PERFORMANCE LEADER
IN TURF IRRIGATION

Moist O' Matic's gear driven rotor
pop-up turf sprinkler heads lead
the field in durability, adaptabil-
ity, performance and low costs.
The entire gear Mechanism is iso-
lated and sealed. Even water
distribution is assured by three
nozzles in the pop-up head. Up
to 180" diameter water coverage
means low cost for new installa-
tions or conversions. 1° part circle
adjustments from 40° to 320° can
be made while in operation with-
out special tools. These exclusive
advantages and the rugged, com-
pact MONITOR controller have
made Moist O' Matic the turf irri-
gating performance leader.

“DEALER INQUIRIES INVITED"

For complete information, write to:

WOW. inc.

1795 Massachusetts Ave. « Riverside, Calif,

About the Author of the
Article on the Facing Page.

Dr. James R. Love is one of o group of agricul-
tural scientists devoting their time to the nation’s
number one crop — turf.
He received his Bachelor
of Science degree at
North Dakota State Uni-
versity, and both his
Master of Science and
Doctor of Philosophy de-
grees in Soils at the Uni-
versity of Wisconsin.

Intent on teaching Dr.
Love toock supplementary
courses in education. This
encbled him to teach
science and mathematics
before completing his
graduate  studies. Dr.
Love is Associate Profes-

sor of Soils ot Wisconsin. He teaches the beginning
course in soils ond carries on research in lime os
well as turfgrasses. He was instrumental in reactivat-

ing the annual Wisconsin Turf Conference and
served as its first general chairman two years ago.
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MINERAL DEFICIENCY SYMPTOMS
IN TURFGRASS

By Dr. James R. Love

The foliar deficiency symptoms of major
and minor nutrient elements for many ag-
ricultural and horticultural plants have
been described and illustrated in the ex-
cellent publications listed at the end of
this article. However, no mention of the
nutrient deficiency symptoms in turfgrasses
is given.

The purpose of this study, sponsored by
the O. J. Noer Research Foundation, was
to determine the foliar deficiency symp-
toms of the three major nutrient elements:
nitrogen, phosphorus, and potassium; and
of the three secondary elements: calcium,
magnesium, and sulfur. Three cool-season
grasses were used as the indicator plants:
Seaside creeping bent, Merion Kentucky
bluegrass, and Pennlawn creeping red
fescue.

A similar study of the minor nutrient
elements (iron, manganese, copper, boron,
zinc and molybdenum) is under way and
will be reported in Golfdom when com-
pleted. Bermuda grass will also be in-
cluded in these investigations.

The grasses were grown from seed in
sand cultures, using a complete nutrient
solution until all plants were well estab-
lished. It was found that unless the initial
solution was complete the small seeded
bent and bluegrass died from starvation
while they were too small to clearly show
any deficiency symptoms or else they failed
to develop the signs that characterize the
deficiency in the more mature stages of
growth, The nutrient element under study
was then removed from the feeding solu-
tion and the deficiency symptoms noted as
they appeared. Each treatment was dupli-
cated. The deficiency symptoms were pro-
duced three times to eliminate all mistakes.
This was done by adding the deficient ele-
ment to the nutrient solution and permit-
ting the grass to recover its normal growth
pattern. The element was again withheld
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until the deficiency symptoms reappeared.
In every instance the visual symptoms were
reproduced.

The symptoms were found to vary some-
what depending upon the extent of the
shortage and the stage of growth at which
the deficiency manifested itself. Calcium is
a good example of the latter. When it was
not added initially the roots of the young
plant were stunted, black in color, and
very gelatinous. None of these symptoms
was observed in the calcium deficient
grass after having been first established
with the complete nutrient solution. The
deficiency of calcium became so acute that
one of the duplicates in the bluegrass series
failed to recover after calcium was added
to make the nutrient solution contain
every one of the essential nutrient ele-
ments.

The following descriptions of the nu-
trient deficiency symptoms reveal a close
similarity between those seen in Seaside
bentgrass and Pennlawn fescue. Where dif-
ferences exist in Merion bluegrass they
have been noted.

A chemical analysis of the leaves re-
vealed that those grown on deficient nu-
trient solutions contained from 50 to 75
per cent less of the element in question
than leaves from healthy plants. This is
based on an average of the three grasses.
This is shown in the following table that
lists the percentage of each element pres-
ent in leaves of healthy and deficient grass
plants.

(% in leaf)
Nitrogen

Complete 73

Deficient 38
Phosphorus

Complete 11

Deficient 05

(% in leaf)
Calcium
Complete g5
Deficient .21
Magnesium
Complete 17
Deficient .06

Potassium Sulfur
Complete 1.18 Complete 5 )
Deficient 25 Deficient 06



Since any description is a matter of
individual judgment, the illustrations in
the accompanying color plates should be
studied carefully and used in making the
final diagnosis along with a chemical test
of the soil, a leaf tissue analysis, or both.

Nitrogen: The plants of bent and fescue
are thin and erect, with almost no tillering.
Leaves are short and small. In the early
stages the color is a pale green. As starva-
tion progresses the older leaves take on a
yellow hue until the entire blade becomes
yellow-green. This is followed by a tanned
or fired effect starting at the tip of the
older leaves. The firing or premature yel-
lowing progresses down the leaf in a hori-
zontal pattern.

Merion bluegrass is similar except that
there is less of the (reddish) copper hue
to the firing.

Phosphorus: The first sign of phosphorus
deficiency in Seaside bent and Pennlawn
fescue is the appearance of a dark green
coloration in the leaves. While the plants
tend to be spindly, the shoots are not as
short and thin as in plants lacking nitro-
gen. As the deficiency progresses, the
leaves become a dull blue-green in color
with purple discolorations appearing along
the entire margin of the blade and in the
main veins near the base. Gradually these
colors give way to dull reddish tints, ap-
pearing first near the leaf tips and pro-
gressing down the blade. At the climax
the entire leaf appears scorched and the
leaf tip withered.

Initial symptoms are the same for Mer-
ion Kentucky bluegrass. But Merion does
not pass through the dull blue-green to
purplish stage. The dark green gives way
to a tanned condition which appears first
at the tip of the older leaves and progresses
slowly down the blade. At this stage phos-
phorus resembles nitrogen deficiency. The
difference can be distinguished in several
ways. In the case of no nitrogen, the color
of the blade below the tanning is very pale
green to yellowish-green. In the case of no
phosphorus, the color is dark green. Also,
the tanning is more intense in the case of
no phosphorus.

Potassium: In the carly stages of develop-
ment, potassium deficiency in Seaside bent

and Pennlawn fescue is characterized by a
drooping appearance of the leaves and a
soft feel. Blades are horizontally inclined.
The tendency is toward excessive tillering.
There is moderate chlorosis (yellowing) in
the areas between the veins, particularly
in older leaves, followed by rolling and
withering of the leaf tips which retain
blotches of green coloring. In more ad-
vanced stages the chlorotic area extends
to the mid-vein which still remains green
while the leaf margins become scorched
and the tips severely withered.

Symptoms are similar for Merion blue-
grass except for the early loss of chloro-
phyll in the leaf tips and the delayed firing
of the tip and marginal scorching of the
blades.

Calcium: Symptoms are the same for all
three grasses. As noted earlier, the symp-
toms in young plants are quite different
from older ones.

The first signs of calcium deficiency in
older plants is the appearance of a reddish-
brown discoloration in the tissue between
the veins along the margin of the blade in
the young (upper) leaves, extending grad-
ually to the mid-vein, Colors fade to lighter
shades of red, predominantly rose red. The
tips take on a withered or fired condition.

Magnesium: The symptoms are similar for
all three grasses and resemble those for
calcium. To the casual observer, the de-
ficiencies of calcium and magnesium ap-
pear to be identical. In contrast to calcium
deficiency symptoms, however, those for
magnesium usually appear first in the older
(lower) leaves and the initial discoloration
is more cherry red. Also, in approximately
30 to 50 per cent of the affected leaves the
coloring is blotchy, giving rise to a banded
appearance which never occurs in the
calcium deficient plants.

Sulfur: Seaside and Pennlawn deficiency
symptoms were similar. Like calcium and
magnesium, symptoms of sulfur deficiency
are late developing and, as a consequence,
have only a slight effect on growth.

The initial symptom is the general paling
of the leaves. As it progresses, the blades
take on a pale yellow-green cast. Accom-
panying this is the appearance of a faint
scorching at the tip of the blade that ad-






Photo shows no calcium in the culture solution
resulted in no growth in the seedling fescue.

vances toward the leaf base in a thin line
along each margin. The border enlarges
gradually until finally the entire leaf blade
becomes fired and withered.

In Merion bluegrass the shortage of sul-
fur manifests itself in two ways. As the
chlorotic condition develops, the veins, es-
pecially the mid-vein, remain green, giving
the leaf a striped appearance. Eventually
the mid-vein loses its color and the entire
blade fires. The other characteristic sign.
noted time and again, is the greater sus-
ceptibility of these plants to powdery
mildew.

Editor's comment about practical application.

An example of magnesium deficiency
was observed this spring on a tee in the

Montreal district which would have been
baffling except for this study. The leaves
were exactly like magnesium deficient ones
of Merion Kentucky bluegrass. To confirm
this diagnosis, a soil sample was collected.
It was strongly acid and exceedingly low
in magnesium. As a result, dolomitic lime
has been used liberally on this and other
tees with striking results in overcoming
the deficiency.

Another deficiency was noted at Nassau
in the Bahamas in St. Augustine grass. This
and others that have been observed are
being checked out.

The failure of initial root development
in the no-calcium nutrient solution has
been striking, as noted above. Calcium
may play a part in the formation and the
stimulation of root growth on new grass-
land seedings. The marked effect of super-
phosphate applications on new turfgrass
seedings has been stressed frequently. It
may be due to the calcium as well as the
phosphorus in superphosphate, especially
on strongly acid soil, low in available cal-
cium. It is assumed that the other needed
elements are in plentiful supply.

Copyright 1962 by
0. ]. Noer Research Foundation
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