THE BULLETIN

of the
UNITED STATES GOLF ASSOCIATION GREEN SECTION

Vol. 13 Washington, D. C., February, 1933 No. 2

Contents
Page
More Research on Fairway Problems Needed.................covvivenn.. 22
Greenhouse Studies on Growth of Kentucky Bluegrass. By C. M. Harrison.. 23

EXECUTIVE COMMITTEE

GANsoN DepEw, Chairman, Marine Trust Bldg., H. CHANDLER EAGAN, Medford, Oreg.

Buffalo, N. Y. WALTER S. HARBAN, Washington, D. C.
H. Kenpaun Reap, Vice-Chairman, Philadel- K. F. KeLLermAN, Washington, D. C.

phia, Pa. NorMAN MAcBeETH, Los Angeles, Calif.
EBERHARD ANHEUSER, St. Louis, Mo. JonN MoNTEITH, JR., Washington, D. C.
Rosert F. ArNoTT, Upper Montclair, N. J. Guy M. Perers, Chicago, Il

FREDERICK SNARE, Havana, Cuba.

RESEARCH COMMITTEE
UNITED STATES DEPARTMENT OF AGRICULTURE

K. F. KELLERMAN, Chairman; Associate Chief, Bureau of Plant Industry.
F. H., HiLLMAN, Botanist, Seed Investizations.

A. J. Pierers, Principal Agronomist in Charge, Forage Crops and Diseases.
OSWALD SCHREINER, Principal Biochemist in Charge, Soil Fertility.

W. R. WaLTON, Senior Entomologist, Cereal and Forage Insects.

Harvey L. WESTOVER, Senior Agronomist, Forage Crops and Diseases.

UNITED STATES GOUF ASSOCIATION GREEN SECTION

JOHN MONTEITH, JR.
KENNETH WELTON

ADVISORY COMMITTEE

WieLiadm H. AstoN, Detroit, Mich. GEORGE SARGENT, Atlanta, Ga.

Dougras Cair, Richmond, Va. C. A. SAwYER, Jr., Boston, Mass.
Pautr N. Coates, St. Paul, Minn. JoHN SHANAHAN, West Newton, Mass.
W. C. FowNes, Jgr., Pittsburgh, Pa. StTANLEY B. SHERMAN, Cleveland, Ohio.
A. J. Gorrz, Webster Groves, Mo. HARRISON SMmiTH, Oklahoma City, Okla.
WiLLitam HAarte, Cincinnati, Ohio. Hexry P. SytH, Waco, Tex.

WiLLiaM R. Hocusrter, Mamaroneck, N, Y. RayMonp Tower, Tampa, Fla.

Jas. E. MacCroskEey, Jgr., Pittsburyh, Pa. C. A. TreciLLus, Everett, Il

Joux MorrEY, Youngstown, Ohio. Joserit VALENTINE, Haverford, Pa.
ArLex Pirig, Fort Sheridan, Il ALaN D. WiLson, Philadelphia, Pa.

Frank H. WiLsoN, Newton Centre, Mass,

THE BULLETIN is published in January, February, May, August, October, and December by the
United States Golf Association Green Section, at Room 7207, Building F, Constitution Ave, and 7th
St., Washington, D. C.

Address all MAIL to P. 0. Box 313, Benjamin Franklin Station, Washington, D. C.

Send TELEGRAMS to Room 7207, Building F, Constitution Ave. and 7th St.,, Washington, D. C.

Subseription Price: In United States of America, $4.00 a year; in all other countries, $5.00
a year,

Entered as second-class matter, April 21, 1926, at the post office at Washington, D. C., under
the Act of March 3, 1879. Copyrighted, 1933, by the United States Golf Association Green Section,



22 Vol. 13, No. 2

More Research on Fairway Problems Needed

Most of the golf turf experimental work has thus far been con-
fined to problems affecting putting greens. This has been due to the
demand for better turf on putting greens than elsewhere on the
course, with the result that the problems confronting the green-
keeper in maintaining his putting greens have become more con-
spicuous than has usually been the case with his fairways. Neverthe-
less in recent years there has been a constant increase in the demand
for information on fairway and tee problems. The development of
tractor-drawn fairway mowing machinery, the increased use of fer-
tilizers, and the more general installation of fairway watering sys-
tems have offered possibilities for far better fairway turf. They,
however, have at the same time presented certain eritical maintenance
problems which were not apparent before these improvements were
in general use.

Recognizing the need for such detailed information on fairway
maintenance problems, the Green Section initiated some experimental
work with bluegrass a few years ago. Some of the results obtained
from this work were published in the Bulletin for November, 1931.
The report there published indicated that improved mowing facilities
might prove detrimental to fairway turf, since bluegrass under cer-
tain conditions was weakened by excessively close clipping. Further
experimental work was continued by the Green Section at the labora-
tories of the University of Chicago, and additional reports of this
work are included in the following pages.

In presenting these results the Green Section wishes to call at-
tention to the fact that they are to be regarded as of a preliminary
nature. Unfortunately budget retrenchments made it necessary for
the Green Section to discontinue this experimental work before it
could be thoroughly rechecked and coordinated. It is felt however
that the results, even though incomplete, justify their presentation.

The purpose of this experimental work has been to analyze the
various factors that contribute to the success or failure of growing
fairway turf. General field observations are based on a great many
conflicting factors; and since it is usually impossible to separate these
factors, it is consequently impossible to reconcile many of the con-
flicting results that are reported. Much of this type of experimental
work, namely the analyzing of separate factors, must of necessity
be carried on in greenhouses, where temperature, moisture, and
other factors can be better controlled and compared than under field
conditions. These preliminary results further indicate that the in-
discriminate use of fertilizers on fairways may be actually detrimental
when fairways are too closely clipped. They also indicate that the
acidity of the soil may have an important bearing on the utilization
of the nitrogen that is already in the soil or of the nitrogen applied
in fertilizers. Also temperature and the amount of light were found
to have a direct effect on the growth of bluegrass, independent of
the other factors that influence its growth.

It is to be regretted that more of this detailed information can
not be obtained at this time, for undoubtedly much of the poor turf
found on tees and fairways is due to improper cultural methods, based
on misinformation. Unfortunately many of the remedies that are
applied to correct these conditions probably are doing more harm
than good.
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Greenhouse Studies on Growth of Kentucky Bluegrass
By C. M. Harrison

Several factors present in the environment of the grass plant in-
fluence to a great degree the production and maintenance of turf. Of
primary importance among these factors are the value of different
forms of nitrogen in relation to the acidity of the soil, seasonal varia-
tions in temperature, amount, intensity, and daily duration of
exposure to sunlight, and cutting and fertilizing practices.

Disastrous results have been obtained from overwatering and
-overfertilizing grass that is cut short, especially during the hot sum-
mer months. The turf becomes thin, the production of new leaves
.ceases, and during the cooler, wetter period of fall the plants fail to
recover. Environmental conditions may likewise influence the growth
of roots and rootstocks. A condition favoring or retarding growth
‘of the underground parts may, under some conditions, have a long-
‘continued effect on the subsequent growth of the tops.

Experiments were conducted in the greenhouse at the University
of Chicago in 1932 to gain information on the following problems:

1. Effect of ammonium and nitrate nitrogen in solutions of high
and low acidities.

2. Effect of cutting and fertilizing.

3. Effect of differences in seasonal conditions.

4. Effect of cutting during the summer months on grass grown
with and without an external supply of nitrogen.

5. Effect of cutting on growth at different temperatures.

In these experiments sections of Kentucky bluegrass from the

same plant, each containing several buds, were grown in the green-
house in two-gallon glazed pots containing sand which was free of
nutrients. Only one small section containing several buds was planted
in a pot. The plants were supplied with fertilizers prepared from
pure chemicals and applied daily. Illustration 1 shows the way in
which the cultures were supplied with fertilizer and water. The
pans were the reservoirs for the solution. The small tube siphoned
the solution into the pot. Because the tube was very small the solu-
tion lasted 24 hours, at the end of which time 1 quart of the fresh
solution was washed through the sand to remove the residues of
the old solution. The pans were then refilled with fresh solution,
‘which slowly siphoned through the sand during the next 24-hour
period. '
, The solutions used in all the experiments contained equal quan-
‘tities of phosphorus, potash, calcium, and magnesium. Phosphorus
and potash were used in the form of potassium phosphate, magne-
sium as magnesium sulphate, and calcium as caleium nitrate or cal-
cium chloride. Nitrogen was used in the form of sulphate of
ammonia or calcium nitrate. In experiments 1 and 2, in which the
effects of nitrate and ammonium forms of nitrogen were compared,
the same quantity of nitrogen as nitrate or as ammonium was used
in the different solutions. In experiments 3, 4, and 5, in which
growth with and without nitrogen in the nutrient solution was to be
compared, calcium nitrate was added to one solution to furnish nitro-
gen and calcium; to the other solution, lacking nitrogen, caleium was
added in equivalent amount as caleium chloride.
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ing the nitrate solution was adjusted to a pH value of 4.0, and that
of the other two sets of nitrate and ammonium cultures to a pH
value of 6.5. Another set of cultures received the solution containing
ammonium nitrogen and another the solution containing nitrate
nitrogen without any adjustment of the pH value.

Within one week after the first application, the plants in the cul-
tures receiving the ammonium form of nitrogen, regardless of the
pH value of the solution, turned from a yellowish green to a dark
purplish green color, while the plants in the cultures supplied with
nitrate nitrogen remained a yellowish green. Two weeks after the
start of the test, the plants receiving ammonium nitrogen evidenced
a browning and dying of the tips of the leaf blades. This was much
more pronounced at pH 4.0 than at pH 6.5.

Approximately six weeks after the beginning of the test the plants
in the cultures supplied with sulphate of ammonia at a pH value of
4.0 began to wilt especially during the sunny portion of the day.
Practically all of the surplus nitrate nitrogen present in the leaf
blades at the start of the pH test, which had been taken up from the
solution used for the early growth, had disappeared at the time the
wilting was noticed. As the days grew warmer, this wilting of the
plants became more and more noticeable, and finally all of the leaf
blades drooped through the sunny portion of the day but revived at
night. During the hottest days near the end of the test the plants
supplied with ammonium nitrogen at pH 6.5 wilted slightly during
the middle of the day, whereas the leaves of the plants receiving
nitrate nitrogen at either pH 6.5 or pH 4.0 remained turgid at all
times. During the last few days that the test was running the plants
receiving ammonium nitrogen at pH 4.0 did not revive from their
wilted condition and active growth appeared checked, while all of the
other plants were still actively growing.

The pH of the solutions, after passing through the sand in the
pots, became considerably changed. The solution containing sul-
phate of ammonia at pH 6.5 tended to become more acid. The solu-
tion containing sulphate of ammonia to which no alkali or acid had
been added also tended to become more acid. The solution adjusted
at pH 4.0, however, seemed to remain about the same as it was before
passing through the sand. The solution containing nitrate nitrogen
at pH 6.5 became slightly more acid as it passed through the sand,
while the solution adjusted to pH 4.0 and that at pH 4.5 became much
less acid, tending to reach a point between pH 5.5 and 6.0.

On June 29 the roots of the plants were washed free of sand; the
roots, tops, and rootstocks were separated from each other and dried,
and the weights recorded in grams.

The rolled condition of the leaves in the culture supplied with
ammonium nitrogen at pH 4.0 is not noticeable in the photograph.
There was no apparent difference in the two sets of plants supplied
with nitrate nitrogen except a somewhat yellower green at pH 6.5.
The plants receiving ammonium nitrogen at pH 4.0 had dark-colored
roots and rootstocks. No new rootstocks were being produced and
some of the tips of those already formed were dying. The plants
supplied with ammonium nitrogen at pH 6.5 showed less browning
of the roots and rootstocks than at pH 4.0. There were more root-
stocks being produced at pH 6.5 and no dead tips were noticeable.
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of tops and, to a lesser extent, the growth of roots, in the solution
containing ammonium nitrogen, pH 6.5 being much more favorable
than pH 4.0 or 4.5. The results indicate that the degree of acidity
does not strongly affect the utilization of nitrate nitrogen. Since the
nutrient solutions were not maintained at an exact pH value, further
study is required before an interpretation should be made of the
results as being definitely due to differences in pH value. This test
indicates that ammonium nitrogen may be of little use in the growth
of bluegrass if the medium in which the plants are growing is suf-
ficiently acid.

By a study of the illustrations and the weights of the different
plant parts listed in the table it will be seen that the plants receiving
the solution containing nitrogen in the ammonium form at pH 4.0
made the least growth. They had practically as much weight of root-
stocks as the plants supplied with this solution at pH 6.5, but
they had a smaller amount of roots and a far lower weight of tops.
Both of the sets of plants receiving the solution containing nitrate
nitrogen produced about the same weight of tops as the sets receiving
the solution containing ammonium nitrogen at pH 6.5, but approxi-
mately twice as many roots and rootstocks.

It was noted that plants receiving either nitrate or ammonium
nitrogen make a different type of growth than when nitrogen is added
in both forms to the same culture as was done in another experi-
ment. Where both forms were added the plants appeared about half
way between those produced by the addition of nitrate or ammonium
nitrogen only, and hence tended to have the desirable qualities char-
acteristic of both treatments.

Color has been one of the chief factors used in judging the health
or vigor of grass, and at times this color response may be misleading,
as in the case of plants supplied with ammonium nitrogen at a pH
of 4.0. The color response of plants supplied with nitrate nitrogen
at the low pH value may not be desirable because of the resulting
yellowish green color, although the grass may be much more vigorous
than if the ammonium form only is used. More work is necessary
before definite statements can be made as to the responses that grass
will make to the addition of these two forms of nitrogen at different
temperatures and over wider ranges of acidity and alkalinity.

Experiment 2.—Effect of Cutting and Fertilizing

Results of experiment 1 had indicated that a fertilizer high in
calcium nitrate might be effective in producing a greater growth of
rootstocks than one high in sulphate of ammonia. Another experi-
ment was conducted to find if these results might be repeated if
slightly different procedures were followed.

This experiment was started in April. To one-half of the cul-
tures was applied a solution in which four-fifths of the nitrogen was
supplied as calcium nitrate and the remainder as sulphate of am-
monia. The other solution contained four-fifths of its nitrogen in
the form of sulphate of ammonia and the remainder as calcium
nitrate. The high-nitrate solution had a pH value of 4.5 and the
high-ammonium solution a pH value of approximately 4.8. The cul-
tures were grown until the latter part of September, when some of
the plants from the high-nitrate and the high-ammonium cultures
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monium. The rootstocks in the cultures supplied with a solution
high in nitrate nitrogen were short and thick and considerably
branched when compared with the long, thin, and unbranched ones
in the cultures grown with the solution high in ammonium nitro-
gen. The tops of three of the five plants receiving the high-am-
monium solution were equal in weight to those of the high-nitrate
plants. There were relatively greater differences in the roots of the
two groups of plants.

On the same date (September 22) five similar plants of each
series (high-ammonium and high-nitrate) were cut to 14 inch, five
to 1 inch, and five to 2 inches. The clippings from this initial cutting
were dried and weighed. One week later the grass was again clipped
at the above heights. It was noticed that the shorter the cutting
height, the shorter was the new growth made after cutting. In both
sets the grass cut to 14 inch grew approximately 4 inches, that cut to
1 inch grew 5 inches, and that cut to 2 inches grew 6 inches. The
measurements were taken above the point of the original cutting in
each case. After the second cutting, during a period of high tem-
peratures in the greenhouse, it was observed that the grass recovered
more slowly than usual. The new leaf growth extended upward from
1 to 3 inches and then died back from the tips of the blades. It
was much more noticeable in the plants grown with the solution
high in sulphate of ammonia than in those supplied with the solution
high in calcium nitrate. A considerable number of the aboveground
buds soon failed to produce any more new leaves or to extend those
which had been cut, and upon examination they were found to be
dead. Most of the early death was in the center of the culture,
which was the oldest portion. The plants started growth from the
segment which was the original planting, and new rootstocks ex-
tended laterally from this segment. These new rootstocks were
yvounger than the stem from which they had originated, and none
of their young leaves had extended upward but were still contained
within the bud. Consequently when cutting was begun, more of the
leaf tissue of the older portion of the plant was removed than was
the case with the rootstocks which had just pushed above the sur-
face of the sand or were as yet buried beneath it. The number of
leaves that a given bud will produce is determined quite early in its
growth. The leaves in older buds had practically all unfolded and
matured, whereas in the younger rootstocks the leaves had either
just begun to unfold from the bud or as yet remained underground.

The underground parts were examined to see what was taking
place under the conditions of frequent cutting, high fertilizing, and
high temperatures. The rootstocks of both sets of plants were all
below the soil line and all extending vegetatively and producing small
white leaves before the cutting treatment was begun. On examina-
tion on October 15, after the two previous cuttings in September, it
was found that every rootstock tip below the soil line, in each fer-
tilized set and at all three cutting heights, was dead. The ends of
the rootstocks were brown and beginning to decay. The death of the
rootstock tissue back from the tip depended somewhat upon the
amount of green top material remaining after cutting—the more of
the top removed, the greater the degree of killing of the rootstock
when measured from the terminal point. The growing ends or buds
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died first, and then successively the buds at the joints back from the
tip. In most cases the entire rootstock became brown and decayed.
The roots on the dead rootstocks died also, and in some cultures as
much as 90 per cent of the original top died. The younger rootstocks
toward the outside of the culture withstood the cutting treatment
and survived. Any rootstock which had recently emerged above the
soil line and was actively producing leaves survived. These new
leaves were green even below the point of shortest cutting, and prob-
ably they had enough leaf area to manufacture sufficient carbohy-
drates such as starch and sugar to maintain the newly-emerged root-
stock as an individual plant. The older stems, however, had a con-
siderable number of dry leaf sheaths at their bases, and the new
leaves produced had to grow through them for a considerable dis-
tance before emerging into the light. Consequently when these tips
were removed by cutting no leaves were left to manufacture carbo-
hydrates.

This experiment shows that plants fertilized with the solution
high in calcium nitrate produced a much greater growth of the under-
ground parts, particularly of the rootstocks, than those fertilized
with the solution high in sulphate of ammonia, whereas the latter
plants produced longer and greener leaves than the former. It also
shows that severe cutting had more disastrous effects upon the high-
ammonium than upon the high-nitrate plants. Severe cutting was
found to be especially harmful to the rootstocks—the shorter the
cutting height, the greater the injury.

Experiment 3.—Effect of Differences in Seasonal Conditions

Bluegrass plants were grown from shoots planted in April and
supplied with a nutrient solution containing nitrogen in the form of
calcium nitrate. The first new growth came out not only from the
main bud on the stem but from new tiller-like buds produced at the
place where the leaves come off from the stem. These new buds were
green on emergence and grew upright from the start. Following
this initial development, short stolons were produced above ground
which grew an inch or two from the crown of the plant before they
turned upward and began the production of leaves. In some cases
roots developed at the joints, and short rootstocks were also produced
which emerged a short distance from the crown and developed green
leaves. This process continued until the pot was full of upright
stems. Then later, when the days were long and bright, the active
production of aboveground stems became somewhat retarded and
there were a large number of rootstocks produced below the soil line.
These did not emerge as long as the top of the plant was not cut off,
as long as the nitrogen supply was not increased, or as long as light
conditions remained satisfactory for growth.

These rootstocks elongated, many of them growing around the
inside of the pot and sometimes down to the bottom. 1In late fall and
early winter, as the daylight diminished, few new underground root-
stocks were produced by the grass that was continually fertilized
with nitrogen. The rootstocks which were produced below the soil
level during the summer and early fall gradually turned upward at
the growing point, emerged above the soil line, and produced leaves.
The emergence of these rootstocks continued until none were left
below the soil line. In the more heavily fertilized grass a consider-
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able number of these underground rootstocks died during the dark
winter period, probably because of a lack of available storage carbo-
hydrates such as starch and sugars. Because of poor light conditions
at this time not enough carbohydrates could be manufactured to meet
the needs of the plant. No new roots or rootstocks were produced
during this period to take the place of those which died.

Following the emergence of the underground rootstocks, the dor-
mant buds at the bases of the leaves above ground commenced to
grow, and many short tiller-like branches were produced, much the
same as when the plants started growth from the original shoot. In
other words, the 300 to 500 rootstocks which were produced below
the soil line, during summer and early fall when the days were long
and sunny, gradually emerged and started to produce leaves as the
amount and intensity of light decreased due to shorter days and more
cloudy weather. On the other hand, plants which were supplied after
November 10 with a nutrient solution lacking nitrogen, produced by
the first of February a considerable number of underground root-
stocks which became stockier and remained below the soil line. The
tops of these plants turned yellow when the days were short and
cloudy and grew little if any, while the root system grew deeper and
became more extensive. It appeared that nitrogen added at a time
when the days were short and cloudy brought about the emergence
above the surface of the soil of underground rootstocks, which were
produced during the period of long sunny days. On the other hand,
the plants which received no nitrogen but were exposed to the same
short cloudy days actually increased the amount of roots and root-
stocks, with a stopping of active top growth. There was some death
of rootstocks and roots in the plants receiving nitrogen. After about
eight months the plants supplied with the solution lacking nitrogen
appeared to be at a standstill both below as well as above ground.
It would thus appear that when the days were long and bright prob-
ably nitrogen was the limiting factor, while during the winter months
lack of sufficient light necessary for carbohydrate manufacture in
plants heavily fertilized with nitrogen was the limiting factor.

Table 3.—Weights of the clippings, in grams, produced by two plants,
one having nitrogen and greenhouse light only, and the other having
added artificial light but no nitrogen
December 15
r—Initial cut—— December 23 January 6

Green Dry Dry Dry

weight weight weight weight
No nitrogen but added artificial light 173 46.7 2.8 1.4
Nitrogen and greenhouse light only 176 42.0 1.3 3

Groups of plants were grown some with and some without nitro-
gen. Those grown without nitrogen were given artificial light after
November 10 in addition to the natural daylight. It was found that
cutting of the plants supplied with nitrogen was much more disas-
trous than cutting those not supplied with nitrogen but given extra
light. Table 8 shows the weights of clippings obtained at different
dates from the two groups of plants. It may be observed that the
plants not given nitrogen but which had extra light produced a much
greater yield than the plants given nitrogen but no extra light. The
difference was even greater at the time of the second cutting than it
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the ends of the rootstocks turned upward, produced leaves, and finally
emerged above the soil line. Very few of the roots of this plant died,
while the one receiving nitrogen showed a considerable number of
dead roots as well as dead rootstocks. Ten days after the last of
three cuttings the plant without nitrogen could be removed from the
pot, all of the sand adhering to the roots which permeated the soil
mass of the entire pot, while the culture supplied nitrogen lifted off
the top, and only three or four inches of sand in the pot adhered to
the roots. (The pots had 10 inches of sand in them.) At the begin-
ning of the test both cultures would allow of removal, all of the sand
coming out as a compact mass held together by many fine roots.

When artificial light was given during the winter and nitrogen
was withheld, the plants, if left uncut, turned yellow, the leaves be-
came stiff and upright, and very few new stems were produced above
ground, while a considerable number were produced as rootstocks
below the soil line. When given added artificial light in the winter
and a continual nitrogen supply the plants remained succulent and
green, the dormant buds at the base of the leaves elongated above
ground, producing green leaves, but there was very little, if any, pro-
duction of underground rootstocks. As soon as the days became
longer and brighter, in March and April, producing more favorable
conditions for the manufacture of carbohydrates, the plants supplied
with nitrogen produced not only a greater amount of top growth
than those receiving no nitrogen but also more new roots and root-
stocks.

Plants that were allowed to grow long with a continual nitrogen
supply and then cut short underwent a process of reduction of the
underground parts, namely, the roots and rootstocks. There seemed
to be a balancing of the underground portion to the amount of top
left on. Then, when cutting was suspended these plants began to pro-
duce new top growth, rootstocks, and roots much sooner than the
uncut plants, and in two months of long sunny days with cool tem-
peratures the cut and uncut plants appeared almost identical.

Experiment 4.—Effect of Cutting During the Summer Months on Grass Grown
With and Without Nitrogen in the Soil

The results of the previous experiment had shown differences in
the effects of cutting plants grown with and without nitrogen dur-
ing the winter months. Experiment 4 was conducted to determine
if similar effects would be obtainable in summer when light and tem-
perature conditions were very different from the conditions in ex-
periment 3.

Plants were started in November and were grown in the nutrient
solution containing nitrogen in the form of calcium nitrate. In April
the sand of some of the cultures was washed approximately free of
nitrates, following which the nutrient solution lacking nitrogen was
supplied. Other cultures were grown continuously in the solution
containing calcium nitrate.

It took about six weeks for the nitrates accumulated in the leaves
of the plants, now receiving no nitrogen, to disappear. In June, two
months after the treatment without nitrogen was started, the plants
in three cultures which had been receiving nitrogen and the plants
in three which had received no nitrogen were dug up, the sand washed
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from the roots, and the plants separated into roots, rootstocks, and
tops. The dry weights of the plant parts are shown in table 4.

Table 4.—Dry weight in grams of roots, tops, and rootstocks removed in

June from six plants of Kentucky bluegrass, three of which were grown

for two months, or since April, without nitrogen, and three with a con-
tinual supply of nitrogen during the same period

Roots Tops Rootstocks
. 8 plants grown 1 16.3 41.7 20.6
without 16.4 38.5 21.0
‘nitrogen J 20.1 46.5 27.6
3 plants grown with a 13.7 59.5 15.0
continual supply of 14.0 64.7 13.2
nitrogen 11.8 . -53.2 117

The average dry weight of an entire plant in the set grown with-
out nitrogen was 82.9 grams, while that in the set grown with nitro-
gen was 85.6 grams. The difference in dry weight between the
plants in the two treatments was very small, but the weights of the
roots, tops, and rootstocks showed considerable variation.

The amount of tops of the plants which received the continual
nitrogen supply was considerably greater than was the amount of
tops in the set without nitrogen, but the weights of rootstocks and
roots of the plants grown without nitrogen were much greater than
those of the plants supplied continually with nitrogen. On June 21,
the remaining plants of each set were cut down to 34 inch measured
from the level of the sand in the pot. The cutting was continued
once each week thereafter. -

The plants grown without nitrogen started growth very slowly
the first week after the initial cutting. They grew about 114 inches,
while the plants supplied continually with nitrogen grew 4 inches.
This difference in height of growth did not hold for more than one
month, at the end of which the plants without nitrogen were making
more growth in a week following cutting than those supplied with
nitrogen. The plants grown without nitrogen changed color from a
yellowish green at the start to a dark green, which was still main-
tained at the close of the experiment. The plants supplied with nitro-
gen were producing a very weak growth and were pale green in color
at the end of the experiment. A considerable number of new stem
tips appeared above ground in the plants grown without nitrogen,
while in those supplied with nitrogen no new stem tips were visible.

A study of the underground parts of the plants showed some very
interesting details. On June 30, no difference between the two sets
of plants could be noticed, but on July 7, approximately two weeks
after the first cutting, a large number of the rootstock tips in the
plants supplied continually with nitrogen were dead. In those sup-
plied the solution lacking nitrogen there were no dead rootstock tips
observable, and those present were turning upward. A few were
producing yellowish leaves which were emerging above the soil line.
At no time did any rootstock tips or new leaves appear above ground
in the plants supplied continually with nitrogen. On July 20, one
month after the initial cutting and after three other cuttings one
week apart, all of the rootstock tips in the plants supplied with nitro-
gen were dead and a considerable number of the entire rootstocks
also. No dead rootstocks were found in the plants that had received
no nitrogen since April 21, but a large number of them had emerged
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After being in the case for five days all of the grass at 100 degrees
F. was beginning to turn a watersoaked, yellowish color whereas
that at 80 and 60 degrees which had been supplied with nitrogen was
turning a dark green. No color change could be noted in the plants
receiving no nitrogen at the two temperatures. Only 9 days after
the plants were placed in the temperature chambers and 4 days after
the first cutting on July 20 the tips of the rootstocks of the plants
kept at 100 degrees F. were dying rapidly. Those of plants supplied
with nitrogen appeared to be dying faster than those not supplied
with nitrogen. There was no death of rootstocks in any of the other
four sets of plants at this time.

Following the first cutting on July 20 the grass was cut to a height
of 1 inch every 10 days until the close of the experiment. The dry
weights of tops removed from the plants are recorded in table 5. The
appearance of the plants one week after the final cutting the latter
part of September is shown in the lower section of illustration 7. "It
may be observed from table 5 and illustration 7 that the grass kept at
100 degrees F. and grown both with and without nitrogen grew very
little after being cut. After the second cutting these plants did not
produce any new top growth until after the exposure to 100 degrees
F. was discontinued near the end of August, at which time the pots
were removed from the case and placed on a bench in the greenhouse
where the temperature at night reached a minimum of 70 degrees F.
By the middle of September, a few spindling, light green shoots grew
out from lateral buds of the rootstocks. The terminal buds were dead.

At 80 degrees F. recovery after cutting of the plants receiving
nitrogen was very rapid but much slower in those grown without
nitrogen. The leaf blades of the latter plants were short and broad,
whereas those of the plants receiving nitrogen were long and nar-
row. None of the rootstocks, known to be present at the beginning
of the experiment, had begun to appear in either set. On closer
examination, it was observed that a good many rootstock tips were
‘dying underground in the case of plants receiving nitrogen, whereas
‘those not supplied with nitrogen were turning upward and growing
toward the surface of the sand. The weight of the clippings removed
after the first ten days from the plants grown without nitrogen in
the solution was approximately one-half of that removed from those
receiving nitrogen. One month later, the clippings removed were
approximately the same in both sets, with or without nitrogen.

At 60 degrees F. the first observable growth response was the
‘appearance above the soil line, in the plants supplied with nitrogen,
of a large number of rootstock tips. A large number of those which
were underground at the beginning of the test grew rapidly upward
and soon emerged above the soil line. Tiller-like buds at the bases of
the leaves of the older aboveground stems were also beginning to
grow and produce leaves. The top growth of these plants thickened
considerably, and although the grass did not grow as tall as it did at
‘80 degrees F. with nitrogen, the weight of new growth of the two
groups of plants made after cutting was almost equal. The results
in the table show that one month after the initial cutting the plants
at 60 degrees F. supplied with nitrogen were producing over twice the
weight of tops in comparison with those receiving nitrogen at 80
degrees F. This difference was largely due to the increased number
of new aboveground stems of the plants at 60 degrees F. At the lat-
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ter temperature, the rootstocks grew upward and thickened the turf
when fertilized with nitrogen, while at 80 degrees F. they died and
no new tiller-like buds were produced.

Much more green tissue was left after cutting in the case of the
grass grown at 60 degrees F. with nitrogen than at 80 degrees F.
This was because the new stem tips produced leaves which were
green on emergence from the soil, and as a result considerable leaf
area was left below the cutting point, whereas most of the green tis-
sue was removed from the plants at 80 degrees F. The old dead
leaves of the latter plants completely encased the growing buds. The
tops of the plants grown at 60 degrees F. without nitrogen recovered
very slowly from cutting. Upon closer examination it was noted
that they were actively producing new roots, which was not observ-
able in any of the other sets of plants. Even after the fourth suc
cessive cutting, these plants were still producing new roots.

Table 6.—Average dry weight in grams of plant parts at the end of

the test

r 100° F. N 80° F. = —60° F. -
without with without with without with

nitrogen nitrogen nitrogen nitrogen nitrogen nitrogen
Roots ......... 10.5 8.9 12.2 9.3 164 11.2
Rootstocks .... 6.1 7.0 74 .7 12.9 9.2
Live tops ..... 0.25 0.16 7.7 2.8 84 12.3
Dead tops .... 4.5 4.5 1.6 4.9 none none

Table 6 gives the dry weights of different parts of the plants at
the end of the experiment. A study of this table shows that the roots
and rootstocks of the plants grown without nitrogen at 60 degrees
F. weighed far more at the end of the test than any of the others. It
also shows that there were no dead tops in the plants grown at 60
degrees F., whereas there were considerable at the other two tem-
peratures. The table shows that either high temperatures or nitro-
gen may bring about the lessening of the weight of the underground
storage portions of the plant.

Conclusions

These results as a whole indicate that fertilization of bluegrass
with nitrogen fertilizers during periods of close and frequent cutting
when high temperatures prevail is of little use and may even be
harmful. Several factors, such as short and frequent clipping, shade,
short cloudy days, nitrogen fertilizing, heavy watering, and high tem-
peratures, tend toward the using up of the supply of stored carbo-
hydrates, manufactured by the top of the plant, which if carried to
extremes ultimately will bring about death of the plant. Short and
frequent cutting and nitrogen fertilizing may help considerably in
thickening turf, provided the plants have a carbohydrate reserve and
the weather remains cool and bright. On the basis of the present
studies it has been indicated that the application of nitrogen ferti-
lizers to fairway turf should be largely confined to the cooler periods
of the year, spring and fall, and greatly reduced during the hot
summer months. Grass which shows a yellowish cast during cool
weather and which has stiff upright leaves will use nitrogen advan-
tageously but grass that is dark green and succulent has very little
need of applications of nitrogen fertilizers.
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There is no royal road to anything. One thing
at a time, all things in succession. That which
grows fast, withers as rapidly; that which grows
slowly endures.

J. G. Holland



