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ABSTRACT

Nitrogen fertilization and cutting practice were studied on turfgrasses and cover plants to inves-
tigate the possibility of maintaining green color during the growing season, Research also involved
the effect of the nitrogen on a few morphological characteristics of leaf performance elements
which might give an information to coloration and life-span of turf leaves.

Treatments in the first experiment undertaken on pot included one N level; 350kgN /ha applied
as compound fertilizer in split applications of one-half in mid-May and the rest both in late June
and August, and four spring-summer cuts; late May, late June, late July and late August. The soil
filled in pot a moderately well-drained sandy loam.

In the second experiment(field observation) leaf length and width, inflorescence and flowering,
and color performance were also investigated.

With nitrogen fertilizer applied on turfs, desirable turf color was maintained during a period of
poor coloration in specific seasons such as mid-summer for cool season grasses and late fall for
warm season grasses comparing to the non-treatment. However, this was not stimulated
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by cutting treatment to nitrogen status existed. Cutting effect on coloration was more remarkable
in both Korean lawngrass and Manilagrass than in cool season turfgrasses such as Italian rye-
grass, perennial ryegrass and tall fescue. Especially down-slide of leaf color in cool season
turfgrasses could be detected in mid-summer /early fall season ranging up to mid-September.

In early November as well as mid-September, Italian ryegrass, perennial ryegrass and tall fes-
cue retained a high level of green color as followed by nitrogen application and cutting treatment,
and little detectable variation of leaf color notation between cool season turfgrasses was obtained.
However, Korean lawngrass and Manilagrass failed to retain the green color until early
November, Color notations in cool season turfgrasses investigated early November on the final
date of the experiment ranged from 5 GY 3/1 to 4/8 in ‘Rarmultra’ Italian ryegrass, ‘Reveile’ per-
ennial ryegrass and ‘Arid’ tall fescue, but those in Zoysiagrasses were 7.5 YR 4/8 in Korean
lawngrass and 2.5 y 5/6 in Manilagrass.

Life-span of leaves was shorter in Italian ryegrass, perennial ryegrass and tall fescue than in
both Korean lawngrass and Manilagrass with and without nitrogen application. In general, leaves
appeared in early May had a long life-span than those appeared in late April or mid-June. Nitrogen
application significantly prolonged the green color retaining period in perennial ryegrass, Italian
ryegrass, Korean lawngrass and Manilagrass, and this was contrasted with the fact that there was
no prolonged life-span of leaves emerging in early May and mid-June in tall fescue,

SPAD reading values in 48 turfs and cover plants investigated in the field trial were increasing
until late June and again decreasing till September. Increasing trends of reading value could be
observed in the middle of October in most of grasses. On the other hand, clovers and reed
canarygrasses did not restore their color values even in October.

Color differences between inter-varieties, and inter-species occurred during the growing season
under the field condition implicated that selection of species and /or cultivars for mixture should
be taken into consideration, In Munsell color notation investigated in the final date in the middle
of November, 32 cultivars belonged under the category of 5 GY and 10 cultivars under the
category of 7.5 GY. This was implying that most of cool season turfs and cover plants grown in
the center zone of Korean Peninsula which are able to utilize for landscape use can bear their
reasonable green color by early or mid-November when properly managed.

The applicable possibilities of SPAD readings and Munsell color notation to determine the color
status of turfgrasses and cover plants used in this study were discussed.

Key words : SPAD reading value, Life-span of leaves, Leaf color, Color notation

INTRODUCTION

Color in turfgrass is one of the useful indicators available concerning the general con-
dition of a turf,and thus the long retention of green color in turfgrass has always been of
importance in considerations of turfgrass management, A loss of green color may indicate
the development of nutritional deficiency, disease, insect, nematode, excessive water,
wilt, or other environmental stress problems.

Among the factors affecting the coloration, or chlorophyll content, of turfgrass are
species, rate of fertilization, temperature, and clipping management. It is well known that
a color variation is mostly dependent on the amount of turfgrass fertilizer supply. A lot of
research subjects in this connection range from comparisons of varieties and fertilizer
treatments for steady, unchangeable status of color to studies of specific seasonal vari-
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ation of chlorophyll concentration in turfgrass leaf fractions.

A minimal nitrogen fertility level is preferred on ornamental areas where a dense, high
quality turf exists and primary objective is to maintain acceptable turfgrass color. In con-
trast, weakened turfs injured by environmental stress or turgrass pests require a higher
nitrogen level to stimulate shoot growth and facilitate rapid recovery of damadged areas
{Lawrence, 1963). Magnesium is essential for the maintenance of green color and growth
in turfgrasses because it is vital constituent of the chlorophyll molecule (Menn and
McBee, 1967).

Duff(1967) reported that the maximum chlorophyll content of creeping bentgrass leaves
occurred between 23.9 to 29.5C and declines as the appropriate level of temperature is
increased or decreased. He added that the visual color of bentgrass leaves appeared
darker green at 35¢ than at 29.5°C but chlorophyll content was actually lower. Turfs also
appeared darker green at suboptimal soil temperatures that restrict leaf and shoot growth.

Where adequate inputs of nitrogen are maintained under a low intensity of culture,
coloration of turfgrass can be continued to keep green until late fall. Thus, on many
turfgrass sites, a green turf treated with the appropriate amount of nitrogen fertilizer,
together with properties of grasses such as coloration and /or color duration during the
seasons unsuitable for turfgrasses to grow was fully recognized as influencing turf quality
(Shildrick, 1980). Chang and Kim(1986) who had experimented with Korean lawngrass
reported that nitrogen application had an effect on green color of leaf canopies and chloro-
phyll contents and on elongation of the green period. In addition, they also explained that
the increase of N, P and K application prolonged the green period to the last ten days of
October. Shim and Yun(1987) also noted that nitrogen application significnatly increased
green leaf number resulting in prolongation of green color period in Korean lawngrass and
Manilagrass.

Turfgrass color can be an evaluation of the spectral composition of light by visual sense.

~When radiant energy contacts the turf leaves, certain wavelengths are absorbed and
transmitted while other wavelengths are reflected(Beard, 1973). It is well-known, in gen-
eral, that reflected wavelengths in the range from 380 to 760nm are perceived by the hu-
man eyes as the color of the turf.

A chilorophyll index measured as cholorphyll content in miligrams per square decimeter
of area had been used(Madison and Andersen, 1963; Mantell and Stanhill, 1966). This in-
dex is likely to be effective in measuring certain nutritional responses and found to be no
significant response to the effects of mowing, irrigation, or shading, but is known to have
incalculatable interaction with these factors, An earlier study(Shim and Seo, 1995) has
elucidated that differences between species and /or cultivars in color retaining period of °
leaves of turfgrasses and cover plants grass while fruiting seeds and their mutual
interactions could be detected.

The objectives of the studies reported here were : (a) to evaluate the leaf color
characteristics and green color retention of western turfgrasses, Zoysia japonica and Zoysia
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matrella as affected by nitrogen fertilization and cutting practices; (b) to determine the
changes in morphological characters and color of turfgrasses and cover plants grown under
field conditons; and (c) seasonal changes of color of the turfgrass and cover plant species
and cultivars.

MATERIALS AND METHODS

1. Pot experiment

The experiment was conducted on pots filled with silt loam with 19.6% sand, 60.5% silt,
19.7% clay, pH 5.8 and 3.5% organic matter. Grasses were seeded on 6 March 1995.
Turfgrasses used were: (a) Lolium multiflorum, ‘Ramultra’ Italian ryegrass; (b) Festuca
arundinacea Schreb, ‘Arid’ Tall fescue; (c) Lolium perenne L. ‘Reveile’ perennial ryegrass;
(d) Zoysia japowica Steud. Korean lawngrass; and (e) Zoysia matrella(L), MERR,
Manilagrass, Almost all species and cultivars are commonly used on golf course, areas for
landscape and soil conservation,

The trial was arranged in a randomized complete-block design with three replications.
350kg /ha of nitrogen was applied at rates of 1/2 for basic fertilizer and the rest for the
time when cut for nitrogen plots on 28 April, 2 June and 12 July, as 11-10-11 compound
fertilizer and urea respectively. Turfs were clipped at 4-cm height except control plots and
two levels of nitrogen fertilizer (no N and N application) were applied immediately after
each cut,

Chlorophyll was measured seven times throughout the growing period at approximately
a month interval from 12 April to 21 October, 1995 using a potable SPAD chlorophyll
meter (model Minolta 502 ; Minolta Corp.).

To correspond with the standard leaf samplings were collected from the midpoeint of the
current year’s extension growth. A reading was made on opposite side of two-thirds of the
3rd leaf. Thus, one SPAD value recorded for each sample was an average of 14 readings.
Detailed procedures were followed by the methods Lee e al.(1992) and Neilsen et. al.
(1995) had already been used.

Leaf color investigated on both 21 September and 21 October was measured with color
number based on the Korean Standard Color charts(KSCC). Color charts were used as ref-
erence points in determining the actural turfgrass color. This technique is commonly used
in soils work. To investigate the longevity of individual leaf retaining green color, ten
leaves per pot were selected immediately after appearing from tiller, Individual leaves
were marked to facilitate identification by ringing with color plastic-coated wire on the
following dates: the first leaves were taken on 26 April; the second leaves on 2 May: and
the third leaves on 9 June. The longevity of a leaf has been proposed as a better descrip-
tion of turf color duration(Davies, 1969). In this study, longevity was defined as life-span
of leaf.

Irrigation was frequently supplied to prevent moisture stress,
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2. Field experiment

An investigation was conducted at the experimental farm of the Livestock Research In-
stitute, RDA,Suwon, during the growing season between 1 March and 11 November 1995,
with 48 warm- and cool-season turfgrass species and cultivars conventionally established
for the purpose of performance test,

An experiment was located on silt loam during 1995. Soil pH at the location was 6.0. A
fertilizer was uniformly applied at the rate of 120-40-75(N-P-K)kg /ha /year to the whole
experiment. All plots were mowed to 4 cm three times during the experiment period when
N fertilizer was applied.

Samples for morphological leaf characteristics were harvested from each plot until 20
June and length and width of 10 leaves from each plots were measured by mm unit. In the
end of season the presence of inflorescence or flowering was determined by visual obser-
vation, The last determination of coloration in turfgrasses and other cover plants was con-
ducted in the end of the growing season, Color determination were also assessed by visual
rating from 9 to 1.

Leaf SPAD reading values of 48 grass and legume species and cultures for determination
of seasonal change of color in turfs were measured in situ at nearly a month interval using
chlorophyll meter. This was started from 6 May throughout 20 October by using the same
procedures as the previous pot trial.

Fertilization and other general works in relation to the experiment were followed by the
methods which are being undertaken by the Livestock Research Institute, RDA. Analyti-
cal procedures and other details were almost same as in the previous experiment(Shim
and Seo, 1995).

RESULTS

1. Color studies

Mean values of leaf SPAD reading in five turfgrasses during the growing period are
shown in Table 1. Average leaf SPAD reading values of these different turfgrasses varied
steadily according to the treatment imposed, and thus where nitrogen or cutting was not
treated, coloration tended to decreased more remarkably in cool season turfgrasses than in
warm season grasses. For example, leaf SPAD reading values in Korean lawngrass and
Manilagrass were 22.4 and 22.5, respectively. Predicted trends in perennial ryegrass and
tall fescue showed adverse results when their reading values were 19.9 and 20.1, respect-
ively.

The effect of cutting treatment was also more significant in warm season turfgrasses
than in cool season ones, Leaf SPAD reading values obtained by treating cutting practice
in Korean lawngrass and Manilagrass were 28.0 and 27.7, respectively, comparing to 24.0
for Italian ryegrass and 22.8 for perennial ryegrass. ‘Arid’ tall fescue was lowest among
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Table 1. Mean values of leaf SPAD reading in five turfgrasses during growing period

Treatment
Turfgrass - - Mean
Control Cutting Nitrogen N-+cutting
‘Ramultra’ 22.4ab* 24.0b 44.0a 38.0a 32.1
Italian ryegrass
‘Reveile’ perennial 19.9b 22.8bc 44.9a 38.7a 31.6
ryegrass
*Arid’ tall fescue 20.1ab 21.7c 39.1b 3l.5¢ 28.1
Korean lawngrass 22.4ab 28.0a 36.0bc 34.1b 30.1
Manilagrass 22.5a 27.7a 34.6c 34.0b 29.7
SE 2.31. 1.95 3.76 2.04

* Means within columns followed by the same letter are not significantly different at the 5% level of prob-
ability based on the Duncan Multiple Range Test

cultivars given in the study, These data indicate that two Zoysiagrasses of the study
under the condition of site newly established during the growing period were more likely
to be retainable than perennial ryegrass or tall fescue in considerations of color retention,

Application of nitrogen fertilizer significantly increased average reading values in all
turfgrasses. Italian ryegrass reéding value was 96% higher by applying nitrogen than in
the control, and perennial ryegrass was 1.26 times higher. Nitrogen response to individual
species or cultivar was significantly larger for Italian ryegrass and perennial ryegrass than
for two Zoysiagrasses, this fact seeming to be due partly to response difference to en-
vironmental condition existing between cool- and warm-season grasses. Otherwise, N plus
cutting treatment may not have increased average reading values because the soil did not
contain enough nitrogen from the cutting practice to meet plant needs for regrowth. Also,
lower effect of N plus cutting treatment on reading value comparing to single nitrogen
treatment was more remarkable in Italian ryegrass or perennial ryegrass than in Korean
lawngrass or Manilagrass, and little differences between two treatments in two Zoysia-
grasses were found.

Effects of nitrogen fertilizer and cutting treatments on leaf SPAD reading value of
leaves of ‘Ramultra’ Italian ryegrass are shown in Fig, 1. Before September, average leaf
SPAD reading value of turf leaves shown in the control plot was 25. The relative low
reading value from cutting treatment without nitrogen fertilization during the growing
season, except May, is believed to occur as a result of the lack of nutrient suppliments
needed for recovery from injury following defoliation of a grass plant.

The treatment of nitrogen fertilizer alone applied to ‘Ramultra’ Italian ryegrass affected
leaf SPAD reading value to the end of season, By 21 July, leaf SPAD reading value con-
sistently increased to 51.1, which was much higher than that obtained in the previous
season, Sustained leaf SPAD reading value when nitrogen was applied in September is
expected to be closer to that obtained on 21 June, but that in October was 59.0, which is
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SPAD reading value increased significantly by applying nitrogen fertilizer in October, it
was still 29% low, relative to single nitrogen fertilizer applied.

The influence of nitrogen and cutting factors on leaf SPAD reading value in ‘Reveile’
perennial ryegrass is shown in Fig, 2. On zero N fertilization in absence of cutting practice
until 12 May, leaf SPAD reading value in ‘Reveile’ perennial ryegrass could not be
detected due mainly to poor stand of seedling grown after emergence of plant from soil
surface. Average SPAD reading value was 28 on 21 May in the control plot, decreased by
23.9 and then levelled off from 21 June onwards. Where cutting treatment was made, leaf
SPAD reading value was slightly higher comparing to what is in the control plot, this be-
ing particularly notable in mid-summer period.

Data show that leaf SPAD reading values in perennial ryegrass were increased signifi-
cantly after applying N fertilizer. The trend of increase in reading value was also apparent
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where N plus cutting treatment was imposed. In September and October, however, read-
ing values were notably less than at the other growing periods. This phenomenon suggests
that cutting practice for coloration of perennial ryegrass leaves was undesirable as far as
landscape situation is concerned.

The effect of N and cutting treatments on chlorophyll status in ‘Arid’ tall fescue leaves
is also shown in Fig. 1. Early stage of growth in tall fescue was practically not desirable
enough to determine the leaf SPAD reading value and thus overall measurement work
could start from 21 May except for N fertilizer plus cutting treatment plot. Significant dif-
ference in leaf SPAD reading value between treatments was not detected except for nitro-
gen application but was notable from 21 June onwards. Where nitrogen fertilizer was ap-
plied, SPAD reading value in ‘Arid’ tall fescue leaves was nearly twice that obtained in
the control or with cutting treatment, and particularly the maximum reading value was
recorded on 21 October when it was 55.2.

Korean Lawngrass, one of warm season turfgrasses, no particular trend in leaf SPAD
reading values were detected until 21 September when nitrogen or cutting practice was
not imposed on turf (Fig. 2). Leaf SPAD reading values considerably varied according to
sampling time where zero nitrogen was applied. They were increased steadily until 21
May, but afterwards the degree of color retentions present in summer period was of little
significance month to month and they ranged from 21.0 to 23.4. Where applied by nitro-
gen, however, maximum leaf SPAD reading values was considerably increased to 40.6 in
summer period, This figure was still much lower than that obtained from cool season
turfgrasses such as Italian ryegrass, perennial ryegrass or tall fescue. Even in October the
leaf SPAD reading value of Korean lawngrass reached the peak of value to 31.0, which
was notably lower comparing to each value of cool season grasses at the given time,
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ing to different treatments,
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It is notable that there was a severe variation in reading value of Korean lawngrass ac-
cording to sampling time, and N plus cutting treatment had an effect on the increase of
coloration until 21 June. Another higher SPAD reading value was obtained on 21
September when it was 38.7 by applying nitrogen alone. On 21 October SPAD reading
values were 10.8 in the control, 29.7 with cutting treatment, 31.0 with nitrogen applied
and 35.7 with N plus cutting treatment,

Leaf SPAD readings of Manilagrass as affected by nitrogen and cutting treatments are
also shown in Fig. 2. By 21 May reading value became highest when it was 29.8 by apply-
ing nitrogen fertilizer or cutting practice. There was also a remarkably adverse effect due
to summer high temperature. Maximum SPAD reading value in Manilagrass leaves was
less than 23.3 by 21 August. Significant reduction of reading values in Manilagrass oc-
curred on 21 October, probably due mainy to the varietal character of a warm season
species. By 21 July, nitrogen fertilizer contributed as much to SPAD reading value of this
treatment as did nitrogen plus mowing practice. There were little differences between
SPAD reading values in Manilagrass receiving nitrogen alone and nitrogen plus cutting.
However, average SPAD reading value exceeded that of Korean lawngrass.

General patterns of leaf SPAD reading value in cool- and warm-season turfgrasses as
time exceeded are shown in Fig. 3. Collectively, the average values for Italian ryegrass,
perennial ryegrass and tall fescue were greater at the cutting treatment level than at the
control level except last two cutting dates, The level of nitrogen applied gave always a
large effect on average reading value, Particularly significant effect of nitrgoen was
detected on both 21 July and 21 October. N plus cutting treatment effect was lower than
single nitrogen application but was higher than the other two treatments.

The patterns of average reading value of both Korean lawngrass and Manilagrass were
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more or less different from those appearing in cool season turfgrasses : higher values in
cool season grasses with cutting treatment than in the control were apparent by 21
September, but this trend was not clearly detected in Zoysiagrass. The fact that cutting
treatment with nitrogen added showed lower reading values in all cases in cool season
grasses indicates that cutting treatment accompanied by N fertilizer may deteriorate the
effect on reading value increase in the specific period in cool season grasses.

Data on leaf color as affected by nitrogen fertilization and cutting treatments on two dif-
ferent sampling dates in fall 1995 are presented in Table 2. The pattern of the leaf color in
the control on 21 September still remained green but showed slightly different status:
color notation was 10GY 4 /6 with Italian ryegrass, 5GY 4 /6 with perennial ryegrass and
Manilagrass, and 5GY5/6 to 5/8 with tall fescue and Korean lawngrass. This indicates
that under the condition of non-treatment added, color variation according to species was
not considerably significant,

Color measured on 6 November was diversified by ranging from 2.5 Y to 10 YR, when
Italian ryegrass and perennial ryegrass were 2.5Y 3 /4 and 7 /8, respectively, while those
in Korean lawngrass and Manilagrass were 7.5YR 4 /4 and 10YR 7 /8 where no nitrogen
fertilizer was applied. Cutting treatment effect was not apparent on 21 September. Con-
versely, color status in perennial ryegrass and tall fescue were 5 GY 4 /6 to 4 /8 and those
in Korean lawngrass and Manilagrass were 5 GY 4 /4 to 4 /8, respectively.

Poor color status obtained from nitrogen plus cutting treatment was similar for cool
season turfs to that from single nitrogen treatment on 6 November. Application of nitro-
gen to Italian ryegrass, perennial ryegrass and tall fescue maintained the color status of
5GY 3/1 to 4 /8, indicating that nitrogen application would extend the coloration period in
a limited number of turfgrasses and cover plants. Nelson(1968) has reported that in the
fall, higher levels of green color were maintained from higher levels of inorganic N. Irres-
pective of nitrogen applied, green color could not be maintained until 6 November with

Table 2. Leaf color notations of five turfgrasses classified according to Korean Standard Color charts
on two different sampling dates in the fall, 1995.

Sampling Turfgrass cultivar
Treatment
time ‘Ramultra’ ‘Reveile’ ‘Arid’ Korean Manilagrass
It.ryegrass Pe.ryegrass Tall fescue lawngrass
Control Sep. 21 10GY8 /4* 5GY4/6 5GY5/6 5GY5/8 5GY4/6
Nov. 6 2.5Y3/4 2.5Y7/8 10YR4 /6 7.5YR4 /4 10YR7 /8
Cutting Sep. 21 7.5GY3/6 5GY4/8 5GY4/6 5GY4 /4 5GY6/8
Nov. 6 10YR2 /2 10YR2 /2 10YR3 /6 7.5YR4 /4 2.5Y6/8
Nitrogen Sep. 21 5GY3/1 5GY3/4 5GY3/4 5GY4/6 5GY5/8
Nov. 6 5GY3/1 5GY4/8 5GY4/6 7.5YR4/8 2.5Y5/6
N+-cutting Sep. 21 5GY4/8 5GY3/4 5GY3/4 5GY5/6 7.5GY4/6
Nov. 6 5GY4/6 5GY4/8 5GY4/6 10YR6 /6 2.5Y6/6

* Munsell color notations
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Korean lawngrass and Manilagrass. In case of Manilagrass the color varied from 7.5
GY4 /6 on 21 September to 2.5Y 6 /6 on 6 November,

2. Green leaf life-span studies

The effects of nitrogen fertilizer on life-span of leaf blades of five turf species and
cultivars is shown in Table 3. Nitrogen application stimulated the prolongation of the life
span of leaf blades of all cultivars and species used, especially in Korean lawngrass and
Manilagrass, but did not seriousely affected in the leaf blades emerging in late April. In
spite of absence of nitrogen status its positive effect of prolongation of life-span in leaf
blades emerging on 2 May reached the level of those emerging on 26 April with nitrogen
fertilization, particularly in perennial ryegrass.

In both Italian- and perennial ryegrasses, leaf blades emerging on 19 June were forced to
shorten their life-spans irrespective of nitrogen status. This phenomenon indicates that
high temperature would have interfered leaf growth, and thus accelerated the shortening
of the life-span of leaf blades.

Generally leaf blades emerging on 26 April had somewhat longer life-span than those
emerging on 19 June in both Italian ryegrass and perennial ryegrass. In tall fescue,
life-span of leaf blades emerging on 26 April was much shorter than that of Italian rye-

Table 3. The effect of nitrogen fertilizer on life-span of leaves of five turf species and culivars

Nitrogen Life-span of leaves
Cultivar
Appeared on Appeared on Appeared on Mean
level 26 April 2 May 9 June
Weeks
‘Ramultra’ No 7.6 8.3 7.4 9.2
Italian * b NS
ryegrass N; 8.2 9.0 7.9 8.4
‘Reveile’ Ny 7.0 8.4 7.0 7.5
perennial - = NS
ryegrass N; 7.7 9.1 7.3 8.0
‘Arid’ tall Ny 6.7 8.1 8.3 7.7
fescue * > >
N, 7.1 9.3 9.3 8.6
Korean Ny 8.9 9.4 9.1 9.1
lawngrass * e *
N, 9.4 10.4 9.6 9.8
Manila- Ny 8.9 9.7 9.3 9.3
grass % ok *x
N, 9.6 10.9 10.0 10.2

* fertilization, particuindicates significance at 5% probability
* indicates significance at 1% probability or less
NS indicates non significance



grass or perennial ryegrass irrespective of nitrogen application. Life-span of leaf blades
emerging on 2 May was prolonged 9.0 to 9.3 weeks by applying nitrogen. However, it was
merely 8.1 to 8.4 weeks with zero nitrogen,

Data show that life-span of leaf blades emerged on 9 June gave no difference between
the treatment and non-treatment of nitrogen in both Italian ryegrass and perennial rye-
grass, Countable prolongation of life-span of leaf blade in Korean lawngrass were found.
Even in leaf blades emerging on 26 April, under the zero nitrogen condition, Korean
lawngrass and Manilagrass had long days of retaining green color as compared to the other
cool season turfs : Further 1.3-week period lengthened the color retention as compared to
Italian ryegrass and 1.9-week period to perennial ryegrass at the zero nitrogen treatment
level.

Existing nitrogen supplied to Korean lawngrass and Manilagrass contributed to notable
prolongation of life-span of leaf blades emerging on 2 May reached the 10.4-week and 10.
9-week period resulting in the level of significance,

3. Leaf coloring trends in turfgrasses and cover plants

Table 4 represents the coloration trend of the leaf blade of turfs and cover plants grown
on the experimental field of Livestock Research Institute during the period 6 May to 20
October 1995. Data shown in this Table were the SPAD reading values obtained by
measuring with SPAD reading meter to determine the chlorophyll contained in leaf blades
of plants, Measurements of SPAD reading values were carried out monthly on the field.

Table 4. SPAD reading values of turfs and cover plants for growing period May to October

Sampling time

Species Cultivar
May 6 May 20 Jun. 20 Jul. 20 Aug. 20 Sep.20 Oct.20
Orchardgrass Potomac 41.9 41.6 41.1 27.8 30.5 28.2 50.8
Synthesis-2 39.4 40.0 47.5 26.7 29.3 31.7 53.8
U-8544 - - 42.2 24.1 41.2 37.5 52.0
Hallmark 49.2 47.6 48.6 22.5 33.4 36.5 46.6
Mean 43.5 43.1 449 25.3 33.6 33.5 50.8
Tall fescue Fawn 37.4 39.5 39.2 28.2 34.9 30.0 45.9
Bull forage - 42.7 43.5 34.5 30.5 28.3 48.4
Ky 31 34.5 40.4 41.3 35.4 29.4 26.9 49.4
Au-Triumph  38.7 35.2 47.6 30.9 32.8 34.3 42.6
Felopa 46.2 50.8 52.3 30.0 38.0 33.9 46.9
Mean 39.2 41.7 44.8 31.8 33.1 30.7 46.6
Perennial ryegrass  Prisma 38.9 40.9 43.8 32.1 36.9 38.8 44.0
1-6p 41.8 46.7 39.8 32.5 35.6 36.2 50.8
Friend 41.3 40.3 42.1 33.5 36.7 38.3 46.3
Hella 39.2 42,9 44.3 38.7 37.0 30.0 44.8
Lipondo 39.8 43.1 40.6 27.1 33.5 33.0 45,7

Mean 40.2 42.8 42.1 32.8 35.9 35.3 46.3
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Sampling time

Species Cultivar
May 6 May20 Jun 20 Jul. 20 Aug. 20 Sep.20 Oct. 20
Kentucky bluegrass Kenblue 45.1 451 51.1 33.7 30.0 35.3 49.4
Aguila 38.3 47.5 46.6 35.4 30.9 27.1 54.2
Oxford 40.4 39.7 41.4 31.8 40.2 32.5 52.7
Troy - 35.5 41.6 31.7 32.7 26.9 -
Asset - 32.4 38.6 32.4 28.4 - -
Mean 41.3 40.0 43.9 33.0 32.4 30.5 52.1
Italian ryegrass Tetrone 46.0 39.8 41.4 319 32.8 39.4 56.3
Ramultra 39.8 33.0 40.3 33.9 34.2 36.7 45.3
Florida 80 39.6 42.6 43.2 32.4 315 34.5 43.6
Bettina 40.5 42.2 41.8 33.2 35.3 31.7 43.2
Macho 43.9 40.6 39.3 34.0 38.2 38.6 44.5
Mean 42.0 40.6 41.2 33.1 34.4 36.2 46.6
Timothy Clair 34.6 33.8 43.5 23.6 24.7 27.0 47.3
Climax 36.3 42.5 41.3 24.1 24.2 24.6 42.9
Hokusen 30.7 36.9 33.5 32.9 31.5 24.9 -
Liphlea 32.7 32.0 34.7 27.5 25.2 22.0 41.2
Mean 33.6 36.3 38.3 27.0 26.4 24.6 43.8
Reed canarygrass Venture 28.1 30.3 42,3 36.7 33.7 45.1 45.5
Palaton 31.1 40.4 41.0 41.8 28.5 39.2 42.1
Frontier 30.9 35.5 38.1 47.6 37.9 34.2 41.9
Mean 30.0 35.4 40.5 42.0 334 39.5 43.2
Alfalfa Luna 49.2 51.1 54.0 39.5 50.8 51.7 52.9
Vernal 41.4 50.3 47.0 49.0 41.5 42.0 48.5
P-5444 51.2 50.2 55.1 53.6 48.4 45.1 49.4
Anchor 49.0 51.5 55.7 63.9 44.4 39.9 50.3
Mean 47.7 50.8 53.0 51.5 46.3 4.7 50.3
White clover California 38.5 34.0 41.8 46.6 52.0 49.1 50.2
Star 39.7 47.3 54.6 44.6 50.6 40.3 46.3
Milka 44.7 42.8 50.9 45.3 44.1 43.7 47.8
Seminole 37.5 47.0 45.2 50.1 54.2 45,7 48.6
NZ white 38.7 36.8 52.4 41.1 49.6 42.6 49.9
Mean 39.8 41.6 49.0 45.5 50.1 44.3 48.6
Red clover Kenland 34.2 30.8 37.6 45.8 42.7 46.5 46.8
Renegade 46.6 46.5 47.9 46.4 51.7 47.6 46.5
Renova 35.2 43.7 42.7 56.1 47.4 4.1 44.2
Ram 36.8 39.9 38.0 53.8 47.3 51.5 48.2
Mean 38.2 40.2 41.6 50.5 47.3 47.4 46.4
Hybrid ryegrass Bison 41.9 42.2 42.2 33.8 35.5 31.8 48.6
Bentgrass Penncross 33.2 44.7 46.4 34.3 39.7 39.0 45.7
Meadow fescue Lifelix 41.3 48.2 42.6 33.1 37.2 38.2 49.9
Alkaligrass Newhy 42.8 38.8 47.6 34.6 33.6 35.3 49.5
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Turfgrass and cover plant species and cultivars used for experiment show the average
SPAD reading value of moderate coloring turf to range from 33.6 to 43.5 on 6 May. These
values agree generally with the values obtained on 20 May. SPAD reading values of six
turfgrass species were very high on 20 May, and afterwards decreased till about the
middle of September and again increased rapidly about in the late October. The sudden
and sharp increment about mid and late October seemed to be related to moderate
conditions of a fall weather to suit for plants to grow.

The changes of reading values in orchardgrass cultivars were somewhat variable, and
little consistent trends between cultivars were apparent. Until 20 June, the values of
SPAD reading in ‘Synthesis-2’ and ‘Hallmark’ reached the values of 47.5 and 48.6 in SPAD
reading, respectively, However, ‘Hallmark’ showed sharp decline on 20 October, which
was the lowest value among the four cultivars.

Tall fescue cultivars recorded the lower value than orchardgrass cultivars, There was a
pronounced increase in cultivar ‘Felopa’ by 50.8 on 20 May and 52.3 on 20 June but was
considerably variable according to the cultivar.

Average SPAD reading values in perenneal ryegrass were not very high in late spring
and summer. In late June, difference in value between cultivars was not significantly re-
markable except cultivar ‘Ripondo’, but reading values were. relatively higher than
orchardgrass or tall fescue cultivars in June. No particular cultivar with high reading
value of above 50 was detected except ‘1-6p’ in perennial ryegrass in late October, This
implies that there exists no varietal difference in color retention until mid- or late October.

The favorable conditions which prevailed during relatively low temperature period
enhanced the SPAD reading value by average 52.1 in Kentucky bluegrass. ‘Aguila’
Kentucky bluegrass was 54.7 in value on 20 October, which was highest of Kentucky blue-
grass cultivars as well as species and cultivars such as ‘Synthesis-2’ orchardgrass and ‘Ky
31’ tall fescue. The reading value in ‘Tetrone’ Italian ryegrass reach 56.3, this being
highest of all turfgrass cultivars but other Italian ryegrass cultivars recorded less than 45.

Generally, Kentucky bluegrass and orchardgrass as given by the favorable conditions,
which prevailed during late growth stages, resulted in a notable coloration increment irres-
pective of cultivars, Thus progressive increment of average SPAD reading value until
mid-June can be associated with the suitable condition of radiation and precipitation.

As in perennial ryegrass, the average SPAD reading value in the white clover cultivars
was also relatively low in the late spring(Table 4). Until 20 June, the average reading
value exceeded 49.0 and then lowered 45.5 on 20 July. These values considerably began to
fluctuate as growth became more pronounced and the plants matured. Maximum reading
values were obtained by ‘Star’ and ‘NZ white’ on 20 June where their values were 54.6 and
52.4, respectively. On the other hand, the average reading value in the red clover
cultivars consistently increased until late spring growth, and then showed little, if any,
change that could be attributed to varietal character.

Alfalfa cultivars showed higher average reading values on 6 May than other legumes
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(see Table 4). This trend continued to 20 July when the average reading value was 51.5.
‘Anchor’ alfalfa retained the highest value of 63.9 on 20 June among the leguminous
plants. After 20 August, however, a reading value was clearly higher in ‘Luma’ than in
‘Anchor’. ’ '
Morphological characteristics of turfgrass and cover plant species and cultivars during
the growth period 6 May to 11 November 1995 are presented in Table 5,
These data were obtained from constrained areas in the Experiemtnal Farm at Live-

Table 5. Morphological characteristics of turfs and cover plants

Length of Leaf Inflorescence Plant perfor-
Species Cultivar green leaf(cm) dth or flowering mance rating
May May Jun, e Aug. Sep. Oct. Nov.

6 20 20 (cm) 20 20 20 11

Orchardgrass Potomac 9.0 13.0 30.0 7.2 INF - 8.1 9.0
Synthesis-2 9.5 14.0 45.0 8.1 - - 8.0 9.1

U-8544 - - 20.0 5.2 INF - 7.3 84

Hallmark 5.0 9.0 25.0 4.1 INF - 7.5 8.6

Tallfescue Fawn 9.0 14.0 30.0 8.0 - INF 8.8 9.4
Bull forage 3.0 9.0 20.0 10.1 INF INF 8.1 9.1

Ky 31 10.0 12.0 40.0 9.2 INF INF 8.8 9.5

Au-Triumph  10.0 16.0 50.0 8.6 - INF 9.0 9.5

Felopa 11.0 20.0 70.0 8.0 INF INF 9.0 9.4

Perennial ryegrass Prisma 13.0 22.0 50.0 3.5 - - 8.0 8.6
1-6p 8.0 11.0  27.0 3.0 - - 8.5 9.0

Friend 9.0 13.0 40.0 34 INF - 8.4 9.0

Hella 8.0 11.0  30.0 3.1 INF - 8.2 8.6

Lipondo 10.0 13.0 25.0 3.0 - — 8.0 8.3

Kentucky bluegrass Kenblue 5.0 10.0 24.0 34 - - 8.0 8.3
Aguila 4.0 10.0 25.0 3.0 - - 5.1 7.4

Oxford 4.0 12.0 24.0 3.3 - - 8.3 9.0

Troy - 4.0 17.0 3.5 INF - 7.0 7.5

Asset - 3.0 10.0 3.2 INF - 6.7 7.4

Italian ryegrass Tetrone 14.0 26.0 45.0 3.2 INF - 8.8 9.0
Rarmuitra 18.0 28.0 350 5.2 - - 8.4 9.0

Florida 80 20.0 38.0 70.0 5.3 - - 8.7 8.9

Bettina 12.0 20.0 40.0 5.2 - - 8.1 8.8

Macho 13.0 25.0 45.0 5.6 - - 8.0 8.8

Timothy Clair 5.0 12.0 45.0 7.0 - - 8.0 8.7
Climax 5.0 9.0 25.0 7.0 - - 7.0 8.0

Hokusen 3.0 7.0 20.0 6.7 - - 7.1 7.9

Liphlea 5.0 9.0 25.0 6.7 - - 7.4 8.1

Reed canarygrass Venture 2.0 10.0 40.0 14.3 - - 8.0 8.1
Palaton 2.0 5.0 25.0 15.2 - - 7.0 7.9

Frontier 4.0 10.0  40.0 13.1 - - 8.0 8.5
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Table 5. Contiuned
Length of Leaf Infloresecence  Plant perfor-
Species Cultivar green leaf(cm) ath or flowering - mance rating
wi
May May  Jun, Aug. Sep. Oct. Nov.
6 20 20 (cm) 20 20 20 11
Alfalfa Luna 2.5 10.0 25.0 13.1 - FLO 8.0 8.0
Vernal 2.0 8.0 24.0 13.2 - FLO. 5.2 5.0
P-5444 5.0 15.0 40.0 13.0 - FLO 6.6 6.4
Anchor 3.0 9.0 27.0 12.5 - - 5.0 5.1
White clover California 1.0 5.0 20.0 12.8 - - - -
Star 2.0 9.0 20.0 13.0 - - - -
Milka 2.0 8.0 17.0 12.7 - - - -
Seminole 3.0 12.0 . 20.0 13.2 - - 55 5.4
NZ white 1.5 5.0 10.0 13.1 - - - -
Red clover Kenland 1.0 3.0 10.0 17.2 - - 6.8 5.5
Renegade 4.0 9.0 21.0 15.2 FLO FLO 8.0 8.0
Renova 5.0 18.0 24.0 17.5 FLO FLO 8.0 8.0
Ram 5.0 15.0 25.0 22.3 - FLO 8.7 8.9
Hybrid ryegrass  Bison 9.0 24.0 55.0 5.2 - - 8.3 9.0
Bentgrass Penncross 4.0 11.0 25.0 3.2 - - 8.5 9.0
Medow fescue Lifelix 6.0 18.0 35.0 6.2 - - 8.0 8.8

Alkaligrass Newhy 5.0 14.0 35.0 4.1 - - 8.5 8.5

Performance ratings based on 9=best ; 1=poorest, and 6 acceptable.

stock Research Institute, RDA. The data do not represent the seasonal trends of leaf
growth from 20 June onwards, However, inflorescnece in grasses and flowers in legumes
could be investigated without any trouble,

Leaf length of the plants as measured on 20 June varied remarkably between species
and cultivars. The plants with leaves of more than 10 cm long on 6 May were : tall fescue
cultivars such as ‘Ky 31, ‘Au-Triumph’ and ‘Felopa’; ‘Prima’ perennial ryegrass: Italian
ryegrass cultivars such as ‘Tetrone’, ‘Ramultra’, ‘Florida 80°, ‘Bettina’ and ‘Mach’. All
cultivars of Italian ryegrass had positive linear functions of seasonal advance.

The leaves of ‘Fellopa’ tall fescue and ‘Florida 80’ Italian ryegrass were obtained on 20
June with length ranging up to a maximum of 70 cm, Considering that leaves with more
than 50 cm long play an important role as soil cover function, ‘Bison’ hybrid ryegrass,
‘Florida 80’ and ‘ Au-Triumph’ tall fescue are closer to this line,

Leaf width data showed little significant difference between cultivars in similar species.
Orchardgrass and tall fescue cultivars among grass species except reed canarygrass had
notably broader leaves than other species to the end of the growing season,

Small species differences in grass and legume performance occurred on both 20 October
and 11 November (Table 5). In the absence of additional fertilizer application, 7.3 to 8.1
ratings of orchardgrass cultivars was obtained on 20 October and then 8.4 to 9.4 ratings on
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Table 6. Munsell color notations of 42 turfgrasses and cover plants as measured by Korean Standard

Color Charts on 11 November 1995

Munsell color notation Species Cultivar
5GY 4/4 Kentucky bluegrass ‘Oxford’
Kentucky bluegrass ‘Aguila’
Kentucky bluegrass ‘Kenblue’
Timothy ‘Climax’
Timothy ‘Clair’
Reed canarygrass ‘Palaton’
Reed canarygrass ‘Frontier’
Reed canarygrass ‘Venture’
Red clover ‘Ram’
Red clover ‘Renova’
5GY 4/6 Italian ryegrass ‘Florida 80
Timothy ‘Liphlea’
Alkaligrass ‘Newhy’
Red clover ‘Kenland’
5GY 4/8 White clover ‘Seminole’
5GY 3/4 Perennial ryegrass ‘Lipondo’
Perennial ryegrass ‘Prisma’
[talian ryegrass ‘Barmultra’
Italian ryegrass ‘Macho’
Kentucky bluegrass ‘Troy’
Orchardgrass ‘Hallmark’
Orchardgrass ‘Syn. No. 2’
Hybrid ryegrass ‘Bison’
Alfalfa ‘P-5444’
5GY 3/6 Perennial ryegrass ‘Hella’
Perennial ryegrass ‘1-6p’
Perennial ryegrass ‘Friend
Italian ryegrass ‘Bettina’
Orchardgrass ‘Potomac’
Alfalfa * Anchor’
Alfalfa ‘Luna’
Red clover ‘Renegade’
7.5GY 4/4 Tall fescue ‘Bull forage’
Tall fescue ‘Au-Triumph’
Tall fescue ‘Felopa’
Tall fescue ‘Fawn’
Meadow fescue ‘Lifelix’
7.5GY 3/4 Kentucky bluegrass ‘Asset’
Orchardgrass ‘U-8544’
Tall fescue ‘Ky 31’
7.5GY 3/6 Bentgrass ‘Penncross’
Italian ryegrass ‘Tetrone’




11 November. In the other speices, particularly in tall fescue and Italian ryegrass, the
number of plants representing high ratings increased greatly by 11 November. Italian rye-
grass cultivars showed the range of between 8.0 to 8.8 ratings in the first observation on
20 October and then 8.8 to 9.0 ratings in the second observation on 11 November.

Even in tall fescue, ratings ranged from 8.1 to 9.0 in the first observation and then 9.1
to 9.5 in the second.

Table 6 shows Munsell color notations of 42 commonly used turfgrass and cover plant
species and cultivars as measured 11 November 1955. A wide range of colors exists among
turfgrass and cover plant species and cultivars, and differences in leaf color among species
or cultivars varied on the end of observation date.

Applying fertilizer uniformly until the end of the growing season gave a remarkable ef-
fect of color retention in turfgrass and cover plant species and cultivars. Among 42 species
and cultivars, were 32 within the range of 5GY category, and particularly 17
species and cultivars had the notation of 5GY 3 /4 or 3/6. All cultivars of perennial rye-
grass and orchargrass except ‘U-8544" were also within their categories.

Ranging from notation 5GY 4/4 to 4/8 were 15 species and cultivars : all three
cultivars of reed canarygrass, and Kentucky bluegrass cultivars such as ‘Oxford’, ‘Aguila’
and ‘Kenblue’ showed still a similar pattern for early November environment negatively
correlated with actual low temperature.

Also, most of Kentucky bluegrass cultivars belonged under the 5GY category with the
exception of ‘Asset’. All perennial ryegrass cultivars were found to belong under the
category of 5GY 3/4~3/8. On the other hand, five tall fescue cultivars showed 7.5 GY
3/4~4/4.

‘Asset’ Kentucky bluegrass, ‘U-8544’ orchardgrass, ‘Ky 31’ tall fescue and ‘Tetrone’
Italian ruegrass could be rated as 7.5GY 3/4 and 3/6 types. Meanwhile, tall fescue
cultivars as a whole were found to remain within the category of 7.5GY 4 /4 type.

DISCUSSION

Assessment of the N status of tufgrasses or cover plants for landscape is traditionally
based on the N concentration of leaves of the current season’s growth. In general, such
leaf concentration information has been used to evaluate the leaf color and to correct the
next season’s potential nutrients stress. Thus, a more interactive approach to turfgrass
nutrients that would allow mornitoring of turfs nutrition status throughout the growing
season is desirable.

1. The effects of the different treatments on turf color

The SPAD chlorophyll meter used in this trial is to assess the N status of leaves in a
variety of annual crop(Follet e al., 1992; Piekielek and Fox, 1992; Turner and Jund, 1991).
It is true that there is insufficient background information available to relate plant N con-
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centration to N requirements at various growth and fruiting stages. However, given the
flexibility and speed of SPAD measurements, a possible role is likely to be seen for using a
SPAD meter to estimate folia N status in the field. The SPAD reading values here
reported is representing the level of chlorophyll contzining in leaf blade. Recently
improved spectrometer was used to objectively evaluate turfgrass color. These methods of
color evaluation are correlated with turf grass color but do not represent the true color of
the turf as a whole(Beard, 1973). Although the acculate measurement of turfgrass color is
slightly critical since color acceptibility is based on personal preference, the utilization of
means to use the appropriate instrument for rapid measurement of chlorophyll status in
plant fractions including leaf blade will be easily popularized.

The effects of nitrogen application and cutting treatment on the coloration of turf
leaves were to a large extent in accordance with general experience. Thus a high color-
ation was maintained even at moderate nitrogen level, and leaf performance tended to be
comparatively favorable. In the first experiment conducted, nitrogen effect on coloration
of turfgrass was most remarkable in perennial ryegrass: increase by applying nitrogen
reached 94.5%;, whilst 69.6% with Italian ryegrass, The results that relatively low effect
of N application on color increment was recorded in Korean lawngrass or Manilagrass
seemed to be due partly to varietal characteristics possed by turgrasses. Somewhat anal-
ogous observations demonstrated by Piekielck and Fox(1992) in maize suggest that this
was probably a sequence of a positive correlation and linear regression between the green
color of the turf and the amount of nitrogen applied. Also, the foregoing results show that
in the simulated trial SPAD readings representing color performance were considerably
higher in two Zoysiagrasses than in two Lolium species or tall fescue under the condition
of continuous suppliment of nitrogen.

SPAD readings from non-treatments appeared to differ less markedly, but those of
Italian ryegrass were still at a disadvantage. However, green color in the two
Zoysiagrasses was more responsive to cutting practice. The results that SPAD readings
were reduced by cutting practice with cool season turfgrasses as compared to
Zoysiagrasses would be attributed to restriction of restoration from injuries after cuts and
to slow regrowth following high temperature stress. Therefore, cutting practice in summer
period may play a role as a variable to retain the green color in turfgrasses.

The fact that SPAD readings were lower from nitrogen plus cutting treatment than
from nitrogen alone, particularly with cool season turfgrasses rather than with
Zoysiagrasses. Under other circumstances interactions between nitrogen applied and cut-
ting treatment may lead to other results(Alison, 1966).

As can be seen in the second experiemnt, turfgrasses or cover plants had a considerably
low content of chlorophyll in mid-July where nitrogen or regular cutting treatment were
not input. This case was also in line with that in the first experiment. Particularly under
the field conditon, failure of increasing the reading value in mid-July in grasses is due
partly to a) increased reproductive part after the begining of flowering, b) a plenty of
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dead parts with yellowish leaf blade attached on tillers following regular summer mowing
practice, c) excessive shortening combined with the postponement of growth because of
high temperature, and d) physiological stress following unfavorable growth period.

The factor which excercised the greatest influence upon blade life-span was nitrogen
fertiizer, and the responses to this nitrogen of green leaf life-span, which is indicating a
longevity of retaining the green color in a leaf blade, were striking. Namely, the life-spans
of cool- and warm-season turfgrasses were increased by 8 and 10 weeks, respectively, by
applying nitrogen fertilizer. The longevity of leaf blades attached on tillers of turfgrasses
here reported when investigated on 26 April, 2 May and 19 June following nitrogen appli-
cation was relatively shorter than what Davies(1969) had studied for S-24 perennial rye-
grass in UK.

Although the general pattern of green leaves of turfgrass receiving nitrogen is to
decreased its life span, the results obtained in this study was quite contrary to the fact
that Davies(1969) found. The interpretation advocated is based on the fact that the ex-
tent of the effect of nitrogen on decrease in the life-span of green leaf blade coincides
with the period when the leaf appearence rate was most markedly stimulated. In other
words, these effects are correlated resposnes bound up with the developmental activity by
fertilizer N leading to accelerated senescence of fully expended green leaf blades.

On the other hand, Shim(1966) demonstrated that the life-span of culm leaf blades in
Korean lawngrass would be increased by application of nitrogen shortly before head
emergence. The overall data here presented may be in line with this results.

In spite of the presence of nitrogen, leaves appeared in early May excercised a sup-
pressive influence over the following leaves, and thus stimulated the secenscence of
leaves emerging in mid-June resulting in reduction of nitrogen effect to extend the lon-
gevity in both Italian ryegrass and perennial ryegrass.

Korean lawngrass and Manilagrass had their durable abilities to prolong the life-span of
leaves as compared to cool season turfgrasses. This phenomenon might be related to the
physiological characteristics that responses to temperature, or other nutritional media,
vary according to species. It can be explained that proteolysis in leaves of warm season
grasses initiates quite slowly even after the development of inflorescence, which is con-
trary to that in leaves of cool season grasses.

2. The change of color notation

Korean Standard Color charts, together with SPAD reading value, were used to assess
the level of color status in leaf blade. In this trial color charts had been used as reference
points in the determination of the actual turfgrass color, A wide range of colors exists
among turfgrass species and cultivars(Butler, 1963).

Color is a consideration in mixing turfgrass species or blending cultivars. For example,
the light, yellow green color of rough bluegrass is not compatible with the color of the
commonly used Kentucky bluegrasses, while the color of Pennlawn red fescue blends quite
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well. The ability to retain a green color in late fall or over the winter period is also an im-
portant characteristic to be considered in selecting improved cultivars.

As long as about 3 to 4 months of the winter period and 2 months of summer depression
period a year are existed, retaining green color before and after turfgrass growing season
may be difficult, in fact, to maintain the green fields satisfying players or the landscape
harmonized.

Mixtures of two or three species produce better color, as each reaches its period of
maximum growth at different times, In British conditions, fescues are of better appear-
ance during April, May, and June, although they have a poor winter color, Agrostis species
are more noticeable during July, August, September, and October; perennial ryegrass has
good color during the spring and fall; rough-stalked meadowgrass and crested dogstail are
usually wintergreen and Poa annua is often at its best in winter (Davies, 1969).

However, geographycal or climatical conditions in order to achieve an acceptable level
of turfgrass quality should be considered. For example, redtop is not particularly accept-
able for use in mixtures with Kentucky bluegrass and red fescue since it has a gray-green
color that disrupts the appearance of a Kentucky bluegrass-red fescue polystand(Davis,
1961). Similarly, the light green color of Italian ryegrass are objectionable for use in mix-
ture with Kentucky bluegrass and red fescue,

In this connection, we observed the color change for turfgrasses and cover plants over
the growing period and for five turfgrasses on specific dates of the late growing season.
All turfgrasses were 5GY type, or grass green color, and 10GY type, or olive gree color in
late September under the condition of no external practice input. These color status was
changed to 7.5-10YR type, or moderate reddish yellow to orangey yellow color, and 2.5Y
type, or moderate yellow color, in early November. It could be observed apparently to be
yellowed densely in warm-season turfgrasses such as Zoysiagrass. An adverse effect on
changing coloration following nitrogen application was apparent on both 21 September and
6 November : Italian ryegrass, perennial ryegrass and tall fescue could maintain the status
of 5 GY types, or yellow green color,

On the other hand, color notations in both Zoysiagrass were 7.5Y, or moderate yellow
color, in Manilagrass and 7.5YR, or moderate reddish yellow color, in Korean lawngrass.
These results were fully agreed with the findings obtained by Shim and Yun's study
(1987) in which green color was extended to early November by applying nitrogen.

The fact that little particular difference between the treatments of nitrogen application
alone and nitrogen plus cutting practice could be detected indicates that the coloration of
turfgrasses does not respond to the effect of mowing as noted by Beard (1973). As data
shown in Table 2, the colors responded by cutting practice were 10YR 2 /2 for both Italian
ryegrass and perennial ryegrass, 10YR 3/6 for tall fescue, 7.5YR 4/4 for Korean
lawngrass and 2.5 Y 6 /8 for Manilagrass.

In the late fall when most of warm season grasses loose chlorophyll containing in leaf
blade, a large number of turfs and cover plants investigated in the second experiment be-



314 & 2hr) 53] ) A9H A4 3

long within the category of 5 GY and 7.5 GY, indicating yellow green. However, there
existed the various diversified nature of color among 48 different species and /or cultivars,
and this possibly gives us an example to utilize in terms of colorful landscape consideration
of mixing species or blending cultivars in gardens and other places for the purpose of color
harmony.
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