricultural purposes.

For our nitrogen compounds we 
were dependent on the great natural 
deposits such as those of nitrate of 
soda in Chile. According to figures 
in a report on Chemical Nitrogen 
issued by the United States Tariff 
Commission, in 1900 two-thirds of 
the world’s supply of nitrogen came 
from the deposits of nitrate of soda 
in Chile. The remaining one-third 
was produced as a by-product in the 
manufacture of coke and gas from 
coal.

Since 1915, however, procedures 
have been perfected for the commer­
cial "fixation” of nitrogen of the 
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air in the form of synthetic com­
pounds. In 1934 these synthetic 
products resulting from the indus­
trial "fixation” of nitrogen of the 
air furnished 74.5 percent of the 
world’s supply of nitrogen. Only 
7 percent came from the deposits 
in Chile and the remaining 18.5 per­
cent from by-products in the manu­
facture of coke and gas from coal.

SOIL FERTILITY AFFECTS KENTUCKY 
AND CANADA BLUEGRASS

The reason why Kentucky blue­
grass grows on one soil and Canada 
bluegrass on another was studied by 
Hartwig in New York, who pub­
lished his results in the Journal of 
the American Society of Agronomy. 
Two areas were examined, in one of 
which Kentucky bluegrass {Poa pra­
tensis) was dominant, in the other, 
Canada bluegrass {Poa compressa). 
In both areas patches of the other 
species occurred and soil samples 
were taken under each species in both 
areas.

These areas were studied in vari­
ous ways. Contrary to the prevail­
ing notion that Poa compressa is 
found on the more acid soils, Hart­
wig found the acidity of the soil 
under this species lower than under 
Poa pratensis.

The most important feature was 
that under Poa pratensis there was 
generally more total nitrogen and 
more available phosphate than under 
Poa compressa, though the difference 
in the quantity of phosphate was 
small. From this it would seem that 
the former occupied the more fertile 
spots. This idea is in harmony with 
Hartwig’s observation that in the 
area where Canada bluegrass is domi­
nant, pastures which receive much 
manure soon become set with Ken­
tucky bluegrass.

SHADE AFFECTS ACTION OF SULFATE 
OF AMMONIA ON TURF

Recently two British investigators, 
Blackman and Templeman, publish­
ing in the Annals of Applied Biology, 
have discussed certain conditions un­
der which sulfate of ammonia does 
not benefit grass and discourage 
clover. Where the shade is deep 
enough to limit growth (where the 
light intensity is equal to less than 
.44 that of daylight) apparently it 
is the grass and not the clover which 
is adversely affected by the addition 
of sulfate of ammonia.

The production of leaves depends 
upon the grass plant taking up 
nitrogen from the soil and synthe­
sizing proteins within its cells by 
chemically combining the absorbed 
nitrogen with the carbohydrates 



December, 1939 253

which are manufactured in the 
leaves. In full sunlight carbohydrates 
are assimilated rapidly and are then 
combined with the nitrogen absorbed 
from the soil to manufacture pro­
teins and thus produce more leaves.

When grass is growing in the 
shade, however, it is not assimilating 
carbohydrates rapidly enough to 
make use of the nitrogen which is 
continually being absorbed from the 
soil. There are carbohydrate store­
houses in the roots and lower parts 
of the shoots and the growing cells 
draw on these while they last. When 
the grass is cut a time or two, how­
ever, these carbohydrates are removed 
from the plant. The rate of growth 
of the grass leaves then becomes di­
rectly proportional to the quantity 
of carbohydrates which can be man­
ufactured in the leaves and hence to 
the amount of sunshine which the 
plant receives. The amount of ab­
sorbed nitrogen which can be assimi­
lated into proteins in the grass cells 
is proportional to the amount of car­
bohydrates produced and hence to 
the amount of sunlight. This means 
that not all of the nitrogen which 
is absorbed in the shade can be used 
and it therefore accumulates in the 
plant. The accumulation of nitrogen 
apparently depresses growth.

The writers were working with 
Colonial bent (Agrost is tenuis), red 

fescue (Fesiuca rubra) as well as 
clover (Trifolium re pens). They 
demonstrated in their experiments 
that when these grasses were grown 
in shade of .44 (or less) of daylight, 
leaf production was depressed by a 
high nitrogen supply in the form of 
sulfate of ammonia. Nitrogen in 
the form of calcium nitrate depressed 
leaf production much more than did 
sulfate of ammonia. As would be 
anticipated from the foregoing dis­
cussion, the depressing effect of 
nitrogen in the shade became pro- 
gressively greater with successive 
cuttings. At the same time there 
was no such depression in the leaf 
production of clover. This may 
have been due to the fact that the 
clover, unlike the grasses, did not 
continue actively to absorb nitrogen 
in the shade.

Copper sulphate is recommended 
for the control of earthworms, dis­
eases, and other turf pests in Great 
Britain and New Zealand. In the 
United States copper compounds 
were commonly used in turf several 
years ago and are still used occasion­
ally. They came into general dis­
repute when it was learned that 
under some conditions in this coun­
try copper accumulated in the soil 
and caused serious damage to turf.
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OUR LETTER BOX
The Green Section receives numerous inquiries concerning local turf 

problems and is always glad to reply to them. With the hope that some of 
these questions and answers may be helpful to others besides the original 
correspondent, a few of them will be published. While most of the answers 
will have a general application, it should be remembered that each recom­
mendation is intended for the locality designated at the end of the question.

A pitch shot will not stick on the 
green.—Our greens were raised a 
little too much when they were first 
built and it is very difficult to supply 
them with sufficient moisture. The 
stand of Bermuda grass is very good, 
however, and the putting surface is 
fairly good. Our trouble lies in the 
fact that it is impossible to make 
even a high pitch shot stick on the 
green. In other words, there is not 
enough of a mat or the mat is too 
hard to allow the ball to grab when 
it hits the putting surface. Is it 
possible to force something like peat 
moss into the green with a spiked 
roller? Can you offer another sug­
gestion that might solve our prob­
lem? (Georgia.)

ANSWER. — Peat moss worked 
into the top soil of a putting green 
tends to make the surface somewhat 
softer. It is possible to work some 
of it into the soil by spreading it 
over the surface and running a spike 
roller back and forth over it. The 

most satisfactory method, however, 
is to mix the peat moss thoroughly 
with some top soil and apply this 
mixture in heavy topdressings.

It may be that the more liberal use 
of fertilizers would encourage a 
stronger growth of Bermuda grass, 
which would provide a better mat 
to hold pitched shots. A heavier 
growth of grass will usually have 
much more of a beneficial effect on 
the holding of pitched shots than 
will soil improvement by the addi­
tion of material such as peat moss.

* «•

Tiling of greens.—We have three 
greens that are in a location close to 
a creek in which water flows con­
tinuously, yet they are sufficiently 
high above the water in the creek to 
permit good drainage if they were 
tiled. In late spring and summer 
the ground on these greens becomes 
sour, and we are of the opinion that 
this results from the fact that the 
water does not get away fast enough.
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Is fall the proper time of year for 
tiling? (Illinois.)

ANSWER.—Fall and early winter 
are good times to install drainage 
systems. The freezing and thawing 
of the soil will open up channels to 
the drains so that by next spring 
they should function properly. It 
might be well for you also to check 
up on the air drainage over your 
three greens to make sure that no 
underbrush and trees are interfering 
with the proper air circulation.

Variations in color on greens.— 
Our greens are constructed of heavy 
clay and sand, but there are places 
where there has been very little sand 
worked through the heavy clay. 
When hard frosts come our greens 
are left spotted in color. Has soil 
texture anything to do with the way 
our greens take on this spotted ap­
pearance? (Ohio.)

ANSWER.—The difference in the 
color of the patches of grass in your 
greens is probably due to differences 
in the individual grasses rather than 
in the soil. Some individual plants 
are more quickly checked by cold 
weather than are other plants. Those 
which continue to grow after the 
others have become semidormant 
give the green a spotted appearance.

There are times when a single 

strain of grass shows these irregulari­
ties. This is no doubt due to some 
soil condition but as yet no one has 
determined just what these peculiar 
soil conditions may be. This condi­
tion in a single variety is most likely 
to occur in a heavy poorly drained 
soil, although it often occurs on an 
open - textured soil that is well 
drained.

Are there different strains of Ber­
muda grass?—The contention is 
made that the Bermuda grass grow­
ing wild in Virginia is quite different 
from the plants developed from seed 
obtained in the Southwest, particu­
larly from the state of Arizona. 
The stolons of the latter are said to 
be shorter and do not develop the 
long internodes so undesirable on 
lawns and fairways. Is this conten­
tion correct? (Virginia.)

ANSWER.—Variations in Ber­
muda grass may be due to individual 
differences or to treatment. The 
fact that the Virginia grass is coarser 
may be due to the fact that the 
coarser plants survive the winter 
better, but it is also due in part to 
the lack of competition in spring by 
reason of the winter killing of some 
of the grass. Arizona seed represents 
a conglomeration of strains, both 
coarse and fine. In the seedling stage 
all Bermuda grass tends to be much 
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finer than it is when well established. 
As a result the seedlings of Arizona 
Bermuda grass appear finer regardless 
of how much of the coarser stock 
there may be in it.

* » ♦
Best bents for northern sections.— 

To assist our club in reaching a deci­
sion as to the best type of grass for 
the greens, I am writing to find out 
what information and advice you 
can give me in respect to the three 
different types that are under con­
sideration. The grasses in question 
are New Brunswick bent, Washing­
ton bent and Metropolitan bent. 
(Ontario.)

ANSWER.—New Brunswick bent 
is a seaside creeping bent, seed of 
which is produced in New Bruns­
wick. Washington and Metropoli­
tan bents are both creeping bents and 
are propagated by stolons. Any of 
these three grasses should give you 
satisfactory turf for putting greens. 
The seaside bent is much more sus­
ceptible to snowmold than most of 
the other common bents used for 
putting green turf. The Washing­
ton and Metropolitan bents, although 
they are subject to attacks of snow­
mold fungus under certain condi­
tions, are very resistant to the disease 
and ordinarily are not seriously dam­
aged by it. Since you are in a region 
where the snowmold disease may be 

very troublesome it would perhaps 
be wise for you to use some grass 
other than the New Brunswick bent. 
Either the Washington or the Metro­
politan should be satisfactory. The 
Washington is a little finer than the 
Metropolitan bent but it has the 
objection that it becomes discolored 
during cool weather. This discolora­
tion, however, does not affect its 
putting qualities.

* ♦ *
Pearlwort.—We are sending to you 

today a piece of sod infested with 
a weed. Will you kindly tell us if 
this weed is pearlwort and what is 
the best method of extermination? 
What can we do to prevent it from 
coming into our sod another year? 
(New York.)

ANSWER.—The weed you sent 
was pearlwort. Although under cer­
tain conditions this weed may grow 
in turf that is kept fairly dry, as a 
rule it is most troublesome in poorly 
drained or overwatered turf. We 
therefore suggest that you immedi­
ately check up on the possibility of 
poor drainage, especially seepage 
water coming into the area from 
hillsides. If the drainage is adequate 
we suggest that you try watering 
less. One of the best remedies for 
pearlwort is to sprinkle sulfate of 
ammonia on the spots in much the 
same way as you treat for clover.






