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I. Introduction

Korean lawngrass is increasingly being accept-
ed as an important turfgrass species, particularly
with the introduction to soil conservation and
sport field. Korean lawngrass has better high
temperature and drought stress performance
compared to other warm season grasses grown
in Korea. This may be attributed partially to its
physiological characteristics and prolific stolon
and root systems.

In a preceding paper (Shim and Yun, 1987),
the effects of three nitrogen regimes and three
clipping treatments on the yield of Korean

lawngrass was reported. In this paper, effects
of the same nitrogen rates and clipping intervals
on the mineral contents of Korean lawngrass
will be reported.

The percent mineral content of warm season
turfgrass has been used to indicaste the physio-
logical status of the plant. However, there have
been few, if any, studies on environmental
changes in mineral content of warm season turf-
grasses grown under field conditions. Recently,
Shim(1985) has reported on a field study of the
seasonal factors affecting nitrogen content of
Korean lawngrass. Wedin (1974) stated that the
percentage of N in cool season grasses can range
from less than 1.5 for N-deficient, mature grasses
to several times more. Dotzenko (1961) found
that 717kgN ha™! year’! increased the N con-
centration of smooth bromegrass from 2.2 to
3.4% and that of tall fescue from 1.8 to 2.9%.
On the other hand, Shim(1985) found that
300kg ha? year! increased N content of Korean
lawngrass from 0.9 to 1.6%.

Reid et al. (1970) found that N concentra-
tion increased K and Ca concentration but

reduced P concentration in tall fescue. High
levels of N application increased Mg concentra-
tion somewhat.

The water-soluble carbohydrate of plant
tissue is an indication of grass regrowth potential.
Rhykerd et al. (1966) reported that N fertilizer
at rates up to 1345kg ha™' year! resulted in a
highly significant decrease in percentage soluble
carbohydrate in orchardgrass, but did not signifi-
cantly affect the content in bromegrass or
timothy.

Joo(1983) pointed out that during July
to early August total nonstructural carbohydrate
content was reduced in above- and under-ground
parts of Korean lawngrass followed by the incre-
ment in under-ground part prior to dormancy
in mid-autumn.

Shim(1982) also stated that lengthening the
interval between harvests decreased the N con-
tent of perennial ryegrass, this taking place
irrespective of level of nitrogen.

The purpose of this study was to determine
the effects of nitrogen and clipping treatments
on the mineral content and water-soluble carbo-
hydrate percentage of Korean lawngrass.

II. Materials and methods

The experiment was conducted on three-year
old turf field. The status of the soil at the site
was a light clay loam. The status of its phosphate
and potash was slightly low, and water retention
good.

Clippings were collected from late June, 1984,
from the study employing three mowing inter-
vals (10, 20, and 30 days, this being equivalent
to 6, 6, and 4 mowings, respectively, during

experimental period), and three nitorgen levels



(0, 350, and 700kg ha' year!) using urea
(46%N).

In order to adjust the soil status, plots were
also fertilized after mowing to supply phos-
phorus in the form of fused magnesium phos-
phate (250kg ha™! year™!) and potassium in the
form of potassium chloride (200kg ha™? year™).

A complete description of the study and dry
matter yield data are reported in the accompany-
ing paper (Shim and Yun, 1987).

The clippings were divided into leaf blade,
stem including leaf sheath, stolon, and root.
These fractions were dried for one hour at 100°C
and then at 80°C in dry ovens to constant weight
before grinding to pass through 40-mesh screen.

The samples were analyzed for total N using
Analyzer system-2 (Fison Co.) Phosphorus,
‘kalium, calcium and magnesium were determined
by the method of the A.0.A.C. (1970), and
water soluble carbohydrate was analyzed by the
method of Smith (1969).

III. Results and discussion

Nitrogen percentage

Fertilizer and clipping studies on Korean
lawngrass showed the concentration of nitrogen
was significantly influenced by the nitrogen
fertilizer applied, increasing with increased levels
of nitrogen (Table 1). The influence of clipping
treatment on the N concentration was generally
not large. In leaves and stems, however, lengthen-
ing the interval between cuts from 10 to 30
days caused a marked decrease in N concentra-
tion, especially when nitrogen was fertilized up
to 700 kg ha™ .

The average N concentration varied from
0.21 to 2.17% depending upon the levels of

nitrogen fertilizer and plant fractions. These
values are substantially lower than those observ-
ed by Shim(1975) who reported that N concen-
tration in perennial ryegrass ranged between
1.86 and 3.84%. Even though perennial ryegrass
was not fertilized with nitrogen, the average N
concentration of tops was about 3%, thus being
still higher than that obtained from Korean
lawngrass. Turgeon et al. (1979), comparing
eight perennial ryegrass cultivars and fifty three
Kentucky bluegrass for the purpose of feeding
value, reported that the range of N concentra-
tion* in both grasses were 4.2 to 4.8%, and 3.5
to 5.2%, respectively.

Phillips et al. (1954) and Sullivan et al.
(1956) reported that N concentration in Ken-
tucky bluegrass varied from 1.1 to 2.5%, which
seem to be in line with the findings in this trial
with Korean lawngrass.

Comparing plant fractions, nitrogen was
contained three times as much in leaves as in
roots, and approximately one and a half times
as much as in stolons, this implying that N is
neither accumulated as reserved nutrient nor
used in root respiration.

’f‘ Data were transfermed from Cp Values.
Phosphorus percentage

Phosphorus concentration varied between

plant fractions, ranging from average 0.08%
for roots to average 0.25% for leaves.

In general, the response of mineral nutrients
in perennial grasses to nitrogen fertilizer is not
consistent. If a plenty of mineral nutrients exists
in soil, their quantity in grass must be increased
by adding a fertilizer N. Under the soil by the
level of availability of mineral nutrients, on the

other hand, the application of nitrogen fertili-
zer tends to accelerate the disappearance of

nutrient such as phosphorus existing in plant
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(Kershaw and Banton, 1965 ; MacLeod, 1965).
Yuen and Pollard (1957) observed that the
uptake of phosphate was not necessarily depen-
dent upon that of nitrogen, although the ab-
sorption of phosphate was considerably affected
by the form of nitrogen used. However, these
results seem not to be the cases in Korean
lawngrass. The data in this trial, averaged over
nitrogen and clipping treatments, shows that
nitrogen fertilizer decreased P concentration in
leaf fraction of Korean lawngrass. Also, data for
individual nitrogen levels on separate clipping
treatment shows that nitrogen fertilizer did not
affect grass P level on 30-day clipping intervals
but, on 10-day treatments, it slightly increase P
in stems and stolons, particularly when its rate
of application was increased.

A possible reason for the trend toward in-
creased P at the shortened period of clipping
interval with higher nitrogen rates is that stands
of Korean lawngrass on plots with high nitrogen
were very thick. Shim and Yun(1987) reported
that tiller numbers on plots with high nitrogen
fertilizer and frequent cut were very much more
than those on plots with low or nil nitrogen
fertilizer and lengthened cut. Regrowth of grass
after frequent clip comes from new shoots
rather than from continued growth of old
leaves: New shoots grown under high nitrogen
fertilizer application contain as high concentra-
tion of P than do old shoots without nitrogen
fertilizer (Eck et al., 1981).

Potassium percentage

The K concentration in all fractions of Korean
lawngrass ranged between 3.15 and 4.16%,
these being much higher percentage than N or
P concentrations.

Nitrogen fertilizer increased K concentrations

of leaves, stems, and stolons, probably due to the
availability of soil K maintained by applying
K.
nitrogen levels. This broadly agreed with the

fertilizer Increases were linear between
general pattern described by Markland and
Roberts (1969) who have tested the relationship
between nitrogen level and K concentration in
Washington creeping bentgrass.

Stolons and roots had lower K concentration
than leaves and Stems.

Data also show that when Korean lawngrass
was clipped at 30-day interval, nitrogen fertili-
zer had no influence on K concentration in
stolons. It was notable, also, that K level in roots
was slightly but significantly lower at 350kgN
and 700kgN than at OkgN.

The
increasing nitrogen supply has also been reported
by Mortensen(1964) and Eck et al. (1981).
According to their results of experiments, by

reduction of K concentration with

increasing the application of nitrogen fertilizer
up to 336kgha™
tall fescue, and up to 560kg ha on orchardgrass,

on smooth bromegrass and

K concentration was linearly increased. At higher
rates than those amounts, however, increase of
applied nitrogen affect K concentration less. In
this point, the trend toward increased K in
Korean lawngrass receiving more amount of
nitrogen than 350kg ha implies that this grass
might have a great potential of potassium effi-
ciency following high rate of nitrogen applied.

A linear relation was detected between N
and K concentration in tops and stolons of
Korean lawngrass (Fig. 1), and thus, K concen-
tration was significantly increased with increased
N concentration. Kemp (1960) has shown that
nitrogen supplies to the grass containing the
amount of K above 2% normally increased K
concentration in grass. This findings were in line



with those in this experiment.
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Fig. 1. Potassium content regressed against

nitrogem content.
* %%

. indicate 5 and 1% probabilities.

Calcium percentage

The average data showed that nitrogen fertili-
zation caused a slight decrease in Ca concentra-
tion of Korean lawngrass but that the decrease
was significant only at 10- and 20-day clipping
treatments for leaves and stems. Meanwhile, Ca
concentration tended to be increased only for
leaves when clipping treatment was performed
with lengthening interval between cuts, chiefly
rather from 10 or 20 days to 30 days than from
10 to 20 days.
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The Ca concentration of plant fraction was
in the range 0.08-0.20%, which are relatively
reasonable as compared to the figures proposed
by deWit et al. (1963) that the critical level of Ca
content for normal growth of grass is about
0.1%.

There appeared to be no consistent different
in Ca concentration among levels of nitrogen
both in stolons and roots, this nitrogen and
clipping interval treatments had little effect on
Ca levels in stolons and roots of Korean lawn-

grass.

Magnesium percentage

The average data showed that nitrogen ferti-
lization and clipping interval treatments did not
Mg concentration in plant fractions. Spedding
and Diekmahns(1972) have reviewed several
factors influencing the Mg content of cool-
seasongrass and stated that application of nitro-
gen fertilizer could appreciably affect herbage
Mg levels. Eck et al. (1981) showed the experi-
mental evidence that nitrogen fertilization in-
creased Mg concentration in tall fescue but did
not affect it in smooth bromegrass.

The average Mg concentration in Korean
lawngrass ranged between 0.03 and 0.09%.

Leaves and stems contained considerably higher
Mg than stolons or roots. The value for Mg con-
tained in leaves or stems appeared to be above
0.06% which is the critical levels for forage, as
indicated by the results of deWit et al. (1963).

Water-soluble carbohydrate{ WSC) percentage

Nitrogen ferrtilizer had a substantial influ-
ence on WSC percentage in the fractions of
Korean lawngrass. WSC percentage underwent



a change according to the levels of nitrogen
applied, decreasing from a high at OkgN plot to
a low at 700kgN plot. These results support
earlier findings (Jones, et al., 1965).

It appeared, also, that WSC level of stolon
was somewhat higher than that of other frac-
tions, and WSC percentage occurred in the
following order; stolon stem leaf root. Thus, the
difference between stolons and leaves was as
much as 2-fold, irrespective of clipping treat-
ment. The average percentages were 26.2, 21.5,
and 19% in stolons, and 21.1, 16.5, and 13.1%
in stems at 0, 350, and 700kgN, respectively.
Thus, the diversity in percentage between N
levels of 0 and 700kg was 7.2% for stolons and
8% for stems.

The effect of lengthened interval between
cuts on WSC percentage was detected in stem
only: Lengthening interval from 10 to 30 days
increased WSC up to 16.5% for OkgN, 13.6%
for 350kgN, and 39.1% for 700kgN.

Fig. 2 shows the negative linear regression
between nitrogen and WSC percentage for plant
fractions. WSC in stolons and roots tended
to dissipate considerable as nitrogen was con-
tained above 2%. Meanwhile, leaves showed a
slow decline of WSC percentage, even though
nitrogen content was increased up to 3%.

The carbohydrate reserves in grass represent
an accumulation or surplus of material in excess
of the immediate needs of the plant for growth
and maintenance (Zanoni et al., 1969). Since
the establishment of an adequate carbohydrate
reserves is essential for producing good verdue
(Madison, 1962), nitrogen and clipping practice
should be adjusted to prevent the depletion of
carbohydrate reserves.

It is reported that, while cutting height of
approximately 4 cm was maintained, an exce-

15
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TOTAL SOLUBLE CARBOHYDRATE CONTENT (%)

NITROGEN CONTENT ( § DM BASIS )

Fig. 2. Relationship between nitrogen content
and total soluble carbohydrate content
for plant fractions.

* ** indicate 5 and 1% probabilities.

’

sive amount of leaf surface was not re:moved
at any one mowing (Shim and Yun, 1987). '
In this experiment, Korean lawngrass proved
to reserve a great deal of carbohydrate in stolons
and stems. If carbohydrate reserves in all frac-
tions except for stems are not influenced by
mowing frequency with
height,
stimulate immediate shoot growth and tillering

adequate mowing
10 days interval between cuts may

resulting in prompt sod forming.

IV. Summary

Changes in levels of nitrogen, phosphorus,
kalium, calcium, magnesium, and water-soluble
carbohydrate contents were determined for
Korean lawngrass under three levels of nitrogen
fertilizer (0, 350, and 700kg ha year) and three
levels of clipping interval between cuts (10, 20,
and 30 days).

Increasing the level of nitrogen fertilizer



increased the N concentration in all plant frac-
tions (leaves, stems including leaf sheather,
stolons, and roots) in the cases of all the clipping
treatments. N was contained mostly in leaves,
indicating that N is neither accumulated as a
reserved nutrient nor used in root respiration.
The response of P concentration to nitrogen
fertilization fluctuated according to plant frac-
tions: In leaves, N application decreased P con-
centration but an adverse trend occurred in stem
and stolon tissues when clipping interval was
shortened from 30 to 10 days. K concentration
increased with increasing N rate in leaf and stem
tissues but an adverse trend was detected in
roots. And thus a positive correlation between
N and K contents in both above-ground parts
and stolons was established. Under the frequent
clipping practice, Ca concentration had a nega-
" tive response to nitrogen fertilizer for leaf and
stem tissues. No influence of nitrogen and
clipping treatments was detected for Mg con-
centration in Korean lawngrass. The percent of
water-soluble carbohydrate(WSC) was inversely
proportional to the nitrogen fertilization rate.
The level of WSC in Korean lawngrass fractions
varied little with clipping interval treatments
except for stem tissue. The highest level mea-
sured averaged 26.2% in stolons at the level of
OkgN, while, at the level of 700kgN, 19%WSC
was marked.

Shortened clipping interval between cuts
positively affected N percentage in leaf and stem

Shortened clipping interval between cuts
positively affected N percentage in leaf and stem
tissues, especially when two levels of N were
fertilized. Little marked variation of K and‘Mg
concentrations as affected by clipping treatment
was found. A slight increment of Ca concentra-
tion by lengthening clipping interval from 10
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to 30 days was obtained at 350 and 700kgN
levels.
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