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Abstract. Economic and environmental concerns over nitrogen (N) fertilization of turf-
grasses are prompting serious considerations of how to best use various N pools in turf-soil
ecosystems. Nitrogen in clippings is receiving special consideration butinformation on how
large and variable this N source might be for different turfgrasses is limited. Therefore,
a field study investigated growth of and N recovery in clippings from 10 cultivars each of
kentucky bluegrass (Poa pratensis L.), perennial ryegrass (Lolium perenne L.), and tall
fescue (Festuca arundinacea Schreb.) turf at the University of Rhode Island Turfgrass
Research Station, Kingston, during 1990 and 1991 growing seasons. All turf had been es-
tablished in 1985, 1986 or 1987 on an Enfield silt loam (Coarse loamy over sandy skeletal,
mixed, mesic, Typic Dystrochrepts) and maintained under N fertilization rate of 147 kg
N ha/year. Daily clipping growth rate (DCG), leaf blade N concentration (NC), and daily
N recovery rate (DNR) in clippings were compared across species and cultivars. Seasonal
clipping yields ranged from 5152 kg dry weight/ha for tall fescue to 3680 kg-ha™ for pe-
rennial ryegrass. Significant species differences in the amount and seasonal pattern of N
recovery were identified. Cultivar differences in N recovery were greatest for kentucky
bluegrass but much less for perennial ryegrass and tall fescue. Total N recovery in clip-
pings ranged from 260 to 111 kg N/ha/year generally exceeded N supplied as fertilizer,

thus emphasizing potential importance of clipping N in turf management.

Since the late 1960s, trends in turfgrass
fertilization practices have been toward lower-
ing nitrogen (N) application rates. Aside from
economic considerations, this trend has been
driven by concerns over nitrate contamination
of surface and ground waters. Numerous stud-
ies have demonstrated established turf to be
an efficient scavenger of soil nitrate, to permit
marginal nitrate leaching and to impede sur-
face flow during heavy rain events (Petrovic,
1990; Hull and Liu, 2005). However, some
measurements of nitrate leaching and runoff
during establishment and post-establishment
periods have indicated potential for significant
N transport and water contamination (Geron et
al., 1993; Easton and Petrovic, 2004; Petrovic
and Easton, 2005). Leaching losses as high as
186 kg NO,™ N/ha were reported from a newly
seeded kentucky bluegrass (Poa pratensis
L.)-perennial ryegrass (Lolium perenne L.)
mix (80%:20%, w/w) grown on a sandy loam
soil (Easton and Petrovic, 2004) and during the
second year, leaching losses declined to 22 kg
NO,™ N/ha. Soluble organic N sources (urea)
were subject to leaching while manure com-
posts and biosolids leached much less nitrate,
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64 and 9 kg NO,” N/ha, for establishment and
post-establishment years, respectively.

Nitrogen efficiency of managed turf has
been achieved by employing slowly soluble N
carriers, timing applications better to meet turf-
grass needs, adjusting irrigation to minimize
excess drainage and selecting genotypes that
are more efficient in recovering nitrate from
the soil (Hull et al., 1994; Liu et al., 1993).
However, cool-season lawn or fairway turf
continues to receive 50 to 175 kg N/ha/year
depending on the species and intensity of man-
agement (Beard, 1973; Petrovic, 1990).

Nitrogen use on turf is increasingly being
analyzed froma system perspective where mass
balance of N within the turf-soil ecosystem
becomes the basis for N fertilization (Easton
and Petrovic, 2004; Engelsjord et al., 2004;
Horgan et al., 2002). This approach depends
upon identifying and quantifying all sources
and losses of N within turf-soil systems and
understanding their dynamics over both short
(months) and long (years) intervals. This
information has been collected over the past
20 years and is being assimilated into models
that describe N fluxes through various com-
partments of turf-soil systems and to identify
limiting factors affecting turfgrass performance
(Qian et al., 2003).

Isotopic studies involving N have de-
termined partitioning of fertilizer N among
various compartments of turf-soil system

(Engelsjord et al., 2004; Horgan et al., 2002;
Miltner et al., 1996; Starr and DeRoo, 1981).
Clippings ofkentucky bluegrass and perennial
ryegrass collected throughout the growing
season contained about 45% of labeled fertil-
izer N (LFN); thatch-mat contained 20%/10%
of LFN, verdure contained 2% and soil (40
cm depth) contained 12% of LFN 365 d after
fertilizer application (Engelsjord et al., 2004).
Ofthe LFN applied, about 72% was recovered
after one year, the remaining 28% being lost
through denitrification, volatilization of am-
monia, leaching of nitrate or in collection and
processing of samples. It was also noted that
thatch, defined as undecomposed organic mat-
ter including rhizomes, initially immobilized
about 35% of LFN but as mineralization of
these organic residues progressed, label N in
thatch decreased and soil LFN increased often
exceeding 20% of fertilizer N.

Clipping N was variable in most of these
experiments since it was removed during sam-
pling and not recycled to the soil. Only Starr
and DeRoo (1981) returned clippings to plots
fromwhich they were harvested and clipping-N
(current season and past years) amounted to
50 kg N/ha and accounted for 30% of N used
by turf. They concluded that if clippings were
retained, applications of fertilizer N could be
reduced by one-third. Kopp and Guillard (2002)
concluded that clipping retention on established
turf could justify reducing N applications by
50% or more due to N supplied by clippings.

Clippings canreturn substantial amounts of
N to turf-soil system. In northern California,
Harivandi et al. (2001) obtained clipping dry
matter yields of 4724 kg-ha!-year™ from turf
composed of kentucky bluegrass and peren-
nial ryegrass. These clippings contained 156
kg N/ha that almost equaled fertilizer N ap-
plied (195 kg-ha'year') as (NH,),SO,. They
observed that mowing with a recycling mower
enhanced turf quality but did not alter turf
density or texture. In Michigan, Engelsjord
et al. (2004) obtained annual clipping yields
of 7680 kg-ha™' dry matter containing 258 kg
N/ha from kentucky bluegrass turf and 7850
kg-ha™! containing 241 kg N/ha from peren-
nial ryegrass. Annual N applications totaled
293 kg-ha! explaining greater clipping yields
and N recovery than that reported for the
California study.

Clippings contribute substantially to annual
N budgets of turf-—soil ecosystems and this
must be factored into any turf management
strategy designed to increase N use efficiency
and minimize N losses to surface and ground
waters (Heckman et al., 2000; Bigelow,
2005). However, turfgrasses differ in clipping
production and N content as do cultivars of
turf species (Liu et al., 1993). Differences in
clipping management of various turfgrasses
might influence efficiency of N use for long-
term fertilization and culture.

To test this hypothesis, experiments
compared cultivars of three field grown cool
season turfgrasses for growth and clipping N
recovery under a moderate N fertilization re-
gime over two growing seasons. Findings may
provide quantitative assessments of potential
contributions clipping management can make
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toward designing strategies for reducing N
fertilization of turf.

Materials and Methods

Ten cultivars each of kentucky bluegrass,
perennial ryegrass, and tall fescue, listed in
Tables 2 through 5, were randomly selected
from National Turfgrass Evaluation Program
(NTEP) trials planted as randomized complete
block design with three replications. These
evaluation trials had been seeded in 1985,
1986, or 1987 at the C.R. Skogley Turf Re-
search Center of the Rhode Island Agricultural
Experiment Station, Kingston, R.I., on an
Enfield silt loam (Coarse loamy over sandy
skeletal, mixed, mesic, Typic Dystrochrepts)
of pH 6.5. Plots received 147 kg N/ha/year
in granular form as three equal applications
of 49 kg N/ha in April, June and November.

Fifty percent of applied N was ammonium
nitrate with the remainder as urea (25%) and
methylene urea (25%).

Experiments were conducted on mature turf
during two growing seasons of 1990 and 1991.
Plots were mowed twice weekly from May to
October with clippings returned except when
clipping samples were collected. A manually
powered reel mower set at 3.8 cm mowing
height with collecting basket attached was used
for harvesting clippings from a sampling area
measuring 0.48 x 1.5 m of each 1.0 x 2.0 m
plot. Clippings were harvested biweekly and
clipping contamination from adjacent plots
was minimized by only harvesting one half
(0.48 m of 1.0 m) of the width of each plot
and a reduced length (1.5 of 2.0 m) of sam-
pling area of 0.72 m? of total plot area of 2.0
m?. Plots were irrigated only when necessary
to avoid drought stress and accumulatively

amounted to 330 and 250 mm in 1990 and
1991, respectively.

Clippings were oven dried at 75 °C for 48
hours, weighed and ground in Wiley mill to pass
a 40-mesh screen. For both growing seasons,
daily clipping growth rates (DCG) were cal-
culated as biweekly clipping yield times 0.285
(4/14) since turf was mowed 4 times within
each 14-d period and clippings from one of four
mowings were collected and analyzed. Total N
concentration of clippings (NC) was determined
using a semimicro-Kjeldahl procedure (Eastin,
1978). This method analyzed both reduced and
oxidized N by including one-hour predigestion
in 30 sulfuric acid :1 salicylic acid (v/w) at
room temperature and reduced all NO,” and
NO, to NH," before standard Kjeldahl diges-
tion of organic N. Daily N recovery in clippings
(DNR) was calculated by multiplying DCG by
NC (Liu et al, 1993).

Table 1. Monthly growth and nitrogen recovery in clippings for three turfgrass species: tall fescue (TF), kentucky bluegrass (KB), and perennial ryegrass (PR)

(mean of 10 cultivars each of 1990 and 1991).

Species May June July August September October Average
Daily clipping growth (g dry tissue/m?/d)
TF 49a’ 37a 25a 25a l.6a 1.6 28a
KB 29b 33b 32a 22a 15a 1.5 2.5b
PR 45a 23¢ 1.3b I.1b 1.2b 1.6 20c¢
Nitrogen content (mg N/g dry tissue)
TF 36.0 ¢ 3l.6¢ 359¢ 43.6b 385D 3940 373 ¢
KB 41.7a 374 a 452a 49.0a 453 a 434a 434a
PR 38.0b 352D 429b 49.1a 45.0a 44.0a 42.1b
Daily N recovery in clippings (mg N/m?%/d)
TF 183.2 a* 1162 a 101.3b 1123 a 62.1b 65.1 107.6 a
KB 123.0b 125.1a 140.8 a 109.3 a 72.5a 69.0 1073 a
PR 164.6 a 78.1b 64.7 ¢ 53.0b 56.9b 69.8 81.2b

“Means in a column for each clipping parameter followed by the same letter are not significantly different at p < 0.05 based on Duncan’s multiple range test.

Table 2. Daily clipping growth rate (DCG) for 10 cultivars each of kentucky bluegrass, perennial ryegrass, and tall fescue (monthly means for 1990 and 1991).

Growth rate (g dry tissue/m?/d)

Cultivar May June July August September October Average
Kentucky bluegrass
Kenblue 4.6 a* 3.8b 4.2 2.7a 2.1la 19a 32a
Able 1 20c¢ 4.1a 4.1 2.6 ab 2.1a 20a 29a
Joy 4.0 ab 3.7 ab 3.4 2.1ab 1.3 be 1.4 ab 2.7 ab
Trenton 3.6a-c 3.6ab 32 2.3 ab 1.7 ab 1.3 ab 2.7 ab
Bristol 29a-—c 32a—c 3.0 2.6 ab 2.1a 20a 2.7 ab
Eclipse 2.4 be 3.5ab 29 2.6 ab 1.6 ab 1.5 ab 2.5bc
Parade 29a-—c 33a—c 2.6 1.9 ab 1.4 bc 1.7 ab 23 be
Liberty 2.3 be 4.0 be 33 2.0 ab 1.2 bc 1.3 ab 2.2bc
Midnight 2.9 a-c 2.9 be 1.9 1.3b 09c 1.4 ab 19¢
Blacksburg 1.8¢ 24c¢ 2.9 2.2 ab 1.0c 1.0b 19¢
Perennial ryegrass
Linn 49 2.7 1.5 1.1 ab* 15a 1.8 23a
J-207 45 2.4 1.6 l4a 1.5a 2.1 22a
PST-2PM 53 2.5 1.3 0.9 ab 1.1 ab 1.5 2.1ab
Derby 4.4 2.1 1.4 1.2 ab 13a 1.7 2.0 ab
Ranger 4.7 22 1.4 1.2 ab 1.0 ab 1.5 2.0 ab
J-208 42 2.3 1.2 1.0 ab 1.2 ab 1.8 1.9 ab
Manbhattan 44 22 1.2 1.1 ab 1.0 ab 1.6 1.9 ab
Repel 4.1 2.4 1.2 1.1ab 13a 1.2 1.9 ab
Yorktown 4.1 2.0 1.2 1.0 ab 13a 1.5 1.9 ab
Tara 4.0 1.8 0.8 0.7b 0.6b 1.1 1.5b
Tall fescue
P-164 5.2 4.2 ab” 2.6 2.8 2.1a 2.1a 32a
P-160 5.3 3.6 ab 2.8 2.9 1.9 ab 23a 3.1ab
Kentucky-31 4.9 4.3 ab 2.7 2.7 1.7 ab 2.1a 3.1ab
Falcon 49 43a 2.7 2.8 1.7 ab 1.6 ab 3.1ab
Jaguar 5.7 3.7 ab 2.6 2.6 1.6 ab 1.6 ab 3.0 ab
Arid 5.0 4.0 ab 2.8 2.5 1.6 ab 1.3 ab 2.9 ab
Rebel 11 49 3.6 ab 2.8 2.7 1.4 a-c 1.4 ab 2.8 ab
Apache 52 33ab 2.3 2.5 1.6 ab 1.5 ab 2.8 ab
SYN GA 4.0 3.4 ab 2.0 2.0 1.3 be 1.1 ab 2.4 be
PST-5AG 3.6 2.7b 1.8 1.5 0.8¢c 0.8 b 19¢

“Means in a column for each species followed by the same letter are not significantly different at p < 0.05 based on Duncan’s multiple range test.
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Cultivar plots within each species trial
were arranged in arandomized complete block
design with three replications. Plots of three
species were treated as incomplete split plots
(Lentner and Bishop, 1986) with 10 cultivars
serving a replication for each species. Data
were subjected to analysis of variance using
Proc GLM with Statistical Analysis System
(SAS Institute Inc., 1990). Means were sepa-
rated with Duncan’s multiple range test. Years
were combined since interactions were not
detected with parameters measured. One of
every four clipping harvests was analyzed to
reduce unnecessary work since no differences
in both clipping yield and chemical analysis
were found within any 2-week period for four
clipping harvests collected.

Results and Discussion

Species Comparisons

Significant differences in clipping growth
and N recovery in clippings were generally
noted among the three species throughout the
growing seasons except in October when only
differences in N content were detected (Table
1). Greater variation in clipping growth and N
recovery rates was evident during May, June,
and July than other dates. Clipping yields and
recovered N in May and June were more than
twice those of September and October. This
likely reflected growth activity of cool-season
grasses during the spring (Turgeon, 2005) be-
fore soil temperatures increased. Nitrogen con-
centration in clippings of all three turfgrasses

increased more than 30% between June and
August coinciding with their decline in clipping
growthrate and an increase in soil water nitrate
(Geron et al., 1993; Liu et al., 1997).

Kentucky bluegrass had slower growth in
May while perennial ryegrass exhibited greater
clipping growth and N recovery rates but these
declined by 50% during June and reached
their lowest levels during August (Table 1).
Tall fescue followed similar seasonal clipping
yield and N recovery pattern but maintained
significantly greater rates than perennial
ryegrass during most of summer. All grasses
were least active during September with only
perennial ryegrass exhibiting signs of recovery
during October.

Following a decline from May to June,
leaf N content increased in all grasses through
August (Table 1). In general, DCG rates and
DNR rates were positively correlated while
NC and DNR were negatively correlated in
all grasses (Liu et al., 1993).

Cultivar comparisons

DCGprates. Significant differences in DCG
rates were detected among kentucky bluegrass
cultivars during all months except July (Table
2). Cultivar differences were observed only
twice in perennial ryegrass (August and Sep-
tember) and three times in tall fescue (June,
September and October). Generally, cultivars
with the lowest average clipping growth rates
were consistently low yielding during spring,
summer and fall. Cultivars exhibiting high
DCG rates in spring were less consistent

throughout the season. Clipping growth rates
among cultivars during any month did not
exceed a two-fold difference. In general, all
cultivars of three species showed greater DCG
rates during spring and early summer than
during late summer and fall consistent with sea-
sonal growth patterns for cool-season grasses
(Christians, 2004; Turgeon 2005). Greater
frequency of significant differences in clip-
ping growth rates among kentucky bluegrass
cultivars may reflect its broader genetic base
than that of perennial ryegrass and tall fescue
(Funk et al., 1993).

Total clipping yields for tall fescue, ken-
tucky bluegrass and perennial ryegrass aver-
aged 5152,4600, and 3680 kg dry mass ha! for
the two seasons. These values are comparable
to that reported by Harivandi et al. (2001)
for a kentucky bluegrass—perennial ryegrass
mixture (4724 kg-ha ') and by Engelsjord et al.
(2004) for kentucky bluegrass (7680 kg-ha™)
and perennial ryegrass (7850 kg-ha™). Latter
experiment used two times N rate applied in
our study (293 vs. 147 kg N/ha/year).

NC. Significant differences in NC were
observed less frequently among cultivars than
were differences in clipping growthrates (Table
3). Clipping N content differed significantly
during only one, three and three months for
kentucky bluegrass, perennial ryegrass and
tall fescue, respectively. Clipping N levels
among cultivars always differed significantly
in June but not May (Table 3) although differ-
ences were greater in May. During May, soil
NO,™ had been largely depleted (Liu et al.,

Table 3. Nitrogen concentration (NC) of clippings for 10 cultivars each of kentucky bluegrass, perennial ryegrass, and tall fescue (monthly means for 1990 and

1991).
NC (mg N/g dry tissue)
Cultivar May June July August September October Average
Kentucky bluegrass
Bristol 423 38.2 ab” 47.1 51.3 475 45.0 450a
Midnight 45.4 39.6a 46.1 48.9 454 44.6 44.8 ab
Kenblue 41.7 39.6a 44.6 48.3 44.7 435 43.6 ab
Eclipse 42.5 37.8 ab 45.8 49.6 442 42.8 43.6 ab
Able I 423 369 a—c 44.6 48.8 459 44 43.5ab
Liberty 41.0 372 a—c 459 48.6 45.4 43.4 43.3 ab
Joy 40.9 372 a—c 453 48.4 45.1 43.1 43.1 ab
Trenton 39.2 354 be 45.7 49.4 45.6 43.6 42.8 ab
Blacksburg 41.5 37.6 ab 443 48.7 442 415 42.8 ab
Parade 413 345¢ 43.3 479 45.1 42.1 42.1b
Perennial ryegrass
Repel 389 37.5a 50.8a 50.3 439b 453 44.4
Yorktown 27.3 35.8 ab 44.0 ab 48.6 544a 443 424
PST-2PM 40.0 33.9ab 41.7b 49.6 4440 442 423
J-207 38.6 359 ab 4190 49.5 452b 42.1 42.0
Ranger 383 36.2 ab 429b 48.0 422b 44.4 42.0
Derby 35.2 35.0 ab 40.6 b 49.5 449b 45.6 41.8
Tara 39.3 35.9 ab 42.0b 48.1 42.5b 42.4 41.7
Linn 36.4 35.1ab 41.1b 49.5 42.6b 443 41.5
Manhattan 383 3270 44.9 ab 48.2 41.6b 433 41.5
J-208 37.5 34.4 ab 389b 50.1 432b 443 414
Tall fescue
Rebel 38.3 33.9 a 37.5 46.1a 40.5 41.3 ab 394a
P-160 37.1 31.3ab 37.1 46.0 a 40.2 458 a 392a
Jaguar 383 340a 37.4 444 a 383 38.8 be 38.3 ab
Arid 37.5 33.6a 35.7 43.9 ab 39.7 38.6 be 38.0 ab
Falcon 36.4 32.2ab 36.3 43.4 ab 38.5 38.9 be 37.4 ab
P-164 36.0 30.7 ab 36.6 43.8 ab 38.5 39.4 be 37.2 ab
PST-5AG 34.8 333a 36.5 43.4 ab 37.2 38.5bc 37.0 ab
Kentucky-31 34.1 30.8 ab 35.0 43.4 ab 38.8 39.1 be 36.6 ab
Apache 35.7 30.3 ab 333 42.2 ab 38.1 38.5bc 36.1b
SYN GA 32.2 26.5b 33.7 39.7b 34.9 347 ¢ 333 ¢
“Means in a column for each species followed by the same letter are not significantly different at p < 0.05 based on Duncan’s multiple range test.
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1997) and temperatures were still in optimum
range for root growth and function (<24°C)
(Beard, 2002). However in June, additional
fertilizer N was applied, mineralization of
soil organic N might have increased and roots
began to experience high temperature stress.
Turfgrass responses to these June conditions
are more likely to be under genetic control
(nitrate absorption rate and transport to leaves,
high temperature tolerance) resulting in greater
cultivar variations in leaf N levels.

DNR in clippings. Similar to clipping
growth rate data, daily N recovery in clippings
exhibited significant differences among ken-
tucky bluegrass cultivars during four of the six
months (Table 4). By comparison, DNR rates
differed significantly only during September
for perennial ryegrass and tall fescue. Seasonal
averages of DNR rates exhibited significant
differences for all grasses. Daily clipping
growth rates influenced the rate of N recovery
in clippings more than NC of clippings.

During spring and early summer, trends in
Nrecovery were cultivar specific especially for
kentucky bluegrass. While ‘Able I’, ‘Liberty’,
and ‘Blacksburg’ exhibited lowest DNR rates
inMay, they all increased dramatically through
June to July; ‘Able I’ and ‘Liberty’ increased
rapidly but ‘Blacksburg’ more slowly. By
comparison, ‘Kenblue’, and ‘Midnight’ re-
covered N at a high rate in May but declined
through June and July while ‘Parade’ did not
show summer decline in clipping N recovery.
More aggressive cultivars, e.g., ‘Blacksburg’,
lose less leaf tissue during mowing and thus

contributed less carbonand N to clippings. This
conservation of resources and retention of more
photosynthetic leaf surface likely contribute
to aggressiveness of these grasses and genetic
diversity (Bonos et al., 2000).

Less variation in seasonal pattern of DNR
rates was evident in perennial ryegrass and
tall fescue (Table 4). Greatest mean DNR rate
for perennial ryegrass was observed in May
when it was about two times that of any other
month. This reflected high efficiency of both
NO,™ (Liu et al., 1993; Bushoven and Hull,
2001; Bushoven and Hull, 2005) and NH,*
(Clarkson et al., 1986) absorption by peren-
nial ryegrass and its rapid transport of NO," to
leaves (Bushoven and Hull, 2001; Bushoven
and Hull, 2005). However, upright growth of
perennial ryegrass leaves may result in large N
losses during mowing and may explain rapid
decline in DCG and DNR rates following early
season mowings.

Discussion

Results show N recovered in clippings
was not only derived from current fertilizer
applications, which is not unusual as demon-
strated by several studies (Engelsjord et al.,
2004; Miltner et al., 1996; Starr and DeRoo,
1981). These studies noted current season N
applications contributed only 34% to 47% of
total N recovered in clippings. Clipping N is
derived from thatch, clippings from previous
years and mineralized soil organic N. Clippings
retained on turf contributed 30% (Starr and

DeRoo, 1981) to 50% (Kopp and Guillard,
2002)to current season N recovery in clippings.
These authors suggest that fertilizer N can be
reduced by 30% to 50% with no loss in turf
quality when clippings are returned.

Studies with '°N labeling mentioned above
also determined that 25% to 37% of applied
fertilizer N becomes incorporated in soil or-
ganic matter over a 2 to 3 year period with the
larger amounts incorporated when clippings
are returned. As soil organic matter in turf-soil
ecosystem increases with time, soil organic N
willalsoincrease also increase to>2500kg N/ha
(Hull and Liu, 2005; Petrovic, 1990; Qian et
al., 2003). Plots used in this study were seeded
on land that had been as managed as turf for at
least 20 years and in grass-legume forage stands
for previous 20 to 25 years. Analyses of total
soil organic N had indicated levels of about
2300 kg N/ha. If only 4% of this soil organic
N is mineralized each year, about 100 kg N/ha
will be rendered available to turfgrass roots.
Adding this to the 200 kg N/ha provided by
clippings returned to turf, a significant quantity
of N is present and cycled through turf-soil
system (Bigelow et al., 2005). Based on this
analysis, there appears to be ample opportunity
toincrease Nuse efficiency in turfgrass manage-
ment. Retaining clippings and accounting for
the mineralized soil organic N should permit
reductions in N fertilization of about 50% to
75% (Heckman et al., 2000). Achieving these
economic and environmental advantages has
promising implications for future research in
turf N management.

Table 4. Daily N recovery rates in clippings (DNR) for 10 cultivars each of kentucky bluegrass, perennial ryegrass, and tall fescue (monthly means for 1990

and 1991).
DNR (mg N/m%d)
Cultivar May June July August September October Average
Kentucky bluegrass
Kenblue 196.3 a* 149.7 a 185.3 132.8 93.7 ab 87.2 ab 1412 a
Able I 76.5¢ 151.5a 181.5 127.8 98.6 a 938a 122.8 ab
Bristol 117.0 a— 119.9 ab 140.6 132.6 103.5a 942 a 118.0 a—c
Joy 166.2 a—c 1399a 151.2 100.5 61.7 c—¢ 60.5 ab 114.4 a—d
Trenton 1382 a—c 128.0 ab 144.5 116.0 72.9 a—c 58.1 ab 111.5 a—d
Eclipse 95.6 be 129.9 ab 128.9 126.1 74.9 a—d 66.4 ab 105.0 b—d
Parade 119.2 a—c 114.2 ab 112.9 89.7 65.3 b—e 60.0 ab 94.4 b—d
Liberty 88.1 be 111.8 ab 147.6 95.9 58.1c—e 58.8 ab 93.9b—d
Midnight 146.3 a— 116.1 ab 87.4 64.9 423 ¢ 63.8 ab 86.4 cd
Blacksburg 83.8 ¢ 89.7¢ 128.2 106.6 47.1 de 44.8b 83.6d
Perennial ryegrass
J-207 167.8 84.0 80.0 68.5 69.7 a* 84.2 924a
Linn 175.9 91.9 65.9 58.3 68.0 a 81.2 90.4a
PST-2PM 210.8 85.0 73.6 48.0 55.9 ab 67.5 89.1a
Ranger 177.6 77.7 78.4 58.2 46.9 ab 69.2 84.6 ab
Derby 153.7 72.2 67.3 61.0 64.8a 76.7 81.6 ab
Repel 148.4 89.8 70.3 52.1 62.0a 58.1 81.1 ab
J-208 154.4 76.9 57.0 48.2 53.6 ab 80.2 78.9 ab
Manhattan 133.1 71.1 65.1 53.1 46.6 ab 68.8 76.8 ab
Yorktown 145.8 68.1 58.3 48.6 62.4a 67.3 75.0 ab
Tara 147.6 64.3 39.9 33.8 29.6b 452 61.5b
Tall fescue
P-160 212.2 107.2 110.5 131.5 75.0 a* 96.8 121.6a
Jaguar 2322 127.7 108.4 118.6 62.7a 68.1 120.7 a
P-164 188.0 127.9 104.7 125.0 80.9a 83.0 119.1a
Falcon 183.4 137.1 113.6 124.5 67.7a 70.6 1178 a
Arid 195.4 137.7 112.5 112.6 67.1a 54.5 115.1a
Kentucky-31 174.5 129.1 100.9 119.3 68.5a 75.8 112.6a
Rebel 11 190.1 121.7 117.4 125.9 56.8 ab 61.0 112.6a
Apache 191.1 98.2 75.8 111.0 64.0a 58.5 100.2 ab
SYN GA 139.4 86.3 74.9 81.5 48.3 ab 44.6 799b
PST-5 AG 125.4 89.3 95.3 69.2 31.5b 34.5 74.6 b

“Means in a column for each species followed by the same letter are not significantly different at p < 0.05 based on Duncan’s multiple range test.
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In conclusion, results from this study indi-
cate genetic variation exists in N recovery in
clippings among three cool-season turfgrasses
at both species and cultivar levels. Nitrogen
recovered in clippings differed among turfgrass
species of kentucky bluegrass and tall fescue
than perennial ryegrass. Nitrogen recovery in
clippings fluctuated seasonally for all species.
Perennial ryegrass and tall fescue showed
greatest in May while kentucky bluegrass
showed greatest in July. Most grasses recovered
more N in their clippings than was applied
each year as fertilizer indicating substantial
contributions from soil organic N in this long
established turf plot area. Clipping N makes a
significant contribution to the N budget of turf
and increases as turf sites mature.
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